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IN THE UNITED STATES DISTRICT COURT 
FOR THE DISTRICT OF MASSACHUSETTS 

 
        
JANSSEN BIOTECH, INC., and   ) 
NEW YORK UNIVERSITY   ) 
    Plaintiffs,  ) 
       )  
                                   v.    ) Civil Action No.  
       )  
CELLTRION HEALTHCARE CO., LTD. , ) 
CELLTRION, INC., and    )  
HOSPIRA, INC.     )   
    Defendants.  ) 
_________________________________________ ) 

COMPLAINT 

Plaintiffs Janssen Biotech, Inc. (“Janssen”) and New York University (“NYU”) (together 

“Plaintiffs”) for their Complaint against Defendants Celltrion Healthcare Co., Ltd., and Celltrion, 

Inc. (“Celltrion”) and Hospira, Inc. (“Hospira”) (together “Defendants”) allege as follows. 

NATURE OF THE ACTION 

1. This is one of the first actions for patent infringement under 35 U.S.C. § 

271(e)(2)(C), which was enacted in 2010 in the part of the Patient Protection and Affordable 

Care Act known as the Biologics Price Competition and Innovation Act (“BPCIA”).   

2. This is also an action to enforce the patent dispute resolution provisions of the 

BPCIA, which Defendants have refused to follow to date and in fact have repeatedly sought to 

circumvent.  Had Defendants obeyed the statutory requirements, the patents asserted in this 

Complaint might never have needed to be asserted, or might not have needed to be asserted in 

their current form.   

3. However, Defendants have insisted that Plaintiffs file this lawsuit before the 

conclusion of the BPCIA dispute resolution process and have threatened to seek penalties under 

the BPCIA if Plaintiffs fail to do so.  Although Plaintiffs believe that Defendants’ demand 
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violates the BPCIA, Plaintiffs file this suit to protect their rights and to obtain an order 

compelling Defendants to comply with the provisions of the BPCIA.    

4. The BPCIA created an abbreviated regulatory pathway for the approval of 

biosimilar versions of biological medicines.  The BPCIA pathway allows biosimilars makers to 

avoid the full complement of pre-clinical and clinical studies required for regulatory approval 

and instead rely on data supporting the safety and efficacy of the innovative biological product 

which the biosimilar mimics.  By taking advantage of the BPCIA regulatory pathway, 

biosimilars makers can greatly reduce the time and expense of obtaining marketing approval.   

5. In order to prevent the new biosimilar pathway from undermining the intellectual 

property rights of innovators and thereby deterring innovation, the BPCIA also created an 

intricate and carefully orchestrated set of dispute resolution procedures to facilitate the orderly 

resolution of patent disputes before a biosimilar product could enter the market.    

6. Pursuant to the BPCIA, Defendants submitted an abbreviated Biologic License 

Application (“aBLA”) seeking permission to market a proposed biosimilar version of Janssen’s 

revolutionary biological medicine Remicade® (infliximab).  

7. Defendants’ aBLA was accepted for review by the Food and Drug Administration 

(“FDA”), but FDA has not yet approved the application or given any indication whether it will 

be approved, when it will be approved, or what the scope of any approval will be.  

8. To avoid burdening the Court and parties with unnecessary disputes, the BPCIA 

requires a series of information exchanges and good-faith negotiations between the parties before 

the filing of a patent infringement lawsuit.  Defendants, however, have refused to follow these 

procedures.  After bringing two premature (now dismissed) declaratory judgment actions outside 

of the provisions of the BPCIA, Defendants have sought to short-circuit the BPCIA process by 
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withholding required information, refusing to participate in required procedures, and threatening 

to seek penalties if Plaintiffs did not file this action before the time called for by the BPCIA.   

9. Defendants have further thwarted the BPCIA patent dispute resolution process by 

serving a premature “notice of commercial marketing.”  Under the BPCIA, a biosimilar applicant 

must serve a notice of commercial marketing at least 180 days before marketing a licensed 

biosimilar product.  The purpose of this provision is to ensure adequate time to adjudicate a 

possible preliminary injunction motion before a licensed biosimilar product enters the market.  

