Liza M. Walsh

Christine I. Gannon

Eleonore Ofosu-Antwi

CONNELL FOLEY LLP

One Newark Center

1085 Raymond Boulevard, 19th Floor
Newark, New Jersey 07102

(973) 757-1100

OF COUNSEL

David T. Pritikin
SIDLEY AUSTIN LLP
One South Dearborn
Chicago, Illinois 60603
(312) 853-7000

Attorneys for Immunex Corporation and

Amgen Manufacturing, Limited

Case 2:16-cv-01118-CCC-MF Document 18 Filed 02/29/16 Page 1 of 180 PagelD: 487

David De Lorenzi

Charles H. Chevalier

GIBBONS P.C.

One Gateway Center

Newark, New Jersey 07102-5310
(973) 596-4500

OF COUNSEL

David I. Berl

Thomas S. Fletcher

WILLIAMS & CONNOLLY LLP
725 Twelfth St. NW

Washington, D.C. 20005

(202) 434-5000

Attorneys for Hoffmann-La Roche Inc.

IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF NEW JERSEY

IMMUNEX CORPORATION; )
AMGEN MANUFACTURING, LIMITED; )
and HOFFMANN-LA ROCHE INC.; ) Civil Action No.
)
)
)
Plaintiffs, ) COMPLAINT & DEMAND
) FOR JURY
)
\ )
)
SANDOZ INC.; SANDOZ ) Confidential - Filed Under Seal
INTERNATIONAL GMBH; SANDOZ )
GMBH; )
)
)
Defendants. )
COMPLAINT

Plaintiffs Immunex Corporation; Amgen Manufacturing, Limited; and Hoffmann-La

Roche Inc., by and through their undersigned attorneys, for their Complaint against Defendants



Case 2:16-cv-01118-CCC-MF Document 18 Filed 02/29/16 Page 2 of 180 PagelD: 488

Sandoz Inc.; Sandoz International GmbH; and Sandoz GmbH (collectively, “Defendants™) allege

as follows:
L THE PARTIES
A. Plaintiffs
1. Immunex Corporation (“Immunex”) is a corporation organized and existing under

the laws of the State of Washington with its principal place of business at One Amgen Center
Drive, Thousand Oaks, California 91320. Amgen Inc. acquired Immunex in July 2002, and
Immunex became a wholly-owned subsidiary of Amgen Inc.

2. Amgen Manufacturing, Limited (“AML”) is a corporation existing under the laws
of the Territory of Bermuda, with its principal place of business at Road 31 km 24.6, Juncos,
Puerto Rico 00777. AML is a wholly-owned subsidiary of Amgen Inc.

3 Hoffmann-La Roche Inc. (“Roche”) is a corporation organized and existing under
the laws of the State of New Jersey with its principal place of business at 150 Clove Road,

Suite 8, Little Falls, New Jersey 07424.

B. Defendants

4. On information and belief, Sandoz Inc. is a corporation organized and existing
under the laws of the State of Colorado, with its principal place of business at 100 College Road
West, Princeton, New Jersey 08540. Upon information and belief, acting in concert with each of
the other Defendants, Sandoz Inc. is in the business of developing, manufacturing, and marketing
biopharmaceutical products that are distributed and sold in the State of New Jersey and
throughout the United States. Upon information and belief, Sandoz Inc. is also the United States
agent for Sandoz International GmbH and Sandoz GmbH for purposes including, but not limited
to, filing regulatory submissions to and corresponding with the Food and Drug Administration

(GCFDA”).
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5. Upon information and belief, Sandoz International GmbH is a corporation
existing under the laws of the Federal Republic of Germany with its principal place of business
at IndustriestraBe 25, 83607 Holzkirchen, Germany. Upon information and belief, acting in
concert with each of the other Defendants, Sandoz International GmbH is in the business of
developing, manufacturing, and marketing biopharmaceutical products that are distributed and
sold in the State of New Jersey and throughout the United States.

6. Upon information and belief, Sandoz GmbH is a corporation existing under the
laws of the Republic of Austria with its principal place of business at Biochemiestrafie 10, 6250
Kund), Austria. Upon information and belief, acting in concert with each of the other
Defendants, Sandoz GmbH is in the business of developing, manufacturing, and marketing
biopharmaceutical products that are distributed and sold in the State of New Jersey and
throughout the United States.

7. Upon information and belief, Sandoz GmbH operates as a subsidiary of Sandoz
International GmbH.

8. Upon information and belief, Defendants collaborate to develop, manufacture,
seek regulatory approval for, import, market, distribute, and sell biopharmaceutical products
(including products intended to be sold as biosimilar versions of successful biopharmaceutical
products developed by others) in the State of New Jersey and throughout the United States.

II. NATURE OF THE ACTION

9. This is an action for patent infringement arising under 35 U.S.C. § 271, including
§ 271(e)(2)(C), which was enacted in 2010 as part of the Biologics Price Competition and
Innovation Act (“the BPCIA”). This action involves patents that cover etanercept (the active
ingredient of the biologic drug product, ENBREL®), its method of manufacture, certain materials

used in its manufacture, and certain therapeutic uses of etanercept. Immunex and AML
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(coliectively, “Immunex/AML”) and Roche bring this suit to enjoin Defendants from infringing
their patents and to recover any damages resulting from Defendants” infringement.

10.  The asserted patents are United States Patent Nos. 8,063,182 (“the 182 patent™),
8,163,522 (“the >522 patent™), 7,915,225 (“the "225 patent™), 8,119,605 (“the 605 patent™), and
8,722,631 (“the 631 patent™) (collectively, “the patents-in-suit”).

11.  Roche is the owner of the 182 and *522 patents. Immunex is the exclusive
licensee of all commercial rights in the *182 and *522 patents, including all rights to sell
ENBREL".

12. Immunex is the owner of the 225, 605, and *631 patents.

13.  Immunex has granted AML an exclusive license (or, with respect to the 182 and
’522 patents, an exclusive sublicense) to the asserted patents.

14.  On September 29, 2015, the FDA accepted Defendants’ abbreviated Biologics
License Application (“aBLA”) pursuant to the BPCIA, specifically 42 U.S.C. § 262(k) (also
known as § 351(k) of the Public Health Service Act (“PHSA™)), seeking authorization from the
FDA to market a biosimilar version of Immunex’s ENBREL® (etanercept) product.

15.  The BPCIA cfeated an abbreviated pathway for the approval of biosimilar
versions of approved biologic drugs. The abbreviated pathway (also known as “the (k)
pathway”) allows a biosimilar applicant (here Sandoz Inc.) to rely on the prior licensure and
approval status of the innovative biological product (here ENBREL®) that the biosimilar purports
to copy. Immunex is the sponsor of the reference product, ENBREL®, which is approved by the
FDA for a number of different indications (i.e., therapeutic uses).

16.  Defendants committed an act of infringement under 35 U.S.C. § 271(e)(2)(C)

when they caused Sandoz Inc. to submit Defendants’ aBLA seeking FDA approval to
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commercially manufacture, use, offer for sale, sell, distribute in, or import into the United States
Defendants’ etanercept product prior to the expiration of the asserted patents.

17.  Ifthe FDA approves Defendants’ aBLA, Defendants will also infringe one or
more claims of each of the patents-in-suit, under 35 U.S.C. § 271(a), (b), or (g), should they
engage in the commercial manufacture, use, offer for sale, sale, distribution in, or importation
into the United States of Defendants’ etanercept product.

III. JURISDICTION AND VENUE

A. Subject-matter Jurisdiction

18.  This Court has subject-matter jurisdiction over Immunex/AML and Roche’s
patent infringement claims under 28 U.S.C. §§ 1331, 1338(a), and 2201(a).

B. Sandoz Inc.

19.  This Court has personal jurisdiction over Sandoz Inc. by virtue of the fact that, on
information and belief, Sandoz Inc.’s principal place of business is in the District of New Jersey.

20. Sandoz Inc., Sandoz International GmbH, and Sandoz GmbH hold themselves out
as a unitary entity and have represented to the public that their activities are directed, controlled,
and carried out as a single entity.

21.  For example, during prior litigation brought by Sandoz Inc. concerning the *182
and ’522 patents, see Sandoz Inc. v. Amgen Inc., 773 F.3d 1274 (Fed. Cir. 2014), Sandoz Inc.
submitted a declaration by Riidiger Jankowsky which stated that he worked for “Sandoz.”
According to his LinkedIn profile, at the time Jankowsky worked for “Sandoz
Biopharmaceuticals/Novartis” in Holzkirchen, Germany—the location of Sandoz International
GmbH’s principal place of business.

22.  As another example, during the same prior litigation brought by Sandoz Inc.

concerning the *182 and ’522 patents, Sandoz Inc. submitted a declaration by Karsten Roth
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which stated that he was employed by “Sandoz Inc.” However, according to his LinkedIn
profile, at the time of his declaration he was employed by “Sandoz” in the “Munich Area,
Germany.” Upon information and belief, Roth attended meetings with the FDA to discuss
Defendants’ aBL A and encouraged the FDA to approve Defendants’ aBLA.

C. Sandoz International GmbH

23.  Upon information and belief, Sandoz International GmbH collaborates with
Sandoz Inc. to develop, manufacture, seek approval for, and sell FDA-approved
biopharmaceutical drugs, which are being marketed, distributed, and sold in New Jersey and in
the United States.

24,  Upon information and belief, Sandoz International GmbH exercises considerable
control over Sandoz Inc. with respect to biosimilar products, and approves significant decisions
of Sandoz Inc. such as allowing Sandoz Inc. to act as the agent for Sandoz International GmbH
in connection with preparing and filing Defendants’ aBLLA and to act as Sandoz International
GmbH’s agent in the United States. For example, the Sandoz Management Team includes
“Richard Francis, Global Head of Sandoz,” and “Peter Goldschmidt, President of Sandoz US and
Head of North America.” Upon information and belief, Mr. Francis is the head of Sandoz
International GmbH, Mr. Goldschmidt is the President of Sandoz Inc. as well as the Head of
North American Operations at Sandoz International GmbH, and Mr. Goldschmidt directly or
indirectly reports to Mr. Francis.

25.  Upon information and belief, employees or officers of Sandoz International
GmbH, such as Mark McCamish and Ingrid Schwarzenberger, have attended meetings with the
FDA to discuss Defendants’ aBLA and have encouraged the FDA to approve Defendants’ aBLA.

26. In addition, Sandoz International GmbH and Sandoz Inc. hold themselves out as a

unitary entity and have represented to the public that the activities of Sandoz International GmbH
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and Sandoz Inc. are directed, controlled, and carried out as a single entity. For example, Sandoz
maintains an Internet website at the URL www.sandoz.com attached hereto as Exhibit A, which
states that it is “the website of Sandoz International” and on which Sandoz states that all of the
worldwide generic pharmaceutical businesses owned by Novartis operate “under one single
global brand as known today: Sandoz.”

27.  Upon information and belief, Sandoz International GmbH is actively involved in
planning Sandoz Inc.’s new products and filing Defendants’ aBLA for the biosimilar product in
dispute. For example, Sandoz Inc.’s President, Mr. Goldschmidt, is also the Head of North
American Operations at Sandoz International GmbH.

28. Upon information and belief, Sandoz International GmbH acted in concert with
Sandoz Inc. to develop a biosimilar version of ENBREL®. Upon information and belief, Sandoz
International GmbH acted in concert with, directed, or authorized Sandoz Inc. to file an aBLA
seeking approval from the FDA to market and sell Defendants’ biosimilar product in the State of
New Jersey and throughout the United States, which directly gives rise to Plaintiffs’ claims of
patent infringement. For example, Novartis AG, the ultimate corporate parent of both Sandoz
International GmbH and Sandoz Inc., issued a press release on October 2, 2015, from
Holzkirchen, Germany announcing that the FDA had accepted an application by “Sandoz” for
biosimilar etanercept. See Press Release, Novartis, “FDA accepts Sandoz regulatory submission
for a proposed biosimilar etanercept” (Oct. 2, 2015), https://www.novartis.com/news/media-
releases/fda-accepts-sandoz-regulatory-submission-proposed-biosimilar-etanercept, attached
hereto as Exhibit B. Upon information and belief, the press release announcing the FDA’s
acceptance of Defendants’ aBLA, which is the subject of Plaintiffs’ claims, was issued on behalf

of Sandoz International GmbH.
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29.  Upon information and belief, the acts of Sandoz Inc. complained of herein were
done, in part, for the benefit of Sandoz International GmbH. Upon information and belief,
Sandoz International GmbH directly or indirectly manufactures, imports into the United States,
or sells Defendants’ biosimilar product that is the subject of the infringement claims in this
action in New Jersey and throughout the United States.

30.  Additionally, and in the alternative, Immunex/AML and Roche allege that to the
extent Sandoz International GmbH is not subject to the jurisdiction of the courts of general
jurisdiction of the State of New Jersey, Sandoz International GmbH likewise is not subject to the
jurisdiction of the courts of general jurisdiction of any state, and accordingly is amenable to
service of process based on its aggregate contacts with the United States, including but not
limited to the above described contacts, as authorized by Rule 4(k)(2) of the Federal Rules of
Civil Procedure.

D. Sandoz GmbH

31. Upon information and belief, Sandoz GmbH collaborates with Sandoz Inc. to
develop, manufacture, seek approval for, and sell FDA-approved biopharmaceutical drugs,
which are being marketed, distributed, and sold in New Jersey and in the United States.

32.  Sandoz GmbH and Sandoz Inc. hold themselves out as a unitary entity and have
represented to the public that the activities of Sandoz GmbH and Sandoz Inc. are directed,
controlled, and carried out as a single entity. For example, Sandoz maintains an Internet website
at the URL www.sandoz.com, attached hereto Exhibit A, which states that it is “the website of
Sandoz International” and on which Sandoz states that all of the worldwide generic
pharmaceutical businesses owned by Novartis operate “under one single global brand as known

today: Sandoz.”
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33.  Upon information and belief, Sandoz GmbH is actively involved with planning
Sandoz Inc.’s new biosimilar etanercept products and filing Defendants’ aBLA for the biosimilar
product in dispute. Title 42 U.S.C. § 262(k)(2)(A)(V) provides that a biosimilar application
submitted to the FDA under the § 262(k) pathway “shall include” information demonstrating
“the facility in which the biological product is manufactured, processed, packed, or held meets
standards designed to assure that the biological product continues to be safe, pure, and potent.”
Upon information and belief, Defendants’ biosimilar product that is the subject of Defendants’
aBLA is manufactured at Sandoz GmbH facilities. Therefore, upon information and belief,
Sandoz GmbH actively participated in the preparation of Defendants’ aBLA, for example by
providing information regarding the facilities in which Defendants’ biosimilar product is
manufactured, processed, packed, or held.

34.  Upon information and belief, Sandoz GmbH acted in concert with Sandoz Inc. to
develop a biosimilar version of ENBREL®. Upon information and belief, Sandoz GmbH acted
in concert with, directed, or authorized Sandoz Inc. to file an aBL A seeking approval from the
FDA to market and sell Defendants’ biosimilar product in the State of New Jersey and
throughout the United States, which directly gives rise to Plaintiffs’ claims of patent
infringement.

35.  Upon information and belief, employees or officers of Sandoz GmbH, such as
Fritz Reiter and Thomas Stangler, have attended meetings with the FDA to discuss Defendants’
aBLA and have encouraged the FDA to approve Defendants” aBLA.

36. Upon information and belief, employees or officers of Sandoz GmbH, such as
Albrecht Ralf, have signed certifications which were executed to be included as part of

Defendants’ aBLA.



Case 2:16-cv-01118-CCC-MF Document 18 Filed 02/29/16 Page 10 of 180 PagelD: 496

37.  Upon information and belief, the acts of Sandoz Inc. complained of herein were
done, in part, for the benefit of Sandoz GmbH. Upon information and belief, Sandoz GmbH
directly or indirectly manufactures, imports into the United States, or sells Defendants’
biosimilar product that is the subject of the infringement claims in this action in New Jersey and
throughout the United States.

38.  Additionally, and in the alternative, Plaintiffs allege that to the extent Sandoz
GmbH is not subject to the jurisdiction of the courts of general jurisdiction of the State of New
Jersey, Sandoz GmbH likewise is not subject to the jurisdiction of the courts of general
jurisdiction of any state, and accordingly is amenable to service of process based on its aggregate
contacts with the United States, including but not limited to the above described contacts, as
authorized by Rule 4(k)(2) of the Federal Rules of Civil Procedure.

E. Venue

39.  Venue is proper in this District pursuant to 28 U.S.C. § 1391(b) and (c), and 28
U.S.C. § 1400(b). On information and belief, Defendants manufacture, seek regulatory approval
to market, distribute, and sell pharmaceutical products, and market, distribute, and sell
pharmaceutical products for use throughout the United States, including in this District.

IV. BACKGROUND

A. TNF and TNF Receptors

40.  Tumor necrosis factor (“TNF”) is a cell signaling protein that is involved in
various biological effects that include the regulation of immune response, inflammation, and
other processes. It was first identified as an agent that has cytotoxic effects on tumor cells, and
hence was named “tumor necrosis factor.” Overproduction of TNF in the body is also implicated

in various autoimmune diseases and other inflammatory disorders.

10
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41.  The biological effects of TNF can be mediated via specific receptors that are
found on the membranes of certain cells. TNF receptors on the surface of the cells can
specifically bind to TNF. This binding can trigger reactions inside the cell, which can give rise
to a number of different responses, including inflammation, cell growth, and cell death.

42.  Two cell membrane-bound receptors specific to TNF are sometimes referred to as
the “p55 TNF receptor” and the “p75 TNF receptor.”

B. Immunex’s Investment in ENBREL® (etanercept)

43.  The active ingredient in ENBREL® is etanercept, a genetically engineered, non-
naturally occurring fusion protein that binds to and inhibits TNF from binding to a TNF receptor.

44.  The etanercept fusion protein was genetically engineered to fuse the extracellular
region of the human p75 version of the TNF receptor with a portion of a human immunoglobulin
heavy chain (i.e., a portion of a human antibody).

45. By binding to and inhibiting TNF from interacting with TNF receptors,
ENBRELY can reduce certain inflammatory responses implicated in certain disorders such as
rheumatoid arthritis, psoriasis, and psoriatic arthritis, and others.

46.  The FDA has approved ENBREL® for the following indications: rheumatoid
arthritis, polyarticular juvenile idiopathic arthritis, psoriatic arthritis, ankylosing spondylitis, and
plaque psoriasis. The availability of ENBREL® represented a major advance in the treatment of
these disorders.

47. Immunex conducted Phase I testing to determine whether ENBREL® was safe to
administer to patients with rheumatoid arthritis; results published in 1993 indicated that it was.
Immunex then conducted Phase II testing to begin determining whether ENBREL® improved
symptoms of rheumatoid arthritis; results indicating that it did improve symptoms were

published in 1996. Immunex conducted Phase 111 testing and invested a substantial amount of

11
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time and resources testing ENBREL® to demonstrate that it was safe and effective for certain
disorders.

48.  Based on the results of clinical testing in rheumatoid arthritis, Immunex filed
Biologic License Application (“BLA”) No. 103795. As a result, in November 1998, the FDA
first approved ENBREL®, pursuant to BLA No. 103795, for the treatment of moderate to severe
rheumatoid arthritis. Immunex holds the rights to BLA No. 103795.

49.  Other clinical testing revealed that ENBREL® was safe and effective for certain
additional diseases. Based on Immunex’s further clinical testing, Immunex filed supplements to
BLA No. 103795, requesting that ENBREL® be approved for certain additional indications. As
a result, the FDA approved ENBREL® for the treatment of polyarticular juvenile idiopathic
arthritis in 1999, psoriatic arthritis in 2002, ankylosing spondylitis in 2003, and plaque psoriasis
in 2004. These approvals are the direct result of very significant investments by Immunex in the
development and clinical trials of ENBREL®.

C. Defendants’ Abbreviated BLA

50.  Defendants are piggybacking on the fruits of Immunex/AML and Roche’s
trailblazing efforts. Defendants have publicly announced that they filed their aBL A under the (k)
pathway to obtain approval to commercially manufacture, use, offer to sell, and sell, and import
into the United States their etanercept product that they assert is a biosimilar version of
Immunex’s ENBREL®.

51.  Defendants have also chosen to benefit from the clinical data generated by
Immunex/AML’s inve.stments demonstrating the therapeutic indications for which ENBREL® is
effective. Defendants issued a press release stating that “Sandoz is seeking approval for all
indications included in the label of the reference product which is used to treat a range of

autoimmune diseases including rheumatoid arthritis and psoriasis affecting approx. 1.3 million

12
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and 7.5 million people (respectively) in the US” (footnotes omitted). See Press Release,
Novartis, “FDA accepts Sandoz regulatory submission for a proposed biosimilar etanercept”
(Oct. 2, 2015), https://www.novartis.com/news/media-releases/fda-accepts-sandoz-regulatory-
submission-proposed-biosimilar-etanercept, attached hereto as Exhibit B.

52. On information and belief, Defendants conducted clinical trials only for the use of
their biosimilar drug product on psoriasis patients, despite the breadth of their request to the FDA
for approval for other indications, such as rheumatoid arthritis, polyarticular juvenile idiopathic
arthritis, psoriatic arthritis, and ankylosing spondylitis.

53.  On information and belief, Defendants did not conduct any clinical trials on
indications for which ENBREL® had not already been demonstrated to be safe and effective.

54.  On information and belief, the amino acid sequence of Defendants’ etanercept
fusion protein is the same amino acid sequence of the etanercept fusion protein in ENBREL®.

55. On information and belief, Defendants have represented to the FDA that their
etanercept product is biosimilar to Immunex’s ENBREL®. As such, on information and belief,
Defendants’ etanercept product utilizes the same mechanism of action as ENBREL® for the
conditions of use prescribed, recommended, or suggested in ENBREL®s approved label. In
addition, the route of administration, the dosage form, and the strength of Defendants’ etanercept
product are the same as those of Immunex’s ENBREL®. See 42 U.S.C. § 262(k)(2)(A)(i).

D. Defendants’ Refusal to Comply with the BPCIA

56.  Defendants have—for the second time—tried to reap the commercial benefits
provided to biosimilar manufacturers under the BPCIA while seeking to avoid the obligations in
that same Act that Congress established to protect innovators such as Immunex/AML and Roche.

57. On October 19, 2015, which was, on information and belief, 20 days after the

FDA notified Sandoz Inc. that its aBBLA had been accepted for review, Sandoz Inc. provided

13
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Immunex with remote access to a Sandoz-hosted database of TIFF images, modified to include
added confidentiality designations, that Sandoz Inc. represented to constitute its aBLA and
information relating to the manufacturing process for Defendants’ biosimilar product. The
manner in which this database access was provided would not have allowed Immunex local
access and evaluation except after manual download of the thousands of documents included
therein, along with a folder-by-folder manual reconstruction of the database’s directory structure.
Sandoz Inc. did not provide a local copy of the database—including the necessary database load
files and associated data—and an unaltered copy of the aBLA in the same electronic format as
submitted to FDA until October 28, 2015.

58.  On November 9, 2015, determining that Sandoz had failed to provide complete
information describing the processes used to manufacture the biological product that is the
subject of Defendants’ aBL A, Immunex requested that Sandoz Inc. provide further information.

59. On November 16, 2015, Sandoz Inc. provided additional documents which it
represented to relate to the manufacturing process for Defendants’ biosimilar product.

60.  Notwithstanding issues with the timeliness and completeness of the information
Sandoz Inc. had provided, in respect of 42 U.S.C. § 262(/)(3)(A), Immunex nevertheless
provided to Sandoz Inc. on December 18, 2015 a list of patents for which a claim of
infringement could be reasonably asserted based on Defendants’ etanercept product.

61. On January 27, 2016, Sandoz Inc. responded to Immunex’s list of patents by
stating that it no longer wished to follow the strictures of the BPCIA. Specifically, Sandoz Inc.
sent Immunex a 86-page letter stating its patent contentions but “agreeing” with Immunex’s 42
U.S.C. § 262())(3)(A) list. Sandoz Inc. also stated it was “waiving” its right to receive a

statement by Immunex pursuant to 42 U.S.C. § 262(/)(3)(C), and declared that negotiations

14
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pursuant to 42 U.S.C. § 262(/)(4) and (5) were unnecessary. Sandoz Inc. then insisted that
Immunex file an action for patent infringement pursuant to 42 U.S.C. § 262(/)(6) within 30 days,
i.e., by February 26, 2016. Also on January 27, 2016, Sandoz Inc. provided additional
documents which it represented provided even more information relating to the manufacturing
process for Defendants’ biosimilar product.

62. On February 10, 2016, Immunex explained to Sandoz Inc. that its refusal to
participate in negotiations pursuant to 42 U.S.C. § 262(/)(4) and (5) was contrary to the text of
the statute. Immunex also requested that Sandoz Inc. withdraw its refusal to participate in the
statutory process set forth in 42 U.S.C. § 262(/)(4) and (5), and explained that Sandoz Inc.’s
failure to do so implicated 42 U.S.C. § 262(/)(9), which authorizes the reference product sponsor,
but not the subsection (k) applicant, to file a declaratory judgment action on patents that are or
would be infringed by the biosimilar applicant (Sandoz Inc.).

63.  On February 17, 2016, Sandoz Inc. confirmed its refusal to participate in
negotiations pursuant to 42 U.S.C. § 262(/)(4) and (5), and stated that it wished for patent
litigation to begin as soon as possible. No list of patents for Defendants’ etanercept biosimilar
product was generated as described in 42 U.S.C. § 262(/)(4) or as described in 42 U.S.C.

§ 262(D)(5).

64.  Defendants have failed to participate, and thus, have not complied with the
process defined in the statute that must precede an “immediate patent infringement action” under
42 U.S.C. § 262(/)(6). By refusing to participate in a timely and complete manner under the
BPCIA, including by seeking to extinguish Immunex’s ability to consider and respond to Sandoz
Inc.’s contentions regarding the patents that Immunex had properly identified and entirely

evading the negotiations specified in 42 U.S.C. § 262(/)(4) and (5), Sandoz Inc. has repudiated

15
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its obligations under the BPCIA. Thus, in addition to bringing an action under 35 U.S.C.
§ 271(e)(2)(C), Immunex—but not Defendants—pursuant to 42 U.S.C. § 262(/)(9) may bring a
declaratory action on patents related to Defendants’ biosimilar product.

V. THE PATENTS-IN-SUIT

A. The 182 and ’522 Patents

65.  Inthe late 1980s, Roche and Immunex scientists were early pioneers in isolating,
characterizing, cloning, and sequencing p55 and p75 versions of the human TNF receptors,
respectively.

66.  Roche scientists were the first to clone and sequence the human p55 TNF receptor
gene and determine the amino acid sequence of the receptor. They published the sequence of
this receptor on April 20, 1990. See Loetscher et al., “Molecular Cloning and Expression of the
Human 55 kd Tumor Necrosis Factor Receptor,” Cell 61:351-359 (April 20, 1990).

67.  Immunex scientists were the first to clone and sequence the p75 TNF receptor
‘gene and determine the amino acid sequence of the receptor. They published the sequence of the
human p75 TNF receptor later the same year. See Smith et al., “A Receptor for Tumor Necrosis
Factor Defines an Unusual Family of Cellular and Viral Proteins,” Science 248:1019-1023
(1989).

68. On August 31, 1990, Roche scientists filed European Patent Application No.
90116707.2, which disclosed and taught the novel concept of fusing of the extracellular fragment
of the TNF receptors with a portion of the human immunoglobulin heavy chain (i.e., all of the
domains of the constant region of a human immunoglobulin IgG heavy chain other than the first
domain of said constant region). These Roche scientists also filed a United States patent

application on September 10, 1990, which claimed priority to said European patent application.
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69.  The *182 and *522 patents issued from applications that claim priority to the
European patent application filed on August 31, 1990.

70.  The *182 patent is directed to a fusion protein incorporating a portion of the p75
TNF receptor and covers etanercept. The *522 patent is directed to nucleic acids, host cells, and
methods of using such nucleic acids and host cells to make the p75 TNF receptor fusion protein.

B. The *225, ’605, and *631 Patents

71.  Indeveloping etanercept as a therapeutic, Immunex also developed and obtained
patents directed toward using etanercept to treat psoriasis and/or psoriatic arthritis. The *225
patent, the *605 patent, and the '631 patent (“the Psoriasis Patents™), owned by Immunex,
disclose and claim methods of using etanercept to treat psoriasis and/or psoriatic arthritis.

72.  Psoriasis is a chronic inflammatory disease of the skin and joints. It results in
scaly growths on the skin of affected patients, which can be disfiguring and extremely
uncomfortable.

73.  Psoriatic arthritis is an inflammatory arthritis characterized by joint pain, stiffness,
and swelling. It can cause to joint damage which limits daily activities.

74.  Inthe late 1990s, there were no biologic therapies approved to treat psoriasis or
psoriatic arthritis.

75.  Dermatologists had used various other therapeutic approaches to treating
psoriasis, such as methotrexate, psoralen and ultraviolet A radiation, and cyclosporine.
However, each of these therapies was found to have serious side effects, such as liver damage,
skin damage, and kidney damage, respectively, after they had been used for many years.

76.  The Psoriasis Patents claim priority to a provisional application filed on
August 11, 1999. The Psoriasis Patents also claim priority to non-provisional applications filed

August 13, 1999, and June 23, 2000.
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77.  As a general matter, the Psoriasis Patents contain claims to using etanercept to
treat psoriasis and/or psoriatic arthritis, and further specify certain dosage regimes to follow.

78.  The manner in which ENBREL® is commonly used to treat psoriasis (or psoriasis
and psoriatic arthritis) today falls within the scope of the claims of the Psoriasis Patents.

COUNT 1: INFRINGEMENT OF THE 182 PATENT UNDER 35 U.S.C. § 271(e)(2)(C)

79.  Immunex/AML and Roche incorporate by reference paragraphs 1-70 as if fully
set forth herein.
80.  The "182 patent, titled “Human TNF Receptor Fusion Protein,” was duly and
legally issued on November 22, 2011 by the United States Patent and Trademark Office
(“USPTO”). A true and correct copy of the *182 patent is attached to this Complaint as
Exhibit C.
81.  The claims of the *182 patent cover etanercept and pharmaceutical compositions
that are made from etanercept.
82.  Defendants have infringed the *182 patent by submitting an aBL A referencing
Immunex’s ENBREL® product and seeking FDA approval under 42 U.S.C. § 262(k) to
manufacture, import, offer to sell, or sell within the United States the product that is the subject
of that application.
* 83. On December 18, 2015, Immunex, as the reference product sponsor for
ENBRELP, identified the *182 patent to Sandoz pursuant to 42 U.S.C. § 262())(3)(A).

84.  Defendants have known of the "182 patent since at least June 2013. Despite such
knowledge, Defendants nonetheless filed their aBLA with the FDA in July 2015 seeking
approval of Defendants’ etanercept biosimilar product, with the intent to import, offer to sell, and
sell their biosimilar product within the United States before the expiration of the "182 patent and

in violation of Immunex/AML and Roche’s patent rights.
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85.  Immunex/AML and/or Roche will be irreparably harmed if Defendants are not
enjoined from infringing one or more claims of the *182 patent. Immunex/AML and Roche do
not have an adequate remedy at law and are entitled to injunctive relief preventing Defendants
from any further infringement.

86. Defendants’ commercial manufacture, use, offer for sale, or sale within the United
States, or importation into the United States, upon FDA approval of Defendants’ etanercept
biosimilar product and before the expiration of the *182 patent, will cause injury to
Immunex/AML and Roche, entitling them to damages or other monetary relief.

COUNT 2: DECLARATORY JUDGMENT OF INFRINGEMENT OF THE ’182
PATENT UNDER 35 U.S.C. § 271(a)

87.  Immunex/AML and Roche incorporate by reference paragraphs 1-70 as if fully
set forth herein.

88.  Defendants have sought FDA approval under 42 U.S.C. § 262(k) to manufacture,
use, import, offer to sell, or sell within the United States Defendants’ etanercept biosimilar
product, a biosimilar version of ENBREL® (etanercept).

89.  The FDA has publicly stated that the agency’s goal is to act upon an aBLA
application within 10 months of receipt. On information and belief, Defendants believe that the
FDA may act upon Defendants’ aBLA as soon as May 2016, and that Defendants will be able to
pay the user fee prescribed under the Prescription Drug User Fee Act by that time.

90. On information and belief, Defendants intend to, and will immediately and
imminently upon FDA licensure of Defendants’ aBL A, notwithstanding the clear requirements
of § 262(1)(8), import and offer to sell or sell within the United States Defendants’ etanercept
biosimilar product, which will infringe one or more claims of the *182 patent under 35 U.S.C.

§ 271(a).
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91.  Anactual controversy has arisen and now exists between the parties concerning
whether Defendants’ etanercept biosimilar product has or will infringe one or more claims of the
’182 patent.

92.  Defendants also have failed to complete the actions required of them under 42
U.S.C. § 262(/)(4) and (5) by failing to engage in negotiation and exchange of patent lists under
42 U.S.C. § 262(/)(4) and 262(/)(5). No list of patents for Defendants’ etanercept biosimilar
product was generated as described in 42 U.S.C. § 262(1)(4) or as described in 42 U.S.C.

§ 262()(5).

93.  Immunex/AML and Roche are entitled to a declaratory judgment that Defendants
have infringed or will infringe one or more claims of the *182 patent by making, using, offering
to sell, or selling within the United States, or importing into the United States Defendants’
etanercept biosimilar product before the expiration of the *182 patent.

94.  Immunex/AML and Roche do not have an adequate remedy at law and are
entitled to injunctive relief prohibiting Defendants from making, using, offering to sell, or selling
within the United States, or importing into the United States Defendants’ etanercept biosimilar
product before the expiration of the 182 patent.

9s. Defendants® manufacture, use, offer for sale, or sale within the United States, or
importation into the United States, of Defendants’ etanercept biosimilar product before the
expiration of the 182 patent will cause injury to Immunex/AML and Roche, entitling them to
damages under 35 U.S.C. § 284.

COUNT 3: INFRINGEMENT OF THE ’522 PATENT UNDER 35 U.S.C. § 271(e)(2)(C)

96. Immunex/AML and Roche incorporate by reference paragraphs 1-70 as if fully

set forth herein.
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97.  The ’522 patent, titled “Human TNF Receptor,” was duly and legally issued on
April 24, 2012 by the USPTO. A true and correct copy of the *522 patent is attached to this
Complaint as Exhibit D.

98. The claims of the *522 patent cover, among other things, methods of making
etanercept and certain materials used in such methods.

99.  Defendants have infringed the *522 patent by submitting an aBLA referencing
Immunex’s ENBREL® product and seeking FDA approval under 42 U.S.C. § 262(k) to
manufacture, import, offer to sell, or sell within the United States the product that is the subject
of that application.

100.  On December 18, 2015, Immunex, as the reference product sponsor for
ENBREL?®, identified the *522 patent to Sandoz Inc. pursuant to 42 U.S.C. § 262())(3)(A).

101.  Defendants have known of the *522 patent since at least June 2013. Despite such
knowledge, Defendants nonetheless filed their aBBLA with the FDA in July 2015 seeking
approval of Defendants’ etanercept biosimilar product that was manufactured by the methods of
the °522 patent, with the intent to import, offer to sell, and sell their biosimilar product within the
United States before the expiration of the *522 patent and in violation of Immunex/AML and
Roche’s patent rights.

102. Immunex/AML and Roche will be irreparably harmed if Defendants are not
enjoined from infringing one or more claims of the 522 patent. Immunex/AML and Roche do
not have an adequate remedy at law and are entitled to injunctive relief preventing Defendants
from any further infringement.

103. Defendants’ commercial manufacture of Defendants” etanercept product, and

their subsequent importation for sale within the United States, upon FDA approval of
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Defendants’ etanercept biosimilar product and before the expiration of the *522 patent will cause
injury to Immunex/AML and Roche, entitling them to damages or other monetary relief.

COUNT 4: DECLARATORY JUDGMENT OF INFRINGEMENT OF THE ’522
PATENT UNDER 35 U.S.C. § 271(g)

104. Immunex/AML and Roche incorporate by reference paragraphs 1-70 as if fully
set forth herein.

105. On information and belief, Defendants intend to, and will immediately and
imminently upon FDA licensure of Defendants’ aBLLA, manufacture Defendants’ etanercept
product according to the process described in their aBLA and import and offer to sell or sell
within the United States Defendants’ etanercept biosimilar product made by such process, which
will infringe the method claims of the *522 patent under 35 U.S.C. § 271(g).

106. The FDA has publicly stated that the agency’s goal is to act upon an aBLA
application within 10 months of receipt. On information and belief, Defendants believe that the
FDA may act upon Defendants’ aBLLA as soon as May 2016, and that Defendants will be able to
pay the user fee prescribed under the Prescription Drug User Fee Act by that time.

107.  On information and belief, Defendants intend to, and will immediately and
imminently upon FDA licensure of Defendants’ aBL A, notwithstanding the clear requirements
of 42 U.S.C. § 262(/)(8), import and offer to sell or sell within the United States Defendants’
etanercept biosimilar product, which will infringe one or more claims of the *522 patent under 35
U.S.C. § 271(g).

108.  The etanercept made by Defendants’ process that infringes the ’522 patent is the
essential active ingredient of Defendants’ biological drug product. On information and belief,
there is no subsequent process that materially changes that active ingredient, including during

any fill and finish of the biological product.
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109.  An actual controversy has arisen and now exists between the parties concerning
whether Defendants’ etanercept biosimilar product has infringed or will infringe one or more
claims of the *522 patent.

110. Defendants also have failed to complete the actions required of them under 42
U.S.C. § 262(/)(4) and (5) by failing to engage in negotiation and exchange of patent lists under
42 U.S.C. § 262(/)(4) and 262(/)(5). No list of patents for Defendants’ etanercept biosimilar
product was generated as described in 42 U.S.C. § 262(/)(4) or as described in 42 U.S.C.

§ 262(D)(5).

111. Immunex/AML and Roche are entitled to a declaratory judgment that Defendants
have infringed or will infringe one or more claims of the *522 patent by making Defendants’
etanercept biosimilar product and importing it into the United States for sale in the United States,
before the expiration of the *522 patent.

112.  Immunex/AML and Roche do not have an adequate remedy at law and are
entitled to injunctive relief prohibiting Defendants from making, importing into, and selling
within the United States Defendants’ etanercept biosimilar product before the expiration of the
’522 patent.

113. Defendants’ making, importing, and selling within the United States of
Defendants’ etanercept biosimilar product before the expiration of the 522 patent will cause
Immunex/AML and Roche injury, entitling them to damages under 35 U.S.C. § 284.

COUNT 5: INFRINGEMENT OF THE °225 PATENT UNDER 35 U.S.C. § 271(e)}(2)(C)

114. Immunex/AML incorporate by reference paragraphs 1-113 as if fully set forth

herein.
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115.  The *225 patent, titled “Soluble Tumor Necrosis Factor Receptor Treatment of
Medical Disorders” was duly and legally issued on March 29, 2011 by the USPTO. A true and
correct copy of the "225 patent is attached to this Complaint as Exhibit E.

116. The *225 patent is generally directed to methods of treating psoriasis and/or
psoriatic arthritis by administering etanercept.

117. Defendants have infringed the ’225 patent by submitting an aBL A referencing
Immunex’s ENBREL® product and seeking FDA approval under 42 U.S.C. § 262(k) to
manufacture, import, offer to sell, or sell within the United States the product that is the subject
of that application.

118.  With the intent to infringe the 225 patent, Defendants submitted their aBLA
seeking FDA approval under 42 U.S.C. § 262(k) to market, offer to sell, or sell within the United
States Defendants’ etanercept biosimilar product for the treatment of psoriasis or psoriatic
arthritis. On information and belief, Defendants conducted clinical trials of their etanercept
biosimilar product for the psoriasis indication only. On information and belief, Defendants
copied ENBREL®’s labeling that instructs physicians and patients to administer etanercept
subcutaneously for treatment of psoriasis or psoriatic arthritis in specific dosages, which is
covered by the "225 patent.

119. On information and belief, Defendants knew of the *225 patent before July 2015.
Despite such knowledge, Defendants nonetheless filed their aBLA with the FDA in July 2015
seeking approval of Defendants’ etanercept biosimilar product, with the intent to import, market,
offer to sell, and sell their biosimilar product for psoriasis and/or psoriatic arthritis within the
United States before the expiration of the *225 patent and in violation of Immunex/AML’s patent

rights.

24



Case 2:16-cv-01118-CCC-MF Document 18 Filed 02/29/16 Page 25 of 180 PagelD: 511

120. On December 18, 2015, Immunex, as the reference product sponsor for
ENBREL®, identified the *225 patent to Sandoz Inc. pursuant to 42 U.S.C. § 262(/)(3)(A).

121.  Immunex/AML will be irreparably harmed if Defendants are not enjoined from
infringing one or more claims of the "225 patent. Immunex/AML do not have an adequate
remedy at law and are entitled to injunctive relief preventing Defendants from any further
infringement.

122. Defendants’ commercial marketing, offer for sale, or sale within the United
States, upon FDA approval of Defendants’ etanercept biosimilar product for use with psoriasis
and/or psoriatic arthritis before the expiration of the *225 patent, will cause injury to
Immunex/AML, entitling Immunex/AML to damages or other monetary relief.

COUNT 6: DECLARATORY JUDGMENT OF INFRINGEMENT OF THE *225
PATENT UNDER 35 U.S.C. § 271(b)

123.  Immunex/AML incorporate by reference paragraphs 1-122 as if fully set forth
herein.

124.  Defendants have sought FDA approval under 42 U.S.C. § 262(k) to import,
market, offer to sell, or sell within the United States Defendants’ etanercept biosimilar product, a
biosimilar version of ENBREL® (etanercept), for treating psoriasis and psoriatic arthritis.

125.  The FDA has publicly stated that the agency’s goal is to act upon an aBLA
application within 10 months of receipt. On information and belief, Defendants believe that the
FDA may act upon Defendants’ aBLA as soon as May 2016, and that Defendants will be able to
pay the user fee prescribed under the Prescription Drug User Fee Act by that time.

126.  On information and belief, Defendants intend to, and will immediately and
imminently upon FDA licensure of Defendants’ aBLA, notwithstanding the clear requirements

of § 262(/)(8), import, market, offer to sell, or sell within the United States Defendants’
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etanercept biosimilar product for treating psoriasis and/or psoriatic arthritis, which use by
physicians and patients will infringe one or more claims of the *225 patent under 35 U.S.C.
§ 271(b).

127.  An actual controversy has arisen and now exists between the parties concerning
whether Defendants will induce infringement by physicians and patients of the *225 patent by
their marketing and sales of their etanercept biosimilar product for psoriasis and/or psoriatic
arthritis.

[28. Defendants also have failed to complete the actions required of them under 42
U.S.C. § 262(])(4) and (5) by failing to engage in negotiation and exchange of patent lists under
42 U.S.C. § 262())(4) and 262(/)(5). No list of patents for Defendants’ etanercept biosimilar
product was generated as described in 42 U.S.C. § 262(/)(4) or as described in 42 U.S.C.

§ 262()(5).

129.  Immunex/AML are entitled to a declaratory judgment that Defendants have
infringed, will infringe, or will induce infringement of one or more claims of the *225 patent by
marketing, offering to sell, or selling within the United States Defendants’ etanercept biosimilar
product for treatment of psoriasis and/or psoriatic arthritis before the expiration of the *225
patent.

130. Immunex/AML do not have an adequate remedy at law and are entitled to
injunctive relief prohibiting Defendants from making, importing into, and selling within the
United States Defendants’ etanercept biosimilar product before the expiration of the 225 patent.

131.  Defendants’ marketing, offer for sale, or sale within the United States of

Defendants’ etanercept biosimilar product for treating psoriasis and/or psoriatic arthritis before
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the expiration of the *225 patent will cause Immunex/AML injury, entitling them to damages
under 35 U.S.C. § 284.

COUNT 7: INFRINGEMENT OF THE 605 PATENT UNDER 35 U.S.C. § 271(e)(2)(C)

132.  Immunex/AML incorporate by reference paragraphs 1-131 as if fully set forth
herein.

133.  The *605 patent, titled “Soluble Tumor Necrosis Factor Receptor Treatment of
Medical Disorders” was duly and legally issued on February 21, 2012 by the USPTO. A true
and correct copy of the *605 patent is attached to this Complaint as Exhibit F.

134. The *605 patent is generally directed to methods of treating psoriasis by
administering etanercept.

135. Defendants have infringed the *605 patent by submitting an aBL A referencing
Immunex’s ENBREL® product and seeking FDA approval under 42 U.S.C. § 262(k) to
manufacture, import, offer to sell, or sell within the United States the product that is the subject
of that application.

136.  With the intent to infringe the *605 patent, Defendants submitted their aBLA
seeking FDA approval under 42 U.S.C. § 262(k) to market, offer to sell, or sell within the United
States Defendants’ etanercept biosimilar product for the treatment of psoriasis. On information
and belief, Defendants conducted clinical trials of their etanercept biosimilar product for the
psoriasis indication only. On information and belief, Defendants copied ENBREL®’s labeling
that instructs physicians and patients to administer etanercept for treating psoriasis in specific
dosages, which is covered by the "605 patent.

137.  On information and belief, Defendants knew of the *605 patent before July 2015.
Despite such knowledge, Defendants nonetheless filed their aBLA with the FDA in July 2015

seeking approval of Defendants’ etanercept biosimilar product, with the intent to import, market,
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offer to sell, and sell their biosimilar product for treating psoriasis within the United States
before the expiration of the *605 patent and in violation of Immunex/AML’s patent rights.

138.  On December 18, 2015, Immunex, as the reference product sponsor for
ENBRELP®, identified the 605 patent to Sandoz Inc. pursuant to 42 U.S.C. § 262())(3)(A).

139.  Immunex/AML will be irreparably harmed if Defendants are not enjoined from
infringing one or more claims of the 605 patent. Immunex/AML do not have an adequate
remedy at law and are entitled to injunctive relief preventing Defendants from any further
infringement.

140. Defendants’ commercial marketing, offer for sale, or sale within the United
States, upon FDA approval of Defendants’ etanercept biosimilar product for treating psoriasis
and before the expiration of the *605 patent, will cause injury to Immunex/AML, entitling
Immunex/AML to damages or other monetary relief.

COUNT 8: DECLARATORY JUDGMENT OF INFRINGEMENT OF THE 605
PATENT UNDER 35 U.S.C. § 271(b)

141.  Immunex/AML incorporate by reference paragraphs 1-140 as if fully set forth
herein.

142.  Defendants have sought FDA approval under 42 U.S.C. § 262(k) to import,
market, offer to sell, or sell within the United States Defendants’ etanercept biosimilar product, a
biosimilar version of ENBREL® (etanercept), for treating psoriasis.

143. The FDA has publicly stated that the agency’s goal is to act upon an aBLA
application within 10 months of receipt. On information and belief, Defendants believe that the
FDA may act upon Defendants’ aBLA as soon as May 2016, and that Defendants will be able to

pay the user fee prescribed under the Prescription Drug User Fee Act by that time.
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144.  On information and belief, Defendants intend to, and will immediately and
imminently upon FDA licensure of Defendants’ aBLA, notwithstanding the clear requirements
of 42 U.S.C. § 262(/)(8), import, market, offer to sell, or sell within the United States the Sandoz
etanercept biosimilar product for treating psoriasis, which use by physicians and patients will
infringe one or more claims of the 605 patent under 35 U.S.C. § 271(b).

145.  An actual controversy has arisen and now exists between the parties concerning
whether Sandoz will induce infringement by physicians and patients of the *605 patent by their
marketing and sales of Defendants’ etanercept biosimilar product for psoriasis.

146. Defendants also have failed to complete the actions required of them under 42
U.S.C. § 262(/)(4) and (5) by failing to engage in negotiation and exchange of patent lists under
42 U.S.C. § 262(1)(4) and 262(/)(5). No list of patents for Defendants’ etanercept biosimilar
product was generated as described in 42 U.S.C. § 262(/)(4) or as described in 42 U.S.C.

§ 262(1)(5).

147.  Immunex/AML are entitled to a declaratory judgment that Defendants have
infringed or will infringe one or more claims of the *605 patent by marketing, offering to sell, or
selling within the United States Defendants’ etanercept biosimilar product for treatment of
psoriasis before the expiration of the *605 patent.

148. Immunex/AML do not have an adequate remedy at law and are entitled to
injunctive relief prohibiting Defendants from making, importing into, and selling within the
United States Defendants’ etanercept biosimilar product before the expiration of the *605 patent.

149. Defendants’ marketing, offer for sale, or sale within the United States of the
Sandoz etanercept biosimilar product for treating psoriasis before the expiration of the *605

patent will cause Immunex/AML injury, entitling them to damages under 35 U.S.C. § 284.
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COUNT 9: INFRINGEMENT OF THE ’631 PATENT UNDER 35 U.S.C. § 271(e)(2)(C)

150. Immunex/AML incorporate by reference paragraphs 1-149 as if fully set forth
herein.

151.  The "631 patent, titled “Soluble Tumor Necrosis Factor Receptor Treatment of
Medical Disorders” was duly and legally issued on May 13, 2014 by the USPTO. A true and
correct copy of the '631 patent is attached to this Complaint as Exhibit G.

152.  The ’631 patent is generally directed to methods of treating psoriasis and/or
psoriatic arthritis by administering etanercept.

153. Defendants have infringed the *631 patent by submitting an aBLA referencing
Immunex’s ENBREL® product and seeking FDA approval under 42 U.S.C. § 262(k) to
manufacture, import, offer to sell, or sell within the United States the product that is the subject
of that application.

154.  With the intent to infringe the '631 patent, Defendants submitted their aBLA
seeking FDA approval under 42 U.S.C. § 262(k) to market, offer to sell, or sell within the United
States Defendants’ etanercept biosimilar product for the treatment of psoriasis and psoriatic
arthritis. On information and belief, Defendants conducted clinical trials of their etanercept
biosimilar product for the psoriasis indication only. On information and belief, Defendants
copied ENBREL®’s labeling that instructs physicians and patients to administer etanercept
subcutaneously for treatment of psoriasis or psoriatic arthritis in specific dosages, which is
covered by the "631 patent.

155.  On information and belief, Defendants knew of the "631 patent before July 2015.
Despite such knowledge, Defendants nonetheless filed their aBL A with the FDA in July 2015
seeking approval of Defendants’ etanercept biosimilar product, with the intent to import, market,

offer to sell, and sell their biosimilar product for psoriasis and/or psoriatic arthritis within the
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United States before the expiration of the 631 patent and in violation of Immunex/AML’s patent
rights.

156. On December 18, 2015, Immunex, as the reference product sponsor for
ENBREL?®, identified the 631 patent to Sandoz Inc. pursuant to 42 U.S.C. § 262(D)(3)(A).

157.  Immunex/AML will be irreparably harmed if Defendants are not enjoined from
infringing one or more claims of the "631 patent. Immunex/AML do not have an adequate
remedy at law and are entitled to injunctive relief preventing Defendants from any further
infringement.

158. Defendants’ commercial marketing, offer for sale, or sale within the United
States, upon FDA approval of Defendants’ etanercept biosimilar product for use in psoriasis or
psoriatic arthritis and before the expiration of the 631 patent, will cause injury to
Immunex/AML, entitling Immunex/AML to damages or other monetary relief.

COUNT 10: DECLARATORY JUDGMENT OF INFRINGEMENT OF THE ’631
PATENT UNDER 35 U.S.C. § 271(b)

159. Immunex/AML incorporate by reference paragraphs 1-158 as if fully set forth
herein.

160. Defendants have sought FDA approval under 42 U.S.C. § 262(k) to import,
market, offer to sell, or sell within the United States Defendants’ etanercept biosimilar product, a
biosimilar version of ENBREL® (etanercept), for treating psoriasis and/or psoriatic arthritis.

161. The FDA has publicly stated that the agency’s goal is to act upon an aBLA
application within 10 months of receipt. On information and belief, Defendants believe that the
FDA may act upon Defendants’ aBLA as soon as May 2016, and Defendants will be able to pay

the user fee prescribed under the Prescription Drug User Fee Act by that time.
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162.  On information and belief, Defendants intend to, and will immediately and
imminently upon FDA licensure of Defendants’ aBLA, notwithstanding the clear requirements
of 42 U.S.C. § 262(/)(8), import, market, offer to sell, or sell within the United States
Defendants’ etanercept biosimilar product for treating psoriasis and/or psoriatic arthritis, which
use by physicians and patients will infringe one or more claims of the 631 patent under 35
U.S.C. § 271(b).

163. An actual controversy has arisen and now exists between the parties concerning
whether Defendants will induce infringement by physicians and patients of the *631 patent by
their marketing and sales of Defendants’ etanercept biosimilar product for psoriasis and/or
psoriatic arthritis.

164. Defendants also have failed to complete the actions required of Defendants under
42 U.S.C. § 262())(4) and (5) by failing to engage in negotiation and exchange of patent lists
under 42 U.S.C. § 262(/)(4) and 262(/)(5). No list of patents for Defendants’ etanercept
biosimilar product was generated as described in 42 U.S.C. § 262(/)(4) or as described in 42
U.S.C. § 262())(5).

165. Immunex/AML are entitled to a declaratory judgment that Defendants have
infringed or will infringe one or more claims of the *631 patent by marketing, offering to sell, or
selling within the United States Defendants’ etanercept biosimilar product for treatment of
psoriasis and/or psoriatic arthritis before the expiration of the *631 patent.

166. Immunex/AML do not have an adequate remedy at law and are entitled to
injunctive relief prohibiting Defendants from making, importing into, and selling within the

United States Defendants’ etanercept biosimilar product before the expiration of the *631 patent.
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167. Defendants’ marketing, offer for sale, or sale within the United States of
Defendants’ etanercept biosimilar product for treating psoriasis and/or psoriatic arthritis before
the expiration of the *631 patent will cause Immunex/AML injury, entitling them to damages
under 35 U.S.C. § 284.

PRAYER FOR RELIEF

WHEREFORE, Roche (with respect to the *182 and *522 patents) and Immunex/AML
(with respect to all patents-in-suit) respectfully request that this Court enter judgment in their
favor against Defendants and grant the following relief:

A. A judgment that Defendants have infringed one or more claims of the *182 patent
under 35 U.S.C. § 271(e)(2)(C), by submitting to the FDA Defendants’ aBLA to obtain approval
of Defendants’ etanercept biosimilar product under the PHSA to engage in the commercial
manufacture, use, or sale of Defendants’ etanercept biosimilar product before the expiration of
the 182 patent;

B. A judgment that Defendants have infringed or will infringe one or more claims of
the *182 patent by engaging in the manufacture, use, offer for sale, or sale within the United
States, or importation into the United States, of Defendants’ etanercept biosimilar product before
the expiration of the *182 patent;

C. A judgment that Defendants have infringed one or more claims of the *522 patent
under 35 U.S.C. § 271(e)(2)(C), by submitting to the FDA Defendants’ aBLA to obtain approval
of Defendants’ etanercept biosimilar product under the PHSA to engage in the commercial
manufacture, use, or sale of Defendants’ etanercept biosimilar product before the expiration of
the ’522 patent;

D. A judgment that Defendants have infringed or will infringe one or more claims of

the *522 patent by engaging in the manufacture, use, offer for sale, or sale within the United
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States, or importation into the United States, of Defendants’ etanercept biosimilar product before
the expiration of the *522 patent;

E. A judgment that Defendants have infringed one or more claims of the 225 patent
under 35 U.S.C. § 271(e)(2)(C), by submitting to the FDA Defendants’ aBL A to obtain approval
of the Sandoz etanercept biosimilar product under the PHSA to engage in the commercial
manufacture, use, or sale of Defendants’ etanercept biosimilar product before the expiration of
the °225 patent;

F. A judgment that Defendants have infringed, will infringe, or will induce
infringement of one or more claims of the *225 patent by engaging in the manufacture, use, offer
for sale, or sale within the United States, or importation into the United States, of Defendants’
etanercept biosimilar product before the expiration of the *225 patent;

G. A judgment that Defendants have infringed one or more claims of the *605 patent
under 35 U.S.C. § 271(e)(2)(C), by submitting to the FDA Defendants® aBLA to obtain approval
of Defendants’ etanercept biosimilar product under the PHSA to engage in the commercial
manufacture, use, or sale of Defendants’ etanercept biosimilar product before the expiration of
the *605 patent;

H. A judgment that Defendants have infringed, will infringe, or will induce
infringement of one or more claims of the *605 patent by engaging in the manufacture, use, offer
for sale, or sale within the United States, or importation into the United States, of Defendants’
etanercept biosimilar product before the expiration of the *605 patent;

I. A judgment that Defendants have infringed one or more claims of the *631 patent
under 35 U.S.C. § 271(e)}(2)(C), by submitting to the FDA Defendants’ aBLA to obtain approval

of Defendants’ etanercept biosimilar product under the PHSA to engage in the commercial
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manufacture, use, or sale of Defendants’ etanercept biosimilar product before the expiration of
the '63] patent;

I A judgment that Defendants have infringed, will infringe, or will induce
infringement of one or more claims of the 631 patent by engaging in the manufacture, use, offer
for sale, or sale within the United States, or importation into the United States, of Defendants’
etanercept biosimilar product before the expiration of the "631 patent;

K. A judgment compelling Defendants to pay to Immunex/AML and Roche damages
or other monetary relief adequate to compensate for Defendants’ infringement, in accordance
with 35 U.S.C. § 271(e)(4)(C) and § 284;

L. An injunction against future infringement and future inducement of infringement
by Defendants, as well as all officers, employees, agents, representatives, affiliates, assignees,
successors, and affiliates of Defendants, and all persons acting on behalf of or at the direction of,
or in concert with Defendants, until the date of expiration of the last of the patents-in-suit;

M. A declaration that this is an exceptional case and awarding to Immunex/AML and
Roche their attorneys’ fees and costs pursuant to 35 U.S.C. § 285; and

N. Such other relief as this Court may deem just and proper.

DEMAND FOR A JURY TRIAL

Immunex/AML and Roche hereby demand a jury trial on all issues so triable.

Dated: February 26, 2016 Respectfully submitted,
Plaintiffs, by counsel:
s/ Liza M. Walsh s/ David De Lorenzi
Liza M. Walsh David De Lorenzi
Christine 1. Gannon Charles H. Chevalier
Eleonore Ofosu-Antwi GIBBONS P.C.
CONNELL FOLEY LLP One Gateway Center
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One Newark Center

1085 Raymond Boulevard, 19th Floor
Newark, New Jersey 07102

(973) 757-1100

OF COUNSEL:

David T. Pritikin (dpritikin@sidley.com)
SIDLEY AUSTIN LLP

One South Dearborn

Chicago, Illinois 60603

(312) 853-7000

Jeffrey P. Kushan (jkushan@sidley.com)
James A. High Jr. (jhigh@sidley.com)
SIDLEY AUSTIN LLP

1501 K Street N.W.

Washington, D.C. 20005

(202) 736-8700

M. Patricia Thayer (pthayer@sidley.com)
Vernon M. Winters (vwinters@sidley.com)

SIDLEY AUSTIN LLP

555 California Street, Suite 2000
San Francisco, California 94104
(415) 772-1200

Samuel N. Tiu (stiu@sidley.com)
SIDLEY AUSTIN LLP

555 West Fifth Street

Los Angeles, California 90013
(213) 896-6000

Jill J. Schmidt (jschmidt@sidley.com)
SIDLEY AUSTIN LLP

1001 Page Mill Road, Building 1

Palo Alto, California 94304

(650) 565-7050

Attorneys for Immunex Corporation and
Amgen Manufacturing, Limited

Newark, New Jersey 07102-5310
(973) 596-4500

OF COUNSEL:

David 1. Berl (DBerl@wc.com)

Thomas S. Fletcher (TFletcher@wec.com)
WILLIAMS & CONNOLLY LLP

725 Twelfth St. NW

Washington, D.C. 20005

(202) 434-5000

Attorneys for Hoffmann-La Roche Inc.
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RULE 11.2 CERTIFICATION

U.S. Patent No. 8,163,522 is the subject of a pending petition for infer partes review

before the Patent Trial and Appeal Board of the United States Patent and Trademark Office

docketed as Coalition for Affordable Drugs V LLC et al. v. Hoffmann-La Roche Inc. et al.,

[PR2015-01792.

[ hereby certify that, to the best of my knowledge, the matter in controversy is not the

subject of any other pending or anticipated litigation in any court or arbitration proceeding, nor

are there any non-parties known to Plaintiffs that should be joined to this action. In addition, 1

recognize a continuing obligation during the course of this litigation to file and to serve on all

other parties and with the Court an amended certification if there is a change in the facts stated in

this original certification.

Dated: February 26, 2016

s/ Liza M. Walsh

Liza M. Walsh

Christine I. Gannon

Eleonore Ofosu-Antwi

CONNELL FOLEY LLP

One Newark Center

1085 Raymond Boulevard, 19th Floor
Newark, New Jersey 07102

(973) 757-1100

OF COUNSEL:

David T. Pritikin (dpritikin@sidley.com)
SIDLEY AUSTIN LLP

One South Dearborn

Chicago, lllinois 60603

(312) 853-7000

Attorneys for Immunex Corporation and
Amgen Manufacturing, Limited

Respectfully submitted,
Plaintiffs, by counsel:

s/ David De Lorenzi

David De Lorenzi

Charles H. Chevalier

GIBBONS P.C.

One Gateway Center

Newark, New Jersey 07102-5310
(973) 596-4500

OF COUNSEL:

David 1. Berl (DBerl@wc.com)

Thomas S. Fletcher (TFletcher@wc.com)
WILLIAMS & CONNOLLY LLP

725 Twelfth St. NW

Washington, D.C. 20005

(202) 434-5000

Attorneys for Hoffmann-La Roche Inc.
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RULE 201.1 CERTIFICATION

I hereby certify that the above-captioned matter is not subject to compulsory arbitration

in that the Plaintiffs seek, inter alia, injunctive relief.

Dated: February 26, 2016

s/ Liza M. Walsh

Liza M. Walsh

Christine I. Gannon

Eleonore Ofosu-Antwi

CONNELL FOLEY LLP

One Newark Center

1085 Raymond Boulevard, 19th Floor
Newark, New Jersey 07102

(973) 757-1100

OF COUNSEL.:

David T. Pritikin (dpritikin@sidley.com)
SIDLEY AUSTIN LLP

One South Dearborn

Chicago, 1llinois 60603

(312) 853-7000

Attorneys for Inmunex Corporation and
Amgen Manufacturing, Limited

Respectfully submitted,
Plaintiffs, by counsel:

s/ David De Lorenzi

David De Lorenzi
Charles H. Chevalier
GIBBONS P.C.

One Gateway Center
Newark, NJ 07102-5310
(973) 596-4500

OF COUNSEL

David 1. Berl (DBerl@wc.com)

Thomas S. Fletcher (TFletcher@wc.com)
WILLIAMS & CONNOLLY LLP

725 Twelfth St. NW

Washington, D.C. 20005

(202) 434-5000

Attorneys for Hoffmann-La Roche Inc.
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'y NOVARTIS

Published on Novartis (https://www.novartis.com)

Home > Printer-friendly > FDA accepts Sandoz regulatory submission for a proposed biosimilar etanercept

FDA accepts Sandoz requlatory submission for a
proposed biosimilar etanercept .,

Publish Date: Oct 02, 2015

» Etanercept is an anti-TNF medicine used to treat a range of immunological diseases
including rheumatoid arthritis and psoriasis.

