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IN THE UNITED STATES DISTRICT COURT
FOR THE WESTERN DISTRICT OF PENNSYLVANIA

AMGEN INC. and AMGEN ) Civil Action
MANUFACTURING LIMITED, )
) No.
Plaintiffs, )
)
V. )
) Electronically Filed
MYLAN INC., MYLAN )
PHARMACEUTICALS INC., MYLAN )
GMBH and MYLAN N.V., ) JURY TRIAL DEMANDED
)
Defendants. )
COMPLAINT

Plaintiffs Amgen Inc. and Amgen Manufacturing Limited (collectively, “Plaintiffs™), by
and through their undersigned attorneys, for their Complaint against Defendants Mylan Inc.,
Mylan Pharmaceuticals Inc., Mylan GmbH, and Mylan N.V. (collectively, “Defendants”)
hereby allege as follows:

THE PARTIES

1. Amgen Inc. (“Amgen”) is a corporation existing under the laws of the State of
Delaware, with its principal place of business at One Amgen Center Drive, Thousand Oaks,
California 91320. Amgen discovers, develops, manufactures, and sells innovative therapeutic
products based on advances in molecular biology, recombinant DNA technology, and
chemistry. Founded in 1980, Amgen is a pioneer in the development of biological human
therapeutics. Today, Amgen is the largest biotechnology company in the world, fueled in part
by the success of NEULASTA® (pegfilgrastim).

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,
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Puerto Rico 00777. AML manufactures and sells biologic medicines for treating particular
diseases in humans. AML is a wholly owned subsidiary of Amgen.

3. Upon information and belief, Mylan Inc. is a corporation organized and existing
under the laws of Pennsylvania, with its principal place of business in Canonsburg,
Pennsylvania at 1000 Mylan Boulevard Canonsburg, Pennsylvania 15317. Upon information
and belief, acting in concert with the other Defendants, Mylan Inc. is in the business of
developing, manufacturing, and marketing biopharmaceutical products that are distributed and
sold in the Commonwealth of Pennsylvania and throughout the United States.

4, Upon information and belief, Mylan Inc. is a United States agent for Mylan
GmbH and Mylan N.V. for purposes including, but not limited to, corresponding with the Food
and Drug Administration (“FDA”).

5. Upon information and belief, Mylan Pharmaceuticals Inc. is a corporation
organized and existing under the laws of West Virginia, with its principal place of business in
Morgantown, West Virginia at 781 Chestnut Ridge Road, Morgantown, West Virginia 26505.
Upon information and belief, acting in concert with the other Defendants, Mylan
Pharmaceuticals Inc. is in the business of developing, manufacturing, and marketing
biopharmaceutical products that are distributed and sold in the Commonwealth of Pennsylvania
and throughout the United States.

6. Upon information and belief, Mylan Pharmaceuticals Inc. is a United States
agent for Mylan GmbH and Mylan N.V. for purposes including, but not limited to,
corresponding with FDA.

7. Upon information and belief, Mylan GmbH is a corporation existing under the

laws of the Republic of Switzerland with its principal place of business at Thurgauerstrasse 40
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Zurich, 8050 Switzerland. Upon information and belief, acting in concert with each of the other
Defendants, Mylan GmbH is in the business of developing, manufacturing, and marketing
biopharmaceutical products that are distributed and sold in the Commonwealth of Pennsylvania
and throughout the United States.

8. Upon information and belief, Mylan N.V. is a corporation existing under the
laws of the Republic of Netherlands with its global headquarters and principal offices located in
Canonsburg, Pennsylvania, and its principal executive offices located Hatfield, Hertfordshire,
England. Upon information and belief, acting in concert with each of the other Defendants,
Mylan N.V. is in the business of developing, manufacturing, and marketing biopharmaceutical
products that are distributed and sold in the Commonwealth of Pennsylvania and throughout the
United States.

0. Upon information and belief, Mylan Inc., Mylan Pharmaceuticals Inc., and
Mylan GmbH are wholly owned subsidiaries of Mylan N.V.

10. Upon information and belief, Mylan Pharmaceuticals Inc. is a wholly owned
subsidiary of Mylan Inc.

11. 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 Commonwealth of Pennsylvania and throughout the
United States.

NATURE OF THE ACTION

12. This is an action for patent infringement arising under the patent laws of the
United States, Title 35, United States Code, including 35 U.S.C. § 271(e)(2)(C), which was

enacted in 2010 as part of the Biologics Price Competition and Innovation Act of 2009 (“the
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BPCIA”), Pub. L. No. 111-148, 8§ 7001-7003, 124 Stat. 119, 804-21 (2010) (amending, inter
alia, 35 U.S.C. § 271 and 42 U.S.C. § 262).

13. The asserted patents are U.S. Patent No. 8,273,707 (“the 707 Patent”) and U.S.
Patent No. 9,643,997 (“the *997 Patent”). Amgen is the owner of all rights, title, and interest in
the 707 and ’997 Patents. The 707 and *997 Patents claim methods of purifying proteins used
in the manufacture of a biological product.

14. The BPCIA created an abbreviated pathway for the approval of biosimilar
versions of approved biologic drugs. 42 U.S.C. § 262(k). The abbreviated pathway (also
known as “the subsection (k) pathway”) allows a biosimilar applicant (here, Mylan GmbH,
acting in concert with the other Defendants) to rely on the prior licensure and approval status of
the innovative biological product (here, NEULASTA®) that the biosimilar purports to copy.
Amgen is the sponsor of the reference product (“reference product sponsor” or “RPS”),
NEULASTA®, which is approved by FDA to decrease the incidence of infection in patients
receiving myelosuppressive anti-cancer drugs. Under the subsection (k) pathway, the biosimilar
applicant may rely on its reference product’s data rather than demonstrating that a biological
product is safe, pure, and potent, as Amgen was required to do to obtain FDA licensure of its
reference product under 42 U.S.C. § 262(a).

15.  To avoid burdening the courts and parties with unnecessary disputes, the BPCIA
also creates an intricate and carefully orchestrated set of procedures for the biosimilar applicant
and the RPS to engage in a series of information exchanges and good-faith negotiations between
parties prior to the filing of a patent infringement lawsuit. These exchanges are set forth in 42
U.S.C. 8 262(1)(2)-(1)(5) and culminate in an “immediate patent infringement action” pursuant

to 42 U.S.C. § 262(1)(6).
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16.  Seeking the benefits of the subsection (k) pathway, Mylan GmbH, acting in
concert with the other Defendants, submitted Defendants’ abbreviated Biologics License
Application No. 761075 (the “Mylan aBLA”) to FDA pursuant to the BPCIA, specifically 42
U.S.C. § 262(k), requesting that its biological product (“the Mylan Pegfilgrastim Product”) be
licensed by relying on Amgen’s demonstration that NEULASTA® (pegfilgrastim) is “safe,
pure, and potent.”

17. Upon information and belief Mylan GmbH, acting in concert with the other
Defendants, submitted the Mylan aBLA to FDA prior to February 2017, and thus before the
expirations of the *707 Patent and the 997 Patent.

18. Upon information and belief, Defendants received FDA acceptance of the Mylan
aBLA for review on or about February 7, 2017.

19. In March 2017, the parties began exchanging information as required by the
BPCIA.

20.  The 707 Patent was included on Amgen’s May 1, 2017 disclosure pursuant to
42 U.S.C. §262(1)(3)(A). Pursuant to 42 U.S.C. 8 262(l)(7), the *997 Patent was included on
Amgen’s June 7, 2017 supplement to its 42 U.S.C. § 262(1)(3)(A) list.

21. Under 35 U.S.C. § 271(e)(2)(C)(i), it is an act of infringement to submit an
application seeking approval of a biological product with respect to patents identified in the lists
of patents described in 42 U.S.C. 8§ 262(I)(3) if the purpose of such submission is to obtain
approval to engage in the commercial manufacture, use, or sale of a biological product claimed
in a patent or the use of which is claimed in a patent before the expiration of such patent. See

Sandoz Inc. v. Amgen Inc., 137 S. Ct. 1664, 1672 (2017).
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22. Here, Defendants committed an act of infringement with respect to each of
the 707 and ’997 Patents under 35 U.S.C. § 271(e)(2)(C)(i) when they caused Mylan GmbH to
submit the Mylan aBLA for the purpose of obtaining FDA approval to engage in the
commercial manufacture, use, or sale of the Mylan Pegfilgrastim Product.

23. If FDA approves the Mylan aBLA and Defendants import the Mylan
Pegfilgrastim Product into the United States, or offer to sell, sell, or use the Mylan Pegfilgrastim
Product within the United States, Defendants will also infringe one or more claims of the *707
and ’997 Patents under 35 U.S.C. 8 271(g).

JURISDICTION AND VENUE

24.  This action arises under the patent laws of the United States, Title 35 of the
United States Code, Title 42 of the United States Code, and under the Declaratory Judgment
Act of 1934 (28 U.S.C. 8§88 2201-2202), Title 28 of the United States Code.

25.  This Court has subject matter jurisdiction pursuant to 28 U.S.C. 8§ 1331 and
1338(a).

26.  Venue is proper in this District pursuant to 28 U.S.C. § 1391(b) and (c), and 28
U.S.C. § 1400(b).

27, Upon information and belief, Mylan Pharmaceuticals Inc. has a regular and
established place of business in Pennsylvania. Upon information and belief, Mylan
Pharmaceuticals Inc. is licensed to do business in Pennsylvania as a foreign business
corporation.

28.  This Court has personal jurisdiction over each of the Defendants for the reasons

set forth below.
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A. Mylan Inc.

29. Upon information and belief, Mylan Inc., Mylan Pharmaceuticals Inc., Mylan
GmbH, and Mylan N.V. hold themselves out as a unitary entity and represent to the public that
their activities are directed, controlled, and carried out as a single entity.

30.  This Court has personal jurisdiction over Mylan Inc. by virtue of, among other
things, Mylan Inc. being a Pennsylvania corporation; having its principal place of business in
Canonsburg, Pennsylvania; having availed itself of the rights and benefits of Pennsylvania law;
and having engaged in substantial and continuing contacts with Pennsylvania.

B. Mylan Pharmaceuticals Inc.

31. Upon information and belief, Mylan Inc., Mylan Pharmaceuticals Inc., Mylan
GmbH, and Mylan N.V. hold themselves out as a unitary entity and represent to the public that
their activities are directed, controlled, and carried out as a single entity.

32. Upon information and belief, Mylan Pharmaceuticals Inc. is a wholly owned
subsidiary of Mylan Inc., which exercises considerable control over Mylan Pharmaceuticals Inc.

33. Upon information and belief, Mylan Pharmaceuticals Inc. develops,
manufactures, seeks regulatory approval for, markets, distributes, and sells biopharmaceuticals
for sale and use throughout the United States, including in Pennsylvania and this federal judicial
District.

34.  This Court has personal specific jurisdiction over Mylan Pharmaceuticals Inc.
because, upon information and belief, following any FDA approval of the Mylan Pegfilgrastim
Product, Mylan Pharmaceuticals Inc. will sell the Mylan Pegfilgrastim Product that is the
subject of the patent infringement claims in this action in Pennsylvania and throughout the

United States.
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35. This Court has personal general jurisdiction over Mylan Pharmaceuticals Inc. by
virtue of, inter alia, its having conducted business in this District, having availed itself of the
rights and benefits of Pennsylvania law, and having engaged in substantial and continuing
contacts with Pennsylvania. Upon information and belief, Mylan Pharmaceuticals Inc. has
regular and continuous commercial business dealings with representatives, agents, distributors,
and customers located in Pennsylvania and this District. In addition, Mylan Pharmaceuticals
Inc. has availed itself of this Court by asserting claims in this District, see, e.g., Mylan Inc.,
Mylan Pharmaceuticals, Inc. v. Boehringer Ingelheim International GmbH, et al., Case No. 09-
00990-GLL (W.D. Pa. complaint filed July 7, 2009), and by asserting counterclaims against
plaintiffs in this judicial District and by consenting to this Court as a patent infringement
defendant, see, e.g., Takeda Pharmaceutical Company Limited, et al. v. Mylan Inc., Mylan
Pharmaceuticals Inc., Case No. 12-00026-AJS (W.D. Pa. answer and counterclaims filed Jan.
23, 2012).

C. Mylan GmbH

36. Upon information and belief, Mylan Inc., Mylan Pharmaceuticals Inc., Mylan
GmbH, and Mylan N.V. hold themselves out as a unitary entity and represent to the public that
their activities are directed, controlled, and carried out as a single entity.

37. Upon information and belief, Mylan GmbH collaborates with Mylan Inc., Mylan
Pharmaceuticals Inc., and Mylan N.V. to develop, manufacture, seek approval for, and sell
FDA-approved biopharmaceutical drugs, which are being marketed, distributed, and sold in
Pennsylvania and in the United States.

38. Upon information and belief, Mylan GmbH operates as a subsidiary of Mylan

N.V., which exercises considerable control over Mylan GmbH.
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39. This Court has personal specific jurisdiction over Mylan GmbH because, upon
information and belief, Mylan GmbH submitted the Mylan aBLA seeking approval from FDA
to market and sell the Mylan Pegfilgrastim Product in the Commonwealth of Pennsylvania and
throughout the United States, which directly gives rise to Plaintiffs’ claims of patent
infringement.

40. Further, upon information and belief, Mylan GmbH has or will directly or
indirectly manufacture, import into the United States, and/or sell the Mylan Pegfilgrastim
Product that is the subject of the infringement claim in this action in Pennsylvania and
throughout the United States.

41.  Additionally, upon information and belief, Mylan GmbH exercises considerable
control over Mylan Inc. and Mylan Pharmaceuticals Inc. with respect to biosimilar products,
and approves significant decisions of Mylan Inc. and Mylan Pharmaceuticals Inc. such as
allowing Mylan Inc. and Mylan Pharmaceuticals Inc. to act as United States agents in
connection with preparing and submitting the Mylan aBLA.

42.  Additionally, and in the alternative, Plaintiffs allege that to the extent Mylan
GmbH is not subject to the jurisdiction of the courts of general jurisdiction of the
Commonwealth of Pennsylvania, Mylan 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. Mylan N.V.

43. Upon information and belief, Mylan Inc., Mylan Pharmaceuticals Inc., Mylan
GmbH, and Mylan N.V. hold themselves out as a unitary entity and represent to the public that

their activities are directed, controlled, and carried out as a single entity.
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44, Upon information and belief, Mylan N.V. collaborates with Mylan Inc., Mylan
Pharmaceuticals Inc., and Mylan GmbH to develop, manufacture, seek approval for, and sell
FDA-approved biopharmaceutical drugs, which are being marketed, distributed, and sold in
Pennsylvania and in the United States.

45. Upon information and belief, Mylan GmbH operates as a subsidiary of Mylan
N.V., which exercises considerable control over Mylan GmbH.

46. Mylan N.V. has issued at least one press release regarding the Mylan
Pegfilgrastim Product and its regulatory status. See Press Release, Mylan N.V., “U.S. FDA
Accepts Biologics License Application (BLA) for Mylan and Biocon’s Proposed Biosimilar
Pegfilgrastim for Review” (Feb. 16, 2017), http://newsroom.mylan.com/2017-02-16-U-S-FDA-
Accepts-Biologics-License-Application-BLA-for-Mylan-and-Biocons-Proposed-Biosimilar-
Pegfilgrastim-for-Review, attached hereto as Exhibit 1.

47. According to the Defendants” website (page attached hereto as Exhibit 2) “[t]he
Chief Executive Officer and other executive officers of Mylan N.V. carry out the day-to-day
conduct of Mylan N.V.’s worldwide businesses at the company’s principal offices in
Canonsburg, Pennsylvania.”

48.  This Court has personal jurisdiction over Mylan N.V. by virtue of, among other
things, Mylan N.V. having its global headquarters and principal offices in Canonsburg,
Pennsylvania; having availed itself of the rights and benefits of Pennsylvania law; and having
engaged in substantial and continuing contacts with Pennsylvania.

49.  Additionally, this Court has personal specific jurisdiction over Mylan N.V.
because, upon information and belief, the acts of Mylan Inc., Mylan Pharmaceuticals Inc., and

Mylan GmbH complained of herein were done, in part, for the benefit of Mylan N.V. Further,

10
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upon information and belief, Mylan N.V. has or will directly or indirectly manufacture, import
into the United States, and/or sell the Mylan Pegfilgrastim Product that is the subject of the
infringement claim in this action in Pennsylvania and throughout the United States.

50.  Additionally, upon information and belief, Mylan N.V. exercises considerable
control over Mylan Inc. and Mylan Pharmaceuticals Inc. with respect to biosimilar products,
and approves significant decisions of Mylan Inc. and Mylan Pharmaceuticals Inc. such as
allowing Mylan Inc. and Mylan Pharmaceuticals Inc. to act as United States agents in
connection with preparing and submitting the Mylan aBLA.

51.  Additionally, and in the alternative, Plaintiffs allege that to the extent Mylan
N.V. is not subject to the jurisdiction of the courts of general jurisdiction of the Commonwealth
of Pennsylvania, Mylan N.V. 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.

BACKGROUND

A. Amgen’s Innovative Biological Product: NEULASTA® (pegfilgrastim)

52.  Amgen is one of the world’s leading biopharmaceutical companies and is
dedicated to using discoveries in human biology to invent, develop, manufacture, and sell new
therapeutic products for the benefit of patients suffering from serious illnesses. Toward that
end, Amgen has invested billions of dollars into its research and development efforts.

53. In 2002, Amgen introduced NEULASTA® (pegfilgrastim), an innovative
biologic medicine which has benefited millions of cancer patients as a treatment of side effects
of certain forms of cancer therapy. Amgen conducted extensive clinical trials and submitted the

results of those trials to FDA in order to prove that NEULASTA® is safe, pure, and potent.

11
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54. The active ingredient in Amgen’s innovative NEULASTA® product is
pegfilgrastim, a recombinantly expressed, 175-amino acid form of a protein known as human
granulocyte-colony  stimulating  factor (*G-CSF”) conjugated to a 20 kD
monomethoxypolyethylene glycol (m-PEG) at the N-terminus of G-CSF.

55. NEULASTA® is indicated to decrease the incidence of infection in patients
receiving myelosuppressive anti-cancer drugs. By binding to specific receptors on the surface
of certain types of cells, NEULASTA® stimulates the production of a type of white blood cells
known as neutrophils. Neutrophils are the most abundant type of white blood cells and form a
vital part of the human immune system. A deficiency in neutrophils is known as neutropenia, a
condition which makes the individual highly susceptible to infection. Neutropenia can result
from a number of causes; it is a common side effect of chemotherapeutic drugs used to treat
certain forms of cancer. NEULASTA® counteracts neutropenia.

56. NEULASTA® represented a major advance in cancer treatment by protecting
chemotherapy patients from the harmful effects of neutropenia and by facilitating more
effective chemotherapy regimens.

57. Prior to 2010, any other company wishing to sell its own version of
NEULASTA® would have had to undertake the same extensive effort to conduct clinical trials
to prove to FDA that its proposed version was also safe, pure, and potent.

58. Developing a new therapeutic product from scratch is extremely expensive:
studies estimate the cost of obtaining FDA approval of a new biologic product at more than $2.5
billion. See DiMasi J.A. et al., Innovation in the pharmaceutical industry: New estimates of

R&D costs, 47 J. Health Econ. 20, 25-26 (2016), attached hereto as Exhibit 3.

12
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B. Defendants Seek Approval To Market a Proposed Biosimilar Version of
NEULASTA® (pegfilgrastim) by Taking Advantage of the Abbreviated
Subsection (k) Pathway of the BPCIA

59. Upon information and belief, Mylan GmbH, acting in concert with the other
Defendants, submitted the Mylan aBLA with FDA pursuant to Section 351(k) of the Public
Health Service Act in order to obtain approval to commercially manufacture, use, offer to sell,
and sell, and import into the United States the Mylan Pegfilgrastim Product, a biosimilar version
of Plaintiffs” NEULASTA® (pegfilgrastim) product.

60. Upon information and belief, the Mylan aBLA references and relies on the
approval and licensure of Plaintiffs’ NEULASTA® (pegfilgrastim) product in support of
Defendants’ request for FDA approval.

61. Upon information and belief, the Mylan Pegfilgrastim Product is designed to
copy and compete with Plaintiffs’ NEULASTA® (pegfilgrastim).

62. Upon information and belief, Defendants did not seek to independently
demonstrate to FDA that their biological product is “safe, pure, and potent” pursuant to 42
U.S.C. § 262(a), as Amgen did in its BLA for its innovative biological product NEULASTA®
(pegfilgrastim). Rather, upon information and belief, Defendants requested that FDA evaluate
the suitability of their biological product for licensure, expressly electing and seeking reliance
on Amgen’s FDA license for NEULASTA® (pegfilgrastim). Accordingly, Defendants
submitted to FDA publicly available information regarding FDA’s previous licensure
determination that NEULASTA® (pegfilgrastim) is “safe, pure, and potent.” 42 U.S.C.
§ 262(K)(2)(A)(iii)(I).

63. Defendants are piggybacking on the fruits of Plaintiffs’ trailblazing efforts.
Defendants have publicly announced that they submitted the Mylan aBLA under the subsection

(k) pathway to obtain approval to commercially manufacture, use, offer to sell, and sell, and

13
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import into the United States the Mylan Pegfilgrastim Product that they assert is a biosimilar
version of Plaintiffs’ NEULASTA®. See Press Release, Mylan N.V., “U.S. FDA Accepts
Biologics License Application (BLA) for Mylan and Biocon’s Proposed Biosimilar
Pegfilgrastim for Review” (Feb. 16, 2017), http://newsroom.mylan.com/2017-02-16-U-S-FDA-
Accepts-Biologics-License-Application-BLA-for-Mylan-and-Biocons-Proposed-Biosimilar-
Pegfilgrastim-for-Review, attached hereto as Exhibit 1.

C. Information Exchange Under 42 U.S.C. § 262(1)

64. In March 2017, the exchange of information between Amgen and Mylan GbmH,
as required by the BPCIA, began.

65.  On March 2, 2017, pursuant to 42 U.S.C. § 262(1)(2)(A), Mylan GmbH provided
Amgen’s counsel with access to the Mylan aBLA.