10. In serving a purported “notice of commercial marketing” before their biosimilar 

product is licensed and before the parties have engaged in the statutorily mandated good-faith 

negotiations regarding Plaintiffs’ patents, Defendants effectively deprived Plaintiffs of the 

statutory time period for considering the need for, and adjudicating, a potential preliminary 

injunction motion. 

11. Although an action for patent infringement is premature under the BPCIA, in light 

of Defendants’ actions, Plaintiffs are asserting, in addition to their claims for violations of the 

BPCIA, claims for infringement of six patents under 35 U.S.C. § 271(e)(2)(C).  Plaintiffs assert 

infringement under 35 U.S.C. § 271(e)(2)(C)(i) of three patents based on Defendants’ 

submission of the aBLA for marketing approval of their proposed biosimilar product.  Plaintiffs 

assert infringement under 35 U.S.C. § 271(e)(2)(C)(ii) of three additional patents based on 

Defendants’ submission of the aBLA and their failure to provide manufacturing information in 

addition to the aBLA itself as required under the BPCIA.   
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PARTIES 

12. Janssen Biotech, Inc. (“Janssen”) is a company organized and existing under the 

laws of the Commonwealth of Pennsylvania, with a principal place of business in Horsham, 

Pennsylvania.   

13. New York University (“NYU”) is a research university organized as a corporation 

under the laws of the State of New York and having a place of business in New York, New 

York. 

14. Upon information and belief, Celltrion Healthcare Co., Ltd. and Celltrion, Inc. are 

companies organized and existing under the laws of the Republic of Korea.  Celltrion, Inc. is a 

biopharmaceutical company that specializes in research and development of antibody biosimilars 

and biopharmaceuticals.  Celltrion Healthcare Co., Ltd. markets and distributes such 

biopharmaceutical products in the United Sates.  Celltrion Healthcare Co., Ltd. maintains an 

office for U.S. business operations in Cambridge, Massachusetts.   

15. Upon information and belief, Hospira, Inc., is a Delaware corporation having 

corporate offices and a principal place of business in Lake Forest, Illinois.   

JURISDICTION AND VENUE 

16. This is an action for violations of 42 U.S.C. § 262(l), and patent infringement 

under the patent laws of the United States, Title 35, United States Code.  This Court has subject 

matter jurisdiction pursuant to 28 U.S.C. §§ 1331, 1338(a), 2201(a), and 2202. 

17. On information and belief, Celltrion Healthcare Co., Ltd. intends to market and 

distribute its proposed biosimilar infliximab product in Massachusetts, through Hospira.  On 

information and belief, Celltrion, Inc. will collaborate in the commercialization of the product in 

Massachusetts. 
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18. Celltrion Healthcare Co., Ltd. maintains an office for U.S. business operations in 

Cambridge, Massachusetts.  On information and belief, among the purposes of this office is to 

market and distribute products manufactured by Celltrion, Inc. in collaboration with Celltrion, 

Inc. 

19. Celltrion Healthcare Co., Ltd. is registered to do business in Massachusetts and 

has consented to be sued in Massachusetts.  On information and belief, among the purposes of 

Celltrion Healthcare Co., Ltd.’s Massachusetts business is to market and distribute products 

manufactured by Celltrion, Inc. in collaboration with Celltrion, Inc. 

20. Celltrion Healthcare Co., Ltd. and Celltrion, Inc. previously filed a Declaratory 

Judgment Complaint in this District against Janssen (see Celltrion Healthcare Co., Ltd. and 

Celltrion, Inc. v. Janssen Biotech, Inc., No. 14-cv-11613 (D. Mass. filed Mar. 31, 2014)) 

involving the same proposed biosimilar product and two of the patents at issue in this Complaint.  

That declaratory judgment action was voluntarily dismissed by Celltrion on October 23, 2014 

after Janssen’s motion to dismiss was fully briefed. 

21. This Court has personal jurisdiction over Celltrion Healthcare Co., Ltd. and 

Celltrion, Inc.   

22. On information and belief, Hospira has been involved in an ongoing and 

continuing business relationship with Celltrion concerning their proposed biosimilar infliximab 

product since at least 2009.  On information and belief, Hospira has been aware during that time 

that Celltrion maintains its office for U.S. business operations in Massachusetts.   