+ Sandoz is seeking approval for all indications included in the reference product's
label.

» Sandoz believes that the totality of evidence in its submission, including two pivotal
clinical studies, will demonstrate that the proposed biosimilar is essentially the same
as the reference product.

Holzkirchen, October 2, 2015 - Sandoz, a Novartis company and the global [eader in
biosimilars, announced today that the US Food and Drug Administration (FDA) has
accepted its Biologics License Application (BLA) under the 351 (k) pathway for its
proposed biosimilar to Amgen's US-licensed Enbrel® (etanercept) - a tumor necrosis
factor alpha (TNF-alpha) inhibitor. Sandoz is seeking approval for all indications included
in the label of the reference product which is used to treat a range of autoimmune
diseases including rheumatoid arthritis and psoriasis affecting approx. 1.3 million[1] and
7.5 million[2] people (respectively) in the US.

Mark McCamish, M.D., Ph.D., and Head of Global Biopharmaceutical & Oncology
Injectables Development at Sandoz said "anti-TNFs will continue to play a leading role in
immunology treatment and the acceptance of our regulatory submission by the FDA today
is a significant step towards increasing patient access to these life-changing medicines."
McCamish continued "we believe we are the first company to receive FDA file acceptance
of a biosimilar version of etanercept.”

This is the second BLA submission by Sandoz using the 351(k) biosimilar pathway. The
BLA consists of a comprehensive data package that includes data from analytical,
functional, pre-clinical and clinical studies. Sandoz believes that the two pivotal clinical
studies; a pharmacokinetic (PK) study in healthy volunteers (HVs) and a confirmatory
safety and efficacy study in patients with chronic plaque-type psoriasis (EGALITY), will
provide confirmation of similarity to the reference product established in prior analytical
comparability investigations.

Sandoz has an unwavering commitment to increasing patient access to high-quality, life-
enhancing biosimilars. It is the pioneer and global market leader and currently markets

three biosimilars. Sandoz recently launched Zarxio™ (filgrastim-sndz) - the first biosimilar
in the United States, signaling a shift toward more competition and affordability in the

https://www.novartis.com/print/61231 2/251”016
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healthcare system. Sandoz has a leading pipeline with several biosimilars across the
various stages of development including five programs in Phase Il clinical trials or
registration preparation. The company plans to make ten regulatory submissions in the
next three years. As part of the Novartis Group, Sandoz is uniquely positioned to lead the
biosimilars industry based on its experience and capabilities in development,
manufacturing and commercialization.

-End-

Disclaimer

The foregoing release contains forward-looking statements that can be identified by words
such as "proposed,” "seeking," "will," "step towards," "believe," "commitment," "signaling,”
"pipeline," "plans," or similar terms, or by express or implied discussions regarding
potential marketing approvals for biosimilar etanercept, or regarding potential future
revenues from biosimilar etanercept. You should not place undue reliance on these
statements. Such forward-looking statements are based on the current beliefs and
expectations of management regarding future events, and are subject to significant known
and unknown risks and uncertainties. Should one or more of these risks or uncertainties
materialize, or should underlying assumptions prove incorrect, actual results may vary
materially from those set forth in the forward-looking statements. There can be no
guarantee that biosimilar etanercept will be approved for sale in the United States, or at
any particular time. Neither can there be any guarantee that biosimilar etanercept will be
submitted or approved for sale in any additional markets, or at any particular time. Nor can
there be any guarantee that biosimilar etanercept will be commercially successful in the
future. In particular, management's expectations regarding biosimilar etanercept could be
affected by, among other things, unexpected regulatory actions or delays or government
regulation generally; the uncertainties inherent in research and development, including
unexpected clinical trial results and additional analysis of existing clinical data; competition
in general, including potential approval of additional versions of biosimilar etanercept;
global trends toward health care cost containment, including government, industry and
general public pricing pressures; unexpected litigation outcomes, including intellectual
property disputes or other legal efforts to prevent or limit Sandoz from selling biosimilar
etanercept; the particular prescribing preferences of physicians and patients; unexpected
safety issues; unexpected manufacturing or quality issues; general economic and industry
conditions, and other risks and factors referred to in Novartis AG’s current Form 20-F on
file with the US Securities and Exchange Commission. Novartis is providing the
information in this press release as of this date and does not undertake any obligation to
update any forward-looking statements contained in this press release as a result of new
information, future events or otherwise.

About Sandoz

Sandoz, a Novartis company, is a global leader in generic pharmaceuticals, driving
sustainable access to high-quality healthcare. Sandoz employs more than 26,000 people
worldwide and supplies a broad range of affordable, primarily off-patent products to
patients and customers around the globe.

The Sandoz global portfolio comprises approximately 1,100 molecules, which accounted
for 2014 sales of USD 9.6 billion. Sandoz holds the global #1 position in biosimilars as
well as in generic anti-infectives, ophthalmics and transplantation medicines.

https://www.novartis.com/print/61231 2252016
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Nearly half of Sandoz's portfolio is in differentiated products - products that are
scientifically more difficult to develop and manufacture than standard generics.

In addition to strong organic growth since consolidating its generics businesses under the
Sandoz brand name in 2003, Sandoz has consistently driven growth in selected
geographies and differentiated product areas through a series of targeted acquisitions.

* Enbrel is a registered trademark of Amgen Inc.
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Figure 1
-185 GAATTCGGOGSSo I T CAAGATCAC T SGGACCAGGCCSTGATC TCTATGCCIGASTCTCAA

-125  CCCTTAACTG T ACCCCAAGEIAC T TGRGACGTECTGEACAGACTEAGTCCISIGRAGLS
=553 CCAGCACTGCCGTTGCCACACTGCCCIGAGCCCAAATGGGGGAGTGAGAGGTCATAGETS

-28. .
=30 MetGlyLeuSer”hrValP'oASDLeuLeuLeuP:oLeuVal uLeuGluLeu
~§ TCTGGCATGGGCCTICTCCACCETGTCIGACCTGLTGLTGE GC;GG’GCTCCT GAGCTG

. . . 1 . N .

=10 LeuValGlyIIeTer:oSerleValITeGlyiguvalE:oHisLeuGlyAspArgGlu

55 TTGGTGGGRAATATACCCCTCAGGSSTTATTGGACTGGTCCCTCACCTAGESGACAGEEHG
L & & ¢

10 LysA:aksoSerValesP*oGlnleLysTyrIleﬁlsbroGlnAsnAsnSer&leCys

115 AAGAGAGATAGTGTGYT GTCCCCAAGGAAAAIATATCCACCC*CAAAATAATTCGnT”“GC

30 CysThrLyﬁéysH sLysleThr*yrLeuTyrAsnAanvsP oGlyP*oGlyGlnAso
175  TGTACCAAGTGCCACAAAGGAACCTACTIGTACAATGACTGTCCAGGCICSGGGTAGGAT

50 ThrAsprsArcGluCysG*uSerGlySeéPheThrAlaSerGluAan;sdeuArgHis
235 ACGGACTGC GGGAGTGTGAGAGT Gup*cg"Lauuqh;._AGAAAACCACCTCAGA"

70 CvsLeLSe*CxsSeru.szsAr:LgsG;uMetG¢vG¢rValG;uIleSersafL 'SThT
295 7TELCTC GCTQ\.;»;.:&\ALL:»\.MGGBAATGGG“»;}\:&- GGAGATTTCTTCTTGCACS

Q
288 UTGGALLuuGACnLuUAu&u;uub-u&hGGAAGAACCﬂGAACCGGCATT;TTGGAG*CAA
x KR LA
110 =snLeuPheCer sPheAanwsSergequsLeuAsnLly”hzvalz_sLeu~evc,s
413 AALL..;.uuAbe»;‘LAATT”CAuCCTCTGCC“CAATGGGACCGTGCACCT:TC"*GC

130 GINnGluLysGlnAsnThrValCysThrCysHisAlaGlyPhePheleuAreGluAsnGlu
475 CAGGAGAAACAGAACACCGTGTGCACCTGCCATGCAGGTTTCTTTCTAAGAGEAAACGAG

150 CysValserCysSerAanyvavasSerLeuGlqus*hersLeuC'sLeuPr:Gln
235 TGTIGTCTCCTIGTAGTAACTGTRAGARA T~ GGAGTGCACGAAGTTGTIGCTTACLTCAG

170 ZleGluAanélLvsleT :G’hASDSerClvThr”"Yﬁ1fﬂnfnnb'*'='"”"“

=z . o . -mo——-‘\ ——-n- A o e ~mw n-n -
385  ATTGAGAATGTTAX TGAGAACTCAGGCACCACAGTGCTGTTGICCCTGEICAIT

c0 :haDhaC"vanf"'e".pHT plor'? =1\T£1vDHaTTnfleeLMet rA.;.d",:GJ.F.A_"Q'
5E L;Ll-abuLL‘..bbL&JL'ATC:C::C”CT“CA“TGGL.-AAMGTAT GCTACCARCES

0 .:pLysSe—LysLeJTyrfe*I eVavasGlyLysSeranP:cGluLysGluGlyGlu

5 TGGAAGTCCAAGCTCTACTCCATTGTTTGTGGGAAATCS CACC”&AAAHGAGGGGG;‘G
kK

230 LeuGluGlyThrTh:ThrLysErcLeuAlAP'cAsnP:QSerDheSefP:o*ﬁ:°'0G¢y

775 CITGAAGGAACTACTACTAAGCCCCTGGCCCCAAACCCAAGCTTCAGTCCTACTCCAGEC

250 PheThrProThrLeuGlyPheSe:P:cVaiP:oSe:SeréhrPheTh:Ser°e*‘e*mhr
835 TTCACCCCCACCCTGGGCTTCAGTCCLSTECCCAGTTCCACCTTCACCTCOAGETICACC

270 ifrT"P'OGlyASDC}SPr.AsnPheAlaAlgp:chcArc51uVaLAlap:pg—.muL
395 TATACCCCCGGTGACTGTCCCARCTTTGCGEITCLC FF-GAGBGu-GGCACCnCCCTA

2990 GlnGlyAlaAspP: I‘eLeuAlaTh:AlaLeuAlaSe*AsnPrcIleD*cAsnPrcL
955 CAGGGGGECTGACCIIATCCTTGCaACAGCCCTCOCCTCCaACCCTATCCCCAACCSICTT
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Fioure 1 (cont.

31J GilnLysTrzGluAspSerAlaHicslysProGlnSerLevASpThrAsSpAspProAlaTher
1015 CAGAAGTGGGRAGGACAGCGCCCACANGCCACAGAGCSTAGACACTGATGACCCCGCEACS

330 LeuTyrAla&alValGluAanalP:oPréLeuArgT:;iysGluPheValArqArgLeﬁ
1075 CIGTACGCCGTGGTGGAGAACGTGECCCCGTTGCGCTGGAAGGAATTCGTGCGGTGCCTA

350 GlyLeuSerAspHisGlulleAspArcLeuGluLeuGlrASnGlyArgCysLeuArgGiu
1135 GGGCTGAGCGACCACGAGATCGATCAECTGRAGC TGCAGAACCOECGCTACCTGCEIGHG

370 AlaGlnTyrSerMetLeuAlaThrTrpArcAreArgThrProArcArgGluAlaThrlen
1195 GCGCAATACAGCATGCTGGCGACCTGEAGGCRACGCACGOCGCGECGCGAGGCCACGITG

330 GluleuLeuGiyArgValleuArcAspMetAspLeuleuGlyCysLeuGluAspIleGlu
1255 GAGCTGCTGGGACGEGTGCTCCEaGACATGRACCTOCTGRGCTGCCTOGAGRRCATCGAG

410 GluAlaleuCysGlyProAlaAlaLeuProPrcAlzPrcSerLeuleuArg

1315 GAGGCGCTTTGCGGECCCLGLCECCLTCCCGLCCGCGCCCAGTCTTCTCAGATEAGGETGE
1375 GCCCCTGCRGGCAGCTCTAMGEACCGTCCTGCGAGATCGICTTCCAACCTCACTTTITTC
1435 TGGARAGGAGGGGTUCTGLAGEGGCAAGCAGEAGCTAGCAGCCGTITACTTESTGITAAC

21495 CCCTCGATGTACATAGCT T TTCTCAGCTGCCTGCGCGCCSCCRACAGTCAGCELTETGEEG

132 CeCGGEAGAGACG T GCGCC G T GGG I CAAGAGL LT GAGTEGETGETTTGCGAGGATEAGGS
. ez -~

1615 ACGCIATGCCTCATGCCCGTI T T GaGTGTCC T CACCAGT ARG TSCTCEEEERICCCTS
2875 GTTCGICCCrGAGC S T T T T TCACAGTGCATAAGCAGTTTTTT 120132 0c Tt anadedas

1735 GITTTGIITTTRAATCAATCATGT TACACTAATAGAMACTTGGCACTCCTGTGICITICIG
1785 CCTGGACAAGCACATAGEAAGE TEAACTGTCC TAAGGCAGEGGCGAGCACGEAACAATGS
1855 GGCCTTCAGCTSGAGCTGTGEACTITTGTACATACACTAMMATTCTGAAGTTAARARAAA
1815 AACCCGAATTC
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Figure 2A
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Figure 3
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Figure 4

1 SerﬂaqigzUangsﬂspSengsGluﬁspSerThrTnghrGlnLeuTrpﬁsnThpUal
1 TCGGAC GTGTGTGACTCCTGTGRGGACAGCACATACRCCCAGCTCTGGAACTGGGTT

21 ProG1uCQ:LeuSengaGlgSerﬂrgCgsserSerasuGJnUalGluThrGlnﬂlans
61 CCCGRGTGCTTGAGCTGTGGCTCCCGCTGTAGCTCTGRCCAGGTGGRRRCTCARGLLTEE

41  ThrArgGluGinAsnfrgl leCysThrCysArgProGliyTrpTyrCysAlaleuSeriys
121 ACTCGGGRAACAGARRCCGCATCTGCRCCTGCAGGCCCGGCTGGTRCTGCGCGCTGAGLARD

61 GlnGIuGlgCgaﬂrgLeuCgsﬂlaProLeuPrchﬁCgsﬂrgFrcGlgPheGigUaiﬁla
181 CRGGRGGLGTGCCGGCTGTGCGCOCCECTGCCGRAGTGCCGELEGGGETTCGGEGTRGLL

81 fArgProGlyThrGluThrSerfsolallclCuslusProCysAlaPreilyThrihesSer
241 AGRCCRGGARCTGAARCATCAGRCGTGITGTGCARGCCLTSTGLCLCGGGGACETTICTCL

101 H:nThrThrSerSerThrﬂsptlngsﬁrgProHisGlnl|ng-ﬁ:nUaIUa£ﬁlq le
301 AACACGRACTTCATCCACGGATATTTGCAGGCCCCACCAGATCTGTARCGTGGTGGLCATE

121 ProGiyfsnAiaSerArgAspRiolUalCysThrSerThrSerProThriirgSeriletRia
361 CCTGGGARTGCAAGCRGGGATGCAGTCTGCACGTCCACGTCCCCCACCCGGRETATOGEL

141 PraGlgRlaUulHiaLeuFroGlnProUuiSepThrﬂrgéerGlnHithrGinFroSer
421 CCAGGGGCAGTRCACTTACCCCAGCCAGTGTCCACACGRTCCCARCACACGT GCC°RGT

161 ProuluprbserlhrﬂlaPrOSerIhrcerrheLeuLeurroﬂetGluPra:erF—orro
481 .CCAGARCCCAGCACTGCTCCARGCACCTCCTTCCTGLTCCCRRTGGGLCCCAGLLTCCEA

181 HlaGluGlgSérThrG(gﬂsgPheﬂJoLeuPrnUaiGlgLeulIeUalGlqulThrﬁla
541 GCTORAGGGRGCACTGGLGACTTCGLTCTTCCAGTTGGACTGATTGTGGGTGTGRCAGCE

201 LeuGlyleuteulileileGiyValValAsnCysUallfelet ThrGinUatlyslyslys
600 TTGGGTCTACTARTAATAGGRGTGGTGAACTGTGTCATCATGACCCAGGTGRARRAGAAG

221 ProLeuCgaLeuGlnﬁrgGiuﬂlaLgaUalProHlsLeuéroﬂlaﬂspLg:ﬂ!aﬁrgulg
661 CCCTTGTGCCTGCHGHGHGHHGCtHHGGAGCCTCHCTTGCCTGCCGHTHHGGCCCGGUG'

241 chrGlnGlgProGluG!nG!nH:sLeuLeulleThrﬂlaFroSerSer~er<'r‘8P=3P
721 ACACAGGGCCCCGRGCAGCRGCACCTGCTGATCACAGCGECGRGCTCCAGCASCAGETCL

261 LeuGIuSerSerﬁlaSerﬁluLeuﬂspﬂrgﬂrgﬁraPro%hrHrgHSnGinProGlnﬂla
781 CTGGRGRGCTCGGCCRGTGCGTTGGACAGARGGGCGCCCACTCGGARCCAGCCRCAGGCR
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Fiqure 4 (cont.)

281 ProGIgUaiG$uﬂla$er6igﬁlaﬁlgGluﬁlcﬂrgﬂ(uSerThrG!gSerSerélaﬂso
841 CCRGGCGTGGAGGCCRGTGGGGCLO665AGGCCCGGGCCRGCACCGGGAGCTCAGCRGAT

1 ‘ L) . . . .
301 SerSerfroGlyGliyHisGlyThrGinUalAsnUaiThrCysi lelaifsnialCysSer
901 TCTITCCCCTGOTGGCCRTGGGACCCAGGTCRATGTCACCTGCARTCGTGARCGTCTGTAGE

I . . . » . .
321 SerSerﬁspHisSerSerGlanaSerSerG(nﬂlaSerierThrHeéGlgﬁsp?hrﬂsp
961 AGCTCTGACCRACAGCTCRCARGTGCTCCTCCCRAGCCRGCTCCRCRATGGGRGACACAGAT

34 SerSerProSerGluSerPréLg:ﬂ:pGluGlJUatPrcPheSerLgsGluGiuCg:ﬂlq
1021 TCCRGCCCCTCGGAGTCCCCGARGOACGAGCAGGTCCCCTTCTCCRRGGAGGARTGTGCL

361 -PheﬁrgierﬁinLeuGlu&hrProGluThrLeuLeuGlgSerThrG!uGluLg:PrcLeu
1081 TTTCGGTCRCAGCTGGAGACGCCAGRGACCCTGCTGGE5ARGCRCCGARGAGARGCLCLTE

181 PrdleuGlyUaiProfspdlatiyfletlysProSer

1141 CCCCTTGGRGTGCCTGATGCTGGGATGARGCCCRGTTRACCAGGTLGGTETGGGCTGTGT
1201 CGTRGCCARGGTGGCTGAGCCCTGACAGGATGACCLTGLGARGGGGLLCCTGGTCCTTCLS
1261 GGCCCCCACCACTRGGACTCTGAGGCTCTTTCTGGGCCARGTTCCTCTRGTGCCLTCCAL
1321 ARGCCGCAGCCTCCCTCTGACCTGCAGGCCRRGAGCAGAGGCAGEGAGTTGTGGARAGELT
138! CTGCTGCCATGGCGTGTCCCTCTCGGARGGCTGGETGGGCATGGACGTTCGGGGCATGET
1441 GGGGCAAGTCCCTGAGTCTCTGTGACCTGLCCCGCLLAGETGCACCTGLCAGLCTGGETT
1501 CTGGAGCCCTIGGGTTTTTTGTTIGTTIGTTTGTTIGTTITGTTITGTTTCTCCLCCTGGGE
1561 TCTGCCCRGCTCTGGC TTCCAGRRARCCCCRGLATCCTTTTCTGCAGAGGGGLTTTCTSG
1621 AGAGGAGGGATGLTGCCTGAGTCACCCATGAAGACAGGACAGTGCTTCAGCCTGAGGLTE
1681 AGACTGCGGGATGGTCCTGGGGCTCTGTGCRGGGAGEAGETE0CAGCECTGTAGGSARCE
1741 GGETCCTTCRAGTTAGCTCAGGAGGCTTGGARRGCATCACCTCRGGCCAGG TGCAGTG6L
1801 TCACGCCTRTGATCCCARGCRCTTTGGGAGGCTGAGGCGGGTGGATCACCTGAGGTTAGGA
1861 GTTCGAGRCCAGCCTGGCCRACATGGTARRACCCCATCTCTRCTRRAARTRCAGARATTA
1921 GCCGGGCGTGGTGGCGG6CACCTATRGTECLAGCTACTCAGRAGCCTGAGGCTGGGARRT
1981 CGTTTGRACCCGGGARGCGGAGGTTGEAGGGAGCCGAGARTCACGCCACTGCRCTCCAGEL
2041 TGGGCGRCAGRGCGAGAGTCTGTCTCARRRGARARRRRRRARGCACCGCCTCCRARTGET
2101 RACTTGTCCTTTTGTRCCATGGTGTGARRGTCAGATGLCLAGAGGGCCCAGGCAGGCLAC
2161 CATATTCRGTGCTGTGGCCTGGGCRRGATRACGCACTTCTARCTAGRRATCTGCCARTTT
2221 TTTRRRARAGTARAGTACCACTCRGGCCARCARGCCARCGACRRRGCCARACTCTGLLAGT
2281 CRCATCCRRCCCCCCARCCTGCCATTTGCACCCTCCGCCTTCACTCLGGTGTGCLTGLRE
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HUMAN TNF RECEPTOR FUSION PROTEIN

This is a division of application Ser. No. 08/095,640, filed
Jul. 21, 1993; now U.S. Pat. No. 5,610,279, which is a con-
tinuation application of Ser. No. 07/580,013, filed Sep. 10,
1990, now abandoned. This application claims priority under
35U.5.C. §119 to application Serial Numbers 3319/89, 746/
90 and 1347/90, filed on Sep. 12, 1989, Mar. 8, 1990 and Apr.
20, 1990, respectively, all in Switzerland. This application
also claims priority under 35 U.5.C. §119 to European Patent
Application Number 90116707.2- (now Patent Number EP
0417563), filed Aug. 31, 1990.

BACKGROUND OF THE INVENTION

Tumor necrosis factor a (TNFa, also cachectin), discov-
ered as a result of its hemorragic-necrotizing activity on cer-
tain tumors, and lymphotoxin (TNFf}) are two closely related
peptide factors [3] from the class of lymphokines/cytokines
which are both referred to herein-after as TNF [see references
2 and 3]. TNF possesses a broad cellular spectrum of activity.
For example, TNF has inhibitory or cytotoxic activity on a
series of tumor cell lines {2,3], stimulates the proliferation of
fibroblasts and the phagocytic/cytotoxic activity of myeloic
cells [4, 5,6}, induces adhesion molecules in endothelial cells
or exerts an inhibitory activity on the endothelium (7, 8, 9,
10], ighibits the synthesis of specific enzymes in adipocytes
[11] and induces the expression of histo-compatibility anti-
gens [12]. Many of these TNF activities are produced via
induction of other factors or by synergistic effects with other
factors such as interferons or interleukins [13-16].

TNF is involved in pathological conditions such as shock
states in meningococcal sepsis [17], the development of
autoimmune glomerulonephritis in mice [18] and cerebral
malaria in mice [19] and buman beings [41]. The toxic effects
of endotoxin appear to be mediated by TNF [20]. Further-
more, TNF can trigger interleukin-1 fever [39]. On the basis
of its pleiotropic functional properties, TNF in interaction
with other cytokines is involved in additional pathological
conditions as a mediator of immuune response, inflammation,
and other processes.

These biological effects are mediated by TNF via specific
receptors. According to present knowledge not only TNFa,
but also TNF{ bind to the same receptors [21]. Different cell
types differ in their number of TNF receptors [22, 23, 24].
Generally known TNF-binding proteins (TNF-BP) have been
detected by covalent bonding to radioactively labelled TNF
[24-29], and the following apparent molecular weights of the
TNE/TNF-BP complexes obtained have been determined to
be: 95/100kD and 75 kD [24], 95 kD and 75 kD {25], 138 kD,
90 kD, 75 kD and 54 kD {26). 1005 kD [27], 97 kD and 70
kD [28] and 145 kD [29]. One such TNF/TNF-BP complex
was isolated by anti-TNF-antibody immune affinity chroma-
tography and preparative SDS-polyacrylamide gel electro-
phoreses (SDS-PAGE) [27]. The reductive cleavage of this
complex and subsequent SDS-PAGE analysis gave several
bands which were not tested for TNF-binding activity. Since
the specific conditions which must be used for the cleavage of
the complex lead to inactivation of the binding protein {31],
the latter has also not been possible. The separation of soluble
TNF-BP from human serum or urine by ion exchange chro-
matography and gel filiration (molecular weight in the region
of 50 kD) was described by Olsson et al. [30].

Brockhaus et al. {32] obtained an enriched TNF-BP prepa-
ration from membrane extracts of HL ¢, cells by TNFa-ligand
affinity chromatography and HPLC which, in turn, was used
as an antigen preparation for the production of monoclonal
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antibodies against I'NI-BP. Using such an immobilized anti-
body (inmupe affinity chromatography) Loetscher and
Brockhaus obtained an enriched preparation of TNF-BP [31]
from an extract of human placenta using TNFeo-ligand affin-
ity chromatography and HPLC, which gave a strong broad
band at 35 kD, a weak band at about 40 kD and a very weak
band in the region between 55 kD and 60 kD on SDS-PAGE
analysis. Moreover, the gel showed a protein background
smear in the region of 33 kD to 40 kD. The significance of
these protein bands was, however, not clear due to the hetero-
genicity of the starting material which was used (placenta
tissue; combincd material from several placentas). In the state
of the art TNF-BP have already been characterized by a
N-terminal partial sequence [European Patent Application,
Publication No. 308 378], whereby this sequence differs from
the N-terminal partial sequence according to formula (1IA) in
accordance with the invention. Moreover, the TNF-binding
proteins described in the state of the art are soluble, ie.
non-membrane bound, TNF-BP and not membrane-bound,
i.e. insoluble, TNF-BP isolated from urine.

SUMMARY OF THE INVENTION

This invention comprises insoluble, homogenous proteins
or soluble or insoluble fragments thereof, capable of binding
tumor necrosis factor-(TNF).

This invention also comprises TNF-binding proteins con-
taining amino acid sequences of FIG. 1 or FIG. 4, proteins
containing fragments of these sequences, and proteins anala-
gous to the sequences of FIG. 1 or FIG. 4 or to fragments
thereof.

This invention % further comprises DNA sequences
encoding the proteins: described above, proteins encoded by
these sequences, and antibodies to any of these proteins.

This invention comprises. DNA sequences which combine
two partial DNA sequences, one sequence encoding soluble
fragments of TNF binding proteins and the other partial
sequence encoding all domains except the first domain of the
constant region of the heavy chain ofhuman immunoglobulin
1gG, IgA, 1gM, or IgE, and the recombinant proteins encoded
by these sequences.

This invention additionally comprises vectors containing
the above DNA sequences, and host systems transfected with
such vectors.

This invention finally comprises a process for the isolation
of an insoluble homogenous protein capable of binding TNF.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Nucleotide sequence (SEQ ID NO: 1) and deduced
amino acid sequence (SEQ 1D NO: 2) for cDNA clone
dertved from 55 kD TNF-BP. The 19 amino acid transmem-
brane region is underlined. Hypothetical glycosylation sites
are identified by asterisks.

FIG. 2. Binding analysis of COS cells transfected with
lasmid pN123. Panel 2A-—binding of transfected cells to
251-TNFo.. Panel 2B—Scatchard plot of binding data.

F1G. 3. Sandwich assays of cells transfected with plasmid
pK19. Culture supernatants ot cells transfected 30 with pK19
were incubated with anti-55 kD TNF-BP antibody followed
by '*I-TNFa. Columns 1, 5, and 8 are controls. Columns 2,
3,4, 5, and 6 are five parallel transfections.

FIG. 4. Nucleotide sequence (SEQ ID NO: 3) and deduced
amino acid sequence (SEQ ID NO: 4) for cDNA clones
derived from 75/6510 TNF-BP.

DETAILED DESCRIPTION OF THE INVENTION

The TNF-binding proteins of the present invention are
homogenous, insoluble proteins and soluble or insoluble
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fragments of such proteins which are capable of binding TNF.
These proteins have the ability to bind TNF as measured by
standard assays.

The TNF-binding proteins of the present invention include
homogenous proteins containing the amino acid sequence
depicted in FIG. 1 (SEQ IDNO: 2) or in FIG. 4 (SEQ ID NO:
4), proteins containing fragments of either sequence, and
analogues of any such proteins for example proteins contain-
ing amino acid sequences analogous to the amino acid
sequences of FIG. 1 (SEQ ID NO: 2) or FI1G. 4 (SEQ ID NO:
4) or to fragments thereof. An analogue is a protein in which
one or more amino acids of the sequences depicted in FIG. 1
(SEQ ID NO: 2) or in FIG. 4 (SEQ ID NO: 4) have had their
side-groups chemically modified in a known manner, or those
in which one or more amino acids have been replaced or
deleted, without thereby eliminating TNF-binding ability.
Such analogues may be produced by known methods of pep-
tide chemistry, or by known methods of recombinant DNA
technology, such as planned mutagenesis.

The TNF binding activity of the proteins of the present
invention may be determined using the assay described in
Example 1.

TNF-binding proteins of this invention are obtained as
follows:

TNF binding proteins may be isolated from tissues and
purified to homogeneity, or isolated from cells which contain
membrane-bound TNF binding protein, and purified to
homogeneity. One possible method for growing cells and
isolating cell extract is described in Example 2, however,
other cells types and other growth and isolation methods are
well known in the art. Purification of TNF-binding proteins
from cell extracts may be performed using the methods
described in Examples 4, 5, and 6 in combination with the
assay described in Example 1. TNF-binding proteins isolated
and purified by these methods were sequenced by well-
known methods, as described in Example 7. From these
amino acid sequences, DNA probes were produced and used
to obtain mRNA encoding TNF binding proteins from which
cDNA was made, all by known methods described in
Examples 8 and 11. Other well-known methods for producing
cDNA are known in the art and may effectively be used. In
general, any TNF-binding protein can be isolated from any
cell or tissue expressing such proteins using a cDNA probe
such as the probe described above, isolating mRNA and tran-
scribing the mRNA into cDNA. Thereafter, the protein can be
produced by inserting the cDNA into an expression vector as
described in Example 9, such as a virus, plasmid, cosmid, or
other vector, inserting the expression vector into a cell, such
as the COS cell-described in Example 9 or the insect cell
described in Example 10, proliferating the resulting cells, and
isolating the expressed TNF-binding protein from the
medium or from cell extract as described above. Alterna-
tively, TNF-binding proteins may be chemically synthesized
using the sequence described above and an amino acid syn-
thesizer, or manual synthesis using chemical conditions well
known to form peptide bonds between selected amino acids.
Analogues and fragments of TNF-binding proteins may be
produced by the above methods. In the case of analogues, the
proteins may be chemically modified, or modified by genetic
engineering as described above. These fragments and ana-
logues may then be tested for TNF-binding activity using
methods such as the assay of Example 1.

Finally, monoclonal antibodies directed against TNF-bind-~
ing proteins, such as the antibodies described in Example 3,
may be produced by known techniques, and used to isolate
TNF-binding proteins.
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In more detail, the proteins of the present invention are
non-soluble proteins, i.e. for example membrane proteins or
so-called receptors, and soluble or non-soluble, fragments
thereof, which bind TNF (TNF-BP), in homogeneous form,
as well as their physiologically compatible salts. Preferred
proteins are those which according to SDS-PAGE under non-
reducing conditions are characterized by apparent molecular
weights of about 55kD, 51 kD, 38 kD, 36 kD and 34 kD or 75
kD and 65 kD, especially those with about 55 kD and 75 kD.
Furthermore, there are preferred those proteins which are
characterized by containing at least one of the following
amino acid partial sequences:

(IA) Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-
Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-1le-His-Pro-Gln-X -
Asn-Ser-Ile (SEQ ID NO: 5)

(IB) Ser-Thr-Pro-Gtu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-
Thr-Thr-Lys (SEQ ID NO: 6)

(IIA) Ser-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-
Thr-Glu-Glu-Lys-Pro-Leu (SEQ ID NO: 7)

(1IB) Val-Phe-Cys-Thr (SEQ ID NO: 8)

(11C) Asn-Gln-Pro-Gln-Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly-
Ala-Gly-Glu-Ala (SEQ ID NO: 9)

(IID)  Leu-pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-
Glu-Pro-Gly-Ser-Thr-Cys (SEQ ID NO: 10)

(IIE) lle-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu
(SEQID NO: 11)

(1IF) Leu-Cys-Ala-Pro (SEQ ID NO: 12)

(IIG) Val-Pro-His-Leu-Pro-Ala-Asp (SEQ 1D NO: 13)

(1) Gly-Ser-Gin-Gly-Pro-Glu-Gln-Gin-X-X-Leu-Ile-X-
Ala-Pro (SEQ ID NO: 14)
in which X stands for an amino acid residue which could

not be unequivocally determined.

A process for the isolation of the TNF-BP in accordance
with the invention is also an object of the present invention.
This process comprises carrying out essentially the following
purification steps in sequence: production of a cell or tissue
extract, immune- affinity chromatography and/or single or
multiple ligand affinity chromatography, high resolution lig-
uid chromatography (HPLC) and preparative SDS-polyacry-
lamide gel electro phoresis (SDS-PAGE). The combination of
the individual purification steps, which are known from the
state of the art, is essential to the success of the process in
accordance with the invention, whereby individual steps have
been modified and improved having regard to the problem to
be solved. Thus, for example, the original combined immune
affinity chromatography/TNFa-ligand affinity chromatogra-
phy step originally used for the enrichment of TNF-BP from
human placenta [31] has been altered by using a BSA-
Sepharose 4B pre-column. For the application of the cell or
membrane extract, this pre-column was connected in series
with the immune affinity column followed by the ligand attin-
ity column. After the application of the extract the two afore-
mentioned columns were coupled, each eluted and the TNF-
BP-active fractions were purified again via a ligand affinity
column. The use of a detergent-containing solvent mixture for
the performance of the reversed-phase HPLC step is essential
to the invention.

Further, an industrial process for the production of high cell
densities of mammalian cells from which TNF-BP can be
isolated is also an object of the present invention. Such a
process comprises using a medium, which has been devel-
oped for the specific growth requircments of the cell line used,
in combination with a perfusion apparatus as described e.g. in
detail in Example 2. By means of such a process there can be
produced, for example, in the case of HL-60 cells up to more
than 20-fold higher cell densities than usual.
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In addition thereto, the present invention is also concerned
with DNA sequences coding for proteins and soluble or non-
soluble fragments thereof, which bind TNF. Thereunder there
are to be understood; for example, DNA sequences coding for
non-soluble proteins or soluble as well as non-soluble frag-
ments thereof, which bind TNF, such DNA sequences being
selected from the tollowing:

(a) DNA sequences as given FIG. 1 or FIG. 4 as well as their
complementary strands, or those which include these
sequences;

(b) DNA sequences which hybridize with sequences defined
under (a) or {ragments thereof;

(c) DNA sequences which, because of the degeneracy of the
genetic code, do not hybridize with sequences as defined
under (a) and (b), but which code for polypeptides, having
exactly the same amino acid sequence.

That is to say, the present invention embraces not only
allelic variants, but also those DNA sequences which result
from deletions, substitutions and additions from one or more
nucleotides of the sequences given in FIG. 1 or FIG. 4,
whereby in the case of the proteins coded thereby there come
into consideration, just as before, TNF-BP. One sequence
which results from such a deletion is described, for example,
in Science 248, 1019-1023, (1990).

There are preferred first of all those DNA sequences which
code for such a protein having an apparent molecular weight
of about 55 kD, whereby the sequence given in FIG. 1 is
especially preferred, and sequences which code for non-
soluble as well as soluble fragments of such proteins. A DNA
sequence which codes, for example, for such a non-soluble
protein tragment extends from nucleotide -18510 1122 of the
sequence given in FIG. 1. DNA sequences which code for
soluble protein fragments are, for example, those which
extend from nucleotide ~185 to 633 or from nucleotide ~14 to
0633 of the sequence given in FIG. 1. There are also preferred
DNA sequences which code for a protein of about 75/65 kD,
whereby those which contain the partial cDNA sequences
shown in FIG. 4 are preferred. Especially preferred DNA
sequences in this case are the sequences of the open reading
framne of nucleotide 20 1,177. The peptides 1A, IIC, IIE, 1IF,
1IG and 11H are coded by the partial cDNA sequence in FIG.
4, whereby the insignificant deviations in the experimentally
determined amino acid sequences are based on the cDNA-
derived sequence with highest probability from the limited
resolution of the gas phase sequencing. DNA sequences
which code for insoluble (deposited on Oct. 17, 2006 with the
American Type Culture Collection under Accession No. PTA
7942) as well as soluble fractions of TNF-binding proteins
having an apparent molecular weight of 65 kD/75 kD are also

preferred. DNA sequences for such soluble fragments can be s

determined on the basis of the amino acid sequences derived
from the nucleic acid sequences coding for such non-soluble
TNF-BP.

The invention is also concerned with DNA sequences
which comprise a combination of two partial DNA
sequences, with one of the partial sequences coding for those
soluble fragments of non-soluble proteins which bind TNF
(sec above) and the other partial sequence coding for all
domains other than the first domain of the constant region of
the heavy chain of human immunoglobulins such as IgG, IgA,
1gM or IgE, in particular IgG, or IgG, subtypes.

The present invention is also concerned with the recombi-
nant proteins coded by any of DNA sequences described
above. Of course, there are thereby also included such pro-
teins in whose amino acid sequences amino acids have been
exchanged, for example by planned mutagenesis, so that the
activity of the TNF-BP or fragments thereof, namely the
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binding of TNF or the interaction with other membrane com-
ponents participating in the signal transfer, have been altered
ormaintained in a desirable manner. Amino acid exchanges in
proteins and peptides which do not generally alter the activity
of such molecules are known in the state of the art and are
described, for example, by H. Neurath and R. L. Hill in
“The'Proteins™ (Academic Press, New York, 1979, see espe-
cially FIG. 6, page 14). The most commonly occurring
exchanges are: Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly,
Ala/Thr, Set/Asn, Ala/Val, Set/Gly, Tyr/Phe, Ala/Pro, Lys/
Arg, Asp/Asn, Leu/lle, Lew/Val, Ala/Glu, Asp/Gly as well as
these in reverse. The present invention is also concerned with
vectors which contain any of the DNA sequences described
above inaccordance with the invention and which are suitable
for the transformation of suitable pro- and eukaryotic host
systems, whereby there are preferred those vectors whose use
leads to the expression of the prateins which are coded by any
of the DNA sequences described above in accordance with
the invention. Finally, the present invention is also concerned
with pro- and eukaryotic host systems transformed with such
vectors, as well as a process for the production of recombinant
compounds in accordance with the invention by cultivating
such host systems and subsequently isolating these com-
pounds from the host systems themselves or their culture
supernatants.

An object of the present invention are also pharmaceutical
preparations which contain at least one of these TNF-BPs or
fragments thereof, if desired in combination with other phar-
maceutically active substances and/or non-toxic, inert, thera-
peutically compatible carrier materials.

Finally, the present invention is concerned with the use of
such a TNF-BP on the one hand for the production of phar-
maceutical preparations and on the other hand for the treat-
ment of illnesses, preferably those in which TNF is involved
in their course.

Starting materials for the TNF-BP in accordance with the
invention are quite generally cells which contain such TNF-
BP [in membrane-bound form] and which are generally
accessible without restrictions to a person skilled in the art,
such as, for example, HL60 [ATCC No. CCL 240], U 937
[ATCC No. CRL 1593], SW 480 [ATCC No. CCL 228] and
HEp2 cells JATCC No. CCL 23). These cells can be cultivated
according to known methods of the state of the art {40] o, in
order to produce high cell densities, according to the proce-
dure already described generally and described in detail in.
Example 2 for HL60 cells. TNF-BP can then be extracted
from the cells, which are centrifuged-off from the medium
and washed, according to known methods of the state of the
art using suitable detergents, for example Triton X-114, 1-0-
n-octyl-f-D-glucopyranoside  (octylglucoside) or 3-[(3-
cholylamido-propyl)-dimethylammonio}-1-propane sulpho-
nate (CHAPS), especially using Triton X-100. For the
detection of such TNF-BP there can be Used the usually used
detection methods for TNF-BP, for example a polyethylene
glycol-1-induced precipitation of the '*°I-TNE/TNF-BP
complex [27]. especially filter-binding tests with radioac-
tively labelled TNF according to Example 1. In order to
produce the TNF-BP in accordance with the invention, the
general methods of the state of the art used for the purification
of proteins, especially of membrane proteins, such as, for
example, jon exchange chromatography, gel filtration, affin-
ity chromatography, HPLC and SDS-PAGE can be used.
Especially preferred methods for the production of TNF-BP
in accordance with the invention are affinity chromatography.
especially with TNF-a as the ligand bound to the solid phase,
and immune-affinity chromatography, HPLC and SDS-
PAGE. The clution of TNF-BP bands which arc separated
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using SDS-PAGE can be effected according to known meth-
ods of protein chemistry, for example using electroelution
according to Hunkapiller et al. [34], whereby according to
present knowledge the electro-dialysis times given there gen-
erally have to be doubled. Thereafter, traces of SDS which
still remain can then be removed in accordance with Bosser-
hoff et al. {50].

The thus-purified TNF-BP can be characterized by meth-
ods of peptide chemistry which are known in the state of the
art, such as, for example, N-terminal amino acid sequencing
of enzymatic well as chemical peptide cleavage. Fragments
obtained by enzymatic or chemical cleavage can be separated
according to usual methods such as, for example, HPLC and
can themselves be subjected to further N-terminal sequenc-
ing. Such fragments which themselves bind TNF can be iden-
tified using the afore-mentioned detection methods for TNF-
BP and are likewise objects of the present invention.

Starting from the thus-obtained amino acid sequence infor-
mation or the DNA and amino acid sequences given in FIG. 1
as well as in FIG. 4 there can be produced, taking into con-
sideration the degeneracy of the genetic code, according to
methods known in the state of the art suitable oligonucle-
otides [51]. By means of these, again according to known
methods of molecular biology [42,43], cDNA or genomic
DNA banks can be searched for clones which contain nucleic
acid sequences coding for TNF-BP. More-over, using the
polymerase chain reaction (PCR) [49] cDNA fragments can
be cloned by completely degenerating the amino acid
sequence of two spaced apart relatively short segments while
taking into consideration the genetic code and introducing
into their complementarity suitable oligo-nucleotides as a
“primer”, whereby the fragment lying between these two
sequences can be amplified and identified. The determination
of the nucleotide sequence of a such a fragment permits an
independent determination of the amino acid sequence of the
protein fragment for which it codes. The cDNA fragments
obtainable by PCR can also, as already described for the
oligonucleotides themselves, be used according to known
methods to search for clones containing nucleic acid
sequences coding for TNF-BP from ¢cDNA or genomic DNA
banks. Such nucleic acid sequences can then be sequenced
according to known methods [42}]. On the basis of the thus-
determined sequences and of the already known sequences
for certain receptors, those partial sequences which code for
soluble TNF-BP fragments can be determined and cut out
from the complete sequence using known methods [42].

The complete sequence or such partial sequences can then
be integrated using known methods into vectors described in
the siate of the art for their multiplication and expression in
prokaryotes [42]. Suitable prokaryotic host organisms are, for
example, gram-negative and gram-positive bacteria such as,
forexample, E. coli strains such as E. coliHB101 [ATCC No.
33 694] or E. coli W3110 [ATCC No. 27 325} or B. subtilis
strains.

Furthermore, nucleic acid sequences in accordance with
the invention which code for TNF-BP as well as for TNF-BP
fragments can be integrated using known methods into suit-
able vectors for reproduction and expression in eukaryotic
host cells, such as, for example, yeast, insect cells and mam-
malian cells. Expression of such sequences is preferably
effected in mammalian and insect cells.

A typical expression vector for mammalian cells contains
an efficient promoter element in order to produce a good
transcription rate, the DNA sequence to be expressed and
signals for an efficient termination and polyadenylation of the
transcript. Additional elements which can be used are
“enhancers” which lead to again intensified transcription and
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sequences which e.g. can bring about a longer half life of the
mRNA. For the expression of nucleic acid sequences in which
the endogenous sequence fragment coding for a signal pep-
tide is missing, there can be used vectors which contain such
suitable sequences which code for signal peptides of other
known proteins. See, for example, the vector pLJ268
described by Cullen, B. R. in Cell 46, 973-982 (1986) as well
as Sharma, S. et al. in “Current Communications in Molecular
Biology”, edt. by Gething, M. J., Cold Spring Harbor Lab.
(1985), pages 73-78.

Most of these vectors which are used for a transient expres-
sion of a particular DNA sequence in mammalian cells con-
tain the replication source of the SV40 virus. In cells which
express the T-antigen of the virus (e.g. COS cells), these
vectors are reproduced abundantly. A transient expression is.
however, not limited to COS cells. In principle any transtect-
able mammalian cell line can be used for this purpose. Signals
which can bring about a strong transcription are e.g. the early
and late promoters of SV 40, the promoter and enhancer of the
“major immediate-early” gene of HCMV (human cytomega-
lovirus), the LTR’s (“long terminal repeats™) of retroviruses
such as, for example, RSV, HIV and MMTV. There can,
however, also beused signals of cellular genes such ase.g. the
promoters of the actin and collagenase genes.

Alternatively, however, stable cell lines which have the
specific DNA sequence integrated into the genome (chromo-
some) can also be obtained. For (his, the DNA sequence is
cotransfected together with a selectable marker, e.g. neomy-
cin, hygromycin, dihydrofolate reductase (dhfr) or hypoxan-
thin guanine phosphoribosy! transferase (hgpt). The DNA
sequence stably incorporated in the chromosome can also be
reproduced abundantly. A suitable selection marker forthisis,
for example, dihydrofolate reductase (dhfr). Mammalian
cells (e.g. CHO cells), which contain no intact dhir gene, are
thereby incubated with increasing amounts of methotrexate
after transinfection has been effected. In this manner cell lines
which contain more than a thousand copies of the desired
DNA sequence can be obtained.

Mammalian cells which can be used for the expression are
e.g. cells of the human cell lines Hela [ATCC CCL.2] and 293
[ATCC CRL 1573] as well as 3T3 [ATCC CCL 163} and L
cells, e.g. [ATCC CCL 149], (CHO) cells [ATCC CCL 61].
BHK [ATCC CCL 10] cells as well as the CV 1 [ATCC CCL
70] and the COS cell lines [ATCC CRL 1650, CRL 1651].

Suitable expression vectors include, for example, vectors
suchas pBC12MI [ATCC 67 109], pSV2dhfr [ATCC 37 146],
pSVL [Pharmacia, Uppsala, Sweden], pRSVcat [ATCC 37
152] and pMSG [Pharmacia, Uppsala, Sweden]. The vectors
“pK19” and “pN123” used in Example 9 are especially pre-
ferred vectors. These can be isolated according to known
methods from E. coli strains HB101(pK19) and HB101
(pN123) transtormed with them [42]. These E. coli strains
have been deposited on the 26 Jan. 1990 at the Deutschen
Sammlung von Mikroorganismen and Zellkulturen GmbH
(DSM) in Braunschweig, FRG, under DSM 5761 for HB101
(pK19) and DMS 5764 for HB101(pN123). For the expres-
sion of proteins which consist of a soluble fragment of non-
soluble TNF-BP and an immunoglobulin fragment, i.e. all
domains except the first of the constant region of the heavy
chain, there are especially suitable pSV2-derived vectors as
described, for example, by German, C. in “DNA Cloning”
[Vol. 11, edt. by Glover, D. M., IRL Press, Oxford, 1985]. The
vectors pCD4-Hp (DSM 5315, deposited on 21 Apr. 1989),
pDC4-Hyl (DSM 5314, deposited on 21 Apr. 1989) and
pCD4-Hy3 (DSM 5523, deposited on 14 Sep. 1989) which
have been deposited at the Deutschen Sammlung von Mikro-
organismen and Zellkulturen Gmbl1 (DSM) in Braunsch-
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weig, FRG, and which are described in detail in European
Patent Application No. 90107393.2 are especially preferred
vectors. This European Patent Specification and the equiva-
lent Applications referred to in Example 11 also contain data
with respect to the further use of these vectors for the expres-
sion of chimeric proteins (see also Example 11) and for the
construction of vectors for the expression of such chimeric
proteins with other immunoglobulin fragments.

The manner in which these cells are transfected depends on
the chosen expression system and vector system. An over-
view of these methods is to be found e.g. in Pollard et al,,
“DNA Transformation of Mammalian Cells” in “Methods in
Molecular Biology™ [Nucleic Acids Vol. 2, 1984, Walker, J.
M., ed, Humana, Clifion, N.J. ]. Further methods are to be
found in Chen and Okayama {“High-Efficiency Transforma-
tion of Mammalian Cells by Plasmid DNA”, Molecular and
Cell Biology 7, 2745-2752, 1987] and in Feigner |Feigner et
al.,, “Lipofectin: A highly efficient, lipid-mediated. DNA-
transfection procedure”, Proc. Nat. Acad. Sci. USA 84,7413-
7417, 1987].

The baculovirus expression system, which has already
becn used successfully for the expression of a series of pro-
teins (for an overview see Luckow and Summers, Bio/Tech-
nology 6, 47-55, 1988), can be used for the expression in
insect cells. Recombinant proteins can be produced in authen-
tic form or as fusion proteins. The thus-produced proteins can
also be modified such as, for example, glycosylated (Smith et
al., Proc. Nat. Acad. Sci. USA 82, 8404-8408, 1987). For the
production of a recombinant baculovirus which expresses the
desired protein there is used a so-called “transfer vector”.
Under this there is to be understood a plasmid which contains
the heterologous DNA sequence under the control of a strong
promoter, e.g. that of the polyhedron gene, whereby this is
surrounded on both sides by viral sequences. The vectors
“pN113”, “pN119” and “pN124” used in Example 10 are
especially preferred vectors. These can be isolated according
to known methods from E. coli strains HBIO1(pN113),
HB101(pN119) and HB101(pN124) transformed with them.
These E. coli strains have been deposited on the 26 Jan. 1990
at the Deutschen Sammlung von Mikroorganismen and
Zellkulturen GmbH (DSM) in Braunschweig, FRG, under
DSM 5762 for HB101(pN113), DSM 5763 for HB101
(pN119) and DSM 5765 for HB101(pN124). The transfer
vector is then transfected into the insect cells together with
DNA of the wild type baculovirus. The recombinant viruses
which result in the cells by homologous recombination can
then be identified and isolated according to known methods.
An overview of the baculovirus expression system and the
methods used therein is to be found in Luckow and Sum-
mers (52].

Expressed TNF-BP as well as its non-soluble or soluble
fractions can then be purified from the cell mass or the culture
supernatants according to methods of protein chemistry
which are known in the state of the art, such as, for example,
the procedure already described on pages 5-6.

The TNF-BP obtained in accordance with the invention
can also be used as antigens to produce polyclonal and mono-
clonal antibodies according to known-techniques {44, 45] or
according to the procedure described in Example 3. Such
antibodies, especially monoclonal antibodjes against the 75
kD TNF-BP species, are also an object of the present inven-
tion. Those antibodies which are directed against the 75 kD
TNF-BP can be used for the isolation of TNF-BP by modifi-
cations of the purification procedure described in detail in
Examples 4-6 which are familiar to a person skilled in the art.

On the basis of the high binding affinity of TNF-BP in
accordance with the invention for TNF (K, value in the order
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of 1079107 M), these or fragments thereof can be used as
diagnostics for the detection of TNF in serum or other body
fluids according to methods known in the state of the art, for
example in solid phase binding tests or in combination with
anti-TNF-BP antibodies in so-called “sandwich” tests.

Moreover, TNF-BP in accordance with the invention can
be used on the one hand for the purification of TNF and on the
other hand for the detection of TNF agonists and TNF antago-
nists according to procedures which are known in the state of
the art.

The TNF-BP in accordance with the invention as well as
their physiologically compatible salts, which can be manu-
factured according to methods which are known in the state of
the art, can also be used for the production of pharmaceutical
preparations, primarily those for the treatment of illnesses in
which TNF is involved in their course. For this purpose, one
or more of the said compounds, where desired or required in
combination with other pharmaceutically active substances,
can be processed in a known manner with the usually used
solid or liquid carrier. malterials. The dosage of such prepa-
rations can be effected having regard to the usual criteria in
analogy to already used preparations of similar activity and
structure.

Since the invention has been described hereinbefore in
general terms, the following Examples are intended to illus-
trate details of the invention, but they are not intended to limit
its scope in any manuner.

Example 1
Detection of TNF-Binding Proteins

The TNF-BP were detected in a filter test with human
radioiodinated '**I-TNE. TNF (46, 47) was radioactively
labelled with Na'?’1 (IMS40, Amersham, Amersham,
England) and iodo gene (#28600, Pierce Eurochemie, Oud-
Beijerland, Netherlands) according to Fraker and Speck [48].
For the detection of the TNF-BP, isolated membranes of the
cells or their solubilized, enriched and purified fractions were
applied to moist nitrocellulose filter (0.45p, BioRad, Rich-
mond, Calif,, USA). The filters were then blocked in bufter
solution with 1% skimmed milk powder and subsequently
incubated with 5-10° cpm/ml of '**I-TNFa (0.3-1.0:10% cpm/
pg) intwo batches with and without the addition of 5 ug/ml of
non-labelled TNFa., washed and dried in the air. The bound
radio-activity was detected semiquantitatively by autoradiog-
raphy or counted in a gamma-counter. The specific '#°I-
TNF-a binding was determined after correction for unspe-
cific binding in the presence of unlabelled TNF-a in excess.
The specific TNF-binding in the filter test was measured at
various TNF concentrations and analyzed according to Scat-
chard, whereby a K, value of -107°-107!° M was determined.

Example 2
Cell Extracts of HL-60 Cells

HL60 cells [ATCC No. CCL 240] were cultivated on an
experimental laboratory scale in a RPMI 1640 medium
[GIBCO catalogne No. 074-01800), which contained 2 g/1
NaHCO, and 5% foetal calf serum, in a 5% CO, atmosphere,
and subsequently centrifuged.

The following procedure was used to produce high cell
densities on an industrial scale. The cultivation was carried
out in a 75 1 Airlift fermenter (Fa. Chemap, Switzerland) with
a working volume of 58 [. For this there was used the cassette
membrane system “PROSTAK™ (Millipore, Switzerland)
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with a membrane surface of 0.32 m*(1 cassette) integrated TABLE 1-continued
into the external circulation circuit. The culture medium (see

Table 1) was pumped around with a Watson-Marlow pump, HL-60 medium
Type 603U, with 5 I/min. After a steam sterilization of the Concentrations
instailation, whereby the “PROSTAK” system was sterilized 3 Components mg/l
separ?tely in autoclaves, the ferm.en.tatlon was started with Pyridoxal HCI 2414
growing HL-60 cells from a 20 1 Airlift fermenter (Chemap). Pyridoxin HCI 0.2
The cell cultivation in the inoculation fermenter was effected Riboflavin 0.2876
in a conventiopal batch process in the medium according to 10 sz‘t‘;"u‘: }‘;Cl g'fgg 5
Table 1 and an initial cell titre of 2x10° cells/ml. After 4 days L-Alanine 11.78
the HIL60 batch was transferred with a titre of 4.9x10° cells/ L-Aspastic acid 10
ml into the 75 | fermenter. The pH value was held at 7.1 and ’{i‘gfn’?gme H,0 ‘113-362
N - ne
the pO, value was held at 25% saturation, whereby the oxy- L- miﬁc HCl 92.6
gen introduction was effected through a microporous frit. 15 L-Aspartate 33.32
After initial batch fermentation, on the 2nd day the perfusion L-Cystine 2HCI 62.04
ata cell titre of 4x10° cells/ml was started with 30 1of medium L-Cysteine HCI « H,0 7.024
. . L-Glutamic acid 36.94
exchange per day. On the filtrate side of the medium the L-Glutamine 730
conditioned medium was removed and replaced by the addi- L-Glycine 21.5
tion of [resh medium. The added medium was fortified as L-Histidine 3
follows: Primatone from 0.25% to 0.35%, glutamine from 5 e e ™ s
mM to 6 mM z}nd glucose from 4 g/l to 6 g/1. The perfusion L_lszleucg}: 73.788
rate was then increased on the 3rd and 4th day to 72 1 of L-Leucine 75.62
mediuny/day and on the 5th day to 100 I of medium/day. The L-Lysine [IC1 102.9
fermentation had finished after 120 hours of continuous cul- L-Methionine 21.896
.. S s 25 L-Phenylalanine 43.592
tivation. Exponential cell growth up to 40x10° cells/ml took L-Proline 26.9
place under the given fermentation conditions. The duplica- L-Serine 313
tion time of the cell population was 20-22 hours to 10x10° L-Threonine a3
cells/ml and then increased to 30-36 hours with increasing L-Tryptophan L1008
. . .. o L-Tyrosine * 2Na 69.76
cell density. The proportion of living cells lay at 90-95% ., {-Valine 62.74
during the entire fermentation period. The HL-60 batch was Penicillin/streptomycin 100 Ujml
then cooled down in the fermenter to about 12° C. and the Insulin (human) 5 ug/ml
cells were harvested by centrifugation (Beckman centrifuge Tranferrin (human) 15 ng/ml
. o Bovine serum albumin 67 ug/ml
[Model J-6B. Rotor JS], 3000 rpm, 10 min., 4° C.). Primatone RL (Sheffield Products, 0.25%
35 Norwich NY, USA)
Pluronic F68 0.01%
(Serva, Heidelberg, FRG)
Foetal calf serum 0.3-3%
Concentrations . iy s :
Components mg/t 40 The centrifugate was washed with isotonic phosphate
— buffer (PBS; 0.2 g/l KCI, 0.2 g/l KIT,PO,, 8.0 g/1 NaCl, 2.16
A e g/l Na,HPO,.7H,0), which had been treated with 5% dim-
CuSOa3'25H202 0.498 - 1073 ethylformamide, 10 mM benzamidine, 100 U/m] aprotinin,
Fe(NO,); » 9H,0 0.02 10 uM leupeptin, 1 uM pepstatin, 1 mM o-phenanthroline, 5
;“cslo“ *TH0 332';;’68 45 mM iodoacetamide, 1 mM phenyl-methylsulphonyl fluoride
KNO, 0.0309 (referred to hereinafter as PBS-M). The washed cells were
MgCl, (anhydrous) 11.444 extracted at a density of 2.5-10°% cells/m! in PBS-M with
xf&o“ {anhydrous) s 88?‘?;7 Triton X-100 (final concentration 1.0%). The cell extract was
Na,HPO, (anhydrous) " L8R 408 clarified by centrifugation (15,000xg, 1 hour; 100,000xg, 1
NazH,PO, * H-0 75 50 hour).
Na,SeQ; * SI,0 9.6-1073
ZnS0, * TH,0 0.1726
D—Glu/::ose : 4000 Example 3
Glutathion (red.) 0.2 . . X
Hepes buffer 23832 Production of Monoclonal (TNF-BP) Antibodies
Hypoxanthin 0.954 55
Eﬂﬁfﬁﬁﬁld f’,'ﬂ}és A centrifugation supematant from the cultivation of HL60
Phenol Red 10.24 cells on an experimental laboratory scale, obtained according
Putrescine 2HCL 0.0322 to Example 2, was diluted with PBS in the ratio 1:10. The
Na pyruvate 88 diluted supernatant was applied at 4° C. (flow rate: 0.2
;*.‘y'.“‘dm 0.146 60 ml/min.)to a column which contained 2 ml of Affigel 10 (Bio
iotin 0.04666 N
D-Ca pantothenate 2.546 Rad Catalogue No. 153-6099) to which had been coupled 20
Cloline chloride 5792 mg of recombinant human TNF-a [Pennica, D. et al. (1984)
Folic acid 2.82 Nature 312, 724; Shirai, T. et al. (1985) Nature 313, 803;
ositol 1;2 Wang, A. M. etal. (1985) Science 228, 149] according to the
Nicotinamide 0.0074 65 recommendations of the manufacturer. The column was
para-Aminobenzoic acid 0.2 washed at 4° C. and a throughflow rate of 1 ml/min firstly with

20 m! of PBS which contained 0.1% Triton X 114 and there-
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after with 20 m! of PBS. Thus-1-enriched TNF-BP was eluted
at 22° C. and a flow rate of 2 mVmin with 4 m! of 100 mM
glycine, pH 2.8, 0.1% decyl-maltoside. The elnate was con-
centrated to 10 pl in a Centricon 30 unit {Amicon].

10 p! of this eluate were mixed with 20 ul of complete
Freund’s adjuvant to give an emulsion. 10 pi of the emulsion
were injected according to the procedure described by Holm-
dahl, R. et al. [(1985), J. Immunol. Methods 32, 379] oneach
of days 0, 7 and 12 into a hind paw of a narcotized Balb/c
mouse.

The immunized mice were sacrificed on day 14, the
popliteal lymph nodes were removed, minced and suspended
by repeated pipetting in Iscove’s medium (IMEM, GIBCO
Catalogue No. 074-2200) which contained 2 g/l NaHCO,.
According 10 a modified procedure of De St. Groth and
Scheidegger [1. Immunol. Methods (1980), 35, 1] 5x107 cells
of the lymph nodes were fused with 5x10"PAl mouse
myeloma cells (J. W. Stocker et al., Research Disclosure, 217,
May 1982, 155-157) which were in logarithmic growth. The
cells were mixed, collected by centrifugation and resus-
pended in 2 mi of 50% (v/v) polyethylene glycol in IMEM at
room temperature by slight shaking and diluted by the slow
addition ot 10 ml of IMEM during careful shaking for 10
minutes. Thecells were collected by centrifugation and resus-
pended in 200 m! of complete medium [IMEM+20% foetal
calf serum, glutamine (2.0 mM), 2-mercaptoethanol (100 p1),
100 uM hypoxanthine, 0.4 pM aminopterine and 16 pM thy-
midine (HAT)). The suspension was distributed on 10 tissue
10 culture dishes each containing 96 wells and incubated at
37° C. for 11 days without changing the medium in an atmo-
sphere of 5% CO, and a relative humidity of 98%.

The antibodies are distinguished by their inhibitory action
on the binding of TNF to HIL.60 cells or by their binding to
antigens in the filter test according to Example 1. The follow-
ing procedure was used to detect the biological activity of
anti(TNF-BP) antibodies: 5x10° HL60 or U937 cells were
incubated in complete RPMI 1640 medium together with
affinity-purified monoclonal anti-(TNF-BP) antibodies or
control antibodies (i.e. those which are not directed against
TNF-BP) in a concentration range of 1 ng/ml to 10 pg/ml.
After incubation at 37° C. for one hour the cells were col-
lected by centrifugition and washed with 4.5 ml of PBS at 0°
C. They were resuspended in 1 m! of complete RPMI 1640
medium (Example 2) which additionally contained 0.1%
sodium azide and '>*I-TNFo, (10° cpm/m!) with or without
the addition of unlabelled TNI'a (see above). The specific
radioactivity of the ***1-TNFa amounted to 700 Ci/mmol.
The cells were incubated at 4° C. for 2 hours, collected and
washed 4 times at 0° C. with 4.5 m] of PBS which contained
1% BSA and 0.001% Triton X 100 (Fluka). The radioactivity
bound to the cells was measured in a y-scintillation counter.
The cell-bound radioactivity of cells which had not been
treated with anti-(TNF-BP) antibodies was determined in a
comparative experiment (approximately 10 000 cpm/5x10°
cells).