66. Upon information and belief, the Mylan aBLA provided to Amgen was in a
format different than and less complete than the format provided to FDA.

67. Upon information and belief, the Mylan aBLA was provided to FDA in
Electronic Common Technical Document (eCTD) format with fully working hyperlinks and
without restrictions on, inter alia, viewing, copying, and printing.

68. Mylan GmbH’s failure to provide “a copy of the application submitted to the
Secretary under subsection (k)” as required by 42 U.S.C. § 262(1)(2)(A) materially prejudiced
and impeded Amgen’s ability to review the Mylan aBLA. For example: Mylan GmbH
uploaded the Mylan aBLA to a virtual data room (the “ShareVault data room™) and provided
Amgen’s counsel with credentials to access the documents and data on the ShareVault data
room. Mylan GmbH configured the ShareVault data room to prohibit Amgen from, inter alia,
saving, copying, annotating, or printing any documents or data on the ShareVault data room.

The ShareVault data room is also slow and cumbersome, and lacks fully working hyperlinks. In

14
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addition, Amgen was and, in some cases, continues to be unable to view many of the documents
and data on the ShareVault data room, including many of the xml, xsl, sas, xpt, jpeg, and txt
files.  Additionally, the ShareVault data room suffered periodic technological failures,
preventing Amgen from accessing or viewing the documents and data on the ShareVault data
room.

69. Mylan GmbH also failed to provide “other information that describes the process
or processes used to manufacture the biological product that is the subject of” the Mylan aBLA,
pursuant to 42 U.S.C. § 262()(2)(A). In April and May 2017, Amgen requested certain specific
categories of documents that it believes exist and describe the Defendants’ process for
manufacturing the Mylan Pegfilgrastim Product. Mylan GmbH undertook to consider Amgen’s
request but, to date, has failed to provide such documents.

70. On May 1, 2017, Amgen provided Mylan GmbH with Amgen’s list of patents
under 42 U.S.C. 8262(1)(3)(A). That list included the 707 Patent and U.S. Patent No.
8,940,878 (“the 878 Patent”). On June 5, 2017, Mylan GmbH provided its detailed statement
pursuant to 42 U.S.C. § 262(1)(3)(B) describing the factual and legal bases of Mylan GmbH’s
opinions that the 707 and 878 Patents are invalid, are unenforceable, or will not be infringed
by the commercial marketing of the biological product that is the subject of the Mylan aBLA.

71.  On June 7, 2017, pursuant to 42 U.S.C. § 262(1)(7) Amgen supplemented its 42
U.S.C. § 262(1)(3)(A) list to include the "997 Patent. On June 9, 2017, Mylan GmbH provided a
detailed statement pursuant to 42 U.S.C. 8 262(I)(7) describing the factual and legal bases of
Mylan GmbH’s opinions that the 997 Patent is invalid, is unenforceable, or will not be
infringed by the commercial marketing of the biological product that is the subject of the Mylan

aBLA.
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72. On August 4, 2017, Amgen provided its detailed statement pursuant to 42 U.S.C.
8 262(1)(3)(C) describing the factual and legal bases of Amgen’s opinion that certain claims of
the *707 and ’878 Patents will be infringed by the commercial marketing of the biological
product that is the subject of the Mylan aBLA, and Amgen’s responses to the invalidity and
unenforceability assertions against the 707 and 878 Patents in Mylan GmbH’s statement under
42 U.S.C. § 262(1)(3)(B).

73. On August 8, 2017, Amgen provided Mylan GmbH with the factual and legal
bases of Amgen’s opinion that certain claims of the 997 will be infringed by the commercial
marketing of the biological product that is the subject of the Mylan aBLA and responses to the
invalidity and unenforceability assertions against the 997 Patent in Mylan GmbH’s June 9,
2017 statement.

74.  Amgen and Mylan GmbH then negotiated under 42 U.S.C. § 262(l)(4) as to
“which, if any, patents listed under paragraph (3) by the subsection (k) applicant or the
reference product sponsor shall be the subject of an action for patent infringement under
paragraph (6).” Failing to reach agreement, Amgen and Mylan GmbH exchanged lists pursuant
to the procedures of 42 U.S.C. § 262(1)(5) on August 25, 2017. Amgen asserted that there
should be an immediate patent infringement action on the *707 and *997 Patents, but not on
the *878 Patent.

75.  Accordingly, Plaintiffs now file this immediate patent infringement action
against Defendants pursuant to 42 U.S.C. § 262(I)(6)(B) on the *707 and 997 Patents. This
action follows “not later than 30 days after the exchange of lists under paragraph (5)(B).”

THE PATENTS-IN-SUIT: U.S. PATENT NOS. 8,273,707 AND 9,643,997

76.  Amgen is the owner of all rights, title, and interest in the *707 Patent.

77. AML is the exclusive licensee under the 707 Patent.

16
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78.  The ’707 Patent, titled “Process For Purifying Proteins,” was duly and legally
issued on September 25, 2012 by the U.S. Patent and Trademark Office. A true and correct
copy of the *707 Patent is attached to this Complaint as Exhibit 4.

79. The *707 Patent is directed to a process for purifying proteins.

80.  Amgen is the owner of all rights, title, and interest in the 997 Patent.

81.  AML is the exclusive licensee under the "997 Patent.

82.  The "997 Patent, titled “Capture Purification Processes for Proteins Expressed in
a Non-Mammalian System,” was duly and legally issued on May 9, 2017 by the U.S. Patent and
Trademark Office. A true and correct copy of the 997 Patent is attached to this Complaint as
Exhibit 5.

83.  The ’997 Patent is directed to a process for purifying proteins.

CAUSES OF ACTION

FIRST COUNT:
INFRINGEMENT OF THE *707 PATENT UNDER 35 U.S.C. 8 271(e)(2)(C)(i)

84.  Amgen incorporates by reference paragraphs 1-83 as if fully set forth herein.

85. Upon information and belief, Defendants seek FDA approval under Section
351(Kk) of the Public Health Service Act to engage in the commercial manufacture, use, or sale
of the Mylan Pegfilgrastim Product, a proposed biosimilar version of Amgen’s NEULASTA®
(pegfilgrastim) product.

86. Defendants committed an act of infringement with respect to the *707 Patent
under 35 U.S.C. § 271(e)(2)(C)(i) when they caused Mylan GmbH to submit the Mylan aBLA
for the purpose of obtaining FDA approval to engage in the commercial manufacture, use, or

sale of the Mylan Pegfilgrastim Product.
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87. Upon information and belief, Defendants intend to manufacture, use, sell, and/or
offer for sale within the United States, and/or import into the United States, the Mylan
Pegfilgrastim Product before the expiration of the *707 Patent.

88. Upon information and belief, the manufacture, use, sale, and/or offer for sale
within the United States, and/or the importation into the United States, of the Mylan
Pegfilgrastim Product will infringe, literally or under the doctrine of equivalents, one or more
claims of the 707 Patent.

89. Pursuant to 42 U.S.C. 8§ 262(1)(3)(C), Amgen has provided Defendants with a
detailed statement describing with respect to the 707 Patent, on a claim by claim basis, the
factual and legal bases of Amgen’s opinion that such patent will be infringed by the commercial
marketing of the biological product that is the subject of the Mylan aBLA. Amgen’s detailed
statement includes, refers to, and relies on confidential information that Mylan GmbH provided
to Amgen pursuant to 42 U.S.C. § 262(1)(2). Amgen does not repeat its detailed statement here
because under 42 U.S.C. §262(l)(1), Amgen is not permitted to include confidential
information provided by Mylan GmbH “in any publicly-available complaint or other pleading.”
See 42 U.S.C. § 262(1)(1)(F).

90. Representative claim 1 of the *707 Patent recites:

A process for purifying a protein on a hydrophobic interaction
chromatography column such that the dynamic capacity of the column is
increased for the protein comprising

mixing a preparation containing the protein with a combination of
a first salt and a second salt,

loading the mixture onto a hydrophobic interaction
chromatography column, and

eluting the protein,
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wherein the first and second salts are selected from the group

consisting of citrate and sulfate, citrate and acetate, and sulfate and

acetate, respectively, and wherein the concentration of each of the

first salt and the second salt in the mixture is between about 0.1 M

and about 1.0.
’707 Patent at col. 15:8-18. Upon information and belief, the process by which Defendants
manufacture the Mylan Pegfilgrastim Product satisfies each limitation of at least claims 1, 2, 6,
8, 10, and 11, literally or equivalently. With respect to the requirement that the protein is
purified on a hydrophobic interaction chromatography column, Defendants practice a process
for purifying a protein on a hydrophobic interaction chromatography column as defined in
the *707 patent. With respect to the use of a combination of a first salt and a second salt, in the
Defendants’ process, a preparation containing protein becomes mixed with a first salt and a
second salt as recited in the claim. With respect to the salt concentration, the concentration of
the salts in the Defendants’ process falls within the claimed range and/or is equivalent to a
concentration within the claimed range. In the Defendants’ process, after the protein is loaded
onto the hydrophobic interaction chromatography column in the presence of the combination of
salts, the protein is eluted.

91. Plaintiffs will be irreparably harmed if Defendants are not enjoined from
infringing the *707 Patent. Amgen does not have an adequate remedy at law and is entitled to
injunctive relief preventing Defendants from any further infringement under 35 U.S.C.
§ 271(e)(4)(B).

92. The manufacture, use, offer for sale, or sale within the United States, or
importation into the United States, of the Mylan Pegfilgrastim Product before the expiration of

the *707 Patent will cause injury to Amgen, entitling it to damages or other monetary relief

under 35 U.S.C. § 271(e)(4)(C).
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SECOND COUNT:
DECLARATORY JUDGMENT OF INFRINGEMENT OF
THE *707 PATENT UNDER 35 U.S.C. 8 271(q)

93. Plaintiffs incorporate by reference paragraphs 1-92 as if fully set forth herein.

94, Upon information and belief, Defendants seek FDA approval under Section
351(k) of the Public Health Service Act to manufacture and sell the Mylan Pegfilgrastim
Product, a biosimilar version of Amgen’s NEULASTA® (pegfilgrastim) product.

95. Upon information and belief, FDA may act upon the Mylan aBLA as soon as
October 2017. FDA has stated publicly that the agency’s goal is to act upon 90% of aBLA
applications within 10 months of the 60-day-filing-review period that begins on the date of FDA
receipt of the original aBLA submission. See Biosimilar Biological Product Reauthorization
Performance Goals and Procedures Fiscal Years 2018 Through 2022, available at
https://www.fda.gov/downloads/forindustry/userfees/biosimilaruserfeeactbsufa/ucm521121.pdf.

96. Upon information and belief, Defendants intend to, and will upon FDA licensure
of the Mylan aBLA, import into the United States or offer to sell, sell, or use within the United
States the Mylan Pegfilgrastim Product, which will infringe one or more claims of the *707
Patent under 35 U.S.C. § 271(g).

97.  An actual controversy has arisen and now exists between the parties concerning
whether the Mylan Pegfilgrastim Product has or will infringe one or more claims of the *707
Patent.

98. Plaintiffs are entitled to a declaratory judgment that Defendants have infringed or
will infringe one or more claims of the *707 Patent by making, using, offering to sell, or selling
within the United States, or importing into the United States the Mylan Pegfilgrastim Product

before the expiration of the *707 Patent.
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99. Plaintiffs will be irreparably harmed if Defendants are not enjoined from
infringing the *707 Patent. Plaintiffs do not have an adequate remedy at law and are entitled to
injunctive relief under 35 U.S.C. § 283 prohibiting Defendants from making, using, offering to
sell, or selling within the United States, or importing into the United States the Mylan
Pegfilgrastim Product before the expiration of the *707 Patent.

100. Defendants’ manufacture, use, offer for sale, or sale within the United States, or
importation into the United States, of the Mylan Pegfilgrastim Product before the expiration of
the *707 Patent will cause injury to Plaintiffs, entitling them to damages under 35 U.S.C. § 284.

THIRD COUNT:
INFRINGEMENT OF THE 997 PATENT UNDER 35 U.S.C. 8 271(e)(2)(C)(1)

101. Amgen incorporates by reference paragraphs 1-100 as if fully set forth herein.

102. Upon information and belief, Defendants seek FDA approval under Section
351(k) of the Public Health Service Act to engage in the commercial manufacture, use, or sale
of the Mylan Pegfilgrastim Product, a proposed biosimilar version of Amgen’s NEULASTA®
(pegfilgrastim) product.

103. Defendants committed an act of infringement with respect to the 997 Patent
under 35 U.S.C. § 271(e)(2)(C)(i) when they caused Mylan GmbH to submit the Mylan aBLA
for the purpose of obtaining FDA approval to engage in the commercial manufacture, use, or
sale of the Mylan Pegfilgrastim Product.

104.  Upon information and belief, Defendants intend to manufacture, use, sell, and/or
offer for sale within the United States, and/or import into the United States, the Mylan
Pegfilgrastim Product before the expiration of the 997 Patent.

105. Upon information and belief, the manufacture, use, sale, and/or offer for sale

within the United States, and/or the importation into the United States, of the Mylan
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Pegfilgrastim Product will infringe, literally or under the doctrine of equivalents, one or more
claims of the "997 Patent.

106. Amgen has provided Defendants with a statement describing with respect to
the "997 Patent the factual and legal bases of Amgen’s opinion that such patent will be infringed
by the commercial marketing of the biological product that is the subject of the Mylan aBLA.
Amgen’s statement includes, refers to, and relies on confidential information that Mylan GmbH
provided to Amgen pursuant to 42 U.S.C. § 262(1)(2). Amgen does not repeat its statement here
because under 42 U.S.C. §262(1)(1), Amgen is not permitted to include confidential
information provided by Mylan GmbH *in any publicly-available complaint or other pleading.”
See 42 U.S.C. § 262(1)(1)(F).

107. Representative claim 9 of the *997 Patent recites:

A method of purifying a protein expressed in a non-native limited
solubility form in a non-mammalian expression system comprising:
(a) solubilizing the expressed protein in a solubilization solution
comprising one or more of the following:
(i) a denaturant;
(ii) a reductant; and
(iii) a surfactant;
(b) forming a refold solution comprising the solubilization solution
and a refold buffer, the refold buffer comprising one or more of the
following:
(i) a denaturant;
(i) an aggregation suppressor;
(iii) a protein stabilizer; and
(iv) a redox component;
(c) applying the refold solution to a separation matrix under
conditions suitable for the protein to associate with the matrix;
(d) washing the separation matrix; and
(e) eluting the protein from the separation matrix.

’997 Patent at col. 22:36-55. Upon information and belief, the process by which Defendants
manufacture the Mylan Pegfilgrastim Product satisfies each limitation of at least independent

claim 9 and also certain dependent claims, literally or equivalently. With respect to the
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requirement that the protein is expressed in a non-native limited solubility form in a non-
mammalian expression system, Defendants practice a process for purifying a protein expressed
in a non-native limited solubility form in a non-mammalian expression system. With respect to
the requirement of the “solubilizing” step, in the Defendants’ process, protein is solubilized in a
solubilization solution comprising one or more of a denaturant, reductant, and surfactant. With
respect to the requirement of the “forming” step, in the Defendants’ process, a refold solution is
formed comprising the solubilization solution and a refold buffer, the refold buffer comprising
one or more of a denaturant, aggregation suppressor, protein stabilizer, and redox component.
With respect to the requirement of the “applying” step, the Defendants’ refold solution is
applied to a separation matrix under conditions suitable for the protein to associate with the
matrix. With respect to the requirement of the “washing” step, the Defendants’ separation
matrix is washed. With respect to the requirement of the “eluting” step, Defendants’ protein is
eluted from the separation matrix.

108. Plaintiffs will be irreparably harmed if Defendants are not enjoined from
infringing the ’997 Patent. Amgen does not have an adequate remedy at law and is entitled to
injunctive relief preventing Defendants from any further infringement under 35 U.S.C.
§ 271(e)(4)(B).

109. The manufacture, use, offer for sale, or sale within the United States, or
importation into the United States, of the Mylan Pegfilgrastim Product before the expiration of
the 997 Patent will cause injury to Amgen, entitling it to damages or other monetary relief
under 35 U.S.C. § 271(e)(4)(C).

FOURTH COUNT:

DECLARATORY JUDGMENT OF INFRINGEMENT OF
THE *997 PATENT UNDER 35 U.S.C. 8 271(q)

110. Plaintiffs incorporate by reference paragraphs 1-109 as if fully set forth herein.
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111. Upon information and belief, Defendants seek FDA approval under Section
351(k) of the Public Health Service Act to manufacture and sell the Mylan Pegfilgrastim
Product, a biosimilar version of Amgen’s NEULASTA® (pegfilgrastim) product.

112.  Upon information and belief, FDA may act upon the Mylan aBLA as soon as
October 2017. FDA has stated publicly that the agency’s goal is to act upon 90% of aBLA
applications within 10 months of the 60-day-filing-review period that begins on the date of FDA
receipt of the original aBLA submission. See Biosimilar Biological Product Reauthorization
Performance Goals and Procedures Fiscal Years 2018 Through 2022, available at
https://www.fda.gov/downloads/forindustry/userfees/biosimilaruserfeeactbsufa/ucm521121.pdf.

113.  Upon information and belief, Defendants intend to, and will upon FDA licensure
of the Mylan aBLA, import into the United States or offer to sell, sell, or use within the United
States the Mylan Pegfilgrastim Product, which will infringe one or more claims of the *997
Patent under 35 U.S.C. § 271(g).

114.  An actual controversy has arisen and now exists between the parties concerning
whether the Mylan Pegfilgrastim Product has or will infringe one or more claims of the 997
Patent.

115. Plaintiffs are entitled to a declaratory judgment that Defendants have infringed or
will infringe one or more claims of the 997 Patent by making, using, offering to sell, or selling
within the United States, or importing into the United States the Mylan Pegfilgrastim Product
before the expiration of the 997 Patent.

116. Plaintiffs will be irreparably harmed if Defendants are not enjoined from
infringing the 997 Patent. Plaintiffs do not have an adequate remedy at law and are entitled to

injunctive relief under 35 U.S.C. § 283 prohibiting Defendants from making, using, offering to
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sell, or selling within the United States, or importing into the United States the Mylan
Pegfilgrastim Product before the expiration of the 997 Patent.

117. Defendants’ manufacture, use, offer for sale, or sale within the United States, or
importation into the United States, of the Mylan Pegfilgrastim Product before the expiration of
the "997 Patent will cause injury to Plaintiffs, entitling them to damages under 35 U.S.C. § 284.

DEMAND FOR A JURY TRIAL

118. Plaintiffs hereby demand a jury trial on all issues so triable.

PRAYER FOR RELIEF

WHEREFORE, Plaintiffs respectfully request that this Court enter judgment in its favor
against Defendants and grant the following relief:

A. a judgment that Defendants have infringed one or more claims of the *707 Patent
under 35 U.S.C. 8 271(e)(2)(C)(i);

B. a judgment that Defendants have infringed or will infringe one or more claims of
the *707 Patent under 35 U.S.C. § 271(9);

C. a judgment that Defendants have infringed one or more claims of the 997 Patent
under 35 U.S.C. § 271(e)(2)(C)(i);

D. a judgment that Defendants have infringed or will infringe one or more claims of
the 997 Patent under 35 U.S.C. § 271(g);

E. a judgment compelling Defendants to pay to Plaintiffs damages or other monetary
relief adequate to compensate for Defendants’ infringement, in accordance with 35 U.S.C.
§ 271(e)(4)(C) and 35 U.S.C. § 284;

F. an order enjoining 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, from infringing the *707
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Patent, or contributing to or inducing anyone to do the same, in accordance with 35 U.S.C.
§ 271(e)(4)(B) and 35 U.S.C. § 283;

G. an order enjoining 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, from infringing the 997
Patent, or contributing to or inducing anyone to do the same, in accordance with 35 U.S.C.
§ 271(e)(4)(B) and 35 U.S.C. § 283;

H. a declaration that this is an exceptional case and awarding to Plaintiffs their
attorneys’ fees and costs pursuant to 35 U.S.C. § 285, and expenses; andsuch other relief as this

Court may deem just and proper.

Respectfully submitted,
THE WEBB LAW FIRM

Dated: September 22, 2017 s/ Kent E. Baldauf, Jr.
Kent E. Baldauf (PA ID No. 70793)
Thomas C. Wolski (PA ID No. 203072)
Cecilia R. Dickson (PA 1D No. 89348)

One Gateway Center

420 Ft. Duquesne Blvd., Suite 1200
Pittsburgh, PA 15222
412.471.8815

412.471.4094 (fax)
kbaldaufjr@webblaw.com
twolski@webblaw.com
cdickson@webblaw.com

AND

Of Counsel:

Nicholas Groombridge
Jennifer H. Wu
Jennifer Gordon

Peter Sandel
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Stephen A. Maniscalco

Jacob T. Whitt

Golda Lai

(pro hac vice to be filed)

PAUL, WEISS, RIFKIND,
WHARTON & GARRISON LLP

1285 Avenue of the Americas

New York, NY 10019

212.373.3000

212.757.3990 (fax)

ngroombridge@paulweiss.com

jwu@paulweiss.com

jengordon@paulweiss.com

psandel@paulweiss.com
smaniscalco@paulweiss.com
jwhitt@paulweiss.com

glai@paulweiss.com

Wendy A. Whiteford

Lois Kwasigroch
Kimberlin Morley

(pro hac vice to be filed)
AMGEN INC.

One Amgen Center Drive
Thousand Oaks, CA 91320
805.447.1000

Attorneys for Plaintiffs
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U.S. FDA Accepts Biologics License Application

(BLA) for Mylan and Biocon's Proposed Biosimilar

Pegfilgrastim for Review

Print

Second Successful BLA Filing of the Partnership in the U.S.