23. On information and belief, Hospira entered into an exclusive license agreement 

and/or marketing agreement with Celltrion covering the proposed biosimilar infliximab.  
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24. On information and belief, Hospira is obligated, or entitled, to indemnify, defend, 

or participate in patent litigation brought against Celltrion related to the proposed biosimilar 

infliximab product.  On information and belief, Hospira is actively collaborating with Celltrion 

in preparation for litigation concerning Defendants’ proposed biosimilar infliximab product.  

25. On information and belief, Hospira has collaborated with Celltrion in the 

submission of Defendants’ aBLA and intends to market and distribute the proposed biosimilar 

infliximab product in Massachusetts.  

26. On information and belief, Hospira is engaged in the distribution of generic 

pharmaceutical products throughout the world, including in Massachusetts.   

27. On information and belief, Hospira has voluntarily and purposely directed its 

activities at residents of this forum, including by engaging in an ongoing and continuing business 

relationship with Celltrion, and by engaging in continuous and systematic activity in 

Massachusetts through its authorized distributors and a Customer Fulfillment Center in 

Massachusetts.   

28. This Court has personal jurisdiction over Hospira.  

29. Venue is proper in this judicial district under 28 U.S.C. §§ 1391(b), (c) and/or 

1400(b).  

REMICADE® (INFLIXIMAB) 

30. Janssen is a pioneer and leader in the development of biologic drugs.  Janssen’s 

biologic drug Remicade® was one of the first drugs of its kind sold in the United States for 

treatment of a chronic disease.   
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31. Remicade® is a monoclonal antibody that binds to and neutralizes a substance in 

our bodies called TNFα.  TNFα is an important player in our immune systems but, if it is over-

produced, it can lead to chronic disease.   

32. Scientists at NYU worked with scientists at Janssen’s predecessor Centocor to 

develop the infliximab monoclonal antibody, also known as the “cA2” antibody.   

33. Although the cA2 antibody had promising in vitro properties, given its complex 

structure and mechanism of operation it required extensive pre-clinical and clinical development 

before it could become a useful medicine for human beings.   

34. From the time the infliximab antibody was first discovered, it took nearly a 

decade for Remicade® to be approved for sale in the United States.  During that time, Centocor 

conducted dozens of clinical trials and spent tens of millions of dollars, with no guarantee of 

success. 

35. Remicade® was first approved for the U.S. market in 1998.  The first indication, 

or use, for which Remicade® was approved was the treatment of Crohn's disease, an 

inflammatory bowel disease that causes inflammation of the lining of the digestive tract.  

Remicade® was the first biological therapy approved for Crohn’s disease in the United States.   

36. After Remicade® entered the market, Centocor continued to pursue extensive 

clinical development efforts for the drug.  These efforts led to the discovery that Remicade® is 

safe and effective for a number of additional diseases and indications other than Crohn’s disease.   

37. Janssen’s extensive development efforts have led to 16 FDA approvals for 

Remicade®, including indications for use in the treatment of Crohn’s disease (1998), rheumatoid 

arthritis (1999), ankylosing spondylitis, a chronic inflammatory disease of the axial skeleton 
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(2004), psoriatic arthritis (2005), and ulcerative colitis, an inflammatory bowel disease (2006).   

Remicade® has changed the standard of care for the treatment of these diseases.   

38. In total, Janssen has sponsored more than 170 clinical trials for Remicade®.  

Janssen has spent hundreds of millions of dollars in research and development of the drug.      

39. Remicade® had been used to treat and improve the lives of more than 2.2 million 

patients suffering from chronic disease.   

PLAINTIFFS’ PATENTS ON INFLIXIMAB AND RELATED TECHNOLOGY 

40. In the course of developing Remicade®, Janssen has obtained or exclusively 

licensed a number of patents related to infliximab, its uses in treating disease, and the processes 

for manufacturing infliximab.  Plaintiffs assert six of these patents in this action. 

The Antibody Patent (the 471 Patent) 

41. Janssen and NYU jointly own United States Patent No. 6,284,471 (“the 471 

patent”), which covers the infliximab cA2 monoclonal antibody itself.  The cA2 antibody is a 

highly complex biological molecule that took years to develop and has highly potent healing 

properties.   