Example 4
Affinity Chromatography

For the further purification, a monoclonal anti-(55 kD
TNF-BP) antibody (2.8 mg/ml gel), obtained according to
Example 3, TNFa (3.9 mg/ml gel) and bovine serum albumin
(1BSA, 8.5 mg/ml gel) were each covalently conpled to CNBr-
activated Sepharose 4B (Pharmacia, Uppsala, Sweden)
according to the directions of the manufacturer. The cell
extract obtained according to Example 2 was passed through
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the thus-prepared columns which were connected in series in
the following sequence: BSA-Sepharose pre-column,
immune affinity column (anti-(55 kD-TNF-BP) antibody),
TNFa-ligand affinity column. After completion of the appli-
cation the two last-mentioned columns were separated and
washed individually with in each case 100 m! of the following
buffer solutions: (1) PBS, 1,0% Triton X-100, 10 mM benza-
midine, 100 U/ml aprotinin; (2) PBS, 0.1% Triton X-100,
0.5M NaCl, 10 mM ATP, 10 mM benzamidine, 100 U/ml
aprotinin; and (3) PBS, 0.1% Triton X-100, 10 mM benzami-
dine, 100 U/ml aprotinin. Not only the immune atfinity col-
umn, but also the TNFa-ligand affinity column were then
each eluted with 100 mM glycine pH 2.5, 100 mM NaCl,
0.2% decylmaltoside, 10 mM benzamidine, 100 U/ml apro-
tinin. The fractions of each column which were active in the
filter test according to Example 1 were thereafter combined
and neutralized with 1M Tris pH 8.0.

The thus-combined TNF-BP active fractions of the
immune affinity chromatography on the one hand and of the
TNFo-ligand affinity chromatography on the other hand
were, for further purification, again applied to in each case
one small TNFa-ligand affinity column. Thereafter, these two
columns were washed with in each case 40 ml of (1) PBS,
1.0% Triton X-100, 10 mM benzamidine, 100 U/m! aprotinin,
(2) PBS, 0.1% Triton X-100,0.5M NaCl, 10 mM ATP, 10 mM
benzamidine, 100 U/m! aprotinin, (3) PBS, 0.1% Triton
X-100, (4) 50 mM Tris pH 7.5, 150 mM NaCl, 1.0% NP-40,
1.0% desoxycholate, 0.1% SDS, (5) PBS, 0.2% decyl-malto-
side. Subsequently, the columns were eluted with 100 mM
glycine pH 2.5, 100 mM NaCl, 0.2% decylmaltoside. Frac-
tions of 0.5 ml from each column were collected and the
fractions from each column which were active according to
the filter test (Example 1) were combined and concentrated in
a Centricon unit (Amicon, molecular weight exclusion
10,000).

Example 5
Separation by Means of HPLC

The active fractions obtained according to Example 4 were
each applied according to their different source (immune or
ligand affinity chromatography) to C1/C8 reversed phase
HPLC columns (ProRPC, Pharmacia, 5x20 mm) which had
been equilibrated with 0.1% trifiuoroacetic acid, 0.1% octyl-
glucoside. The columns were then eluted with a linear aceto-
nitrile gradient (0-80%) in the same buffer at a flow of 0.5
ml/min. Fractions of 1.0 ml were collected from each column
and the active fractions from each column were combined
(detection according to Example 1).

Example 6

Separation by Means of SDS-PAGE

The fractions which were obtained according to Example 5
and which were active according to the filter test (Example 1)
were further separated by SDS-PAGE according to [34]. For
this purpose, the samples were heated to 95° C. for 3 minutes
in SDS sample buffer and subsequently separated electro-
phoretically on a 12% acrylamide separation gel with a 5%
collection gel. The following standard proteins were used as
a reference for the determination of the apparent molecular
weights on the SDS-PAGE gel: phosphorylase B (97.4 kD).
BSA (66.2 kD), ovalbumin (42.7 kD), carboanhydrase (31.0
kD), soya trypsin inhibitor (21.5 kD) and lysozyme (14.4 kD).

’
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Under the mentioned conditions there were obtained for
samples which has been obtained according to Example 4 by
TNF-a-ligand affinity chromatography of immune affinity
chromatography eluates and which had been further sepa-
rated by HPL.C according to Example 5 two bands of 55 kD
and 51 kD as well as three weaker bands o' 38 kD, 36 kD and
34 kD. These bands were transferred electro-phoretically dur-
ing 1 bour at 100 V in 25 mM Tris, 192 mM glycine, 20%
methano] on to a PVDF membrane (Immobilon, Millipore,
Bedford, Mass. USA) in a Mini Trans Blot System (BioRad,
Richmond, Calif., USA). Thereafter, the PVDF membrane
was either protein-stained with 0.15% Serva-Blue (Serva,
Heidelberg, FRG) in methanol/water/glacial acetic acid (50/
40/10 parts by volume) or blocked with skimmed milk pow-
der and subsequently incubated with ‘**1-TNFa according to
the filter test conditions described in Example 1 in order to
detect bands having TNFE-BP activity. This showed that all
bands produced in the protein staining bonded TNFa specifi-
cally. In the Western blot according 10 Towbin et al. [38] all of
these bands also bonded the monoclonal anti-55 kD-TNF-BP
antibody produced according to Example 3. In this case, a
procedure according to that described in Example 1 with
Na'®’l radioactively-labelled, affinity-purified (mouse
iinmuno-globulin-Scpharose-4B  affinity column) rabbit-
anti-mouse-immunoglobulin antibody was used for the auto-
radiographic detection of this antibody.

Samples which had been obtained according to Example 4
by two-fold TNF-a-ligand affinity chromatography of the
throughput of the imunune affinity chromatography and
which had been further separated by HPLC according to
[xample 5 showed under the above-specified SDS-PAGE and
blot transfer conditions two additional bands of 75 kD and 65
kD, both of which bonded TNF specifically in the filter test
(Example 1). In the Western blot according to Towbin et al.
(see above) the proteins of these two bands did not react with
the anti-(55 kD TNF-BP) antibody produced according to
Example 3. They reacted, however, with a monoclonal anti-
body which had been produced starting from the 75 kD band
(anti-75 kD TNF-BP antibody) according to Example 3.

Example 7
Amino Acid Sequence Analysis

For the amino acid sequence analysis, the fractions which
had been obtained according to Example 5 and which were
active according to the filter test (Example 1) were scparated
using the SDS-PAGE conditions described in Example 6, but
now reducing (SDS sample buffer with 125 mM dithiothrei-

tol). The same bands as in Example 6 were found, but because s

ofthe reducing conditions of the SDS-PAGE in comparison io
Example 6 all showed an about 1-2 kD higher molecular
weight. These bands were then transferred according to
Example 6 on to PVDF membranes and stained with 0.15%
Serva-Blue in methanol/water/glacial acetic acid (50/400/10
parts by volume) for I minute, decolorized with methanol/
water/glacial acetic acid (45/48/7 parts by volume), rinsed
with water, dried in air and thereafter cut out. The conditions
given by Hunkapiller [34] were adhered to in all steps in order
to avoid N-terminal blocking. Initially, the purified TNF-BP
were used unaltered for the amino acid sequencing. In order
to obtain additional sequence information, the TNF-BP after
reduction and S-carboxymethylation [Jones, B. N. (1986) in
“Methods of Protein Micro-characterisation™, J. E. Shively,
ed., Humana Press, Clifton N.J., 124-125] were cleaved with
cyanogen bromide (Tarr, G. E. in “Methods of Protein Micro-
characterisation”, 165-166, loc. cit.), trypsin and/or protein-
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ase K and the peptides were separated by HPLC according to
known methods of protein chemistry. Thus-prepared samples
were then sequenced in an automatic gas phase microse-
quencing apparatus (Applied Biosystems Model 470A, ABI,
Foster City, Calif., USA) with an on-line automatic HPLC
PTH amino acid analyzer (Applied Biosystems Model 120,
ABI see above) connected to the outlet, whereby the follow-
ing amino acid sequences were determined:
1. For the 55 kD band (according to non-reducing SDS-
PAGE):
Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-
Ser-Val-Cys-Pro-Gin-Gly-Lys-Tyr-1le-His-Pro-Gln-X-
Asn-Ser-Ile (SEQ ID NO: 3),
and
Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-
Thr-Thr-Lys (SEQ 1D NO: 6) in which X stands for an
amino acid residue which could not be determined,
2. forthe 51 kD and 38 kD bands (according to non-reducing
SDS-PAGE):
I.eu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu (SEQIDNO: 15)
3. for the 6510 band (according to non-reducing SDS-PAGE)
In the N-terminal sequencing of the 6510 band two parallel
sequences were determined up to the 15th residue with-
out interruption. Since one of the two sequences corre-
sponded to a partial sequence of ubiquitin {36,37], the
following sequence was derived for the 65 kD band:
Leu-Pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr- Ala-Pro-Glu-
Pro-Gly-Ser-Thr-Cys. (SEQ ID NO: 10)
in which X stands for an amino acid residue which could
not be determined.
Additional peptide sequences for 75(65kDa-TNE-BP
were determined:
Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Gln
(SEQIDNO: 11)
and
Ser-Gin-Lev-Glu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-
Thr-Glu-Glu-Lys-Pro-Leu (SEQ ID NO: 7) and Val-
Phe-Cys-Thr (SEQ ID NO: 8)
and
Asn-Gln-Pro-Gln- Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly-
Ala-Gly-Glu-Ala (SEQ ID NO: 9) and Leu-Cys-Ala-Pro
(SEQ ID NO: 12)
and
Val-Pro-His-Leu-Pro-Ala-Asp (SEQ ID NO: 13)
and
Gly-Ser-GIn-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X-Ala-
Pro (SEQ ID NO: 14), in which X stands for an amino
acid residue which could not be determined.

Example 8

Determination of Base Sequences of Complementary
DNA (cDNA)

Starting from the amino acid sequence according to for-
mula IA there were synthesized having regard to the genetic
code forthe amino acid residues 2-7 and 17-23 corresponding
completely degenerated oligonucleotides in suitable comple-
mentarity (“sense” and “antisense” oligonucleotides). Total
cellular RNA was isolated from HL60 cells [42,43] and the
first cDNA strand was synthesized by oligo-dT priming or by
priming with the “antisense” oligonucleotide using a cDNA
synthesis kit (RPN 1256, Amersham, Amersham; England)
according to the instructions of the manufacturer, This cDNA
strand and the two synthesized degenerate “sense” and “anti-
sense” oligonucleotides were used in a polymerase chain
reaction (PCR, Perkin Elmer Cetus, Norwalk, Conn., USA
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according to the instructions of the manufacturer) to synthe-
size as a CDNA fragment the base sequence coding for the
amino acid residues 8-16 (formula 1A). The base sequence of
this cDNA fragment accorded to: 5'-AGGGAGAA-
GAGAGATAGTGTGTGTCCC-3' (SEQ ID NO: 16). This
cDNA fragment was used as a probe in order to ideniify
according to a known procedure a cDNA clone coding for the
55 kD TNF-BP in a Xgt11-cDNA gene bank from human
placenta (42, 43). This clone was then cut according to usual
methods from the X-vector and cloped in the plasmids pUC18
(Pharmacia, Uppsala, Sweden) and pUC19 (Pharmacia, Upp-
sala, Sweden) and in the M13 mp 18/M13 mp 19 bacterioph-
age {Pharmacia, Uppsala, Sweden) (42, 43). The nucleotide
sequence of this cDNA clone was determined using a Seque-
nase kit (U.S. Biochemical, Cleveland, Ohio, USA) accord-
ing to the details of the manufacturer. The nucleotide
sequence and the amino acid sequence derived therefrom for
the 55 kD TNF-BP and its signal peptide (amino acid “-28”
to amino acid “0”) is given in FIG. 1 using the abbreviations
forbases such as amino acids usual in the state of the art. From
sequence comparisons with other already known receptor
protein sequences there can be determined a N-terminal
domain containing approximately 180 amino acids and a
C-terminal domain containing 220 amino acids which are
separated from one another by a transmembrane region of 19
amino acids (underlined in FIG. 1) which is typical according
to the sequence comparisons. Hypothetical glycosylation
sites are characterized in FIG. 1 by asterisks above the corre-
sponding amino acid.

Essentially analogous techniques were used to identify
75/65kD TNF-BP-coding partial cDNA sequences, whereby
however, in this case genomic human DNA and completely
degenerated 14-mer and 15-mer “sense” and “antisense” oli-
gonucleotides derived from peptide IIA were used in order to
produce a primary 26 by cDNA probe in a polymerase chain
reaction. This cDNA probe was then used in a HL-60 cDNA
library to identify cDNA clones of different lengths. This
c¢DNA library was produced using isolated HL.60 RNA and a
cDNA cloning kit (Amersham) according to the details of the
manufacturer. The sequence of such a cDNA clone is givenin
FIG. 4, whereby repeated sequencing lead to the following
correction. A threonine coded by “ACC” not “TCC”, has to be
at position 3 instead of the serine.

Example 9
Expression in COS 1 Cells

Vectors starting from the plasmid “pN11” were con-
structed for the expression in COS cells. The plasmid “pN11
contains the efficient promoter and enhancer of the “major
immediate-early” gene of human cytomegalovirus
(“HCMV™; Boshart et al., Cell 41, 521-530, 1985). After the
promoter there is situated a short DNA sequence which con-
tains several restriction cleavage sites, which are present only
once in the plasmid (“polylinker”), inter alia the cleavage
sites for HindIl1, Ball, BamH]I and Pvull (sec sequence).

Pvull
5'-AAGCTTGGCCAGGATCCAGCTGACT-
GACTGATCGCGAGATC-3' (SEQ ID NO: 17)
3-TTCGAACCGGTCCTAGGTCGACTGACT-
GACTAGCGCTCTAG-5' (SEQ ID NO: 18)

After these cleavage sites there are situated three transla-
tion stop codons in all three reading frames. After the
polylinker sequence there is situated the 2nd intron and the
polyadenylation signal of the preproinsulin gene of the rat
(Lomedico et al., Cell 18, 545-558, 1979). The plasmid also
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contains the replication origin of the SV40 virus and a frag-
ment from pBR322 which confers E. coli-bacteria ampicillin
resistance and permits the replication of the plasmidin E. co/i.

For the construction of the expression vector “pN123”, this
plasmid “pN11” was cleaved the restriction endo-nuclease
Pvull and subsequently treated with alkaline phosphatase.
The dephosphorylated vector was thereafter isolated from an
agarose gel (V1). The 5'-projecting nucleotides of the EcoRI-
cleaved 1.3 kb fragment of the 55 kD TNF-BP-cDNA (sec
Example 8) were filled in using Klenow enzyme. Subse-
quently, this fragment was isolated from an agarose gel (F1).
Thereafter, V1 and F1 were joined together using T4-ligase.
E. coli HB101 cells were then transformed with this ligation
batch according to known methods [42]. By means of restric-
tion analyses and DNA sequencing according to known meth-
ods [42] there were identified transformants which had been
transformed with a plasmid and which contained the 1.3 kb
EcoR] fragment of the 55 kD TNF-BP-cDNA in the correct
orientation for expression via the HCMV-promoter. This vec-
tor received the designation “pN123”.

The following procedure was used for the construction of
the vector “pK19”. A DNA fragment which contained only
the cDNA coding for the extracellular part of the 55 kD
TNF-BP (amino acids ~28 to 182 according to FIG. 1) was
obtained by PCR technology (Saiki et al., Science 230, 1350-
1354, 1985, see also Example 8). The following oligonucle-
otides were used in order to amplify the cDNA from “pN123”
coding for the extracellular part of the 55 kD TNF-BP:

BAMHI 5'-CACAGGGATCCATAGCTGTCTG-
GCATGGGCCTCTCCAC-3' (SEQ ID NO: 19)
ASP718

3'-CGTGACTCCTGAGTCCGTGGTGTAT-
TATCTCTAGACCA TGGCCC-5' (SEQ ID NO: 20)

By means of these oligonucleotides there were also intro-
duced two stop codons of the translation after amino acid 182,
The thus-amplified DNA fragment was cleaved with BamH]1
and Asp718, the thereby resulting projecting ends were filled
in using Klenow enzyme and this fragment was subsequently
isolated from an agarose gel (F2). F2 was then ligated with V1
and the entire batch was used for the transformation of E. coli
HB101, as already described. Transformants which had been
transformed with a plasmid containing the DNA fragment in
the correct orientation for the expression via the HCMV-
promoter were identified by DNA sequencing (see above).
The plasmid isolated therefrom received the designation
“pK19”.

Transfection of the COS cells with the plasmids “pN123”
or “pK19” was carried out according to the lipofection
method published by Feigner ct al. (Proc. Natl. Acad. Sci.
USA 84, 7413-7417, 1987). 72 hours after the transfection
had been effected the cells transfected with “pN123” were
analyzed for binding with ***I-TNFa according to known
methods. The results of the Scatchard analysis [Scatchard, G..
Ann. N.Y. Acad. Sci. 51, 660, 1949] of the thus-obtained
binding data (FIG. 2A) is given in FIG. 2B. The culture
supernatants of the cells transfected with “pK.19” were inves-
tigated in a “sandwich” test. For this purpose, PVC microtitre
plates (Dynatech, Arlington, Va., USA) were sensitized with
100 pl/well of a rabbit-anti-mouse immunoglobulin (10
ug/ml PBS). Subsequently, the plates were washed and incu-
bated (3 hours, 20° C.) with an anti-55 kD TNF-BP antibody
which had been detected by its antigen binding and isolated
according to Example 3, but which did not inhibit the TNF-
binding to cells. The plates were then again washed and
incubated overnight at 4° C. with 100 ul/well of the culture
supernatant (diluted 1:4 with buffer A containing 1%
skimmed milk powder: 50 mM Tris/HC] pH 7.4, 140 mM
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NaCl, 5 mM EDTA, 0.02% Na azide). The plates were emp-
tied and incubated at 4° C. for 2 hours with buffer A contain-
ing ***I-TNFa. (10° cpmvml, 100 pi/well) with or without the
addition of 2 ug/ml of unlabelled TNF. Thereafter, the plates
were washed 4 times with PBS, the individual wells were cut
out and measured in a A-counter. The results of 5 parallel
transfections (columns # 2, 3, 4, 6 and 7), of two control
transfections

with the pN11 vector (columns # 1, 5) and of a control with
HL60 cell lysate (column # 8) are given in FIG. 3.

Example 10
Expression in Insect Cells

The plasmid “pVL941” (Luckow and Summers, 1989,
“High Level Expression of Nonfused Foreign Genes with
Autographa california Nuclear Polyhedrosis virus Expres-
sion Vectors”, Virology 170, 31-39) was used for the expres-
sion in a baculovirus expression system and was modified as
follows. The single EcoRI restriction cleavage site in
“pV1.941” was removed by cleaving the plasmid with EcoRI
and the projecting 5'-end was filled in with Klenow enzyme.
The plasmid pVL941/E obtained therefrom was digested
with BamH] and Asp718 and the vector trunk was subse-
queatly isolated from an agarose gel. This fragment was
ligated with a synthetic oligonucleotide of the following
sequence:

BamHI EcoRI Asp718

S-GATCCAGAATTCATAATAG-3' (SEQ 1D NO: 21)

3-GTCTTAAGTATTATCCATG-5' (SEQ ID NO: 22)

E. coli11IB101 was transformed with the ligation batch and
transformants containing a plasmid in which the oligonucle-
otide had been incorporated correctly were identified by
restriction analysis and DNA sequencing according to known
methods (see above); this plasmid was named “pNR704”, For
the construction of the transfer vector “pN113”, this plasmid
“pNR704” was cleaved with EcoRI, treated with alkaline
phosphatase and the thus-1-produced vector trunk (V2) was
subsequently isolated from an agarose gel. The 1.3 kb frag-
ment of the 55 kD TNF-BP-cDNA cleaved with EcoRI as
above was ligated with fragment V2. Transformants obtained
with this ligation batch, which contained a plasmid contain-
ing the cDNA insert in the correct orientation for the expres-
sion via the polyhedron promoter, were identified (see
above). The vector isolated therefrom received the designa-
tion “pN113”,

The following procedure was used for the construction of
the transfer vector “pN119”. The 1.3 kb EcoRI/EcoR1 frag-
ment of the 55 kD TNF-BP c¢cDNA in the “pUC19” plasmid
(see Example 8) was digested with Banl and ligated with the
following synthetic oligonucleotide:

Banl Asp718

5'-GCACCACATAATAGAGATCTGGTACCGGGAA-3'

(SEQID NO: 23)
3-GTGTATTATCTCTAGACCATGGCCC-5' (SEQ ID
NO: 24)

Two stop codons of the translation after amino acid 182 and
a cleavage site for the restriction endo-nuclease Asp718 are
incorporated with the above adaptor. After carrying out liga-
tion the batch was digested with EcoRI and Asp718 and the
partial 55 kD TNF-BP fragment (F3) was isolated. Further-
more, the plasmid “pNR704”, likewise cleaved with Asp718
and EcoRl, was ligated with F3 and the ligation batch was
transformed into E. coli HB101. The identification of the
transformants which contained a plasmid in which the partial
55 kD TNF-BP cDNA had been correctly integrated for the
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expression was effected as already described. The plasmid
isolated from these transformants received the name
“pN119”.

The following procedure was used for the construction of
the transfer vector “pN124”, The ¢cDNA fragment coding for
the extracellular part of the 55 kD TNF-BP, described in
Example 9, was amplified with the specified oligo-nucle-
otides with the aid of PCR technology as described in
Example 9. This fragment was cleaved with BamHI and
Asp718 and isolated from an agarose gel (F4). The plasmid
“pNR704” was also cleaved with BamHI and Asp718 and the
vector trunk (V4) was isolated (see above). The fragments V4
and F4 were ligated, E. coli HB101 was transformed there-
with and the recombinant transfer vector “pN124” was iden-
tified and isolated as described.

The following procedure was uscd for the transfection 10
of the insect cells. 3 ug of the transfer vector “pN113” were
transfected with 1 pg of DNA of the Autographa californica
nuclear polyhedrosisvirus (AcMNPV) (EP 127839) in Sf9
cells (ATCC CRL 1711). Polyhedron-negative viruses were
identified and purified from “plaques™ [52]. Sf9 cells were
again infected with these recombinant viruses as described in
[52]. After 3 days in the culture the infected cells were inves-
tigated for TNF-binding using 2’1-TNFa. For this purpose,
the transfected cells were washed from the cell culture dish
with a Pasteur pipette and resuspended at a cell density of
5x10° cells/ml of culture medium [52] which contained 10
ng/ml of *2*1-TNF-q, not only in the presence of, but also in
the absence of 5 pg/ml of non-labelled TNF-a and incubated
onice for 2 hours. Thereafter, the cells were washed with pure
culture medium and the cell-bound radio-activity was
counted in a y-counter (see Table 2).

TABLE 2
Cell-bound radioactivity
Cells per 10 cells
Non-intected cells 60 cpm

{control)

Infected cells 1600 £ 330 cpm

D Average and standard deviation from 4 experiments

Example 11

Analogously to the procedure described in Example 9, the
cDNA fragment coding for the extracellular region of the 55
kDa TNF-BP was amplified in a polymerase chain reaction,
but now using the following oligonucleotides as the primer:
Oligonucleotide 1:

Sst1 5-TAC GAG CTC GGC CAT AGC TGT CTG GCA
TG-3' (SEQ ID NO: 25)

Oligonucleotide 2:

Sst I 5'-ATA GAG CTC TGT GGT GCC TGA GTC CTC
AG-3' (SEQ ID NQ: 26)

This cDNA fragment was ligated in the pCD4-Hy3 vector
[DSM 5523; European Patent Application No. 90107393.2;
Japanese Patent Application No. 108967/90; U.S. Pat. No.
51,077,390] from which the CD4-cDNA had been remaved
via the Sst] restriction cleavage sites. Sstl cleavage sites are
situated in vector pCD4-Hy3 not only in front of, but also
behind the CD4-partial sequence fragment. The construction
was transfixed in J558 myeloma cells (ATCC No. TIB6) by
means of protoplast fusion according to Oi et al. (Procd. Natl.
Acad. Sci. USA 80, 825-829, 1983). Transfectants were
selected by adding 5 pg/ml of mycophenolic acid and 250
g/ml of Xanthin (Traunecker et al., Eur. J. Immunol. 16, 851-
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854 [1986]) in basic medium (Dulbecco’s modified Eagle’s
Medium, 10% foetal calf serum, 5x107°M 2-mercaptoetha-
nol). The expression product secreted by the transfixed cells
could be purified using usual methods of protein chemistry,
e.g. TNF-BP-antibody affinity chromatography. Unless not
already specifically indicated, standard procedures as
described e.g. by Freshney, R. 1. in “Culture of Animal Cells”,
Alan R. Liss, Inc., New York (1983) were used for the culti-
vation of the cell lines employed, for the cloning, for the
selection or for the expansion of the cloned cells.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 26

<210> SEQ ID NO 1

<211l> LENGTH: 2111

<212> TYPE: DNA

<213> CRGANISM: Homo sapiens

<400> SEQUENCE: 1

gaattcgggg gggttcaaga tcactgggac caggecgtga tetctatgee cgagtcetcaa 60
cccteaactg tcaccccaag gcacttggga cgtcectggac agaccgagte ccegggaagec 120
ccageactge cgctgecaca ctgccetgag cccaaatggg ggagtgagag gccatagetg 180
tctggcatgg gcctctecac cgtgcctgac ctgetgetge cgetggtget cctggagetg 240
ttggtgggaa tataccecte aggggttatt ggactggtee ctcacctagg gdacagggag 300
aagagagata gtgtgtgtcc ccaaggaaaa tatatccacce ctcaaaataa ttcgatttge 360
tgtaccaagt gccacaaagg aacctacttg tacaatgact gtcecaggece ggggcaggat 420
acggactgea gggagtgtga gagcggcetce ttcaccgctt cagaaaacca cctcadacac 480
tgcctcaget gotccaaatg ccgaaaggaa atgggtcagg tggagatcte ttcttgeaca 540

gtggaccggg acaccgtgtg tggctgcagg aagaaccadt accggeatta ttggagtgaa 600

aaccttttce agtgcttcaa ttgcagectc tgcctcaatg ggaccgtgca cctctectge 660
caggagaaac agaacaccgt gtgcacctge catgeaggtt tcetttcetaag agaaaacgag 720
tgtgtctect gtagtaactg taagaaaagc ctggagtdca cgaagttgtg cctaccecag 780
attgagaatg ttaagggcac tgaggactca ggcaccacag tgetgttgee ccetggtcatt 840
ttcttrggtc rttgcctttt atccoctecte ttcattggtt taatgtatcg ctaccaacgg 800
tggaagtcca agctctactc cattgtttgt gggaaatcega cacctgaaaa agagggggag 960

cttgaaggaa ctactactaa gcccctggcce ccaaacccaa gcttcagtcc cactccagge 1020
Ltcacccceca ccetgggett cagtecegtg cccagttcca ccettcaccte cagetccace 1080
tatacccceg gtgactgtce caactttgeg gcetcoccegea gagaggtgge accaccctat 1140
cagggggctg accccatcct tgegacagece ctcgectecg accccatccc caacccccett 1200
cacaagtggg aggacagcgc ccacaagcca cagagcctag acactgatga ccccgcgdacg 1260
ctgtacgceg tggtdgagaa cgtgcoccccg ttgcgetgga aggaattcgt goggegecta 1320
gggctgagceg accacgagat cgatcgdgetd gagctgcaga acgggcegetyg ccetgogegag 1380
gcgcaataca gcatgetgge gacctggagg cggcgeacge cgeggegcga ggccacgetg 1440
gagetgetgg gacgegtdet ccgegacatg gacctgotgg gotgectgga ggacatcgag 1500
gaggcgertt geggccecge cgeecteccg cocgegecca gtettetcag atgaggetge 1560
gecoctgegg geagetctaa ggaccgtect gcgagatcgce cttecaacce cacttttttce 1620
tggaaaggag gggtcctgca ggggcaagca ggagctagca gecgectact tggtgctaac 1680
ccctcgatgt acatagettt tctcagetge ctgcocgegeeg ccgacagtca gegetgtgeg 1740
cgcggagaga ggtgcgcegt gggcetcaaga gectgagtgg gtggtttgeg aggatgaggyg 1800
acgctatgee tcatgecegt tttgggtgtc ctcaccagca aggcetgcteg ggggecectg 1860
gttcgtcect gagecttttt cacagtgcat aagcagtttt ttttgttttt gttttgtttt 1920
gttttgtttt taaatcaatc atgttacact aatagaaact tggcactcct gtgecctotg 1980

cctggacaag cacatagcaa gctgaactgt cctaaggcag gggcgagcac ggaacaatgg 2040
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-continued

ggccttcage tggagctgtg gacttttgta catacactaa aattctgaag ttaaaaaaaa 2100
aacccgaatt ¢ 2111
<210> SEQ ID NO 2

<211l> LENGTH: 455

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu
1 5 10 15

Glu Leu Leu Val Gly Ile Tyr Pro Ser Gly Val Ile Gly Leu Val Pro
20 25 30

His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro Gln Gly Lys
35 40 45

Tyr Ile His Pro Gln Asn Asn Ser Ile Cys Cys Thr Lys Cys His Lys
50 55 60

Gly Thr Tyr lLeu Tyr Asn Asp Cys Pro Gly Pro Gly Gln Agp Thr Asp
65 70 75 80

Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu
85 90 95

Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys Glu Met Gly Gln Val
100 105 110

Glu Ile Ser Sesr Cys Thr Val Asp Arg Asp Thr Val Cys Gly Cys Arg
115 120 125

Lys asn Gln Tyr Arg His Tyr Trp Ser Glu Asn Leu Phe Gln Cys Phe
130 135 140

Asn Cys Ser Leu Cys Leu Asn Gly Thr val His Leu Ser Cys Gln Glu
145 150 155 160

Lys Gln Asn Tkr Val Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu
165 170 175

Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr
180 185 190

Lys Leu Cys Leu Pro Gln Ile Glu Asn Val Lys Gly Thr Glu Asp Ser
195 200 205

Gly Thr Thr Val Leu Leu Pro Leu Val Ile Phe Phe Gly Leu Cys Leu
210 215 220

Leu Ser Leu Leu Phe Ile Gly Leu Met Tyr Arg Tyr Gln Arg Trp Lys
225 230 235 240

Ser Lys Leu Tyr Ser Ile Val Cys Gly Lys Ser Thr Pro Glu Lys Glu
245 250 255

Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn Pro Ser
260 265 270

Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe Ser Pro Val
278 280 285

Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr Pro Gly Asp Cys
290 295 300

Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Tyr Gln Gly
305 310 315 320

Ala Asp Pro Ile Leu Ala Thr Ala Leu Ala Ser Asp Pro Ile Pro Asn
325 330 338

Pro Leu Gln Lys Trp Glu Asp Ser Ala His Lys Pro Gln Ser Leu Asp
340 345 350

Thr Asp Asp Pro Ala Thr Leuw Tyr Ala Vval Val Glu Asn Val Pro Pro
358 360 365
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-continued

Leu Arg Trp Lys Glu Phe Val Arg Arg Leu Gly Leu Ser Asp His Glu
370 375 380

Ile Asp Arg Leu Glu Leu Gln Asn Gly Arg Cys Leu Arg Glu Ala Gln
385 390 395 400

Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg Glu Ala
405 410 415

Thr Leu Glu Leu Leu Gly Arg Val Leu Arg Asp Met Asp Leu Leu Gly
420 425 430

Cys Leu Glu Asp Ile Glu Glu Ala Leu Cys Gly Pro Ala Ala Leu Pro
435 440 445

Fro Ala Pro Ser Leu Leu Arg
450 455

<210> SEQ ID NOC 3

<211> LENGTH: 2339

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

«400> SEQUENCE: 3

tcggacaccg tgtgtgactc ctgtgaggac agcacataca cccagctctg gaactgagtt €0
ccecgagtget tgagetgtgg ctcecgetgt agctetgace aggtggaaac tcaagectge 120
actcgggaac agaaccgcat ctgcacctgc aggcccggct ggtactgcge getgagcaag 180

caggaggggt gecggetgtg cgegecgetg ccgaagtgec gococgggctt cggegtggec 240

agaccaggaa ctgaaacatc agacgtggtg tgcaagcect gtgecccggg gacgttctee 300
aacacgactt catccacgga tatttgecagg cecccaccaga tctgtaacgt ggtggecatc 360
cetgggaatg caagcaggga tgcagtcetge acgtecacgt cccccacceg gagtatggee 420
ccaggggcag tacacttacc ccagcecagtg tccacacgat cccaacacac gcagccaagt 480
ccagaaccca gcactgctcc aagcacctec ttectgetcece caatgggecce cagcccceca 540
gctgaaggga gcactggcga cttegetett ccagttggac tgattgtggg tgtgacagec 600
ttgggtctac taataatagg agtggtgaac tgtgtcatca tgacccaggt gaaaaagaag 660
ccettgtgee tgcagagaga agccaaggtyg cctcacttge ctgccgataa ggeceggggt 720
acacagggcc ccgagcagca gcacctgetg atcacagcgce cgagetcecag cagcagetcece 780
ctggagaget cggecagtge gttggacaga agggcegcocca ctcggaacca gccacaggca 840

ccaggegtgg aggccagtgg ggceggggag goccgggcca gcaccgggag ctcagcagat 500
tcttcecctg gtggccatgg gacccaggte aatgtcacct gcatcgtgaa cgtctgtage 960
agctctgace acagctcaca gtgctcoctce caagccaget ccacaatggg agacacagat 1020
tccageccct cggagtccce gaaggacgag caggtceccct tctcecaagga ggaatgtgec 1080
tttcggtcac agctggagac gcecagadgacc ctdctgggga gcaccgaaga gaagcecectyg 1140
ccecttggag tgectgatge tgggatgaag cccagttaac caggecggtg tgggetgtgt 1200
cgtagccaag gtggctgagc cctggcagga tgaccctgeg aaggggccct ggtecttcca 1260
ggcceccace actaggactce tgaggetcett tctgggcecaa gttcoctctag tgecectecac 1320
agecgcagee tcecctcetgac ctgeaggeca agagcagagg cagegagttyg tggaaagect 1380
ctgctgccat ggcgtgtecce tctoggaagg ctggetggge atggacgttc ggggeatget 14490
ggggcaagte cctgagtcte tgtgacctge ccegeccage tgcacctgec agectggett 1500
ctggagcect tgggtttttt gtttgtttgt ttgtttgttt gtttgtttet ccccctggge 1560

tctgcccage tcetggettec agaaaaccecee agcatccettt totgecagagg ggctttctgg 1620
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agaggaggga tgctgectga gtcacccatg aagacaggac agtgettcag cctgaggcetg 1680
agactgcggg atggtcoetgg ggetctgtge agggaggagg tggcagecct gtagggaacg 1740
gggtccttca agttagctca ggaggcettgg aaagcatcac ctcaggcecag gtgcagtgge 1800
tcacgectat gatcccagcea ctttgggagg ctgaggceggg tggatcacct gaggttagga 1860
gttcgagace agecectggeca acatggtaaa accccatcte tactaaaaat acagaaatta 1920
gcegggegtg ctggegdgcea c¢ctatagtec cagctactca gaagectgag gctgggaaat 1980
cgtttgaacce cgggaagegg aggttgcagg gagecgagat cacgecactg cactccagec 2040
tgggcgacag agcgagagtc tgtctcaaaa gaaaaaaaaa aagcaccgec tecaaatget 2100
aacttgtect tttgtaccat ggtgtgaaag tcagatgecc agagggcecca ggcaggcecac 2160
catattcagt gctgtggcct gggcaagata acgcacttct aactagaaat ctgccaattt 2220
tttaaaaaag taagtaccac tcaggccaac aagccaacga caaagccaaa ctcetgecage 2280
cacatccaac cacccacctg ccatttgecac cctecgectt cactceggtg tgectgeag 2339
<210> SEQ ID NO 4

«211> LENGTH: 392

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Ser Asp Thr Val Cys Asp Ser Cys Glu Asp Ser Thr Tyr Thr Gln Leu
1 5 10 15

Trp Asn Trp Val Pro Glu Cys Leu Ser Cys Gly Ser Arg Cys Ser Ser
20 25 30

Agp Gln Val Glu Thr Gln Ala Cys Thr Arg Glu Gln Asn Arg Ile Cys
35 4Q 45

Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu Ser Lys Gln Glu Gly Cys
50 55 60

Arg Leu Cys Ala Pro Leu Pro Lys Cys Arg Pro Gly Phe Gly Val Ala
65 70 75 80

Arg Pro Gly Thr Glu Thr Ser Asp Val Val Cys Lys Pro Cys Ala Pro
85 90 95

Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr Asp Ile Cys Arg Pro His
10¢ 105 110

Gln Ile Cys Asn Val Val Ala Ile Pro Gly Asn Ala Ser Arg Asp Ala
115 120 125

Val Cyg Thr Ser Thr Ser Pro Thr Arg Ser Met Ala Pro Gly Ala Val
130 135 140

His Leu Pro Gln Pro Val Ser Thr Arg Ser Gln His Thr Gln Pro Ser
145 150 155 160

Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser Phe Leu Leu Pro Met Gly
165 170 175

Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly Asp Phe Ala Leu Pro Val
180 185 190

Gly Leu Ile Val Gly Val Thr Ala Leu Gly Leu Leu Ile Ile Gly Val
195 200 205

Val Asn Cys Val Ile Met Thr Gln Val Lys Lys Lys Pro Leu Cys Leu
210 215 220

Gln Arg Glu Ala Lys Val Pro His Leu Pro Ala Asp Lys Ala Arg Gly
225 230 235 240

Thr Gln Gly Pro Glu Gln Gln His Leu Leu Ile Thr Ala Pro Ser Sex
245 250 255
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Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser Ala Leu Asp Arg Arg Ala
260 265 270

Prc Thr Arg Asn Gln Pro Gln Ala Pro CGly Val Glu Ala Ser Gly BAla
275 280 285

Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser Ala Asp Ser Ser Pro Gly
290 295 300

Gly Hie Gly Thr Gln Val Asn Val Thr Cys Ile Val Asn Val Cys Ser
305 310 315 320

Ser Ser Asp His Ser Ser Gln Cys Ser Ser Gln Ala Ser Ser Thr Met
325 330 33s

Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro Lys Asp Glu Gln Val
340 345 350

Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser Glmn Leu Glu Thr Pro
355 360 365

Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro Leu Pro Leu Gly Val
370 375 380

Pro Asp Ala Gly Met Lys Pro sexr
385 390

«<210> SEQ ID NO 5

«<211> LENGTH: 28

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

«221> NAME/KEY: misc_feature

<222> LOCATION: {25)..(25)

<223> OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 5

Leu Val Pro His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro
1 5 10 15

Gln Gly Lys Tyr Ile His Pro Gln Xaa Asn Ser Ile
20 25

<210> SEQ ID NO 6

<211> LENGTH: .5

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 6

Ser Thr Pro Glu Lys Glu Gly Glu Leu Glu Gly Thr Thr Thr Lys
1 5 10 15

<210> SEQ ID NO 7

<211> LENGTH: 18

<212> TYPE: PRT

<213 > CRGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFCRMATION: Synthetic peptide

<400> SEQUENCE: 7

Ser Gln Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys
1 5 10 15

Pro Leu
<210> SEQ ID NO 8

<211> LENGTH: 4
«212> TYPE: PRT
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<213> ORGANISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 8

Val Phe Cys Thry
1

<210> SEQ ID NO 9

<211> LENGTH: 16

<212> TYPE: PRT

«213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Synthetic peptide

<400> SEQUENCE: 9

Asn Gln Pro Gln Ala Pro Gly Val Glu Ala Ser Gly Ala Gly Glu Ala
1 5 10 15

<210> SEQ ID NO 10

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<320> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

«220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

«<223> OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 10

Leu Pro Ala Gln Val Ala Phe Xaa Pro Tyr Ala Pro Glu Pro Gly Ser
1 s 10 15

Thr Cys

<210> SEQ ID NO 11

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial seqguence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

«220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..{2}

<223> OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 11

Ile Xaa Pro Gly Phe Gly Val Ala Tyr Pro Ala Leu Glu
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 4

«<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> PEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 12

Leu Cys Ala Pro
1

<210> SEQ ID NO 13

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> QTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 13
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Val Pro Hie Leu Pro Ala Asp
1 s

<210> SEQ ID NO 14

«211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

«222> LOCATION: (9)..(10)

<223> OTHER INFORMATION: Xaa = unknown amino acid
«<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: ({(13)}..(13)

<223> OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 14

3ly Ser Gin Gly Pro Glu Gln Gln Xaa Xaa Leu Ile Xaa Ala Pro
1 5 10 15

<210> SEQ ID NO 15

«<211> LENGTH: 9

«<212> TYPE: PRT

«213> ORGANISM: Artificial sequence

<220> FERTURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 15

Leu Val Pro His Leu Gly Asp Arg Glu
1 5

<210> SEQ ID KO 16

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<Z23> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 16

agggagaaga gagatagtgt gtgtccce 27

<210> SEQ ID NO 17

«211> LENGTH: 41

<212> TYPE: DNA

«<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 17

aagcttggcc aggatccagc tgactgactg atcgcgagat ¢ 41

<210> SEQ ID NO 1i8

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial seguence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 18

gatctcgega tcagtcagtc agcectggatcc tggccaaget t 41

<210> SEQ ID NO 19

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial seguence
<220> FEATURE:
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38

<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 19

cacagggatc catagetgte tggcatggge ctcrtccac

<210> SEQ 1D NO 20

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 20

cccggtacca gatctctatt atgtggtgec tgagtectea gtge

<210> SEQ ID NO 21

<211> LENGTH: 19

<212> TYPE: DNA

«213> QRGANISM: Arcificial seguence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 21

gatccagaat tcataatag

<210> SEQ ID NO 22

<211> LENGTH: 19

<212> TYPE: DNA

<213> QRGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 22

gtacctatta tgaattctg

<210> SEQ 1D ND 23

<211> LENGTH: 31

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 23

gcaccacata atagagatct ggtaccggga a

<210> SEQ ID NO 24

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 24

ccecggtacca gatcetctatt atgtg

<210> SEQ ID NO 25

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer
<400> SEQUENCE: 25

tacgagctcg gccatagetg tctggeatg

<210> SEQ ID NO 26

38

44

19

19

31

25

29

565
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<211> LENGTH: 29
<212> TYPE: DNA
<213> CRGARNISM: Artificial sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 26

atagagctct gtggtgectg agtcectcag

29

The invention claimed is:
1. A protein comprising
(a) a human tumor necrosis factor {TNF)-binding soluble
fragment of an insoluble human TNF receptor, wherein
the insoluble human TNF receptor (i) specifically binds
human TNF, (ii) has an apparent molecular weight of
about 75 kilodaltons on a non-reducing SDS-polyacry-
lamide gel, and (iit) comprises the amino acid sequence
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10); and

(b) all of the domains of the constant region of a human
immunoglobulin IgG heavy chain other than the first
domain of said constant region;
wherein said protein specifically binds human TNF.

2. The protemn of claim 1, wherein the soluble fragment
comprises the peptides LCAP (SEQ ID NO: 12) and VFCT
(SEQ ID NO: 8).

3. The protein of claim 2, wherein the sojuble fragment
further comprises the peptide LPAQVAFXPYAPEPGSTC
(SEQ ID NO: 10).

4. The protein of claim 1, wherein said human immuno-
globulin IgG heavy chain is IgG,.

5. The protein of claim 4, wherein said domains of the
constant region of the human immunoglobulin heavy chain
consist essentially of the immunoglobulin amino acid
sequence encoded by pCD4-Hy1 vector (deposited at Deut-
schen Sammlung von Mikroorganismen und Zellkulturen
GmbH (DSM) in Braunschweig, FRG under No. DSM 5314).

6. A pharmaceutical composition comprising the protein of
claim 4 and a pharmaceutically acceptable carrier material.

7. The protein of claim 1, wherein the protein is purified.

8. The protein of claim 1, wherein the protein is produced
by CHO cells.

9. The protein ofclaim 1, wherein the protein consists of (a)
the soluble fragment of the receptor and (b) all of the domains
of the constant region of the human immunoglobulin 1gG
heavy chain other than the first domain of the constant region.

10. The protein of claim 1, wherein said domains of the
constant region of the human immunoglobulin heavy chain
consist essentially of the immunoglobulin amino acid
sequence encoded by pCD4-Hy! vector (deposited at Deut-
schen Sammlung von Mikroorganismen and Zellkulturen
GmbH (DSM) in Braunschweig, FRG under No. DSM 5314)
or by pCD4-Hy3 vector (deposited at Deutschen Sammlung
von Mikroorganismen und Zellkulturen GmbH (DSM) in
Braunschweig, FRG under No. DSM 5523).

11. The protein of claim 1, wherein the protein consists
essentially of the extracellular region of the insoluble human
TNF receptor and all the domains of the constant region of a
human IgG, immunoglobulin heavy chain other than the first
domain of the constant region.

12. A pharmaceutical composition comprising the protein
of claim 11 and a pharmaceutically acceptable carrier mate-
rial.
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13. A protein comprising

(a) a human tumor necrosis factor (TNF)-binding soluble
fragment of an insoluble human TNF receptor, wherein
the insoluble human TNF receptor (i) specifically binds
human TNF, (ii) has an apparent molecular weight of
about 75 kilodaltons on a non-reducing SDS-polyacry-
lamide gel, and (iii) comprises the amino acid sequences
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), LCAP
(SEQ ID NO: 12), VFCT (SEQ ID NO: 8),
NQPQAPGVEASGAGEA (SEQ ID NO: 9) and VPHL -
PAD (SEQ ID NO: 13),
wherein the soluble fragment comprises the peptides

LCAP (SEQID NO: 12) and VFCT (SEQ ID NO: 8);
and

(b) all of the domains of the constant region of a human
1gG, heavy chain other than the first domain of the
constant region;
wherein said protein specifically binds human TNF.

14. The protein of claim 13, wherein the protein is purified.

15. The protein of claim 13, wherein the protein is pro-
duced by CHO cells.

16. The protein of claim 13, wherein the protein consists of
(a) the soluble fragment of the receptor and (b) all of the
domains of the constant region of the human IgG, heavy
chain other than the first domain of the constant region.

17. The protein of claim 13, wherein the soluble fragment
further comprises the peptide LPAQVAFXPYAPEPGSTC
(SEQ 1D NO: 10).

18. A protein encoded by a polynucleotide which com-
prises two nucleic acid subsequences,

(a) one of said subsequences encoding a human TNF-
binding soluble fragment of an insoluble human TNF
receptor protein having an apparent molecular weight of
about 75 kilodaltons on a non-reducing SDS-polyacry-
lamide gel, said soluble fragment comprising the amino
acid sequence LPAQVAFXPYAPEPGSTC (SEQ ID
NO: 10), and

(b) the other of said subsequences encoding all of the
domains of the constant region of the heavy chain of a
human IgG immunoglobulin other than the first domain
of said constant region,

wherein said protein specifically binds human TNF.

19. The protein of claim 18, wherein the soluble fragment
comprises the peptides LCAP (SEQ ID NO: 12) and VFCT
(SEQ ID NO: 8).

20. The protein of any one of claim 18 or 19, wherein said
human immunoglobulin heavy chain is IgG,.

21. The protein of claim 20, wherein said domains of the
constant region of the human immunoglobulin heavy chain
consist essentially of the immunoglobulin amino acid
sequence encoded by the DNA insert of pCD4-Hyl vector
(deposited at Deutschen Sammlung von Mikroorganismen
und Zellkulturen GmbH (DSM) in Braunschweig, FRG
under No. DSM 5314).
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22.The protein of claim 18, wherein the protein is purified.
23. The protein of claim 18, wherein the protein is pro-
duced by CHO cells.
24. The protein of claim 18, wherein the protein consists of
(a) the soluble fragment of the receptor and (b) all of the
domains of the constant region of the human IgG, heavy
chain other than the first domain of the constant region.
25. The protein of claim 18, wherein said domains of the
constant region of the human immunoglobulin heavy chain
consist essentially of the immunoglobulin amino acid
sequence encoded by pCD4-Hy1 vector (deposited at Deut-
schen Sammlung von Mikroorganismen und Zellkulturen
Gmbl1 (DSM) in Braunschweig, FRG under No. DSM 5314)
or by pCD4-Hy3 vector (deposited at Deutschen Sammiung
von Mikroorganismen und Zellkulturen GmbH (DSM) in
Braunschweig, FRG under No. DSM §523).
26. A protein consisting of
(2) a human tumor necrosis factor (INF)-binding soluble
fragment of an insoluble human TNF receptor, wherein
the insoluble human TNF receptor (i) specifically binds
human TNF, and (ii) has an apparent molecular weight
of about 75 kilodaltons on a non-reducing SDS-poly-
acrylamide gel and (iii) comprises the amino acid
sequence LPAQVAFXPYAPEPGSTC (SEQ ID NO:
10),

wherein the soluble fragment comprises the peptides
LCAP(SEQIDNO:12) and VFCT (SEQ IDNO:8), and

(b) all of the domains of the constant region of a human
IgG, heavy chain other than the first domain of the
constant region,

wherein the protein specifically binds human TNF, and

wherein the protein is produced by CHO cells.

27. The protein of claim 26, wherein the soluble fragment
comprises the peptide LPAQVAFXPYAPEPGSTC (SEQ ID
NC: 10).

5
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28. The protein of claim 26, wherein the protein is purified.

29. A pharmaceutical composition comprising the protein
of any of claim 1, 18, 26, or 27 and a pharmaceutically
acceptable carrier material.

30. A protein comprising

(a) human tumor necrosis factor (TNF) binding soluble
fragment of the amino acid sequence encoded by the
c¢DNA inscrt of the plasmid deposited with the ATCC on
Oct. 17, 2006 under accession number PTA 7942,

(b) all of the domains of the constant region of a human
immunoglobulin IgG heavy chain other than the first
domain of said constant region;

wherein said protein specifically binds human TNF.

31. The protein of claim 30, consisting of the soluble frag-
ment and all the domains of the constant region of the human
immunoglobulin IgG heavy chain other than the first domain
of said constant region.

32. The protein of claim 30, wherein the protein is
expressed by a mammalian host cell.

33. The protein of claim 32, wherein the mammalian host
cell is a CHO cell.

34. The protein of claim 32, consisting of the soluble frag-
ment and all the domains of the constant region of the human
immunoglobulin IgG heavy chain other than the first domain
of said constant region.

35. The protein of claim 30, wherein the protein consists
essentially of the extraceltular region of the human tumor
necrosis factor (1 NF) receptor amino acid sequence encoded
by the cDNA insert, and all the domains of the constant region
of a human IgG, immunoglobulin heavy chain other than the
first domain of the constant region.

36. A pharmaceutical composition comprising the protein
of claim 35 and a pharmaceuntically acceptable carrier mate-
rial.
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57 ABSTRACT

The present invention is concerned with non-soluble proteins
and soluble or insoluble fragments thereof, which bind TNF,
in homogeneous form, as well as their physiologically com-
patible salts, especially those proteins having a molecular
weight of about 55 or 75 kD (non-reducing SDS-PAGE con-
ditions), a process for the isolation of such proteins, antibod-
ies against such proteins, DNA sequences which code for
non-soluble proteins and soluble or non-soluble fragments
thereof, which bind TNF, as well as those which code for
proteins comprising partly of a soluble fragment, which binds
TNF, and partly of all domains except the first of the constant
region of the heavy chain of human immunoglobulins and the
recombinant proteins coded thereby as well as a process for
their manufacture using transformed pro- and eukaryotic host
cells.

10 Claims, 16 Drawing Sheets
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HUMAN TNF RECEPTOR

This is a division of application Ser. No. 08/095,640, filed
Jul. 21, 1993; now U.S. Pat. No. 5,610,279, which is a con-
tinuation application of Ser. No. 07/580,013, filed Sep. 10,
1990, now abandoned. This application claims priority under
35U.S.C. §119to application Ser. Nos. 3319/89, 746/90 and
1347/90, (iled on Sep. 12, 1989, Mar. 8, 1990 and Apr. 20,
1990, respectively, all in Switzerland. This application also
claims priority under 35 U.S.C. §119 to European Patent
Application Number 90116707.2 (now Patent Number EP
0417563), filed Aug. 31, 1990.

BACKGROUND OF THE INVENTION

Tumor necrosis factor a {TNFa, also cachectin), discov-
ered as a result of its haemorragic-necrotizing activity on
certain tumors, and lymphotoxin (TNFp) are two closely
related peptide factors [3] from the class of lymphokines/
cytokines which are both referred to hereinafter as TNF [see
references 2 and 3]. TNF possesses a broad cellular spectrum
of activity. For example, TNF has inhibitory or cytotoxic
activity on a series of tumor cell lines [2, 3], stimulates the
proliferation of fibroblasts and the phagocytic/cytotoxic
activity of myeloic cells [4, 5, 6], induces adhesion molecules
in endothelial cells or exerts an inhibitory activity on the
endothelium [7, 8, 9, 10], inhibits the synthesis of specific
enzymes in adipocytes [11] and induces the expression of
histocompatibility antigens [12]. Many of these TNF activi-
ties arc produced via induction of other factors or by syner-
gistic effects with other factors such as interferons or inter-
leukins [13-16].

TNF is involved in pathological conditions such as shock
states in meningococcal sepsis [17], the development of
autcimmune glomerulonephritis in mice {18] and cerebral
malaria in mice [19] and human beings [41]. The toxic effects
of endotoxin appear 10 be mediated by TNF [20]. Further-
more, TNF can trigger interleukin-1 fever [39]. On the basis
of its pleiotropic functional properties, TNF in interaction
with other cytokines is involved in additional pathological
conditions as a mediator of immune response, inflammation,
and other processes.

These biological effects are mediated by TNF via specific
receptors. According to present knowledge not only TNFa,
but also TNF# bind to the same receptors [21]. Different cell
types differ in their number of TNF receptors [22, 23, 24].
Generally known TNF-binding proteins (TNF-BP) have been
detected by covalent bonding to radioactively labelled TNF
[24-29], and the following apparent molecular weights of the
TNF/TNF-BP complexes obtained have been determined to
be: 95/100kD and 75 kD [24], 95 kD and 75kD [25], 138 kD,
90 kD, 75 kD and 54 kD [26], 100+5 kD [27], 97 kD and 70
kD [28] and 145 kD [29]. One such TNF/TNF-BP complex
was isolated by anti-1Nt-antibody immune affinity chroma-
tography and preparative SDS-polyacrylamide gel electro-
phoreses (SDS-PAGE) |27]. The reductive cleavage of this
complex and subsequent SDS-PAGE analysis gave several
bands which were not tested for TNF-binding activity. Since
the specific conditions which must be used for the cleavage of
the complex lead to inactivation of the binding protcin [31],
the latter has also not been possible. The separation of soluble
TNF-BP from human serum or urine by ion exchange chro-
matography and gel filtration (molecular weight in the region
of 50 kD) was described by Olsson et al. [30].

Brockhaus et al. [32] obtained an enriched TNF-BP prepa-
ration from membrane extracts of HL, cells by TNFa-ligand
affinity chromatography and HPLC which, in turn, was used
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as an antigen preparation for the production of monoclonal
antibodies against TNF-BP. Using such an immobilized anti-
body (immune affinity chromatography) Loetscher and
Brockhaus obtained an enriched preparation of TNF-BP [31]
from an extract of human placenta using TNFa-ligand affin-
ity chromatography and HPLC, which gave a strong broad
band at 35 kD, a weak band at about 40 kD and a very weak
band in the region between 55 kD and 60 kD on SDS-PAGE
analysis. Moreover, the gel showed a protein background
smear in the region of 33 kD to 40 kD. The significance of
these protein bands was, however, not clear due to the hetero-
genicity of the starting material which was used (placenta
tissue; combined material from several placentas). In the state
of the art TNF-BP have already been characterized by a
N-terminal partial sequence [European Patent Application,
Publication No. 308 378], whereby this sequence differs from
the N-terminal partial sequence according to formula (IA) in
accordance with the invention. Moreover, the TNF-binding
proteins described in the state of the art are soluble, ie.
non-membrane bound, TNF-BP and not membrane-bound,
i.e. insoluble, TNF-BP isolated from urine.

SUMMARY OF THE INVENTION

This invention comprises insoluble, homogenous proteins
or soluble or insoluble fragments thereof, capable of binding
tumor necrosis factor-(TNF).

This invention also comprises TNF-binding proteins con-
taining amino acid sequences of FIG. 1 or FIG. 4, proteins
containing fragments of these sequences, and proteins anala-
gous to the sequences of FIG. 1 or FIG. 4 or to fragments
thereof.

This invention further comprises DNA sequences encod-
ing the proteins described above, proteins encoded by these
sequences, and antibodies to any of these proteins.

This invention comprises DNA sequences which combine
two partial DNA sequences, one sequence encoding soluble
fragments of TNF binding proteins and the other partial
sequence encoding all domains except the first domain of the
constant region of the heavy chain of human immunogiobulin
1gG, 1gA, IgM, or IgE, and the recombinant proteins encoded
by these sequences.

This invention additionally comprises vectors containing
the above DNA sequences, and host systems transfected with
such vectors.

This invention finally comprises a process for the isolation
of an insoluble homogenous protein capable of binding TNF.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A-1D. Nucleotide sequence (SEQ ID NO: 1) and
deduced amino acid sequence (SEQ ID NO: 2) for cDNA
clone derived from 55 kDD TNF-BP. The 19 amino acid trans-
membrane region is underlined. Hypothetical glycosylation
sites are identified by asterisks.

FIG. 2. Binding analysis of COS cells transfected with
plasmid pN123. Panel 2A—binding of transfected cells to
1251_TNFa.. Panel 2B—Scatchard plot of binding data.

FIG. 3. Sandwich assays of cclls transfected with plasmid
pK19. Culture supematants of cells transfected with pK19
were incubated with anti-55 kD TNF-BP antibody followed
by '2*I-TNFc.. Columns 1, 5, and 8 are controls. Columns 2,
3,4, 5, and 6 are five parallel transfections.

FIG. 4A-4D. Nucleotide sequence (SEQ ID NO: 28) and
deduced amino acid sequence (SEQ ID NO: 29) for cDNA
clones derived from 75/65 kD TNF-BP.
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FIG. 5. Deduced amino acid sequence (SEQ ID NO: 27) for
a 75/65 kD TNF-BP cDNA clone described in Smith et al.,
Science 248, 1019-1023, (1990). The leader region is singly
underlined, the transmembrane domain is shown boxed, and
potential N-linked glycosylation sites are doubly underlined.

FIGS. 6A-6E: Corrected nucleotide sequence (SEQ ID
NO: 3) and deduced amino acid sequence (SEQ ID NO: 4) of
FIG. 4 after repeated sequencing, showing a threonine coded
by “ACC” at position 3 instead of a serine coded by “TCC”.

DETAILED DESCRIPTION OF THE INVENTION

The TNF-binding proteins of the present invention are
homogenous, insoluble proteins and soluble or insoluble
fragments of such proteins which are capable of binding TNF.
These proteins have the ability to bind TNF as measured by
standard assays.

The TNF-binding proteins of the present invention include
homogenous proteins containing the amino acid sequence
depicted in FIG. 1 (SEQID NO: 2) or in FIG. 4 (SEQID NO:
4), proteins containing fragments of either sequence, and
analogues of any such proteins for example proteins contain-
ing amino acid sequences analogous to the amino acid
sequences of FIG. 1 (SEQ ID NO: 2) or FIG. 4 (SEQ ID NO:
4) or to fragments thereof. An analogue is a protein in which
one or more amino acids of the sequences depicted in FIG. 1
(SEQ ID NO: 2) or in FIG. 4 (SEQ ID NO: 4) have had their
side-groups chemically modified in a known manner, or those
in which one or more amino acids have been replaced or
deleted, without thereby eliminating TNF-binding ability.
Such analogues may be produced by known methods of pep-
tide chemistry, or by known methods of recombinant DNA
technology, such as planned mutagenesis.

The TNF binding activity of the proteins of the present
invention may be determined using the assay described in
Example 1.

TNF-binding proteins of this invention are obtained as
follows:

TNF binding proteins may be isolated from tissues and
purified to homogeneity, or isolated from cells which contain
membrane-bound TNF binding protein, and purfied to
homogeneity. One possible method for growing cells and
isolating cell extract is described in Example 2, however,
other cells types and other growth and isolation methods are
well known in the art. Purification of TNF-binding proteins
from cell extracts may be performed using the methods
described in Examples 4, 5, and 6 in combination with the
assay described in Example 1. TNF-binding proteins isolated
and purified by these methods were sequenced by well-
known methods, as described in Example 7. From these
amino acid sequences, DNA probes were produced and used
to obtain mRNA encoding TNF binding proteins from which
cDNA was made, all by known methods described in
Examples 8 and 11. Other well-known methods for producing
¢DNA are known in the art and may effectively be used. In
general, any TNF-binding protein can be isolated from any
cell or tissue expressing such proteins using a cDNA probe
such as the probe described above, isolating mRNA and tran-
scribing the mRNA into cDNA. Thereafter, the protein can be
produced by inserting the cDNA into an expression vector as
descnbed in Example 9, such as a virus, plasmid, cosmid, or
other vector, inserting the expression vector into a cell, such
as the COS cell described in Example 9 or the insect cell
described in Example 10, proliferating the resulting cells, and
isolating the expressed TNF-binding protein from the
medium or from cell extract as described above. Alterna-
tively, TNF-binding proteins may be chemically synthesized
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using the sequence described above and an amino acid syn-
thesizer, or manual synthesis using chemical conditions well
known to form peptide bonds between selected amino acids.
Analogues and fragments of TNF-binding proteins may be
produced by the above methods. In the case of analogues, the
proteins may be chemically modified, or modified by genetic
engineering as described above. These fragments and ana-
logues may then be tested for TNF-binding activity using
methods such as the assay of Example 1.

Finally, monoclonal antibodies directed against TNF-bind-
ing proteins, such as the antibodies described in Example 3.
may be produced by known techniques, and used to isolate
TNF-binding proteins.

In more detail, the proteins of the present invention are
non-soluble proteins, i.e. for example membrane proteins or
so-called receptors, and soluble or non-soluble fragments
thereof, which bind TNF (TNF-BP), in homogeneous form,
as well as their physiologically compatible salts. Preferred
proteins are those which according to SDS-PAGE under non-
reducing conditions are characterized by apparent molecular
weights of about 55kD, 51 kD, 38 kD, 36 kD and 34 kD or 75
kD and 65 kD, especially those with about 55 kD and 75 kD.
Furthermore, there are preferred those proteins which are
characterized by containing at least one of the following
amino acid partial sequences:

(1A) Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg- Asp-
Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-1le-His-Pro-Gln-X-Asn-
Ser-Ile (SEQ ID NO: 5)

(IB) Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-
Thr-Thr-Lys (SEQ ID NO: 6)

(IIA) Ser-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-
Thr-Glu-Glu-Lys-Pro-Leu (SEQ ID NO: 7)

(IIB) Val-Phe-Cys-Thr (SEQ ID NO: 8)

(IIC) Asn-Gln-Pro-Gln-Ala-Pro-Gly-Val-Glu-Ala-Ser-Gly-
Ala-Gly-Glu-Ala (SEQ ID NO: 9)

(IID)  Leu-pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr-Ala-Pro-
Glu-Pro-Gly-Ser-Thr-Cys (SEQ ID NO: 9)

(1IE) Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu
(SEQIDNO: 11)

(IIF) Leu-Cys-Ala-Pro (SEQ ID NO: 12)

(11G) Val-Pro-His-Leu-Pro-Ala-Asp (SEQ ID NO: 13)

(IIH)  Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X-X-Leu-Ile-X-
Ala-Pro (SEQ ID NO: 14)

in which X stands for an amino acid residue which could
not be unequivocally determined.