HERTFORDSHIRE, England, PITTSBURGH and BENGALURU, India, Feb. 16, 2017 /PRNewswire/ -

- Mylan N.V. (NASDAQ, TASE: MYL) and Biocon Ltd. (BSE code: 532523, NSE: BIOCON) today
announced that the U.S. Food and Drug Administration (FDA) has accepted Mylan's Biologics License
Application (BLA) for MYL-1401H, a proposed biosimilar to Neulasta® (pedfilgrastim), for filing through the
351(k) pathway.

ljMylan-

Seeing
is believing-

The proposed biosimilar to Neulasta is used to reduce the duration of neutropenia (low count of
neutrophils, a type of white blood cells) and the incidence of fever associated with neutropenia in adult
patients treated with chemotherapy in certain types of cancer.

The FDA goal date set under the Biosimilar User Fee Act (BsUFA) is Oct. 9, 2017.

Mylan President Rajiv Malik commented: "We're proud of the FDA acceptance of our BLA for proposed
biosimilar pegfilgrastim. This is the second BLA accepted for review by FDA as part of the Mylan and
Biocon partnership within the past two months. The milestone builds upon the acceptance of regulatory
filings for proposed biosimilar pegfilgrastim in Europe, Australia, and Canada and reinforces our dedication
and commitment to establishing a global platform for this product. Once approved, proposed biosimilar
pedfilgrastim will complement Mylan's broad oncology portfolio focused on expanding access to more
affordable treatments for multiple types of cancer."

Dr. Arun Chandavarkar, CEO and Joint Managing Director, Biocon, said: "We are extremely pleased
with the regulatory progress of our biosimilars in the U.S. The FDA's acceptance for review of our second
BLA for a proposed biosimilar developed by Biocon and Mylan is an outcome of our strong R&D and
manufacturing capabilities. Once approved, our proposed biosimilar pegfilgrastim will provide a high
quality alternative to branded pedfilgrastim (Neulasta®) for cancer patients during cytotoxic chemotherapy.
It will expand our oncology portfolio and further enable us to fulfil our promise of making cancer-care
affordable and accessible for patients across the globe."

About the Biocon and Mylan Partnership
Biocon and Mylan are exclusive partners on a broad portfolio of biosimilars and generic insulin analogs.
The proposed biosimilar pedfilgrastim is one of the six biologic products co-developed by Mylan and
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Biocon for the global marketplace. Mylan has exclusive commercialization rights for the proposed
biosimilar pedfilgrastim in the U.S., Canada, Japan, Australia, New Zealand and in the European Union
and European Free Trade Association countries. Biocon has co-exclusive commercialization rights with
Mylan for the product in the rest of the world.

About Mylan

Mylan is a global pharmaceutical company committed to setting new standards in healthcare. Working
together around the world to provide 7 billion people access to high quality medicine, we innovate to
satisfy unmet needs; make reliability and service excellence a habit; do what's right, not what's easy; and
impact the future through passionate global leadership. We offer a growing portfolio of more than 2,700
generic and branded pharmaceuticals, including antiretroviral therapies on which approximately 50% of
people being treated for HIV/AIDS worldwide depend. We market our products in more than 165 countries
and territories. Our global R&D and manufacturing platform includes more than 50 facilities, and we are
one of the world's largest producers of active pharmaceutical ingredients. Every member of our more than
35,000-strong workforce is dedicated to creating better health for a better world, one person at a time.
Learn more at mylan.com

About Biocon

Biocon Limited, publicly listed in 2004, (BSE code: 532523, NSE Id: BIOCON, ISIN Id: INE376G01013) is
India's largest and fully-integrated, innovation-led biopharmaceutical company. As an emerging global
biopharmaceutical enterprise serving customers in over 100 countries, it is committed to reduce therapy
costs of chronic diseases like diabetes, cancer and autoimmune. Through innovative products and
research services it is enabling access to affordable healthcare for patients, partners and healthcare
systems across the globe. It has successfully developed and taken a range of Novel Biologics, Biosimilars,
differentiated Small Molecules and affordable Recombinant Human Insulin and Analogs from 'Lab to
Market'. Some of its key brands are INSUGEN® (rh-insulin), BASALOG® (Glargine), CANMAb™
(Trastuzumab), BIOMAb-EGFR™ (Nimotuzumab) and ALZUMAb™ (ltolizumab), a 'first in class' anti-CD6
monoclonal antibody. It has a rich pipeline of Biosimilars and Novel Biologics at various stages of
development including Insulin Tregopil, a high potential oral insulin.

Forward-Looking Statements: Mylan

This press release includes statements that constitute "forward-looking statements," including with regard
to the FDA goal date; that the FDA acceptance builds upon the acceptance of regulatory filings for
proposed biosimilar pedfilgrastim in Canada, Europe and Australia and reinforces Mylan's dedication and
commitment to establishing a global platform for the product; that once approved, proposed biosimilar
pedfilgrastim will complement Mylan's broad oncology portfolio focused on expanding access to more
affordable treatments for all stages of cancer; and that proposed biosimilar pedfilgrastim, once approved,
will provide a high quality alternative to branded pegfilgrastim for cancer patients during cytotoxic
chemotherapy. These statements are made pursuant to the safe harbor provisions of the Private
Securities Litigation Reform Act of 1995. Because such statements inherently involve risks and
uncertainties, actual future results may differ materially from those expressed or implied by such forward-
looking statements. Factors that could cause or contribute to such differences include, but are not limited
to: any changes in or difficulties with Mylan's or its partners' ability to develop, manufacture, and
commercialize products; any regulatory, legal, or other impediments to Mylan's or its partners' ability to
bring products to market; Mylan's and its partners' ability to protect intellectual property and preserve
intellectual property rights; the effect of any changes in Mylan's or its partners' customer and supplier
relationships and customer purchasing patterns; other changes in third-party relationships; the impact of
competition; changes in the economic and financial conditions of the businesses of Mylan or its partners;
the scope, timing, and outcome of any ongoing legal proceedings and the impact of any such proceedings
on Mylan's or its partners' business; actions and decisions of healthcare and pharmaceutical regulators,
and changes in healthcare and pharmaceutical laws and regulations, in the United States and abroad;
risks associated with international operations; other uncertainties and matters beyond the control of
management; and the other risks detailed in Mylan's filings with the Securities and Exchange Commission.
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Mylan undertakes no obligation to update these statements for revisions or changes after the date of this
release.

Forward-Looking Statements: Biocon

Certain statements in this release concerning our future growth prospects are forward-looking statements,
which are subject to a number of risks, uncertainties and assumptions that could cause actual results to
differ materially from those contemplated in such forward-looking statements. Important factors that could
cause actual results to differ materially from our expectations include, amongst others general economic
and business conditions in India, our ability to successfully implement our strategy, our research and
development efforts, our growth and expansion plans and technological changes, changes in the value of
the Rupee and other currency changes, changes in the Indian and international interest rates, change in
laws and regulations that apply to the Indian and global biotechnology and pharmaceuticals industries,
increasing competition in and the conditions of the Indian biotechnology and pharmaceuticals industries,
changes in political conditions in India and changes in the foreign exchange control regulations in India.
Neither our company, our directors, nor any of our affiliates, have any obligation to update or otherwise
revise any statements reflecting circumstances arising after this date or to reflect the occurrence of
underlying events, even if the underlying assumptions do not come to fruition.

SOURCE Mylan N.V.

For further information: MYLAN: Nina Devlin (Media), 724.514.1968, Email: Nina.Devlin@mylan.com; Kris
King (Investors), 724.514.1813, Email: Kris.King@mylanlab.com; BIOCON: Seema Ahuja (Media), +91-
80-2808-2222, M:+919972317792, Email:seema.ahuja@biocon.com; Saurabh Paliwal (Investors), +91 80
6775 2040; M:+91 95383 80801, Email:saurabh.paliwal@biocon.com
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Company
' Corporate Governance v |

Corporate Governance

Mylan N.V. is a publicly traded company on the NASDAQ Global Select Market
and incorporated under the laws of the Netherlands, as set forth in its Articles of
Association.

The Chief Executive Officer and other executive officers of Mylan N.V. carry out
the day-to-day conduct of Mylan N.V.'s worldwide businesses at the company's
principal offices in Canonsburg, Pennsylvania. Duties and standards of conduct for
Mylan employees, officers and directors are set forth in the company’s Code of
Business Conduct and Ethics, as well as in the Code of Ethics for the Chief
Executive Officer, Chief Financial Officer and Corporate Controller.

Mylan N.V. is managed and controlled under the oversight of the company's board
of directors in the United Kingdom, where the board generally meets. The board
has established seven committees, each of which operates pursuant to a written
charter. Each director is elected annually by the company’s shareholders. Certain
of the directors’ duties, rights and responsibilities are detailed in the company’s
Articles of Association, Board Rules, and Corporate Governance Principles.

Committee Charters

Other Governance Documents

Political Contribution & Trade Association Memberships
Report

Code of Ethics for the Chief Executive Officer, Chief
Financial Officer and Corporate Controller

Code of Business Conduct and Ethics

CA Supply Chains & UK Modern Slavery Acts Statement
and Mylan’s Supplier Code of Conduct

http://www.mylan.com/en/company/corporate-governance

Questions?

Get more information
on our products,
services and Mylan
Global Center locations.
Contact us

Business
Opportunities

Do you have an
opportunity or a
collaboration idea?
Partner with us

12


http://www.mylan.com/en/company
http://www.mylan.com/en/contact-mylan
http://www.mylan.com/en/contact-mylan
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Terms and Conditions for Purchase Orders

U.S. Supplier Diversity

California Declaration

http://www.mylan.com/en/company/corporate-governance 2/2



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 1 of 15

Exhibit 3



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 2 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 3 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 4 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 5 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 6 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 7 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 8 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 9 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 10 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 11 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 12 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 13 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 14 of 15



Case 2:17-cv-01235-DSC Document 1-4 Filed 09/22/17 Page 15 of 15



Case 2:17-cv-01235-DSC Document 1-5 Filed 09/22/17 Page 1 of 15

Exhibit 4



case otz e Bocer TR R A

a2 United States Patent

Senczuk et al.

US008273707B2
(10) Patent No.: US 8,273,707 B2
(45) Date of Patent: Sep. 25, 2012

(54)
(735)

(73)

")

@
(22)

(65)

(62)

(60)

(1)

(52)
(58)

PROCESS FOR PURIFYING PROTEINS

Inventors: Anna Senczuk, Shoreline, WA (US);
Ralph Klinke, Sammamish, WA (US)

Assignee: Amgen Inc., Thousand Oaks, CA (US)

Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 55 days.

Appl. No.: 12/822,072

Filed: Jun. 23,2010
Prior Publication Data
US 2010/0311953 Al Dec. 9, 2010

Related U.S. Application Data

Division of application No. 10/895,581, filed on Jul.
21, 2004, now Pat. No. 7,781,395.

Provisional application No. 60/540,587, filed on Jan.
30, 2004.

Int. CI.

CO7K 1/16 (2006.01)

US.CL ..o, 514/1.1; 530/387.1; 530/417
Field of Classification Search ....................... None

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

5,231,178 A * 7/1993 Holtzetal. ................. 530/399
5,395,856 A 3/1995 Haase
5,928,915 A 7/1999 Warner et al.

OTHER PUBLICATIONS

Perkins, et al., “Protein retention in hydrophobic interaction chroma-
tography: modeling variation with buffer ionic strength and column
hydrophobicity,” J. Chromatogr. A 766 1-14, 1997.
International Search Report mailed Nov. 24, 2004.

* cited by examiner

Primary Examiner — Christopher R. Tate
Assistant Examiner — Roy Teller
(74) Attorney, Agent, or Firm — John A. Lamerdin

(57) ABSTRACT

The invention relates to a process for puritying a protein by
mixing a protein preparation with a solution having a first salt
and a second salt, wherein each salt has a different lyotropic
value, and loading the mixture onto a hydrophobic interaction
chromatography column. The dynamic capacity of the col-
umn for a protein using the two salt combination will be
increased compared with the dynamic capacity of the column
for either single salt alone.

13 Claims, 5 Drawing Sheets



Case 2:17-cv-01235-DSC Document 1-5 Filed 09/22/17 Page 3 of 15

U.S. Patent Sep. 25, 2012 Sheet 1 of 5 US 8,273,707 B2

1%@ EMSUl/Phos 1
g'wmm% Phos/Sul

AR
ks
m ““““““““ - w
A | e
&
X @ )
P %ﬁ %; )
“‘§ 5 # 3 Y;
© @i x"’j‘ < ”g 5,:.:}
= /| = 5
™ / ¢ o R
§ / 2 §§ i
£ y ; .
0 8 # 2
2 \ 2
£ & ~ >
© ¥ S
= ] s
%4 =
)%
& _

AIBADDONY,




Case 2:17-cv-01235-DSC Document 1-5 Filed 09/22/17 Page 4 of 15

U.S. Patent Sep. 25, 2012 Sheet 2 of 5 US 8,273,707 B2
gm
& L
AT
= D
O x
o
D e
o=
oo
o 0 bl
oack
A
&au e
oo
3
S
= 0 |
e pomannd
{3 42
P 5
< & o4
e SRR
ﬁ& .
&
B B
]
= <+ =
ﬁm L
o
o
§\§
)

S ot o
ol

120

AJBADDENY,




Case 2:17-cv-01235-DSC Document 1-5 Filed 09/22/17 Page 5 of 15

U.S. Patent Sep. 25, 2012 Sheet 3 of 5 US 8,273,707 B2

B ‘E‘S .
% £
5 <
O
<f U
= =
© 0
L I
i
? &
13
ok
U
foned
&
&
@ g
o
gg o
& _ ;
X -+ ! & o=
2 T IR
= el e i
o .\ 2
= % Z
p I o o™
DS AR SN S o 2
S Vol e o B
— N M g E
ey R V\ﬁ:‘ B o §
33 “\‘_}
<
el
L& IIa e
A g A N e
AIBADDOMY,




Case 2:17-cv-01235-DSC Document 1-5 Filed 09/22/17 Page 6 of 15

US 8,273,707 B2

Sheet 4 of 5

Sep. 25, 2012

U.S. Patent

(It @Mﬁmw J

[199V/U0 NGG0

HO/POY WG 0 ~»—

HES pUos9g 3yl 1o AJLUBiow

¢ G L G0

BIE190Y BN DUE 8]BID BN

o
&
AIBADDBMY,

- Q01
- (Oc1




Case 2:17-cv-01235-DSC Document 1-5 Filed 09/22/17 Page 7 of 15

U.S. Patent Sep. 25, 2012 Sheet 5 of 5 US 8,273,707 B2

g {3 5N SUl/CH

1

o
- &by
ool

0.4

Ma Citrate and Nz Sulfate

Molarity of the Second Salt

oo D o
S F N

120

AIBADIBNY,




Case 2:17-cv-01235-DSC Document 1-5 Filed 09/22/17 Page 8 of 15

US 8,273,707 B2

1
PROCESS FOR PURIFYING PROTEINS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. application Ser. No.
10/895,581, filed Jul. 21, 2004, now allowed, which claims
the benefit of U.S. provisional application No. 60/540,587,
filed Jan. 30, 2004, the entire disclosure of which is relied on
and incorporated by reference.

FIELD OF THE INVENTION

This invention relates to protein purification and specifi-
cally to a process for protein purification using hydrophobic
interaction chromatography.

BACKGROUND OF THE INVENTION

The purification of proteins for the production of biological
or pharmaceutical products from various source materials
involves a number of procedures. Therapeutic proteins may
be obtained from plasma or tissue extracts, for example, or
may be produced by cell cultures using eukaryotic or pro-
caryotic cells containing at least one recombinant plasmid
encoding the desired protein. The engineered proteins are
then either secreted into the surrounding media or into the
perinuclear space, or made intracellularly and extracted from
the cells. A number of well-known technologies are utilized
for purifying desired proteins from their source material.
Purification processes include procedures in which the pro-
tein of interest is separated from the source materials on the
basis of solubility, ionic charge, molecular size, adsorption
properties, and specific binding to other molecules. The pro-
cedures include gel filtration chromatography, ion-exchange
chromatography, affinity chromatography, and hydrophobic
interaction chromatography.

Hydrophobic interaction chromatography (HIC) is used to
separate proteins on the basis of hydrophobic interactions
between the hydrophobic moieties of the protein and
insoluble, immobilized hydrophobic groups on the matrix.
Generally, the protein preparation in a high salt buffer is
loaded on the HIC column. The salt in the buffer interacts with
water molecules to reduce the solvation of the proteins in
solution, thereby exposing hydrophobic regions in the protein
which are then adsorbed by hydrophobic groups on the
matrix. The more hydrophobic the molecule, the less salt is
needed to promote binding. Usually, a decreasing salt gradi-
ent is used to elute proteins from a column. As the ionic
strength decreases, the exposure of the hydrophilic regions of
the protein increases and proteins elute from the column in
order of increasing hydrophobicity. See, for example, Protein
Purification, 2d Ed., Springer-Verlag, New York, 176-179
(1988).

When developing processes for commercial production of
therapeutically important proteins, increasing the efficiency
of any intermediate purification steps is highly desirable. One
way of improving the ease and efficiency of manufacturing is
to increase the load capacity of one or more of the interme-
diate steps of the purification process to the point that the
number of cycles required to purify a batch of protein is
reduced without compromising the quality of the protein
separation. The present invention improves the process of
protein purification by increasing the capacity and efficiency
of an intermediate step.

SUMMARY OF THE INVENTION

The present invention provides a process of purifying a
protein comprising mixing a protein preparation with a solu-
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tion containing a first salt and a second salt, forming a mixture
which is loaded onto a hydrophobic interaction chromatog-
raphy column, wherein the first and second salts have differ-
ent lyotropic values, and at least one salt has a buffering
capacity at a pH at which the protein is stable. In one embodi-
ment, the pH ofthe mixture and equilibrium buffer is between
about pH 5 and about pH 7. The process further comprises
eluting the protein.

The present invention provides combinations of salts use-
ful for increasing the dynamic capacity of an HIC column
compared with the dynamic capacity of the column using
separate salts alone. These combinations of salts allow for a
decreased concentration of at least one of the salts to achieve
a greater dynamic capacity, without compromising the qual-
ity of the protein separation. The first and second salt combi-
nations are selected for each particular protein through a
process of establishing precipitation curves for each salt indi-
vidually, and precipitation curves for the combination of salts
holding one salt constant and varying the second. The con-
centrations of the salt combinations can be optimized further,
for example, to ensure protein stability at room temperature
and to prevent formation of aggregates in the protein prepa-
ration.

Preferred first salts are those which form effective buffers
ata pH at which the protein is stable. In one embodiment, the
first and second salts are selected from acetate, citrate, phos-
phate, sulfate, or any mineral or organic acid salt thereof. In
one embodiment the pH of the mixture is between about pH 5
and about pH 7. In one embodiment, the final salt concentra-
tions of the first salt and second salts in the mixture are each
between about 0.1 M and 1.0 M, in another embodiment
between about 0.3 M and about 0.7 M. The cations can be
selected from any non-toxic cations, including NH,*, K*, and
Na™. Preferred cations are those which do not tend to denature
the protein or to cause precipitation in combination with other
ions, including NH,* and Na*.

The two salt buffers of the present invention result in an
increase in dynamic capacity of an HIC column for a particu-
lar protein compared with the dynamic capacity achieved by
single salts. This results in decreased number of cycles
required for purifying a batch of protein. Therefore, the
present invention has special applicability to commercial
manufacturing practices for making and purifying commer-
cially important proteins.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1 shows dual salt precipitation curves for an antibody
against EGFR performed as described in Example I below.
FIG. 1A shows the precipitation curve for 0.5 M sodium
sulfate with increasing concentrations of sodium phosphate
and the precipitation curve for 0.4 M sodium phosphate with
increasing concentrations of sodium sulfate. FIG. 1B shows
the precipitation curves for 0.55 M sodium citrate with
increasing concentrations of sodium phosphate, and 0.4 M
sodium phosphate with increasing concentrations of sodium
citrate. FIG. 1C shows the precipitation curves for 0.6 M
sodium acetate with increasing concentrations of sodium sul-
fate, and 0.5 M sodium phosphate with increasing concentra-
tions of sodium sulfate. FIG. 1D shows the precipitation
curves for 0.6 M sodium acetate with increasing concentra-
tions of sodium citrate, and 0.55 M sodium citrate with
increasing concentrations of sodium acetate. FIG. 1E shows
the precipitation curves for 0.55 M sodium citrate with
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increasing concentrations of sodium sulfate, and 0.5 M
sodium sulfate with increasing concentrations of sodium cit-
rate.

DETAILED DESCRIPTION OF THE INVENTION

Hydrophobic interaction chromatography (HIC) is now
widely used as an important bioseparation tool in the purifi-
cation of many types of proteins. The process relies on sepa-
ration of proteins on the basis of hydrophobic interactions
between non-polar regions on the surface of proteins and
insoluble, immobilized hydrophobic groups on the matrix.
The absorption increases with high salt concentration in the
mobile phase and the elution is achieved by decreasing the
salt concentration of the eluant (Fausnaugh et al. J Chro-
matogr 359, 131-146 (1986)). A protein preparation at any
stage of purification is “conditioned” in preparation for HIC
by mixing with high salt bufters to prepare the HIC “load” to
be loaded onto the column. Generally, salt conditions are
adjusted to individual proteins. Generally, requirements of
between about 0.7 and about 2 M ammonium sulfate and
between about 1.0 and 4.0 M NaCl salt concentration has
been considered as useful for purifying proteins using HIC
columns. The practice was to add a high concentration of salt
to a low concentration buffer solution, such as, for example,
1.4 M NH,SO, added to a 0.024 M phosphate buffer for the
purification of monoclonal antibodies at pH 7.2 (Nau et al.
BioChromotography 62 (5), 62-74 (1990)); or 1.7 M ammo-
nium sulfate in 50 mM NaPO,, for purifying yeast cell surface
proteins (Singleton et al., J. Bacteriology 183 (12)3582-3588
(2001)). The present invention differs from these practices in
the use of an intermediate concentration of a buffering salt in
combination with an intermediate concentration of a second
buffering salt, or in combination with an intermediate con-
centration of a second non-buffering salt, to achieve increased
dynamic capacity.