42. On September 4, 2001, the United States Patent and Trademark Office (“PTO”) 

issued the 471 patent, which is titled “Anti-TNFα Antibodies and Assays Employing Anti-TNFα 

Antibodies.”  A true and correct copy of the 471 patent is attached as Exhibit A.   

43. The 471 patent is jointly assigned to Janssen (through its predecessors Centocor, 

Inc. and Centocor Ortho Biotech, Inc.) and NYU.   

44. The 471 patent will expire on September 4, 2018.  

45. In a prior proceeding, Defendants did not dispute that their proposed biosimilar 

infliximab product practices claims of the 471 patent.   
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46. The 471 patent is currently undergoing reexamination by the PTO.   

47. On information and belief, one or more of the Defendants, or an agent or affiliate 

of one or more of the Defendants, initiated the PTO reexamination proceeding challenging the 

validity of the 471 patent.                  

48. In the reexamination, the specification of the 471 patent was amended at 

Janssen’s request.  A PTO examiner has rejected the claims of the 471 patent.  Janssen is 

currently addressing the rejection. 

The Fistulizing Crohn’s Patent (the 396 Patent)  

49. Janssen and NYU jointly own United States Patent No. 7,223,396 (“the 396 

patent”).  In contrast to the 471 patent, which covers the infliximab antibody itself, the claims of 

the 396 patent cover novel uses of infliximab to treat disease.  In particular, the 396 patent covers 

specific methods of using infliximab to treat fistulas – abnormal connections or openings 

between two organs that are not normally connected – in patients with Crohn’s disease.     

50. On May 29, 2007, the PTO issued the 396 patent, which is titled “Methods of 

Treatment of Fistulas in Crohn’s Disease with Anti-TNF Antibodies.”  A true and correct copy 

of the 396 patent is attached as Exhibit B.   

51. The 396 patent is jointly assigned to Janssen (through its predecessors Centocor, 

Inc. and Centocor Ortho Biotech, Inc.) and NYU. 

52. The 396 patent will expire on June 29, 2016.  

53. In a prior proceeding, Defendants did not dispute that the proposed use of their 

product would practice the claims of the 396 patent. 
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54. It is unknown whether a U.S. approval of Defendants’ proposed biosimilar 

product, if any, would include an indication for treating fistulas in Crohn’s disease, as claimed by 

the 396 patent. 

The Methods of Producing Antibodies Patent (the 715 Patent) 

55. Janssen has exclusively licensed from Board of Trustees of the Leland Stanford 

Junior University (“Stanford”) and the Trustees of Columbia University in the City of New York 

(“Columbia”) U.S. Patent No. 5,807,715 (“the 715 patent”), which covers methods of producing 

functional antibodies that are capable of specifically binding antigens.   

56. On September 15, 1998, the PTO issued the 715 patent, which is entitled 

“Methods And Transformed Mammalian Lymphocyte Cells For Producing Functional Antigen-

Binding Protein Including Chimeric Immunoglobulin.”  A true and correct copy of the 715 

patent is attached as Exhibit C.   

57. Stanford and Columbia hold title to the 715 patent.   

58. Janssen holds all substantial rights in the 715 patent, including the sole and 

exclusive right to initiate, control, and defend any patent infringement litigation under the 

BPCIA involving the 715 patent.  

59. The 715 patent will expire on September 15, 2015. 

The Chemical Cell Growth Media Patents (the 083 Patent and the 056 Patent) 

60. Janssen owns U.S. Patent No. 7,598,083 (“the 083 patent”) and U.S. Patent No. 

6,900,056 (“the 056 patent”), which cover cell growth media for use in growing biological 

products, including infliximab.   

61. On October 6, 2009, the PTO issued the 083 patent, entitled “Chemically Defined 

Media Compositions.”  A true and correct copy of the 083 patent is attached as Exhibit D.   
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62. On May 31, 2005, the PTO issued the 056 patent, entitled “Chemically Defined 

Medium for Cultured Mammalian Cells.”  A true and correct copy of the 056 patent is attached 

as Exhibit E.  