A process for the isolation of the TNF-BP in accordance
with the invention is also an object of the present invention.
This process comprises carrying out essentially the following
purification steps in sequence: production of a cell or tissue
extract, immune affinity chromatography and/or single or
multiple ligand affinity chromatography, high resolution lig-
vid chromatography (HPLC) and preparative SDS-polyacry-
lamide gel electrophoresis (SDS-PAGE). The combination of
the individual purification steps, which are known from the
state of the art, is essential to the success of the process in
accordance with the invention, whereby individual steps have
been modified and improved having regard to the problem to
be solved. Thus, for example, the original combined immune
affinity chromatography/TNFa-ligand affinity chromatogra-
phy step originally used for the enrichment of TNF-BP from
human placenta [31] has been altered by using a BSA-
Sepharose 4B pre-column. For the application of the cell or
membrane extract, this pre-column was connected in series
with the immune affinity column followed by the ligand a{fin-
ity column. After the application of the extract the two afore-
mentioned columns were coupled, each eluted and the TNF-
BP-active fractions were purified again via a ligand affinity
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column. The use of a detergent-containing solvent mixture for
the performance of the reversed-phase HPLC step is essential
to the invention.

Further, an industrial process for the production ofhigh cell
densities of maminalian cells from which TNF-BP can be
isolated is also an object of the present invention. Such a
process comprises using a medium, which has been devel-
oped for the specific growth requirements of the cell line used,
in combination with a perfusion apparatus as described e.g. in
detail in Example 2. By means of such a process there can be
produced, for example, in the case of HL-60 cells up to more
than 20-fold higher cell densities than usual.

In addition thereto, the present invention is also concerned
with DNA sequences coding for proteins and soluble or non-
soluble fragments thereof, which bind TNF. Thereunder there
are to be understood, for example, DNA sequences coding for
non-soluble proteins or soluble as well as non-soluble frag-
ments thereof, which bind TNF, such DNA sequences being
selected trom the following:

(a) DNA sequences as given F1G. 1 or FIG. 4 as well as their
complementary strands, or those which include these
sequences;

(b) DNA sequences which hybridize with sequences defined
under (a) or fragments thereof;

(¢) DNA sequences which, because of the degeneracy of the
genetic code, do not hybridize with sequences as defined
under (a) and (b), but which code for polypeptides having
exactly the same amino acid sequence.

That is to say, the present invention embraces not only
allclic variants, but also those DNA sequences which result
from deletions, substitutions and additions from one or more
nucleotides of the sequences given in FIG. 1 or FIG. 4,
whereby in the case of the proteins coded thereby there come
into consideration, just as before, TNF-BP. One sequence
which results from such a deletion is described, for example,
in Smith et al., Science 248, 1019-1023, (1990), which is
incorporated by reference herein. FIG. 5 (a reproduction of
FIG. 3B of Smith et al.) shows the deduced amino acid
sequence (SEQ ID NO: 27) of the cDNA coding region of a
human TNF receptor cDNA clone. The leader region is singly
underlined, the transmembrane domain is shown boxed, and
potential N-linked glycosylation sites are doubly underlined.
The entire nucleotide sequence is available upon request and
has heen deposited at Genbank under Accession Number
M32315.

There are preferred first of all those DNA sequences which
code for such a protein having an apparent molecular weight
of about 55 kD, whereby the sequence given in FIG. 1 is
especially preferred, and sequences which code for non-
soluble as well as soluble fragments of such proteins. A DNA
sequence which codes, for example, for such a non-soluble
protein fragment extends from nucleotide -185 to 1122 of the
sequence given in FIG. 1. DNA sequences which code for
soluble protein fragments are, for example, those which
extend from nucleotide 185 to 633 or from nucleotide -14 (o
633 of the sequence given in FIG. 1. There are also preferred
DNA sequences which code for a protein of about 75/65 kD,
whereby those which contain the partial cDNA sequences
shown in FIG. 4 are preferred. Especially preferred DNA
sequences in this case are the sequences of the open reading
{rame of nucleotide 2 10 1,177. The peptides 11A, IIC, 1IE, IIF,
11G and ITH are coded by the partial cDNA sequence in FIG.
4, whereby the insignificant deviations in the experimentalty
determined amino acid sequences are based on the cDNA-
derived sequence with highest probability from the limited
resolution of the gas phase sequencing. DNA sequences
which code for insoluble (deposited on Oct. 17, 2006 with the
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American Type Culture Collection, 12301 Parklawn Drive,
Rockville, Md. 20852, under Accession No. PTA 7942) as
well as soluble fractions of TNF-binding proteins having an
apparent molecular weight of 65 kD/75 kD are also preferred.
DNA sequences for such soluble fragments can be deter-
mined on the basis of the amino acid sequences detived from
the nucleic acid sequences coding for such non-soluble TNF-
BP.

The invention is also concerned with DNA sequences
which comprise a combination of two partial DNA
sequences, with one of the partial sequences coding for those
soluble fragments of non-soluble proteins which bind TNF
(see above) and the other partial sequence coding for all
domains other than the first domain of the constant region of
the heavy chain of human immunoglobulins such as IgG, IgA.
1gM or IgE, in particular IgG, or IgG, subtypes.

The present invention is also concerned with the recombi-
nant proteins coded by any of DNA sequences described
above. Of course, there are thereby also included such pro-
teins in whose amino acid sequences amino acids have been
exchanged, for cxample by planned mutagenesis, so that the
activity of the TNF-BP or fragments thereof, namely the
binding of TNF or the interaction with other membrane com-
ponents participating in the signal transfer, have been altered
ormaintained in a desirable manner. Amino acid exchanges in
proteins and peptides which do not generally alter the activity
of such molecules are known in the state of the art and are
described, for example, by H. Neurath and R. L. Hill in “The
Proteins™ (Academic Press, New York, 1979, see especially
FIG. 6, page 14). The most commonly occurring exchanges
are: Ala/Ser, Val/lle, Asp/Glu, Thr/Ser, Ala/Gly, Ala/Thr, Ser/
Asn, Ala/Val, Ser/Gly, Tyr/Phe, Ala/Pro, Lys/Arg, Asp/Asn,
Leu/lle, Leu/Val, Ala/Glu, Asp/Gly as well as these in reverse.
The present invention is also concerned with vectors which
contain any of the DNA sequences described above in accor-
dance with the invention and which are suitable for the trans-
formation of suitable pro- and eukaryotic host systems,
whereby there are preferred those vectors whose use leads to
the expression of the proteins which are coded by any of the
DNA sequences described above in accordance with the
invention. Finally, the present invention is also concerned
with pro- and eukaryotic host systems transformed with such
vectors, as well as a process for the production of recombinant
compounds in accordance with the invention by cultivating
such host systems and subsequently isolating these com-
pounds from the host systems themselves or their culture
supernatants.

An object of the present invention are also pharmaceutical
preparations which contain at least one of these TNF-BPs or
fragments thereof, if desired in combination with other phar-
maceutically active substances and/or non-toxic, inert, thera-
peutically compatible carrier materials.

Finally, the present invention is concerned with the use of
such a TNF-BP on the one hand for the production of phar-
maceutical preparations and on the other hand for the treat-
ment of illnesses, preferably those in which TNF is involved
in their course.

Starting materials for the TNF-BP in accordance with the
invention are quite generally cells which contain such TNF-
BP in membrane-bound form and which are generally acces-
sible without restrictions to a person skilled in the art, such as,
for example, HL60 [ATCC No. CCL 240], U 937 [ATCC No.
CRL 1593], SW 480 [ATCC No. CCL 228] and HEp2 cells
[ATCC No. CCL 23]. These cells can be cultivated according
to known methods of the state of the art [40] or, in order to
produce high cell densities, according to the procedure
already described generally and described in detail in
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Example 2 for HI.60 cells. TNF-BP can then be extracted
from the cells, which are centrifuged-off from the medium
and washed, according to known methods of the state of the
art using suitable detergents, for example Triton X-114, 1-0-
n-octyl-f-D-glucopyranoside (octylglucoside) or 3-[(3-
cholylamido-propyvl)-dimethylammonio]-1-propane sulpho-
nate (CHAPS), especially using Triton X-100. For the
detection of such TNF-BP there can be used the usually used
detection methods for TNF-BP, for example a polyethylene
glycol-induced precipitation of the '**I-TNF/TNF-BP com-
plex |27], especially filter-binding tests with radioactively
labelled TNF according to Example 1. In order to produce the
TNF-BP in accordance with the invention, the general meth-
ods of the statc of the art used for the purification of proteins,
especially of membrane proteins, such as, for example, ion
exchange chromatography, gel filtration, affinity chromatog-
raphy, HPLC and SDS-PAGE can be used. Especially pre-
ferred methods for the production of TNF-BP in accordance
with the invention, are affinity chromatography, cspecially
with TNF-a as the ligand bound to the solid phase, and
immune affinity chromatography, HPLC and SDS-PAGE.
The elution of TNF-BP bands which are separated using
SDS-PAGE can be effected according to known methods of
protein chemistry, for example using electroelution accord-
ing to Hunkapiller et al. [34], whereby according to present
knowledge the electro-dialysis times given there generally
have to be doubled. Thereafter, traces of SDS which still
remain can then be removed in accordance with Bosserhoff et
al. [50].

The thus-purified TNF-BP can be characterized by meth-
ods of peptide chemistry which are known in the statc of the
art, such as, for example, N-terminal amino acid sequencing
or enzymatic as well as chemical peptide cleavage. Frag-
ments obtained by enzymatic or chemical cleavage can be
separated according to usual methods such as, for example,
HPLC and can themselves be subjected to further N-terminal
sequencing. Such {ragments which themselves bind TNF can
be identified using the aforementioned detection methods for
TNF-BP and are likewise objects of the present invention.

Starting from the thus-obtained amino acid sequence infor-
mation or the DNA and amino acid sequences given in FIG. 1
as well as in FIG. 4 there can be produced, taking into con-
sideration the degeneracy of the genetic code, according to
methods known in the state of the art suitable oligonucle-
otides [51]. By means of these, again according to known
methods of molecular biology [42, 431, cDNA or genomic
DNA banks can be searched for clones which contain nucleic
acid sequences coding for TNF-BP. Moreover, using the poly-
merase chain reaction (PCR) [49] cDNA fragments can be
cloned by completely degenerating the amino acid sequence
of two spaced apart relatively short segments while taking
into consideration the genetic code and introducing into their
complementarity suitable oligo-nucleotides as a “primer”,
whereby the fragment lying between these two sequences can
be amplified and identified. The determination of the nucle-
otide sequence of a such a fragment permits an independent
determination of the amino acid sequence of the protein frag-
ment for which it codes. The cDNA fragments obtainable by
PCR can also, as already described for the oligonucleotides
themselves, be used according to known methods to search
for clones containing nucleic acid sequences coding for TNF-
BP from ¢cDNA or genomic DNA banks. Such nucleic acid
sequences can then be sequenced according to known meth-
ods [42]. On the basis of the thus-determined sequences and
of the already known sequences for certain receptors, those
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partial sequences which code for soluble TNF-BP fragments
can be determined and cut out from the complete sequence
using known methods [42].

The complete sequence or such partial sequences can then
be integrated using known methods into vectors described in
the state of the art for their multiplication and expression in
prokaryotes [42]. Suitable prokaryotic host organisms are, for
example, gram-negative and gram-positive bacteria such as,
for example, E. coli strains such as E. coli HB101 [ATCC No.
33 694] or E. coli W3110 [ATCC No. 27 325] or B. subiilis
strains.

Furthermore, nucleic acid sequences in accordance with
the invention which code for TNF-BP as well as for TNF-BP
fragments can be integrated using known methods into suit-
able vectors for reproduction and expression in eukaryotic
host cells, such as, for example, yeast, insect cells and mam-
malian cells. Expression of such sequences is preferably
effected in mammalian and insect cells.

A typical expression vector for mammalian cells contains
an efficient promoter element in order to produce a good
transcription rate, the DNA sequence to be expressed and
signals for an efficient termination and polyadenylation of the
transcript. Additional clements which can be used are
“enhancers” which lead to again intensified transcription and
sequences which e.g. can bring about a longer half life of the
mRNA. For the expression of nucleic acid sequences in which
the endogenous sequence fragment coding for a signal pep-
tide is missing, there can be used vectors which contain such
suitable sequences which code for signal peptides of other
known proteins. See, for example, the vector pl.J268
described by Cullen, B. R. in Cell 46, 973-982 (1986) as well
as Sharma, S. et al. in “Current Communications in Molecular
Biology”, edt. by Gething, M. J., Cold Spring Harbor Lab.
(1985), pages 73-78.

Most of these vectors which are used for a transient expres-
sion of a particular DNA sequence in mammalian cells con-
tain the replication source of the SV40 virus. In cells which
express the T-antigen of the virus (e.g. COS cells), these
vectors are reproduced abundantly. A transient expression is,
however, not limited to COS cells. In principle any transfect-
able mammalian cell line can be used for this purpose. Signals
which can bring about a strong transcription are e.g. the early
and late promoters of SV40, the promoter and enhancer of the
“major immediate-early” gene of HCMV (human cytomega-
lovirus), the LTR’s (“long terminal repeats™) of retroviruses
such as, for example, RSV, HIV and MMTV. There can,
however, also be used signals of cellular genes such as e.g. the
promoters of the actin and collagenase genes.

Alternatively, however, stable cell lines which have the
specific DNA sequence integrated into the genome (chromo-
some) can also be obtained. For this, the DNA sequence is
cotransfected together with a selectable marker, e.g. neomy-
cin, hygromycin, dihydrofolate reductase (dhfr) or hypoxan-
thin guanine phosphoribosyl transferase (hgpt). The DNA
sequence stably incorporated in the chromosome can also be
reproduccd abundantly. A suitable sclection marker for this is,
for example, dihydrofolate reductase (dhfr). Mammalian
cells (e.g. CHO cells), which contain no intact dhfr gene, are
thereby incubated with increasing amounts of methotrexate
after transinfection has been effected. In this manner cell lines
which contain more than a thousand copies of the desired
DNA sequence can be obtained.

Mammalian cells which can be used for the expression are
e.g. cells of the human cell lines Hela [ATCC CCL2] and 293
[ATCC CRL 1573] as well as 3T3 [ATCC CCL 163] and L
cells, e.g. [ATCC CCL 149], (CHO) cells [ATCC CCL 61],
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BHK [ATCC CCL 10] cells as well as the CV 1 [ATCC CCL
70] and the COS cell lines [ATCC CRL 1650, CRL 1651].

Suitable expression vectors include, for example, vectors
suchas pBC12MI[ATCC 67 109], pSV2dhfr [ATCC 37 146],
pSVL [Phanmacia, Uppsala, Sweden]. pRSVcat [ATCC 37
152} and pMSG [Pharmacia, Uppsala, Sweden]. The vectors
“pK19” and “pN123" used in Example 9 are especially pre-
ferred vectors. These can be isolated according to known
methods from E. coli strains HB101(pK19) and HB101
(pN123) transformed with them [42]. These E. coli strains
have been deposited on the 26 Jan. 1990 at the Deutschen
Sammlung von Mikroorganismen und Zellkulturen GmbH
(DSM) in Braunschweig, FRG, under DSM 5761 for HB101
(pK19) and DMS 5764 for HB101(pN123). For the expres-
sion of proteins which consist of a soluble fragment of non-
soluble TNF-BP and an immunoglobulin fragment, i.e. all
domains except the first of the constant region of the heavy
chain, there are especially suitable pSV2-derived vectors as
described, for example, by German, C. in “DNA Cloning”
[Vol. 11, edt. by Glover, D. M., IRL Press, Oxford, 1985]. The
vectors pCD4-Hu (DSM 5315), pDC4-Hy1 (DSM 5314) and
pCD4-Hy3 (DSM 5523) which have been deposited at the
Deutschen Sammlung von Mikroorganismen und Zellkul-
turen GmbH (DSM) in Braunschweig, FRG, and which are
described in detail in European Patent Application No.
90107393.2 are especially preferred vectors. This European
Patent Specification and the equivalent Applications referred
to in Example 11 also contain data with respect to the further
use of these vectors for the expression of chimeric proteins
(see also Example 11) and for the construction of vectors for
the expression of such chimeric proteins with other immuno-
globulin fragments.

The manner in which these cells are transfected depends on
the chosen expression system and vector system. An over-
view of these methods is to be found e.g. in Pollard et al.,
“DNA Transformation of Mammalian Cells” in “Methods in
Molecular Biology™ [Nucleic Acids Vol. 2, 1984, Walker, J.
M.. ed, Humana, Clifton, N. ].]. Further methods are to be
found in Chen and Okayama [“High-Efficiency Transforma-
tion of Mammalian Cells by Plasmid DNA”, Molecular and
Cell Biology 7, 2745-2752, 1987] and in Feigner [Feigner et
al.,, “Lipofectin: A highly efficient, lipid-mediated DNA-
transfection procedure”, Proc. Nat. Acad. Sci. USA 84, 7413-
7417, 1987].

The baculovirus expression system, which has already
been used successfully for the expression of a series of pro-
teins (for an overview see Luckow and Summers, Bio/Tech-
nology 47-55, 198R), can be used for the expression in insect
cells. Recombinant proteins can be produced in authentic
form or as fusion proteins. The thus-produced proteins can
also be modified such as, for example, glycosylated (Smith et
al., Proc. Nat. Acad. Sci. USA 82, 8404-8408, 1987). For the
production of a recombinant baculovirus which expresses the
desired protein there is used a so-called “transfer vector”.
Under this there is to be understood a plasmid which contains
the heterologous DNA sequence under the control of a strong
promoter, e.g. that of the polyhedron gene, whereby this is
surrounded on both sides by viral sequences. The vectors
“pN113”, “pN119” and “pN124” used in Example 10 are
especially preferred vectors. These can be isolated according
to known methods from E. coli strains HB101(pN113),
HB101(pN119) and HB101(pN124) transformed with them.
These E. coli strains have been deposited on the 26 Jan. 1990
at the Deutschen Sammlung von Mikroorganismen and
Zellkulturen GmbH (DSM) in Braunschweig, FRG, under
DSM 5762 for HB101(pN113), DSM 5763 for HB101
(pN119) and DSM 5765 for HB101(pN124). The transfer
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vector is then transfected into the insect cells together with
DNA of the wild type baculovirus, The recombinant viruses
which result in the cells by homologous recombination can
then be identified and isolated according to known methods.
An overview of the baculovirus expression system and the
methods used therein is to be found in Luckow and Summers
[52].

Expressed TNF-BP as well as its non-soluble or soluble
fractions can then be purified from the cell mass or the culture
supernatants according to methods of protein chemistry
which are known in the state of the art, such as, for example.
the procedure already described on pages 5-6.

The TNF-BP obtained in accordance with the invention
can also be used as antigens to produce polyclonal and mono-
clonal antibodies according to known techniques [44, 45] or
according to the procedure described in Example 3. Such
antibodies, especially monoclonal antibodies against the 75
kD TNF-BP species, are also an object of the present inven-
tion. Those antibodies which are directed against the 75 kD
TNF-BP can be used for the isolation of TNF-BP by modifi-
cations of the purification procedure described in detail in
Examples 4-6 which are familiar to a person skilled in the art.

On the basis of the high binding affinity of TNF-BP in
accordance with the invention for TNF (K, value in the order
of 107°-107'°M), these or fragments thereof can be used as
diagnostics for the detection of TNF in serum or other body
fluids according to methods known in the state of the art, for
example in solid phase binding tests or in combination with
anti-TNF-BP antibodies in so-called “sandwich” tests.

Moreover, TNF-BP in accordance with the invention can
be used on the one hand for the purification of TNF and on the
other hand for the detection of TNF agonists and TNF antago-
nists according to procedures which are known in the state of
the art.

The TNF-BP in accordancc with the invention as well as
their physiologically compatible salts, which can be manu-
factured according to methods which are known in the state of
the art, can also be used for the production of pharmaceutical
preparations, primarily those for the treatment of illnesses in
which TNF is involved in their course. For this purpose, one
or more of the said compounds, where desired or required in
combination with other pharmaceutically active substances,
can be processed in a known manner with the usually used
solid or liquid carrier materials. The dosage of such prepara-
tions can be effected having regard to the usual criteria in
analogy to already used preparations of similar activity and
structure.

Since the invention has been described hereinbefore in
general terms, the following Examplcs arc intended to illus-
trate details of the invention, but they are not intended to limit
its scope in any manner.

Example 1
Detection of TNF-Binding Proteins

The TNF-BP were detected in a filter test with human
radioiodinated '**I-TNF. TNF (46, 47) was radioactively
labelled with Na'?® 1 (IMS40, Amersham, Amersham,
England) and iodo gene (#28600, Pierce Eurochemie, Oud-
Beijerland, Netherlands) according to Fraker and Speck [48].
For the detection of the TNF-BP, isolated membranes of the
cells or their solubilized, enriched and purified fractions were
applied to moist nitrocellulose filter (0.45y, BioRad, Rich-
mond, Calif., USA). The filters were then blocked in buffer
solution with 1% skimmed milk powder and subsequently
incubated with 5-10° cpm/ml of ***I-TNFa (0.3-1.0-10® cpm/
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ug) in two batches with and without the addition of 5 pg/ml of
non-labelled TNF«, washed and dried in the air. The bound
radioactivity was detected semiquantitatively by autoradiog-
raphy or counted in a gamma-counter. The specific **°I-
TNF-a binding was determined after correction for unspe-
cific binding in the presence of unlabelled TNF-c in excess.
The specific TNF-binding in the filter test was measured at
various TNF concentrations and analyzed according to Scat-
chard, whereby a K, value of -107°-107'°M was determined.

Example 2
Cell Extracts of HL-60 Cells

HL60 cells [ATCC No. CCL 240] were cultivated on an
experimental laboratory scale in a RPMI 1640 medium
[GIBCO catalogue No. 074-01800], which contained 2 g/1
NaHCO, and 5% foetal calf serum, in a 5% CO, atmosphere
and subsequently centrifuged.

The following procedure was used to produce high cell
densities on an industrial scale. The cultivation was carried
out in a 75 1 Airlift fermenter (Fa. Chemap, Switzerland) with
a working volume of 58 1. For this there was used the cassette
membrane system “PROSTAK” (Millipore, Switzerland)
with a membrane surface of 0.32 m? (1 cassette) integrated
into the external circulation circuit. The culture medium (see
Table 1) was pumped around with a Watson-Marlow pump,
Type 603U, with 5 1/min. After a steam sterilization of the
installation, whereby the “PROSTAK” system was sterilized
separately in autoclaves, the fermentation was started with
growing HL-60 cells from a 20 1 Airlift fermenter (Chemap).
The cell cultivation in the inoculation fermenter was effected
in a conventional batch process in the medium according to
Table 1 and an initial cell titre of 2x10° cells/ml. After 4 days
the HL60 batch was transferred with a titre of 4.9x10° cells/
ml into the 75 1 fermenter. The pH value was held at 7.1 and
the pO, value was held at 25% saturation. whereby the oxy-
gen introduction was effected through a microporous frit.
After initial batch fermentation. on the 2nd day the perfusion
atacell titre of 4x 10° cells/m] was started with 30 1 of medium
exchange per day. On the filtrate side of the medium the
conditioned medium was removed and replaced by the addi-
tion of fresh medium. The added medium was fortified as
follows: Primatone from 0.25% to 0.35%, glutamine from 5
mM to 6 mM and glucose from 4 g/l to 6 g/l. The perfusion
rate was then incrcased on the 3rd and 4th day to 72 1 of
medium/day and on the 5th day to 100 1 of medium/day. The
fermentation had finished after 120 hours of continuous cul-
tivation. Exponential cell growth up to 40x10° cells/ml took
place under the given fermentation conditions. The duplica-
tion time of the cell population was 20-22 hours to 10x10°
cells/ml and then increased to 30-36 hours with increasing
cell density. The proportion of living cells lay at 90-95%
during the entire fermentation period. The HL-60 batch was
then cooled down in the fermenter to about 12° C. and the
cells were harvested by centrifugation (Beckman centrifuge
[Model J-6B, Rotor IS], 3000 rpm, 10 min., 4° C.).

TABLE 1
HL-60 medium
Concentrations
Components mg/t
CaCl, (anhydrous) 112.644
Ca(NO,),*4H,0 20
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TABLE 1-continued
HIL-60 medium
Concentrations
Components mg/!1
CuSO,4*5H,0 049801073
Fe(NO,);*9H,0 0.02
FeSO,*TH,0 0.1668
KCl 336.72
KNO, 0.0309
MgCl, (anhydrous) 11.444
MgSO, (anhydrous) 68.37
NaCl 5801.8
Na,HPO, (anhydrous) 188.408
NaH,PO,*H,0 75
Nz,Se0,;+5H,0 9.6+1073
ZnS0,4°7H,0 0.1726
D-Glucose 4000
Glutathion (red.) 0.2
Hepes bufler 2383.2
Hypoxanthin 0.954
Linoleic aeid 0.0168
Lipoic acid 0.042
Phenol Red 10.24
Putrescine 2HCL 0.0322
Na pyruvate 88
Thymidine 0.146
Biotin 0.04666
D-Ca pantothenate 2.546
Choline chloride 5.792
Folic acid 2.86
i-Inositol 11.32
Niacinamide 2.6
Nicotinamide 0.0074
para-Aminobenzoic acid 0.2
Pyridoxal HCI 24124
Pyridoxin HCI 0.2
Riboflavin 0.2876
Thiamin HC! 2.668
Vitamin B, 0.2782
L-Alanine 11.78
L- Aspartic acid 10
L-Asparagine H,O 14.362
L-Arginine 40
L-Arginine HCI 926
L-Aspartate 33.32
L-Cystine 2HCl 62.04
L-Cysteine HCI*H,0 7.024
L-Glutamic acid 36.94
L-Glutamine 730
L-Glycine 215
L-Histidine 3
L-Histidine IICI*H,O 27.392
L-Hydroxypyroline 4
L-Isoleucine 73.788
L-Leucine 75.62
L-Lysine HCI 102.9
L-Methionine 21.896
L-Phenylalanine 43.592
L-Proline 269
L-Serine 31.3
L-Threonine 53
L-Tryptophan 11.008
L-Tyrosine*2Na 69.76
L-Valine 62.74
Penicillin/streptomycin 100 U/ml
Insulin (human) 5 pg/ml
Tranferrin (human) 15 pg/ml
Bovine serum albumin 67 pg/ml
Primatone RL (Sheffield 0.25%
Products, Norwich N,
USA)
Pluromnic 68
(Serva, Heidelberg, FRG) 0.01%
Foctal calf serum 0.3-3%

The centrifugate was washed with isotonic phosphate

buffer (PBS; 0.2 g/l KC1, 0.2 g/1 KH,PO,, 8.0 g/l NaCl, 2.16
g/l Na,HPO,.7H,0), which had been treated with 5% dim-
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ethylformamide, 10 mM benzamidine, 100 U/ml aprotinin,
10 uM leupeptin, 1 uM pepstatin, 1 mM o-phenanthroline, 5
mM iodoacetamide, 1 mM phenyl-methylsulphonyl fluoride
(referred to hereinafter as PBS-M). The washed cells were
extracted at a density of 2.5-10% cells/ml in PBS-M with
Triton X-100 (final concentration 1.0%). The cell extract was
clarified by centrifugation (15,000xg, 1 hour; 100,000xg, 1
hour).

Example 3
Production of Monoclonal (TNF-BP) Antibodics

A centrifugation supernatant from the cultivation of HL.60
cells on an experimental laboratory scale, obtained according
to Example 2, was diluted with PBS in the ratio 1:10. The
diluted supernatant was applied at 4° C. (flow rate: 0.2
ml/min.) to a column which contained 2 m! of Affigel 10 (Bio
Rad Catalogue No. 153-6099) to which had been coupled 20
mg of recombinant human TNF-a. [Pennica, D. et al. (1984)
Nature 312, 724; Shirai, T. et al. (1985) Nature 313, 803;
Wang, A. M. et al. (1985) Science 228, 149] according to the
recommendations of the manufacturer. The column was
washed at 4° C. and a throughflow rate of 1 mV/min firstly with
20 nil of PBS which contained 0.1% Triton X 114 and there-
after with 20 ml of PBS. Thus-enriched TNF-BP was eluted at
22° C. and a flow rate of 2 ml/min with 4 m] of 100 mM
glycine, pH 2.8, 0.1% decylmaltoside. The eluate was con-
centrated to 10 pul in a Centricon 30 unit [Amicon].

10 pl of this eluate were mixed with 20 pl of complete
Freund’s adjuvant 1o give an emulsion. 10 pl of the emulsion
were injected according to the procedure described by 1lolm-
dahl, R. et al. [(1985), J. Immunol. Methods 83, 379] on each
of days 0, 7 and 12 into a hind paw of a narcotized Balb/c
mouse.

The immunized mice were sacrificed on day 14, the
popliteal lymph nodes were removed, minced and suspended
by repeated pipetting in Iscove’s medium (IMEM, GIBCO
Catalogue No. 074-2200) which contained 2 g/l NaHCO;.
According to a modified procedure of De St. Groth and
Scheidegger [J. Immunol. Methods (1980), 35, 1] 5x10’ cells
of the lymph nodes were fused with 5x107 PAI mouse
myeloma cells (J. W. Stocker et al. Research Disclosure, 217,
May 1982, 155-157) which were in logarithmic growth. The
cells were mixed, collected by centrifugation and resus-
pended in 2 m! of 50% (v/v) polyethylene glycol in IMEM at
room temperature by slight shaking and diluted by the slow
addition of 10 ml of IMEM during careful shaking for 10
minutes. The cells were collected by centrifugation and resus-
pended in 200 ml of complete medium [IMEM+20% foetal
calf serum, glutanmine (2.0 mM), 2-mercaptoethanol (100
pM), 100 uM hypoxanthine, 0.4 pM aminopterine and 16 uM
thymidine (HAT)]. The suspension was distributed on 10
tissue culture dishes each containing 96 wells and incubated
at 37° C. for 11 days without changing the medium in an
atmosphere of 5% CQO, and a relative humidity of 98%.

The antibodies are distinguished by their inhibitory action
on the binding of TNF to HL60 cells or by their binding to
antigens in the filter test according to Example 1. The follow-
ing procedure was used to detect the biological activity of
anti(TNF-BP) antibodies: 5x10° HL60 or U937 cells were
incubated in completc RPMI 1640 medium together with
affinity-purified monoclonal anti-(TNF-BP) antibodies or
control antibodies (i.e. those which are not directed against
TNF-BP) in a concentration range of 1 ng/ml to 10 pg/ml.
After incubation at 37° C. for one hour the cells were col-
lected by centrifugation and washed with 4.5 m] of PBS at 0°
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C. They were resuspended in 1 ml of complete RPMI 1640
medium (Example 2) which additionally contained 0.1%
sodium azide and '**I-TNFo (10° cpm/ml) with or without
the addition of unlabelled TNFa (see above). The specific
radioactivity of the 1**I-TNFa amounted to 700 Ci/mmol.
The cells were incubated at 4° C. for 2 hours, collected and
washed 4 times at 0° C. with 4.5 ml of PBS which contained
1% BSA and 0.001% Triton X 100 (Fluke). The radioactivity
bound to the cells was measured in a y-scintillation counter.
The cell-bound radioactivity of cells which had not been
treated with anti-(TNF-BP) antibodies was determined in a
comparative experiment (approximately 10 000 cpm/5x10°
cells).

Example 4
Affinity Chromatography

For the further purification, a monoclonal anti-(55 kD
TNF-BP) antibody (2.8 mg/ml gel), obtained according to
Example 3, TNFa. (3.9 mg/ml gel) and bovine serum albumin
(BSA, 8.5 mg/ml gel) were each covalently coupled to CNBr-
activated Sepharose 4B (Pharmacia, Uppsala, Sweden)
according to the directions of the manufacturer. The cell
extract obtained according to Example 2 was passed through
the thus-prepared columns which were connected in series in
the following sequence: BSA-Sepharose pre-column,
immune affinity column [anti-(55 kD-TNF-BP) antibody],
TNFa-ligand affinity column. After completion of the appli-
cation the two last-mentioned columns were separated and
washed individually within each case 100 ml of the following
buller solutions: (1) PBS, 1.0% Triton X-100, 10 mM benza-
midine, 100 U/ml aprotinin; (2) PBS, 0.1% Triton X-100,
0.5M NaCl, 10 mM ATP, 10 mM benzamidine, 100 U/ml
aprotinin; and (3) PBS, 0.1% Triton X-100, 10 mM benzami-
dine, 100 U/ml aprotinin. Not only the immune affinity col-
umn, but also the TNFa-ligand affinity column were then
each eluted with 100 mM glycine pH 2.5, 100 mM NaCl,
0.2% decylmaltoside, 10 mM benzamidine, 100 U/ml apro-
tinin. The fractions of each column which were active in the
filter test according to Example 1 were thereafter combined
and neutralized with 1M Trs pH 8.0.

The thus-combined TNF-BP active fractions of the
immune affinity chromatography on the one hand and of the
TNFa-ligand affinity chromatography on the other hand
were, for further purification, again applied to in each case
one small TNFa-ligand affinity column. Thereafter, these two
columns were washed with in each case 40 ml of (1) PBS,
1.0% Triton X-100, 10 mM benzamidine, 100 U/ml aprotinin,
(2) PBS, 0.1% Triton X-100,0.5M NaCl, 10 mM ATP, 10 mM
benzamidine, 100 U/ml aprotinin, (3) PBS, 0.1% Triton
X-100, (4) 50 mM Tris pH 7.5, 150 mM NaCl, 1.0% NP-40,
1.0% desoxycholate, 0.1% SDS, (5) PBS, 0.2% decylmalto-
side. Subsequently, the columns were eluted with 100 mM
glycine pH 2.5, 100 mM NaCl, 0.2% decylmaltoside. Frac-
tions of 0.5 ml from each column were collecled and the
fractions from each column which were active according to
the filter test (Example 1) were combined and concentrated in
a Centricon unit (Amicon, molecular weight exclusion
10,000).

Example 5
Separation by Means of HPLC

The active fractions obtained according to Example 4 were
each applied according to their different source (immune or
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ligand affinity chromatography) to C1/C8 reversed phase
HPLC-columns (ProRPC, Pharmacia, 5x20 mm) which had
been equilibrated with 0.1% trifluoroacetic acid, 0.1% octyl-
glucoside. The columns were then eluted with a linear aceto-
nitrile gradient (0-80%) in the same buffer at a flow of 0.5
ml/min. Fractions of 1.0 ml were collected from each column
and the active fractions from each column were combined
(detection according to Example 1).

Example 6
Separation by Means of SDS-PAGE

The fractions which were obtained according to Example 5
and which were active according to the filter test (Example 1)
were further separated by SDS-PAGE according to [34]. For
this purpose, the samples were heated to 95° C. for 3 minutes
in SDS sample buffer and subsequently separated electro-
phoretically on a 12% acrylamide separation gel with a 5%
collection gel. The following standard proteins were used as
a reference for the determination of the apparent molecular
weights on the SDS-PAGE gel: phosphorylase B (97.4 kD),
BSA (66.2 kD), ovalbumin (42.7 kD), carboanhydrase (31.0
kD), soya trypsin inhibitor (21.5 kD) and lysozyme (14.4 kD).

Under the mentioned conditions there were obtained for
samples which has been obtained according to Example 4 by
TNF-a-ligand affinity chromatography of immune affinity
chromatography eluates and which had been further sepa-
rated by HPLC according to Example 5 two bands of 55 kD
and 51 kD as well as three weaker bands of 38 kKD, 36 kD and
34 kD. These bands were transferred electrophoretically dur-
ing 1 hour at 100 V in 25 mM Tris, 192 mM glycine, 20%
methanol on to a PVDF membrane (Immobilon, Millipore,
Bedford, Mass. USA) in a Mini Trans Blot System (BioRad,
Richmond, Calif., USA). Thereafter, the PVDF membrane
was either protein-stained with 0.15% Serva-Blue (Serva,
Heidelberg, FRG) in methanol/water/glacial acetic acid (50/
40/10 parts by volume) or blocked with skimmed milk pow-
der and subsequently incubated with '**I-TNFa according to
the filter test conditions described in Example 1 in order to
detect bands having TNF-BP activity. This showed that all
bands produced in the protein staining bonded TNFa specifi-
cally. In the Western blot according to Towbin et al. [38] all of
these bands also bonded the monoclonal anti-55 kD-TNF-BP
antibody produced according to Example 3. In this case, a
procedure according to that described in Example 1 with
Na'?*1  radioactively-labelled, ~affinity-purified (mouse
immunoglobulin-Sepharose-4B affinity column) rabbit-anti-
mouse-immunoglobulin antibody was used for the autorad-
iographic detection of this antibody.

Samples which had been obtained according to Example 4
by two-fold TNF-a-ligand affinity chromatography of the
throughput of the immune affinity chromatography and
which had been further separated by HPLC according to
LExample 5 showed under the above-specified SDS-PAGE and
blot transfer conditions two additional bands of 75 kD and 65
kD, both of which bonded TNF specifically in the filter test
(Example 1). In the Western blot according to Towbin et al.
(see above) the proteins of these two bands did not react with
the anti-(55 kD TNF-BP) antibody produced according to
Example 3. They reacted, however, with a monoclonal anti-
body which had been produced starting from the 75 kD band
(anti-75 kD TNF-BP antibody) according to Example 3.

Example 7
Amino Acid Sequence Analysis

For the amino acid sequence analysis, the fractions which
had been obtained according to Example 5 and which were
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active according to the filter test (Example 1) were separated
using the SDS-PAGE conditions described in Example 6, but
now reducing (SDS sample buffer with 125 mM dithiothrei-
tol). The same bands as in Example 6 were found, but because
of the reducing conditions of the SDS-PAGE in comparison to
Example 6 all showed an about 1-2 kD higher molecular
weight. These bands were then transferred according to
Example 6 on to PVDF membranes and stained with 0.15%
Serva-Blue in methanol/water/glacial acetic acid (50/400/10
parts by volume) for 1 minute, decolorized with methanol/
waler/glacial acetic acid (45/48/7 parts by volume), rinsed
with water, dried in air and thereafter cut out. The conditions
given by Hunkapiller [34] were adhered to in all steps in order
to avoid N-terminal blocking. Initially, the purified TNF-BP
were used unaltered for the amino acid sequencing. In order
to obtain additional sequence information, the TNF-BP after
reduction and S-carboxymethylation [Jones, B. N. (1986) in
“Methods of Protein Micro-characterisation”, J. E. Shively,
ed., Humana Press, Clifton N. J., 124-125] were cleaved with
cyanogen bromide (Tarr, G. E. in “Methods of Protein Micro-
characlerisation”, 165-166, loc. cit.), trypsin and/or protein-
ase K and the peptides were separated by HPLC according to
known methods of protein chemistry. Thus-prepared samples
were then sequenced in an automatic gas phase microse-
quencing apparatus (Applied Biosystems Model 470A, ABI,
Foster City, Calif., USA) with an on-line automatic HPLC
PTH amino acid analyzer (Applied Biosystems Model 120,
ABI see above) connected to the outlet, whereby the follow-
ing amino acid sequences were determined:

1. For the 55 kD band (according to non-reducing SDS-
PAGE):

Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu-Lys-Arg-Asp-
Ser-Val-Cys-Pro-Gln-Gly-Lys-Tyr-Ile-His-Pro-Gln-X-
Asn-Ser-lle (SEQ ID NO: 5),

and

Ser-Thr-Pro-Glu-Lys-Glu-Gly-Glu-Leu-Glu-Gly-Thr-
Thr-Thr-Lys (SEQ ID NO: 6) in which X stands for an
amino acid residue which could not be determined,

2. for the 5110 and 38 kD bands (according to non-reducing
SDS-PAGE):

Leu-Val-Pro-His-Leu-Gly-Asp-Arg-Glu (SEQ ID NO: 15)
3. for the 65 kD band (according to non-reducing SDS-
PAGE)

In the N-terminal sequencing of the 65 kD band two par-
allel sequences were determined up to the 15th residue
without interruption. Since one of the two scquences
corresponded to a partial sequence of ubiquitin [36, 37],
the following sequence was derived for the 65 kD band:

Leu-Pro-Ala-Gln-Val-Ala-Phe-X-Pro-Tyr- Ala-Pro-Glu-
Pro-Gly-Ser-Thr-Cys. (SEQ ID NO: 16)

in which X stands for an amino acid residue which could
not be determined.

Additional peptide sequences for 75(65) kDa-TNF-BP
were determined:
Ile-X-Pro-Gly-Phe-Gly-Val-Ala-Tyr-Pro-Ala-Leu-Glu
(SEQID NO: 11)
and
Ser-Gln-Leu-Glu-Thr-Pro-Glu-Thr-Leu-Leu-Gly-Ser-Thr-
Glu-Glu-Lys-Pro-Leu (SEQ ID NO: 7) and Val-Phe-Cys-Thr
(SEQID NO: 8)
and
Asn-Gln-Pro-Gln-Ala-Pro-Gly-Val-Glu- Ala-Ser-Gly-Ala-
Gly-Glu-Ala (SEQID NO: 9) and Leu-Cys-Ala-Pro (SEQ ID
NO: 12)
and
Val-Pro-His-Leu-Pro-Ala-Asp SEQ 1D NO: 13)
and
Gly-Ser-Gln-Gly-Pro-Glu-Gln-Gln-X -X-Leu-Ile-X-Ala-Pro
(SEQ ID NO: 14),
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in which X stands for an amino acid residue which could not
be determined.

Example 8

Determination of Base Sequences of Complementary
DNA (cDNA)

Starting from the amino acid sequence according to for-
mula IA there were synthesized having regard to the genetic
code for the amino acid residues 2-7 and 17-23 corresponding
completely degenerated oligonucleotides in suitable comple-
mentarity (“sense” and “antisense” oligonucleotides). Total
cellular RNA was isolated from HL60 cells {42, 43] and the
first cDNA strand was synthesized by oligo-dT priming or by
priming with the “antisense” oligonucleotide using a cDNA
synthesis kit (RPN 1256, Amersham, Amersham, England)
according to the instructions of the manufacturer. This cDNA
strand and the two synthesized degenerate “sense” and “anti-
sense” oligonucleotides were used in a polymerase chain
reaction (PCR, Perkin Elmer Cetus, Norwalk, Conn., USA
according to the instructions of the manufacturer) to synthe-
size as a cDNA fragment the base sequence coding for the
amino acid residues 8-16 (formula 1A). The base sequence of
this ¢DNA fragment accorded to: 5-AGGGAGAA-
GAGAGATAGTGTGTGTCCC-3' (SEQ ID NO: 16). This
cDNA fragment was used as a probe in order to identify
according to aknown procedure a cDNA clone coding for the
55 kD TNF-BP in a Agtl1-cDNA gene bank from human
placenta (42, 43). This clone was then cut according to usual
methods from the A-vector and cloned in the plasmids pUC18
(Pharmacia, Uppsala, Sweden) and pUC19 (Pharmacia, Upp-
sala, Sweden) and in the M13 mp18/M13 mp19 bacterioph-
age (Pharmacia, Uppsala, Sweden) (42, 43). The nucleotide
sequence of this cDNA clone was determined using a Seque-
nase kit (U.S. Biochemical, Cleveland, Ohio, USA) accord-
ing to the details of the manufacturer. The nucleotide
sequence and the amino acid sequence derived therefrom for
the 55 kD TNF-BP and its signal peptide (amino acid “-28”
to amino acid “O”) is given in FIG. 1 using the abbreviations
for bases such as amino acids usual in the state of the art. From
sequence comparisons with other already known receptor
protein sequences there can be determined a N-terminal
domain containing approximately 180 amino acids and a
C-terminal domain containing 220 amino acids which are
separated from one another by a transmembrane region of 19
amino acids (underlined in FIG. 1) which is typical according
to the sequence comparisons. Hypothetical glycosylation
sites are characterized in F1G. 1 by asterisks above the corre-
sponding amino acid.

Essentially analogous techniques were used to identify
75/65kD TNF-BP-coding partial cDNA sequences, whereby,
however, in this case genomic human DNA and completely
degenerated 14-mer and 15-mer “sense” and “antisense” oli-
gonucleotides derived from peptide I1A were used in order to
produce a primary 26 by cDNA probe in a polymerase chain
reaction. This cDNA probe was then used in a HL-60 cDNA
library to identify ¢DNA clones of different lengths. This
cDNA library was produced using isolated HLG0 RNA and a
¢DNA cloning kit (Amersham) according to the details of the
manufacturer. The sequence of such a cDNA clone is given in
FIG. 4 (SEQ ID NO: 28), whereby repeated sequencing lead
to the following correction as depicted in FI1G. 6 (SEQ ID NO:
3). A threonine coded by “ACC” not “TCC”, has to be at
position 3 instead of the serine.
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Example 9

Expression in COS1 Cells

Vectors starting from the plasmid “pN11” were con-
structed for the expression in COS cells. The plasmid “pN11”
contains the efficient promotor and enhancer of the “major
immediate-early” gene of human cytomegalovirus
(“HCMV™; Boshart et al., Cell 41, 521-530, 1985). Afier the
promotor there is situated a short DNA sequence which con-
tains several restriction cleavage sites, which are present only
once in the plasmid (“polylinker”), inter alia the cleavage
sites for Hindlll, Ball, BamHI and Pvull (see sequence).

Pvull
5'-AAGCTTGGCCAGGATCCAGCTGACT-
GACTGATCGCGAGATC-3' (SEQ ID NO: 17)
3-TTCGAACCGGTCCTAGGTCGACTGACT-
GACTAGCGCTCTAG-5' (SEQ ID NO: 18)

After these cleavage sites there are situated three transla-
tion stop codons in all three reading frames. After the
polylinker-sequence there is situated the 2nd intron and the
polyadenylation signal of the preproinsulin gene of the rat
(Lomedico et al., Cell 18, 545-558. 1979). The plasmid also
contains the replication origin of the SV40 virus and a frag-
ment {from pBR322 which confers E. coli-bacteria ampicillin
resistance and permits the replication of the plasmid in E. coli.

For the construction of the expression vector “pN123”, this
plasmid “pN11” was cleaved the restriction endonuclease
Pvull and subsequently treated with alkaline phosphatase.
The dephosphorylated vector was thereafter isolated from an
agarose gel (V1). The 5'-projecting nucleotides of the EcoRI-
cleaved 1.3 kb fragment of the 55 kD TNF-BP-cDNA (see
Example 8) were filled in using Klenow enzyme. Subse-
quently, this fragment was isolated from an agarose gel (F1).
Thereafter, V1 and F1 were joined together using T4-ligase.
E. coli HB101 cells were then transformed with this ligation
batch according to known methods [42]. By means of restric-
tion analyses and DNA sequencing according to known meth-
ods {42] there were identified transformants which had been
transformed with a plasmid and which contained the 1.3 kb
EcoRI fragment of the 55 kD TNF-BP-cDNA in the correct
orientation for expression via the HCMV-promoter. This vec-
tor received the designation “pN123”.

The following procedure was used for the construction of
the vector “pK19”. A DNA fragment which contained only
the cDNA coding for the extracellular part of the 55 kD
TNF-BP (amino acids -28 to 182 according to FIG. 1) was
obtained by PCR technology (Saiki et al., Science 230, 1350-
1354, 1985, sec also Example 8). The following oligonucle-
otides were used in order to amplify the cDNA from “pN123”
coding for the extracellular part of the 55 kD TNF-BP:

BAMHI
5'-CACAGGGATCCATAGCTGTCTG-
GCATGGGCCTCTCCAC-3' (SEQID NO: 19)

ASP718

3'-CGTGACTCCTGAGTCCGTGGTGTAT-
TATCTCTAGACCA TGGCCC-5' (SEQ 1D NO: 20)

By means of these oligonucleotides there were also intro-
duced two stop codons of the translation after amino acid 182.
The thus-amplified DNA fragment was cleaved with BamHI
and Asp718, the thereby resulting projecting ends were filled
in using Klenow enzyme and this fragment was subsequently
isolated from an agarose gel (F2). F2 was then ligated with V1
and the entire batch was used for the transformation of E. coli
HBI101, as already described. Transformants which had been
transformed with a plasmid containing the DNA fragment in
the correct orientation for the expression via the [ICMV-
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promoter were identified by DNA sequencing (see above).
The plasmid isolated therefrom received the designation
“pK19”.

Transtection of the COS cells with the plasmids “pN123”
or “pK19” was carried out according to the lipofection
method published by Felgner et al. (Proc. Natl. Acad. Sci.
USA 84, 7413-7417, 1987). 72 hours after the transfection
had been effected the cells transfected with “pN123” were
analyzed for binding with ***I.TNFa according to known
methods. The results of the Scatchard analysis [Scatchard, G.,
Ann. N.Y. Acad. Sci. 51, 660, 1949] of the thus-obtained
binding data (F1G. 2A) is given in FIG. 2B. The culture
supermnatants of the cells transfected with “pK19” were inves-
tigated in a “sandwich” test. For this purpose, PVC microtitre
plates (Dynatech, Arlington, Va., USA) were sensitized with
100 pl/well of a rabbit-anti-mouse immunoglobulin (10
ng/ml PBS). Subsequently, the plates were washed and incu-
bated (3 hours, 20° C.) with an anti-55 kD TNF-BP antibody
which had been detected by its antigen binding and isolated
according to Example 3, but which did not inhibit the TNF-
binding to cells. The plates were then again washed and
incubated overnight at 4° C. with 100 pl/well of the culture
supernatant (diluted 1:4 with buffer A containing 1%
skimmed milk powder: 50 mM Tris/HCI pH 7.4, 140 mM
NaCl, 5 mM EDTA, 0.02% Na azide). The plates were emp-
tied and incubated at 4° C. for 2 hours with buffer A contain-
ing '2*I-TNFa, (10° cpm/ml, 100 yl/well) with or without the
addition of 2 pg/ml of unlabelled TNF. Thereafter, the plates
were washed 4 times with PBS, the individual wells were cut
out and measured in a A-counter. The results of 5 parallel
transfections (columns #2, 3, 4, 6 and 7), of two control
transfections with the pN11 vector (columns #1, 5) and of a
control with HL.60 cell lysate (column #8) are given in FIG. 3.

Example 10
Expression in Insect Cells

The plasmid “pVL941” (Luckow and Summers, 1989,
“Iligh Level Expression of Nonfused Foreign (GGenes with
Autographa california Nuclear Polyhedrosis virus Expres-
sion Vectors™, Virology 170, 31-39) was used for the expres-
sion in a baculovirus expression system and was modified as
follows. The single EcoRI restriction cleavage site in
“pVL.941” was removed by cleaving the plasmid with EcoRI
and the projecting 5'-end was filled in with Klenow enzyme.
The plasmid pVL941/E obtained therefrom was digested
with BamHI and Asp718 and the vector trunk was subse-
quently isolated fromn an agarose gel. This fragment was
ligated with a synthetic oligonucleotide of the following
sequence:

BaniHI EcoRI Asp718

5'-GATCCAGAATTCATAATAG-3' (SEQ ID NO: 21)

3'-GTCTTAAGTATTATCCATG-5' (SEQ ID NO: 22)

E. coli HB101 was transformed with the ligation batch and
transformants containing a plasmid in which the oligonucle-
otide had been incorporated correctly were identified by
restriction analysis and DNA sequencing according 1o known
methods (see above); this plasmid was named “pNR704”. For
the construction of the transter vector “pN113”, this plasmid
“pNR704” was cleaved with EcoRI, treated with alkaline
phosphatase and the thus-produced vector trunk (V2) was
subsequently isolated from an agarose gel. The 1.3 kb frag-
ment of the 55 kD TNF-BP-cDNA cleaved with EcoRI as
above was ligated with fragment V2. Transformants obtained
with this ligation batch, which contained a plasmid contain-
ing the cDNA insert in the correct orientation for the cxpres-
sion via the polyhedron promwoter, were identified (see
above). The vector isolated therefrom reccived the designa-
tion “pN113”.
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The following procedure was used for the construction of
the transfer vector “pN119”. The 1.3 kb EcoRI/EcoRI frag-
ment of the 55 kD TNF-BP ¢DNA in the “pUC19” plasmid
(see Example 8) was digested with Banl and ligated with the
following synthetic oligonucleotide:

Banl Asp718

5'-GCACCACATAATAGAGATCTGGTACCGGGAA-3'
(SEQ ID NO: 23)

3'-GTGTATTATCTCTAGACCATGGCCC-5' (SEQ ID
NO: 24)

Two stop codons of the translation after amino acid 182 and
a cleavage site for the restriction endonuclease Asp718 are
incorporated with the above adaptor. After carrying out liga-
tion the batch was digested with EcoR] and Asp718 and the
partial 55 kD TNF-BP fragment (F3) was isolated. Further-
more, the plasmid “pNR704”, likewise cleaved with Asp718
and EcoRI, was ligatcd with F3 and the ligation batch was
transformed into E. coli HB101. The identification of the
transformants which contained a plasmid in which the partial
55 kD TNF-BP ¢DNA had been correctly integrated for the
expression was effected as already described. The plasmid
isolated from these transformants received the name
“pN119”.

The following procedure was used for the construction of
the transfer vector “pN124”. The cDNA fragment coding for
the extracellular part of the 55 kD TNF-BP. described in
Example 9, was amplified with the specified oligonucleotides
with the aid of PCR technology as described in Example 9.
This fragment was cleaved with BamHI and Asp718 and
isolated from an agarose gel (F4). The plasmid “pNR704”
was also cleaved with BamHI and Asp718 and the vector
trunk (V4) was isolated (see above). The fragments V4 and I'4
were ligated, E. coli HB101 was transformed therewith and
the recombinant transfer vector “pN124” was identified and
isolated as described.

The following procedure was uscd for the transfection of
the insect cells. 3 ug of the transfer vector “pN113” were
transfected with 1 pug of DNA of the Autographa californica
nuclear polyhedrosisvirus (AcMNPV) (EP 127839) in Sf9
cells (ATCC CRL 1711). Polyhedron-negative viruses were
identified and purified from “plaques” [52]. Sf9 cells were
again infected with these recombinant viruses as described in
[52]. After 3 days in the culture the infected cells were inves-
tigated for TNF-binding using '**I-TNFa. For this purpose,
the transfected cclls were washed from the cell culture dish
with a Pasteur pipette and resuspended at a cell density of
5x10° cells/ml of culture medium [52] which contained 10
ng/ml of #31-INF-a,, not only in the presence of, but also in
the absence of 5 pg/ml of non-labelled TNF-a and incubated
onice for 2 hours. Thereafter, the cells were washed with pure
culture medium and the cell-bound radioactivity was counted
in a y-counter (see Table 2).

TABLE 2
Cell-bound
radioactivity
Cells per 10° cells
Non-infected cells (control) 60 cpm

Infected cells 1600 £330 cpm

D Average and standard deviation from 4 experiments

Example 11

Analogously to the procedure described in Example 9, the
cDNA fragment coding for the extracellular region of the 55
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kDDa TNF-BP was amplified in a polymerase chain reaction,
but now using the following oligonucleotides as the primer:
Oligonucleotide 1:

Sst1
5'-TAC GAG CTC GGC CAT AGC TGT CTG GCA TG-3'
(SEQ 1D NO: 25)

Oligonucleotide 2:

Sst1
5'-ATA GAG CTC TGT GGT GCC TGA GTC CTC AG-3'
(SEQ 1D NO: 26)

This ¢cDNA fragment was ligated in the pCD4-Hy3 vector
[DSM 5523; European Patent Application No. 90107393.2;
Japanese Patent Application No. 108967/90; U.S. patent
application Ser. No. 51/077,390] from which the CD4-cDNA
had been removed via the Sstl restriction cleavage sites. Sstl
cleavage sites are situated in vector pCD4-Hy3 not only in
front of, but also behind the CD4-partial sequence fragment.
The construction was transfixed in J558 myeloma cells
(ATCC No. TIB6) by means of protoplast fusion according to
Oi et al. (Procd. Natl. Acad. Sci. USA 80, 825-829, 1983).
Transfectants were selected by adding 5 pg/ml of mycophe-
nolic acid and 250 pg/m] of xanthin (Traunecker et al., Eur. J.
Immunol. 16, 851-854 [1986]) in basic medium (Dulbecco’s
modified Eagle’s Medium, 10% foetal calf serum, 5x10~°M
2-mercaptoethanol). The expression product secreted by the
transfixed cells could be purified using usual methods of
protein chemistry, e.g. TNF-BP-antibody aflinity chromatog-
raphy. Unless not already specifically indicated, standard pro-
cedures as described e.g. by Freshney, R. 1. in “Culture of
Animal Cells”, Alan R. Liss, Inc., New York (1983) were used
for the cultivation of the cell lines employed, for the cloning,
for the selection or for the expansion of the cloned cells.