It has also been recognized that increasing salt concentra-
tions can increase the “dynamic capacity” of a column, or the
amount of protein that can be loaded onto a column without
“breakthrough” or loss of protein to the solution phase before
elution. At the same time, high salt can be detrimental to
protein stability. High salt increases the viscosity of a solu-
tion, results in increased formation of aggregates, results in
protein loss due to dilution and filtration of the protein after
elution from the column, and can lead to reduced purity
(Queiroz et al., J. Biotechnology 87:143-159 (2001), Sofer et
al., Process Chromatography, Academic Press (1999)). The
present invention, however, provides a process of purifying
proteins that increases the dynamic capacity of an HIC col-
umn for a particular protein while reducing the concentration
of the salts used, without reducing the quality of the protein
separation or raising manufacturing issues.

Asused herein, the term “hydrophobic interaction chroma-
tography (HIC)” column refers to a column containing a
stationary phase or resin and a mobile or solution phase in
which the hydrophobic interaction between a protein and
hydrophobic groups on the matrix serves as the basis for
separating a protein from impurities including fragments and
aggregates of the subject protein, other proteins or protein
fragments and other contaminants such as cell debris, or
residual impurities from other purification steps. The station-
ary phase comprises a base matrix or support such as a cross-
linked agarose, silica or synthetic copolymer material to
which hydrophobic ligands are attached.

Asused herein the term “dynamic capacity” of a separation
column such as a hydrophobic interaction chromatography
column refers to the maximum amount of protein in solution
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which can be loaded onto a column without significant break-
through or leakage of the protein into the solution phase of a
column before elution. More formally, K' (capacity factor)
=moles of solute in stationary phase divided by moles of
solute in mobile phase=Vr-Vo/Vo, where Vr is the volume of
the retained solute and Vo is the volume of unretarded solute.
Practically, dynamic capacity of a given HIC column is deter-
mined by measuring the amount of protein loaded onto the
column, and determining the resin load which is mg protein/
column volume (mg/ml-r). The amount of protein leaving the
column in the solution phase after the column is loaded
(“breakthrough”) but before elution begins can then be mea-
sured by collecting fractions during the loading process and
first wash with equilibrium buffer. The load at which no
significant breakthrough occurs is the dynamic capacity of
the protein for those conditions.

As used herein, the term “buffer” or “buffered solution”
refers to solutions which resist changes in pH by the action of
its conjugate acid-base range. Examples of buffers that con-
trol pH at ranges of about pH 5 to about pH 7 include citrate,
phosphate, and acetate, and other mineral acid or organic acid
buffers, and combinations of these. Salt cations include
sodium, ammonium, and potassium. As used herein the term
“loading buffer” or “equilibrium buffer” refers to the buffer
containing the salt or salts which is mixed with the protein
preparation for loading the protein preparation onto the HIC
column. This buffer is also used to equilibrate the column
before loading, and to wash to column after loading the pro-
tein. The “elution buffer” refers to the buffer used to elute the
protein from the column. As used herein, the term “solution”
refers to either a buffered or a non-buffered solution, includ-
ing water.

As used herein, the term “lyotropic” refers to the influence
of different salts on hydrophobic interactions, more specifi-
cally the degree to which an anion increases the salting out
effect on proteins, or for cations, increases the salting-in
effect on proteins according to the Hofmeister series for pre-
cipitation of proteins from aqueous solutions (Queiroz etal. J.
Biotechnology 87: 143-159 (2001), Palman et al. J. Chroma-
tography 131, 99-108 (1977), Roe et al. Protein Purification
Methods: A Practical Approach. IRL Press Oxford, pp. 221-
232 (1989)). The series for anions in order of decreasing
salting-out effect is: PO,*->S0,*->CH,COO->Cl->Br-
>NO;->CIO,~>]->SCN-, while the series for cations in
order of increasing salting-in effect: NH +<Rb+<K+<Na+
<Li+<Mg?+<Ca’*+<Ba’+ (Queiroz et al., supra). According
to the present invention, combining two different salts having
different lyotrophic values with a protein preparation allows
more protein to be loaded onto a column with no or negligible
breakthrough compared with higher salt concentrations of
each single salt.

It is an objective of the present invention to produce con-
ditions for particular proteins which maximize the amount of
protein which can be loaded and retained by an HIC column
with little or no reduction in the quality of separation of the
protein. The present invention is a process for purifying a
protein comprising mixing a protein preparation with a buff-
ered salt solution containing a first salt and a second salt,
wherein each salt has a different lyotrophic value, and loading
the protein salt mixture onto an HIC column.

It is now understood that several factors influence the
hydrophobic interactions which control the retention of a
native protein to the hydrophobic groups attached to the
matrix. These include van der Waals forces, or electrostatic
interactions between induced or permanent dipoles; hydro-
gen bonding, or electrostatic interactions between acidic
donor and basic acceptor groups; the hydrophobicity of the
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protein itself; and the influence of various salts on hydropho-
bic interactions. (Queiroz et al., J Biotechnology 87:143-159
(2001)). The Hofmeister (“lyotropic™) series is an ordering of
anions and cations in terms of their ability to precipitate
proteins from aqueous solutions, as described above. The
series for anions in order of decreasing salting-out effect is:
PO,?->80,2->CH,CO0->Cl->Br->NO,->CI0,—>I-
>SCN-, while the series for cations in order of increasing
salting-in effect: NH,+<Rb+<K+<Na+<Li+<Mg>+<Ca>+
<Ba®+ (Queiroz et al., supra)

The ions at the beginning of the series promote hydropho-
bic interactions and protein precipitation or salting out
effects, and are called antichaotropic (Queiroz et al., supra).
They are considered to be water structuring, whereas the ions
at the end of the series are salting-in or chaotropic ions, and
randomize the structure of water and tend to decrease the
strength of hydrophobic interactions and result in denatur-
ation (Porath et al., Biotechnol Prog 3: 14-21 (1987)). The
tendency to promote hydrophobic interactions is the same
tendency which promotes protein precipitation, and thus
determining the salt concentration which causes a particular
protein to begin to precipitate is a means of determining an
appropriate concentration of that salt to use in an HIC col-
umn.

According to the present invention a first salt and a second
salt are selected which have differing lyotropic values. This
combination of salts acts together to increase the dynamic
capacity of the HIC column for a particular protein. It has
been found according to the present invention that each salt in
combination can be provided at a lower concentration that the
concentration of the salt alone to achieve a higher dynamic
capacity for a protein compared with the dynamic capacity
using a single salt. According to the present invention at least
one salt has a buffering capacity at the desired pH.

According to the present invention, the appropriate con-
centrations of the salts are determined for a particular protein
by generating precipitation curves for individual salts, then
for combined salts. On the basis of individual salt precipita-
tion curves, precipitation curves for combinations of salts are
generated by holding one salt concentration constant, and
varying the concentration of the second salt. Then the con-
centration of the second salt is held constant, and the concen-
tration of the first salt is varied. From these two-salt precipi-
tation curves, concentrations of salts useful for increasing the
dynamic capacity of an HIC column can be determined. This
is demonstrated in Examples 1 and 2 below, in which the
concentrations of two salt combinations are determined using
precipitation curves for each particular protein. In addition,
the salt concentrations can be optimized to in order to confer
additional stability on a protein at room temperature, for
example, or to limit aggregate formation. Therefore, the
present invention further provides a method of maximizing
the dynamic capacity of a hydrophobic interaction chroma-
tography column for a particular protein by selecting a com-
bination of concentrations for a first and second salt having
different lyotropic values by generating a series of precipita-
tion curves for the salts alone, and then in combination hold-
ing a each salt constant while varying the second.

The salts of the present invention are selected from those
having a buffering capacity at the pH at which the protein to
be purified is stable. In one embodiment, salt combinations
are chosen with a buffering capacity at between about pH 5 to
about 7. These include, for example, citrate, phosphate, and
acetate, and other mineral acid or organic acid buffers, and
combinations of these. A second salt is selected from a salt
which may or may not buffer at the desired pH, and can be
added to the buffered solution, such as ammonium or sodium

20

25

30

35

40

45

50

55

60

65

6

sulfate. Cations are selected from those which are non-toxic
and non-denaturing. Preferred cations according to the
present invention are sodium, potassium, and ammonium,
with sodium being the most preferred for manufacturing pur-
poses. Preferred salts for purifying proteins according to the
present invention include combinations of sodium citrate,
sodium phosphate, sodium acetate, and sodium sulfate.

The concentration of the salts used according to the present
invention will depend on the characteristics of the particular
salts. In one embodiment, the salts are used at concentrations
from about 0.1 M to about 1.0 M in the final concentration of
the mixture of salt solution and protein preparation depending
on the salt and protein, in another embodiment is in the range
between about 0.3 M and about 0.7 M. The pH of the buffered
solution may be varied depending on requirements of the
protein separation. In one embodiment, the pH varies
between about pH 5 to about pH 7.

Hydrophobic Interaction Chromatography Column

The present invention can be used with any type of HIC
stationary phase. Stationary phases vary in terms of ligand,
ligand chain length, ligand density, and type of matrix or
support. Ligands used for HIC include linear chain alkanes
with and without an amino group, aromatic groups such as
phenyl and N-alkane ligands including methyl, ethyl, propyl,
butyl, pentyl, hexyl, heptyl and octyl (Queiroz et al, supra).
Many types of HIC columns are available commercially.
These include, but are not limited to, SEPHAROSE™ col-
umns such as Phenyl SEPHAROSE™ (Pharmacia LCK Bio-
technology, AB, Sweden), FAST FLOW™ column with low
or high substitution (Pharmacia LKB Biotechnology, AB,
Sweden); Octyl SEPHAROSE™ High Performance column
(Pharmacia LKB Biotechnology, AB, Sweden); FRACTO-
GEL™ EMD Propyl or FRACTOGEL™, EMD Phenyl col-
umns (E. Merck, Germany); MACRO-PREP™ Methyl or
MACRO-PREP™ t-Butyl Supports (Bio-Rad, Calif.); WP
HI-Propyl (C;)™ column (J. T. Baker, N.J.); and TOYOPE-
ARL™ ether, phenyl or butyl columns (TosoHaas, Pa.).

In one embodiment, TOYOPEAR™ BUTYL-M columns
have been used for purifying proteins as described in
Examples 1 and 2.

The mobile phase of HIC according to the present inven-
tion is the two salt solution. Commercial applications pro-
cesses for purifying large quantities of proteins require that
the exact ion concentrations of the two salt solution be con-
stant and consistent. Therefore, the adjustment of the dis-
solved salt solution is made with the acid form of'the salt, such
as citric acid mixed with citrate to get an exact ion concen-
tration. The salts of the present invention are all commercially
available from a number of vendors. At least one salt in the
two salt solution will have a buffering effect at the pH at
which the protein to be purified is stable. In one embodiment,
the buffering capacity of at least one salt is between pH 5 to
about pH 7 according to the present invention.

The protocol for using an HIC column according to the
present invention is generally as follows. The column is first
regenerated with several column volumes of sodium hydrox-
ide, 0.5 N NaOH, for example, then washed with water. The
column is then equilibrated with several column volumes of
equilibration buffer, which is the same buffer containing the
protein preparation for loading onto the column. The protein
preparation is prepared by “conditioning” or mixing with the
two salt buffered solution. Generally the salt solution is added
slowly with the protein preparation at a rate of about 1-2%
volume per minute, to avoid protein destabilization. Next, the
protein/buftered salt solution mixture is loaded onto the col-
umn, and the column washed with several column volumes of
equilibrium buffer. The HIC column is then eluted. Elution
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can preferably be accomplished by decreasing the salt con-
centration of the buffer using a salt gradient or isocratic elu-
tion. The gradient or step starts at equilibrium buffer salt
concentration, and is then reduced as a continuous gradient,
or as discrete steps of successively lower concentrations. The
elution generally concludes with washing the column with a
solution such as a no-salt buffer, such as low ionic strength
MES butfer, for example. Elution of the subject protein can
also be accomplished by changing the polarity of the solvent,
and by adding detergents to the buffer. The protein when
purified can be diafiltered or diluted to remove any remaining
excess salts.

The method of purifying a protein according to the present
invention applies to protein preparations at any stage of puri-
fication. Protein purification of recombinantly produced pro-
teins typically includes filtration and/or differential centrifu-
gation to remove cell debris and subcellular fragments,
followed by separation using a combination of difterent chro-
matography techniques.

A wide range of concentrations of protein can be loaded
onto an HIC column using the two salt system of the present
invention. The protein preparation to be purified according to
the present invention may be of any concentration, however
preferably may be varied from about 0.1 mg/ml to about 100
mg/ml or more, more preferably between about 2.5 mg/ml to
about 20 mg/ml in an aqueous solution. As used herein the
term “protein” is used interchangeably with the term
“polypeptide” and is considered to be any chain of at least ten
amino acids or more linked by peptide bonds. As used herein,
the term “protein preparation” refers to protein in any stage of
purification in an aqueous solution. The concentration of a
protein preparation at any stage of purification can be deter-
mined by any suitable method. Such methods are well known
in the art and include: 1) colorimetric methods such as the
Lowry assay, the Bradford assay, and the colloidal gold assay;
2)methods utilizing the UV absorption properties of proteins;
and 3) visual estimation based on stained protein bands in gels
relying on comparison with protein standards of known quan-
tity on the same gel such as silver staining. See, for example,
Stoschek Methods in Enzymol. 182:50-68 (1990).

For the purposes of the present invention a protein is “sub-
stantially similar” to another protein if they are at least 80%,
preferably at least about 90%, more preferably at least about
95% identical to each other in amino acid sequence, and
maintain or alter the biological activity of the unaltered pro-
tein. Amino acid substitutions which are conservative substi-
tutions unlikely to affect biological activity are considered
identical for the purposes of this invention and include the
following: Ala for Ser, Val for Ile, Asp for Glu, Thr for Ser, Ala
for Gly, Ala for Thr, Ser for Asn, Ala for Val, Ser for Gly, Tyr
for Phe, Ala for Pro, Lys for Arg, Asp for Asn, Leu for Ile, Leu
for Val, Ala for Glu, Asp for Gly, and the reverse. (See, for
example, Neurath et al., The Proteins, Academic Press, New
York (1979)).

The method of purifying proteins according to the present
invention is directed to all types of proteins. The present
invention is particularly suitable for purifying protein-based
drugs, also known as biologics. Typically biologics are pro-
duced recombinantly, using procaryotic or eukaryotic expres-
sion systems such as mammalian cells or yeasts, for example.
Recombinant production refers to the production of the
desired protein by transformed host cell cultures containing a
vector capable of expressing the desired protein. Methods and
vectors for creating cells or cell lines capable of expressing
recombinant proteins are described for example, in Ausabel et
al, eds. Current Protocols in Molecular Biology, (Wiley &
Sons, New York, 1988, and quarterly updates).
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The method of purifying proteins according to the present
invention is particularly applicable to antibodies. As used
herein, the term “antibody” refers to intact antibodies includ-
ing polyclonal antibodies (see, for example Antibodies: A
Laboratory Manual, Harlow and Lane (eds), Cold Spring
Harbor Press, (1988)), and monoclonal antibodies (see, for
example, U.S. Pat. Nos. RE 32,011, 4,902,614, 4,543,439,
and 4,411,993, and Monoclonal Antibodies: A New Dimen-
sion in Biological Analysis, Plenum Press, Kennett, McKearn
and Bechtol (eds.) (1980)). As used herein, the term “anti-
body” also refers to a fragment of an antibody such as F(ab),
F(ab"), F(ab"),, Fv, Fc, and single chain antibodies which are
produced by recombinant DNA techniques or by enzymatic
or chemical cleavage of intact antibodies. The term “anti-
body” also refers to bispecific or bifunctional antibodies,
which are an artificial hybrid antibody having two different
heavy/light chain pairs and two different binding sites. Bispe-
cific antibodies can be produced by a variety of methods
including fusion of hybridomas or linking of Fab' fragments.
(See Songsivilai et al, Clin. Exp. Immunol. 79:315-321
(1990), Kostelny et al., J. Immuno 1.148:1547-1553 (1992)).
As used herein the term “antibody” also refers to chimeric
antibodies, that is, antibodies having a human constant anti-
body immunoglobin domain is coupled to one or more non-
human variable antibody immunoglobin domain, or frag-
ments thereof (see, for example, U.S. Pat. No. 5,595,898 and
U.S. Pat. No. 5,693,493). Antibodies also refers to “human-
ized” antibodies (see, for example, U.S. Pat. No. 4,816,567
and WO 94/10332), minibodies (WO 94/09817), and anti-
bodies produced by transgenic animals, in which a transgenic
animal containing a proportion of the human antibody pro-
ducing genes but deficient in the production of endogenous
antibodies are capable of producing human antibodies (see,
for example, Mendez et al., Nature Genetics 15:146-156
(1997), and U.S. Pat. No. 6,300,129). The term “antibodies”
also includes multimeric antibodies, or a higher order com-
plex of proteins such as heterdimeric antibodies. “Antibod-
ies” also includes anti-idiotypic antibodies including anti-
idiotypic antibodies against an antibody targeted to the tumor
antigen gp72; an antibody against the ganglioside GD3; or an
antibody against the ganglioside GD2.

One exemplary antibody capable of being purified accord-
ing to the present invention is an antibody that recognizes the
epidermal growth factor receptor (EGFR), referred to as “an
antibody against EGFR” or an “anti-EGFR antibody”,
described in U.S. Pat. No. 6,235,883, which is herein incor-
porated by reference in its entirety. An antibody against
EGFR includes but is not limited to all variations of the
antibody as described in U.S. Pat. No. 6,235,883. Many other
antibodies against EGFR are well known in the art, and addi-
tional antibodies can be generated through known and yet to
be discovered means. A preferred antibody against EGFR is a
fully human monoclonal antibody capable of inhibiting the
binding of EGF to the EGF receptor. The purification of an
antibody against EGFR using a dual salt HIC according to the
present invention is described herein in Example 1.

Additional exemplary proteins are three IgG monoclonal
antibodies having the following designations: mAb1l, mAb2,
and mADb3. Purification of these monoclonal antibodies
according to the present invention is described herein in
Example 2.

The invention is also particularly applicable to proteins, in
particular fusion proteins, containing one or more constant
antibody immunoglobin domains, preferably an Fc domain of
an antibody. The “Fc domain” refers to the portion of the
antibody that is responsible for binding to antibody receptors
on cells. An Fc domain can contain one, two or all of the



Case 2:17-cv-01235-DSC Document 1-5 Filed 09/22/17 Page 12 of 15

US 8,273,707 B2

9

following: the constant heavy 1 domain (C1), the constant
heavy 2 domain (C2), the constant heavy 3 domain (C,3),
and the hinge region. The Fc domain of the human IgG1, for
example, contains the C,,2 domain, and the C,3 domain and
hinge region, but not the C,,1 domain. See, for example, C. A.
Hasemann and J. Donald Capra, Immunoglobins: Structure
and Function, in William E. Paul, ed. Fundamental Immunol-
ogy, Second Edition, 209,210-218 (1989). As used herein the
term “fusion protein” refers to a fusion of all or part of at least
two proteins made using recombinant DNA technology or by
other means known in the art.

An example of an Fc-containing protein capable of being
purified according to the present invention is tumor necrosis
factor receptor-Fc fusion protein (TNFR:Fc). As used herein
the term “TNFR” (tumor necrosis factor receptor) refers to a
protein having an amino acid sequence that is identical or
substantially similar to the sequence of a native mammalian
tumor necrosis factor receptor, or a fragment thereof, such as
the extracellular domain. Biological activity for the purpose
of determining substantial similarity is the capacity to bind
tumor necrosis factor (TNF), to transduce a biological signal
initiated by TNF binding to a cell, and/or to cross-react with
anti-TNFR antibodies raised against TNFR. A TNFR may be
any mammalian TNRF, including murine and human, and are
described in U.S. Pat. Nos. 5,395,760, 5,945,397, and 6,201,
105, all of which are herein incorporated by reference. TNFR:
Fc is a fusion protein having all or a part of an extracellular
domain of any of the TNFR polypeptides including the
human p55 and p75 TNFR fused to an Fc region of an anti-
body. An exemplary TNFR:Fc is a dimeric fusion protein
made of the extracellular ligand-binding portion of the human
75 kDa tumor necrosis factor receptor linked to the Fc portion
of the human IgG1 from natural (non-recombinant) sources.
The purification of the exemplary TNFR:Fc according to the
present invention is described in Example 2 below.

Additional proteins capable of being purified according to
the present invention include differentiation antigens (re-
ferred to as CD proteins) or their ligands or proteins substan-
tially similar to either of these. Such antigens are disclosed in
Leukocyte Typing VI (Proceedings of the VIth International
Workshop and Conference, Kishimoto, Kikutani et al., eds.,
Kobe, Japan, 1996). Similar CD proteins are disclosed in
subsequent workshops. Examples of such antigens include
CD27, CD30, CD39, CDA40, and ligands thereto (CD27
ligand, CD30 ligand, etc.). Several of the CD antigens are
members of the TNF receptor family, which also includes
41BB ligand and OX40. The ligands are often members ofthe
TNF family, as are 41BB ligand and OX40 ligand.

An exemplary ligand capable of being purified according
to the present invention is a CD40 ligand (CD40L). The native
mammalian CD40 ligand is a cytokine and type Il membrane
polypeptide, having soluble forms containing the extracellu-
lar region of CD40L or a fragment of it. As used herein, the
term “CD40L” refers to a protein having an amino acid
sequence that is identical or substantially similar to the
sequence of a native mammalian CD40 ligand or a fragment
thereof, such as the extracellular region. As used herein, the
term “CD40 ligand” refers to any mammalian CD40 ligand
including murine and human forms, as described in U.S. Pat.
No. 6,087,329, which is herein incorporated by reference in
its entirety. Biological activity for the purpose of determining
substantial similarity is the ability to bind a CD40 receptor. A
preferred embodiment of a human soluble CD40L is a trim-
eric CD40L fusion protein having a 33 amino acid oligomer-
izing zipper (or “leucine zipper”) in addition to an extracel-
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Iular region of human CD40L as described in U.S. Pat. No.
6,087,329. The 33 amino acid sequence trimerizes spontane-
ously in solution.