63. The 083 patent will expire on February 7, 2027.  

64. The 056 patent will expire on October 5, 2022.  

The Purification Patent (the 600 Patent) 

65. Janssen owns U.S. Patent No. 6,773,600 (“the 600 patent”), which covers novel 

methods of purifying biological products such as infliximab so that they are suitable for use in 

human medicines. 

66. On August 10, 2004, the PTO issued the 600 patent, entitled “Use of Clathrate 

Modifier, To Promote Passage of Proteins During Nanofiltration.”  A true and correct copy of 

the 600 patent is attached as Exhibit F. 

67. The 600 patent will expire on June 4, 2023. 

BIOLOGICS, BIOSIMILARS, AND THE BPCIA  

Biologics 

68. Biological medicines, or biologics, are complex biological molecules that need to 

be grown in living cultures rather than chemically synthesized, as are the more familiar 

pharmaceutical products known as chemical or small-molecule drugs.  Because the biologic 

manufacturing process is complex and uses living organisms, the structural features of a biologic 

drug can vary based on the precise manner in which the drug is made.  Unlike small-molecule 

drugs, moreover, biological molecules generally cannot be completely characterized.   

69. Because of the differences between biological and small-molecule drugs, 

biological and small-molecule pharmaceutical products are approved for sale in the United States 
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through different regulatory pathways.  Whereas small-molecule drugs are approved based on 

the submission of a New Drug Application (“NDA”) (see 21 U.S.C. § 355), biological products 

are assessed pursuant to a Biological License Application (“BLA”) (see 42 U.S.C. § 262(a)).   

The BPCIA Pathway for Biosimilar Approval 

70. Although Congress created an abbreviated regulatory pathway for the approval of 

generic small-molecule drugs in the Hatch-Waxman Act of 1984, no abbreviated pathway for 

approval of follow-on biologics products existed until the enactment of the BPCIA, as part of the 

Patient Protection and Affordable Care Act, in 2010.  Before the enactment of the BPCIA, the 

only way to obtain U.S. approval of a biological product was through an original BLA supported 

by a full complement of pre-clinical and clinical data.  

71. The BPCIA creates an abbreviated approval pathway for FDA licensure of 

biological products upon a determination that the biological product is “biosimilar” to a 

previously licensed “reference product.”  42 U.S.C. § 262(k). The BPCIA defines a “biosimilar” 

as a biological product that is (1) “highly similar to the reference product notwithstanding minor 

differences in clinically inactive components”; and (2) has “no clinically meaningful differences 

between the biological product and the reference product in terms of the safety, purity, and 

potency of the product.”  42 U.S.C. §§ 262(i)(2)(A), (B).  The BPCIA defines a “reference 

product” to be a “single biological product licensed under subsection (a) against which a 

biological product is evaluated in an application submitted under subsection (k).”  42 U.S.C. § 

262(i)(4). 

72. Under the BPCIA, biosimilar applicants are permitted to make use of FDA’s prior 

determinations as to the safety, purity, and potency of the reference product that was already 

approved by FDA.  In particular, a biosimilar applicant must identify a single reference product 
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that has already been approved by FDA and submit to FDA “publicly-available information 

regarding the Secretary’s previous determination that the reference product is safe, pure, and 

potent.”  42 U.S.C. § 262(k)(2)(A)(iii)(I).  Consequently, the § 262(k) pathway created by the 

BPCIA allows the biosimilar applicant to reduce the time, expense, and risks of research and 

development and the full complement of pre-clinical and clinical testing, and gain licensure to 

commercialize its biological product in the market as a biosimilar sooner and more cheaply than 

it could have done through the submission of an original BLA.  

The BPCIA’s Patent Dispute Resolution Procedures 

73. As Congress expressly indicated, the purpose of the BPCIA is to establish “a 

biosimilars pathway balancing innovation and consumer interests.”  Biologics Price Competition 

and Innovation Act of 2009, Pub. L. No. 111-148, § 7001(b), 124 Stat. 119, 804 (2010).  