REFERENCES

1. G. E. Nedwin, S. L. Naylor, A. Y. Sakaguchi, D. Smith, J.
Jarrett-Nedwin, D. Pennica, D. V. Goeddel and P. W. Gray:
Nucl. Acids Res. 13, 6361, 1985

2. B. Beutler and A. Cerami: New Lngland J. Med. 316, 379,
1987

3, L. J. Old: Science 230, 630, 1985

4. G. Trinchieri, M. Kobayashi, M. Rosen, R. Loudon, M.
Murphy and B. Perussia: J. exp. Med. 164, 1206, 1986

5. 1. Vilcek, V. 1. Palombella, D. Henriksen-de Stefano, C.
Swenson, R. Feinman, M. Hirai and M. Tsujimoto: J. exp.
Med. 163, 632, 1986

6.B.J. Sugarman, B. B. Aggarwal, P. E. Hass, I. S. Figari, M.
A. Palladino and H. M. Shepard: Science 230, 943, 1985

7. 1. R. Gamble, J. M. Harlan, S. J. Klebanoff and M. A.
Vadas: Proc. Natl. Acad. Sci. USA 82, 8667, 1985

8. N. Sato, T. Goto, K. Haranaka, N. Satomi, I1. Nariuchi, Y.
Mano andY. Sawasaki: J. Natl. Cancer Inst. 76, 1113, 1986

9. A. H. Stolpen, E. C. Guinan, W. Fiers and J. S. Pober: Am.
J. Pathol. 123, 16, 1986

10. J. S. Pober, L. A. Lapierre, A. H. Stolpen, T. A. Brock, T.
A. Springer, W. Fiers, M. P. Bevilacqua, D. L. Mendrick
and M. A Gimbrone: J. Inmunol. 138, 3319, 1987

11. M. Kawakami, P. Pekala, M. Lane and A. Cerami: Proc.
Natl. Acad. Sci. USA 79, 912, 1982

12. T. Collins, L. A. Lapierre, W. Ficrs, J. L. Strominger and
J. S Pober: Proc. Natl. Acad. Sci. USA 83, 446, 1986

13.G. H. W. Wong and D. V. Goeddel: Nature 323, 819, 1986

14. J. W. Lowenthal, D. W. Ballard, E. Behnlein and W. C.
Greene: Proc. Natl. Acad. Sci. USA 86, 2331, 1989

15. M. J. Lenardo, C. M. Fan, T. Maniatis and D. Baltimore:
Cell 57, 287, 1989

10

20

25

30

35

40

45

55

60

22

16. A. K. Goldfeld and T. Maniatis: Proc. Natl. Acad. Sci.
USA 86, 1490, 1989

17. A. Waage, A. Halsteuren and T. Espevik: Lancet, Febr. 14,
1987, 355,

18. C. O. Jacob and H. O. McDevitt: Nature 331, 356, 1988

19. G. E. Grau, L. F. Fajardo, P. Piquet, B. Allet, P. Lambert
and P. Vassalli: Science 237, 1210, 1987

20. B. Beutler. 1. W. Milsark and A. C. Cerami: Science 229,
869, 1985

21.B.B. Aggarwal, T. E. Eessalu and . E. Hass: Nature 318,
665, 1985

22. M. Tsujimoto, Y. K. Yip and J. Vilcek: Proc. Natl. Acad.
Sci. USA 82, 7626, 1985

23. C. Baglioni, S. McCandless, J. Tavernier and W. Fiers: J.
Biol. Chem. 260, 13395, 1985

24. P. Hohmann, R. Remy, M. Brockhaus and A. P. G. M. van
Loon: J. Biol. Chem., im Druck

25.F.C.Kull. S. Jacobs and P. Cuatrecasas: Proc. Natl. Acad.
Sci. USA 82, 5756, 1985

26. A. A. Creasy, R. Yamamoto and Ch. R. Vitt: Proc. Natl.
Acad. Sci. USA 84, 3293, 1987

27. G. B. Stauber, R. A. Aiyer and B. B. Aggarwal: J. Biol.
Chem. 263, 19098, 1988

28. K. Hirano, K. Yamamoto, Y. Kobayashi and T. Osawa: J.
Biochem. 105, 120, 1989

29.Y. Niitsu, N. Watanabe, H. Sone, H. Neda, N. Yamauchi.
M. Maeda and 1. Urushizaki: J. Biol. Resp. Modifiers 7,
276, 1988

30.1. Olsson, A. Grubb, U. Gullberg, M. Lantz, E. Nilsson, C.
Peetre and H. Thysell: Abstract, 2nd Intern. Conference on
Tumor Necrosis Factor and Related Cytokines, Napa,
Calif,, 15.-20. Januar 1989

31. H. R. Loetscher and M. Brockhaus: Abstract, 2nd Intern.
Conference on Tumor Necrosis Factor and Related Cytok-
ines, Napa, Calif., 15.-20. Januar 1989

32. M. Brockhaus, H. Loetscher, H.-P. Hohmann and W.
Hunziker: Abstract, 2nd Intern. Conference on Tumor
Necrosis Factor and Related Cytokines, Napa, Calif., 15.-
20. Januar 1989

33. C. R. Cantor and P. R. Schimmel, in Biophysical Chem-
istry, W.H. Freeman, ed., San Francisco, 1980, P. 850

34. M. W. Hunkapiller, E. Lujan, F. Ostrander, L. E. Hood:
Methods Enzymol. 91, 227, 1983

35.U. K. Lammli: Nature 227, 680, 1970

36. T. St. John, W. M. Gallatin, M. Siegelman. H. T. Smith, V.
A. Fried and 1. L. Weissman: Science 231. 845, 1986

37.M. Siegelman, M. W. Bond, W. M. Gallatin, T. St. John, H.
T. Smith, V. A. Fried and I. L. Weissman: Science 231, 823,
1986

38. H. Towbin, T. Staehelin and J. Gordon: Proc. Natl. Acad.
Sci. USA 76, 4350, 1979

39. Dinarello, Ch. A., in Lymphokines, Vol. 14, E. Pick, ed., p.
1, Academic Press, London, 1987

40.D.J. Merchant, R. H. Kahn and W. H. Murphy: Handbook
of Cell and Organ Culture, Burgess Publ. Co., Minneapo-
lis, 1969

41.G. E. Grau, T. E. Taylor, M. E. Molyneux, J. J. Wirima, P.
Vassalli, M. Hommel and P. Lambert: New Engl. J. Med.
320, 1586, 1989

42. J. Sambrook, E. F. Fritsch and T. Maniatis: Molecular.
Cloning, A Laboratory Manual, 2nd ed., Cold Spring Har-
bor Laboratory, Cold Spring Harbor, Cold Spring Harbor
Laboratory Press, 1989

43.F. M. Ausubel, R. Brent, R. E. Kingston, D. D. Moore, J.
A. Smith, J. G. Seidman and K. Struhl: Current Protocols in
Molecular Biology 1987-1988, S. Wiley and Sons, New
York, 1987



Case 2:16-cv-01118-CCC-MF Document 18 Filed 02/29/16 Page 116 of 180 PagelD: 602

US 8,163,522 Bl

23

44. E. Harlow and D. Lane: Antibodies, A Laboratory
Manual, Cold Spring Harbor Laboratory Publications,
New York, 1988

45. S. Fazekas de St. Groth and D. Scheidegger: J. Immunol.
Methods 35, 1, 1980

46. D. Pennica and D. V. Goeddel, in Lymphokines, Vol. 13,
D. R. Webb and D. V. Goeddel, eds. p. 163, Academic
Press, London, 1987

47. ]. Tavernier, L. Franzen, A. Marmenout, J. van der Hey-
den, R. Muller, M. Ruysschaert, A. van Vliet, R. Banden
and W. Fiers, in Lymphokines, Vol. 13, D. R. Webb and D.
V. Goeddel, eds., p. 181, Academic Press, London

24

48. P. J. Fraker and J. C. Speck: Biochem. Biophys. Res.
Commun. 80, 849, 1987

49.D. H. Erlich, D. H. Gelfand, R. K. Saiki: Nature 331, 61,
1988

50. Bosserhoff, J. Wallach and R. W. Frank: I. Chromatogr.
473,71, 1989

51. R. Lathe: J. Mol. Biol. 183, 1, 1985

52. Luckow and Summers, “A Manual of Methods for Bacu-
lovirus Vectors and Insect Cell Culture Procedures”, Texas
Agricultural Experimental Station, Texas A & M Univer-
sity, Bulletin No. 1555, 2nd edition, 1988

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 29

<210> SEQ ID NO 1
<211> LENGTH: 2111

«<212> TYPE: DNA

«<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

gaattcgggg gggttcaaga tcactgggac caggccgtga tcetctatgee cgagtctcaa 60
ccctcaactg tcaccccaag gcacttggga cgtectggac agaccgagtc ccgggaagec 120
ccagcactge cgctgccaca ctgccctgag cccaaatggg ggagtgagag gecatagetg 180
tctggcatgg gcoctctecac cgtgectgac ctgctgetge cgctggtget cetggagetyg 240
ttggtgggaa tataccectc aggggttatt ggactggtece ctcacctagg ggacagggag 300
aagagagata gtgtgtgtcce ccaaggaaaa tatatccacce ctcaaaataa ttcegatttge 360
tgtaccaagt gccacaaagg aacctacttg tacaatgact gtccaggcce ggggcaggat 420
acggactgca ggdagtgtga gagcggctcce ttcaccgctt cagaaaacca cctcagacac 480
tgcctecaget gotecaaatg ccgaaaggaa atgggtcagg tggagatctc ttcttgcaca 540

gtggaccggg acaccgtgtg tggctgcagg aagaaccagt accggcatta ttggagtgaa 600

aaccttttcc agtgcttcaa ttgcagectc tgcctcaatg ggaccgtgca cctctcctge 660
caggagaaac agaacaccgt gtgcacctgc catgcaggtt tctttctaag agaaaacgag 720
tgtgtctect gtagtaactg taagaaaagc ctggagtgca cgaagttgtg cctaccccag 780
attgagaatg ttaagggcac tgaggactca ggcaccacag tgctgttgee cctggtcatt 840
ttctttggtc tttgecctttt atccctectc ttcattggtt taatgtatcg ctaccaacgg 900
tggaagtcca agctctactc cattgtttgt gggaaatcga cacctgaaaa agagggggag 960

cttgaaggaa ctactactaa gcccctggec ccaaacccaa gcttcagtec cactecagge 1020

ttcacccecca ceetgggett cagtccegtg cccagttcca ccttcaccte cagctccacce 1080

tataccccecg gtgactgtcecce caactttgcg gctccccgca gagaggtggce accaccctat 1140

cagggggctg accecatcct tgegacagee ¢tcgectceyg accccatcec caacccectt 1200

cagaagtggg aggacagcgc ccacaagcca cagagcctag acactgatga ccccgcgacg 1260

ctgtacgccg tggtggagaa cgtgccecccg ttgecgctgga aggaattcegt gocggcgecta 1320

gggctgageg accacgagat cgatcggctg gagctgcaga acgggcgcetg cctgcgcgag 1380

gcgcaataca gcatgctggce gacctggagg cggcgcacgc cgcggegega dggccacgetyg 1440

gagctgetgg gacgegtdet ccgcgacatg gacctgectgg getgectgga ggacatcgag 1500

gaggcgcettt geggceecge cgccctoceeg cecgcegecca gtcttctcag atgaggctge 1560
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geecectgegg gcagetctaa ggaccgtcect gcegagatcge cttcecaacce cactttttte 1620
tggaaaggag gggtcctgea ggggcaagcea ggagctagca gccgcctact tggtgcetaac 1680
ccctaogatgt acatagettt tctcagetge ctgegegecg ccgacagtca gegetgtgeg 1740
cgcggagaga ggtgogecgt gggcetcaaga gcctgagtgg gtggtttgeg aggatgaggg 1800
acgctatgce tcatgecegt tttgggtgtc ctcaccagca aggetgctcg ggggeccetg 1860
gttegtecet gagecttttt cacagtgcat aagcagtttt ttttgttttt gttttgtttt 1920
gttttgtttt taaatcaatc atgttacact aatagaaact tggcactcct gtgecctctg 1980
cctggacaag cacatagcaa gctgaactgt cctaaggcag gggcgagcac ggaacaatgg 2040
ggeocttcage tggagetgtg gacttttgta catacactaa aattctgaag ttaaaaaaaa 2100
aacccgaatt ¢ 2111
<210> SEQ ID NO 2

<211> LENGTH: 455

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Gly Leu Ser Thr Val Pro Asp Leu Leu Leu Pro Leu Val Leu Leu
1 5 10 15

Glu Leu Leu Val Gly Ile Tyr Pro Ser Gly Val Ile Gly Leu Val Pro
20 25 30

His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro Gln Gly Lys
35 40 45

Tyr Ile His Pro Gln Asn Asn Ser Ile Cys Cys Thr Lys Cys His Lys
50 S5 60

Gly Thr Tyr Leu Tyr Asn Asp Cys Pro Gly Pro Gly Gln Asp Thr Asp
€5 70 75 80

Cys Arg Glu Cys Glu Ser Gly Ser Phe Thr Ala Ser Glu Asn His Leu
85 90 95

Arg His Cys Leu Ser Cys Ser Lys Cys Arg Lys Glu Met Gly Gln Val
100 105 110

Glu Ile Ser Ser Cys Thr Val Asp Arg Asp Thr Val Cys Gly Cys Arg
115 120 125

Lys Asn Gln Tyr Arg His Tyr Trp Ser Glu Asn Leu Phe Gln Cys Phe
130 135 140

Asn Cys Ser Leu Cys Leu Asn Gly Thr Val His Leu Ser Cys Gln Glu
145 150 155 160

Lys Gln Asn Thr Val Cys Thr Cys His Ala Gly Phe Phe Leu Arg Glu
165 170 175

Asn Glu Cys Val Ser Cys Ser Asn Cys Lys Lys Ser Leu Glu Cys Thr
180 185 190

Lys Leu Cys Leu Pro Gln Ile Glu Asn Val Lys Gly Thr Glu Asp Ser
195 200 205

Gly Thr Thr Val Leu Leu Pro Leu Val Ile Phe Phe Gly Leu Cys Leu
210 215 220

Leu Ser Leu Leu Phe Ile Gly Leu Met Tyr Arg Tyr Gln Arg Trp Lys
225 230 235 240

Ser Lys Leu Tyr Ser Ile Val Cys Gly Lys Ser Thr Pro Glu Lys Glu
245 250 255

Gly Glu Leu Glu Gly Thr Thr Thr Lys Pro Leu Ala Pro Asn Pro Ser
260 265 270

Phe Ser Pro Thr Pro Gly Phe Thr Pro Thr Leu Gly Phe Ser Pro Val
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275 280 285

Pro Ser Ser Thr Phe Thr Ser Ser Ser Thr Tyr Thr Pro Gly Asp Cys
290 295 300

Pro Asn Phe Ala Ala Pro Arg Arg Glu Val Ala Pro Pro Tyr Gln Gly
305 310 315 320

Ala Asp Pro Ile Leu Ala Thr Ala Leu Ala Ser Asp Pro Ile Pro Asn
325 330 335

Pro Leu Gln Lys Trp Glu Asp Ser Ala His Lys Pro Gln Ser Leu Asp
340 345 350

Thr Asp Asp Pro Ala Thr Leu Tyr Ala Val Val Glu Asn Val Pro Pro
355 360 365

Leu Arg Trp Lys Glu Phe Val Arg Arg Leu Gly Leu Ser Asp His Glu
370 375 380

Ile Asp Arg Leu Glu Leu Gln Asn Gly Arg Cys Leu Arg Glu Ala Gln
385 390 395 400

Tyr Ser Met Leu Ala Thr Trp Arg Arg Arg Thr Pro Arg Arg Glu Ala
405 410 415

Thr Leu Glu Leu Leu Gly Arg Val Leu Arg Asp Met Asp Leu Leu Gly
420 425 430

Cys Leu Glu Asp Ile Glu Glu Ala Leu Cys Gly Pro Ala Ala Leu Pro
435 440 445

Pro Ala Pro Ser Leu Leu Arg
450 455

<210> SEQ ID NO 3

<211> LENGTH: 2339

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

tcggacaccg tgtgtgacte ctgtgaggac agcacataca cccagcetcetyg gaactgggtt 60
cccgagtgcet tgagetgtgg ctcccgetgt agctctgacce aggtggaaac tcaagectgce 120
actcgggaac agaaccgcat ctgcacctge aggecccgget ggtactgcge gctgagcaag 180

caggaggggt gccggetgtg cgcgccgctg ccgaagtgec gecegggett cggcgtggee 240

agaccaggaa ctgaaacatc agacgtggtg tgcaagcect gtgecccggg gacgttetee 300
aacacgactt catccacgga tatttgcagg ccccaccaga tctgtaacgt ggtggccatc 360
cctgggaatg caagcaggga tgcagtctge acgtccacgt ccceccaccecg gagtatggec 420
ccaggggcag tacacttacc ccagccagtg tccacacgat cccaacacac gcagccaagt 480
ccagaaccca gcactgctec aagcacctcc ttcctgectec caatgggeccc cagcccccca 540
gctgaaggga gcactggcga cttcgctctt ccagttggac tgattgtggg tgtgacagece 600
ttgggtctac taataatagg agtggtgaac tgtgtcatca tgacccaggt gaaaaagaag 660
cccttgtgce tgcagagaga agccaaggtg cctcacttgec ctgccgataa ggcccggggt 720
acacagggcce ccgagcagca dgcacctgetg atcacagcge cgagctccag cagcagetcce 780
ctggagagct cggccagtgce gttggacaga agggcgccca ctcggaacca gccacaggcea 840

ccaggcgtgg aggccagtgg ggceggggag goccgggcca gcaccgggag ctcagcagat 900
tctteecectg gtggccatgg gacccaggtc aatgtcacct gcatcgtgaa cgtctgtage 960
agctctgacce acagctcaca gtgctectee caagccagcet ccacaatggg agacacagat 1020
tccagcccct cggagtccec gaaggacgag caggtcccect tctccaagga ggaatgtgec 1080

tttcggtcac agctggagac gccagagacc ctgctgggga gcaccgaaga gaagcccctg 1140
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ccecttggag tgoctgatge tgggatgaag cccagttaac caggecggtyg tgggetgtgt 1200
cgtagccaag gtggctgage cctggcagga tgaccctgeg aaggggccct ggtectteca 1260
ggcccccace actaggactc tgaggetcett tcetgggcecaa gttcectctag tgccctecac 1320
agccgcagcec tccctectgac ctgcaggeca agagcagadg cagcgagttg tggaaagect 1380
ctgctgecat ggegtgtece tetcggaagg ctggetggge atggacgttc ggggcatget 1440
ggggcaagtc cctgagtctce tgtgacctge cccgeccage tgcacctgee agectggett 1500
ctggagccect tgggtttttt gtttgtttgt ttgtttgttt gtttgtttct ccccctgggce 1560
tctgeccage tctggettce agaaaaccece agcatcecttt tcetgcagagg ggcetttetgg 1620
agaggaggga tgctgectga gtcacccatg aagacaggac agtgcttcag cctgaggcetg 1680
agactgcggg atggtcctgg ggctctgtge agggaggagg tggcagccct gtagggaacyg 1740
gggtccttceca agttagcetca ggaggcttgg aaagcatcac ctcaggcecag gtgcagtgge 1800
tcacgcctat gatcccagca ctttgggagg ctgaggceggg tggatcacct gaggttagga 1860
gttcgagacc agcctggcca acatggtaaa accccatctc tactaaaaat acagaaatta 1920
gcecgggegtg gtggegggca cctatagtcee cagcetactca gaagectgag gctgggaaat 1980
cgtttgaacc cgggaagcgg aggttgcagg gagcecgagat cacgcecactg cactcecagece 2040
tgggcgacag agcgagagtc tgtctcaaaa gaaaaaaaaa aagcaccgcece tccaaatget 2100
aacttgtcct tttgtaccat ggtgtgaaag tcagatgcece agagggecca ggcaggcecac 2160
catattcagt gctgtggect gggcaagata acgcacttct aactagaaat ctgccaattt 2220
tttaaaaaag taagtaccac tcaggccaac aagccaacga caaagccaaa ctcectgcecagce 2280
cacatccaac cccccacctg ccatttgcac cctcecgectt cactceeggtg tgcctgeag 2339
<210> SEQ ID NO 4

<211> LENGTH: 392

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Ser Asp Thr Val Cys Asp Ser Cys Glu Asp Ser Thr Tyr Thr Gln Leu
1 5 10 15

Trp Asn Trp Val Pro Glu Cys Leu Ser Cys Gly Ser Arg Cys Ser Ser
20 25 30

Asp Gln Val Glu Thr Gln Ala Cys Thr Arg Glu Gln Asn Arg Ile Cys
35 40 45

Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu Ser Lys Gln Glu Gly Cys
50 S5 60

Arg Leu Cys Ala Pro Leu Pro Lys Cys Arg Pro Gly Phe Gly Val Ala
65 70 75 80

Arg Pro Gly Thr Glu Thr Ser Asp Val Val Cys Lys Pro Cys Ala Pro
85 90 95

Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr Asp Ile Cys Arg Pro His
100 105 110

Gln Ile Cys Asn Val Val Ala Ile Pro Gly Asn Ala Ser Axrg Asp Ala
115 120 125

Val Cys Thr Ser Thr Ser Pro Thr Arg Ser Met Ala Pro Gly Ala Val
130 138 140

His Leu Pro Gln Pro Val Ser Thr Arg Ser Gln His Thr Gln Pro Ser
145 150 155 160

Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser Phe Leu Leu Pro Met Gly
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165 170 175

Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly Asp Phe Ala Leu Pro Val
180 185 190

Gly Leu Ile Val Gly Val Thr Ala Leu Gly Leu Leu Ile Ile Gly Val
195 200 205

Val Asn Cys Val Ile Met Thr Gln Val Lys Lys Lys Pro Leu Cys Leu
210 215 220

Gln Arg Glu Ala Lys Val Pro His Leu Pro Ala Asp Lys Ala Arg Gly
225 230 235 240

Thr Gln Gly Pro Glu Gln Gln His Leu Leu Ile Thr Ala Pro Ser Ser
245 250 255

Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser Ala Leu Asp Arg Arg Ala
260 265 270

Pro Thr Arg Asn Gln Pro Gln Ala Pro Gly Val Glu Ala Ser Gly Ala
275 280 285

Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser Ala Asp Ser Ser Pro Gly
290 295 300

Gly His Gly Thr Gln Val Asn Val Thr Cys Ile Val Asn Val Cys Ser
305 310 318 320

Ser Ser Asp His Ser Ser Gln Cys Ser Ser Gln Ala Ser Ser Thr Met
325 330 335

Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro Lys Asp Glu Gln Val
340 345 350

Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser Gln Leu Glu Thr Pro
355 360 365

Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro Leu Pro Leu Gly Val
370 375 380

Pro Asp Ala Gly Met Lys Pro Ser
385 390

«210> SEQ ID NO 5

«211> LENGTH: 28

«212»> TYPE: PRT

«<213> ORGANISM: Artificial sequence

<220> FEATURE:

«223> OTHER INFCRMATION: Synthetic peptide

«220> FEATURE:

<221> NAME/KEY: misc_feature

<222»> LOCATION: (25)..(25)

<223» OTHER INFCRMATION: Xaa = unknown amino acid

<400:> SEQUENCE: 5

Leu Val Pro His Leu Gly Asp Arg Glu Lys Arg Asp Ser Val Cys Pro
1 5 10 15

Gln Gly Lys Tyr Ile His Pro Gln Xaa Asn Ser Ile
20 25

<210> SEQ ID NO 6

<211> LENGTH: 15

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 6
Ser Thr Pro Glu Lys Glu Gly Glu Leu Glu Gly Thr Thr Thr Lys

1 5 10 15

<210> SEQ ID NO 7
<211> LENGTH: 18
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<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFCRMATION: Synthetic peptide

<400> SEQUENCE: 7

Ser Gln Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys
1 5 10 15

Pro Leu

<210> SEQ ID NO 8

<211> LENGTH: 4

<212»> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<2235 OTHER INFCRMATION: Synthetic peptide

<400> SEQUENCE: 8

Val Phe Cys Thr
1

<210»> SEQ ID NO 9

<211> LENGTH: 16

<212»> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220:> FEATURE:

<223 OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 9

Asn Gln Pro Gln Ala Pro Gly Val Glu Ala Ser Gly Ala Gly Glu Ala
1 s 10 15

<210> SEQ ID NO 10

<211> LENGTH: 18

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INPORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222» LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 10

Leu Pro Ala Gln Val Ala Phe Xaa Pro Tyr Ala Pro Glu Pro Gly Ser
1 5 10 15

Thr Cys

<210> SEQ ID NO 11

<211> LENGTH: 13

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 11

Ile Xaa Pro Gly Phe Gly Val Ala Tyr Pro Ala Leu Glu
1 5 10

<210> SEQ ID NO 12

<211> LENGTH: 4

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence
<220> FEATURE:
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<223:> OTHER INFORMATION: Synthetic peptide
<400:> SEQUENCE: 12

Leu Cys Ala Pro
1

<210> SEQ ID NO 13

<211> LENGTH: 7

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223:» OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 13

Val Pro His Leu Pro Ala Asp
1 5

«210> SEQ ID NO 14

<21i> LENGTH: 15

<212> TYPE: PRT

<213» ORGANISM: Artificial sequence

<220> FEATURE:

<223» OTHER INFORMATION: Synthetic peptide

<220 FEATURE:

<221» NAME/KEY: misc_feature

<222> LOCATION: (9)..(10)

<223» OTHER INFORMATION: Xaa = unknown amino acid
<220> FEATURE:

<221» NAME/KEY: misc_feature

<222>» LOCATION: (13)..(13)

<223>» OTHER INFORMATION: Xaa = unknown amino acid

<400> SEQUENCE: 14

Gly Ser Gln Gly Pro Glu Gln Gln Xaa Xaa Leu Ile Xaa Ala Pro
1 5 10 15

<210> SEQ ID NO 15

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic peptide

<400> SEQUENCE: 15

Leu Val Pro His Leu Gly Asp Arg Glu
1 5

«210> SEQ ID NO 16

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 16

agggagaaga gagatagtgt gtgtcce 27
<210> SEQ ID NO 17

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFOCRMATION: Synthetic primer

<400> SEQUENCE: 17

aagettggec aggatccage tgactgactg atcgcgagat ¢ 41

<210> SEQ ID NO 18
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<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

«220> FEATURE:

<223> OTHER INFCRMATION: Antisense primer

<400> SEQUENCE: 18

gatctcgcega tcagtcagte agetggatce tggccaaget t 41

<210> SEQ ID NO 19

<21l> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223»> OTHER INFCRMATION: Synthetic primer

<400> SEQUENCE: 19

cacagggatc catagctgtc tggcatggge ctetccac 38

<210»> SEQ ID NO 20

<21.> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223:» OTHER INFORMATION: Antisense primer

<400>» SEQUENCE: 20

cccggtacca gatctctatt atgtggtgee tgagtectca gtge 44

<210>» SEQ ID NO 21

<211> LENGTH: 19

<212» TYPE: DNA

<212> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 21

gatccagaat tcataatag 19

<210> SEQ ID NO 22

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 22

gtacctatta tgaattctg 19

<210> SEQ ID NO 23

<211> LENGTH: 31

«<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 23

gcaccacata atagagatct ggtaccggga a 31

<210> SEQ ID NO 24

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Antisense primer

<400> SEQUENCE: 24
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cccggtacca gatctcetatt atgtg 25

<210> SEQ ID NO 25

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic primer

<400> SEQUENCE: 25

tacgagctcg gccatagetg tctggeatg 29
<210> SEQ ID NO 26

<211> LENGTH: 2&

<212> TYPE: DNA

<213> ORGANISM: Artificial sequence

<220> FEATURE:

<223> OTHER INFCRMATION: Synthetic primer

<400> SEQUENCE: 26

atagagctct gtggtgcctg agtcectcag 29
<210> SEQ ID NO 27

<211»> LENGTH: 461

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400 SEQUENCE: 27

Met Ala Pro Val Ala Val Trp Ala Ala Leu Ala Val Gly Leu Glu Leu
1 5 10 15

Trp Ala Ala Ala His Ala Leu Pro Ala Gln Val Ala Phe Thr Pro Tyr
20 25 30

Ala Pro Glu Pro Gly Ser Thr Cys Arg Leu Arg Glu Tyr Tyr Asp Gln
35 40 45

Thr Ala Gln Met Cys Cys Ser Lys Cys Ser Pro Gly Gln His Ala Lys
Val Phe Cys Thr Lys Thr Ser Asp Thr Val Cys Asp Ser Cys Glu Asp
65 70 75 80
Ser Thr Tyr Thr Gln Leu Trp Asn Trp Val Pro Glu Cys Leu Ser Cys
8
Gly Ser Arg Cys Ser Ser Asp Gln Val Glu Thr Gln Ala Cys Thr Arg
100 105 110

Glu Gln Asn Axg Ile Cys Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu
115 120 125

Ser Lys Gln Glu Gly Cys Arg Leu Cys Ala Pro Leu Arg Lys Cys Arg
130 135 140

Pro Gly Phe Gly Val Ala Arg Pro Gly Thr Glu Thr Ser Asp Val Val
145 150 155 160

Cys Lys Pro Cys Ala Pro Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr
165 170 175

Asp Ile Cys Arg Pro His Gln Ile Cys Asn Val Val Ala Ile Pro Gly
180 185 190

Asn Ala Ser Met Asp Ala Val Cys Thr Ser Thr Ser Pro Thr Arg Ser
195 200 205

Met Ala Pro Gly Ala Val His Leu Pro Gln Pro Val Ser Thr Arg Ser
210 215 220

Gln His Thr Gln Pro Thr Pro Glu Pro Ser Thr Ala Pro Ser Thr Ser
225 230 235 240

Phe Leu Leu Pro Met Gly Pro Ser Pro Pro Ala Glu Gly Ser Thr Gly
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245 250 255

Asp Phe Ala Leu Pro Val Gly Leu Ile Val Gly Val Thr Ala Leu Gly
260 265 270

Leu Leu Ile Ile Gly Val Val Asn Cys Val Ile Met Thr Gln Val Lys
275 280 285

Lys Lys Pro Leu Cys Leu Gln Arg Glu Ala Lys Val Pro His Leu Pro
290 295 300

Ala Asp Lys Ala Arg Gly Thr Gln Gly Pro Glu Gln Gln His Leu Leu
305 310 315 320

Ile Thr Ala Pro Ser Ser Ser Ser Ser Ser Leu Glu Ser Ser Ala Ser
325 330 335

Ala Leu Asp Arg Arg Ala Pro Thr Arg Asn Gln Pro Gln Ala Pro Gly
340 345 350

Val Glu Ala Ser Gly Ala Gly Glu Ala Arg Ala Ser Thr Gly Ser Ser
355 360 365

Asp Ser Ser Pro Gly Gly His Gly Thr Gln Val Asn Val Thr Cys Ile
370 375 380

Val Asn Val Cys Ser Ser Ser Asp His Ser Ser Gln Cys Ser Ser Gln
385 390 395 400

Ala Ser Ser Thr Met Gly Asp Thr Asp Ser Ser Pro Ser Glu Ser Pro
405 410 415

Lys Asp Glu Gln Val Pro Phe Ser Lys Glu Glu Cys Ala Phe Arg Ser
420 425 430

Gln Leu Glu Thr Pro Glu Thr Leu Leu Gly Ser Thr Glu Glu Lys Pro
435 © 440 445

Leu Pro Leu Gly Val Pro Asp Ala Gly Met Lys Pro Ser
450 455 460

<210>» SEQ ID NO 28

<211> LENGTH: 2339

<21Z> TYPE: DNA

<213>» ORGANISM: Homo sapiens

<400> SEQUENCE: 28

tcggactceg tgtgtgactc ctgtgaggac agcacataca cccagctctg gaactgggtt 60
cccgagtget tgagetgtgg ctcccgetgt agectctgacc aggtggaaac tcaagectge 120
actcgggaac agaaccogcat ctgcacctge aggcoccggcet ggtactgcegce goctgagcaag 180

caggaggggt gccggctgtg cgcgecgetg ccgaagtgee gcccgggcett cggegtggece 240

agaccaggaa ctgaaacatc agacgtggtg tgcaagccct gtgccccggg gacdttetcece 300
aacacgactt catccacgga tatttgcagg ccccaccaga tctgtaacgt ggtggccatce 360
cctgggaatg caagcaggga tgcagtctgce acgtccacgt cccccacceg gagtatggece 420
ccaggggcag tacacttacc ccagccagtg tccacacgat cccaacacac gcagccaagt 480
ccagaaccca gcactgctce aagcacctcc ttectgetee caatgggecc cagececcca 540
gctgaaggga gcactggcga cttegetctt ccagttggac tgattgtggg tgtgacagcec 600
ttgggtctac taataatagg agtggtgaac tgtgtcatca tgacccaggt gaaaaagaag 660
ceccttgtgee tgcagagaga agccaaggtg cctcacttge ctgccgataa ggcccggggt 720
acacagggcc ccgagcagca gcacctgctg atcacagcgc cgagctccag cagcagctce 780
ctggagagct cggccagtgc gttggacaga agggcgccca ctcggaacca gccacaggcea 840

ccaggcgtgg aggccagtgg ggccggggag goccgggcca gcaccgggag ctcagcagat 900

tcttcoccctyg gtggecatgg gacccaggtc aatgtcacct gcatcgtgaa cgtcetgtage 960



Case 2:16-cv-01118-CCC-MF Document 18 Filed 02/29/16 Page 126 of 180 PagelD: 612

US 8,163,522 B1
43 44

-continued

agctctgacc acagctcaca gtgctcctee caagccaget ccacaatggg agacacagat 1020
tccagecect cggagtcccce gaaggacgag caggtcccoct tctccaagga ggaatgtgec 1080
tttoggtcac agctggagac geccagagacc ctgctgggga gcaccgaaga gaagcccctg 1140
ccecttggag tgcctgatge tgggatgaag cccagttaac caggccggtg tgggetgtgt 1200
cgtagccaag gtggcetgage cctggcagga tgaccctgeg aaggggccct ggtccttcca 1260
ggcceccacce actaggactc tgaggctctt tctgggecaa gttcctctag tgecctecac 1320
agccgcagece tcectctgac ctgcaggcca agagcagagg cagcgagttg tggaaagect 1380
ctgctgccat ggegtgtcee tctcggaagg ctggetggge atggacgttce ggggcatget 1440
ggggcaagtc cctgagtctce tgtgacctge cccgeccage tgcacctgece agectggett 1500
ctggagccct tgggtttttt gtttgtttgt ttgtttgttt gtttgtttct cccecctggge 1560
tctgcccage tctgecttec agaaaaccece agcatccttt tctgcagagg ggetttctgg 1620
agaggaggga tgctocctga gtcacccatg aagacaggac agtgcttcag cctgaggetg 1680
agactgcggg atggtcctgg ggectctgtge agggaggagg tggcagccct gtagggaacg 1740
gggtccttca agttagctca ggaggcttgg aaagcatcac ctcaggccag gtgcagtggce 1800
tcacgcctat gatcccagca ctttgggagg ctgaggcggg tggatcacct gaggttagga 1860
gttcgagace agcctggcca acatggtaaa accccatctc tactaaaaat acagaaatta 1920
gecegggegty gtggegggcea cctatagtcc cagctactca gaagectgag gctgggaaat 1980
cgtttgaacc cgggaagcgg aggttgcagg gagccgagat cacgccactg cactccagcec 2040
tgggcgacag agcgagagtc tgtctcaaaa gaaaaaaaaa aagcaccgcc tccaaatgcet 2100
aacttgtcct tttgtaccat ggtgtgaaag tcagatgccc agagggccca ggcaggccac 2160
catattcagt gctgtggcct gggcaagata acgcacttct aactagaaat ctgccaattt 2220
tttaaaaaag taagtaccac tcaggccaac aagccaacga caaagccaaa ctctgccagce 2280
cacatccaac cccccacctg ccatttgcac cctecgcctt cactccggtg tgcctgcag 2339
SEQ ID NO 29

LENGTH: 392

TYPE: PRT
ORGANISM: Homo sapiens

<40C¢>» SEQUENCE: 29

Ser Asp Ser Val Cys Asp Ser Cys Glu Asp Ser Thr Tyr Thr Gln Leu
1 5 10 15

Trp Asn Trp Val Pro Glu Cys Leu Ser Cys Gly Ser Arg Cys Ser Ser
20 25 30

Asp Gln Val Glu Thr Gln Ala Cys Thr Arg Glu Gln Asn Arg Ile Cys
35 40 45

Thr Cys Arg Pro Gly Trp Tyr Cys Ala Leu Ser Lys Gln Glu Gly Cys
50 55 60

Arg Leu Cys Ala Pro Leu Pro Lys Cys Arg Pro Gly Phe Gly Val Ala
65 70 75 80

Arg Pro Gly Thr Glu Thr Ser Asp Val Val Cys Lys Pro Cys Ala Pro
85 90 95

Gly Thr Phe Ser Asn Thr Thr Ser Ser Thr Asp Ile Cys Arg Pro His
100 108 110

Gln Ile Cys Asn Val Val Ala Ile Pro Gly Asn Ala Ser Arg Agp Ala
115 120 125

Val Cys Thr Ser Thr Ser Pro Thr Arg Ser Met Ala Pro Gly Ala Vval
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130 135 140

Val His Thr

150

Thr Gln

155

His Leu Pro Gln Pro Ser Ser

145

Arg

Glu Thr Thr Phe Leu Leu

165

Ela ser Ser

170

Pro Pro Ser Pro

Thr
185

Pro Ala Glu Ser Phe 2la

igo

Ser Pro Gly Gly BAsp

Rla
200

Ile
205

Ile Leu Leu

195

Gly Leu val Gly Val Thr Gly Leu

Ile Met Thr Gln Val Pro

215

Val Asn Val

210

Lye Lys Lys

220

Cys

Ala
235

Glu Ala Val His Leu

230

Gln Pro Pro

225

Arg Lys Asp Lys

Gln Glu His Ile Thr Ala

245

Gln Gln Leu Leu

250

Thr Gly Pro

Ala
265

Ser Ser Leu Glu Ser Ser Ser Ala Leu Asp

260

Ser Ser

Ala
285

Ala
280

Thr Arg Pro Gln Pro val Glu

275

Gly

Glu Ser Ala Ser

290

Ala Ala Thr

295

Gly Ser Gly Ser Asp

300
Thr Val

val Ile

315

Val Asn

310

Gly His Thr G Asn

305

Gly Cys

Gln Ser Ser Gln Ala Ser

330

Ser
325

Ser Ser Asp His Ser Cys

Glu
345

Gly Asp Thr Asp Ser Ser Pro Ser Ser Pro

340

Lys Asp

Ala Phe Gln

360

Leu
365

Phe Ser Slu Glu Ser

355

Lys Cys Arg

Glu Glu Pro Leu

380

Glu Thr Pro

270

Thr
375

Leu Leu Gly Ser Lys

Pro Ala Met Pro ser

385

Asp Gly Lys

390

Gln

Pro

Leu

190

Ile

Leu

Ala

Pro

Arg

270

Ser

Ser

Val

Ser

Glu

350

Glu

Leu

Ser
160

Pro

Met
175

Gly

Pro Val

Gly Vval

Leu

Cys

Arg Gly

240

Ser
255

Ser
Arg Ala
Gly Ala
Pro

Gly

Ser
320

Cys

Thr
335

Met
Gln Val
Thr

Pro

Gly Vval

The invention claimed is:

1. A method comprising the steps of:

(a) culturing a host cell comprising a polynucleotide,
wherein the polynucleotide encodes a protein consisting
of:

(i) the extracellular region of an insoluble human TNF
receptor, wherein the insoluble human TNF receptor has
an apparent molecular weight of about 75 kilodaltons as
determined on a non-reducing SDS-polyacrylamide gel
and comprises the amino acid sequence LPAQVAFX-
PYAPEPGSTC (SEQ ID NO: 10), and

(it) all of the domains of the constant region of ahuman Ig(
immunoglobulin heavy chain other than the first domain
of said constant region, and

(b) purifying an expression product of the polynucleotide
from the cell mass or the culture medium.

2. The method of claim 1, wherein the host cell is a CHO

cell.

3. The method of claim 1. wherein the IgG heavy chain is
an 1g(, heavy chain.

45

50

55

60

65

4. A polymucleotide encoding a protein consisting of:

(a) the cxtraccllular region of an insoluble human TNF
receplor,

wherein the insoluble human TNF receptor (i) has an
apparent molecular weight of about 75 kilodaltons as
determined on a non-reducing SDS-polyacrylamide gel
and (ii)) comprises thc amino acid sequence
LPAQVAFXPYAPEPGSTC (SEQ ID NO: 10), and

(b) all of the domains of the constant region of a human
IgG, immunoglobulin heavy chain other than the first
domain of said constant region.

5. A vector comprising the polynucleotide of claim 4.

6. A mammalian host cell comprising the polynucleotide of

clain 4.

7. A method comprising the steps of:

(a) culturing a host cell comprising a polynucleotide,
wherein the polynucleotide encodes a protein consisting
of:

(i) the extracellular region of an insoluble human TNF
receptor, wherein the insoluble human TNF receptor
comprises the amino acid sequence of SEQ ID NO:27
and
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(ii) all of the domains of the constant region of a human 1gG 9. The method of claim 7, wherein the host cell is a CHO
immunoglobulin heavy chain other than the first domain cell.
of'said constant region, and 10. The method of claim 8, wherein the host cell isa CHO
(b) purifying an expression product of the polynucleotide cell.
from the cell mass or the culture medium. 5

8. The method cf claim 7, wherein the human IgG immu-
noglobulin heavy chain is an IgG, heavy chain. * ok x % %
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SOLUBLE TUMOR NECROSIS FACTOR
RECEPTOR TREATMENT OF MEDICAL
DISORDERS

This application is a divisional of U.S. application Ser. No.
10/853,479, filed May 25, 2004, now pending; which is a
divisional of U.S. application Ser. No. 09/602,351, filed Jun.
23, 2000, now abandoned, which claims benefit of U.S. Pro-
visional Application Nos. 60/164,676, filed Nov. 10, 1999,
and 60/184,864, filed Feb. 25, 2000, and which is a continu-
ation-in-part of U.S. application Ser. No. 09/373,828, filed
Aug. 13, 1999, now abandoned, which claims the benefit of
U.S. Provisional Application Nos. 60/130,074, filed Apr. 19,
1999, 60/134,320, filed May 14, 1999, 60/143,959, filed Jul.
15, 1999, and 60/148,234, filed Aug. 11, 1999; all of which
are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

The invention pertains to methods for treating various
medical disorders that are characterized by abnormal or
excessive TNFa levels by administering a TNFa antagonist,
preferably a soluble TNFa. The TNFa inhibitor may be
administered in combination with other biologically active
molecules.

BACKGROUND OF THE INVENTION

The pleiotropic cytokine tumor necrosis factor alpha
(TNFa) is associated with inflammation and binds to cells
through membrane receptor molecules, including two mol-
ecules having molecular weights of approximately 55 kDa
and 75 kDa (p55 and p75). In addition to binding TNF o, the

p55 and p75 TNF receptors mediate the binding to cells of :

homotrimers of TNF3, which is another cytokine associated
with inflammation and which shares structural similarities
with TNFa (e.g., see Cosman, Blood Cell Biochem 7:51-717,
1996). TNFf is also known as lymphotoxin-a (ITc).

It has been proposed that a systemic or localized excess of
TNFa contributes to the progression of numerous medical
disorders. For example, patients with chronic heart failure
have elevated levels of serum TNFa, which have been shown
to increase with disease progression (see, for example, Levine
et al., N Eng J Med 323:236-241, 1990). A variety of other
diseases are associated with clevated levels of TNFa (see, for
example, Feldman et al., Tramsplantation Proceedings
30:4126-4127, 1998).

Psoriatic arthritis (PsA) is a chronic autoimmune condition
that shares some features with both rheumatoid arthritis (RA)
and the inflammatory skin disease psoriasis (for review, see
Breathnach, In Klippel and Dieppe eds. Rheumatology, 2"
Ed., Mosby, 1998, 22.1-22.4). Psoriasis is characterized by
epidermal keratinocyte hyperproliferation, accompanied by
neutrophil and T cell infiltration, and is associated with
elevated levels of inflammatory cytokines, including TNFa,
IL-6 and TGE (see, for example, Bonifati et al., Clin Exp
Dermatol 19:383-387, 1994). Psoriasis and PsA are different
clinical entities, and are associated with somewhat different
MHC haplotypes (Gladman, Rheum Dis Clin NA. 18:247-
256, 1992; Breathnach, 1998). The overall prognosis for PsA
is far worse than for ordinary psoriasis. Nonetheless, treat-
ments used for the psoriatic lesions of PsA generally are
similar 10 those used o treat psoriasis.

Psoriatic skin lesions are present in patients with PsA,
although only a minority of psoriasis sufferers actually have
PsA. Ordinary psoriasis occasionally is accompanied by joint
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pain, but does not involve the extreme pain and often deform-
ing degeneration of joints and bone that occurs in PsA
patients.

Treatments that sometimes are effective in treating ordi-
nary psoriasis include topical medications (e.g., steroids, coal
tar, anthralin, Dead Sea salts, various natural oils, vitamin D3
and its analogs, sunshine, topical retinoids), phototherapy
(e.g., ultraviolet light, photochemotherapy (PUVA)), and
internal medications (e.g., methotrexate, systemic steroids,
oral retinoids, cyclosporine, or a rotating regimen of these
three). In addition, it has been proposed that psoriasis could
be treated with TNF-derived peptides, quinolinesulfona-
mides, pyrrolidinone derivatives, catechol diether com-
pounds, isoxazoline compounds, matrix metalloproteinase
inhibitors or mercapto alkyl peptidyl compounds, all of which
inhibit either TNFa production or its release from cultured
cells (see, for example, U.S. Pat. No. 5,691,382, U.S. Pat. No.
5,834,485, U.S. Pat. No. 5,420,154, U.S. Pat. No. 5,563,143,
U.S. Pat. No. 5,869,511 and U.S. Pat. No. 5,872,146), as well
as with various combination therapies involving TNFa
antagonists (for example, see U.S. Pat. No. 5,888,511 or U.S.
Pat. No. 5,958,413).

Conflicting results have been reported regarding the role of
TNF« in psoriasis. Some investigators have proposed that
overproduction of TNFa contributes to the pathology of pso-
riasis (e.g., Pigatto et al., J. Imvest Dermatol 94:372-376,
1990; Sagawa et al., Dermatol 187:81-83, 1993; Ameglio ct
al., Dermatol 189:359-363, 1994). One group reported some
improvement alter treatment with pentoxifylline, a drug that
can inhibit the release of TNFa, but which exerts many of its
physiological effects by inhibiting cyclic AMP phosphodi-
esterase (Omulecki et al., J Am Acad Dermatol 34:714-715,
1996; Centola et al., J Androl 16:136-142, 1995; Elferinck et
al., Biochem Pharmacol 54:475-480, 1997). However, other
reports have cast doubt on the hypothesis that overproduction
of TNFa exacerbates psoriasis. For example, some investi-
gators have reported that treatment with TNFa itself actually
can mitigate psoriasis (see, e.g., Takematsu et al., Br J Der-
matol 124:209-210, 1991; Creaven et al., .J Am Acad Derma-
tol 24:735-737, 1991).

In addition to psoriatic lesions, PsA is characterized by
distal interphalangeal joint (DIP) involvement, enthesopathy,
nail lesions, spondylitis and dactylitis. The histopathogenesis
of PsA and the more well-studied rheumatoid arthritis share
certain features. In both RA and in active Ps A, patients exhibit
increased levels of HLA-DR* ' cells and MHC class 11 anti-
gens in their synovial membranes and synovial fluid, as well
as increased expression of the cytokine TNFao. In addition,
both diseases are associated with prominent synovial vascular
changes.

The discovery of rheumatoid factor in the serum of RA
patients provided an important tool for differentiating PsA
from RA, but the realization that RA and PsA are distinct
diseases was based primarily on their many clinical differ-
ences (e.g., Helliwell and Wright, In Klippel and Dieppe eds.
Rheumatology, 2 Ed., Mosby, 1998, 21.1-21.8). Studies
have shown that levels of TNFa, 11-1, 11-8 as well as TNFa
receptors in synovial fluids were higher in PsA patients than
in osteoarthritis patients, though they were lower than in RA
patients (Partsch et al., J Rheumatol 24:518-523, 1997,
Partsch et al., J Rheumatol 25:105-110, 1998 Partsch et al.,
Ann Rheum Dis 57:691-693, 1998). PsA is distinguished
from RA also by radiographic appearance, a notably higher
degree of synovial membrane vascularity as well as differ-
ences in the levels of various cytokines in the synovial fluids
(Ritchlin et al., J Rheumatol 25:1544-52, 1998, Veale et al.,
Arth Rheum 36:893-900, 1993). Veale et al. noted differences
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in synovial membrane adhesion molecules and numbers of
macrophages when they compared RA and PsA patients, as
well as observing a minimal degree of hyperplasia and hyper-
trophy of synoviocytes in Ps A as compared with RA patients.
Because of such differences, coupled with the association of
PsA but not RA with class I MHC antigens, Ritchlin et al.
have suggested that PsA must be triggered by different
mechanisms than those underlying RA. Veale et al. suggested
for similar reasons that different cytokines were likely to be
interacting in the synovium of PsA and RA patients.

Most of the drugs used for treating the arthritic aspects of
PsA are similar to those used in RA (Salvarini et al., Curr
Opin Rheumatol 10:229-305, 1998), for example the non-
steroidal antiinflammatories (NSAIDs), which may be used
alone or in combination with the disease-modifying anti-
rheumatic drugs, or “DMARDs.” However, one group found
that long-term administration of the DMARD methotrexate
failed to slow the progression of joint damage in PsA patients
(Abu-Shakra et al.. J Rheumatol 22:241-45, 1995), and
another group reported very little improvement in PsA
patients who had received methotrexate (Willkens et al.,
Arthr Rheum 27:376-381, 1984). Similarly, Clegg et al. found
only a slight improvement over placebo in PsA patients
treated with sulfasalazine, another drug classified as a
DMARD (Clegg et al., Arthritis Rheum 39: 2013-20, 1996).
Some studies have indicated that the immunosuppressor
cyclosporine is effective in treating PsA (reviewed in Salva-
rini et al., 1998), though this drug has severe side effects. In
addition, others have proposed that PsA could be treated with
truncated TNFa receptors or with a combination of methotr-
exate and antibodies against TNFa (WO 98/01555; WO
98/0537).

A recent meta-analysis of a number of PsA treatment stud-
ies concluded that PsA and RA differed not only in their
response to treatment with specific drugs, but in the relative
magnitudes of improvement in the placebo arms of the studies
(Jones etal., BrJ Rkeumatol 36:95-99,1997). As an example,
PsA patients responded better to gold salt therapy than did RA
patients, though the gold did not affect the psoriatic skin
lesions (Dorwart et al., Arthritis Rheum 21:515-513, 1978).

It has been suggested that the suppression of TNFa might
be beneficial in patients suffering from various disorders
characterized by abnormal or excessive TNFa expression.
However, although progress has been made in devising effec-
tive treatment for such diseases, improved medicaments and
methods of treatment are needed.

SUMMARY OF THE INVENTION

Provided herein are methods for treating a number of medi-
cal disorders characterized by abnormal TNFa expression by
repeatedly administering an antagonist of TNFa, such as a
soluble TNFa receptor, for a period of time sufficient to
induce a sustained improvement in the patient’s condition.

DETAILED DESCRIPTION OF THE INVENTION

This invention provides compounds, compositions and
methods for treating a mammalian patient, including a human
patient, who is suffering from a medical disorder that is char-
acterized by abnormal or elevated expression of TNFa. For
purposes of this disclosure, the terms “illness,” “disease,”
“medical condition,” “abnormal condition” and the like are
used interchangeably with the term “medical disorder.”

The subject methods involve administering to the patient a
soluble TNFat antagonist that is capable of reducing the effec-
tive amount of endogenous biologically active TNFa, such as
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by reducing the amount of TNFa produced, or by preventing
the binding of TNFa to its cell surface receptor (TNFR).
Antagonists capable of inhibiting this binding include recep-
tor-binding peptide fragments of TNFa, antibodies directed
against TNFa, and recombinant proteins comprising all or
portions of receptors for TNFo or modified variants thereof,
including genetically-modified muteins, multimeric forms
and sustained-release formulations. Other compounds suit-
able for treating the diseases described herein include thali-
domide and pentoxifylline.

Preferred embodiments of the invention utilize soluble
TNFRs as the TNFa antagonist. Soluble forms of TNFRs
may include monomers, fusion proteins (also called “chi-
meric proteins™), dimers, trimers or higher order multimers.
In certain embodiments of the invention, the soluble TNFR
derivative is one that mimics the 75 kDa TNFR or the 55 kDa
TNEFR and that binds to TNFa in the patient’s body. The
soluble TNFR mimics of the present invention may be
derived from TNFRs p55 orp75 or fragments thereof. TNFRs
other than p55 and p75 also are useful for deriving soluble
compounds for treating the various medical disorders
described herein, such for example the TNFR described in

- WO 99/04001. Soluble TNFR molecules used to construct
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TNFR mimics include, for example, analogs or fragments of
native TNFRs having at least 20 amino acids, that lack the
transmembrane region of the native TNFR, and that are
capable of binding TNFa. Antagonists derived from TNFRs
compete for TNFa with the receptors on the cell surface, thus
inhibiting TNFa from binding to cells, thereby preventing it
from manifesting its biological activities. Binding of soluble
TNFRs to TNFa or LTa can be assayed using ELISA or any
other convenient assay. This invention provides for the use of
soluble TNFa receptors in the manufacture of medicaments
for the treatment of numerous diseases.

The soluble TNFR polypeptides or fragments of the inven-
tion may be fused with a sccond polypeptide to form a chi-
meric protein. The second polypeptide may promote the
spontaneous formation by the chimeric protein of a dimer,
trimer or higher order muimer that is capable of binding a
TNFaand/or LTa molecule and preventing it from binding to
cell-bound receptors. Chimeric proteins used as antagonists
include, for example, molecules derived from an antibody
molecule and a TNFR. Such molecules are referred to herein
as TNFR-Ig fusion proteins. A preferred TNFR-Ig fusion
protein suitable for treating diseases in humans and other
mammals is recombinant TNFR:Fc, a term which as used
herein refers to “etanercept,” which is a dimer of two mol-
ecules of the extracellular portion of the p75 TNFa receptor,
each molecule consisting of a 235 amino acid TNFR-derived
polypeptide that is fused to a 232 amino acid Fc portion of
human IgG,. Etanercept is currently sold by Immunex Cor-
poration under the trade name ENBREL.® Because the p75
receptor protein that it incorporates binds not only to TNFa,
but also to the inflammatory cytokine LTa, etancrcept can act
as a competitive inhibitor not only of TNFa, but also of LTa.
This is in contrast to antibodies directed against TNFo, which
cannot inhibit LTa. Also encompassed by the invention are
treatments using a compound that comprises the extracellular
portion of the 55 kDa TNFR fused to the Fc portion of IgG, as
well as compositions and combinations containing such a
molecule. Encompassed also are therapeutic methods involv-
ing the administration of TNFR-Ig proteins derived the extra-
cellular regions of TNFa receptor molecules other than the
p355and p75 TNFRs, such as for example the TNFR described
in WO 99/04001.

In one preferred embodiment of the invention, sustained-
release forms of soluble TNFRs are used, including sus-
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tained-release forms of TNFR:Fc. Sustained-release forms
suitable for use in the disclosed methods include, but are not
limited to, TNFRs that are encapsulated in a slowly-dissolv-
ing biocompatible polymer (such as the alginate micropar-
ticles described in U.S. Pat. No. 6,036,978), admixed with
such a polymer (including topically applied hydrogels), and
or encased in a biocompatible semi-permeable implant. In
addition, the soluble TNFR may be conjugated with polyeth-
ylene glycol (pegylated) to prolong its serum half-life or to
enhance protein delivery.

In accord with this invention, medical disorders character-
ized by abnormal or excess expression of TNFa are admin-
istered a therapeutically effective amount of a TNFa inhibi-
tor. The TNFa inhibitor may be a TNFa-binding soluble
TNFa receptor, preferably TNFR:Fc. As used herein, the
phrase “administering a therapeutically effective amount” of
a therapeutic agent means that the patient is treated with the
agent in an amount and for a time sufficient to induce a
sustained improvement in at least one indicator that reflects
the severity of the disorder. An improvement is considered
“sustained” if the patient exhibits the improvement on at least
two occasions separated by one or more weeks. The degree of
improvement is determined based on signs or symptoms, and
determinations may also employ questionnaires that are
administered to the patient, such as quality-of-life question-
naires.

Various indicators that reflect the extent of the patient’s
illness may be assessed for determining whether the amount
and time of the treatment is sufficient. The baseline value for

the chosen indicator or indicators is established by examina- :

tion of the patient prior to administration of the first dose of
the etanercept or other TNFa inhibitor. Preferably, the base-
line examination is done within about 60 days of administer-
ing the first dose. If the TNFa antagonist is being adminis-
tered (o treat acute symptoms, such as for example to treat a
traumatic knee injury, the first dose is administered as soon as
practically possible after the injury has occurred.

Improvement is induced by administering TNFR:Fc or
other TNFo antagonist until the patient manifests an
improvement over baseline for the chosen indicator or indi-
cators. In treating chronic conditions, this degree of improve-
ment is obtained by repeatedly administering this medica-
ment over a period of at least a month or more, e.g., for one,
two, or threc months or longer, or indefinitely. A period of onc
to six weeks, or even a single dose, often is sufficient for
treating acute conditions. For injuries or acute conditions, a
single dose may be sufficient.

Although the extent of the patient’s illness after treatment
may appear improved according to one or more indicators,
treatment may be continued indefinitely at the same level orat
a reduced dose or frequency. Once treatment has been
reduced or discontinued, it later may be resumed at the origi-
nal level if symptoms should reappear.

Any efficacious route of administration may be used to
therapeutically administer TNFR:Fc or other TNFa. antago-
nists. If injected, TNFR:Fc¢ can be administered, for example,
via intra-articular, intravenous, intramuscular, intralesional,
intraperitoneal or subcutaneous routes by bolus injection or
by continuous infusion. Other suitable means of administra-
tion include sustained release from implants, aerosol inhala-
tion, eyedrops, oral preparations, including pills, syrups, loz-
enges or chewing gum, and topical preparations such as
lotions, gels, sprays, ointments or other suitable techniques.
Altematively, protcinaceous TNFa inhibitors, such as a
soluble TNFR, may be administered by implanting cultured
cells that express the protein, for example, by implanting cells
that express TNFR:Fc. In one embodiment, the patient’s own

15

[
=

w
=

45

60

6

cells are induced to produce TNFR:Fc by transfection in vivo
or ex vivo with a DNA that encodes TNFR:Fc. This DNA can
be introduced into the patient’s cells, for example, by inject-
ing naked DNA or liposome-encapsulated DNA that encodes
TNFR:Fc, or by other means of transfection. When TNFR:Fc
is administered in combination with one or more other bio-
logically active compounds, these may be administered by
the same or by different routes, and may be administered
simultaneously, separately or sequentially.

TNFR:Fc or other soluble TNFRs preferably are adminis-
tered in the form of a physiologically acceptable composition
comprising purified recombinant protein in conjunction with
physiologically acceptable carriers, excipients or diluents.
Such carriers are nontoxic to recipients at the dosages and
concentrations employed. Ordinarily, the preparation of such
compositions entails combining the 'I'NFa antagonist with
buffers, antioxidants such as ascorbic acid, low molecular
weight polypeptides (such as those having fewer than 10
amino acids), proteins, amino acids, carbohydrates such as
glucose, sucrose or dextrins, chelating agents such as EDTA,
glutathione and other stabilizers and excipients. Neutral buff-
ered saline or saline mixed with conspecific serum albumin
are exemplary appropriate diluents. In accordance with
appropriate industry standards, preservatives may also be
added, such as benzy] alcohol. TNFR:Fc preferably is formu-
lated as a lyophilizate using appropriate excipient solutions
(e.g., sucrose) as diluents. Appropriate dosages can be deter-
mined in standard dosing trials, and may vary according to the
chosen route of administration. The amount and frequency of
administration will depend. of course, on such factors as the
nature and severity of the indication being treated, the desired
response, the age and condition of the patient, and so forth.

In one embodiment of the invention, TNFR:F¢ is adminis-
tered one time per week to treat the various medical disorders
disclosed herein, in another embodiment is administered at
least two times per week, and in another embodiment is
administered at least three times per week. An adult patient is
a person who is 18 years of age or older. If injected, the
effective amount of TNFR:Fc¢ per adult dose ranges from 1-20
mg/m?, and preferably is about 5-12 mg/m?. Alternatively, a
flat dose may be administcred, whose amount may range from
5-100 mg/dose. Exemplary dose ranges for a flat dose to be
administered by subcutaneous injection are 5-25 mg/dose,
25-50 mg/dose and 50-100 mg/dose. 1n one embodiment of
the invention, the various indications described below are
treated by administering a preparation acceptable for injec-
tion containing TNFR:Fc at 25 mg/dose, or alternatively,
containing 50 mg per dose. The 25 mg or 50 mg dose may be
administered repeatedly, particularly for chronic conditions.
If a route of administration other than injection is used, the
dose is appropriately adjusted in accord with standard medi-
cal practices. In many instances, an improvement in a
patient’s condition will be obtained by injecting a dose of
about 25 mg of TNFR:Fc one to three times per week over a
period of at least three weeks, or a dose of 50 mg of TNFR:Fc
one or two times per week for at least three weeks, though
treatment for longer periods may be necessary to induce the
desired degree of improvement. For incurable chronic condi-
tions, the regimen may be continued indefinitely, with adjust-
ments being made 1o dose and {requency if such are deemed
necessary by the patient’s physician.

For pediatric patients (age 4-17), a suitable regimen
involves the subcutaneous injection of 0.4 mg/kg, up to a
maximum dosc of 25 mg of TNFR:Fc, administered by sub-

s cutaneous injection one or more times per week.

The invention further includes the administration of
TNFR:Fc concurrently with one or more other drugs that are
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administered to the same patient in combination with the
TNFR:Fc, each drug being administered according to a regi-
men suitable for that medicament. “Concurrent administra-
tion” encompasses simultaneous or sequential treatment with
the components of the combination, as well as regimens in
which the drugs are alternated, or wherein one component is
administered long-term and the other(s) are administered
intermittently. Components may be administered in the same
or in separate compositions, and by the same or different
routes of administration. Examples of drugs to be adminis-
tered concurrently include but are not limited to antivirals,
antibiotics, analgesics, corticosteroids, antagonists of inflam-
matory cytokines, DMARDs and non-steroidal anti-inflam-
matories. DMARD:s that can be administered in combination
with the subject TNFo inhibitors such as TNFR:Fc include
azathioprine, cyclophosphamide, cyclosporine, hydroxy-
chloroquine sulfate, methotrexate, leflunomide, minocycline,
penicillamine, sulfasalazine and gold compounds such as oral
gold, gold sodium thiomalate and aurothioglucose. Addition-
ally, TNFR:Fc may be combined with a second TNFa antago-
nist, including an antibody against TNFa or TNFR, a TNFa.-
derived peplide that acts as a competitive inhibitor of TNFa.
(such as those described in U.S. Pat. No. 5,795,859), a TNFR-
IgG fusion protein other than etanercept, such as one contain-
ing the extracellular portion of the p55 TNFa. receptor, a
soluble TNFR other than an IgG fusion protein, or other
molecules that reduce endogenous TNFa levels, such as
inhibitors of the TNFa converting enzyme (see e.g., U.S. Pat.
No. 5,594,106). In further embodiments of this invention,
TNFR:Fc is administered in combination with pentoxifylline
or thalidomide.

Ifan antibody against 1NFa is used as the TNFa inhibitor,
a preferred doserange is 0.1 to 20 mg/kg, and more preferably
is 1-10 mg/kg. Another preferred dose range for anti-TNFa
antibody is 0.75 to 7.5 mg/kg of body weight. Humanized
antibodies are preferred, that is, antibodies in which only the
antigen-binding portion of the antibody molecule is derived
from a non-human source. such antibodies may be injected or
administered intravenously.

In one preferred embodiment of the invention, the various
medical disorders disclosed herein as being treatable with
inhibitors such as TNFR:Fc are treated in combination with
another cytokine or cytokine inhibitor. For example, TNFR:
Fc may be administered in a composition that also contains a
compound that inhibits the interaction of other inflammatory
cytokines with their receptors. Examples of cytokine inhibi-
tors used in combination with TNFR:Fc include, for example,
antagonists of TGEF, 11-6 or 11-8. TNFa inhibitors such as
TNFR:Fc also may be administered in combination with the
cytokines GM-CSF, IL-2 and inhibitors of protein kinase A
type 1 1o enhance T cell proliferation in HIV-infected patients
who are receiving anti-retroviral therapy. Other combinations
for treating the herein dcscribed diseases include TNFR:Fc
administered concurrently with compounds that block the
binding of RANK and RANK-ligand, such as antagonistic
antibodies against RANK or RANK-ligand, soluble forms of
RANK-ligand that do not trigger RANK, osteoprotegerin or
soluble forms of RANK, including RANK:Fc. Soluble forms
of RANK suitable for these combinations are described, for
example, in U.S. Pat. No. 6,017,729. The concurrent admin-
istration of TNFR:Fc¢ and RANK:Fc or TNFR:Fc¢ and
osteoprotegerin is useful for preventing bone destruction in
various settings including but not limited to various rheu-
matic disorders, osteoporosis, multiple myeloma or other
malignancies that cause bone degeneration, or anti-tumor
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therapy aimed at preventing metastasis to bone, or bone
destruction associated with prosthesis wear debris or with
periodontitis.

The present invention also relates to the use of the disclosed
TNFa inhibitors, such as TNFR:Fc, in the manufacture of a
medicament for the prevention or therapeutic treatment of
each medical disorder disclosed herein.

The disclosed TNFa inhibitors, compositions and combi-
nation therapies described herein are useful in medicines for
treating bacterial, viral or protozoal infections, and compli-
cations resulting thercfrom. One such disease is Mycoplasma
preumonia. In addition, provided herein is the use of TNFR:
Fc to treat AIDS and related conditions, such as AIDS demen-
tia complex, AIDS associated wasting, lipidistrophy due to
antiretroviral therapy; and Kaposi’s sarcoma. Provided
herein is the use of TNFR:Fc for treating protozoal diseases,
including malaria and schistosomiasis. Additionally provided
is the use of TNFR:Fc to treat erythema nodosum leprosum;
bacterial or viral meningitis; tuberculosis, including pulmo-
nary tuberculosis; and pneumonitis secondary to a bacterial
or viral infection. Provided also herein is the use of TNFR:F¢
to prepare medicaments for treating louse-borne relapsing
fevers, such as that caused by Borrelia recurrentis. TNFR:Fc
can also be used to prepare a medicament for treating condi-
tions caused by Herpes viruses, such as herpetic stromal
keratitis, corneal lesions, and virus-induced corneal disor-
ders. In addition, TNFR:Fc can be used in treating human
papillomavirus infections. TNFR:Fc is used also to prepare
medicaments to treat influenza.

Cardiovascular disorders are treatable with the disclosed
TNFo inhibitors, pharmaceutical compositions or combina-
tion therapies, including aortic aneurisms; arteritis; vascular
occlusion, including cerebral artery occlusion; complications
of coronary by-pass surgery; ischemia/reperfusion injury;
heart disease, including atherosclerotic heart disease, myo-
carditis, including chronic autoimmune myocarditis and viral
myocarditis; heart failure, including chronic heart failure
(CHF), cachexia of heart failure: myocardial infarction; res-
tenosis aftcr heart surgery; silent myocardial ischemia; post-
implantation complications of left ventricular assist devices;
Raynaud’s phenomena; thrombophlebitis; vasculitis, includ-
ing Kawasaki’s vasculitis; giant cell arteritis, Wegener’s
granulomatosis; and Schoenlein-Henoch purpura.

TNFa and IL-8 have been implicated as chemotactic fac-
tors in athersclerotic abdominal aortic aneurism (Szekanecz
ctal., Pathobiol 62:134-139 (1994)). Abdominal aortic anenr-
ism may be treated in human patients by administering a
soluble TNFR, such as TNFR:Fc, which may be administered
in combination with an inhibitor of IL-8, such treatment
having the effect of reducing the pathological neovascular-
ization associatcd with this condition.