In addition, a number of other proteins are capable of
purified according to the improved purification methods of
the present invention include a number of proteins of com-
mercial, economic, pharmacologic, diagnostic, or therapeutic
value. Such proteins may be monomeric or multimeric. These
proteins include, but are not limited to, a protein or portion of
a protein identical to, or substantially similar to, one of the
following proteins: a flt3 ligand, erythropoietin, thrombopoe-
itin, calcitonin, Fas ligand, ligand for receptor activator of
NF-kappa B (RANKL), TNF-related apoptosis-inducing
ligand (TRAIL), thymic stroma-derived lymphopoietin,
granulocyte colony stimulating factor, granulocyte-macroph-
age colony stimulating factor, mast cell growth factor, stem
cell growth factor, epidermal growth factor, RANTES,
growth hormone, insulin, insulinotropin, insulin-like growth
factors, parathyroid hormone, interferons, nerve growth fac-
tors, glucagon, interleukins 1 through 18, colony stimulating
factors, lymphotoxin-f, tumor necrosis factor, leukemia
inhibitory factor, oncostatin-M, and various ligands for cell
surface molecules ELK and Hek (such as the ligands for
eph-related kinases or LERKS). Descriptions of proteins that
can be stabilized according to the inventive methods may be
found in, for example, Human Cytokines: Handbook for
Basic and Clinical Research, Vol. Il (Aggarwal and Gutter-
man, eds. Blackwell Sciences, Cambridge, Mass., 1998);
Growth Factors: A Practical Approach (McKay and Leigh,
eds., Oxford University Press Inc., New York, 1993); and The
Cytokine Handbook (A. W. Thompson, ed., Academic Press,
San Diego, Calif., 1991).

Additional proteins capable of being purified according to
the present invention are receptors for any of the above-
mentioned proteins or proteins substantially similar to such
receptors or a fragment thereof such as the extracellular
domains of such receptors. These receptors include, in addi-
tion to both forms of tumor necrosis factor receptor (referred
to as p55 and p75) already described: interleukin-1 receptors
(type 1 and 2), interleukin-4 receptor, interleukin-15 receptor,
interleukin-17 receptor, interleukin-18 receptor, granulocyte-
macrophage colony stimulating factor receptor, granulocyte
colony stimulating factor receptor, receptors for oncosta-
tin-M and leukemia inhibitory factor, receptor activator of
NF-kappa B (RANK), receptors for TRAIL, and receptors
that comprise death domains, such as Fas or apoptosis-induc-
ing receptor (AIR). Proteins of interest also includes antibod-
ies which bind to any of these receptors.

Proteins of interest capable of being purified according to
the present invention also include enzymatically active pro-
teins or their ligands. Examples include polypeptides which
are identical or substantially similar to the following proteins
or portions of the following proteins or their ligands: metal-
loproteinase-disintegrin family members, various kinases,
glucocerebrosidase, superoxide dismutase, tissue plasmino-
gen activator, Factor VIII, Factor IX, apolipoprotein E, apo-
lipoprotein A-I, globins, an I[.-2 antagonist, alpha-1 antit-
rypsin, TNF-alpha Converting Enzyme, ligands for any ofthe
above-mentioned enzymes, and numerous other enzymes and
their ligands. Proteins of interest also include antibodies that
bind to the above-mentioned enzymatically active proteins or
their ligands.

Additional proteins of interest capable of being purified
according to the present invention are conjugates having an
antibody and a cytotoxic or luminescent substance. Such
substances include: maytansine derivatives (such as DM1);
enterotoxins (such as a Staphlyococcal enterotoxin); iodine
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isotopes (such as iodine-125); technium isotopes (such as
Tc-99m); cyanine fluorochromes (such as Cy5.5.18); and
ribosome-inactivating proteins (such as bouganin, gelonin, or
saporin-S6). Examples of antibodies or antibody/cytotoxin or
antibody/luminophore conjugates contemplated by the
invention include those that recognize the following antigens:
CD2, CD3, CD4, CD8, CD11a, CD14,CD18, CD20, CD22,
CD23, CD25, CD33, CD40, CD44, CD52, CD80 (B7.1),
CD86 (B7.2), CD147, IL-4, IL-5, IL-8, IL-10, IL-2 receptor,
IL-6 receptor, PDGF-f, VEGF, TGF, TGF-p2, TGF-p1,
VEGF receptor, C5 complement, IgE, tumor antigen CA125,
tumor antigen MUC]1, PEM antigen, LCG (which is a gene
product that is expressed in association with lung cancer),
HER-2, a tumor-associated glycoprotein TAG-72, the SK-1
antigen, tumor-associated epitopes that are present in
elevated levels in the sera of patients with colon and/or pan-
creatic cancer, cancer-associated epitopes or proteins
expressed on breast, colon, squamous cell, prostate, pancre-
atic, lung, and/or kidney cancer cells and/or on melanoma,
glioma, or neuroblastoma cells, the necrotic core of a tumor,
integrin alpha 4 beta 7, the integrin VLLA-4, B2 integrins,
TNF-c, the adhesion molecule VAP-1, epithelial cell adhe-
sion molecule (EpCAM), intercellular adhesion molecule-3
(ICAM-3), leukointegrin adhesin, the platelet glycoprotein
gp IIb/IlIa, cardiac myosin heavy chain, parathyroid hor-
mone, rNAPc2 (which is an inhibitor of factor VIla-tissue
factor), MHC I, carcinoembryonic antigen (CEA), alpha-
fetoprotein (AFP), tumor necrosis factor (INF), CTLA-4
(which is a cytotoxic T lymphocyte-associated antigen), Fc-
v-1 receptor, HLA-DR 10 beta, HLA-DR antigen, [-selectin,
IFN-y, Respiratory Syncitial Virus, human immunodefi-
ciency virus (HIV), hepatitis B virus (HBV), Streprococcus
mutans, and Staphlycoccus aureus.

The present invention is particularly useful in the context of
commercial production and purification of proteins, espe-
cially recombinantly produced proteins. By increasing the
capacity of one step in the overall purification scheme of a
commercially important protein, the present invention can
reduce the number of cycles required to purify a batch of
protein. The present invention therefore increases the effi-
ciency of protein purification, without reducing the quality of
the protein product. For large-scale production of commer-
cially important biologics, for example, this represents a sig-
nificant savings in cost and time.

The invention having been described, the following
examples are offered by way of illustration, and not limita-
tion.

Example |

Various combinations of salt solutions were tested for their
ability to increase the dynamic capacity of an HIC column
used for purifying an antibody against epidermal growth fac-
tor receptor (antibody against EGFR).

First the range of effective concentrations for single salts
(“salts”) and two salt buffers for the antibody against EGFR
was determined by plotting precipitation curves for single
salts and their combinations. The following salts were used:
sodium citrate, sodium phosphate, sodium acetate, and
sodium phosphate. All buffers were made by weighing out the
appropriate chemicals, dissolving at approximately 80% of
the final volume, and adjusting the pH using 11.2 N HCl or 10
NaOH to pH 6.0, at room temperature (21-23° C.), and bring-
ing up to volume. For commercial applications, however, the
buffered salts are prepared by mixing a salt with its acid form,
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such as sodium citrate with citric acid, to achieve an exact ion
concentration, rather than adjusting to a pH with other acids
or bases.

The antibody preparation used for testing was a partially
purified eluant from a previous column having a concentra-
tion of approximately 5 mg/ml protein. Precipitation studies
of this antibody using individual buffers were performed as
follows: the antibody preparation was mixed with the buffer
stock to make between 0 and 1.2 M final concentration of salt.
The samples incubated for 20 minutes, centrifuged for 10
minutes at approximately 6000xg, filtered, and the superna-
tant assayed for protein. The control sample was diluted with
water, and its supernatant reading was taken as 100% recov-
ery. A salting out or precipitation curve was generated for the
antibody by plotting amount of protein in the supernatant
(percent recovery, compared with the control) versus salt
molarity. The percent recovery decreased significantly at
greater than about 0.6 M for sodium citrate, while the percent
recovery decreased significantly at greater than about 0.8 M
for sodium phosphate buffer, at greater than about 1.2 M for
sodium acetate, and at greater than about 0.6 M for sodium
sulfate. Using this information, a second series of salting out
curves for two salt combinations was generated in which the
concentration of the first salt was kept constant, while the
concentration of the second salt was increased. The precipi-
tation curves were generated by incubating the antibody and
two salt mixture for twenty minutes and centrifuging as
described for the single salts solutions. For example, sodium
citrate was kept at 0.55 M while the concentration of sodium
phosphate was increased, and the percent recovery of the
antibody in the supernatant was measured and compared with
that of the control. The reverse test was also performed keep-
ing 0.4 M sodium phosphate constant while varying the con-
centration of sodium sulfate. Theresults are shownin FIG. 1A
through E. These results show that reduced concentrations of
the salts together compared with a salt alone could precipitate
the protein. This indicated that reduced concentrations of
each salt in combination produced equivalent hydrophobic
effects compared with higher concentrations of each salt
alone.

The results of the single and two salt precipitations pro-
vided a range of single and combined salt concentrations for
the determination of dynamic capacity for an HIC column for
the antibody against EGFR. The dynamic capacity was deter-
mined according to the following protocol. An approximately
5 mg/ml antibody preparation was “conditioned” by diluting
1:1 with the appropriate buffered salt stock solution (2x). The
salt stock was added to the antibody preparation at a rate of
1-2% volume per minute with stirring. Further salt dilution
was performed as necessary to provide a range of salt con-
centrations, and the mixture of antibody preparation and salt
buffer was filtered on a 0.2 um cellulose filter. This mixture
was the hydrophobic interaction chromatography (HIC) load.
The HIC column used to determine dynamic capacity for
single and two salt combinations was a Millipore (Bellerica,
Mass.) VANTAGE column having 1.1 cm diameter and
packed to 8.5 mL column volume (CV) (9 cm bed height)
with TOYOPEARL™ BUTYL 650 M resin (TosoHaas). The
column was prepared by regenerating with 0.5N sodium
hydroxide at 180 cm/hr for 3 column volumes (CV), washing
for 3 CV at 180 cm/hr with water, then equilibrating the
column at 180 cm/hr with the appropriate salt buffer or salt
combination. Then the load mixture was loaded at 90 cnvhr
and washed at 90 cm/hr with 3 CV of the same salt buffer
(equilibrium buffer). For determining dynamic capacity, the
columns were overloaded with protein, so that fractions were
collected during the loading (“flow-through™) and washing
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steps. Protein content was determined by absorption at 280
nm, or by SDS-PAGE gels. The load concentration in mg/ml-
resin at which the % breakthrough is zero is considered to be
the dynamic capacity of the antibody at that salt concentra-
tion. The dynamic capacity was determined from plotting
HIC load versus percent breakthrough (BT) (flow-through
concentration/load concentration).

The antibody was then eluted at 180 cm/hr using a step
elution or step gradient starting with the equilibrium condi-
tions to a concentration of 0.2 M salt. Fractions were collected
and SDS-PAGE analysis was performed on 4-20% Tris/Gly-
cine Novex gels using silver stain (Pharmacia One-Plus™ kit)
to visualize protein bands.

Two salt concentrations were optionally further modified
in order to stabilize the monomer antibody preparation at
room temperature, rather than 4-8° C., and also to minimize
the formation of aggregates in the antibody sample. For
example, the dynamic capacity of the column for the antibody
using 0.4 M sodium phosphate buffer was 43/ml-r (ml-resin);
the dynamic capacity of 0.35 M sodium phosphate was 40
mg/ml-r, and the dynamic capacity of 0.3 M sodium phos-
phate was 38 mg/ml-r. However, 25% protein loss was found
to occur at 0.5 M phosphate at room temperature, while only
8% loss was found in 0.4 M for up to six days at room
temperature. In addition, it was found that material that pre-
cipitated out between 0.3M and 0.4 M salt concentrations
included almost all of the high molecular weight aggregates
(HMW).

In addition, the rate at which the salt stock was mixed with
the antibody preparation influenced the stability of the anti-
body. At a rate of 2% volume/minute, only about 2% of the
antibody was lost as fragments of the monomer, as opposed to
12% lost at 10% volume/minute.

The dynamic capacities of the HIC column for the antibody
against EGFR for the various single and combination salts
were determined as described above and are shown in Table 1
below.

TABLE 1

Dynamic capacities of antibody against EGFR with
four salts and their combinations. Only anions are
listed; the cations were sodium for every salt

Experimental Conditions Dynamic Capacity (mg/ml-r)

0.55M Citrate 24
0.5M Phosphate 12
0.8M Sulfate 24
1.2 M Acetate 5
0.55M Citrate/0.3M Sulfate 30
0.6M Acetate/0.5M Citrate 29
0.35M Phosphate/0.6M Citrate 39
0.6M Acetate/0.7M Sulfate 27
0.5M Citrate/1M Acetate 34
0.5M Sulfate/1M Acetate 33
0.4M Phosphate/0.3M Sulfate 15
0.5M Sulfate/0.3M Citrate 33
0.5M Sulfate/0.3M Phosphate 17
0.3M Citrate/0.6M Phosphate 35

Table 1 shows that the combinations of citrate/sulfate,
acetate/citrate, phosphate/citrate, acetate/sulfate, citrate/ac-
etate, sulfate/acetate, sulfate/citrate, and citrate/phosphate
increased the dynamic capacity of the HIC column for the
antibody by factors varying from approximately 1.5 to 2
times or more that of each salt alone. The phosphate/sulfate
combination did not increase the dynamic capacity for the
following reasons: sulfate in combination with phosphate
resulted in a precipitate, so that lower concentrations of sul-
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fate were required to prevent precipitation. These low con-
centrations proved too low to improve dynamic capacity. In
addition, phosphate and acetate did not prove to be an effec-
tive combination due to the precipitation which resulted when
the two salts were mixed.

Example 2

Using the same procedures as described in Example 1 the
dynamic capacities of four additional proteins was deter-
mined for the single salts sodium phosphate and sodium
citrate, and two salt combination 0.55 M sodium citrate with
phosphate concentration varied. The additional proteins were
the fusion protein TNFR:Fc described above, and three
monoclonal antibodies designated mAb1, mAb2, and mAb3.
The three monoclonal antibodies were partially purified and
obtained as eluants from other types of chromatography col-
umns. The TNFR:Fc fusion protein was obtained as a fully
purified protein. The concentrations of the proteins used was
between 4-5 mg/ml, for this particular experiment.

The precipitation curves for sodium citrate and sodium
phosphate alone were first determined for each protein, and
then a two salt precipitation curve for 0.55M sodium citrate
with sodium phosphate varied was determined. The concen-
tration at which each protein begins to precipitate is given in
Table 2 below.

TABLE 2

Salt concentrations at which protein begins to precipitate
(taken from the precipitation curves.)

Cone. Sodium Cone. Sodium

Protein Citrate Phosphate Combination Salt
mAbl 0.6M 0.9M 0.55M NaCitrate/
0.4M Na Phosphate
mAb2 0.7M 1.1M 0.55M Na Citrate/
0.4M Na Phosphate
mAb3 0.7M 1.0M 0.55M Na Citrate/
0.2M Na Phosphate
TNFR:F¢ 0.55M 1.0M 0.4M Na Citrate/

0.2M Na Phosphate

It is clear from Table 2 that the combination of salts pre-
cipitated the proteins at lower concentrations compared to the
concentrations of each salt alone.

The dynamic capacities of these proteins on TOYOPE-
ARL™ BUTYL 650M (TosoHaas) gels was determined for
the salt concentrations shown in Table 2, using the same
procedure described above for the antibody against EGFR.
The results are given in Table 3 below.

TABLE 3

Dynamic capacities under the salt conditions listed in Table 2.

Protein Na Citrate Na Phosphate Combination
mAbl 37 20 49
mAb2 36 30 44
mAb3 21 12 25
TNFR:Fc 17 18 25

Again, it is clear that the combination of salts increased the
dynamic capacity for all four proteins over that achieved
using the single salts by 1.5 to 2 times.

The present invention is not to be limited in scope by the
specific embodiments described herein, which are intended
as single illustrations of individual aspects of the invention,
and functionally equivalent methods and components are
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within the scope of the invention. Indeed, various modifica-
tions of the invention, in addition to those shown and
described herein will become apparent to those skilled in the
art from the foregoing description and accompanying draw-
ings. Such modifications are intended to fall within the scope
of the appended claims.

What is claimed is:

1. A process for purifying a protein on a hydrophobic
interaction chromatography column such that the dynamic
capacity ofthe column is increased for the protein comprising
mixing a preparation containing the protein with a combina-
tion of a first salt and a second salt, loading the mixture onto
a hydrophobic interaction chromatography column, and elut-
ing the protein, wherein the first and second salts are selected
from the group consisting of citrate and sulfate, citrate and
acetate, and sulfate and acetate, respectively, and wherein the
concentration of each of the first salt and the second salt in the
mixture is between about 0.1 M and about 1.0.

2. The process of claim 1 wherein the pH of the mixture
loaded onto the column is between about pH 5 and about pH
7.

3. The process of claim 1 wherein the column is eluted with
a solution having a pH between about pH 5 and pH 7.

4. The process of claim 1 wherein the first and second salts
are selected from the group consisting of sodium, potassium
and ammonium salts.

5. The process of claim 1 wherein the protein is a fusion
protein or an antibody.
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6. The process of claim 1, further comprising diluting the
protein.

7. The process of claim 1, further comprising filtering the
protein.

8. The process of claim 1, further comprising formulating
the protein.

9. The process of claim 1, further comprising lyophilizing
the protein.

10. A method of increasing the dynamic capacity of a
hydrophobic interaction chromatography column for a pro-
tein, comprising mixing a preparation containing the protein
with a combination of a first salt and a second salt, and loading
the mixture onto a hydrophobic interaction chromatography
column, wherein the first and second salts are selected from
the group consisting of citrate and sulfate, citrate and acetate
and sulfate and acetate, respectively, and wherein the concen-
tration of each of the first and second salts in the mixture is
between about 0.1 M and about 1.0 M.

11. The method of claim 10 wherein the pH of the mixture
loaded onto the column is between about pH 5 and about pH
7.

12. The method process of claim 10, wherein the first and
second salts are selected from the group consisting of sodium,
potassium and ammonium salts.

13. The method of claim 10 wherein the protein is a fusion
protein or an antibody.

#* #* #* #* #*
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CAPTURE PURIFICATION PROCESSES FOR
PROTEINS EXPRESSED IN A
NON-MAMMALIAN SYSTEM

This application is a divisional of U.S. application Ser.
No. 12/822,990, filed on Jun. 24, 2010, now U.S. Pat. No.
8,940,878, which claims the benefit of U.S. Provisional
Application No. 61/220,477 filed Jun. 25, 2009, which is
incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates generally to processes for
puritying proteins expressed in non-mammalian systems in
both non-native soluble and non-native insoluble forms, and
more particularly to the direct capture of such proteins from
a refold mixture or a cell lysate pool by a separation matrix.

BACKGROUND OF THE INVENTION

Fc-containing proteins are typically expressed in mam-
malian cells, such as CHO cells. The use of affinity chro-
matography to purify Fc-containing proteins is documented
(see, e.g., Shukla et al., (2007) Journal of Chromatography
B 848(1):28-39) and is successful, in part, due to the degree
of Fc structure observed in proteins expressed in such
systems. Fc-containing proteins expressed in non-mamma-
lian cells, however, are often deposited in the expressing
cells in limited solubility forms, such as inclusion bodies,
that require refolding, and this has been a limiting factor in
selecting non-mammalian systems for expressing Fc-con-
taining proteins.

A drawback to the use of Protein A, Protein G and other
chemistries is that in order for a protein comprising an Fc
region to associate with the Protein A or Protein G molecule,
the protein needs to have a minimum amount of structure.
Often, the requisite amount of structure is absent from
proteins expressed recombinantly in a soluble, but non-
native, form and consequently Protein A chromatography is
not performed in a purification process.

In the case of a protein expressed in an insoluble non-
native form, Protein A chromatography is typically not
performed in a purification process until after the protein has
been refolded to a degree that it can associate with the
Protein A molecule and has been subsequently diluted out of
its refold solution. This is because it was believed that after
a protein has been refolded it was necessary to dilute or
remove the components of the refold mixture in a wash step,
due to the tendency of the components that typically make
up a refold solution to disrupt interactions between the target
protein and the Protein A molecules (Wang et al., (1997).
Biochem. J. 325(Part 3):707-710). This dilution step can
consume time and resources which, when working at a
manufacturing scale of thousands of liters of culture, can be
costly.

The present disclosure addresses these issues by provid-
ing simplified methods of purifying proteins comprising Fc
regions that are expressed in non-mammalian expression
systems in a non-native soluble form or in a non-native
insoluble form.

SUMMARY OF THE INVENTION

A method of purifying a protein expressed in a non-native
soluble form in a non-mammalian expression system is
provided. In one embodiment the method comprises (a)
lysing a non-mammalian cell in which the protein is
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expressed in a non-native soluble form to generate a cell
lysate; (b) contacting the cell lysate with an separation
matrix under conditions suitable for the protein to associate
with the separation matrix; (¢) washing the separation
matrix; and (d) eluting the protein from the separation
matrix.

The protein can be a complex protein, such as a protein is
selected from the group consisting of a multimeric protein,
an antibody and an Fc fusion protein. The non-mammalian
expression system can comprise bacteria or yeast cells. The
separation matrix can be an affinity resin, such as an affinity
resin selected from the group consisting of Protein A,
Protein G and a synthetic mimetic affinity resin, or it can be
a non-affinity resin, such as a non-affinity resin selected from
the group consisting of ion exchange, mixed mode, and a
hydrophobic interaction resin. The cell lysate can be filtered
before it is contacted with the separation matrix. Although
not required, the method can further comprise refolding the
protein to its native form after it is eluted from the separation
matrix.