A combination of a TNFa inhibitor and one or more otber
anti-angiogenesis factors may be used to treat solid tumors,
thereby reducing the vascularization that nourishes the tumor
tissue. Suitable anti-angiogenic factors for such combination
therapies include IL-8 inhibitors, angiostatin, endostatin,
kringle 5, inhibitors of vascular endothelial growth factor
(such as antibodies against vascular endothelial growth fac-
tor), angiopoietin-2 or other antagonists of angiopoietin-1,
antagonists of platelet-activating factor and antagonists of
basic fibroblast growth factor

In addition, the subject TNFa inhibitors, compositions and
combination therapies are used to treat chronic pain condi-
tions, such as chronic pelvic pain, including chronic prostati-
tis/pelvic pain syndrome. As a further example, TNFR:Fc and
the compositions and combination therapies of the invention
are used to treat post-herpetic pain.
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Provided also are methods forusing TNFa inhibitors, com-
positions or combination therapies to treat various disorders
of the endocrine system. For example, the TNFa inhibitors
are used to treat juvenile onset diabetes (includes autoim-
mune and insulin-dependent types of diabetes) and also to
treat maturity onset diabetes (includes non-insulin dependent
and obesity-mediated diabetes). In addition, the subject com-
pounds, compositions and combination therapies are used to
treat secondary conditions associated with diabetes, such as
diabetic retinopathy, kidney transplant rejection in diabetic
patients, obesity-mediated insulin resistance, and renal fail-
ure, which itself inay be associated with proteinurea and
hypertension. Other endocrine disorders also are treatable
with these compounds, compositions or combination thera-
pies, including polycystic ovarian disease, X-linked adreno-
leukodystrophy, hypothyroidism and thyroiditis, including
Hashimoto’s thyroiditis (i.e., autoimmune thyroiditis).

Conditions of the gastrointestinal system also are treatable
with TNFa inhibitors, compositions or combination thera-
pies, including coeliac disease. In addition, the compounds,
compositions and combination therapies of the invention are
used to treat Crohn’s disease; ulcerative colitis; idiopathic
gastroparcsis; pancreatitis, including chronic pancreatitis and
lung injury associated with acute pancreatitis; and ulcers,
including gastric and duodenal ulcers.

Included also are methods for using the subject TNFa
inhibitors, compositions or combination therapies for treating
disorders of the genitourinary system, such as glomerulone-
phritis, including autoimmune glomerulonephritis, glomeru-
lonephritis due to exposure to toxins or glomerulonephritis
secondary to infections with haemolytic streptococci or other
infectious agents. Also treatable with the compounds, com-
positions and combination therapies of the invention are ure-
tnic syndrome and its clinical complications (for example,
renal failure, anemia, and hypertrophic cardiomyopathy),
including uremic syndrome associated with exposure to envi-
ronmental toxins, drugs or other causes. Further conditions
treatable with the compounds, compositions and combination
therapies of the invention are complications of hemodialysis;
prostate conditions, including benign prostatic hypertrophy,
nonbacterial prostatitis and chronic prostatitis; and coinpli-
cations of hemodialysis.

Also provided herein are methods for using TNFa. inhibi-
tors, compositions or combination therapies to treat various
hematologic and oncologic disorders. For example, TNFR:Fc
is used to treat various forms of cancer, including acute myel-
ogenous leukemia, Epstein-Barr virus-positive nasopharyn-
geal carcinoma, glioma, colon, stomach, prostate, renal cell,
cervical and ovarian cancers, lung cancer (SCLC and
NSCLC), including cancer-associated cachexia, fatigue,
asthenia, paraneoplastic syndrome of cachexia and hypercal-
cemia. Additional diseases treatable with the subject TNFa
inhibitors, compositions or combination therapies are solid
tumors, including sarcoma, osteosarcoma, and carcinoma,
such as adenocarcinoma (for example, breast cancer) and
squamous cell carcinoma. In addition, the subject com-
pounds, compositions or combination therapies are useful for
treating leukemia, including acute myclogenous leukemia,
chronic or acute lymphoblastic leukemia and hairy cell leu-
kemia. Other malignancies with invasive metastatic potential
can be treated with the subject compounds, compositions and
combination therapies, including multiple myeloma. In addi-
tion, the disclosed TNFa inhibitors, compositions and com-
bination therapies can be used to treat anemias and hemato-
logic disorders, including anemia of chronic disease, aplastic
anemia, including Fanconi’s aplastic anemia; idiopathic
thrombocytopenic purpura (ITP); myelodysplastic syn-
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dromes (including refractory anemia, refractory anemia with
ringed sideroblasts, refractory anemia with excess blasts,
refractory anemia with excess blasts in transformation);
myelofibrosis/myeloid metaplasia; and sickle cell vasocclu-
sive crisis.

Various lymphoproliferative disorders also are treatable
with the disclosed TNFa inhibitors, compositions or combi-
nation therapies. These include, but are not limited to autoim-
mune lymphoproliferative syndrome (ALPS), chronic lym-
phoblastic leukemia, hairy cell leukemia, chronic lymphatic
leukemia, peripheral T-cell lymphoma, small lymphocytic
lymphoma, mantle cell lymphoma, follicular lymphoma,
Burkitt’s lymphoma, Epstein-Barr virus-positive T cell lym-
phoma, histiocytic lymphoma, Hodgkin’s disease, diffuse
aggressive lymphoma, acute lymphatic leukemias, T gamma
lymphoproliferative disease, cutaneous B cell lymphoma,
cutaneous T cell lymphoma (i.e., mycosis fungoides) and
Sézary syndrome.

In addition, the subject TNFa inhibitors, compositions and
combination therapies are used to treat hereditary conditions
such as Gaucher’s disease, Huntington’s disease, linear IgA
disease, and muscular dystrophy.

Other conditions treatable by the disclosed TNFa inhibi-
tors, compositions and combination therapies include those
resulting from injuries 1o the head or spinal cord, and includ-
ing subdural hematoma due to trauma to the head.

The disclosed TNFa inhibitors, compositions and combi-
nation therapies are further used to treat conditions of the liver
such as hepatitis, including acute alcoholic hepatitis, acute
drug-induced or viral hepatitis, hepatitis A, B and C, scleros-
ing cholangitis and inflammation of the liver due to unknown
causes.

In addition, the disclosed TNFa inhibitors, compositions
and combination therapies are used to treat various disorders
that involve hearing loss and that are associated with abnor-
mal TNFa expression. One of these is inner ear or cochlear
nerve-associated hearing loss that is thought to result from an
autoimmune process, i.e.. autoimmune hearing loss. This
condition currently is treated with steroids, methotrexate and/
or cyclophosphamide, which may be administered concur-
rently with the TNFR:F¢ or other TNFa inhibitor. Also treat-
able with the disclosed TNFa inhibitors, compositions and
combination therapies is cholesteatoma, a middle ear disor-
der often associated with hearing loss.

In addition, the subject invention provides TNFa inhibi-
tors, compositions and combination therapies for the treat-
ment of non-arthritic medical conditions of the bones and
joints. This encompasses osteoclast disorders that lead to
bone loss, such as but not limited to osteoporosis, including
post-menopausal osteoporosis, periodontitis resulting in
tooth loosening or loss, and prosthesis loosening after joint
replacement (generally associated with an inflammatory
response to wear debris). This latter condition also is called
“orthopedic implant osteolysis.” Another condition treatable
by administering TNFRa. inhibitors, such as TNFR:Fe, is
temporal mandibular joint dysfunction (TMI).

A number of pulmonary disorders also can be treated with
the disclosed TNFa inhibitors, compositions and combina-
tion therapies. One such condition is adult respiratory distress
syndrome (ARDS), which is associated with elevated TNFa,
and may be triggered by a variety of causes, including expo-
sure to toxic chemicals, pancreatitis, trauma or other causes.
The disclosed compounds, compositions and combination
therapies of the invention also are useful for treating broncho-
pulmonary dysplasia (BPD); lymphangioleiomyomatosis;
and chronic fibrotic lung disease of preterm infants. In addi-
tion, the compounds, compositions and combination thera-
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pies of the invention are used to treat occupational lung dis-
eases, including asbestosis, coal worker’s pneumoconiosis,
silicosis or similar conditions associated with long-term
exposure to fine particles. In other aspects of the invention,
the disclosed compounds, compositions and combination
therapies are used to treat pulmonary disorders, including
chronic obstructive pulmonary disease (COPD) associated
with chronic bronchitis or emphysema; fibrotic lung diseases,
such as cystic fibrosis, idiopathic pulmonary fibrosis and
radiation-induced pulmonary fibrosis; pulmonary sarcoido-
sis; and allergies, including allergic rhinitis, contact dermati-
tis, atopic dermatitis and asthma.

Cystic fibrosis is an inherited condition characterized pri-
marily by the accumulation of thick mucus, predisposing the
patient to chronic lung infections and obstruction of the pan-
creas, which results in malabsorption of nutrients and malnu-
trition. TNFR:Fc may be administered to treat cystic fibrosis.
If desired, treatment with TNFR:Fc may be administered
concurrently with corticosteroids, mucus-thinning agents
such as inhaled recombinant deoxyribonuclease 1 (such as
PULMOZYME®; Genentech, Inc.) or inhaled tobramycin
(TOBI®; Pathogenesis, Inc.). TNFR:Fc also may be admin-
istered concurrently with corrective gene therapy, drugs that
stimulate cystic fibrosis cells to secrete chloride or other
yet-to-be-discovered trcatments. Sufficiency of treatment
may be assessed, for example, by observing a decrease in the
number of pathogenic organisms in sputum or lung lavage
(such as Haemophilus influenzae, Stapholococcus aureus,
and Pseudomonas aeruginosa), by monitoring the patient for
weight gain, by detecting an increase in lung capacity or by
any other convenient means.

TNFR:Fc or TNFR:Fc combined with the cytokine II'Ny-
1b (such as ACTIMMUNE®; InterMune Pharmaceuticals)
may be used for treating cystic fibrosis or fibrotic lung dis-
eases, such as idiopathic pulmonary fibrosis, radiation-in-
duced pulmonary fibrosis and bleomycin-induced pulmonary
fibrosis. In addition, this combination is useful for treating
other diseases characterized by organ fibrosis, including sys-
temic sclerosis (also called *“scleroderma™), which often
involves fibrosis of the liver. For treating cystic fibrosis,
TNFR:Fc and IFNy-1b may be combined with PUL-
MOZYMEL® or TOBI® or other treatments for cystic fibro-
sis.

TNFR:Fc alone or in combination with IFNy-1b may be
administered together with other treatments presently used
for treating fibrotic lung disease. Such additional treatments
include glucocorticoids, azathioprine, cyclophosphamide,
penicillamine, colchisicine, supplemental oxygen and so
forth. Patients with fibrotic lung disease, such as IPF, often
present with nonproductive cough, progressive dyspnea, and
show a restrictive ventilatory pattern in pulmonary function
tests. Chest radiographs reveal fibrotic accumulations in the
patient’s lungs. When treating fibrotic lung disease in accord
with the disclosed methods, sufficiency of treatment may be
detected by observing a decrease in the patient’s coughing
(when cough is present), or by using standard lung function
tests to detect improvements in total lung capacity, vital
capacity, residual lung volume or by administering a arterial
blood gas determination measuring desaturation under excr-
cising conditions, and showing that the patient’s lung func-
tion has improved according to one or more of these mea-
sures. In addition, patient improvement may be determined
through chest radiography results showing that the progres-
sion of fibrosis in the patient’s lungs has become arrested or
reduced.

In addition, TNF inhibitors (including scluble TNFRs or
antibodies against TNFa. or TNFR) are useful for treating
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organ fibrosis when administered in combination with
relaxin, a hormone that down-regulates collagen production
thus inhibiting fibrosis, or when given in combination with
agents that block the fibrogenic activity of TGF-f3. Combina-
tion therapies using TNFR:Fc and recombinant human
relaxin are useful, for cxample, for treating systemic sclerosis
or fibrotic lung diseascs, including cystic fibrosis, idiopathic
pulmonary fibrosis, radiation-induced pulmonary fibrosis
and bleomycin-induced pulmonary fibrosis.

Other embodiments provide methods for using the dis-
closed TNFa inhibitors, compositions or combination thera-
pies to treat a variety of rheumatic disorders. These include:
adult and juvenile rheumatoid arthritis; systemic lupus
erythematosus; gout; osteoarthritis; polymyalgia rheumatica;
seronegative spondylarthropathies, including ankylosing
spondylitis; and Reiter’s discase. The subject TNFa. inhibi-
tors, compositions and combination therapies are used also to
treat psoriatic arthritis and chronic Lyme arthritis. Also treat-
able with these compounds, compositions and combination
therapies are Still’s disease and uveitis associated with rheu-
matoid arthritis. In addition, the compounds, compositions
and combination therapies of the invention are used in treat-
ing disorders resulting in inflammation of the voluntary
muscle, including dermatomyositis and polymyositis. More-
over, the compounds, compositions ant combinations dis-
closed herein are useful for treating sporadic inclusion body
myositis, as TNFa may play a significant role in the progres-
sion of this muscle disease. In addition, the compounds, com-
positions and combinations disclosed herein are used to treat
multicentric reticulohistiocytosis, a disease in which joint
destruction and papular nodules of the face and hands are
associated with excess production of proinflammatory cytok-
ines by multinucleated giant cells.

For purposes of this invention, patients are defined as hav-
ing psoriatic arthrisis (PsA) if they have one or more swollen
joints or one or more painful or tender joints, and also mani-
fest at least one psoriatic lesion of the skin or nails. The
psoriatic lesions may appear before or after the onset of
swollen or tender joints. It is understood that prior to treat-
ment, manifestations of PsA may have persisted over time,
e.g., for several months or years, and may involve several
joints. According to one classification system (reviewed in
Alonso etal., 1991), PsA patients can be categorized based on
their arthritic symptoms into five clinical subgroups: 1) DIP;
2) mutilans arthritis; 3) symunetrical polyarthritis; 4) oligoar-
ticular arthritis; and 5) ankylosing spondylitis-like. The dis-
closed therapies, compounds and compositions are suitable
for treating all five forms of PsA.

The TNFa inhibitors, compositions and combination
therapies of the invention may be used to inhibit hypertrophic
scarring, a phenomenon belicved to result in part from exces-
sive TNFa secretion. TNF inhibitors may be administered
alone or concurrently with other agents that inhibit hyper-
trophic scarring, such as inhibitors of TGF-a..

Cervicogenic headache is a common form of headache
arising from dysfunction in the neck area, and which is asso-
ciated with elevated levels of TNFa, which are believed to
mediate an inflammatory condition that contributes to the
patient’s discomfort (Martclletti, Clin Exp Rheumatol 18(2
Suppl 19):S33-8 (March-April, 2000)). Cervicogenic head-
ache may be treated by administering an inhibitor of TNFo. as
disclosed herein, thereby reducing the inflammatory response
and associated headache pain.

The TNFo inhibitors, compositions and combination
therapies of the invention are useful for treating primary
amyloidosis. In addition, the secondary amyloidosis that is
characteristic of various conditions also are treatable with
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TNF o inhibitors such as TNFR:Fc, and the compositions and
combination therapies described herein. Such conditions
include: Alzheimer’s disease, secondary reactive amyloido-
sis; Down’s syndrome; and dialysis-associated amyloidosis.
Also treatable with the compounds, compositions and com-
bination therapies of the invention are inherited periodic fever
syndromes, including familial Mediterranean fever, hyperim-
munoglobulin D and periodic fever syndrome and TNF-re-
ceptor associated periodic syndromes (TRAPS).

Disorders associated with transplantation also are treatable
with the disclosed TNFa inhibitors, compositions or combi-
nation therapies, such as graft-versus-host disease, and com-
plications resulting from solid organ transplantation, includ-
ing transplantion of heart, liver, lung, skin, kidney or other
organs. TNFR:Fc may be administered, for example, to pre-
vent or inhibit the development of bronchiolitis obliterans
after lung transplantation. Patients undergoing autologous
hematopoietic stem cell transplantation in the form of periph-
eral blood stem cell transplantation may develop “engraft-
ment syndrome,” or “ES,” which is an adverse and generally
self-limited response that occurs about the time of hemato-
poietic engraftment and which can result in pulmonary dete-
rioration. ES may be treated with inhibitors of either IL-8 or
TNFa (such as TNFR:Fc), or witha combination of inhibitors
against both of these cytokines.

Ocular disorders also are treatable with the disclosed
TNFa inhibitors, compositions or combination therapies,
including rhegmatogenous retinal detachment, and inflam-
matory eye disease, and inflammatory eye disease associated
with smoking and macular degeneration.

TNFa inhibitors such as TNFR:Fc and the disclosed com-
positions and combination therapies also are useful for treat-
ing disorders that affect the female reproductive system.
Examples include, but are not limited to, multiple implant
failure/infertility; fetal loss syndrome or IV embryo loss
(spontaneous abortion); preeclamptic pregnancies or eclamp-
sia; and endometriosis.

In addition, the disclosed TNFa inhibitors, compositions
and combination therapies are useful for treating obesity,
including treatment to bring about a decrease in leptin forma-
tion. Also, the compounds, compositions and combination
therapies of the invention are used to treat sciatica, symptoms
of aging, severe drug reactions (for example, 11-2 toxicity or
bleomycin-induced pneumopathy and fibrosis), or to sup-
press the inflammatory response prior, during or after the
transfusion of allogeneic red blood cells in cardiac or other
surgery, or in treating a traumatic injury to a limb or joint,
such as traumatic knee injury. Various other medical disorders
treatable with the disclosed TNFa inhibitors, compositions
and combination therapies include; multiple sclerosis; Beh-
cet’s syndrome; Sjogren’s syndrome; autoimmune hemolytic
anemia; beta thalassemia; amyotrophic lateral sclerosis ([.ou
Gehrig’s Disease); Parkinson’s disease; and tenosynovitis of
unknown cause, as well as various autoimmune disorders or
diseases associated with hereditary deficiencies.

The disclosed TNI'a. inhibitors, compositions and combi-
nation therapies furthermore are useful for treating acute
polyneuropathy; anorexia nervosa; Bell’s palsy; chronic
fatigue syndrome; transmissible dementia, including
Creutzfeld-Jacob disease; demyelinating neuropathy; Guil-
lain-Barre syndrome; vertebral disc disease; Gulf war syn-
drome; myasthenia gravis; silent cerebral ischemia; sleep
disorders, including narcolepsy and sleep apnea; chronic neu-
ronal degeneration; and stroke, including cerebral ischemic
diseases.

Disorders involving the skin or mucous membranes also
are treatable using the disclosed TNFa inhibitors, composi-
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tions or combination therapies. Such disorders include acan-
tholytic diseases, including Darier’s disease, keratosis folli-
cularis and pemphigus vulgaris. Also treatable with the
subject TNFa inhibitors, compositions and combination
therapies are acne; acne rosacea; alopecia areata; aphthous
stomatitis; bullous pemphigoid; burns; eczema; erythema,
including erythema multiforme and erythema multiforme
bullosum (Stevens-Johnson syndrome); inflammatory skin
disease; lichen planus; linear IgA bullous disease (chronic
bullous dermatosis of childhood); loss of skin elasticity;
mucosal surface ulcers; neutrophilic dermatitis (Sweet’s syn-
drome); pityriasis rubra pilaris; psoriasis, pyoderma gan-
grenosum; and toxic epidermal necrolysis.

Patients are defined as having ordinary psoriasis if they
lack the more serious symptoms of PsA (e.g., distal interpha-
langeal joint DIP involvement, enthesopathy, spondylitis and
dactylitis) but have one of the following: 1) inflamed swollen
skin lesions covered with silvery white scale (plaque psoriasis
or psoriasis vulgaris); 2) small red dots appearing on the
trunk, arms or legs (guttate psoriasis); 3) smooth inflamed
lesions without scaling in the flexural surfaces of the skin
(inverse psoriasis); 4) widespread reddening and exfoliation
of fine scales, with or without itching and swelling (erythro-
dermic psoriasis); 5) blister-like lesions (pustular psoriasis);
6) elevated inflamed scalp lesions covered by silvery white
scales (scalp psoriasis); 7) pitted fingernails, with or without
yellowish discoloration, crumbling nails, or inflammation
and detachment of the nail from the nail bed (nail psoriasis).

Ordinary psoriasis may be treated by administering to a
human patient compositions containing a therapeutically
effective amount of a TNFa. inhibitor such as a soluble TNF
receptor or an antibody against TNFa.

In one preferred embodiment, the therapeutic agent is a
soluble TNF receptor, and preferably is a TNFR-Ig. In a
preferred embodiment, the TNFR-Ig is TNFR:Fc, which may
be administered in the form of a pharmaceutically acceptable
composition as described herein. Psoriasis may be treated by
administering TNFR:Fc one or more times per week by sub-
cutaneous injection, although other routes of administration
may be used if desired. In one exemplary regimen for treating
adult human patients, 25 mg of TNFR:Fc is administered by
subcutaneous injection two times per week or three times per
week for one or more weeks, and preferably for four or more
weeks. Alternatively, a dose of 5-12 mg/m? or a flat dose of 50
mg is injected subcutancously one time or two times per week
for one or more weeks. In other embodiments, psoriasis is
treated with TNFR:Fc in a sustained-release form, such as
TNFR:Fc that is encapsulated in a biocompatible polymer,
TNFR:Fc that is admixed with a biocompatible polymer
(such as topically applied hydrogels), and TNFR:Fc that is
encased in a semi-permeable implant.

Various other medicaments used to treat ordinary psoriasis
may also be administered concurrently with compositions
comprising TNFa inhibitors, such as TNFR:Fc. Such medi-
camcnts include: NSAIDs; DMARDs; analgesics; topical
steroids; systemic steroids (e.g., prednisone); cytokines;
antagonists of inflammatory cytokines; antibodies against T
cell surface proteins; anthralin; coal tar; vitamin D3 and its
analogs; topical retinoids; oral retinoids; salicylic acid; and
hydroxyurea. Suitable analgesics for such combinations
include: acetaminophen, codeine, propoxyphene napsylate,
oxycodone hydrochloride, hydrocodone bitartrate and trama-
dol. DMARD:s suitable for such combinations include: aza-
thioprine, cyclophosphamide, cyclosporine, hydroxychloro-
quine sulfate, methotrexate, leflunomide, minocycline,
penicillamine, sulfasalazine, oral gold, gold sodium thioma-
late and aurothioglucose. In addition, the TNFR:Fc or other
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TNFR mimic may be administered in combination with anti-
malarials or colchicine. NSAIDs suitable for the subject com-
bination treatments of psoriasis include: salicylic acid (aspi-
rin) and salicylate derivatives; ibuprofen; indomethacin;
celecoxib; rofecoxib; ketorolac; nambumetone; piroxicam;
naproxen; oxaprozin; sulindac; ketoprofen; diclofenac; and
other COX-1 and COX-2 inhibitors, propionic acid deriva-
tives, acetic acid derivatives, fumaric acid derivatives, car-
boxylic acid derivatives, butyric acid derivatives, oxicams,
pyrazoles and pyrazolones, including newly developed anti-
inflammatories.

If an antagonist against an inflammatory cytokine is
administered concurrently with TNFR:Fc to treat psoriasis,
suitable targets for such antagonists include TGFf3, 11-6 and
11-8.

In addition, TNFR:Fc may be used to treat psoriasis in
combination with fopical steroids, systemic steroids, antago-
nists of inflammatory cytokines, antibodies against T cell
surface proteins, anthralin, coal tar, vitamin D3 and its ana-
logs (including 1,25-dihydroxy vitamin D3 and calcipot-
riene), topical retinoids, oral retinoids (including but not lim-
ited to etretinate, acitretin and isotretinoin), topical salicylic
acid, methotrexate. cyclosporine, hydroxyurea and sulfasala-
zine. In addition, TNFR:Fc may be administered to treat
psoriasis in combination with one or more of the following
compounds; minocycline; misoprostol; oral collagen; 6-mer-
captopurine; nitrogen mustard; gabapentin; bromocriptine;
somatostatin; peptide T; anti-CD4 monoclonal antibody;
fumaric acid; polyunsaturated ethyl ester lipids; zinc; and
other drugs that may be used to treat psoriasis. TNFR:Fc may
also be used to treat psoriasis in combination with the use of
various oils, including fish oils, nut oils and vegetable oils;
aloe vera; jojoba; Dead Sea salts; capsaicin; milk thistle;
witch hazel; moisturizers; and Epsom salts. In addition, pso-
riasis may be treated with compositions containing TNFR:Fc
in combination with the following therapies: plasmapheresis;
phototherapy with ultraviolet light B; psoralen combined
with ultraviolet light A (PUVA); and sunbathing.

For determining the sufficiency of treatment when treating
ordinary psoriasis in accord with the invention, the TNFR:Fc
(or other TNFo. inhibitor) is administered in an amount and
for a time sufficient to induce an improvement in an indicator
such as psoriasis area and severity index (PASI) or an
improvement in Target Lesion Assessment score, which is an
index for assessing the severity of individual skin lesions. In
one embodiment, the treatment is regarded as sufficient when
the patient exhibits an at least 50% improvement in his or her
PASI score, and in another embodiment, when the patient
exhibits an at least 75% improvement in PASI score. The
sutticiency of treatment for psoriasis may also be determined
by evaluating individual psoriatic lesions for improvement in
severity (Psoriasis larget Lesion Assessment Score), and
continuing treatment until an improvement is noted accord-
ing to this scoring system. This scoring system involves deter-
mining, for an individual lesion whether improvement has
occurred in plaque elevation, amount and degree of scaling or
degree of erythema, and target lesion response to treatment,
each of which is separately scored. Psoriasis Target Lesion
Assessment Score is determined by adding together the sepa-
rate scores for all four of the aforementioned indicia.

In addition to human patients, inhibitors of TNFa are use-
ful in the treatment of autoimmune and inflammatory condi-
tions in non-human animals, such as pets (dogs. cats, birds,
primates, etc.), domestic farm animals (horses cattle, sheep,
pigs, birds, etc.), or any animal that suffers from a TNFa-
mediated inflammatory or arthritic condition. In such
instances, an appropriate dose may be determined according
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to the animal’s body weight. For example, a dose of 0.2-1
mg/kg may be used. Alternatively, the dose is determined
according to the animal’s surface area, an exemplary dose
ranging from 0.1-20 mg/m?, or more preferably, from 5-12
mg/m?. For small animals, such as dogs or cats, a suitable
dose is 0.4 mg/kg. In a preferred embodiment, TNFR:Fc
(preferably constructed from genes derived from the same
species as the patient), or another soluble TNFR mimic, is
administered by injection or other suitable route one or more
times per week until the animal’s condition is improved, or it
may be administered indefinitely.

Example

Evaluation of TNFR:Fc in Patients with Psoriatic
Arthritis

Sixty patients with active psoriatic arthritis (PsA) were
enrolled in a Phase 11 double-blind, randomized, placebo
controlled study to determine whether the subcutaneous
biweekly administration of etanercept (recombinant TNFR:
Fc) was safe in this patient population and whether efficacy
could be documented for both the arthritic and psoriatic
aspects of this disease.

In this study, a flat dose of 25 mg of TNFR:Fc was injected
subcutaneously two times a week. After 12 weeks, patients
who completed the study were eligible for continuation into a
24 week open-label extension of the study, with assessments
made at weeks 16, 36 and 30 days post-study. All patients
participating in the study extension received etanercept,
including those patients who had received placebo during the
blinded portion of the study.

In order to qualify for enrollment, subjects had to have at
least one of the following forms ot PsA: 1) DIP involvement;
2) polyarticular arthritis, absence of rheumatoid nodules and
presence of psoriasis; 3) arthritis mutilans; 4) asymmetric
peripheral arthritis; or 5) ankylosing spondylitis-like PsA.
Subjects furthermore had to exhibit three or more swollen
joints and three or more tender or painful joints at the time of
enrollment, and to have exhibited an inadequate response to
NSAID therapy. Subjects who were on other medications,
including methotrexate, NSAIDs or oral corticosteroids were
permitted to continue these other treatments at the same dose
so long as the investigator considered these other treatments
to inadcquatcly control the patient’s discasc. Methotrexate
was concurrently taken by 47% of the etanercept group, and
47% of the placebo group, NSAIDs were concurrently taken
by 67% of the etanercept and 77% of the placebos and oral
corticosteroids by 40% of the etanercept and 20% of the
placebo patients. Pain medications, including acetami-
nophen, codeine, propoxyphene napsylate, oxycodone
hydrochloride, hydrocodone bitartrate and tramadol, also
were permitted during the study, as well as the use of topical
tar compounds.

To qualify as having Ps A, patients had to have experienced
at least one psoriatic lesion of the skin or nails. Patients were
evaluated at baseline (day 1 of treatment) as follows: 1) com-
plete joint assessment; 2) psoriasis assessment; 3) duration of
moming stiffness; 4) health assessment (quality of life) ques-
tionnaire, visual analog scale (HAQ/VAS); 5) patient global
assessment; 6) erythrocyte sedimentation rate (ESR, Wester-
gren); 7) C-reactive protein (CRP); and 8) urinalysis. At
weeks 4 and 8, patients were evaluated as follows: 1) com-
plete joint assessment; 2) psoriasis assessment; 3) duration of
moming stiffness; 4) HAQ/VAS; 5) patient global assess-
ment. Al the end of 12 weeks, subjects were evaluated as
follows: 1) complete joint assessment; 2) psoriasis assess-
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ment; 3) focused physical exam; 4) duration of morning stiff-
ness; 5) HAQ/VAS; 6) patient global assessment; 6) hematol-
ogy profile; 7) chemistry profile; 8) ESR; 9) CRP; 10)
urinalysis; 11) seram tested for antibody to TNFR:Fc. Only
those patients whose psoriasis was stable and covered 3%
ofbody area were evaluated for psoriasis response during this
trial, although patients whose psoriasis was inactive or cov-
ered less area were permitted to enroll.

A primary endpoint for clinical improvement or worsening
of PsA was the Psoriatic Arthritis Response score, which is a
composite score based on the following four measures: 1)
patient self-assessment; 2) physician assessment; 3) joint
painor tenderness: 4) joint swelling. Both self- and physician
assessments, i.e., overall assessment of disease status, were
measured according to a five point Likert scale, in which a
patient was considered as “improved” if his or her score
decreased by one category, or as “worse” if his or her score
increased by one category. Joint pain or tendemess was mea-
sured on a 5-point scale, wherein 1=none and 5=severe (with-
drawal on examination). Joint swelling was evaluated on a
4-point scale in which 1=none; 2=mild (detectable synovial
thickening without loss of bony contour); 3=moderate (loss
of distinctness of bony contours); and 4—severe (bulging syn-
ovial proliferation with cystic characteristics). For this last
measure, a decrease in swelling of 230% was scored as an
“improvement,” and an increase in swelling of =30% was
scored as a “worsening.” Patients were classified as
“improved” under the Psoriatic Arthritis Response scoring
system if they exhibited an improvement in at least two of the
four measures described above, provided that one of the
improved areas was joint pain or joint tenderness, and where
there was no worsening in any of the four measures.

In addition, a secondary endpoint used for assessing pso-
riatic arthritis was a modified version of the American Col-
lege of Rheumatology Preliminary Definition of Improve-
ment in Rheumatoid Arthritis (modified ACR 20 response)
(Felson et al., 1995). To qualify as “improved™ according to
this measure, a patient must have exhibited =20% improve-
ment in both tender joint count (78 joints assessed) and swol-
len joint count (76 joints assessed), and also must have shown
an improvement in three of the following five: 1) subject pain
assessment; 2) subject global assessment; 3) physician global
assessment; 4) subject self-assessed disability; 5) acute-phase
reactant (Westergreen erythrocyte sedimentation rate or C-re-
active protein level). The joint count was done by scoring
several different aspects of tenderness, such as pressure and
joint manipulation on physical examination, wherein each
joint was scored as “tender” or “nontender.” Similarly, each
joint is scored after physical examinationas “swollen” or “not
swollen.” The subject’s pain assessment was based on a hori-
zontal visual analog scale (usually 10 cm) or Likert scale. The
subject’s and physician’s global assessments of the subject’s
current disease status was based on an anchored horizontal
visual analog scale (usually 10 cm), or Likert scale response.
The subject’s self-assessment of disability was based on any
of'the following measures, all of which have been validated in
RA trials: Arthritis Impact Measurement Scale (AIMS);
Health Assessment Questionnaire; the Quality (or Index) of
Well Being Scale; the McMaster Health Inventory Question-
naire (MHIQ); and the McMaster-Toronto Arthritis patient
preference questionnaire (MACTAR).

A primary endpoint used to assess the psoriatic aspects of
PsA was the standard psoriasis area and severity index (PASI)
(Fredriksson and Petersson, Dermatologica 157:238-244,
1978). For this study, a positive treatment response was
defined as an at least 50% or an at least 75% improvement in
a patient’s PASI score. For assessing area and severity, the
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body is divided into four regions: head (10%); trunk (30%);
upper extremities (20%); and lower extremities (40%). Each
quadrant also was scored for the severity of erythema (E),
infiltration (I) and desquamation (D), using a four point scale,
in which O=no symptoms present; 1=slight symptoms;
2=moderate symptoms; 3=striking symptoms; 4=exception-
ally striking symptoms. Using a 6-point scale, each region
was scored also for the percent of total area that was involved
in the psoriatic manifestations of the disease, wherein 0=no
involvement; 1=<10% involvement; 2=10-<30% involve-
ment; 3=30-<50% involvement;, 4=50-<70% involvement;
5=70-<90% involvement; 6=90-100% involvement. PASI
scores were calculated according to the formula given below,
in which E=severity score for erythrema, I=severity score for
infiltration, D=severity score for desquamation and A=total
area involved. In this formula, the letters “h,” “t,” “u> and “1”
represent, respectively, the scores in each of the four body
regions, i.e., head, trunk, upper extremities and lower
extremities. The PASI score varies in steps of 0.1 units from
0.0 (no psoriatic lesions at all) to 72.0 (complete erythro-
derma of the severest possible degree).

PASI=0.1(Eh+Ih+Dh)Ah+0.3(Et+Ir+Dr) Ar+0.2(Eu+
Tu+Du)Au+0.4(EI+TI+DN Al

A secondary endpoint used for the psoriatic aspect of pso-
natic arthritis was the Target Lesion Asscssment Score. This
score was determined for a single target lesion that was
selected to be monitored throughout the trial. This measure-
ment is a composite of four different evaluations: 1) plaque
evaluation; 2) scaling; 3) erythrema; and 4) target lesion
response to treatment. The following scale was used for the
plaque elevation: 0=none (no evidence of plaque above nor-
mal skin level); 1=mild (slight but definite elevation above
normal skin level); 2=moderate (moderate elevation with
rounded or sloped edges to plaque); 3=severe (hard, marked
elevation with sharp edges to plaque);, 4=very severe (very
marked elevation with very hard sharp edges to plaque). For
the scaling assessment: O=none (no scaling on the lesion);
1=mild (mainly fine scales, with some of the lesion at least
partially covered); 2=moderate (somewhat coarser scales,
most of the lesion at least partially covered); 3=severe
(coarse, thick scales, virtually all the lesion covered, rough
surface); 4=very severe (very coarse thick scales, all the
lesions covered, very rough surface). For the erythema evalu-
ation: O=none (no erythema); 1=mild (light red coloration);
2=moderate (red coloration); 3=severe (very red coloration);
4=very severe (extreme red coloration). For target lesion
response to treatment score: O=completely cleared; 1=almost
cleared (~90% improvement); 2=marked response (~75%
improvement); 3=moderate response (~50% improvement);
4=slight response (~25% improvement); S=condition
unchanged; 6=condition worscned. The patient’s Target
Lesion Assessment Score was determined by summing the
plaque, scaling, erythema and target lesion response scores
for the monitored lesion. If the monitored lesion worsened,
the percentage change from baseline was recorded as a nega-
tive number.

Treatment and placebo groups were compared in accord
with the measurements described above, as well as for demo-
graphic and background characteristics; premature discon-
tinuation rate; pain medication requirements; toxicities; seri-
ous adverse events; side effects reported by patients; number
of weeks on drug until subjects met criteria for improvement,
and response according to PsA subtype. Results were ana-
lyzed using standard statistical methods.
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Dosing Regimen

Recombinant human TNFR:Fc (etanercept) from Immu-
nex Corporation was used in this study. The gene fragments
encoding the etanercept polypeptides were expressed in a
Chinese hamster ovary (CI10O) expression vector.

TNFR:Fc was supplied as a sterile lyophilized powder
containing 10 mg or 25 mg TNFR:Fc; 40 mg mannitol, USP;
10 mg sucrose, NF; and 1.2 mg tromethamine (TRIS), USP
per vial. Patients received either a dose of 25 mg of etanercept
or a placebo. Vials of etanercept or identically-appearing
placebo were reconstituted by aseptic injection of 1.0 mL
Bacteriostatic Water for Injection, USP, (containing 0.9%
benzyl alcohol), and was not filtered during preparation or
prior to administration. If storage was required, the reconsti-
tuted solutions were stored at 2-8° C. (36-46° F.) in the origi-
nal vial or in a plastic syringe for a period of no longer than 28
days. Dose was not changed during the study. Study drug was
given twice weekly at approximately the same time of day.
Results

Study drug was well tolerated in all patients, and adverse
events were consistent with this population and were equally
distributed among both treatment groups. As illustrated in
Tables 1-4, etanercept induced a significant improvement as
compared with the placebo group in Psoriatic Arthritis
Response (Table 1), ACR20 (Table 2), ACR50 (Table 3),
PASI score, 50% improvement (Table 4), PASI score, 75%
improvement (Table 5) and improvement in Target Lesion
Assessment Score (Table 6). The fractions shown in Tables
1-5 represent numbers of patients. For example, the firstentry
in Table 1, which is “4/30,” indicates that 4 of 30 patients in
the placebo group scored as “improved” according to the
Psoriatic Arthritis Response measurements. The tables
include P-values [or the differences between the two study
groups, the groups being labeled as “PLACEBO” and
“TNFR:Fc.” All of the tables include data calculated after the
first four weeks of the open label extension portion of the
study (“EXTENSION™), during which all of the patients in
both study groups received etanercepl.

Table 1 shows the number of patients in each treatment
group who scored as “improved” according to the Psoriatic
Arthritis Response scoring system described above. By four
weeks, there was a highly significant difference between
etanercept and placebo groups. Moreover, after being
switched to etanercept during the extension, those patients
who had received placebo during the blinded portion of the
study were seen to exhibit an improvement over baseline
(Table 1, Placebo, EXTENSION). These results indicate that
etanercept acts rapidly to alleviate many aspects of psoriatic
arthritis.

TABLE 1

Psoriatic Arthritis Response

Placebo TNFR:Fe P-value
4 weeks 4/30 (13%) 23/30 (77%) 0.000
8 weeks 7/30 (23%) 25/30 (83%) 0.000
12 weeks 6/30 (20%) 26/30 (87%) 0.000
EXTENSION 17/23 (74%) 21725 (84%) 0.356

Tables 2 and 3, respectively, illustrate the study results for
the ACR20 and ACR50 endpoints. For either measure, a sig-
nificant difference between etanercept and placcbo groups
was observed at all three time points during the blinded por-
tion of the study. Given the differences between test and
placebo groups after only four weeks of treatment (P=0.000
for ACR20 and P==0.011 for ACR50), these data suggest that
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notable improvement in ACR scores occurred within the etan-
ercept group very soon after treatment was initiated, possibly
afier a single dose of etanercept. During the 4 week extension
period, during which all of the patients received etanercept, a
striking improvement in both ACR20 and ACR S50 was seen in
those patients who had received placebo during the first 12
weeks (Tables 2 and 3).

TABLE 2
ACR20 Response
Placebo TNFR:Fe P-value
4 weeks 1/30 (3%) 18/30 (60%) 0.000
8 weeks 3/30 (10%) 19/30 (63%) 0.000
12 weeks 4/30 (13%) 22/30 (73%) 0.000
EXTENSION 11/23 (48%) 18/25 (72%) 0.093
TABLE 3
ACRS0 Response
Placebo TNFR:Fe P-value
4 weeks 0/30 (0%) 6/30 (20%) 0.011
8 weeks 1/30 3%) 11/30 (37%) 0.001
12 weeks 1/30 (3%) 15/30 (50%) 0.000
EXTENSION 7/23 (30%) 11/25 (44%) 0.316

The results of the psoriasis evaluations are presented in
Tables 4-6. Tables 4 and 5, respectively, present the numbers
and percentages of patients in each group who exhibited a
50% or 75% improvement in PASI score, while Table 6 pre-
sents Target Lesion Assessment scores, these latter being
denoted as percent improvement over bascline. The data in
Tables 4-6 clearly indicate that etanercept induced an
improvement in psoriasis for a large percentage of the
paticnts who received it. When single lesions were evaluated
(Table 6), the improvement in psoriasis was even more appar-
ent than when PASI scores were used (Tables 4 and 5). 1t is
notable also that, for either PASI scores (Tables 4 and 5) or
Psoriasis Target Lesion Assessment Score (Table 6), the
scores of the placebo group improved after these patients
were switched to etanercept during the extension.

Though not shown in Table 6, Target Lesion Assessment
Scores for patients who were concurrently receiving methotr-
exate (14 of the 30 patients in the etanercept group, and 14
patients in the placebo group) were compared with the scores
of those patients who did not take methotrexate. Little differ-
ence in this index was noted between the patients who
reccived methotrexate and those who did not receive it.

TABLE 4
PASI Score - 50% Improvement
Placebo TNFR:Fc P-value
4 weeks 0/19 (0%) 4/19 (21%) 0.037
8 weeks 1/19 (5%) 7/19 (37%) 0.019
12 weeks 4/19 (21%) 8/19 (42%) 0.165
EXTENSION 6/16 (38%) 6/15 (40%) 0.856
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TABLE 5

PAS] Response Rate 75% Improvement

Placebo TNFR:F¢ P-value
4 weeks 0/19 (0%) 1719 (5%) 0.264
8 weeks 0/19 (0%) 2/19 (11%) 0.153
12 weeks 0/19 (0%) 4/19 (21%) 0.037
EXTENSION 1/16 (6%) 4/15 (27%) 0.313
TABLE 6

Psoriasis Target Lesion Assessment

(Percent Iinprovement or Worsening Compared with Baseline

Placebo TNFR:Fc P-value
4 weeks Mean (SD) 2.7(27.6) 21.2(35.2) 0.120
Median 0.0 14.3
MIN--MAX -50.0-50.0 -33.3-100.0
N 19 19
8 weeks Mean (SD) -7.5(253) 28.5(34.1) 0.003
Median 0.0 29.2
MIN--MAX -50.0-20.0 ~33.3-100.0
N 17 18
12 weeks Mean (SD) 9.5(23.2) 45.7 (31.6) 0.001
Median 0.0 50.0
MIN--MAX -25.0-50.0 -16.7-100.0
N 16 19
EXTENSION  Mean (SD) 28.9 (41.2) 47.1 (35.8) 0.263
Median 36.7 50.0
MIN--MAX -100.0-66.7 -33.3-100.0
N 16 15

What is claimed is:

1. A method for treating a patient having psoriasis com-
prising administering to the patient a therapeutically effective
dose of TNFR:Fc, wherein the patient attains at least fifty
percent improvement in PAS] score.

2. The method of claim 1, wherein the dose of TNFR:Fc¢
administered is either 50 mg once per weck or 25 mg twice
per week.

3. The method of claim 1, wherein the dose of TNFR:Fc
administered is 50 mg twice per week.

4. The method of claim 1, wherein the TNFR:Fc is admin-
istered by subcutaneous injection.

5. The method of claim 1, wherein

(a) a dose of 50 mg of TNFR:Fc is administered two times

per week for at least two months and then
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(b) TNFR:Fc is administered at a reduced dose or at a

reduced frequency.

6. The method of claim 5, wherein the administration of (b)
is at a dose 25 mg of TNFR:Fc twice per week.

7. The method of claim 5, wherein the administration of (b)
is at a dose of 50 mg once per week.

8. The method of claim 5, wherein the TNFR:Fc is admin-
istered by subcutaneous injection.

9. The method of claim 1, wherein the patient exhibits at
least seventy five percent improvement in PASI score after
three months of treatment.

10. The method of claim 1, wherein a corticosteroid is
administered concurrently.

11. The method of claim 1, wherein methotrexate is admin-
istered concurrently.

12. A method for treating a patient having psoriasis and
psoriatic arthritis comprising administering to the patient a
therapeutically effective dose of TNFR:Fc, wherein the
patient atlains at least fifty percent improvement in PASI
score.

13. The method of claim 12, wherein the dose of TNFR:Fc
administered is either 50 mg once per week or 25 mg twice
per week.

14. The method of claim 12, wherein a corticosteroid is
administered concurrently.

15. The method of claim 12, wherein methotrexate is
administered concurrently.

16. A method for treating a patient having psoriasis com-
prising

(a) administering to the patient TNFR:Fc subcutaneously

ata dose of 50 mg twice per week for at least two months
and then

(b) administering TNFR:Fc subcutaneously at a dose of 50

mg once per week or at a dose of 25 mg twice per week.

17. The method of claim 1, wherein cyclosporine is admin-
istered concurrently.

18. The method of claim 1, wherein acitretin is adminis-
tered concurrently.

19. The method of claim 1, wherein ultraviolet light B
phototherapy or psoralen combined with ultraviolet light A
(PUVA) phototherapy is administered concurrently.

20. The method of claim 16, wherein the patient attains at
least fifty percent improvement in PASI score.
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SOLUBLE TUMOR NECROSIS FACTOR
RECEPTOR TREATMENT OF MEDICAL
DISORDERS

This application is a continuation of U.S. application Ser.
No. 12/394,962, filed Feb. 27, 2009, now allowed; which is a
divisional of U.S. application Ser. No. 10/853,479, filed May
25,2004, now abandoned; which is a divisional of U.S. appli-
cation Ser. No. 09/602,351, filed Jun. 23, 2000, now aban-
doned, which claimns benefit of U.S. Provisional Application
Nos. 60/164,676, filed Nov. 10, 1999, now abandoned, and
60/184,864, filed Feb. 25, 2000, now abandoned; and which is
a continuation-in-part of U.S. application Ser. No. 09/373,
828, filed Aug. 13, 1999, now abandoned, which claims the
benefit of U.S. Provisional Application Nos. 60/130,074,
filed Apr. 19, 1999, now abandoned, 60/134,320, filed May
14, 1999, now abandoned, 60/143,959, filed Jul. 15, 1999,
now abandoned, and 60/148,234, filed Aug. 11, 1999, now
abandoned; all of which are incorporated herein by reference
in their entirety.

FIELD OF THE INVENTION

The invention pertains to methods for treating various
medical disorders that are characterized by abnormal or
excessive TNFa levels by administering a TNFa antagonist,
preferably a soluble TNFa. The TNFa inhibitor may be
administered in combination with other biologically active
molecules.

BACKGROUND OF THE INVENTION

The pleiotropic cytokine tumor necrosis factor alpha
(TNFa) is associated with inflammation and binds to cells
through membrane receptor molecules, including two mol-
ecules having molecular weights of approximately 55 kDa
and 75 kDa (p55 and p75). In addition to binding TNFa, the
p55 and p75 TNF receptors mediate the binding to cells of
homotrimers of TNFf, which is another cytokine associated
with inflammation and which shares structural similarities
with TNFa (e.g., see Cosman, Blood Cell Biochem 7:51-77,
1996). TNFf is also known as lymphotoxin-a (LTa).

It has been proposed that a systemic or localized excess of
TNFa contributes to the progression of numerous medical
disorders. For example, patients with chronic heart failure
have elevated levels of serum TNFa, which have been shown
to increase with disease progression (see, lor example, Levine
etal., N Ing J Med 323:236-241, 1990). A variety of other
diseases are associated with elevated levels of TNFa (see, for
example, Feldman et al, ZTranmsplantation Proceedings
30:4126-4127, 1998).

Psoriatic arthritis (PsA) is a chronic autoimmune condition
that shares some features with both rheumatoid arthritis (RA)
and the inflammatory skin disease psoriasis (for review, see
Breathnach, In Klippel and Dieppe eds. Rheumatology, 2"°
Ed., Mosby, 1998, 22.1-22.4). Psoriasis is characterized by
epidermal keratinocyte hyperproliferation, accompanied by
neutrophil and T cell infiltration, and is associated with
elevated levels of inflammatory cytokines, including TNFa,
IL-6 and TGF@ (see, for example, Bonifati et al., Clin Exp
Dermatol 19:383-387, 1994). Psoriasis and PsA are different
clinical entities, and are associated with somewhat different
MHC haplotypes (Gladman, Rheum Dis Clin NA. 18:247-
256, 1992; Breathnach, 1998). The overall prognosis for PsA
is far worse than for ordinary psoriasis. Nonetheless, treat-
ments used for the psoriatic lesions of PsA generally are
similar to those used to treat psoriasis.
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Psoriatic skin lesions are present in patients with PsA,
although only a minority of psoriasis sufferers actually have
PsA. Ordinary psoriasis occasionally is accompanied by joint
pain, but does not involve the extreme pain and often deform-
ing degeneration of joints and bone that occurs in PsA
patients.

Treatments that sometimes are effective in treating ordi-
nary psoriasis include topical medications (e.g., steroids, coal
tar, anthralin, Dead Sea salts, various natural oils, vitamin D3
and its analogs, sunshine, topical retinoids), phototherapy
(e.g., ultraviolet light, photochemotherapy (PUVA)), and
internal medications (e.g., methotrexate, systemic steroids,
oral retinoids, cyclosporine, or a rotating regimen of these
three). In addition, it has been proposed that psoriasis could
be treated with TNF-derived peptides, quinolinesulfona-
mides, pyrrolidinone derivatives, catechol diether com-
pounds, isoxazoline compounds, matrix metalloproteinase
inhibitors or mercapto alkyl peptidvl compounds, all of which
inhibit either TNFa production or its release from cultured
cells (see, for example, U.S. Pat. No. 5,691,382, U.S. Pat. No.
5,834,485, U.S. Pat. No. 5,420,154, U.S. Pat. No. 5,563,143,
U.S. Pat. No. 5,869,511 and U.S. Pat. No. 5,872,146), as well
as with various combination therapies involving TNFa
antagonists (for example, see U.S. Pat. No. 5,888,511 or U.S.
Pat. No. 5,958,413).

Conflicting results have been reported regarding the role of
TNFa in psoriasis. Some investigators have proposed that
overproduction of TNFa contributes to the pathology of pso-
riasis (e.g., Pigatto et al., J Invest Dermatol 94:372-376,
1990; Sagawa et al., Dermatol 187:81-83, 1993; Ameglio et
al., Dermatol 189:359-363, 1994). One group reported some
improvement after treatment with pentoxifylline, a drug that
can inhibit the release of TNFa, but which exerts many of its
physiological effects by inhibiting cyclic AMP phosphodi-
esterase (Omulecki et al., J Am Acad Dermatol 34:714-715,
1996; Centola et al., J Androl 16:136-142, 1995; Elferinck et
al., Biochem Pharmacol 54:475-480, 1997). However, other
reports have cast doubt on the hypothesis that overproduction
of TNFa exacerbates psoriasis. For example, some investi-
gators have reported that treatment with TNFa itself actually
can mitigate psoriasis (see, e.g.. Takematsu et al., Br J Der-
matol 124:209-210, 1991, Creaven et al., J Am Acad Derma-
tol 24:735-737, 1991).

In addition to psoriatic lesions, PsA is characterized by
distal interphalangeal joint (DIP) involvement, enthesopathy.
nail lesions, spondylitis and dactylitis. The histopathogenesis
ol PsA and the more well-studied rheumatoid arthritis share
certain features. In both RA and in active Ps A, patients exhibit
increased levels of HLA-DR* T cells and MHC class 11 anti-
gens in their synovial membranes and synovial fluid, as well
as increased expression of the cytokine TNFa. In addition,
both diseases are associated with prominent synovial vascular
changes.

The discovery of rheumatoid factor in the serum of RA
patients provided an important tool for differentiating PsA
from RA, but the realization that RA and PsA are distinct
diseases was based primarily on their many clinical differ-
ences (e.g., Helliwell and Wright, In Klippel and Dieppe eds.
Rheumatology, 2™ Ed., Mosby, 1998, 21.1-21.8). Studies
have shown that levels of TNFa, 11-1B, 11-8 as well as TNI'a.
receptors in synovial fluids were higher in PsA patients than
in osteoarthritis patients, though they were lower than in RA
patients (Partsch et al., J Rheumatol 24:518-523, 1997;
Partsch et al., J Rhkeumatol 25:105-110, 1998; Partsch et al.,
Ann Rheum Dis 57:691-693, 1998). PsA is distinguished
from RA also by radiographic appearance, a notably higher
degree of synovial membrane vascularity as well as differ-
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ences in the levels of various cytokines in the synovial fluids
(Ritchlin et al., J Rheumatol 25:1544-52, 1998; Veale et al.,
Arth Rheum 36:893-900, 1993). Veale et al. noted differences
in synovial membrane adhesion molecules and numbers of
macrophages when they compared RA and PsA patients, as
well as observing a minimal degree of hyperplasia and hyper-
trophy of synoviocytes in PsA as compared with RA patients.
Because of such differences, coupled with the association of
PsA but not RA with class I MHC antigens, Ritchlin et al.
have suggested that PsA must be triggered by different
mechanisms than those underlying RA. Veale et al. suggested
for similar reasons that different cytokines were likely to be
interacting in the synovium of PsA and RA patients.

Most of the drugs used for treating the arthritic aspects of
PsA are similar to those used in RA (Salvarini et al., Curr
Opin Rheumatol 10:229-305, 1998), for example the non-
steroidal antiinflammatories (NSAIDs), which may be used
alone or in combination with the disease-modifying anti-
rheumatic drugs, or “DMARDs.” However, one group found
that long-term administration of the DMARD mecthotrexate
failed to slow the progression of joint damage in PsA patients
(Abu-Shakra et al., J Rheumatol 22:241-45, 1995), and
another group reported very little improvement in PsA
patients who had received methotrexate (Willkens et al.,
Arthr Rheum 27:376-381, 1984). Similarly, Clegg et al. found
only a slight improvement over placebo in PsA patients
treated with sulfasalazine, another drug classified as a
DMARD (Clegg et al., Arthritis Rheum 39: 2013-20, 1996).
Some studies have indicated that the immunosuppressor
cyclosporine is effective in treating PsA (reviewed in Salva-
rini et al., 1998), though this drug has severe side effects. In
addition, others have proposed that PsA could be treated with
truncated TNFa receptors or with a combination of methotr-
exate and antibodies against TNFa (WO 98/01555; WO
98/0537).

A recent meta-analysis of a number of Ps A treatment stud-
ies concluded that PsA and RA differed not only in their
response to treatment with specific drugs, but in the relative
magnitudes of improvement in the placebo arms of the studies
(Jones etal., BrJ Rheumatol 36:95-99,1997). As an example,
PsA patients responded better to gold salt therapy than didRA
patients, though the gold did not affect the psoriatic skin
lesions (Dorwart et al., Arthritis Rheum 21:515-513, 1978).

It has been suggested that the suppression of TNFa might
be beneficial in patients suffering from various disorders
characterized by abnormal or excessive TNFa expression.
However, although progress has been made in devising effec-
tive treatment for such diseases, improved medicaments and
methods of treatment are needed.

SUMMARY OF THE INVENTION

Provided herein are methods for treating a number of medi-
cal disorders characterized by abnormal TNFa expression by
repeatedly administering an antagonist of TNFa, such as a
soluble TNFa receptor, for a period of time sufficient to
induce a sustained improvement in the patient’s condition.

DETAILED DESCRIPTION OF THE INVENTION

This invention provides compounds, compositions and
methods for treating a mammalian patient, including ahuman
patient, who is sutfering from a medical disorder that is char-
actcrized by abnormal or elevated expression of TNFa. For
purposes of this disclosure, the terms “illness,” “disease,”
“medical condition,” “abnormal condition” and the like are
used interchangeably with the term “medical disorder.”
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The subject methods involve administering to the patient a
soluble TNFa antagonist that is capable of reducing the effec-
tive amount of endogenous biologically active TNFa, such as
by reducing the amount of TNFa produced, or by preventing
the binding of TNFa to its cell surface receptor (TNFR).
Antagonists capable of inhibiting this binding include recep-
tor-binding peptide fragments of TNFa, antibodies directed
against TNFa, and recombinant proteins comprising all or
portions of receptors for TNFa or modified variants thereof,
including genetically-modified muteins, multimeric forms
and sustained-release formulations. Other compounds suit-
able for treating the diseases described herein include thali-
domide and pentoxifylline.

Preferred embodiments of the invention utilize soluble
TNFRs as the TNFa antagonist. Soluble forms of TNFRs
may include monomers, fusion proteins (also called “chi-
meric proteins), dimers, trimers or higher order multimers. In
certain embodiments of the invention, the soluble TNFR
derivative is one that mimics the 75 kDa TNFR or the 55 kDa
TNFR and that binds to TNFa in the patient’s body. The
soluble TNFR mimics of the present invention may be
derived from TNFRs p55 or p75 or fragments thereof. TNFRs
other than p55 and p75 also arc useful for deriving soluble
compounds for treating the various medical disorders
described herein, such for example the TNFR described in
WO 99/04001. Soluble TNFR molecules used to construct
TNFR mimics include, for example, analogs or fragments of
native TNFRs having at least 20 amino acids, that lack the
transmembrane region of the native TNFR, and that are
capable of binding TNFa. Antagonists derived from TNFRs
compete for TNFa with the receptors on the cell surface, thus
inhibiting TNFa from binding to cells, thereby preventing it
from manifesting its biological activities. Binding of soluble
TNFRs to TNFa or LTa can be assayed using ELISA or any
other convenient assay. This invention provides for the use of
soluble TNFa receptors in the manufacture of medicaments
for the treatment of numerous diseases.

The soluble TNFR polypeptides or fragments of the inven-
tion may be fused with a second polypeptide to form a chi-
meric protein. The second polypeptide may promote the
spontaneous formation by the chimeric protein of a dimer,
trimer or higher order muimer that is capable of binding a
TNFa and/or LTa molecule and preventing it from binding to
cell-bound receptors. Chimeric proteins used as antagonists
include, for example, molecules derived from an antibody
molecule and a TNFR. Such molecules are referred to herein
as TNI'R-1g fusion proteins. A preferred TNFR-1g fusion
protein suitable for treating diseases in humans and other
mammals is recombinant TNIFR:Fc, a term which as used
herein refers to “etanercept,” which is a dimer of two mol-
ecules of the extracellular portion of the p75 TNFa receptor,
each molecule consisting of a 235 amino acid TNFR-derived
polypeptide that is fused to a 232 amino acid Fe portion of
human IgG, . Etanercept is currently sold by Immunex Cor-
poration under the trade name ENBREL.® Because the p75
receptor protein that it incorporates binds not only to TNFa.,
but also to the inflammatory cytokine LTa, etanercept can act
as a competitive inhibitor not only of TNFa, but also of LTa.
This is in contrast to antibodies directed against TNFa, which
cannot inhibit LTc. Also encompassed by the invention are
treatments using a compound that comprises the extracellular
portion of the 55 kDa TNFR fused to the Fc portion of IgG, as
well as compositions and combinations containing such a
molecule. Encompassed also are therapeutic methods involv-
ing the administration of TNFR-Ig proteins derived the extra-
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cellular regions of TNFa receptor molecules other than the
p55 and p75 TNFRs, such as for example the TNFR described
in WO 99/04001.

In one preferred embodiment of the invention, sustained-
release forms of soluble TNFRs are used, including sus-
tained-release forms of TNFR:Fc. Sustained-release forms
suitable for use in the disclosed methods include, but are not
limited to, TNFRs that are encapsulated in a slowly-dissolv-
ing biocompatible polymer (such as the alginate micropar-
ticles described in U.S. Pat. No. 6,036,978), admixed with
such a polymer (including topically applied hydrogels), and
or encased in a biocompatible semi-permeable implant. In
addition, the soluble TNFR may be conjugated with polyeth-
ylene glycol (pegvlated) to prolong its serum half-life or to
enhance protein delivery.

In accord with this invention, medical disorders character-
ized by abnormal or excess expression of TNFa are admin-
istered a therapeutically effective amount of a TNFa inhibi-
tor. The TNFa inhibitor may be a TNFa-binding soluble
INFa receptor, preferably INFR:Fc. As used herein, the
phrase “administering a therapeutically effective amount” of
a therapeutic agent means that the patient is treated with the
agent in an amount and for a time sufficient to induce a
sustained improvement in at least one indicator that reflects
the severity of the disorder. An improvement is considered
“sustained” if the patient exhibits the improvement on at least
two occasions separated by one or more weeks. The degree of
improvement is determined based on signs or symptoms, and
determinations may also employ questionnaires that are
administered to the patient, such as quality-of-life question-
naires.

Various indicators that reflect the extent of the patient’s
illness may be assessed for determining whether the amount
and time of the treatment is sufficient. The baseline value for
the chosen indicator or indicators is established by examina-
tion of the patient prior to administration of the first dose of
the etanercept or other TNFa inhibitor. Preferably, the base-
line examination is done within about 60 days of administer-
ing the first dose. If the TNFa antagonist is being adminis-
tered to treat acute symptoms, such as for example to treat a
traumatic knee injury, the first dose is administered as soon as
practically possible afier the injury has occurred.

Improvement is induced by administering TNFR:Fc¢ or
other TNFa antagonist until the patient manifests an
improvement over bascline for the chosen mdicator or indi-
cators. In treating chronic conditions, this degree of improve-
ment is obtained by repeatedly administering this medica-
ment over a period of at least a month or more, e.g., for one,
two, or three months or longer, orindefinitely. A period of one
to six weeks, or even a single dose, often is sufficient for
treating acute conditions. For injuries or acute conditions, a
single dose may be sufficient.

Although the extent of the patient’s illness after treatment
may appear improved according to one or more indicators,
treatinent may be continued indefinitely at the same level or at
a reduced dose or frequency. Once treatment has been
reduced or discontinued, it later may be resumed at the origi-
nal level if symptoms should reappear.

Any efficacious route of administration may be used to
therapeutically administer TNFR:Fc or other TNFa antago-
nists. If injected, TNFR:Fc can be administered, for example,
via intra-articular, intravenous, intramuscular, intralesional,
intraperitoneal or subcutaneous routes by bolus injection or
by continuous infusion. Other suitable means of administra-
tion include sustained release from implants, aerosol inhala-
tion, eyedrops, oral preparations, including pills, syrups, loz-
enges or chewing gum, and topical preparations such as
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lotions, gels, sprays, ointments or other suitable techniques.
Alternatively, proteinaceous TNFo inhibitors, such as a
soluble TNFR, may be administered by implanting cultured
cells that express the protein, for example, by implanting cells
that express TNFR:Fc. In one embodiment, the patient’s own
cells are induced to produce TNFR:Fc by transfection in vivo
orex vivo with a DNA that encodes TNFR:Fc. This DNA can
be introduced into the patient’s cells, for example, by inject-
ing naked DNA or liposome-encapsulated DNA that encodes
TNFR:Fc, or by other means of transfection. When TNFR:Fc
is administered in combination with one or more other bio-
logically active compounds, these may be administered by
the same or by different routes, and may be administered
simultaneously, separately or sequentially.

TNFR:Fc or other soluble TNFRs preferably are adminis-
tered in the form of a physiologically acceptable composition
comprising purified recombinant protein in conjunction with
physiologically acceptable carriers, excipients or diluents.
Such carriers are nontoxic to recipients at the dosages and
concentrations employed. Ordinarily, the preparation of such
compositions entails combining the TNFa antagonist with
buffers, antioxidants such as ascorbic acid, low molecular
weight polypeptides (such as those having fewer than 10
amino acids), proteins, amino acids, carbohydrates such as
glucose, sucrose or dextrins, chelating agents such as EDTA,
glutathione and other stabilizers and excipients. Neutral buff-
ered saline or saline mixed with conspecific serum albumin
are exemplary appropriate diluents. In accordance with
appropriate industry standards, preservatives may also be
added, such as benzyl alcohol. TNFR:Fc preferably is formu-
lated as a lyophilizate using appropriate excipient solutions
(e.g., sucrose) as diluents. Appropriate dosages can be deter-
mined in standard dosing trials, and may vary according to the
chosen route of administration. The amount and frequency of
administration will depend, of course, on such factors as the
nature and severity of the indication being treated, the desired
response, the age and condition of the patient, and so forth.

In one embodiment of the invention, TNFR:Fc is adminis-
tered one time per week 1o treat the various medical disorders
disclosed herein, in another embodiment is administered at
least two times per week, and in another embodiment is
administered at least three times per week. An adult patient is
a person who is 18 years of age or older. If injected, the
effective amount of TNFR:Fc per adult dose ranges from 1-20
mg/m?, and preferably is about 5-12 mg/m?. Alternatively, a
flat dose may be administered, whose amount may range from
5-100 mg/dose. Exemplary dose ranges for a flat dose to be
administered by subcutancous injection are 5-25 mg/dose,
25-50 mg/dose and 50-100 mg/dose. In one embodiment of
the invention, the various indications described below are
treated by administering a preparation acceptable for injec-
tion containing TNFR:Fc at 25 mg/dose, or alternatively.
containing 50 mg per dose. The 25 mg or 50 mg dose may be
administered repeatedly, particularly for chronic conditions.
If a route of administration other than injection is used, the
dose is appropriately adjusted in accord with standard medi-
cal practices. In many instances, an improvement in a
patient’s condition will be obtained by injecting a dose of
about 25 mg of TNI'R:Fc one to three times per week over a
period of at least three weeks, or a dose of 50 mg of TNFR:Fc
one or two times per week for at least three weeks, though
treatment for longer periods may be necessary to induce the
desired degree of improvement. For incurable chronic condi-
tions, the regimen may be continued indefinitely, with adjust-
ments being made to dose and frequency if such are deemed
necessary by the patient’s physician.
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For pediatric patients (age 4-17), a suitable regimen
involves the subcutaneous injection of 0.4 mg/kg, up to a
maximum dose of 25 mg of TNFR:Fc, administered by sub-
cutaneous injection one or more times per week.

The invention further includes the administration of
TNFR:Fc concurrently with one or more other drugs that are
administered to the same patient in combination with the
TNFR:Fc, each drug being administered according to a regi-
men suitable for that medicament. “Concurrent administra-
tion” encompasses simultaneous or sequential treatment with
the components of the combination, as well as regimens in
which the drugs are alternated, or wherein one component is
administered long-term and the other(s) are administered
intermittently. Components may be administered in the same
or in separate compositions, and by the same or different
routes of administration. Examples of drugs to be adminis-
tered concurrently include but are not limited to antivirals,
antibiotics, analgesics, corticosteroids, antagonists of inflam-
matory cytokines, DMARDs and non-steroidal anti-inflam-
matories. DMARD:s that can be administered in combination
with the subject TNFa inhibitors such as TNFR:F¢ include
azathioprine, cyclophosphamide, cyclosporine, hydroxy-
chloroquine sulfate, methotrexate, leflunomide, minocycline,
penicillamine, sulfasalazine and gold compounds such as oral
gold, gold sodium thiomalate and aurothioglucose. Addition-
ally, TNFR:Fc may be combined with a second TNFa antago-
nist, including an antibody against TNFa or TNFR, a TNFa-
derived peptide that acts as a competitive inhibitor of TNFa
(such as those described in U.S. Pat. No. 5,795,859), a TNFR-
IgG fusion protein other than etanercept, such as one contain-
ing the extracellular portion of the p55 TNFa receptor, a
soluble TNFR other than an 1gG tusion protein, or other
molecules that reduce endogenous TNFa levels, such as
inhibitors of the TNFa converting enzyme (see e.g., U.S. Pat.
No. 5,594,106). In further embodiments of this invention,
TNFR:Fc is administered in combination with pentoxifylline
or thalidomide.

It an antibody against TNFa is used as the TNFa inhibitor,
apreferred dose range is 0.1 to 20 mg/kg, and more preferably
is 1-10 mg/kg. Another preferred dose range for anti-TNFa
antibody is 0.75 to 7.5 mg/kg of body weight. Humanized
antibodies are preferred, that is, antibodies in which only the
antigen-binding portion of the antibody molecule is derived
from a non-human source. such antibodies may be injected or
administered intravenously.

In one preferred embodiment of the invention, the various
medical disorders disclosed herein as being treatable with
inhibitors such as TNFR:Fc are treated in combination with
another cytokine or cytokine inhibitor. For example, TNFR:
Fc may be administered in a composition that also contains a
compound that inhibits the interaction of other inflammatory
cytokines with their receptors. Examples of cytokine inhibi-
tors used in combination with TNFR:Fcinclude, for example,
antagonists of TGFB, 11-6 or 11-8. TNFa inhibitors such as
TNFR:Fc also may be administered in combination with the
cytokines GM-CSF, IL-2 and inhibitors of protein kinase A
type 1 to enhance T cell proliferation in HIV-infected patients
who are receiving anti-retroviral therapy. Other combinations
for treating the hereindescribed diseases include TNFR:Fc
administered concurrently with compounds that block the
binding of RANK and RANK-ligand, such as antagonistic
antibodies against RANK or RANK-ligand, soluble forms of
RANK-ligand that do not trigger RANK, osteoprotegerin or
soluble forms of RANK, including RANK:Fc. Soluble forms
of RANK suitable for these combinations are described, for
example, in U.S. Pat. No. 6,017,729. The concurrent admin-
istration of TNFR:Fc and RANK:Fc or TNFR:Fc and
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osteoprotegerin is useful for preventing bone destruction in
various settings including but not limited to various rheu-
matic disorders, osteoporosis, multiple myeloma or other
malignancies that cause bone degeneration, or anti-tumor
therapy aimed at preventing metastasis to bone, or bone
destruction associated with prosthesis wear debris or with
periodontitis.

The present invention also relates to the use of the disclosed
TNFa inhibitors, such as TNFR:Fc, in the manufacture of a
medicament for the prevention or therapeutic treatment of
each medical disorder disclosed herein.

The disclosed TNFa inhibitors, compositions and combi-
nation therapies described herein are useful in medicines for
treating bacterial, viral or protozoal infections, and compli-
cations resufting therefrom. One such disease is Mycoplasma
pneumonia. In addition, provided herein is the use of TNFR:
Fc 1o treat AIDS and related conditions, such as AIDS demen-
tia complex, AIDS associated wasting, lipidistrophy due to
antiretroviral therapy; and Kaposi’s sarcoma. Provided
herein is the use of TNFR:Fc for treating protozoal diseases,
including malaria and schistosomiasis. Additionally provided
is the use of TNFR:I’c to treat erythema nodosum leprosum;
bacterial or viral meningitis; tuberculosis, including pulmo-
nary tuberculosis; and pneumonitis secondary to a bacterial
or viral infection. Provided also herein is the use of TNFR:Fc
to prepare medicaments for treating louse-bome relapsing
fevers, such as that caused by Borrelia recurrentis. TNFR:Fc
can also be used to prepare a medicament for treating condi-
tions caused by Herpes viruses, such as herpetic stromal
keratitis, corneal lesions, and virus-induced corneal disor-
ders. In addition, TNFR:Fc can be used in treating human
papillomavirus infections. TNFR:Fc is used also to prepare
medicaments to treat influenza.

Cardiovascular disorders are treatable with the disclosed
TNFa inhibitors, pharmaceutical compositions or combina-
tion therapies, including aortic aneurisms; arteritis; vascular
occlusion, including cerebral artery occlusion; complications
of coronary by-pass surgery; ischemia/reperfusion injury:
heart disease, including atherosclerotic heart disease, myo-
carditis, including chronic autoimmune myocarditis and viral
myocarditis; heart failure, including chronic heart failure
(CHF), cachexia of heart failure; myocardial infarction; res-
tenosis after heart surgery; silent myocardial ischemia; post-
implantation complications of left ventricular assist devices:
Raynaud’s phenomena; thrombophlebitis; vasculitis, includ-
ing Kawasaki’s vasculitis; giant cell arteritis, Wegener’s
granulomatosis; and Schoenlein-Henoch purpura.

TNFa and IL-8 have been implicated as chemotactic fac-
tors in athersclerotic abdominal aortic aneurism (Szekanecz
etal., Pathobiol 62:134-139 (1994)). Abdominal aortic aneur-
ism may be treated in human patients by administering a
soluble TNFR, such as TNFR:F¢, which may be administered
in combination with an inhibitor of IL-8, such treatment
having the effect of reducing the pathological ncovascular-
ization associaled with this condition.

A combination of a TNFa inhibitor and one or more other
anti-angiogenesis factors may be used to treat solid tumors,
thereby reducing the vascularization that nourishes the tumor
tissue. Suitable anti-angiogenic factors for such combination
therapies include II.-8 inhibitors, angiostatin, endostatin,
kringle 5, inhibitors of vascular endothelial growth factor
(such as antibodies against vascular endothelial growth fac-
tor), angiopoietin-2 or other antagonists of angiopoietin-1,
antagonists of platelet-activating factor and antagonists of
basic fibroblast growth factor

In addition, the subject TNFa inhibitors, compositions and
combination therapies are used to treat chronic pain condi-
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tions, such as chronic pelvie pain, including chronic prostati-
tis/pelvic pain syndrome. As a further example, TNFR:Fc and
the compositions and combination therapies of the invention
are used to treat post-herpetic pain.

Provided also are methods for using TNFa inhibitors, com-
positions or combination therapies to treat various disorders
of the endocrine system. For example, the TNFa inhibitors
are used to treat juvenile onset diabetes (includes autoim-
mune and insulin-dependent types of diabetes) and also to
treat maturity onset diabetes (includes non-insulin dependent
and obesity-mediated diabetes). In addition, the subject com-
pounds, compositions and combination therapies are used to
treat secondary conditions associated with diabetes, such as
diabetic retinopathy, kidney transplant rejection in diabetic
patients, obesity-mediated insulin resistance, and renal fail-
ure, which itself may be associated with proteinurea and
hypertension. Other endocrine disorders also are treatable
with these compcunds, compositions or combination thera-
pies, including polycystic ovarian disease, X-linked adreno-

leukodystrophy, hiypothyroidism and thyroiditis, including 2

Hashimoto’s thyroiditis (i.e., autoimmune thyroiditis).

Conditions of the gastrointestinal system also are treatable
with TNFa inhibitors, compositions or combination thera-
pies, including coeliac disease. In addition, the compounds,
compositions and combination therapies of the invention are
used to treat Crohn’s disease; ulcerative colitis; idiopathic
gastroparesis; pancreatitis, including chronic pancreatitis and
lung injury associated with acute pancreatitis; and ulcers,
including gastric and duodenal ulcers.

Included also are methods for using the subject TNFa
inhibitors, compositions or combination therapies for treating
disorders of the genitourinary system, such as glomerulone-
phritis, including autoimmune glomerulonephritis, glomeru-
lonephritis due to exposure to toxins or glomerulonephritis
secondary to infections with haemolytic streptococci or other
infectious agents. Also treatable with the compounds, com-
positions and combination therapies of the invention are ure-
mic syndrome and its clinical complications (for example,
renal failure, anemia, and hypertrophic cardiomyopathy),
including uremic syndrome associated with exposure to envi-
ronmental toxins, drugs or other causes. Further conditions
treatable with the compounds, compositions and combination
therapies of the invention are complications of hemodialysis;
prostate conditions, including benign prostatic hypertrophy,
nonbacterial prostatitis and chronic prostatitis; and compli-
cations of hemodialysis.

Also provided herein are methods for using TNFo inhibi-
tors, compositions or combination therapies to treal various
hematologic and oncologic disorders. For example, TNFR:Fc
is used to treat various forms of cancer, including acute myel-
ogenous leukemia, Epstein-Barr virus-positive nasopharyn-
geal carcinoma, glioma, colon, stomach, prostate, renal cell,
cervical and ovarian canccrs, lung cancer (SCLC and
NSCLC), including cancer-associated cachexia, fatigue,
asthenia, parancoplastic syndrome of cachexia and hypercal-
cemia. Additional diseases treatable with the subject TNFa
inhibitors, compositions or combination therapies are solid
tumors, including sarcoma, osteosarcoma, and carcinoma,
such as adenocarcinoma (for example, breast cancer) and
squamous cell carcinoma. In addition, the subject com-
pounds, compositions or combination therapies are useful for
treating leukemia, including acute myelogenous leukemia,
chronic or acute lymphoblastic leukemia and hairy cell leu-
kemia. Other malignancics with invasive metastatic potential
can be treated with the subject compounds, conipositions and
combination therapies, including multiple myeloma. In addi-
tion, the disclosed TNFa inhibitors, compositions and com-
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bination therapies can be used to treat anemias and hemato-
logic disorders, including anemia of chronic disease, aplastic
anemia, including Fanconi’s aplastic anemia; idiopathic
thrombocytopenic purpura (ITP); myelodysplastic syn-
dromes (including refractory anemia, refractory anemia with
ringed sideroblasts, refractory anemia with excess blasts,
refractory anemia with excess blasts in transformation);
myelofibrosis/myeloid metaplasia; and sickle cell vasocclu-
sive crisis.

Various lymphoproliferative disorders also are treatable
with the disclosed TNFa inhibitors, compositions or combi-
nation therapies. These include, but arc not limited to autoim-
mune lymphoproliferative syndrome (ALPS), chronic lym-
phoblastic leukemia, hairy cell leukemia, chronic lymphatic
leukemia, peripheral T-cell lymphoma, small lymphocytic
lymphoma, mantle cell lymphoma, follicular lymphoma,
Burkitt’s lymphoma. Epstein-Barr virus-positive T cell lym-
phoma, histiocytic lymphoma, Hodgkin’s disease, diffuse
aggressive lymphoma, acute lymphatic leukemias, T gamma
lymphoproliferative disease, cutaneous B cell lymphoma,
cutaneous T cell lymphoma (i.e.. mycosis fungoides) and
Sézary syndrome.

In addition, the subject TNFa. inhibitors, compositions and
combination therapies are used 1o treat hereditary conditions
such as Gaucher’s disease, Huntington’s disease, linear IgA
disease, and muscular dystrophy.

Other conditions treatable by the disclosed TNFe inhibi-
tors, compositions and combination therapies include those
resulting from injuries to the head or spinal cord, and includ-
ing subdural hematoma due to trauma to the head.

The disclosed TNFa inhibitors, compositions and combi-
nation therapies are further used to treat conditions of the liver
such as hepatitis, including acute alcoholic hepatitis, acute
drug-induced or viral hepatitis, hepatitis A, B and C, scleros-
ing cholangitis and inflammation of the liver due to unknown
causes.

In addition, the disclosed TNFa inhibitors, compositions
and combination therapies are used to treat various disorders
that involve hearing loss and that are associated with abnor-
mal TNFa expression. One of these is inner ear or cochlear
nerve-associated hearing loss that is thought to result from an
autoimmune process, i.e., autoimmune hearing loss. This
condition currently is treated with steroids, methotrexate and/
or cyclophosphamide, which may be administered concur-

5 rently with the TNFR:Fc or other TNFa inhibitor. Also treat-

able with the disclosed TNFa inhibitors, compositions and
combination therapies is cholesteatoma, a middle ear disor-
der often associated with hearing loss.

In addition, the subject invention provides TNFo inhibi-
tors, compositions and combination therapies for the treat-
ment of non-arthritic medical conditions of the bones and
joints. This encompasses osteoclast disorders that lead to
bone loss, such as but not limited to osteoporosis, including
post-menopausal osteoporosis, periodontitis resulting in
tooth looscning or loss, and prosthesis loosening after joint
replacement (generally associated with an inflammatory
response 10 wear debris). This latter condition also is called
“orthopedic implant osteolysis.” Another condition treatable
by administering TNFRa inhibitors, such as TNFR:Fc, is
temporal mandibular joint dysfunction (TMJ).

A number of pulmonary disorders also can be treated with
the disclosed TNFa inhibitors. compositions and combina-
tion therapies. One such condition is adult respiratory distress
syndromc (ARDS), which is associated with elevated TNFa.,
and may be triggered by a variety of causes, including expo-
sure to toxic chemicals, pancreatitis, trauma or other causes.
The disclosed compounds, compositions and combination
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therapies of the invention also are useful for treating broncho-
pulmonary dysplasia (BPD);- lymphangioleiomyomatosis;
and chronic fibrotic lung disease of preterm infants. In addi-
tion, the compounds, compositions and combination thera-
pies of the invention are used to treat occupational lung dis-
eases, including asbestosis, coal worker’s pneumoconiosis,
silicosis or similar conditions associated with long-term
exposure to fine particles. In other aspects of the invention,
the disclosed cotnpounds, compositions and combination
therapies are used to treat pulmonary disorders, including
chronic obstructive pulmonary disease (COPD) associated
with chronic bronchitis or emphysema; fibrotic lung diseases,
such as cystic fibrosis, idiopathic pulmonary fibrosis and
radiation-induced pulmonary fibrosis; pulmonary sarcoido-
sis; and allergies, including allergic rhinitis, contact dermati-
tis, atopic dermatitis and asthma.

Cystic fibrosis is an inherited condition characterized pri-
marily by the accumulation of thick mucus, predisposing the
patient to chronic lung infections and obstruction of the pan-
creas, which results in malabsorption of nutrients and malnu-
trition. TNFR:Fc may be administered to treat cystic fibrosis.
If desired, treatment with TNFR:Fc may be administered
concurrently with corticosteroids, mucus-thinning agents
such as inhaled recombinant deoxyribonuclease I (such as
PULMOZYME®; Genentech, Inc.) or inhaled tobramycin
(TOBI®; Pathogenesis, Inc.). TNFR:Fc also may be admin-
istered concurrently with corrective gene therapy, drugs that
stimulate cystic fibrosis cells to secrete chloride or other
yet-to-be-discovered treatments. Sufficiency of treatment
may be assessed, for example, by observing a decrease in the
number of pathogenic organisms in sputum or lung lavage
(such as Haemophilus influenzae, Stapholococcus aureus,
and Pseudomonas aeruginosa), by monitoring the patient for
weight gain, by detecting an increase in lung capacity or by
any other convenient means.

TNFR:Fc or TNFR:Fc combined with the cytokine IFNy-
1b (such as ACTIMMUNE®; InterMune Pharmaceuticals)
may be used for treating cystic fibrosis or fibrotic lung dis-
eases, such as idiopathic pulmonary fibrosis, radiation-in-
duced pulmonary fibrosis and bleomycin-induced pulmonary
fibrosis. In addition, this combination is useful for treating
other diseases characterized by organ fibrosis, including sys-
temic sclerosis (also called “scleroderma’), which often
invelves fibrosis of the liver. For treating cystic fibrosis,
TNFR:Fc and IFNy-1b may be combined with PUL-
MOZYME® or TOBI® or other treatments for cystic fibro-
sis.
TNFR:Fc alone or in combination with IFNy-1b may be

administered together with other treatments presently used S

for treating fibrotic lung disease. Such additional treatments
include glucocorticoids, azathioprine, cyclophosphamide,
penicillamine, colchisicine, supplemental oxygen and so
forth. Patients with fibrotic lung disease, such as IPF, often
present with nonproductive cough, progressive dyspnea, and
show a restrictive ventilatory pattern in pulmonary function
tests. Chest radiographs reveal fibrotic accumulations in the
patient’s lungs. When treating fibrotic lung disease in accord
with the disclosed methods, sufficiency of treatment may be
detected by observing a decrease in the patient’s coughing
(when cough is present), or by using standard lung function
tests to detect improvements in total lung capacity, vital
capacity, residual lung volume or by administering a arterial
blood gas determination measuring desaturation under exer-
cising conditions, and showing that the patient’s lung func-
tion has improved according to one or more of these mea-
sures. In addition, patient improvement may be determined
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through chest radiography results showing that the progres-
sion of fibrosis in the patient’s lungs has become arrested or
reduced.

In addition, TNF inhibitors (including soluble TNFRs or
antibodies against TNFa or TNFR) are useful for treating
organ fibrosis when administered in combination with
relaxin, a hormone that down-regulates collagen production
thus inhibiting fibrosis, or when given in combination with
agents that block the fibrogenic activity of TGF-f. Combina-
tion therapies using TNFR:Fc and recombinant human
relaxin are useful, for example, for treating systemic sclerosis
or fibrotic lung diseases, including cystic fibrosis, idiopathic
pulmonary fibrosis, radiation-induced pulmonary fibrosis
and bleomycin-induced pulmonary fibrosis.

Other embodiments provide methods for using the dis-
closed TNFa inhibitors, compositions or combination thera-
pies to treat a variety of rheumatic disorders. These include:
adult and juvenile rheumatoid arthritis; systemic lupus
erythematosus; gout; osteoarthritis; polvmyalgia rheumatica;
seronegative spondylarthropathies, including ankylosing
spondylitis; and Reiter’s disease. The subject TNFa inhibi-
tors, compositions and combination therapies are used also to
treat psoriatic arthritis and chronic Lyme arthritis. Also treat-
able with these compounds, compositions and combination
therapies are Still’s disease and uveitis associated with rheu-
matoid arthritis. In addition, the compounds, compositions
and combination therapies of the invention are used in treat-
ing disorders resulting in inflammation of the voluntary
muscle, including dermatomyositis and polymyositis, More-
over, the compounds, compositions ant combinations dis-
closed herein are useful for treating sporadic inclusion body
myositis, as TNFo may play a significant role in the progres-
sion of this muscle disease. In addition, the compounds, com-
positions and combinations disclosed herein are used to treat
multicentric reticulohistiocytosis, a disease in which joint
destruction and papular nodules of the face and hands are
associated with excess production of proinflammatory cytok-
ines by multinucleated giant cells.

For purposes of this invention, patients are defined as hav-
ing psoniatic arthrisis (PsA) if they have one or more swollen
joints or one or more painful or tender joints, and also mani-
fest at least one psoriatic lesion of the skin or nails. The
psoriatic lesions may appear before or after the onset of
swollen or tender joints. It is understood that prior to treat-
ment, manifestations of PsA may have persisted over time,
e.g., for several months or years, and may involve several
joints. According to one classification system (reviewed in
Alonsoetal., 1991), PsA patients can be categorized based on
their arthritic symptoms into five clinical subgroups: 1) DIP:
2) mutilans arthritis; 3) symmetrical polyarthritis; 4) oligoar-
ticular arthritis; and 5) ankylosing spondylitis-like. The dis-
closed therapies, compounds and compositions are suitable
for treating all five forms of PsA.

The TNFa ighibitors, compositions and combination
therapies of the invention may be used to inhibit hypertrophic
scarring, a phenomenon believed to result in part from exces-
sive TNFa secretion. TNF inhibitors may be administered
alone or concurrently with other agents that inhibit hyper-
trophic scarring, such as inhibitors of TGF-a..

Cervicogenic headache is a common form of headache
arising from dysfunction in the neck area, and which is asso-
ciated with clevated levels of TNFa, which arc believed to
mediate an inflammatory condition that contributes to the
patient’s discomfort (Martelletti, Clin Exp Rheumatol 18(2
Suppl 19):833-8 (March-Apnil, 2000)). Cervicogenic head-
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ache may be treated by administering an inhibitor of TNFa as
disclosed herein, thereby reducing the inflam matory response
and associated headache pain.

The TNFa inhibitors, compositions and combination
therapies of the invention are useful for treating primary
amyloidosis. In addition, the secondary amyloidosis that is
characteristic of various conditions also are treatable with
TNFa inhibitors such as TNFR:Fc, and the compositions and
combination therapies described herein. Such conditions
include: Alzheimer’s disease, secondary reactive amyloido-
sis; Down’s syndrome; and dialysis-associated amyloidosis.
Also treatable with the compounds, compositions and com-
bination therapies of the invention are inherited periodic fever
syndromes, including familial Mediterranean fever, hyperim-
munoglobulin D and periodic fever syndrome and TNF-rc-
ceptor associated periodic syndromes (TRAPS).

Disorders associated with transplantation also are treatable
with the disclosed TNFa inhibitors, compositions or combi-
nation therapies, such as graft-versus-host disease, and com-
plications resulting from solid organ transplantation, includ-
ing transplantion of heart, liver, lung, skin, kidney or other
organs. TNFR:Fc may be administered, for example, to pre-
vent or inhibit the development of bronchiolitis obliterans
after lung transplantation. Patients undergoing autologous
hematopoietic stem cell transplantation in the form of periph-
eral blood stem cell transplantation may develop “engraft-
ment syndrome;” or “ES,” which is an adverse and generally
self-limited response that occurs about the time of hemato-
poietic engraftment and which can result in pulmonary dete-
rioration. ES may be treated with inhibitors of either IL-8 or
TNFa (such as TNFR:Fc), or with a combination of inhibitors
against both of these cytokines.

Ocular disorders also are treatable with the disclosed
TNFa inhibitors, compositions or combination therapies,
including rhegmatogenous retinal detachment, and inflam-
matory eye disease, and inflammatory eye disease associated
with smoking and macular degeneration.

TNF o inhibitors such as TNFR:Fc and the disclosed com-
positions and combination therapies also are useful for treat-
ing disorders that affect the female reproductive system.
Examples include, but are not limited to, multiple implant
failure/infertility; fetal loss syndrome or IV embryo loss
(spontaneous abortion); preeclamptic pregnancies or eclamp-
sia; and endometriosis.

In addition, thc disclosed TNFa inhibitors, compositions
and combination therapies are useful for treating obesity,
including treatment to bring about a decrease in leptin forma-
tion. Also, the compounds, compositions and combination
therapies of the invention are used to treat sciatica, symptoms

of aging, severe drug reactions (for example, 11-2 toxicity or

bleomycin-induced pneumopathy and fibrosis), or to sup-
press the inflammatory response prior, during or after the
transfusion of allogeneic red blood cells in cardiac or other
surgery, or in treating a traumatic injury to a limb or joint,
such as traumatic knee injury. Various other medical disorders
treatable with the disclosed TNFa inhibitors, compositions
and combination therapies include; multiple sclerosis; Beh-
cet’s syndrome; Sjogren’s syndrome; autoimmune hemolytic
anemia; beta thalassemia; amyotrophic lateral sclerosis (Lou
Gehrig’s Disease); Parkinson’s disease; and tenosynovitis of
unknown cause, as well as various autoimmune disorders or
diseases associated with hercditary deficiencies.

The disclosed TNFa inhibitors, compositions and combi-
nation therapies furthermore are useful for treating acute
polyneuropathy; anorexia nervosa; Bell’s palsy; chronic
fatigue syndrome; transmissible dementia, including
Creutzfeld-Jacob disease; demyelinating neuropathy: Guil-
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lain-Barre syndrome; vertebral disc disease; Gulf war syn-
drome; myasthenia gravis; silent cerebral ischemia; sleep
disorders, including narcolepsy and sleep apnea; chronic neu-
ronal degeneration; and stroke, including cerebral ischemic
diseases.

Disorders involving the skin or mucous membranes also
are treatable using the disclosed TNFa inhibitors, composi-
tions or combination therapies. Such disorders include acan-
tholytic diseases, including Darier’s disease, keratosis folli-
cularis and pemphigus vulgaris. Also treatable with the
subject TNFa inhibitors, compositions and combination
therapies are acne; acne rosacea; alopecia greata; aphthous
stomatitis; bullous pemphigoid; burns; eczema; erythema,
including erythema multiforme and erythema multiforme
bullosum (Stevens-Johnson syndrome); inflammatory skin
disease; lichen planus; linear IgA bullous disease (chronic
bullous dermatosis of childhood); loss of skin elasticity;
mucosal surface ulcers; neutrophilic dermatitis (Sweet’s syn-
drome); pityriasis rubra pilaris; psorasis; pyoderma gan-
grenosum; and toxic epidermal necrolysis.

Patients are defined as having ordinary psoriasis if they
lack the more serious symptoms of PsA (e.g., distal interpha-
langeal joint DIP involvement, enthesopathy, spondylitis and
dactylitis) but have one of the following: 1) infiamed swollen
skin lesions covered with silvery white scale (plaque psoriasis
or psoriasis vulgaris); 2) small red dots appearing on the
trunk, arms or legs (guttate psoriasis); 3) smooth inflamed
lesions without scaling in the flexural surfaces of the skin
(inverse psoriasis); 4) widespread reddening and exfoliation
of fine scales, with or without itching and swelling (erythro-
dermic psoriasis); 5) blister-like lesions (pustular psoriasis);
6) elevated inflamed scalp lesions covered by silvery white
scales (scalp psoriasis); 7) pitted fingernails, with or without
yellowish discoloration, crumbling nails, or inflammation
and detachment of the nail from the nail bed (nail psoriasis).

Ordinary psoriasis may be treated by administering to a
human patient compositions containing a therapeutically
effective amount of a TNFa inhibitor such as a soluble TNF
receptor or an antibody against TN cx.

In one preferred embodiment, the therapeutic agent is a
soluble TNF receptor, and preferably is a TNFR-Ig. In a
preferred embodiment, the TNFR-Ig is TNFR:F¢, which may
be administered in the form of a pharmaceutically acceptable
composition as described herein. Psoriasis may be treated by
administering TNFR:Fc one or more times per week by sub-
cutaneous injection, although other routes of administration
may be used if desired. In one exemplary regimen for treating
adult human patients, 25 mg of TNFR:Fc is administered by
subcutaneous injection two times per week or three times per
week for one or more weeks, and preferably for four or more
weeks. Alternatively, a dose of 5-12 mg/m? or a flat dose of 50
mg 1s injected subcutaneously one time or two times per week
for one or more weeks. In other embodiments, psoriasis is
treated with TNFR:Fc in a sustained-release form, such as
TNFR:Fc that is encapsulated in a biocompatible polymer,
TNFR:Fc that is admixed with a biocompatible polymer
(such as topically applied hydrogels), and TNFR:Fc that is
encased in a semi-permeable implant.

Various other medicaments used to treat ordinary psoriasis
may also be administered concurrently with compositions
comprising TNFa inhibitors, such as TNFR:Fc. Such medi-
caments include: NSAIDs; DMARDSs; analgesics; topical
steroids; systemic steroids (e.g., prednisone); cytokines;
antagonists of inflammatory cytokines; antibodies against T
cell surface proteins; anthralin; coal tar; vitamin D3 and its
analogs; topical retinoids; oral retinoids; salicylic acid; and
hydroxyurea. Suitable analgesics for such combinations
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include: acetaminophen, codeine, propoxyphene napsylate,
oxycodone hydrochloride, hydrocodone bitartrate and trama-
dol. DMARD:s suitable for such combinations include: aza-
thioprine, cyclophosphamide, cyclosporine, hydroxychloro-
quine sulfate, methotrexate, leflunomide, minocycline,
penicillamine, sulfasalazine, oral gold, gold sodium thioma-
late and aurothioglucose. In addition, the TNFR:Fc¢ or other
TNFR mimic may be administered in combination with anti-
malarials or colchicine. NSAIDs suitable for the subject com-
bination treatments of psoriasis include: salicylic acid (aspi-
rin) and salicylate derivatives; ibuprofen; indomethacin;
celecoxib; rofecoxib; ketorolac; nambumetone; piroxicam;
naproxen; oxaprozin; sulindac; ketoprofen; diclofenac; and
other COX-1 and COX-2 inhibitors, propionic acid deriva-
tives, acetic acid dertvatives, fumaric acid derivatives, car-
boxylic acid derivatives, butyric acid derivatives, oxicams,
pyrazoles and pyrazolones, including newly developed anti-
inflammatories.

If an antagonist against an inflammatory cytokine is
administered concurrently with TNFR:Fc to treat psortasis,
suitable targets for such antagonists include TGFf, 11-6 and
11-8.

In addition, TNFR:Fc may be used to treat psoriasis in
combination with topical steroids, systemic steroids, antago-
nists of inflammatory cytokines, antibodies against T cell
surface proteins, anthralin, coal tar, vitamin D3 and its ana-
logs (including 1,25-dihydroxy vitamin D3 and calcipot-
riene), topical retinoids, oral retinoids (including but not lim-
ited to etretinate, acitretin and isotretinoin), topical salicylic
acid, methotrexate, cyclosporine, hydroxyurea and sulfasala-
zine. In addition, TNFR:Fc may be administered to treat
psoriasis in combination with one or more of the following
compounds; minocycline; misoprostol; oral collagen; 6-mer-
captopurine; nitrogen mustard; gabapentin; bromocriptine;
somatostalin; peptide T; anti-CD4 monoclonal antibody;
fumaric acid; polyunsaturated ethyl ester lipids; zinc; and
other drugs that may be used to treat psoriasis. TNFR:Fc may
also be used to treat psoriasis in combination with the use of
various oils, including fish oils, nut oils and vegetable oils;
aloe vera; jojoba; Dead Sea salts; capsaicin; milk thistle;
witch hazel; moisturizers; and Epsom salts. In addition, pso-
riasis may be treated with compositions containing TNFR:Fc
in combination with the following therapies: plasmapheresis;
phototherapy with ultraviolet light B; psoralen combined
with ultraviolet light A (PUVA); and sunbathing.

For determining the sufficiency of treatment when treating
ordinary psoriasis in accord with the invention, the TNFR:Fc
(or other TNFa inhibitor) is administered in an amount and
for a time sufficient to induce an improvement in an indicator
such as psoriasis area and severity index (PASI) or an
improvement in Target Lesion Assessment score, which is an
index for assessing the severity of individual skin lesions. In
one embodiment, the treatment is regarded as sufficient when
the patient exhibits an at least 50% iniprovement in his or her
PASI score, and in another embodiment, when the patient
exhibits an at least 75% improvement in PAS] score. The
sufficiency of treatment for psoriasis may also be determined
by evaluating individual psoriatic lesions for improvement in
severity (Psoriasis Target Lesion Assessment Score), and
continuing treatment until an improvement is noted accord-
ing to this scoring system. This scoring system involves deter-
mining for an individual lesion whether improvement has
occurred in plaque elevation, amount and degree of scaling or
degree of erythema, and target lesion response to treatment,
each of which is separately scored. Psoriasis Target Lesion
Assessment Score is determined by adding together the sepa-
rate scores for all four of the aforementioned indicia.
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In addition to human patients, inhibitors of TNFa are use-
ful in the treatment of autoimmune and inflammatory condi-
tions in non-human animals, such as pets (dogs, cats, birds,
primates, etc.), domestic farm animals (horses cattle, sheep,
pigs, birds, etc.), or any animal that suffers from a TNFa-
mediated inflammatory or arthritic condition. In such
instances, an appropriate dose may be determined according
to the animal’s body weight. For example, a dose of 0.2-1
mg/kg may be used. Alternatively, the dose is determined
according to the animal’s surface area, an exemplary dose
ranging from 0.1-20 mg/m?, or more preferably, from 5-12
mg/m?. For small animals, such as dogs or cats, a suitable
dose is 0.4 mg/kg. In a preferred embodiment, TNFR:Fc
(preferably constructed from genes derived from the same
species as the patient), or another soluble TNFR mimic, is
administered by injection or other suitable route one or more
times per week until the animal’s conditjon is improved, or it
may be administered indefinitely.

EXAMPLE

Evaluation of TNFR:Fc in Patients with Psoriatic
Arthritis

Sixty patients with active psoriatic arthritis (PsA) were
enrolled in a Phase 11 double-blind, randomized, placebo
controlled study to determine whether the subcutaneous
biweekly administration of etanercept (recombinant TNFR:
Fc) was safe in this patient population and whether efficacy
could be documented for both the arthritic and psoriatic
aspects of this disease.

In this study, a flat dose of 25 mg of TNFR:Fc was injected
subcutaneously two times a week. Afier 12 weeks, patients
who completed the study were eligible for continuation into a
24 week open-label extension of the study, with assessments
made at weeks 16, 36 and 30 days post-study. All patients
participating in the study extension received etanercept,
including those patients who had received placebo during the
blinded portion of the study.

In order to qualify for enrollment, subjects had to have at
Icast one of the following forms of PsA: 1) DIP involvement;
2) polyarticular arthritis, absence of rheumatoid nodules and
presence of psoriasis; 3) arthritis mutilans; 4) asymmetric
peripheral arthritis; or 5) ankylosing spondylitis-like PsA.
Subjects furthermore had to exhibit three or more swollen
joints and three or more tender or painful joints at the time of
corollment, and to have exhibited an inadequate response to
NSAID therapy. Subjects who were on other medications,
including methotrexate, NSAIDs or oral corticosteroids were
permitted to continue these other treatments at the same dose
so long as the investigator considered these other treatments
to inadequately control the patient’s disease. Methotrexate
was concurrently taken by 47% of the etanercept group, and
47% of the placebo group, NSAIDs were concurrently taken
by 67% of the etanercept and 77% of the placebos and oral
corticosteroids by 40% of the etanercept and 20% of the
placebo patients. Pain medications, including acetami-
nophen, codeine, propoxyphene napsylate, oxycodone
hydrochloride, hydrocodone bitartrate and tramadol, also
were permitted during the study, as well as the use of topical
tar compounds.

To qualify as having PsA, patients had to have experienced
at least one psoriatic lesion of the skin or nails. Patients were
evaluated at baseline (day 1 of treatment) as follows: 1) com-
plete joint assessment; 2) psoriasis assessment; 3) duration of
morming stiffness; 4) health assessment (quality of life) ques-
tionnaire, visual analog scale (HAQ/VAS); 5) patient global
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assessment; 6) erythrocyte sedimentation rate (ESR, Wester-
gren); 7) C-reactive protein (CRP); and 8) urinalysis. At
wecks 4 and 8, patients were evaluated as follows: 1) com-
plete joint assessment; 2) psoriasis assessment; 3) duration of
morning stiffness; 4) HAQ/VAS: 5) patient global assess-
ment. At the end of 12 weeks, subjects were evaluated as
follows: 1) complete joint assessment; 2) psoriasis assess-
ment; 3) focused physical exam; 4) duration of morning stiff-
ness; 5) HAQ/VAS; 6) patient global assessment; 6) hematol-
ogy profile; 7) chemistry profile; 8) ESR; 9) CRP; 10)
urinalysis; 11) serum tested for antibody to TNFR:Fc. Only
those patients whose psoriasis was stable and covered 23%
of body area were evaluated for psoriasis response during this
trial, although patients whose psoriasis was inactive or cov-
ered less area were permitted to enroll.

A primary endpoint for clinical improvement or worsening
of ’s A was the Psoriatic Arthritis Response score, which is a
composite score hased on the following four measures: 1)
patient self-assessment; 2) physician assessment; 3) joint
pain or tenderness; 4) joint swelling. Both self- and physician
asscssments, i.e., overall assessment of disease status, were
measured according to a five point Likert scale, in which a
patient was considered as “improved” if his or her score
decreased by one category, or as “worse” if his or her score
increased by one category. Joint pain or tenderness was mea-
sured on a 5-point scale, wherein 1 =none and S=severe (with-
drawal on examination). Joint swelling was evaluated on a
4-point scale in which 1=none; 2=mild (detectable synovial

thickening without loss of bony contour); 3=moderate (loss 3

of distinctness of bony contours); and 4=severe (bulging syn-
ovial proliferation with cystic characteristics). For this last
measure, a decrease in swelling of 230% was scored as an
“improvement,” and an increase in swelling of =30% was
scored as a “worsening.”’ Patients were classified as
“improved” under the Psoriatic Arthritis Response scoring
system if they exhibited an improvement in at least two of the
four measures described above, provided that one of the
improved areas was joint pain or joint tenderness, and where
there was no worsening in any of the four measures.

In addition, a secondary endpoint used for assessing pso-
riatic arthritis was a modified version of the American Col-
lege of Rheumatology Preliminary Definition of Improve-
ment in Rheumatoid Arthritis (modified ACR 20 response)
(Felson et al., 1995). To qualify as “improved” according to
this measure, a patient must have exhibited 220% improve-
ment in both tender joint count (78 joints assessed) and swol-
len joint count (76 joints assessed), and also must have shown
an improvement in three of the following five: 1) subject pain

assessment; 2) subject global assessment; 3) physician global 3

assessnient; 4) subject self-assessed disability; 5) acute-phase
reactant (Westergreen erythrocyte sedimentation rate or C-re-
active protein level). The joint count was done by scoring
several different aspects of tenderness, such as pressure and
joint manipulation on physical examination, wherein each
joint was scored as “tender” or “nontender.” Similarly, each
joint is scored after physical examination as “swollen” or “not
swollen.” The subject’s pain assessment was based on a hori-
zontal visual analog scale (usually 10 cm) or Likert scale. The
subject’s and physician’s global assessments of the subject’s
current disease status was based on an anchored horizontal
visual analog scale (usually 10 cm), or Likert scale response.
The subject’s self-assessment of disability was based on any
of the following measures, all of which have been validated in
RA trials: Arthritis Impact Measurement Scale (AIMS);
Health Assessment Questionnaire; the Quality (or Index) of
Well Being Scale; the McMaster Health Inventory Question-
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naire (MHIQ); and the McMaster-Toronto Arthritis patient
preference questionnaire (MACTAR).

A primary endpoint used to assess the psoriatic aspects of
PsA was the standard psoriasis area and severity index (PASI)
(Fredriksson and Petersson, Dermatologica 157:238-244,
1978). For this study, a positive treatment response was
defined as an at least 50% or an at least 75% improvement in
a patient’s PASI score. For assessing area and severity, the
body is divided into four regions: head (10%); trunk (30%);
upper extremities (20%); and lower extremities (40%). Each
quadrant also was scored for the severity of erythema (E).
infiltration (1) and desquamation (D), using a four point scale,
in which 0=no symptoms present; l=slight symptoms:
2=moderate symptoms; 3=striking symptoms; 4=exception-
ally striking symptoms. Using a 6-point scale, each region
was scored also for the percent of total area that was involved
in the psoriatic manifestations of the disease, wherein 0=no
involvement; 1=<10% involvement; 2=10-<30% involve-
ment; 3=30-<50% involvement; 4=50-<70% involvement;
5—70-<90% involvement; 6=90-100% involvement. PASI
scores were calculated according to the formula given below,
in which E=severity scorc for erythrema, I=severity score for
infiltration, D=severity score for desquamation and A=total
area involved. In this formula, the letters “h,” “t,” “u” and “1”
represent, respectively, the scores in each of the four body
regions, ie., head, trunk, upper extiremities and lower
extremities. The PASI score varies in steps of 0.1 units from
0.0 (no psoriatic lesions at all) to 72.0 (complete erythro-
derma of the severest possible degree).

PASI=0.1(Eh+Th+Dh) Ah+0 3 (Et+It+D0) 41402 (Eut+
Tu+Du) Au+0.4(EI+11+-DI) Al

A secondary endpoint used for the psoriatic aspect of pso-
riatic arthritis was the Target Lesion Assessment Score. This
score was determined for a single target lesion that was
selected to be monitored throughout the trial. This measure-
ment is a composite of four different evaluations: 1) plaque
evaluation; 2) scaling; 3) erythrema; and 4) target lesion
response to treatment. The following scale was used for the
plaque elevation: O=none (no evidence of plaque above nor-
mal skin level); 1=mild (slight but definite elevation above
normal skin level); 2=moderate (moderate elevation with
rounded or sloped edges to plaque); 3=severe (hard, marked
elevation with sharp edges to plaque); 4=very severe (very
marked elevation with very hard sharp edges to plague). For
the scaling assessment: O—none (no scaling on the lesion);
1=mild (mainly fine scales, with some of the lesion at least
partially covered); 2=moderate (somewhat coarser scales,
most of the lesion at least partially covered); 3=severe
(coarse, thick scales, virtually all the lesion covered, rough
surface); 4=very severe (very coarse thick scales, all the
lesions covered, very rough surface). For the erythema evalu-
ation: O=none (no erythema); 1=mild (light red coloration);
2=moderate (red coloration); 3=severe (very red coloration);
4=very severe (extreme red coloration). For target lesion
response to treatment score: O=completely cleared; 1=almost
cleared (~90% improvement); 2=marked response (~75%
improvement); 3=moderate response (~50% improvement);
4=slight response (~25% improvement); S=condition
unchanged;, 6=condition worsened. The patient’s Target
Lesion Assessment Score was determined by summing the
plaque, scaling, erythema and target lesion response scores
{or the monitored lesion. If the monitored lesion worsened,
the percentage change from baseline was recorded as a nega-
tive number.

Treatment and placebo groups were compared in accord
with the measurements described above, as well as for demo-
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graphic and background characteristics; premature discon-
tinuation rate; pain medication requirements; toxicities; seri-
ous adverse events; side effects reported by patients; number
of weeks on drug until subjects met criteria for improvement,
and response according to PsA subtype. Results were ana-
lyzed using standard statistical methods.

Dosing Regimen

Recombinant human TNFR:Fc (etanercept) from Immu-
nex Corporation was used in this study. The gene fragments
encoding the etanercept polypeptides were expressed in a
Chinese hamster ovary (CHO) expression vector.

TNFR:Fc was supplied as a sterile lyophilized powder
containing 10 mg or 25 mg TNFR:Fc; 40 mg mannitol, USP;
10 mg sucrose, NF; and 1.2 mg tromethamine (TRIS), USP
per vial. Patients received either a dose of 25 mg of etanercept
or a placebo. Vials of etanercept or identically-appearing
placcbo were reconstituted by aseptic injection of 1.0 mL
Bacteriostatic Water for Injection, USP, (containing 0.9%
benzyl alcohol), and was not filtered during preparation or
prior to administration. If storage was required, the reconsti-
tuted solutions were stored at 2-8° C. (36-46° F.) in the origi-
nal vial or in a plastic syringe for a period of no longer than 28
days. Dose was not changed during the study. Study drug was
given twice weekly at approximately the same time of day.
Results

Study drug was well tolerated in all patients, and adverse
events were consistent with this population and were equally
distributed among both treatinent groups. As illustrated in
Tables 1-4, etanercept induced a significant improvement as
compared with the placebo group in Psoriatic Arthritis
Response (Table 1), ACR20 (Table 2), ACRS50 (Table 3),
PAS]1 score, 50% improvement (Table 4), PASI score, 75%
improvement (Table 5) and improvement in Target Lesion
Assessment Score (Table 6). The fractions shown in Tables
1-5 represent numbers of patients. For example, the firstentry
in Table 1, which is “4/30,” indicates that 4 of 30 patients in
the placebo group scored as “improved” according to the
Psoriatic Arthritis Response measurements. The tables
include P-values for the differences between the two study
groups, the groups being labeled as “PLACEBO” and
“TNFR:Fc.” All of the tables include data calculated after the
first four weeks of the open lahel extension portion of the
study (“EXTENSION”), during which all of the patients in
both study groups reecived ctanercept.

Table 1 shows the number of patients in each treatment
group who scored as “improved” according to the Psoriatic
Arthritis Response scoring system described above. By four
weeks, there was a highly significant difference between
etanercept and placebo groups. Moreover, after being
switched to etanercept during the extension, those patients
who had received placebo during the blinded portion of the
study were seen to exhibit an improvement over baseline
(Table 1, Placebo, EXTENSION). These results indicate that
etanercept acts rapidly to alleviate many aspects of psoriatic
arthritis.
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Tables 2 and 3, respectively, illustrate the study results for
the ACR20 and ACRS50 endpoints. For either measure, a sig-
nificant difference between etanercept and placebo groups
was observed at all three time points during the blinded por-
tion of the study. Given the differences between test and
placebo groups after only four weeks of treatment (P=0.000
for ACR20 and P=0.011 for ACRS50), these data suggest that
notable improvement in ACR scores occurred within the etan-
ercept group very soon after treatment was initiated, possibly
after a single dose of etanercept. During the 4 week extension
period, during which all of the patients received etanercept, a
striking improvement in both ACR20 and ACR50 was seen in
those patients who had received placebo during the first 12
weeks (Tables 2 and 3).

TABLE 2

ACR2( Response

Placebo TNFR:Fc¢ P-value
4 weeks 1/30 (3%) 18/30 (60%) 0.000
8 weeks 3/30 (10%) 19/30 (63%) 0.000
12 weeks 430 (13%)  22/30 (73%) 0.000
EXTENSION 11/23 (48%) 18/25 (72%) 0.093
TABLE 3
ACRS50 Response
Placebo TNFR:Fc P-value
4 weeks 0/30 (0%) 6/30 (20%) 0.011
8 weeks 1/30 (3%) 11/30 (37%) 0.001
12 weeks 1/30 (3%) 15/30 (50%) 0.000
EXTENSION 7/23 (30%) 11/25 (44%) 0.316

The results of the psoriasis evaluations are presented in
Tables 4-6. Tables 4 and 5, respectively, present the numbers
and percentages of patients in each group who exhibited a
50% or 75% improvement in PASI score, while Table 6 pre-
sents Target Lesion Assessment scores, these latter being
denoted as percent improvement over baseline. The data in
Tables 4-6 clearly indicate that ctancrcept induced an
improvement in psoriasis for a large percentage of the
patients who received it. When single lesions were evaluated
(Table 6), the improvement in psoriasis was even more appar-
ent than when PASI scores were used (Tables 4 and 5). It is
notable also that, for either PASI scores (lables 4 and 5) or
Psoniasis Target Lesion Assessment Score (Table 6), the
scores of the placebo group improved after these patients
were switched to etancrcept during the extension.

Though not shown in Table 6, Target Lesion Assessment
Scores for patients who were concurrently receiving methotr-
exate (14 of the 30 patients in the etanercept group, and 14
patients in the placebo group) were compared with the scores
of those patients who did not take methotrexate. Little differ-
ence in this index was noted between the patients who
received methotrexate and those who did not receive it.

TABLE 1 TABLE 4
Psoriatic Arthritis Response 60 PASI Score - 50% Improvement
Placebo TNFR:Fe P-value Placebo TNFR:Fc P-value
4 weeks 4/30 (13%) 23/30 (77%) 0.000 4 weeks 0/19 (0%) 4/19 (21%) 0.037
8 weeks 7130 (23%) 25/30 (83%) 0.000 8 weeks 1/19 (5%) 7/19 (37%) 0.019
12 weeks 6/30 (20%) 26/30 (87%) 0.000 12 weeks 4/19 (21%) 8/19 (42%) 0.165
EXTENSION 17/23 (74%) 21/25 (84%) 0.356 65 EXTENSION 6/16 (38%) 6/15 (40%) 0.856
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TABLE 5 What is claimed:
1. A method for treating a patient having ordinary psoriasis
PAS] Response Rate 75% Improvement comprising administering to the patient a therapeutically
effective dose of TNFR:Fc.
Placebo TNFR:Fc P-value 5 2. The method of claim 1, wherein the dose of TNFR:Fc
administered is either 50 mg once per week or 25 mg twice
4 weeks 0/19 (0%) 1/19 (5% 0.264 per week.

8 weeks 0/19 (0%) 2/19 (11%) 0.153 3. The method of claim 1, wherein the dose of TNFR:Fc

12 weeks 0/19 (0%) 4/19 (21%) 0.037 administered is 50 mg twice per week.
EXTENSION 1/16 (6%) 4/15 (27%) 0.113 4. The method of claim 1, wherein the TNFR:Fc is admin-

10 jstered by subcutaneous injection.
5. The method of claim 1, wherein cyclosporine is admin-
istered concurrently.

TABLE 6 6. The method of claim 1, wherein acitretin is administered
o . concurrently.
Psoriasis Target Lesion Assessment . . . .
(Percent Improvement or Worsening Compared with Baseline) 15 7. The method of claim 1, ‘Yherem }lltravmle} light B pho-
totherapy or psoralen combined with ultraviolet light A
Placebo TNFR:Fe  P-value (PUVA) phototherapy is administered concurrently.
4weeks  Mear (SD) 27(27.6)  21.2(352)  0.120 a d.rsn.in]izltirg:iegtl)ﬁuorfeﬁllall;'m 1, wherein a corticosteroid is
Median 0.0 14.3 :
MIN--MAX -50.0-50.0  =33.3-100.0 50 9 Themethod of claim 1, wherein methotrexate is admin-
N 19 19 istered concurrently.
8weeks  Mear (SD) -7.5(253)  28.5(341)  0.003 10. The method of claim 1, wherein
x;ﬁ‘f“M X 50 0(_)'7% 0 -3 32_91'(2)0 0 (a) a dose of 50 mg of TNFR:Fc is administered two times
N o 18 per week for at least two months and then
12 weeks Mear. (SD) 9.5 (23.2) 45.7(31.6) 0.001 (b) TNFR:Fc is administered at a reduced dose or at a
Median 00 50.0 2 reduced frequency.
;'HN"MAX -25.0-50.0 —16-7'91 00.0 11. The method of claim 10, wherein the administration of
16 1 b) is at a dose 25 mg of TNFR:Fc twice per week.
EXTENSION ng‘;sm 28‘93(2_17'2) 471 5(3.3'8) 0263 ¢ )12. The method ofg claim 10, wherein thre): administration of
MIN.-MAX  —100.0-66.7  —33.3-100.0 (b) is at a dose of 50 mg once per week.
N 16 15 30 13. The method of claim 10, wherein the TNFR:Fc is

administered by subcutaneous injection.

P
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SOLUBLE TUMOR NECROSIS FACTOR
RECEPTOR TREATMENT OF MEDICAL
DISORDERS

This application is a divisional of U.S. application Ser. No.
13/367,071, filed Feb. 6, 2012, now allowed: which is a divi-
sional of U.S. application Ser. No. 13/021,545, filed Feb. 4,
2011, now U.S. Pat. No. 8,119,605; which is a continuation of
U.S. application Ser. No. 12/394,962, filed Feb. 27, 2009,
now U.S. Pat. No. 7,915,225; which is a divisional of U.S.
application Ser. No. 10/853,479, filed May 25, 2004, now
abandoned: which is a divisional of U.S. application Ser. No.
09/602,351, filed Jun. 23, 2000, now abandoned, which
claims benefit of U.S. Provisional Application Nos. 60/164,
676. filed Nov. 10, 1999, now abandoned, and 60/184,864,
filed Feb. 25, 2000, now abandoned; and which is a continu-
ation-in-part of U.S. application Ser. No. 09/373,828, filed
Aug. 13, 1999, now abandoned, which claims the benefit of
U.S. Provisional Application Nos. 60/130,074, tiled Apr. 19,
1999, now abandoned, 60/134,320, filed May 14, 1999, now
abandoned, 60/143,959, filed Jul. 15, 1999, now abandoned,
and 60/148,234, filed Aug. 11, 1999, now abandoned; all of
which are incorporated herein by reference in their entirety.

FIELD OF THE INVENTION

The invention pertains to methods for treating various
medical disorders that are characterized by abnormal or
excessive TNFa levels by administering a TNFa. antagonist,
preferably a soluble TNFa. The TNFo inhibitor may be
administered in combination with other biologically active
molecules.

BACKGROUND OF THE INVENTION

The pleiotropic cytokine tumor necrosis factor alpha
(TNFa) is associated with inflammation and binds to cells
through membrane receptor molecules, including two mol-
ecules having molecular weights of approximately 55 kDa
and 75 kDa (p55 and p75). In addition to binding TNFa, the
p5S and p75 TNF receptors mediate the binding to cells of
homotrimers of TNFf3, which is another cytokine associated
with inflammation and which shares structural similarities
with TNFa (e.g., see Cosman, Blood Cell Biochem 7:51-77,
1996). TNFf3 is also known as lymphotoxin-a (LTc).

It has been proposed that a systemic or localized excess of
TNFa contributes to the progression of numerous medical
disorders. For example, patients with chronic heart failure
have elevated levels of serum TNFa, which have been shown
to increase with disease progression (see, for example, Levine
etal., N Eng J Med 323:236-241, 1990). A variety of other
diseases are associated with elevated levels of TNFa (see, for
example, Feldman et al, Transplantation Proceedings
30:4126-4127, 1998).

Psoniatic arthritis (PsA) is a chronic autoimmune condition
that shares some features with both rheumatoid arthritis (RA)
and the inflammatory skin disease psoriasis (for review, see
Breathnach, In Klippel and Dieppe eds. Rkeumatology, 2"¢
Ed., Mosby, 1998, 22.1-22.4). Psoriasis is characterized by
epidermal keratinocyte hyperproliferation, accompanied by
neutrophil and T cell infiltration, and is associated with
elevated levels of inflammatory cytokines, including TNFa,
1L-6 and TGFf (see, for example, Bonifati et al., Clin Exp
Dermatol 19:383-387, 1994). Psoriasis and PsA are different
clinical entities, and are associated with somewhat different
MHC haplotypes (Gladman, Rheum Dis Clin NA. 18:247-
256, 1992; Breathnach, 1998). The overall prognosis for PsA
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is far worse than for ordinary psoriasis. Nonetheless, treat-
ments used for the psoriatic lesions of PsA generally are
similar to those used to treat psoriasis.

Psoriatic skin lesions are present in patients with PsA,
although only a minority of psoriasis sufferers actually have
PsA. Ordinary psoriasis occasionally is accompanied by joint
pain, but does not involve the extreme pain and often deform-
ing degeneration of joints and bone that occurs in PsA
patients.

Treatments that sometimes are effective in treating ordi-
nary psoriasis include topical medications (e.g., steroids, coal
tar, anthralin, Dead Sea salts, various natural oils, vitamin D3
and its analogs, sunshine, topical retinoids), phototherapy
(e.g., ultraviolet light, photochemotherapy (PUVA)), and
internal medications (e.g., methotrexate, systemic steroids,
oral retinoids, cyclosporine, or a rotating regimen of these
three). In addition, it has been proposed that psoriasis could
be treated with TNF-derived peptides, quinolinesulfona-
mides, pyrrolidinone derivatives, catechol diether com-
pounds, isoxazoline compounds, matrix metalloproteinase
inhibitors or mercapto alkyl peptidyl compounds, all of which
inhibit either TNFa production or its release from cultured
cells (see, for example, U.S. Pat. No. 5,691,382, U.S. Pat. No.
5,834,485, U.S. Pat. No. 5,420,154, U.S. Pat. No. 5,563,143,
U.S. Pat.No. 5,869,511 and U.S. Pat. No. 5,872,146), as well
as with various combination therapies involving TNFa
antagonists (for example, see U.S. Pat. No. 5,888,511 or U.S.
Pat. No. 5,958,413).

Conflicting results have been reported regarding the role of
TNFa in psoriasis. Some investigators have proposed that
overproduction of TNFa contributes to the pathology of pso-
riasis (e.g., Pigatto et al., J Invest Dermatol 94:372-376,
1990; Sagawa el al., Dermatol 187:81-83, 1993; Ameglio et
al., Dermatol 189:359-363, 1994). One group reported some
improvement after treatment with pentoxifylline, a drug that
can inhibit the release of TNFo, but which exerts many of its
physiological effects by inhibiting cyclic AMP phosphodi-
esterase (Omulecki et al., J Am Acad Dermarol 34:714-715,
1996, Centola et al., J Androl 16:136-142, 1995; Elferinck et
al., Biochem Pharmacol 54:475-480, 1997). However, other
reports have cast doubt on the hypothesis that overproduction
of TNFa exacerbates psoriasis. For example, some investi-
gators havc reported that treatment with TNFa itself actually
can mitigate psoriasis (see, e.g.. Takematsu et al., Br J Der-
matol 124:209-210, 1991 ; Creaven et al., J Am Acad Derma-
tol 24:735-737, 1991).

In addition to psoriatic lesions, PsA is characterized by
distal interphalangeal joint (DIP) involvement, enthesopathy.
nail lesions, spondylitis and dactylitis. The histopathogenesis
of PsA and the more well-studied rheumatoid arthritis share
certain features. In both RA and inactive Ps A, patients exhibit
increased levels of HLA-DR™* T cells and MHC class II anti-
gens in their synovial membranes and synovial fluid, as well
as increased expression of the cytokine TNFa. In addition,
both discascs are associated with prominent synovial vascular
changes.

The discovery of rheumatoid factor in the serum of RA
patients provided an important tool for ditferentiating PsA
from RA, but the realization that RA and PsA are distinct
diseases was based primarily on their many clinical differ-
ences (e.g., Helliwell and Wright, In Klippel and Dieppe eds.
Rheumatology, 2™ Ed., Mosby, 1998, 21.1-21.8). Studies
have shown that levels of TNFa, I1-1f, 1I-8 as well as TNFa
receptors in synovial fluids were higher in PsA patients than
in osteoarthritis patients, though they were lower than in RA
patients (Partsch et al., J Rheumatol 24:518-523, 1997;
Partsch et al., J Rheumatol 25:105-110, 1998; Partsch et al.,
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Ann Rheum Dis 57:691-693, 1998). PsA is distinguished
from RA also by radiographic appearance, a notably higher
degree of synovial membrane vascularity as well as differ-
ences in the levels of various cytokines in the synovial fluids
(Ritchlin et al., J Rheumatol 25:1544-52, 1998; Veale et al.,
Arth Rheum 36:893-900, 1993). Veale et al. noted differences
in synovial membrane adhesion molecules and numbers of
macrophages when they compared RA and PsA patients, as
well as observing 2 minimal degree of hyperplasia and hyper-
trophy of synoviocytes in PsA as compared with RA patients.
Because of such differences, coupled with the association of
PsA but not RA with class 1 MHC antigens, Ritchlin et al.
have suggested that PsA must be triggered by different
mechanisms than those underlying RA. Veale et al. suggested
for similar reasons that different cytokines were likely to be
interacting in the synovium of PsA and RA patients.

Most of the drugs used for treating the arthritic aspects of
PsA arc similar to those used in RA (Salvarini et al., Curr
Opin Rheumatol 10:229-305, 1998), for example the non-
steroidal antiinflammatories (NSAIDs), which may be used
alone or in combination with the disease-modifying anti-
rheumatic drugs, or “DMARDs.” However, one group found
that long-term administration of the DMARD methotrexate
failed to slow the progression of joint damage in PsA patients
(Abu-Shakra et al., J Rkeumatol 22:241-45, 1995), and
another group reported very little improvement in PsA
patients who had received methotrexate (Willkens et al.,
Arthy Rheum 27:376-381, 1984). Similarly, Clegg et al. found
only a slight improvement over placebo in PsA paticnts
treated with sulfasalazine, another drug classified as a
DMARD (Clegg et al., Arthritis Rheum 39: 2013-20, 1996).
Some studies have indicated that the immunosuppressor
cyclosporine is effective in treating PsA (reviewed in Salva-
rini et al., 1998), though this drug has severe side effects. In
addition, others have proposed that PsA could be treated with
truncated TNFa receptors or with a combination of methotr-
exate and antibodies against TNFa (WO 98/01555; WO
98/0537).

A recent meta-analysis of a mimber of Ps A treatment stud-
ies concluded that PsA and RA differed not only in their
response to treatment with specific drugs, but in the relative
magnitudes of improvement in the placebo arms of the studies
(Jones etal., BrJ Rheumatol 36:95-99, 1997). As an example,
PsA patients responded better to gold salt therapy than did RA
patients, though the gold did not affect the psoriatic skin
lesions (Dorwart et al., Arthritis Rheum 21:515-513, 1978).

It has been suggested that the suppression of TNFo might
be beneficial in patients suffering from various disorders
characterized by abnormal or excessive TNFa expression.
However, although progress has been made in devising effec-
tive treatment for such diseases, improved medicaments and
methods of treatment are needed.