A method of purifying a protein expressed in a non-native
limited solubility form in a non-mammalian expression
system is provided. In one embodiment that method com-
prises (a) expressing a protein in a non-native limited
solubility form in a non-mammalian cell; (b) lysing a
non-mammalian cell; (¢) solubilizing the expressed protein
in a solubilization solution comprising one or more of the
following: (i) a denaturant; (ii) a reductant; and (iii) a
surfactant; (d) forming a refold solution comprising the
solubilization solution and a refold buffer, the refold buffer
comprising one or more of the following: (i) a denaturant;
(i1) an aggregation suppressor; (iii) a protein stabilizer; and
(iv) a redox component; (e) applying the refold solution to
a separation matrix under conditions suitable for the protein
to associate with the matrix; (f) washing the separation
matrix; and (g) eluting the protein from the separation
matrix.

The non-native limited solubility form can be a compo-
nent of an inclusion body. The protein can be a complex
protein, such as a complex protein selected from the group
consisting of a multimeric protein, an antibody, a peptibody,
and an Fc fusion protein. The non-mammalian expression
system can be bacteria or yeast cells. The denaturant can
comprise one or more of urea, guanidinium salts, dimethyl
urea, methylurea and ethylurea, the reductant can comprise
one or more of cysteine, DTT, beta-mercaptoethanol and
glutathione, the surfactant can comprise one or more of
sarcosyl and sodium dodecylsulfate, the aggregation sup-
pressor can be selected from the group consisting of argi-
nine, proline, polyethylene glycols, non-ionic surfactants,
ionic surfactants, polyhydric alcohols, glycerol, sucrose,
sorbitol, glucose, tris, sodium sulfate, potassium sulfate and
osmolytes, the protein stabilizer can comprise one or more
of arginine, proline, polyethylene glycols, non-ionic surfac-
tants, ionic surfactants, polyhydric alcohols, glycerol,
sucrose, sorbitol, glucose, tris, sodium sulfate, potassium
sulfate and osmolytes, and the redox component can com-
prise one or more of glutathione-reduced, glutathione-oxi-
dized, cysteine, cystine, cysteamine, cystamine and beta-
mercaptoethanol. The separation matrix can be an affinity
resin such as an affinity resin selected from the group
consisting of Protein A, Protein G, and synthetic mimetic
affinity resin or the separation matrix can be a non-affinity
resin selected from the group consisting of ion exchange,
mixed mode, and a hydrophobic interaction resin.

In other embodiments, the disclosed methods can further
comprise the steps of (a) washing the separation matrix with
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a regeneration reagent; and (b) regenerating the separation
matrix. The regeneration reagent can be one of a strong base,
such as sodium hydroxide or a strong acid, such as phos-
phoric acid. The regenerating can comprise washing the
separation matrix with a solution comprising one or both of
a chaotrope present at a concentration of 4-6 M and a
reductant. The chaotrope can be one of urea, dimethyl urea,
methylurea, ethylurea, and guanidinium, and the reductant
can be one of cysteine, DTT, beta-mercaptoethanol and
glutathione. In a particular embodiment the regenerating
comprises washing the separation matrix with a solution
comprising 50 mM Tris, 10 mM citrate, 6M urea, 50 mM
DTT at pH 7.4.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plot demonstrating the binding of refolded,
non-mammalian non-native limited solubility fraction com-
plex protein, to Protein A media; in the figure the X denotes
resin loading at a 9.32 min residence time, star denotes resin
loading at a 7.68 min residence time and solid circles denote
resin loading at a 6 min residence time.

FIG. 2 is a table demonstrating purification of a complex
protein comprising an Fc domain using Protein A resin.

FIG. 3 is a table demonstrating the reusability of Protein
A resin when used to capture a non-mammalian non-native
limited solubility complex protein over 150 cycles using the
disclosed methods.

FIG. 4 is a plot demonstrating the binding profiles of a
refolded, non-mammalian non-native limited solubility
complex protein to six different ion exchange resins (IEX
Resins 1, 2, 3, 4, 5, 6, corresponding to Toyopearl
SP550C™, Toyopearl SP650M™, GigaCAP S™, POROS
HS50™, Toyopearl SP650C™ and GE Healthcare SPXL.™,
respectively) and a mixed-mode resin (MMC Resin 1, GE
Healthcare MMC™) following capture using the disclosed
methods.

FIG. 5 is a table demonstrating purification levels
achieved for a protein comprising an Fc domain using one
anion exhange resin (Fractogel TMAE™) and one cation
exchange resin (Fractogel SO;™™).

DETAILED DESCRIPTION OF THE
INVENTION

The present disclosure provides methods of capturing on
a separation matrix non-native proteins produced in micro-
bial cells. In the case of the direct capture of a protein
expressed in a non-native soluble form the advantages of the
present invention over typical processes include enhanced
protein concentration, volume reduction, and increased
recovery over traditional methods, improved protein stabil-
ity, and ultimately process cost savings.

In the case of the direct capture of a protein expressed in
a non-native limited solubility form, the advantages of the
present invention over typical processes include the elimi-
nation of the need to dilute the protein out of a refold
solution prior to capturing it on a separation matrix.

Another advantage of the disclosed methods is that they
may be performed at a range of scales, from laboratory scale
(typically milliliter or liter scale), a pilot plant scale (typi-
cally hundreds of liters) or on an industrial scale (typically
thousands of liters). The application of the disclosed meth-
ods on large scales may be particularly desirable, due to the
potential savings in time and resources.

Non-mammalian, e.g., microbial, cells can naturally pro-
duce, or can be engineered to produce, proteins that are
expressed in either a soluble or a limited solubility form.
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Most often, engineered non-mammalian cells will deposit
the recombinant proteins into large limited solubility aggre-
gates called inclusion bodies. However, certain cell growth
conditions (e.g., temperature or pH) can be modified to drive
the recombinant proteins to be expressed as intracellular,
soluble monomers. As an alternative to producing a protein
of interest in cells in which the protein is expressed in the
form of limited solubility inclusion bodies, cell growth
conditions can be modified such that proteins are expressed
in a non-native yet soluble form. The cells can then be lysed
and the protein can be isolated by capturing it directly from
cell lysate using ion exchange chromatography, affinity
chromatography or mixed mode chromatography, as
described herein. The method can be particularly useful for
puritying proteins comprising an Fc region.

In one aspect, therefore, the present disclosure relates to
a method of isolating a protein of interest comprising an Fc
region that is expressed in a non-mammalian cell in a
non-native, yet soluble form, from a pool of lysate generated
from the cell in which the protein was expressed. The
method employs a separation matrix, such as Protein A. One
beneficial aspect of the disclosed method is that it eliminates
the need for a refolding step before the protein is applied to
the separation matrix. That is, non-mammalian cells
expressing the protein of interest in a non-native soluble
form can be lysed, the lysate applied directly to the sepa-
ration matrix and the protein subsequently eluted from the
separation matrix. This process allows the separation of
proteins from cell cultures in highly concentrated pools that
can be subsequently refolded at high concentrations and can
be of benefit when producing large quantities of protein,
particularly since the method is scalable from bench scale,
which involves cultures on the order of several liters, up to
production scale, which involves cultures of thousands of
liters.

Following isolation by the separation matrix, the protein
of interest can optionally be subsequently refolded using any
technique known or suspected to work well for the protein
of interest.

In another aspect, the present invention relates to a
method of isolating a protein of interest comprising an Fc
region that is expressed in a non-native limited solubility
form, for example in inclusion bodies, that needs to be
refolded and isolated from the refold mixture. Commonly, a
refold solution contains a denaturant (e.g., urea or other
chaotrope, organic solvent or strong detergent), an aggrega-
tion suppressor (e.g., a mild detergent, arginine or low
concentrations of PEG), a protein stabilizer (e.g., glycerol,
sucrose or other osmolyte, salts) and/or a redox component
(e.g., cysteine, cystine, cystamine, cysteamine, glutathione).
While often beneficial for refolding proteins, these compo-
nents can inhibit purification (see, e.g., Wang et al., (1997)
Biochemical Journal 325 (Part 3):707-710) and it is neces-
sary to isolate or dilute the protein from these components
for further processing, particularly before applying the pro-
tein to a separation matrix.

In one embodiment of the disclosed method, purification
is achieved by directly applying a protein of interest, which
is present in a refold mixture, to a separation matrix. In this
approach, following a refold step the entire refold mixture,
including the protein of interest, is applied directly to a
separation matrix, such as a Protein A or G resin. The protein
of interest associates with the matrix in the presence of the
components of refold buffer, impurities are washed away
and the protein is eluted. Since the method omits the need for
removing any components of the refold mixture before the
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refold mixture is applied to a separation matrix, the method
can have the effect of saving steps, time and resources that
are typically expended on removing the protein from refold-
ing and dilution buffers in purification processes. In some
cases, the method can also reduce or eliminate the need for
subsequent purification steps.

The disclosed methods can also be employed to purify
proteins expressed in a non-native soluble and non-native
limited solubility forms in a non-mammalian expression
system that have subsequently been derivatized. For
example, following expression a protein comprising an Fc
region can be associated with a small molecule, such as a
toxin. Such conjugates can be purified using the methods
described herein.

1. DEFINITIONS

As used herein, the terms “a” and “an” mean one or more
unless specifically indicated otherwise.

As used herein, the term “non-mammalian expression
system” means a system for expressing proteins in cells
derived from an organism other than a mammal, including
but not limited to, prokaryotes, including bacteria such as E.
coli, and yeast. Often a non-mammalian expression system
is employed to express a recombinant protein of interest,
while in other instances a protein of interest is an endog-
enous protein that is expressed by a non-mammalian cell.
For purposes of the present disclosure, regardless of whether
a protein of interest is endogenous or recombinant, if the
protein is expressed in a non-mammalian cell then that cell
is a “non-mammalian expression system.” Similarly, a “non-
mammalian cell” is a cell derived from an organism other
than a mammal, examples of which include bacteria or
yeast.

As used herein, the term “denaturant” means any com-
pound having the ability to remove some or all of a protein’s
secondary and tertiary structure when placed in contact with
the protein. The term denaturant refers to particular chemical
compounds that affect denaturation, as well as solutions
comprising a particular compound that affect denaturation.
Examples of denaturants that can be employed in the dis-
closed method include, but are not limited to urea, guani-
dinium salts, dimethyl urea, methylurea, ethylurea and com-
binations thereof.

As used herein, the term “aggregation suppressor” means
any compound having the ability to disrupt and decrease or
eliminate interactions between two or more proteins.
Examples of aggregation suppressors can include, but are
not limited to, amino acids such as arginine, proline, and
glycine; polyols and sugars such as glycerol, sorbitol,
sucrose, and trehalose; surfactants such as, polysorbate-20,
CHAPS, Triton X-100, and dodecyl maltoside; and combi-
nations thereof.

As used herein, the term “protein stabilizer” means any
compound having the ability to change a protein’s reaction
equilibrium state, such that the native state of the protein is
improved or favored. Examples of protein stabilizers can
include, but are not limited to, sugars and polyhedric alco-
hols such as glycerol or sorbitol; polymers such as polyeth-
ylene glycol (PEG) and a-cyclodextrin; amino acids salts
such as arginine, proline, and glycine; osmolytes and certain
Hoffmeister salts such as Tris, sodium sulfate and potassium
sulfate; and combinations thereof.

As used herein, the terms “Fc¢” and “Fc region™ are used
interchangeably and mean a fragment of an antibody that
comprises human or non-human (e.g., murine) C, and Cpp5
immunoglobulin domains, or which comprises two contigu-
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ous regions which are at least 90% identical to human or
non-human C,, and C,,; immunoglobulin domains. An Fc
can but need not have the ability to interact with an Fc
receptor. See, e.g., Hasemann & Capra, “Immunoglobulins:
Structure and Function,” in William E. Paul, ed., Funda-
mental Immunology, Second Edition, 209, 210-218 (1989),
which is incorporated by reference herein in its entirety.

As used herein, the terms “protein” and “polypeptide” are
used interchangeably and mean any chain of at least five
naturally or non-naturally occurring amino acids linked by
peptide bonds.

As used herein, the term “complex molecule” means any
protein that is (a) larger than 20,000 MW, or comprises
greater than 250 amino acid residues, and (b) comprises two
or more disulfide bonds in its native form. A complex
molecule can, but need not, form multimers. Examples of
complex molecules include but are not limited to, antibod-
ies, peptibodies and polypeptides comprising an Fc domain
and other large proteins. Peptibodies are described in U.S.
Pat. No. 6,660,843, U.S. Pat. No. 7,138,370 and U.S. Pat.
No. 7,511,012.

As used herein, the term “peptibody” refers to a polypep-
tide comprising one or more bioactive peptides joined
together, optionally via linkers, with an Fc domain. See U.S.
Pat. No. 6,660,843, U.S. Pat. No. 7,138,370 and U.S. Pat.
No. 7,511,012 for examples of peptibodies.

As used herein, the terms “Fc fusion” and ‘“Fc fusion
protein” are used interchangeably and refer to a peptide or
polypeptide covalently attached to an Fc domain.

As used herein the term “Protein A” means any protein
identical or substantially similar to Staphylococcal Protein
A, including commercially available and/or recombinant
forms of Protein A. For the purposes of this invention,
Protein A specifically includes engineered Protein A derived
media, such as Mab Select SuRe™ media (GE Healthcare),
in which a single subunit (e.g., the B subunit) is replicated
two or more times and joined in a contiguous sequence to
form a recombinant Protein A molecule, and other non-
naturally occurring Protein A molecules.

As used herein, the term “Protein G” means any protein
identical or substantially similar to Streptococcal Protein G,
including commercially available and/or recombinant forms
of Protein G.

As used herein, the term “substantially similar,” when
used in the context of a protein, including Protein A, means
proteins that are at least 80%, preferably at least 90%
identical to each other in amino acid sequence and maintain
or alter in a desirable manner the biological activity of the
unaltered protein. Included in amino acids considered iden-
tical for the purpose of determining whether proteins are
substantially similar are amino acids that are conservative
substitutions, unlikely to affect biological activity, including
the following: Ala for Ser, Val for Ile, Asp for Glu, Thr for
Ser, Ala for Gly, Ala for Thr, Ser for Asn, Ala for Val, Ser
for Gly, Tyr for Phe, Ala for Pro, Lys for Arg, Asp for Asn,
Leu for Ile, Leu for Val, Ala for Glu, Asp for Gly, and these
changes in the reverse. See, e.g., Neurath et al., The Pro-
teins, Academic Press, New York (1979). The percent iden-
tity of two amino sequences can be determined by visual
inspection and mathematical calculation, or more preferably,
the comparison is done by comparing sequence information
using a computer program such as the Genetics Computer
Group (GCG; Madison, Wis.) Wisconsin package version
10.0 program, “GAP” (Devereux et al., 1984, Nucl. Acids
Res. 12: 387) or other comparable computer programs. The
preferred default parameters for the “GAP” program
includes: (1) the weighted amino acid comparison matrix of
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Gribskov and Burgess ((1986), Nucl. Acids Res. 14: 6745),
as described by Schwartz and Dayhoff, eds., Atlas of Poly-
peptide Sequence and Structure, National Biomedical
Research Foundation, pp. 353-358 (1979), or other compa-
rable comparison matrices; (2) a penalty of 30 for each gap
and an additional penalty of 1 for each symbol in each gap
for amino acid sequences; (3) no penalty for end gaps; and
(4) no maximum penalty for long gaps. Other programs used
by those skilled in the art of sequence comparison can also
be used.

As used herein, the terms “isolate” and “purify” are used
interchangeably and mean to reduce by 1%, 2%, 3%, 4%,
5%, 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90% or 95%, or
more, the amount of heterogenous clements, for example
biological macromolecules such as proteins or DNA, that
may be present in a sample comprising a protein of interest.
The presence of heterogenous proteins can be assayed by
any appropriate method including High-performance Liquid
Chromatography (HPLC), gel electrophoresis and staining
and/or ELISA assay. The presence of DNA and other nucleic
acids can be assayed by any appropriate method including
gel electrophoresis and staining and/or assays employing
polymerase chain reaction.

As used herein, the term “separation matrix” means any
adsorbent material that utilizes specific, reversible interac-
tions between synthetic and/or biomolecules, e.g., the prop-
erty of Protein A to bind to an Fc region of an IgG antibody
or other Fc-containing protein, in order to effect the sepa-
ration of the protein from its environment. In other embodi-
ments the specific, reversible interactions can be base on a
property such as isoelectric point, hydrophobicity, or size. In
one particular embodiment, a separation matrix comprises
an adsorbent, such as Protein A, affixed to a solid support.
See, e.g., Ostrove (1990) in “Guide to Protein Purification,”
Methods in Enzymology 182: 357-379, which is incorpo-
rated herein in its entirety.

As used herein, the terms “non-native” and “non-native
form™ are used interchangeably and when used in the
context of a protein of interest, such as a protein comprising
a Fc domain, mean that the protein lacks at least one formed
structure attribute found in a form of the protein that is
biologically active in an appropriate in vivo or in vitro assay
designed to assess the protein’s biological activity.
Examples of structural features that can be lacking in a
non-native form of a protein can include, but are not limited
to, a disulfide bond, quaternary structure, disrupted second-
ary or tertiary structure or a state that makes the protein
biologically inactive in an appropriate assay. A protein in a
non-native form can but need not form aggregates.

As used herein, the term “non-native soluble form™ when
used in the context of a protein of interest, such as a protein
comprising a Fc domain, means that the protein lacks at least
one formed structure attribute found in a form of the protein
that is biologically active in an appropriate in vivo or in vitro
assay designed to assess the protein’s biological activity, but
in which the protein is expressed in a form or state that is
soluble intracellularly (for example in the cell’s cytoplasm)
or extracellularly (for example, in a lysate pool).

As used herein, the term “non-native limited solubility
form” when used in the context of a protein of interest, such
as a protein comprising a Fc domain, means any form or
state in which the protein lacks at least one formed structural
feature found in a form of the protein that (a) is biologically
active in an appropriate in vivo or in vitro assay designed to
assess the protein’s biological activity and/or (b) forms
aggregates that require treatment, such as chemical treat-
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ment, to become soluble. The term specifically includes
proteins existing in inclusion bodies, such as those some-
times found when a recombinant protein is expressed in a
non-mammalian expression system.

As used herein, the term “soluble form” when used in the
context of a protein of interest, such as a protein comprising
a Fc domain, broadly refers to a form or state in which the
protein is expressed in a form that is soluble in a intracel-
Iularly (for example in the cell’s cytoplasm) or extracellu-
larly (for example, in a cell lysate pool).

II. DIRECT CAPTURE OF A PROTEIN
EXPRESSED IN A NON-NATIVE SOLUBLE
FORM IN A NON-MAMMALIAN EXPRESSION
SYSTEM

One advantage of the disclosed method over typical
purification methods is the elimination of the need for a
refolding step before the soluble protein is applied to the
separation matrix. That is, a protein solublized in cell lysate
can be directly applied to the separation matrix. This is
advantageous because the method does not require any
initial purification efforts, although an initial filtration step
may be desirable in some cases.

In the case of a protein comprising a Fc domain, the Fc
region must have a certain level of structure to be bound by
protein A, (Wang et al., (1997) Biochem. J. 325(Part 3):707-
710). This fact has limited the application of separation
matrices for purifying proteins that are expressed in a
non-native soluble form, particularly proteins comprising an
Fc region, because it is commonly believed that a soluble
non-native Fe-containing protein would not have the requi-
site structural elements required to associate with a separa-
tion matrix. Furthermore, the Fc region of an antibody
spontaneously forms a homodimer under non-reducing con-
ditions and prior to the instant disclosure it was unexpected
to observe that even in the reductive environment of the cell,
the Fc-conjugated proteins and peptides not only form
enough structure for protein to bind to the affinity resin, but
that the individual peptide chains readily formed non-cova-
lent dimers, even though the proteins had not yet been
completely refolded to native form.

In view of prevailing beliefs, the success of the disclosed
method was surprising and unanticipated because it was not
expected that a non-mammalian, microbial cell fermentation
could be induced to produce a protein that was soluble, yet
still had enough structure to associate with the affinity
separation matrix.

The disclosed method can be employed to purity a protein
of interest that is expressed in a non-native soluble form in
a non-mammalian cell expression system. The protein of
interest can be produced by living host cells that either
naturally produce the protein or that have been genetically
engineered to produce the protein. Methods of genetically
engineering cells to produce proteins are known in the art.
See, e.g., Ausabel et al., eds. (1990), Current Protocols in
Molecular Biology (Wiley, New York). Such methods
include introducing nucleic acids that encode and allow
expression of the protein into living host cells. In the context
of the present disclosure, a host cell will be a non-mamma-
lian cell, such as bacterial cells, fungal cells, yeast cells, and
insect cells. Bacterial host cells include, but are not limited
to, Escherichia coli cells. Examples of suitable E. coli
strains include: HB101, DHS5a, GM2929, IM109, KW251,
NMS538, NM539, and any E. coli strain that fails to cleave
foreign DNA. Fungal host cells that can be used include, but
are not limited to, Saccharomyces cerevisiae, Pichia pasto-
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ris and Aspergillus cells. New cell lines can be established
using methods known to those skilled in the art (e.g., by
transformation, viral infection, and/or selection). It is noted
that the method can be performed on proteins that are
endogenously expressed by the non-mammalian cell as well.

During the production of a non-mammalian culture,
growth conditions can be identified and employed so as to
favor the production of a protein of interest in an intracel-
Iular soluble form. Such conditions can be identified by
systematic empirical optimization of the culture condition
parameters, such as temperature or pH. This optimization
can be achieved using analysis of multifactorial matrices.
For example, a matrix or series of multifactorial matrices
can be evaluated to optimize temperature and pH conditions
favor production of a desired species (i.e., a non-native
soluble form). An optimization screen can be set up to
systematically evaluate temperature and pH in a full or
partial factorial matrix, with each component varied over a
range of at least three temperature or pH levels with all other
parameters kept constant. The protein can be expressed and
the yield and quality of protein expressed in the desired form
can be evaluated using standard multivariate statistical tools.