SUMMARY OF THE INVENTION

Provided herein are methods for treating a number of medi-
cal disorders characterized by abnormal TNFa expression by
repeatedly admirustering an antagonist of TNFa, such as a
soluble TNFa receptor, for a period of time sufficient to
induce a sustained improvement in the patient’s condition.

DETAILED DESCRIPTION OF THE INVENTION

This invention provides compounds, compositions and
methods for treating a mammalian patient, including a human
patient, who is suffering from a medical disorder that is char-
acterized by abnormal or elevated expression of TNFa. For
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purposes of this disclosure, the terms “illness,” “disease,”
“medical condition,” “abnormal condition” and the like are
used interchangeably with the term “medical disorder.”

The subject methods involve administering to the patient a
soluble TNFo antagonist that is capable of reducing the effec-
tive amount of endogenous biologically active TNFa, such as
by reducing thc amount of TNFa. produced, or by preventing
the binding of TNFa to its cell surface receptor (TNFR).
Antagonists capable of inhibiting this binding include recep-
tor-binding peptide fragments of TNFa, antibodies directed
against TNFo, and recombinant proteins comprising all or
portions of receptors for TNFa. or modified variants thereof,
including genetically-modified muteins, multimeric forms
and sustained-release formulations. Other compounds suit-
able for treating the diseases described herein include thali-
domide and pentoxifylline.

Preferred embodiments of the invention utilize soluble
TNFRs as the TNFa antagonist. Soluble forms of TNFRs
may include monomers, fusion proteins (also called “chi-
meric proteins), dimers, trimers or higher order multimers. In
certain embodiments of the invention, the soluble TNFR
derivative is one that mimics the 75 kDa TNFR or the 55 kDa
TNEFR and that binds to TNFa in the patient’s body. The
soluble TNFR mimics of the present invention may be
derived from TNFRs p55 or p75 or fragments thereof. TNFRs
other than pS5 and p75 also are useful for deriving soluble
compounds for treating the various medical disorders
described herein, such for example the TNFR described in
WO 99/04001. Soluble TNFR molecules used to construct
TNFR mimics include, for example, analogs or fragments of
native TNFRs having at least 20 amino acids, that lack the
transmembrane region of the native TNFR, and that are
capable of binding TNFa. Antagonists derived from TNFRs
compete for TNFo with the receptors on the cell surface, thus
inhibiting TNFa from binding to cells, thereby preventing it
from manifesting its biological activities. Binding of soluble
TNFRs to TNFa or LTo. can be assayed using ELISA or any
other convenient assay. This invention provides for the use of
soluble TNFa receptors in the manufacture of medicaments
for the treatment of numerous diseases.

The soluble TNFR polypeptidcs or fragments of the inven-
tion may be fused with a second polypeptide to form a chi-
meric protein. The second polypeptide may promote the
spontaneous formation by the chimeric protein of a dimer,
trimer or higher order muimer that is capable of binding a
TNFo and/or LTa molecule and preventing it from binding to
cell-bound receptors. Chimeric proteins used as antagonists
include, for example, molecules derived from an antibody
molecule and a TNFR. Such molecules are referred to herein
as TNIR-Ig fusion proteins. A preferred ITNFR-1Ig fusion
protein suitable for treating diseases in humans and other
mammals is recombinant TNFR:Fc, a term which as used
hercin rcfers to “ctanercept,” which is a dimer of two mol-
ecules of the extracellular portion of the p75 TNFa receptor,
each molecule consisting of a 235 amino acid TNFR-derived
polypeptide that is fused to a 232 amino acid Fc portion of
human 1gG, . Etanercept is currently sold by Immunex Cor-
poration under the trade name ENBREL.® Becausc the p75
receptor protein that it incorporates binds not only to TNFa,
but also to the inflammatory cytokine LTo, etanercept can act
as a competitive inhibitor not only of TNFa, but also of LTa.
This is in contrast to antibodies directed against TNFa, which
cannot inhibit LTa. Also encompassed by the invention are
treatments using a compound that comprises the extracellular
portion of the 55 kDa TNFR fused to the Fc portion of IgG, as
well as compositions and combinations containing such a
molecule. Encompassed also are therapeutic methods involv-
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ing the administration of TNFR-Ig proteins derived the extra-
cellular regions of TNFa receptor molecules other than the
p55 and p75 TNFRs, such as for example the TNFR described
in WO 99/04001.

In one preferrec embodiment of the invention, sustained-
release forms of soluble TNFRs are used, including sus-
tained-release forms of TNFR:Fc. Sustained-release forms
suitable for use in the disclosed methods include, but are not
limited to, TNFRs that are encapsulated in a slowly-dissolv-
ing biocompatible polymer (such as the alginate micropar-
ticles described in U.S. Pat. No. 6,036,978), admixed with
such a polymer (including topically applied hydrogels), and
or encased in a biocompatible semi-permeable implant. In
addition, the soluble TNFR may be conjugated with potyeth-
ylene glycol (pegvlated) to prolong its serum half-life or to
enhance protein delivery.

In accord with this invention, medical disorders character-
ized by abnormal or excess expression of TNFa are admin-
istered a therapeutically effective amount of a TNFo. inhibi-
tor. The TNFa inhibitor may be a TNFa-binding soluble
TNFa receptor, preferably TNFR:Fc. As used herein, the
phrase “administering a therapeutically effective amount” of
a therapeutic agent means that the patient is treated with the
agent in an amount and for a time sufficient to induce a
sustained improvement in at least one indicator that reflects
the severity of the disorder. An improvement is considered
“sustained” if the patient exhibits the improvement on at least
two occasions separated by one or more weeks. The degree of
improvement is determined based on signs or symptoms, and
determinations may also employ questionnaires that are
administered to the patient, such as quality-of-life question-
naires.

Various indicators that reflect the extent of the patient’s
illness may be assessed for determining whether the amount
and time of the treatment is sufficient. The baseline value for
the chosen indicator or indicators is established by examina-
tion of the patient prior to administration of the first dose of
the etanercept or other TNFa inhibitor. Preferably, the base-
line examination is done within about 60 days of administer-
ing the first dose. If the TNFa antagonist is being adminis-
tered to treat acute symptoms, such as for example to treat a
traumatic knee injury, the first dose is administered as soon as
practically possible after the injury has occurred.

Improvement is induced by administering TNFR:Fc or
other TNFa antagonist until the patient manifests an
improvement over baseline for the chosen indicator or indi-
cators. In treating chronic conditions, this degree of improve-
ment is obtained by repeatedly administering this medica-
ment over a period of at least a month or more, e.g., for one,
two, or three months or longer, or indefinitely. A period of one
to six weeks, or even a single dose, often is sufficient for
treating acute conditions. For injuries or acute conditions, a
single dose may be sufficient.

Although the extent of the patient’s illness after treatment
may appear improved according to one or more indicators,
treatment may be continued indefinitely at the same leve] or at
a reduced dose or frequency. Once treatment has been
reduced or discontinued, it later may be resumed at the origi-
nal level if symptoms should reappear.

Any efficacious route of administration may be used to
therapeutically administer TNFR:Fc or other TNFa antago-
nists. If injected, TNFR:Fc can be administered, for example,
via intra-articular, intravenous, intramuscular, intralesional,
intraperitoneal or subcutaneous routes by bolus injection or
by continuous infusion. Other suitable means of administra-
tion include sustained release from implants, acrosol inhala-
tion, eyedrops, oral preparations, including pills, syrups, loz-
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enges or chewing gum, and topical preparations such as
lotions, gels, sprays, ointments or other suitable techniques.
Alternatively, proteinaceous TNFa inhibitors, such as a
soluble TNFR, may be administered by implanting cultured
cells that express the protein, for example, by implanting cells
that express TNFR:Fc. In one embodiment, the patient’s own
cells are induced to produce TNFR:Fc by transfection in vivo
or ex vivo with a DNA that encodes TNFR:Fc. This DNA can
be introduced into the patient’s cells, for example, by inject-
ing naked DNA or liposome-encapsulated DNA that encodes
TNFR:Fc, or by other means of transfection. When TNFR:Fc
is administered in combination with one or more other bio-
logically active compounds, these may be administered by
the same or by different routes, and may be administered
simultaneously, separately or sequentially.

TNFR:Fc or other soluble TNFRs preferably are adminis-
tered in the form of a physiologically acceptable composition
comprising purified recombinant protein in conjunction with
physiologically acceptable carriers, excipients or diluents.
Such carriers are nontoxic to recipients at the dosages and
concentrations employed. Ordinarily, the preparation of such
compositions entails combining the TNFa. antagonist with
buflers, antioxidants such as ascorbic acid, low molecular
weight polypeptides (such as those having fewer than 10
amino acids), proteins, amino acids, carbohydrates such as
glucose, sucrose or dextrins, chelating agents such as EDTA,
glutathione and other stabilizers and excipients. Neutral buff-
ered saline or saline mixed with conspecific serum albumin
are exemplary appropriate diluents. In accordance with
appropriate industry standards, preservatives may also be
added, such as benzyl alcohol. TNFR:Fc preferably is formu-
lated as a lyophilizate using appropriate excipient solutions
(e.g., sucrose) as diluents. Appropriate dosages can be deter-
mined in standard dosing trials, and may vary according to the
chosen route of administration. The amount and frequency of
administration will depend, of course, on such factors as the
nature and severity of the indication being treated, the desired
response, the age and condition of the patient, and so forth.

In one embodiment of the invention, TNFR:Fc¢ is adminis-
tered one time per week to treat the various medical disorders
disclosed herein, in another embodiment is administered at
least two times per week, and in another embodiment is
administered at least three times per week. An adult patient is
a person who is 18 years of age or older. If injected, the
effective amount of TNFR:Fc per adult dose ranges from 1-20
mg/m?, and preferably is about 5-12 mg/m?. Alternatively, a
flat dose may be administered, whose amount may range from
5-100 mg/dose. Exemplary dose ranges for a flat dose to be
administered by subcutaneous injection are 5-25 mg/dose,
25-50 mg/dose and 50-100 mg/dose. In one embodiment of
the invention, the various indications described below are
treated by administering a preparation acceptable for injec-
tion containing TNFR:Fc at 25 mg/dose, or alternatively.
containing 50 mg per dose. The 25 mg or 50 mg dose may be
administered repeatedly, particularly for chronic conditions.
If a route of administration other than injection is used, the
dose is appropriately adjusted in accord with standard medi-
cal practiccs. In many instances, an improvement in a
patient’s condition will be obtained by injecting a dose of
about 25 mg of TNFR:Fc¢ one to three times per week over a
period of at least three weeks, or a dose of 50 mg of TNFR:Fc
one or two times per week for at least three weeks, though
treatment for longer periods may be necessary to induce the
desired degree of improvement. For incurable chronic condi-
tions, the regimen may bc continued indefinitely, with adjust-
ments being made to dose and frequency if such are deemed
necessary by the paticnt’s physician.
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For pediatric patients (age 4-17), a suitable regimen
involves the subcutaneous injection of 0.4 mg/kg, up to a
maximum dose of 25 mg of TNFR:Fc, administered by sub-
cutaneous injection one or more times per week.

The invention further includes the administration of
TNFR:Fc concurrently with one or more other drugs that are
administered to the same patient in combination with the
TNFR:Fc, each drug being administered according to a regi-
men suitable for that medicament. “Concurrent administra-
tion” encompasses simultaneous or sequential treatment with
the components of the combination, as well as regimens in
which the drugs are alternated, or wherein one component is
administered long-term and the other(s) are administered
intermittently. Components may be administered in the same
or in separate compositions, and by the same or different
routes of administration. Examples of drugs to be adminis-
tered concurrently include but are not limited to antivirals,
antibiotics, analgesics, corticosteroids, antagonists of inflam-
matory cytokines, DMARDs and non-steroidal anti-inflam-
matories. DMARDs that can be administered in combination
with the subject TNFa inhibitors such as TNFR:Fc include
azathioprine, cyclophosphamide, cyclosporine, hydroxy-
chloroquine sulfate, methotrexate, leflunomide, minocycline,
penicillamine, sulfasalazine and gold compounds such as oral
gold, gold sodium thiomalate and aurothioglucose. Addition-
ally, TNFR:Fc may be comhined with asecond TNFa antago-
nist, including an antibody against TNFa or TNFR, a TNFa-
derived peptide that acts as a competitive inhibitor of TNFa
(such as those described in U.S. Pat. No. 5,795,859),a TNFR-
1gG fusion protein other than etanercept, such as one contain-
ing the extracellular portion of the p55 TNFa receptor, a
soluble TNFR other than an IgG fusion protein, or other
molecules that reduce endogenous TNFa levels, such as
inhibitors of the TNFa converting enzyme (see e.g., U.S. Pat.
No. 5,594,106). In further embodiments of this invention,
TNFR:Fc is administered in combination with pentoxifylline
or thalidomide.

Ifan antibody against TNFa is used as the TNFa inhibitor,
apreferred dose range is 0.1 to 20 mg/kg, and more preferably
is 1-10 mg/kg. Another preferred dose range for anti-TNFa
antibody is 0.75 1 7.5 mg/kg of body weight. Humanized
antibodies are preferred, that is, antibodies in which only the
antigen-binding portion of the antibody molecule is derived
from a non-human source. such antibodies may be injected or
administered intravenously.

In one preferred embodiment of the invention, the various
medical disorders disclosed herein as being treatable with
inhibitors such as TNFR:Fc are treated in combination with
another cytokine cr cytokine inhibitor. For example, TNFR:
Fc may be administered in a composition that also contains a
compound that inhibits the interaction of other inflammatory
cytokines with their receptors. Examples of cytokine inhibi-
tors used in combination with TNFR:Fcinclude, for example,
antagonists of TGF, 11-6 or 11-8. TNFa inhibitors such as
TNFR:Fc also may be administered in combination with the
cytokines GM-CSF, IL-2 and inhibitors of protein kinase A
type 1 to enhance T cell proliferation in HIV-infected patients
who are receiving anti-retroviral therapy. Other combinations
for treating the hereindescribed diseases include TNFR:Fc
administered concurrently with compounds that block the
binding of RANK and RANK-ligand, such as antagonistic
antibodies against RANK or RANK-ligand, soluble forms of
RANK -ligand that do not trigger RANK, osteoprotegerin or
soluble forms of RANK, including RANK :Fc. Soluble forms
of RANK suitable for these combinations are described, for
example, in U.S. Pat. No. 6,017,729. The concurrent admin-
istration of TNFR:Fc and RANK:Fc or TNFR:Fc and
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osteoprotegerin is useful for preventing bone destruction in
various settings including but not limited to various rheu-
matic disorders, osteoporosis, multiple myeloma or other
malignancies that cause bone degeneration, or anti-tumor
therapy aimed at preventing metastasis to bone, or bone
destruction associated with prosthesis wear debris or with
periodontitis.

The present invention also relates to the use of the disclosed
TNFa inhibitors, such as TNFR:Fc, in the manufacture of a
medicament for the prevention or therapeutic treatment of
each medical disorder disclosed herein.

The disclosed TNFa inhibitors, compositions and combi-
nation therapies described herein are useful in medicines for
treating bacterial, viral or protozoal infections, and compli-
cations resulting therefrom. One such disease is Mycoplasma
pneumonia. In addition, provided herein is the use of TNFR:
Fc to treat AIDS and related conditions, such as AIDS demen-
tia complex, AIDS associated wasting, lipidistrophy due to
antiretroviral therapy; and Kaposi’s sarcoma. Provided
herein is the use of TNFR:Fc for treating protozoal diseases,
including malaria and schistosomiasis. Additionally provided
is the use of TNFR:Fc to treat erythema nodosum leprosum;
bacterial or viral meningitis; tuberculosis, including pulmo-
nary tuberculosis; and pneumonitis secondary to a bacterial
or viral infection. Provided also herein is the use of TNFR:Fc
to prepare medicaments for treating louse-bome relapsing
fevers, such as that caused by Borrelia recurrentis. TNFR:Fc
can also be used to prepare a medicament for treating condi-
tions caused by Herpes viruses, such as herpetic stromal
keratitis, comeal lesions, and virus-induced corneal disor-
ders. In addition, TNFR:Fc can be used in treating human
papillomavirus infections. TNFR:Fc is used also to prepare
medicaments to treat influenza.

Cardiovascular disorders are treatable with the disclosed
TNFa inhibitors, pharmaceutical compositions or combina-
tion therapies, including aortic aneurisms; arteritis; vascular
occlusion, including cerebral artery occlusion; complications
of coronary by-pass surgery; ischemia/reperfusion injury;
heart disease, including atherosclerotic heart disease, myo-
carditis, including chronic autoimmune myocarditis and viral
myocarditis; heart failure, including chronic heart failure
(CHF), cachexia of heart failure; myocardial infarction; res-
tenosis after heart surgery: silent myocardial ischemia; post-
implantation complications of left ventricular assist devices;
Raynaud’s phenomena; thrombophlebitis; vasculitis, includ-
ing Kawasaki’s vasculitis; giant cell arteritis, Wegener’s
granulomatosis; and Schoenlein-Henoch purpura.

TNFa and 1L-8 have been implicated as chemotactic fac-
tors in athersclerotic abdominal aortic aneurism (Szekanecz
etal., Pathobiol 62:134-139 (1994)). Abdominal aortic aneur-
ism may be treated in human patients by administering a
soluble TNFR, such as TNFR:Fc, which may be administered
in combination with an inhibitor of IL-8, such treatment
having the cffect of reducing the pathological neovascular-
ization associated with this condition.

A combination of a TNFa inhibitor and one or more other
anti-angiogenesis factors may be used to treat solid tumors,
thereby reducing the vascularization that nourishes the tumor
tissue. Suitable anti-angiogenic factors for such combination
therapies include I[.-8 inhibitors, angiostatin, endostatin,
kringle 5, inhibitors of vascular endothelial growth factor
(such as antibodies against vascular endothelial growth fac-
tor), angiopoietin-2 or other antagonists of angiopoietin-1,
antagonists of platelet-activating factor and antagonists of
basic fibroblast growth factor

In addition, the subject TNFa inhibitors, compositions and
combination therapies are used to treat chronic pain condi-
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tions, such as chronic pelvic pain, including chronic prostati-
tis/pelvic pain syndrome. As a further example, TNFR:Fc and
the compositions and combination therapies of the invention
are used to treat post-herpetic pain.

Provided also are methods for using TNFa inhibitors, com-
positions or combination therapies to treat various disorders
of the endocrine system. For example, the TNFo inhibitors
are used to treat juvenile onset diabetes (includes autoim-
mune and insulin-dependent types of diabetes) and also to
treat maturity onset diabetes (includes non-insulin dependent
and obesity-mediated diabetes). In addition, the subject com-
pounds, compositions and combination therapies are used to
treat secondary conditions associated with diabetes, such as
diabetic retinopathy, kidney transplant rejection in diabetic
patients, obesity-mediated insulin resistance, and renal fail-
ure, which itself may be associated with proteinurea and
hypertension. Other endocrine disorders also are treatable
with these compounds, compositions or combination thera-
pies, including polycystic ovarian disease, X-linked adreno-
leukodystrophy, hypothyroidism and thyroiditis, including
Hashimoto’s thyroiditis (i.e., autoimmune thyroiditis).

Conditions of the gastrointestinal system also are treatable
with TNFa inhibitors, compositions or combination thera-
pies, including coeliac disease. In addition, the compounds,
compositions and combination therapies of the invention are
used to treat Crohn’s disease; ulcerative colitis; idiopathic
gastroparesis; pancreatitis, including chronic pancreatitis and
lung injury associated with acute pancreatitis; and ulcers,
including gastric and duodenal ulcers.

Included also are methods for using the subject TNFa
inhibitors, compositions or combination therapies for treating
disorders of the genitourinary system, such as glomerulone-
phritis, including autoimmune glomerulonephritis, glomeru-
lonephritis due to exposure to toxins or glomerulonephritis
secondary to infections with haemolytic streptococci or other
infectious agents. Also treatable with the compounds, com-
positions and combination therapies of the invention are ure-
mic syndrome and its clinical complications (for example,
renal failure, anemia, and hypertrophic cardiomyopathy),
including uremic syndrome associated with exposure to envi-
ronmental toxins, drugs or other causes. Further conditions
treatable with the compounds, compositions and combination
therapies of the invention are complications of hemodialysis;
prostate conditions, including benign prostatic hypertrophy,
nonbacterial prostatitis and chronic prostatitis; and compli-
cations of hemodialysis.

Also provided herein are methods for using TNFa inhibi-
tors, compositions or combination therapies to treat various
hematologic and oncologic disorders. Forexample, TNFR:Fc
is used to treat various forms of cancer, including acute myel-
ogenous leukemia, Epstein-Barr virus-positive nasopharyn-
geal carcinoma, glioma, colon, stomach, prostate, renal cell,
cervical and ovarian cancers, lung cancer (SCLC and
NSCLC), including cancer-associated cachexia, fatigue,
asthenia, parancoplastic syndrome of cachexia and hypercal-
cemia. Additional diseases treatable with the subject TNFa
inhibitors, compositions or combination therapies are solid
tumors, including sarcoma, osteosarcoma, and carcinoma,
such as adenocarcinoma (for example, breast cancer) and
squamous cell carcinoma. In addition, the subject com-
pounds, compositions or combination therapies are useful for
treating leukemia, including acute myelogenous leukemia,
chronic or acute lymphoblastic leukemia and hairy cell leu-
kemia. Other malignancies with invasive metastatic potential
can be treated with the subject compounds, compositions and
combination therapies, including multiple myeloma. In addi-
tion, the discloscd TNFa inhibitors, compositions and com-
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bination therapies can be used to treat ancmias and hemato-
logic disorders, including anemia of chronic disease, aplastic
anemia, including Fanconi’s aplastic anemia; idiopathic
thrombocytopenic purpura (ITP); myelodysplastic syn-
dromes (including refractory anemia, refractory anemia with
ringed sideroblasts, refractory anemia with excess blasts.
refractory anemia with excess blasts in transformation);
myelofibrosis/myeloid metaplasia; and sickle cell vasocclu-
sive crisis.

Various lymphoproliferative disorders also are treatable
with the disclosed TNFa inhibitors, compositions or combi-
nation therapics. These include, but are not limited to autoim-
mune lymphoproliferative svndrome (ALPS), chronic lym-
phoblastic leukemia, hairy cell leukemia, chronic lymphatic
leukemia, peripheral T-cell lymphoma, small Iymphocytic
lymphoma, mantle cell lymphoma, follicular lymphoma,
Burkitt’s lymphoma. Epstein-Barr virus-positive T cell lym-
phoma, histiocytic lymphoma, Hodgkin’s disease, diffuse
aggressive lymphoma, acute lymphatic leukemias, T gamma
lymphoproliferative disease, cutaneous B cell lymphoma,
cutaneous T cell lymphoma (i.e., mycosis fungoides) and
Sézary syndrome.

In addition, the subject TNFa inhibitors, compositions and
combination therapies are used to treat hereditary conditions
such as Gaucher’s disease, Huntington’s disease, linear IgA
disease, and muscular dystrophy.

Other conditions treatable by the disclosed TNFa inhibi-
tors, compositions and combination therapies include those
resulting from injuries to the head or spinal cord, and includ-
ing subdural hematoma due to trauma to the head.

The disclosed TNFa inhibitors, compositions and combi-
nation therapies are further used to treat conditions of the liver
such as hepatitis, including acute alcoholic hepatitis, acute
drug-induced or viral hepatitis, hepatitis A, B and C, scleros-
ing cholangitis and inflammation of the liver due to unknown
causes.

In addition, the disclosed TNFa inhibitors, compositions
and combination therapies are used to treat various disorders
that involve hearing loss and that are associated with abnor-
mal TNFa expression. One of these is inner ear or cochlear
nerve-associated hearing loss that is thought to result from an
autoimmune process, i.e., autoimmune hearing loss. This
condition currently is treated with steroids, methotrexate and/
or cyclophosphamide, which may be administered concur-
rently with the TNFR:Fc or other TNFa inhibitor. Also treat-
able with the disclosed TNFa inhibitors, compositions and
combination therapies is cholesteatoma, a middle ear disor-
der ofien associated with hearing loss.

In addition, the subject invention provides TNFa inhibi-
tors, compositions and combination therapies for the treat-
ment of non-arthritic medical conditions of the bones and
joints. This encompasses osteoclast disorders that lead to
bone loss, such as but not limited to osteoporosis, including
post-menopausal osteoporosis, periodontitis resulting in
tooth loosening or loss, and prosthesis loosening after joint
replacement (generally associated with an inflammatory
response 10 wear debris). This latter condition also is called
“orthopedic implant osteolysis.” Another condition treatable
by administering TNFRa inhibitors, such as TNFR:Fe, is
temporal mandibular joint dysfunction (TMJ).

A number of pulmonary disorders also can be treated with
the disclosed TNFa inhibitors, compositions and combina-
tion therapies. One such condition is adult respiratory distress
syndrome (ARDS), which is associated with elevated TNFa.,
and may be triggered by a variety of causes, including expo-
sure to toxic chemicals, pancreatitis, trauma or other causes.
The disclosed compounds, compositions and combination
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therapies of the invention also are useful for treating broncho-
pulmonary dysplasia (BPD); lymphangioleiomyomatosis;
and chronic fibrotic lung disease of preterm infants. In addi-
tion. the compounds, compositions and combination thera-
pies of the invention are used to treat occupational lung dis-
eases, including asbestosis, coal worker’s pneumoconiosis,
silicosis or similar conditions associated with long-term
exposure 1o fine particles. In other aspects of the invention,
the disclosed compounds, compositions and combination
therapies are used to treat pulmonary disorders, including
chronic obstructive pulmonary disease (COPD) associated
with chronic bronchitis or emphysema; fibrotic lung diseases,
such as cystic fibrosis, idiopathic pulmonary fibrosis and
radiation-induced pulmonary fibrosis; pulmonary sarcoido-
sis; and allergies, including allergic rhinitis, contact dermati-
tis, atopic dermatitis and asthma.

Cystic fibrosis is an inherited condition characterized pri-
marily by the accumulation of thick mucus, predisposing the
patient to chronic lung infections and obstruction of the pan-
creas, which results in malabsorption of nutrients and malnu-
trition. TNFR:Fc may be administered to treat cystic fibrosis.
If desired, treatment with TNFR:Fc may be administered
concurrently with corticosteroids, mucus-thinning agents
such as inhaled recombinant deoxyribonuclease 1 (such as
PULMOZYME®; Genentech, Inc.) or inhaled tobramycin
(TOBI®; Pathogenesis, Inc.). TNFR:Fc also may be admin-
istered concurrently with corrective gene therapy, drugs that
stimulate cystic fibrosis cells to secrete chloride or other
yet-to-be-discovered treatments. Sufficiency of treatment
may be assessed, for example, by observing a decrease in the
number of pathogenic organisms in sputum or lung lavage
(such as Haemophilus influenzae, Stapholococcus aureus,
and Pseudomonas aeruginosa), by monitoring the patient for
weight gain, by detecting an increase in lung capacity or by
any other convenient means.

TNFR:Fc¢ or TNFR:Fc combined with the cytokine IFNy-
1b (such as ACTIMMUNE®; InterMune Pharmaceuticals)
may be used for treating cystic fibrosis or fibrotic lung dis-
eases, such as idiopathic pulmonary fibrosis, radiation-in-
duced pulmonary fibrosis and bleomycin-induced pulmonary
fibrosis. In additicn, this combination is useful for treating
other diseases characterized by organ fibrosis, including sys-
temic sclerosis (also called “scleroderma™), which often
involves fibrosis of the liver. Tor treating cystic fibrosis,
TNFR:Fc and IFNy-1b may be combined with PUL-
MOZYME® or TOBI® or other treatments for cystic fibro-
sis.

TNFR:Fc alone or in combination with IFNy-1b may be
administered together with other treatments presently used
for treating fibrotic lung disease. Such additional treatments
include glucocorticoids, azathioprine, cyclophosphamide,
penicillamine, colchisicine, supplemental oxygen and so
forth. Patients with fibrotic lung disease, such as IPF, often
present with nonproductive cough, progressive dyspnea, and
show a restrictive ventilatory pattern in pulmonary function
tests. Chest radiographs reveal fibrotic accumulations in the
patient’s lungs. When treating fibrotic lung disease in accord
with the disclosed methods, sufficiency of treatment may be
detected by observing a decrease in the patient’s coughing
(when cough is present), or by using standard lung function
tests to detect improvements in total lung capacity, vital
capacity, residual lung volume or by administering a arterial
blood gas determination measuring desaturation under exer-
cising conditions, and showing that the patient’s lung func-
tion has improved according to one or more of these mea-
sures. In addition, patient improvement may be determined
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through chest radiography results showing that the progres-
sion of fibrosis in the patient’s lungs has become arrested or
reduced.

In addition, TNF inhibitors (including soluble TNFRs or
antibodies against TNFa or TNFR) are useful for treating
organ fibrosis when administered in combination with
relaxin, a hormone that down-regulates collagen production
thus inhibiting fibrosis, or when given in combination with
agents that block the fibrogenic activity of TGF-f. Combina-
tion therapies using TNFR:Fc and recombinant human
relaxin are useful, for example, for treating systemic sclerosis
or fibrotic lung diseases, including cystic fibrosis, idiopathic
pulmonary fibrosis, radiation-induced pulmonary fibrosis
and bleomycin-induced pulmonary fibrosis.

Other embodiments provide methods for using the dis-
closed TNFa inhibitors, compositions or combination thera-
pies to treat a variety of rheumatic disorders. These include:
adult and juvenile rheumatoid arthritis; systemic lupus
erythematosus; gout; osteoarthritis; polymyalgia rheumatica;
seronegative spondylarthropathies, including ankylosing
spondylitis; and Reiter’s disease. The subject TNFa inhibi-
tors, compositions and combination therapies are used also o
treat psoriatic arthritis and chronic Lyme arthritis. Also treat-
able with these compounds, compositions and combination
therapies are Still’s disease and uveitis associated with rheu-
matoid arthritis. In addition, the compounds, compositions
and combination therapies of the invention are used in treat-
ing disorders resulting in inflammation of the voluntary
muscle, including dermatomyositis and polymyositis. More-
over, the compounds, compositions ant combinations dis-
closed herein are useful for treating sporadic inclusion body
myositis, as TNFa may play a significant role in the progres-
sion of this muscle disease. In addition, the compounds, com-
positions and combinations disclosed herein are used to treat
multicentric reticulohistiocytosis, a disease in which joint
destruction and papular nodules of the face and hands are
associated with excess production of proinflammatory cytok-
ines by multinucleated giant cells.

For purposes of this invention, patients are defined as hav-
ing psoriatic arthrisis (PsA) if they have one or more swollen
joints or one or more painful or tender joints, and also mani-
fest at least one psoriatic lesion of the skin or nails. The
psoriatic lesions may appear before or after the onset of
swollen or tender joints. It is understood that prior to treat-
ment, manifestations of PsA may have persisted over time,
e.g., for several months or years, and may involve several
joints. According to one classification system (reviewed in
Alonsoetal., 1991), PsA patients can be categorized based on
their arthritic symptoms into five clinical subgroups: 1) DIP;
2) mutilans arthritis; 3) symmetrical polyarthritis; 4) oligoar-
ticular arthritis; and 5) ankylosing spondylitis-like. The dis-
closed therapies, compounds and compositions are suitable
for treating all five forms of PsA.

The TNFo inhibitors, compositions and combination
therapies of the invention may be used to inhibit hypertrophic
scarring, a phenomenon believed to result in part from exces-
sive TNFa secretion. TNF inhibitors may be administered
alone or concurrently with other agents that inhibit hyper-
trophic scarring, such as inhibitors of TGF-c.

Cervicogenic headache is a common form of headache
arsing from dys{unction in the neck area, and which is asso-
ciated with elevated levels of TNFa, which are believed to
mediate an inflammatory condition that contributes to the
patient’s discomfort (Martelletti, Clin Exp Rheumatol 18(2
Suppl 19):833-8 (March-April, 2000)). Cervicogenic head-
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ache may be treated by administering an inhibitor of TNFa as
disclosed herein, thereby reducing the inflammatory response
and associated headache pain.

The TNFa inhibitors, compositions and combination
therapies of the invention are useful for treating primary
amyloidosis. In addition, the secondary amyloidosis that is
characteristic of various conditions also are treatable with
TNFa inhibitors such as TNFR:Fc, and the compositions and
combination therapies described herein. Such conditions
include: Alzheimer’s disease, secondary reactive amyloido-
sis; Down’s syndrome; and dialysis-associated amyloidosis.
Also treatable with the compounds, compositions and com-
bination therapies of the invention are inherited periodic fever
syndromes, including familial Mediterranean fever, hyperim-
munoglobulin D and periodic fever syndromc and TNF-re-
ceptor associated periodic syndromes (TRAPS).

Disorders associated with transplantation also are treatable
with the disclosed TNFa inhibitors, compositions or combi-
nation therapies, such as graft-versus-host disease, and com-
plications resulting from solid organ transplantation, includ-
ing transplantion of heart, liver, lung, skin, kidney or other
organs. TNFR:Fc may be administered, for example, to pre-
vent or inhibit the development of bronchiolitis obliterans
after lung transplantation. Patients undergoing autologous
heniatopoietic stern cell transplantation in the form of periph-
eral blood stem cell transplantation may develop “engraft-
ment syndrome,” or “ES,” which is an adverse and generally
self-limited response that occurs about the time of hemato-
poietic engraftment and which can result in pulmonary dete-
rioration. ES may be treated with inhibitors of either IL.-8 or
TNFa (such as TNFR:Fc), or with a combination of inhibitors
against both of these cytokines.

Ocular disorders also are treatable with the disclosed
TNFa. inhibitors, compositions or combination therapies,
including rhegmatogenous retinal detachment, and inflam-
matory eye disease, and inflammatory eye disease associated
with smoking and macular degeneration.

TNFa inhibitors such as TNFR:Fc and the disclosed com-
positions and combination therapies also are useful for treat-
ing disorders that affect the female reproductive system.
Examples include, but are not limited to, multiple implant
failure/infertility; fetal loss syndrome or IV embryo loss
(spontaneous abortion); preeclamptic pregnancies or eclamp-
sia: and endometriosis.

In addition, the discloscd TNFa inhibitors, compositions
and combination therapies are useful for treating obesity,
including treatment to bring about a decrease in leptin forma-
tion. Also, the compounds, compositions and combination
therapies of the invention are used to treat seiatica, symptoms

of aging, severe drug reactions (for example, 11-2 toxicity or

bleomycin-induced pneumopathy and fibrosis), or to sup-
press the inflammatory response prior, during or afier the
transfusion of allogeneic red blood cells in cardiac or other
surgery, or in treating a traumatic injury to a limb or joint,
such as traumatic knee injury. Various other medical disorders
treatable with the disclosed TNFa inhibitors, compositions
and combination therapies include; multiple sclerosis; Beh-
cet’s syndrome; Sjogren’s syndrome; autoimmune hemolytic
anemia; beta thalassemia; amyotrophic lateral sclerosis (Lou
Gehrig’s Disease); Parkinson’s disease; and tenosynovitis of
unknown cause, as well as various autoimmune disorders or
diseases associated with hereditary deficiencies.

The disclosed TNFa. inhibitors, compositions and combi-
nation therapies furthermore are useful for treating acute
polyneuropathy; anorexia nervosa; Bell’s palsy; chronic
fatigue syndrome; transmissible dementia, including
Creutzfeld-Jacob disease; demyelinating neuropathy; Guil-
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lain-Barre syndrome; vertebral disc disease; Gulf war syn-
drome; myasthenia gravis; silent cerebral ischemia; sleep
disorders, including narcolepsy and sleep apnea; chronic neu-
ronal degeneration; and stroke, including cerebral ischemic
diseases.

Disorders involving the skin or mucous membranes also
are treatable using the disclosed TNFa inhibitors, composi-
tions or combination therapies. Such disorders include acan-
tholytic diseases, including Darier’s disease, keratosis folli-
cularis and pemphigus vulgaris. Also treatable with the
subject TNFa inhibitors, compositions and combination
therapies are acne; acne rosacea; alopecia greata; aphthous
stomatitis; bullous pemphigoid; burns; eczema; erythema,
including erythema nwltiforme and erythema multiforme
bullosum (Stevens-Johnson syndrome); inflammatory skin
disease; lichen planus; linear IgA bullous disease (chronic
bullous dermatosis of childhood); loss of skin elasticity:
mucosal surface ulcers; neutrophilic dermatitis (Sweet’s syn-
drome); pityriasis rubra pilaris; psoriasis; pyoderma gan-
grenosum; and toxic epidermal necrolysis.

Patients are defined as having ordinary psoriasis if they
lack the more serious symptoms of PsA (e.g., distal interpha-
langeal joint DIP involvement, enthesopathy, spondylitis and
dactylitis) but have one of the following: 1) inflamed swollen
skin lesions covered with silvery white scale (plaque psoriasis
or psoriasis vulgaris); 2) small red dots appearing on the
trunk, arms or legs (guttate psoriasis); 3) smooth inflamed
Iesions without scaling in the flexural surfaces of the skin
(inverse psoriasis); 4) widespread reddening and exfoliation
of fine scales, with or without itching and swelling (erythro-
dermie psoriasis); 5) blister-like lesions (pustular psoriasis);
6) elevated inflamed scalp lesions covered by silvery white
scales (scalp psoriasis); 7) pitted fingernails, with or without
yellowish discoloration, crumbling nzils, or inflammation
and detachment of the nail from the nail bed (nail psoriasis).

Ordinary psoriasis may be treated by administering to a
human patient compositions containing a therapeutically
effective amount of a TNFa inhibitor such as a soluble TNF
receptor or an antibody against TNFa.

In one preferred embodiment, the therapeutic agent is a
soluble INF receptor, and preferably is a TNFR-Ig. In a
preferred embodiment, the TNFR-Ig is TNFR:Fc, which may
be administered in the form of a pharmaceutically acceptable
composition as described herein. Psoriasis may be treated by
administering TNFR:Fc¢ onc or more times per week by sub-
cutaneous injection, although other routes of administration
may be used if desired. In one exemplary regimen for treating
adult human patients, 25 mg of TNFR:Fc is administered by
subcutaneous injection two times per week or three times per
week for one or more weeks, and preferably for four or more
weeks. Alternatively, a dose of 5-12 mg/m” or aflatdose of 50
mg is injected subcutaneously one time or two times per week
for one or more weeks. In other embodiments, psoriasis is
treated with TNFR:Fc in a sustained-release form, such as
TNFR:Fc that is encapsulated in a biocompatible polymer,
TNFR:Fc that is admixed with a biocompatible polymer
(such as topically applied hydrogels), and TNFR:Fc that is
encased in a semi-permeable implant.

Various other medicaments used to treat ordinary psoriasis
may also be administered concurrently with compositions
comprising TNFa inhibitors, such as TNFR:Fc. Such medi-
caments include: NSAIDs; DMARDs; analgesics; topical
steroids; systemic steroids (e.g., prednisone); cytokines;
antagonists of inflammatory cytokines; antibodies against T
cell surface proteins; anthralin; coal tar; vitamin D3 and its
analogs; topical retinoids; oral retinoids; salicylic acid; and
hydroxyurea. Suitable analgesics for such combinations
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include: acetaminophen, codeine, propoxyphene napsylate,
oxycodone hydrochloride, hydrocodone bitartrate and trama-
dol. DMARDs suitable for such combinations include: aza-
thioprine, cyclophosphamide, cyclosporine, hydroxychloro-
quinc sulfate, methotrexate, leflunomide, minocycline,
penicillamine, sulfasalazine, oral gold, gold sodium thioma-
late and aurothioglucose. In addition, the TNFR:Fc or other
TNFR mimic may be administered in combination with anti-
malarials or colchicine. NSAIDs suitable for the subject com-
bination treatments of psoriasis include: salicylic acid (aspi-
rin) and salicylate derivatives; ibuprofen; indomethacin;
celecoxib; rofecoxib; ketorolac; nambumetone; piroxicam;
naproxen; oxaprozin; sulindac; ketoprofen; diclofenac; and
other COX-1 and COX-2 inhibitors, propionic acid deriva-
tives, acetic acid derivatives, fumaric acid derivatives, car-
boxylic acid derivatives, butyric acid derivatives, oxicams,
pyrazoles and pyrazolones, including newly developed anti-
inflammatories.

If an antagonist against an inflammatory cytokine is
administered concurrently with TNFR:Fc to treat psoriasis,
suitable targets for such antagonists include TGFp, 11-6 and
11-8.

In addition, TNFR:Fc may be used to treat psoriasis in
combination with topical steroids, systemic steroids, antago-
nists of inflammatory cytokines, antibodies against T cell
surface proteins, anthralin, coal tar, vitamin D3 and its ana-
logs (including 1,25-dihydroxy vitamin D3 and calcipot-
riene), topical retinoids, oral retinoids (including but not lim-
ited to etretinate, acitretin and isotretinoin), topical salicylic
acid, methotrexate, cyclosporine, hydroxyurea and sulfasala-
zine. In addition, TNFR:Fc may be administered to treat
psoriasis in combination with one or more of the following
compounds; minocycline; misoprostol; oral collagen; 6-mer-
captopurine; nitrogen mustard; gabapentin; bromocriptine;
somalostatin; peptide T; anti-CD4 monoclonal antibody;
fumaric acid; polyunsaturated ethyl ester lipids; zinc; and
other drugs that may be used to treat psoriasis. TNFR:Fc may
also be used to treat psoriasis in combination with the use of
various oils, including fish oils, nut oils and vegetable oils;
aloe vera; jojoba; Dead Sea salts; capsaicin; milk (histle;
witch hazel; moisturizers; and Epsom salts. In addition, pso-
riasis may be treated with compositions containing TNFR:Fc
in combination with the following therapies: plasmapheresis;
phototherapy with ultraviolet light B; psoralen combined
with ultraviolet light A (PUVA); and sunbathing.

For determining the sufficiency of treatment when treating
ordinary psoriasis in accord with the invention, the TNFR:Fc
(or other TNFa inhibitor) is administered in an amount and
for a time sufficient to induce an improvement in an indicator
such as psoriasis area and severity index (PASI) or an
improvement in Target Lesion Assessment score, which is an
index for assessing the severity of individual skin lesions. In
one embodiment, the treatment is regarded as sufficient when
the patient exhibits an at least 50% improvement in his or her
PAST score, and in another embodiment, when the patient
exhibits an at least 75% improvement in PASI score. The
sufficiency of treatment for psoriasis may also be determined
by evaluating individual psoriatic lesions for improvement in
severity (Psoriasis Target Lesion Assessment Score), and
continuing treatment until an improvement is noted accord-
ing to this scoring system. This scoring system involves deter-
mining for an individual lesion whether improvement has
occurred in plaque elevation, amount and degree of scaling or
degree of erythema, and target lesion response to treatment,
each of which is separately scored. Psoriasis Target Lesion
Assessment Score is determined by adding together the sepa-
rate scores for all four of the aforementioned indicia.
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In addition to human patients, inhibitors of TNFa are use-
ful in the treatment of autoimmune and inflammatory condi-
tions in non-human animals, such as pets (dogs, cats, birds,
primates, etc.), domestic farm animals (horses cattle, sheep.
pigs, birds, etc.), or any animal that suffers from a TNFa-
mediated inflammatory or arthritic condition. In such
instances, an appropriate dose may be determined according
to the animal’s body weight. For example, a dose of 0.2-1
mg/kg may be uscd. Altcrnatively, the dose is determined
according to the animal’s surface area, an exemplary dose
ranging from 0.1-20 mg/m?, or more preferably, from 5-12
mg/m?. For small animals, such as dogs or cats, a suitable
dose is 0.4 mg/kg. In a preferred embodiment, TNFR:Fc
(preferably constructed from genes derived from the same
species as the patient), or another soluble TNFR mimic, is
administered by injection or other suitable route one or more
times per week until the animal’s condition is improved, or it
may be administered indefinitely.

EXAMPLE

Evaluation of TNFR:F¢ in Patients with Psoriatic
Arthritis

Sixty patients with active psoriatic arthritis (PsA) were
enrolled in a Phase 11 double-blind, randomized, placebo
controlled study to determine whether the subcutaneous
biweekly administration of etanercept (recombinant TNFR:
Fc) was safe in this patient population and whether efficacy
could be documented for both the arthritic and psoriatic
aspects of this disease.

In this study, a flat dose of 25 mg of TNIFR:Fc was injected
subcutaneously two times a week. After 12 weeks, patients
who completed the study were eligible for continuation into a
24 week open-label extension of the study, with assessments
made at weeks 16, 36 and 30 days post-study. All patients
participating in the study extension received etanercept,
including those patients who had received placebo during the
blinded portion of the study.

In order 1o qualify for enrollment, subjects had to have at
Icast one of the following forms of PsA: 1) DIP involvement;
2) polyarticular arthritis, absence of rheumatoid nodules and
presence of psoriasis; 3) arthritis mutilans; 4) asymmetric
peripheral arthritis; or 5) ankylosing spondylitis-like PsA.
Subjects furthermore had to exhibit three or more swollen
joints and three or more tender or painful joints at the time of
cnrollment, and to have exhibited an inadequate response to
NSAID therapy. Subjects who were on other medications,
including methotrexate, NSAIDs or oral corticosteroids were
permitted to continue these other treatments at the same dose
s0 long as the investigator considered these other treatments
to inadequately control the patient’s disease. Methotrexate
was concurrently taken by 47% of the etanercept group, and
47% of the placebo group, NSAIDs were concurrently taken
by 67% of the etanercept and 77% of the placebos and oral
corticosteroids by 40% of the etanercept and 20% of the
placebo patients. Pain medications, including acetami-
nophen, codeine, propoxyphene napsylate, oxycodone
hydrochloride, hydrocodone bitartrate and tramadol, also
were permitted during the study, as well as the use of topical
tar compounds.

To qualify as having PsA, patients had to have experienced
at least one psoriatic lesion of the skin or nails. Patients were
evaluated at baseline (day 1 of treatment) as follows: 1) com-
plete joint assessment; 2) psoriasis assessment; 3) duration of
morning stiffness; 4) health assessment (quality of life) ques-~
tionnaire, visual analog scale (HAQ/VAS); 5) patient global
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assessment; 6) erythrocyte sedimentation rate (ESR, Wester-
gren); 7) C-reactive protein (CRP); and 8) urinalysis. At
weeks 4 and 8, paticnts were evaluated as follows: 1) com-
plete joint assessment; 2) psoriasis assessment; 3) duration of
morning stiffness; 4) HAQ/VAS; 5) patient global assess-
ment. At the end of 12 weeks, subjects were evaluated as
follows: 1) complete joint assessment; 2) psoriasis assess-
ment; 3) focused physical exam; 4) duration of morning stiff-
ness; 5) HAQ/VAS; 6) patient global assessment; 6) hematol-
ogy profile; 7) chemistry profile; 8) ESR; 9) CRP; 10)
urinalysis; 11) serum tested for antibody to TNFR:Fc. Only
those patients whose psoriasis was stable and covered 23% of
body area were evaluated for psoriasis response during this
trial, although patients whose psoriasis was inactive or cov-
ered less area were permitted to enroll.

A primary endpoint for clinical improvement or worsening
of PsA was the Psoriatic Arthritis Response score, which is a
composite score based on the following four measures: 1)
patient self-assessment; 2) physician assessment; 3) joint
pain or tenderness; 4) joint swelling. Both self- and physician
assessments, i.e.. overall assessment of discase status, were
measured according to a five point Likert scale, in which a
patient was considered as “improved” if his or her score
decreased by one category, or as “worse” if his or her score
increased by one category. Joint pain or tenderness was mea-
sured on a 5-point scale, wherein 1-none and 5=severe (with-
drawal on examination). Joint swelling was evaluated on a
4-point scale in which 1=none; 2=mild (detectable synovial
thickening without loss of bony contour); 3=moderate (loss
of distinctness of bony contours); and 4—severe (bulging syn-
ovial proliferation with cystic characteristics). For this last
measure, a decrease in swelling of 230% was scored as an
“improvement,” and an increase in swelling of 30% was
scored as a “worsening” Patients were classified as
“improved” under the Psoriatic Arthritis Response scoring
system if they exhibited an improvement in at least two of the
four measures described above, provided that one of the
improved areas was joint pain or joint tenderness, and where
there was no worsening in any of the four measures.

In addition, a secondary endpoint used for assessing pso-
riatic arthritis was a modified version of the American Col-
lege of Rheumatology Preliminary Definition of Improve-
ment in Rheumatoid Arthritis (modified ACR 20 response)
(Felson et al., 1995). To qualify as “improved” according (o
this measure, a patient must have exhibited 220% improve-
ment in both tender joint count (78 joints assessed) and swol-
len joint count (76 joints assessed), and also must have shown
an improvement ir: three of the following five: 1) subject pain

assessment; 2) subject global assessment; 3) physician global s

assessment; 4) subject self-assessed disability; 5) acute-phase
reactant (Westergreen erythrocyte sedimentation rate or C-re-
active protein level). The joint count was done by scoring
several different aspects of tenderness, such as pressure and
joint manipulation on physical examination, wherein each
joint was scored as “tender” or “nontender.” Similarly, each
joint is scored after physical examination as “swollen” or “not
swollen.” The subject’s pain assessment was based on a hori-
zontal visual analog scale (usually 10 cm) or Likert scale. The
subject’s and physician’s global assessments of the subject’s
current disease status was based on an anchored horizontal
visual analog scale (usually 10 cm), or Likert scale response.
The subject’s self-assessment of disability was based on any
of the following measures, all of which have been validated in
RA trials: Arthritis Impact Measurement Scale (AIMS);
Health Assessment Questionnaire; the Quality (or Index) of
Well Being Scale; the McMaster Health Inventory Question-
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naire (MHIQ); and the McMaster-Toronto Arthritis patient
preference questionnaire (MACTAR).

A primary endpoint used to assess the psoriatic aspects of
PsA was the standard psoriasis area and severity index (PASI)
(Fredriksson and Petersson, Dermatologica 157:238-244,
1978). For this study, a posilive treatment response was
defined as an at least 50% or an at least 75% improvement in
a patient’s PASI score. For assessing area and severity, the
body is divided into four regions: head (10%); trunk (30%);
upper extremities (20%); and lower cxtremities (40%). Each
quadrant also was scored for the severity of erythema (E),
infiltration (I) and desquamation (D), using a four point scale,
in which O=no symptoms present; 1=slight symptoms:
2=moderate symptoms; 3=striking symptoms; 4=exception-
ally striking symptoms. Using a 6-point scale, each region
was scored also for the percent of total area that was involved
in the psoriatic manifestations of the disease, wherein O=no
involvement; 1=<10% involvement; 2=10-<30% involve-
ment; 3=30-<50% involvement; 4=50-<70% involvement:
5-70-<90% involvement; 6=90-100% involvement. PASI
scores were calculated according to the formula given below,
in which E=severity score for erythrema, I=severity score for
infiltration, D—severity score for desquamation and A=total
area involved. In this formula, the letters “h.” “t,” “u” and “1”
represent, respectively, the scores in each of the four body
regions, ie. head, trunk, upper extremities and lower
extremnities. The PASI score varies in steps of 0.1 units from
0.0 (no psoriatic lesions at all) to 72.0 (complete erythro-
derma of the severest possible degree).

PAST=0.1(Eh+1h+Dh)Ah+0 3(Ft+{t+Dt) At+0.2 (Fu+
Tu+Du)Au+Q. 4(El+II+ DI Al

A secondary endpoint used for the psoriatic aspect of pso-
riatic arthritis was the Target Lesion Assessment Score. This
score was determined for a single target lesion that was
selected to be monitored throughout the trial. This measure-
ment is a composite of four different evaluations: 1) plaque
evaluation; 2) scaling; 3) erythrema; and 4) target lesion
response to treatment. The following scale was used for the
plaque elevation: O=none (no evidence of plaque above nor-
mal skin level); 1=mild (slight but definite elevation above
normal skin level); 2=moderate (moderate elevation with
rounded or sloped edges to plaque); 3=severe (hard, marked
elevation with sharp edges to plaque); 4=very severe (very
marked elevation with very hard sharp edges to plaque). For
the scaling assessment: O=none (no scaling on the lesion);
1=mild (mainly fine scales, with some of the lesion at least
partially covered); 2=moderate (somewhat coarser scales,
most of the lesion at least partially covered); 3=severe
(coarse, thick scales, virtually all the lesion covered, rough
surface); 4=very severe (very coarse thick scales, all the
lesions covered, very rough surface). For the erythema evalu-
ation: O=none (no erythema); 1=mild (light red coloration);
2-moderate (red coloration); 3=severe (very red coloration);
4=very severe (extreme red coloration). For target lesion
response to freatment score: 0=completely cleared; 1=almost
cleared (-90% improvement); 2=marked response (-75%
improvement); 3=moderate response (-50% improvement);
4=glight response (-25% improvement); S5=condition
unchanged; 6=condition worsened. The patient’s Target
Lesion Assessment Score was determined by summing the
plaque, scaling, erythema and target lesion response scores
for the monitored lesion. If the monitored lesion worsened.,
the percentage change from baseline was recorded as a nega-
tive number.

Treatment and placebo groups were compared in accord
with the measurements described above, as well as for demo-
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graphic and background characteristics; premature discon-
tinuation rate; pain medication requirements; toxicities; seri-
ous adverse events, side effects reported by patients; number
ofweeks on drug until subjects met criteria for improvement,
and response according to PsA subtype. Results were ana-
lyzed using standard statistical methods.

Dosing Regimen

Recombinant human TNFR:Fc (etanercept) from Immu-
nex Corporation was used in this study. The gene fragments
encoding the etanercept polypeptides were expressed in a
Chinese hamster ovary (CHO) expression vector.

TNFR:Fc was supplied as a sterile lyophilized powder
containing 10 mg or 25 mg TNFR:Fc; 40 mg mannitol, USP;
10 mg sucrose, NI'; and 1.2 mg tromethamine (TRIS), USP
per vial. Patients received either a dose of 25 mg of etanercept
or a placebo. Vials of etanercept or identically-appearing
placebo were reconstituted by aseptic injection of 1.0 mL
Bacterjostatic Water for Injection, USP, (containing 0.9%
benzyl alcohol), and was not filtered during preparation or
prior to administration. If storage was required, the reconsti-
tuted solutions were stored at 2-8° C. (36-46° F.) in the origi-
nal vial or in a plastic syringe for a period of no longer than 28
days. Dose was not changed during the study. Study drug was
given twice weekly at approximately the same time of day.
Results

Study drug was well tolerated in all patients, and adverse
events were consistent with this population and were equally
distributed among both treatment groups. As illustrated in
Tables 1-4, etanercept induced a significant improvement as
compared with the placebo group in Psoriatic Arthritis
Response (Table 1), ACR20 (Table 2), ACRS0 (Table 3),
PASI score, 50% improvement (Table 4), PASI score, 75%
improvement (Table 5) and improvement in Target Lesion
Assessment Score (Table 6). The fractions shown in Tables
1-5 represent numbers of patients. For example, the first entry
in Table 1, which is “4/30,” indicates that 4 of 30 patients in
the placebo group scored as “improved” according to the
Psoriatic Arthritis Response measurements. The tables
include P-valucs for the differences between the two study
groups, the groups being labeled as “PLACEBO” and
“TNER:Fc.” All of the tables include data calculated after the
first four weeks of the open label extension portion of the
studv (“EXTENSION™), during which all of the patients in
both study groups received etanercept.

Table 1 shows the number of patients in each treatment
group who scored as “improved” according to the Psoriatic
Arthritis Response scoring system described above. By four
weeks, there was a highly significant difference between
etanercept and placebo groups. Moreover, after being
switched to etanercept during the extension, those patients
who had received placebo during the blinded portion of the
study were seen to exhibit an improvement over baseline
(Table 1, Placebo, EXTENSION). These results indicate that
etanercept acts rapidly to alleviate many aspects of psoriatic
arthritis.
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Tables 2 and 3, respectively, illustrate the study results for
the ACR20 and ACRS50 endpoints. For either measure, a sig-
nificant difference between etanercept and placebo groups
was observed at all three time points during the blinded por-
tion of the study. Given the differences between test and
placebo groups after only four weeks of treatment (P=0.000
for ACR20 and P=0.011 for ACR50), these data suggest that
notahle improvement in ACR scores occurred within the etan-
ercept group very soon after treatment was initiated, possibly
afier a single dose of etanercept. During the 4 week extension
period, during which all of the patients received etanercept. a
striking improvement in both ACR20 and ACR50 was seen in
those patients who had received placebo during the first 12
weceks (Tables 2 and 3).

TABLE 2
ACR20 Response
Placebo NFR:Fc P-value
4 weeks 1/30 (3%) 18/30 (60%) 0.000
8 weeks 3/30 (10%) 19/30 (63%) 0.000
12 weeks 4/30 (13%) 22/30 (73%) 0.000
EXTENSION 11/23 (48%) 18/25 (72%) 0.093
TABLE 3
ACRS0 Response
Placebo TNFR:Fc P-value
4 weeks 0/30 (0%) 6/30 (20%) 0.011
8 weeks 1/30 (3%) 11/30 (37%) 0.001
12 weeks 1730 (3%) 15/30 (50%) 0.000
EXTENSION 7/23 (30%) 11/25 (44%) 0.316

The results of the psoriasis evaluations are presented in
Tables 4-6. Tables 4 and 5, respectively, present the numbers
and percentages of patients in each group who exhibited a
50% or 75% improvement in PASI score, while Table 6 pre-
sents Target Lesion Assessment scores, these latter being
denoted as percent improvement over baseline. The data in
Tables 4-6 clearly indicate that etanercept induced an
improvement in psoriasis for a large percentage of the
patients who received it. When single lesions were evaluated
(Table 6), the improvement in psoriasis was even more appar-
ent than when PASI scores were used (Tables 4 and 5). It is
notable also that, for either PASI scores (Tables 4 and 5) or
Psoriasis Target Lesion Assessment Score (Table 6), the
scores of the placebo group improved after these patients
were swiiched to etanercept during the extension.

Though not shown in Table 6, Target Lesion Assessment
Scores for patients who were concurrently receiving methotr-
exate (14 of the 30 patients in the etanercept group, and 14
patients in the placebo group) were compared with the scores
of those patients who did not take methotrexate. Little differ-
ence in this index was noted between the patients who
received methotrexate and those who did not receive it.

TABLE 1 TABLE 4
Psoriatic Arthritis Response 60 PAST Score-50% Improvement
Placebo TNFR:Fc P-value Placebo TNFR:Fc P-vajue
4 weeks 4/30 (13%) 23/30 (77%) 0.000 4 weeks 0/19 (0%) 4/19 (21%) 0.037
8 weeks 7/30 (23%) 25/30 (83%) 0.000 8 weeks 1/19 (5%) 7119 (37%) 0.019
12 weeks 6/30 (20%) 26/30 (87%) 0.000 12 weeks 4/19 (21%) 8/19 (42%) 0.165
EXTENSION 17/23 (74%) 21425 (84%) 0.356 65 EXTENSION 6/16 (38%) 615 (40%) 0.836
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TABLE §

PASI Response Rate 75% Improvement

Placebo TNFR:Fc P-value

4 weeks 0/19 (0%) 1/19 (5%) 0.264

8 weeks 0/19 (0%) 2/19 (11%) 0.153

12 weeks 0/19 (0%) 4/19 (21%) 0.037
EXTENSION 1/16 (6%) 4/15 (27%) 0.113

TABLE 6

Psoriasis Target Lesion Assessment

(Percent Improvement or Worsening Compared with Baseline

Placebo TNFR:Fe P-value
4 weeks  Mean (SD) 2.7 (27.6) 21.2(35.2) 0.120
Median 0.0 14.3
MIN-MAX -50.0-50.0 -33.3-100.0
N 19 19
8 weeks  Mean (SD) -7.5(25.3) 28.5(34.1) 0.003
Median 0.0 29.2
MIN-MAX -50.0-20.0 -33.3-100.0
N 17 18
12 weeks ~ Mean (SD) 9.5(23.2) 45.7(31.6) 0.001
Median 0.0 50.0
MIN-MAX -25.0-50.0 -16.7 -100.0
N 16 19
EXTENSION Mean (SD) 28.9(41.2) 47.1(35.8) 0.263
Median 36.7 50.0
MIN-MAX -100.0 -66.7 -33.3-100.0
N 16 15

What is claimed is:

1. A method of treatment comprising administering a dose
of TNFR:Fc to a paticnt having psoriatic arthritis and/or
plaque psoriasis,

wherein the dose is administered one time or two times per

week, and

wherein the dose administered is 25-50 mg or 50-100 mg,

and

wherein the dose is administered by subcutaneous injec-

tion.

2. The method of claim 1, wherein the dose is administered
once per week and is 50-100 mg.

3. The method of claim 1, wherein the dose is administered
twice per week.

4. The method of elaim 3, wherein the dose administered is
25-50 mg.

5. The method of claim 3, wherein the dose administered is
50-100 mg.
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6. The method of claim 1, wherein the patient has plaque
psoriasis.

7. The method of claim 1, wherein the patient has psoriatic
arthritis.

8. A method for treating plaque psoriasis comprising
administering TNFR:Fc by subcutaneous injection to a
patient having plaque psoriasis once or twice a week at a dose
of 25-50 mg or a dosc of 50-100 mg.

9. The method of claim 8, comprising administering the
TNFR:Fc once a week at a dosc of 50-100 mg.

10. The method of claim 9, comprising administering the
TNFR:Fc once a week at a dose of 50 mg.

11. The method of claim 8, comprising administering the
TNFR:Fc twice a week at a dose of 50-100 mg.

12. The method of claim 11, comprising administering the
TNFR:Fc twice a week at a dose of 50 mg.

13. The method of claim 8, comprising administering the
TNFR:Fc twice a week at a dose of 25-50 mg.

14. The method of claim 13, comprising administering the
TNFR:Fc twice a week at a dose of about 25 mg.

15. The method of claim 8, comprising administering the
TNFR:Fc twice a week at a dose of 50-100 mg for at least 3
weeks and then administering the TNFR:Fc once a week at a
dose of 50-100 mg or twice a week at a dose of 25-50 mg.

16. The method of claim 8, wherein a steroid, vitamin D3
or an analog thereof, cyclosporine, a retinoid, acitretin, ultra-
violet light B phototherapy, psoralen plus ultraviolet A
(PUVA) phototherapy, fumaric acid, or methotrexate is
administered concurrently with the TNFR:Fc.

17. A method for treating psoriatic arthritis comprising
administering TNFR:Fc by subcutaneous injection to a
patient having psoriatic arthritis, wherein the TNFR:Fc is
administered once a week at a dose of 50-100 mg or wherein
the TNFR:Fc is administered twice a week at a dose of 25-50
mg.

18. The method of claim 17, wherein the TNFR:Fc is
administered once a week at a dose of 50-100 mg.

19. The method of claim 18, wherein the TNFR:Fc is
administered once a week at a dose of 50 mg.

20. The method of claim 17, wherein the TNFR:Fc is
administcred twice a week at a dose of 25-50 mg.

21. The method of claim 20, wherein the TNFR:Fc is
administered twice a week at a dose of 25 mg.

22. The method of claim 17, wherein methotrexate.
cyclosporine, leflunomide, or a nonsteroidal anti-inflamma-
tory drug (NSAID) is administered concurrently with the
TNFR:Fc.