Initially, non-mammalian cells that express a particular
protein of interest are grown to a desired target density under
conditions designed to induce expression of the protein in a
soluble form. In one embodiment, the cells express a wild
type protein of interest. In another embodiment, the cells can
be engineered using standard molecular biology techniques
to recombinantly express a protein of interest, and induced
to produce the protein of interest. The protein of interest can
be any protein, for example a protein that comprises an Fc
moiety. Such a protein can be, for example, an antibody, a
peptibody or an Fc fusion protein, any of which can be
joined to an Fc moiety via a linker.

Once the desired target density is reached, the non-
mammalian cells are separated from the growth media. One
convenient way of achieving separation is by centrifugation,
however filtration and other clarification methods can also
be used.

The cells are then collected and are resuspended to an
appropriate volume in a resuspension solution. Examples of
resuspension solutions that can be used in the disclosed
methods include phosphate buffered saline, Tris buffered
saline, or water. The selection of an appropriate buffer will
be determined, in part, by the properties of the molecule of
interest as well as any volume or concentration constraints.

Following resuspension, the non-mammalian cells are
lysed to release the protein, which will be present in the cell
lysate in a non-native soluble form to generate a cell lysate.
The lysis can be performed using any convenient means,
such as feeding the cell suspension through a high pressure
homogenizer or by employing a chemical lysis process.
Whichever lytic process is selected, the function of the lysis
step is to break open the cells and to break down DNA. The
lysis can be performed in multiple cycles to achieve a more
complete lysis or to accommodate large volumes of cell
suspension. For example, the cell suspension can be fed
through a mechanical homogenizer several times. This pro-
cess releases the intracellular contents, including the protein
of interest, and forms a pool of cell lysate.

Following the lysis procedure, the cell lysate can option-
ally be filtered. Filtration can remove particulate matter
and/or impurities, such as nucleic acids and lipids, and may
be desirable in some cases, such as when one suspects that
direct application of the cell lysate to the chromatography
equipment or media may lead to fouling or clogging, or
when the separation matrix is sensitive to fouling or difficult
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to clean in-place. The benefit of filtering the cell lysate prior
to contacting it with the separation matrix can be determined
on a case-by-case basis.

After the lysis procedure, the cell lysate can optionally be
incubated for an appropriate amount of time in the presence
of air or oxygen, or exposed to a redox component or redox
thiol-pair. The incubation can facilitate and/or ensure the
formation of the minimal secondary structure required to
facilitate an association with a separation matrix. The par-
ticular length of the incubation can vary with the protein but
is typically less than 72 hours (e.g., 0, 0.5, 1, 2,3, 5,7, 10,
12, 18, 24, 36, 48 or 72 hours). When an incubation is
performed, the length of incubation time can be determined
by empirical analysis for each protein, which in some cases
will be shorter (or omitted) and other cases longer.

Following the incubation period the cell lysate, which
comprises the released protein of interest, is contacted with
a separation matrix under conditions suitable for the protein
to associate with a binding element of the separation matrix.
Representative conditions conducive to the association of a
protein with an affinity matrix are provided in the Examples.
The separation matrix can be any media by which the protein
of interest can be separated from the components of the
resuspension and/or lysis buffer, including impurities such
as host cell proteins, DNA, lipids and chemical impurities
introduced by the components of the resuspension and/or
lysis buffer.

Proteins A and G are often employed to purify antibodies,
peptibodies and other fusion proteins comprising a Fc region
by affinity chromatography. See, e.g., Vola et al. (1994), Cell/
Biophys. 24-25: 27-36; Aybay and Imir (2000), J. Immunol.
Methods 233(1-2): 77-81; Ford et al. (2001), J. Chromatogr.
B 754: 427-435. Proteins A and G are useful in this regard
because they bind to the Fc region of these types of proteins.
Recombinant fusion proteins comprising an Fc region of an
IgG antibody can be purified using similar methods. Proteins
A and G can be employed in the disclosed methods as an
adsorbent component of a separation matrix.

Thus, examples of separation matrices that can be
employed in the present invention include Protein A resin,
which is known to be, and is commonly employed as, an
effective agent for purifying molecules comprising an Fc
moiety, as well as Protein G and synthetic mimetic affinity
resins, such as MEP HyperCel® chromatography resin.

After the protein of interest has been associated with the
separation matrix by contacting the cell lysate containing the
protein with the separation matrix, thereby allowing the
protein to associate with the adsorbent component of the
separation matrix, the separation matrix is washed to remove
unbound lysate and impurities.

The wash buffer can be of any composition, as long as the
composition and pH of the wash buffer is compatible with
both the protein and the matrix, and maintains the interaction
between the protein and the matrix. Examples of suitable
wash buffers that can be employed include solutions con-
taining glycine, Tris, citrate, or phosphate; typically at levels
of 5-100 mM (e.g., 5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 75
or 100 mM). These solutions can also contain an appropriate
salt ion, such as chloride, sulfate or acetate at levels of 5-500
mM (e.g., 5, 10, 12, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200,
250, 300, 350, 400, 450 or 500 mM). The resin can be
washed once or any number of times. The exact composition
of a wash buffer will vary with the protein being purified.

After the separation matrix with which the protein has
associated has been washed, the protein of interest is eluted
from the matrix using an appropriate solution. The protein of
interest can be eluted using a solution that interferes with the
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binding of the adsorbent component of the separation matrix
to the protein, for example by disrupting the interactions
between the separation matrix and the protein of interest.
This solution can include an agent that can either increase or
decrease pH, and/or a salt. For example, the pH can be
lowered to about 4.5 or less, for example to between about
3.3 and about 4.0, e.g., 3.3, 3.4, 3.5, 3.6, 3.7, 3.8, 3.9, 4.0,
4.1, 42, 43, 44 or 4.5. A solution comprising citrate or
acetate, for example, can be employed to lower the pH.
Other methods of elution are also known, such as via the use
of chaotropes (see, e.g., Ejima et al. (2005) Analytical
Biochemistry 345(2):250-257) or amino acid salts (see, e.g.,
Arakawa et al. (2004) Protein Expression & Purification
36(2):244-248). Protocols for such affinity chromatography
are well known in the art. See, e.g., Miller and Stone (1978),
J. Immunol. Methods 24(1-2): 111-125. Conditions for bind-
ing and eluting can be readily optimized by those skilled in
the art. The exact composition of an elution buffer will vary
with the protein being purified. The protein can then option-
ally be further purified from the elution pool and refolded as
necessary. In other situations the protein need not be further
purified and instead can be refolded directly from the elution
pool. Refolding directly from the elution pool may or may
not require denaturation or reduction of the protein prior to
incubation in a refolding solution and will depend in part on
the properties of the protein.

In some cases it will be desirable to provide the separation
matrix in a column format. In such cases a chromatography
column can be prepared and then equilibrated before the cell
suspension is loaded. Techniques for generating a chroma-
tography column are well known and can be employed. An
optional preparation and equilibration step can comprise
washing the column with a buffer having an appropriate pH
and salt condition that is conducive to protein-matrix inter-
actions. This step can provide the benefit of removing
impurities present in the separation matrix and can enhance
the binding of the protein to be isolated to the adsorbent
component of a separation matrix.

As noted, the separation matrix can be disposed in a
column. The column can be run with or without pressure and
from top to bottom or bottom to top. The direction of the
flow of fluid in the column can be reversed during the
purification process. Purifications can also be carried out
using a batch process in which the solid support is separated
from the liquid used to load, wash, and elute the sample by
any suitable means, including gravity, centrifugation, or
filtration. Moreover, purifications can also be carried out by
contacting the sample with a filter that adsorbs or retains
some molecules in the sample more strongly than others,
such as anion exchange membrane chromatography.

If desired, the protein concentration of a sample at any
given step of the disclosed method can be determined, and
any suitable method can be employed. Such methods are
well known in the art and include: 1) colorimetric methods
such as the Lowry assay, the Bradford assay, the Smith
assay, and the colloidal gold assay; 2) methods utilizing the
UV absorption properties of proteins; and 3) visual estima-
tion based on stained protein bands on gels relying on
comparison with protein standards of known quantity on the
same gel. See, e.g., Stoschek (1990), “Quantitation of Pro-
tein,” in “Guide to Protein Purification,” Methods in Enzy-
mology 182: 50-68. Periodic determinations of protein con-
centration can be useful for monitoring the progress of the
method as it is performed.
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It is noted that any or all steps of the disclosed methods
can be carried out manually or by any convenient automated
means, such as by employing automated or computer-
controlled systems.

III. DIRECT CAPTURE OF NON-NATIVE
LIMITED SOLUBILITY PROTEIN FORMS
FROM A REFOLD SOLUTION FOLLOWING
EXPRESSION IN NON-MAMMALIAN CELLS

In another aspect of the present disclosure, a method of
puritying a protein expressed in a non-native limited solu-
bility form in a non-mammalian expression system is dis-
closed. An advantage of the disclosed method is that the
method eliminates the need for removing or diluting the
refold solution before applying the protein to a separation
matrix, thereby saving the time and resources associated
with what is a typical step in a purification process for
isolating proteins expressed in a non-native limited solubil-
ity form.

Non-mammalian cells, e.g., microbial cells, can produce
recombinant proteins that are expressed intracellularly in
either a soluble or a limited solubility form. When the
growth conditions are not directed to force expression of the
protein in a soluble form, the cells may deposit the recom-
binant proteins into large relatively insoluble aggregates,
such as inclusion bodies. These aggregates comprise protein
that is typically not biologically active or less active than the
completely folded native form of the protein. In order to
produce a functional protein, these inclusion bodies often
need to be carefully denatured so that the protein of interest
can be extracted and refolded into a biologically active form.

In typical approaches, the inclusion bodies need to be
captured, washed, exposed to a denaturing and/or reducing
solubilization solution and the denaturing solution is then
diluted with a solution to generate a condition that allows the
protein to refold into an active form and form a structure that
is found in the native protein. Subsequently, it is necessary
to remove the components of the diluted denaturing solution
from the immediate location of the protein. In order to do
this, the refold solution comprising the solubilization solu-
tion and the refolded protein is typically diluted with a
buffered solution before it is applied to a separation matrix,
such as a Protein A ion exchange or other mixed-mode
adsorbents. This process can be time-consuming and
resource-intensive. It also significantly increases the vol-
umes that need to be handled, as well as the associated
tankage requirements, which can become limiting when
working on large scales. The disclosed method eliminates
the need for such a dilution step

The disclosed method is particularly useful for purifying
a protein of interest that is expressed in a non-native limited
solubility form in a non-mammalian cell expression system.
The protein of interest can be produced by living host cells
that either naturally produce the protein or that have been
genetically engineered to produce the protein. Methods of
genetically engineering cells to produce proteins are well
known in the art. See, e.g., Ausabel et al., eds. (1990),
Current Protocols in Molecular Biology (Wiley, New York).
Such methods include introducing nucleic acids that encode
and allow expression of the protein into living host cells. In
the context of the present disclosure, these host cells will be
non-mammalian cells, such as bacterial cells, fungal cells.
Bacterial host cells include, but are not limited to Escheri-
chia coli cells. Examples of suitable E. coli strains include:
HB101, DH5a, GM2929, JM109, KW251, NMS538,
NMS539, and any E. coli strain that fails to cleave foreign
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DNA. Fungal host cells that can be used include, but are not
limited to, Saccharomyces cerevisiae, Pichia pastoris and
Aspergillus cells. New cell lines can be established using
methods well know by those skilled in the art (e.g., by
transformation, viral infection, and/or selection). It is noted
that the method can be performed on endogenous proteins
that are naturally expressed by the non-mammalian cell as
well.

Initially, non-mammalian cells that express a particular
protein of interest are grown to a desired target density. In
one embodiment, the cells can be expressing a particular
wild type microbial protein of interest. In another embodi-
ment, the cells can be engineered using standard molecular
biology techniques to recombinantly express a protein of
interest, and in this context they can be induced to overpro-
duce the protein of interest. The protein of interest can be
any protein, for example a protein that comprises an Fc
moiety. Such a protein can be, for example, an antibody, a
peptibody or an Fc fusion protein, any of which can be
joined to an Fc moiety via a linker.

Once the desired target density is reached, the non-
mammalian cells can be separated from the growth media.
One convenient way of achieving separation is by centrifu-
gation, however filtration and other clarification methods
can also be used.

The cells are then collected and are resuspended to an
appropriate volume in a resuspension solution. Examples of
resuspension solutions that can be used in the present
invention include phosphate-buffered saline, Tris-buffered
saline, or water. The selection of an appropriate buffer will
be determined, in part, by the properties of the molecule of
interest as well as any volume or concentration constraints.

In order to release the limited solubility non-native pro-
tein from the cells, the non-mammalian cells are lysed to
form a cell lysate comprising the released the limited
solubility non-native protein. The lysis can be performed in
any convenient way, such as feeding the cell suspension
through a high pressure homogenizer or by employing a
chemical lysis process. Whichever lysis process is selected,
the function of the lysis step is to break open the cells and
to break down DNA. The lysis can be performed in multiple
cycles to achieve a more complete lysis or to accommodate
large volumes of cell suspension. For example, the cell
suspension can be fed through a mechanical homogenizer
several times. This process releases the intracellular con-
tents, including the naturally-occurring or recombinant pro-
tein of interest, and forms a pool of cell lysate.

Next, the limited solubility non-native protein is separated
from the rest of the lysis pool. This can be done, for
example, by centrifugation. Representative conditions for a
centrifuge-mediated separation or washing typically include
removal of excess water from the cell lysate, resuspension of
the resulting slurry in a resuspension solution. This washing
process may be performed once or multiple times. Examples
of typical centrifuge types include, but are not limited to,
disk-stack, continuous discharge, and tube bowl. Examples
of resuspension solutions that can be used in the present
invention include phosphate-buffered saline, Tris-buffered
saline, or water and can include other agents, such as ETDA
or other salts. The selection of an appropriate buffer will be
determined, in part, by the properties of the molecule of
interest as well as any volume or concentration constraints.
The exact composition of an resuspension buffer will vary
with the protein being purified.

The expressed protein is then solubilized in a solubiliza-
tion solution comprising one or more of (i) a denaturant, (ii)
a reductant and (iii) a surfactant. The denaturant can be

10

15

20

25

30

35

40

45

50

55

60

65

14

included as a means of unfolding the limited solubility
protein, thereby removing any existing structure, exposing
buried residues and making the protein more soluble.

Any denaturant can be employed in the solubilization
solution. Examples of some common denaturants that can be
employed in the refold buffer include urea, guanidinium,
dimethyl urea, methylurea, or ethylurea. The specific con-
centration of the denaturant can be determined by routine
optimization.

The reductant can be included as a means to reduce
exposed residues that have a propensity to form covalent
intra or intermolecular-protein bonds and minimize non-
specific bond formation. Examples of suitable reductants
include, but are not limited to, cysteine, DTT, beta-mercap-
toethanol and glutathione. The specific concentration of the
reductant can be determined by routine optimization.

A surfactant can be included as a means of unfolding the
limited solubility non-native protein, thereby exposing bur-
ied residues and making the protein more soluble. Examples
of suitable surfactants include, but are not limited to, sar-
cosyl and sodium dodecylsulfate. The specific concentration
of the surfactant can be determined by routine optimization.

Although the composition of a solubilization solution will
vary with the protein being purified, in one particular
embodiment the solubilization solution comprises 4-6 M
guanidine, 50 mM DTT.

Continuing, a refold solution comprising the solubiliza-
tion solution (which comprises the protein), and a refold
buffer is formed. The refold buffer comprises one or more of
(1) a denaturant; (ii) an aggregation suppressor; (iii) a protein
stabilizer; and (iv) a redox component. The denaturant can
be included as a means of modifying the thermodynamics of
the solution, thereby shifting the equilibrium towards an
optimal balance of native form. The aggregation suppressor
can be included as a means of preventing non-specific
association of one protein with another, or with one region
of a protein with another region of the same protein. The
protein stabilizer can be included as a means of promoting
stable native protein structure and may also suppress aggre-
gation.

In various embodiments, the denaturant in the refold
buffer can be selected from the group consisting of urea,
guanidinium salts, dimethyl urea, methylurea and ethylurea.

In various embodiments, the protein stabilizer in the
refold buffer can be selected from the group consisting of
arginine, proline, polyethylene glycols, non-ionic surfac-
tants, ionic surfactants, polyhydric alcohols, glycerol,
sucrose, sorbitol, glucose, Tris, sodium sulfate, potassium
sulfate and osmolytes.

In various embodiments, the aggregation suppressor can
be selected from the group consisting of arginine, proline,
polyethylene glycols, non-ionic surfactants, ionic surfac-
tants, polyhydric alcohols, glycerol, sucrose, sorbitol, glu-
cose, Tris, sodium sulfate, potassium sulfate and osmolytes.

In various embodiments, the thiol-pairs can comprise at
least one component selected from the group consisting of
glutathione-reduced, glutathione-oxidized, cysteine, cystine,
cysteamine, cystamine and beta-mercaptoethanol.

The specific concentrations of the components of a refold
buffer can be determined by routine optimization. For
example, a matrix or series of multifactorial matrices can be
evaluated to optimize the refolding buffer for conditions that
optimize yield and distributions of desired species. An
optimization screen can be set up to systematically evaluate
denaturant, aggregation suppressor, protein stabilizer and
redox component concentrations and proportions in a full or
partial factorial matrix, with each component varied over a
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range of concentrations with all other parameters kept
constant. The completed reactions can be evaluated by
RP-HPLC and SE-HPLC analysis for yield and product
quality using standard multivariate statistical tools.

The function of the buffer component of the refold solu-
tion is to maintain the pH of the refold solution and can
comprise any buffer that buffers in the appropriate pH range.
Examples of the buffering component of a refold buffer that
can be employed in the method include, but are not limited
to, phosphate buffers, citrate buffers, tris buffer, glycine
buffer, CHAPS, CHES, and arginine-based buffers, typically
at levels of 5-100 mM (e.g., 5, 10, 15, 20, 25, 30, 35, 40, 45,
50, 55, 60, 65, 70, 75 80, 85, 90, 95 or 100, mM).

Although the composition of an refold buffer will vary
with the protein being purified, in one embodiment a refold
buffer comprises arginine, urea, glycerol, cysteine and cys-
tamine.

The refold solution can then be incubated for a desired
period of time. The incubation period can be of any length
but is typically between 0 and 72 hours (e.g., 0, 0.5, 1, 2, 3,
5,7, 10, 12, 18, 24, 36, 48 or 72 hours).

After an appropriate incubation time, the refold solution
is then applied to a separation matrix under conditions
suitable for the protein to associate with the matrix. The
separation matrix can be any media by which the protein of
interest can be separated from the components of the resus-
pension and/or lysis buffer, including impurities such as host
cell proteins, DNA and chemical impurities introduced by
the components of the solubilization and/or lysis buffer.

Proteins A and G are often employed to purify antibodies,
peptibodies and other fusion proteins comprising a Fc region
by affinity chromatography. See, e.g., Vola et al. (1994), Cell/
Biophys. 24-25: 27-36; Aybay and Imir (2000), J. Immunol.
Methods 233(1-2): 77-81; Ford et al. (2001), J. Chromatogr.
B 754: 427-435. Proteins A and G are useful in this regard
because they bind to the Fc region of these types of proteins.
Recombinant fusion proteins comprising an Fc region of an
IgG antibody can be purified using similar methods. Proteins
A and G can be employed in the disclosed methods as an
adsorbent component of a separation matrix.

Thus, examples of affinity separation matrices that can be
employed in the present invention include Protein A resin,
which is know to be, and is commonly employed as, an
effective agent for purifying molecules comprising an Fc
moiety, as well as Protein G and synthetic mimetic affinity
resins. Other materials that can be employed include HIC
and ion exchange resins (see Example 4), depending on the
properties of the protein to be purified.

It is noted that when performing the method, the refold
solution comprising the refolded protein of interest is
applied directly to the separation matrix, without the need
for diluting or removing the components of the solution
required for refolding the protein. This is an advantage of the
disclosed method. Initially, it was expected that the highly
ionic and/or chaotropic compounds and various other com-
ponents of the refold solution would inhibit the association
of the protein with the separation matrix. However, in
contrast to reports in the literature (e.g., Wang et al. (1997)
Biochemical Journal. 325(Part 3):707-710), it was surpris-
ing to observe that the protein was in fact able to associate
with the separation matrix in the presence of the components
of the refold solution. The unexpected finding that the
protein could associate with the separation matrix in the
presence of the components of the refold solution facilitates
the elimination of a dilution step or buffer exchange opera-
tion, providing a savings of time and resources.
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After the protein of interest has associated with the
separation matrix the separation matrix is washed to remove
unbound protein, lysate, impurities and unwanted compo-
nents of the refold solution.

The wash buffer can be of any composition, as long as the
composition and pH of the wash buffer is compatible with
both the protein and the matrix. Examples of suitable wash
buffers that can include, but are limited to, solutions con-
taining glycine, tris, citrate, or phosphate. These solutions
may also contain an appropriate salt. Suitable salts include,
but are not limited to, sodium, potassium, ammonium,
magnesium, calcium, chloride, fluoride, acetate, phosphate,
and/or citrate. The pH range is chosen to optimize the
chromatography conditions, preserve protein binding, and to
retain the desired characteristics of the protein of interest.
The resin can be washed once or any number of times. The
exact composition of a wash buffer will vary with the protein
being purified.

After the separation matrix with which the protein has
associated has been washed, the protein of interest is eluted
using an appropriate solution (e.g., a low pH buffered
solution or a salt solution) to form an elution pool compris-
ing the protein of interest.

The protein of interest can be eluted using a solution that
interferes with the binding of the adsorbent component of
the separation matrix to the protein, for example by disrupt-
ing the interactions between Protein A and the Fc region of
a protein of interest. This solution may include an agent that
can either increase or decrease pH, and/or a salt. In various
embodiments, the elution solution can comprise acetic acid,
glycine, or citric acid. Elution can be achieved by lowering
the pH. For example, the pH can be lowered to about 4.5 or
less, for example to between about 3.3 to about 4.2 (e.g., 3.3,
34,3.5,3.6,3.7,3.8,3.9, 4.0, 4.1 or 4.2, using a solution
comprising citrate or acetate, among other possibilities.

In some situations, the protein can then be further purified
from the elution pool and can be further refolded, if neces-
sary. In other situations the protein need not be further
purified and instead can be further refolded directly in the
elution pool, if necessary.

Protocols for such affinity chromatography are known in
the art. See, e.g., Miller and Stone (1978), J. Immunol.
Methods 24(1-2): 111-125. In the cases that utilize ion
exchange, mixed-mode, or hydrophobic interaction chroma-
tography, the concentration of salt can be increased or
decreased to disrupt ionic interaction between bound protein
and a separation matrix. Solutions appropriate to effect such
elutions can include, but are not limited to, sodium, potas-
sium, ammonium, magnesium, calcium, chloride, fluoride,
acetate, phosphate, and/or citrate. Other methods of elution
are also known. Conditions for binding and eluting can be
readily optimized by those skilled in the art.

The exact composition of an elution buffer will vary with
the protein being purified and the separation matrix being
employed.

In some cases it will be desirable to situate the separation
matrix in a column format. In such cases a column can be
prepared and then equilibrated before the cell suspension is
loaded. Techniques for generating a chromatography col-
umn are well known and can be employed. The optional
preparation and equilibration step can comprise washing the
column with a buffer having an appropriate pH and com-
position that will prepare the media to bind a protein of
interest. This step has the benefit of removing impurities
present in the separation matrix and can enhance the binding
of the protein to be isolated to the adsorbent component of
a separation matrix.
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It is noted that any or all steps of the invention can be
carried out by any mechanical means. As noted, the sepa-
ration matrix can be disposed in a column. The column can
be run with or without pressure and from top to bottom or
bottom to top. The direction of the flow of fluid in the
column can be reversed during the purification process.
Purifications can also be carried out using a batch process in
which the solid support is separated from the liquid used to
load, wash, and elute the sample by any suitable means,
including gravity, centrifugation, or filtration. Moreover,
purifications can also be carried out by contacting the
sample with a filter that adsorbs or retains some molecules
in the sample more strongly than others.

If desired, the protein concentration of a sample at any
given step of the disclosed method can be determined by any
suitable method. Such methods are well known in the art and
include: 1) colorimetric methods such as the Lowry assay,
the Bradford assay, the Smith assay, and the colloidal gold
assay; 2) methods utilizing the UV absorption properties of
proteins; and 3) visual estimation based on stained protein
bands on gels relying on comparison with protein standards
of known quantity on the same gel. See, e.g., Stoschek
(1990), “Quantitation of Protein,” in “Guide to Protein
Purification,” Methods in Enzymology 182: 50-68. Periodic
determinations of protein concentration can be useful for
monitoring the progress of the method as it is performed.

It is noted that any or all steps of the disclosed methods
can be carried out manually or by any convenient automated
means, such as by employing automated or computer-
controlled systems.

IV. COLUMN CLEANING

In another aspect the present disclosure relates to the
observation that in many cases the separation matrix
employed in the methods provided herein can be cleaned
after multiple separations and reused. This unexpected prop-
erty of the method provides a significant cost and resource
savings, particularly on the manufacturing scale, since the
separation matrix need not be discarded after a separation is
complete.

Common wisdom in the industry suggests that after a
separation matrix, such as Protein A, is repeatedly exposed
to highly heterogenous feedstocks comprising high lipid and
host protein content it becomes irreversibly contaminated
and unusable when treated with the mild regeneration solu-
tions commonly utilized for protein-based affinity resins.
The disclosed methods, however, avoid this situation and
extend the usable lifetime of a separation matrix. In the
context of a large scale manufacturing process this can
translate into a measurable savings of time and money.
Moreover, the cleaning step can be performed, as disclosed
in the Examples, in-place and with no need to extract the
separation matrix from a column or other matrix retaining
device for cleaning, thus saving time and resources.

In one embodiment of a cleaning operation of a separation
matrix, following a separation employing the disclosed
method the separation matrix is washed with a regeneration
reagent, such as sodium hydroxide, or an acidic reagent,
such as phosphoric acid.

In one particular embodiment of a cleaning operation,
Protein A is the separation matrix and a column containing
Protein A resin is washed with 5 column volumes of 150 mM
phosphoric acid and held for >15 minutes over the column.
Following the wash with the acid, the column can be flushed
with water, regenerated with 5 column volumes of 50 mM
Tris, 10 mM citrate, 6M urea, 50 mM DTT; pH 7.4,

10

15

20

25

30

35

40

45

50

55

60

65

18

subsequently washed with water, and then flushed with 3
column volumes of 150 mM phosphoric acid. This cleaning
protocol has been utilized to achieve over 200 cycles of
protein A resin. FIG. 3 highlights the results achievable
using the disclosed cleaning methods.

EXAMPLES

The following examples demonstrate embodiments and
aspects of the present invention and are not intended to be
limiting.

Example 1

Direct Capture of Proteins Expressed in a Soluble
Form Using Protein A Affinity Chromatography

The following experiment demonstrates that a protein
comprising a plurality of polypeptides joined to an Fc
moiety can be separated from an E. coli cell lysate slurry
using a Protein A affinity media.

A protein comprising a plurality of polypeptides joined to
an Fc moiety was expressed in an E. coli fermentation
induced at 30° C. and driven to express soluble-form protein
product. The fermentation broth was centrifuged, the liquid
fraction removed, and the cell paste was collected. The cells
were resuspended in a 10 mM potassium phosphate, 5 mM
EDTA; pH 6.8 buffer solution, to approximately 100% of the
original volume. The cells were then lysed by means of three
passes through a high pressure homogenizer. After the cells
were lysed, the cell lysate was filtered through a 0.1 um filter
to reduce particulate levels. The material was then stored in
a closed bottle for ~24 hours at approximately 5° C.

In a separate operation, a packed column comprising GE
Healthcare Mab Select™ Protein A affinity resin was pre-
pared and equilibrated with 5 column volumes (CV) of 10
mM Tris; pH 8.0.

An aliquot of a protein comprising an Fc moiety was
sampled directly from a lysate. The protein mixture was
loaded to approximately 0.02 millimoles total protein/L
resin at a 6-10 minute residence time. See FIG. 1, which
correlates protein bound and protein loaded as a function of
residence time.

After loading, the column was washed with 10 mM Tris;
pH 8.0, for 5 CV at up to 220 cm/hr. The protein of interest
was recovered from the resin by elution with 50 mM sodium
acetate, pH 3.1 at up to 220 cm/hr. The elution pool yielded
greater than 90% recovery of the soluble material in the
initial cell broth. The collected protein in the elution pool
was stored at 2-8° C. until the next purification step was
carried out.

Following the separation, the resin media was cleaned
in-place by flowing 5 CV of 6 M Guanidine, pH 8.0 at 220
cm/hr.

The results of this separation demonstrated that a soluble
protein expressed in a non-mammalian system can be cap-
tured and purified, with high yield, directly from cell lysate
broth without having to refold the protein prior to applica-
tion to a separation matrix.

Example 2

Capture of a Fc-Containing Protein Expressed in a
Limited Solubility Form from a Refold Mixture
Using Protein A Affinity Chromatography

The following experiments demonstrate that an Fc-con-
taining protein can be separated from a refold mixture
comprising glycerol, guanidine, urea, and arginine using
Protein A affinity media.
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In one experiment, a recombinant protein comprising a
biologically active peptide linked to the C-terminus of the Fc
moiety of an IgGl molecule via a linker and having a
molecular weight of about 57 kDa and comprising 8 disul-
fide bonds, in a non-mammalian expression system, namely
E. coli, harvested, refolded under appropriate conditions,
and captured using Protein A affinity media.

The growth media in which the cells were growing was
centrifuged and the liquid fraction removed, leaving the
cells as a paste. The cells were resuspended in water to
approximately 60% of the original volume. The cells were
lysed by means of three passes through a high pressure
homogenizer.

After the cells were lysed, the lysate was centrifuged in a
disc-stack centrifuge to collect the protein in the solid
fraction, which was expressed in a limited solubility non-
native form, namely as inclusion bodies.

The protein slurry was washed multiple times by resus-
pending the slurry in water to between 50 and 80% of the
original fermentation broth volume, mixing, and centrifu-
gation to collect the protein in the solid fraction.

The concentrated protein was then combined in a solubi-
lization solution containing the protein, guanidine, urea, and
DTT.

After incubation for one hour, the protein solution was
diluted in to a refold buffer containing appropriate levels of
arginine, urea, glycerol, cysteine, and cystamine.

In a separate operation, a packed column comprising
ProSep VA Ultra™ Protein A affinity resin with dimensions
of'1.1 cm internal diameter and ~25 cm height, was prepared
and equilibrated with 5 column volumes (CV) of 25 mM
Tris, 100 mM sodium chloride; pH 7.4, or similar buffered
solution.

An aliquot of a protein comprising an Fc moiety from the
refold solution was filtered through a series of depth and/or
membrane filter to remove particulates. The conditioned and
filtered protein mixture was loaded to approximately 0.35
millimoles total protein/L. resin at a 6-10 minute residence
time. See FIG. 1, which correlates protein bound and protein
loaded as a function of residence time.

After loading, the column was washed with 25 mM Tris,
100 mM sodium chloride; pH 7.4, or similar buffered
solution, for 4.5 CV at up to 400 cm/hr. The Fe-containing
protein was recovered from the resin by elution with 100
mM sodium acetate, pH 3.7 at up to 300 ci/hr. The average
level of purity achieved is shown in FIG. 3.

Following the separation, the resin media was cleaned
in-place by flowing 5 CV of 150 mM phosphoric acid. The
column was regenerated with SCV of 50 mM Tris, 10 mM
citrate, 6M urea and 50 mM DTT; pH 7.4, washed with
water, and then flushed with 3CV of 150 mM phosphoric
acid.

The results of this separation demonstrate that an
insoluble protein expressed in a non-mammalian system can
be purified directly from a refold buffer without having to
dilute the refold buffer prior to application to a separation
matrix for more than 150 cycles, as indicated by the table
presented in FIG. 3.

In another separation, the Protein A column was cycled
with the above procedure 8-10 times and then the final cycle
was run as follows: The media was equilibrated with 5
column volumes (CV) of 25 mM Tris, 100 mM sodium
chloride; pH 7.4, or similar buffered solution. An aliquot of
protein sampled directly from a refold buffer was filtered
through a series of depth and/or membrane filter to remove
particulates. The conditioned and filtered protein mixture
was then loaded on the column to 0.35 millimoles total
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protein/L resin at a 6-10 minute residence time. See FIG. 1,
which correlates protein bound and protein loaded as a
function of residence time.

After loading, the column was washed with 25 mM Tris,
100 mM sodium chloride; pH 7.4, or similar buffered
solution, for 4.5 CV at up to 400 cm/hr. The protein of
interest was recovered from the resin by eluting with 100
mM sodium acetate, pH 3.7 at up to 300 cm/hr. The resin
media was cleaned in-place by flowing 5 CV of 150 mM
phosphoric acid over it. Finally, the column was flushed with
water, regenerated with SCV of 50 mM Tris, 10 mM citrate,
6M urea, and 50 mM DTT; pH 7.4, washed with water, and
then flushed with 3CV of 150 mM phosphoric acid. Subse-
quent analysis of the resin showed no protein carry-over
between cycles, demonstrating the ability to reuse the resin
after both cleaning methods.

Example 3

Separation of an Fc-Containing Protein from a
Refold Mixture Using Cation Exchange
Chromatography

The following experiments demonstrate that an Fc-con-
taining protein can be separated from a refold mixture
comprising glycerol, guanidine, urea, and arginine using
cation exchange media.

In one experiment, a recombinant protein comprising a
biologically active peptide linked to the C-terminus of the Fc
moiety of an IgGl molecule via a linker and having a
molecular weight of about 57 kDa and comprising 8 disul-
fide bonds, was expressed in a non-mammalian expression
system, namely E. coli, harvested, refolded under appropri-
ate conditions, and captured using cation exchange media.

The growth media in which the cells were growing was
centrifuged and the liquid fraction removed, leaving the
cells as a paste. The cells were resuspended in water. The
cells were lysed by means of multiple passes through a high
pressure homogenizer. After the cells were lysed, the lysate
was centrifuged to collect the protein, which was expressed
in a limited solubility non-native form, namely as inclusion
bodies. The protein slurry was washed multiple times by
resuspending the slurry in water, mixing, and centrifugation
to collect the protein. The concentrated protein was then
transferred to a solubilization buffer containing guanidine
and DTT. After incubation for one hour, the protein solution
was diluted in to a refold buffer containing appropriate levels
of arginine, urea, glycerol, cysteine, and cystamine.

In a separate operation, a packed column comprising
EMD Fractogel SO, cation exchange resin with dimensions
of 1.1 cm internal diameter and 20 cm height, was prepared
and equilibrated with 5 column volumes of 30 mM MES; pH
4.5 buffered solution.

An aliquot of a protein comprising an Fc moiety was
sampled directly from a refold solution, was diluted 3-fold
with water, titrated with 50% hydrochloric acid to ~pH 4.5
and was filtered through a series of depth and/or membrane
filter to remove particulates. The conditioned and filtered
protein mixture was loaded to approximately 0.96 milli-
moles total protein/L resin at 60 cm/hr.

After loading, the column was washed with 30 mM MES;
pH 4.5, for 3 CV at 60 cr/hr, then washed with an additional
3 CV of 30 mM MES; pH 6.0. The protein of interest was
recovered from the resin by gradient elution over 25 CV
between 30 mM MES; pH 6.0 and 30 mM MES, 500 mM
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NaCl; pH 6.0 at 60 cm/hr. The collected protein in the
elution pool was stored at 2-8° C. until the next purification
step was carried out.

Purity levels achieved, as determined by SEC and RP-
HPLC are shown in FIG. 5.

Following the separation, the resin media was cleaned
in-place by flowing 3 CV of 1 M sodium hydroxide, at 120
ci/hr and held for 60 minutes prior an additional 3CV wash
with 1 m sodium hydroxide.

The results of this separation demonstrate that an
insoluble protein expressed in a non-mammalian system can
be captured and purified from a refold buffer with a variety
of separation matrices, including an ion-exchange separation
matrix.

Example 4

Re-Usability of Protein A Affinity Resin Used to
Isolate a Fe-Containing Protein Directly from a
Refold Buffer by Affinity Chromatography

In another aspect of the method, a range of column
cleaning methods can be employed in conjunction with the
methods described herein, allowing the chromatography
resins to be reused to an extent that make the method
economically feasible. As described in Examples 2 and 3 for
the case of Protein A affinity resins, cleaning protocols have
been developed and demonstrated to remove product and
non-product contaminants from the resin to allow reuse. The
cleaning agents include caustic (e.g. sodium or potassium
hydroxide), detergents (e.g. SDS or Triton X-100), denatur-
ants (e.g. urea or guanidine-derivatives), and reductants (e.g.
DTT, or thioglycolates). These agents can be used in com-
bination or alone.

In order to demonstrate the reusability of column resins
following application of the direct capture methods
described, an aliquot of pH adjusted and filtered Fc-con-
taining protein was loaded on new, unused resin and resin
that had been previously cycled 94 times to evaluate the
cleaning of the Protein A resin and the effect on purification
binding and separation of an Fc-containing protein with
regard to resin history.

The media was equilibrated with 5 column volumes (CV)
of 25 mM Tris, 100 mM sodium chloride; pH 7.4, or similar
buffered solution. An aliquot of protein sampled directly
from a refold buffer was filtered through a series of depth
and/or membrane filter to remove particulates. The condi-
tioned and filtered protein mixture was then loaded on the
column to approximately 0.35 millimoles total protein/mL
resin at a 6-10 minute residence time. See FIG. 1, which
correlates protein bound and protein loaded as a function of
residence time.

After loading, the column was washed with 25 mM Tris,
100 mM sodium chloride; pH 7.4, or similar buffered
solution, for 4.5 CV at up to 400 cm/hr. The protein of
interest was recovered from the resin by eluting with 100
mM sodium acetate, pH 3.7 at up to 300 cm/hr. Each column
was regenerated using SCV phosphoric acid and 5 CV of an
acidic buffered solution containing 50 mM Tris, 10 mM
citrate, 6M urea, and 50 mM DTT; pH 7.4.

This procedure was repeated for greater than 100 cycles.
Selected samples from this reuse study were submitted for
SEC-HPLC analysis. The goal was to track the % MP
purity, % HMW and % dimer species from the pools as well
as to understand the change of purity level from the load. No
major differences were observed between the used columns
and new columns.
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This Example demonstrates that not only can a complex
protein be captured from a complex chemical solution, but
that the resin can be cycled repeatedly and cleaned and
reused reproducibly over a number of industrially-relevant
cycles.

What is claimed is:

1. A method of purifying a protein expressed in a non-
native soluble form in a non-mammalian expression system
comprising:

(a) lysing a non-mammalian cell in which the protein is
expressed in a nonnative soluble form to generate a cell
lysate;

(b) contacting the cell lysate with a separation matrix
under conditions suitable for the protein to associate
with the separation matrix;

(c) washing the separation matrix; and

(d) eluting the protein from the separation matrix.

2. The method of claim 1, wherein the protein is a
complex protein.

3. The method of claim 2, wherein the complex protein is
selected from the group consisting of a multimeric protein,
an antibody and an Fc fusion protein.

4. The method of claim 1, wherein the non-mammalian
expression system comprises bacteria or yeast cells.

5. The method of claim 1, wherein the separation matrix
is an affinity resin.

6. The method of claim 1, wherein the separation matrix
is a non-affinity resin selected from the group consisting of
ion exchange, mixed mode, and a hydrophobic interaction
resin.

7. The method of claim 1, wherein the cell lysate is filtered
before it is contacted with the separation matrix.

8. The method of claim 1, further comprising refolding the
protein to its native form after it is eluted.

9. A method of purifying a protein expressed in a non-
native limited solubility form in a non-mammalian expres-
sion system comprising:

(a) solubilizing the expressed protein in a solubilization

solution comprising one or more of the following:
(1) a denaturant;

(i) a reductant; and

(iii) a surfactant;

(b) forming a refold solution comprising the solubilization
solution and a refold buffer, the refold buffer compris-
ing one or more of the following:

(1) a denaturant;

(ii) an aggregation suppressor;
(iii) a protein stabilizer; and
(iv) a redox component;

(c) applying the refold solution to a separation matrix
under conditions suitable for the protein to associate
with the matrix;

(d) washing the separation matrix; and

(e) eluting the protein from the separation matrix.

10. The method of claim 9, wherein the non-native limited
solubility form is a component of an inclusion body.

11. The method of claim 9, wherein the protein is a
complex protein.

12. The method of claim 10, wherein the complex protein
is selected from the group consisting of a multimeric protein,
an antibody, a peptibody, and an Fc fusion protein.

13. The method of any one of claims 9-12, wherein the
non-mammalian expression system comprises bacteria or
yeast cells.

14. The method of any one of claims 9-12, wherein the
denaturant of the solubilization solution or the refold buffer
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comprises one or more of urea, guanidinium salts, dimethyl
urea, methylurea and ethylurea.

15. The method of claim 9, wherein the reductant com-
prises one or more of cysteine, dithiothreitol (DTT), beta-
mercaptoethanol and glutathione.

16. The method of claim 9, wherein the surfactant com-
prises one or more of sarcosyl and sodium dodecylsulfate.

17. The method of claim 9, wherein the aggregation
suppressor is selected from the group consisting of arginine,
proline, polyethylene glycols, nonionic surfactants, ionic
surfactants, polyhydric alcohols, glycerol, sucrose, sorbitol,
glucose, Tris, sodium sulfate, potassium sulfate and osmo-
Iytes.

18. The method of claim 9, wherein the protein stabilizer
comprises one or more of arginine, proline, polyethylene
glycols, non-ionic surfactants, ionic surfactants, polyhydric
alcohols, glycerol, sucrose, sorbitol, glucose, tris, sodium
sulfate, potassium sulfate and osmolytes.

19. The method of claim 9, wherein the redox component
comprises one or more of glutathione-reduced, glutathione-
oxidized, cysteine, cystine, cysteamine, cystamine and beta-
mercaptoethanol.

20. The method of claim 9, wherein the separation matrix
is:

(1) an affinity resin, selected from the group consisting of
Protein A, Protein G, and synthetic mimetic affinity
resin; or

(ii) a non-affinity resin selected from the group consisting
of ion exchange, mixed mode, and a hydrophobic
interaction resin.

21. The method of any one of claim 1 or 9-12, wherein the

protein is isolated after elution from the separation matrix.

22. The method of claim 8, wherein the protein is isolated
after refolding.

10

15

20

25

30

24

23. The method of claim 14, wherein the reductant
comprises one or more of cysteine, dithiothreitol (DTT),
beta-mercaptoethanol and glutathione.

24. The method of claim 15, wherein the surfactant
comprises one or more of sarcosyl and sodium dodecylsul-
fate.

25. The method of claim 16, wherein the aggregation
suppressor is selected from the group consisting of arginine,
proline, polyethylene glycols, nonionic surfactants, ionic
surfactants, polyhydric alcohols, glycerol, sucrose, sorbitol,
glucose, Tris, sodium sulfate, potassium sulfate and osmo-
lytes.

26. The method of claim 17, wherein the protein stabilizer
comprises one or more of arginine, proline, polyethylene
glycols, non-ionic surfactants, ionic surfactants, polyhydric
alcohols, glycerol, sucrose, sorbitol, glucose, tris, sodium
sulfate, potassium sulfate and osmolytes.

27. The method of claim 18, wherein the redox compo-
nent comprises one or more of glutathione-reduced, gluta-
thione-oxidized, cysteine, cystine, cysteamine, cystamine
and beta-mercaptoethanol.

28. The method of claim 19, wherein the separation
matrix is:

(1) an affinity resin, selected from the group consisting of
Protein A, Protein G, and synthetic mimetic affinity
resin; or

(i) a non-affinity resin selected from the group consisting
of ion exchange, mixed mode, and a hydrophobic
interaction resin.

29. The method of claim 13, wherein the protein is

isolated after elution from the separation matrix.

30. The method of claim 20, wherein the protein is
isolated after elution from the separation matrix.
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