74. To further this goal, Congress created a set of mandatory procedures for 

addressing patent disputes relating to prospective biosimilar drugs.  These procedures are set 

forth in 42 U.S.C. § 262(l) and in corresponding amendments to the patent infringement statute, 

35 U.S.C. § 271.  The procedures are intended to ensure that the maker of an innovative 

biological product that is the subject of a biosimilar application will have sufficient time and 

opportunity to enforce its patent rights before a biosimilar product enters the United States 

market.  The BPCIA’s patent dispute resolution procedures are also intended to ensure that 

disputes over patent rights will take place in an orderly fashion, with the least possible 

uncertainty, brinksmanship, and burden on the parties and the courts.   

75. The BPCIA patent dispute resolution procedures require the biosimilar applicant 

and reference product sponsor to undertake a series of specific steps before any patent action is 

filed.  Reflecting their importance to the BPCIA, most of these steps are mandatory and 
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unconditional:  the statute states that the parties “shall” undertake them.  See 42 U.S.C. §§ 

262(l)(2)(A), (l)(3)(A), (l)(3)(B), (l)(3)(C), & (l)(4)(A).  Where a specific action is optional or 

conditional, the statute makes this clear, stating that the parties “may” take such action, see 42 

U.S.C. § 262(l)(2)(B), or that they shall do so only “[i]f” a specified condition precedent occurs, 

see 42 U.S.C. § 262(l)(4)(B).         

76. The BPCIA dispute resolution process begins when a biosimilar application is 

accepted for review by FDA.  Within twenty days thereafter, the biosimilar applicant “shall 

provide” the reference sponsor with confidential access to “a copy of the application submitted  

. . . under subsection (k), and such other information that describes the process or processes used 

to manufacture the biological product that is the subject of such application.”  42 U.S.C. § 

262(l)(2)(A) (emphasis added).  This step initiates a series of pre-litigation exchanges of 

information and positions so that the parties may engage in mandatory good-faith negotiations 

regarding what patents should be litigated prior to the approval of the biosimilar product.  See 42 

U.S.C. § 262(l)(2)-(l)(6). 

77. The requirement that biosimilars applicants provide pre-litigation manufacturing 

information to reference product sponsors, which does not exist for generic small-molecule drugs 

under the Hatch-Waxman Act, reflects the complexity of manufacturing processes for biologics 

and their importance to innovation in the field.  To ensure that full application and manufacturing 

information be provided without prejudice or delay, the BPCIA sets forth a detailed set of 

confidential access provisions governing the reference product sponsor’s use of the required 

information.  42 U.S.C. § 262(l)(1).         

78. The next step in the statutory process, section 262(l)(3)(A), states that within 60 

days the reference product sponsor “shall provide” the biosimilar applicant a list of patents that 
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the reference product sponsor “believes a claim of patent infringement could reasonably be 

asserted” against the proposed biosimilar product or the uses or manufacture of such product.  42 

U.S.C. § 262(l)(3)(A)(i).  The reference product sponsor is also required to indicate whether it is 

willing to license any of these patents.  42 U.S.C. § 262(l)(3)(A)(ii).   

79. The next statutory step, section 262(l)(3)(B), states that within 60 days the 

biosimilar applicant “shall provide” a “detailed statement” of its non-infringement, invalidity, 

and unenforceability defenses with respect to the listed patents, or a statement that the subsection 

(k) applicant “does not intend to bring commercial marketing of the biological product before the 

date that such patent expires.”  42 U.S.C. § 262(l)(3)(B)(ii).   

80. The next step in the statutory process, section 262(l)(3)(C), states that within 60 

days the reference product sponsor “shall provide” a “detailed statement” of its infringement 

positions and “a response to the statement concerning validity and enforceability provided” by 

the biosimilar applicant.  42 U.S.C. § 262(l)(3)(C).   

81. The next step in the statutory process states that the parties “shall engage in good 

faith negotiations” to agree on patents that will be subject to an action for patent infringement 

prior to the approval of the biosimilar application.  42 U.S.C. § 262(l)(4)(A).   

82. If the parties agree on the patents that will be subject to an immediate action for 

infringement, then the reference product sponsor “shall bring an action for patent infringement” 

within thirty days of the agreement.  42 U.S.C. § 262(l)(6)(A).  If the parties fail to reach 

agreement, they proceed to a further exchange process that will identify one or more patents for 

immediate litigation.  42 U.S.C. § 262(l)(4)(B) & (l)(5).  As in the case of agreement, the 

reference product sponsor “shall bring an action for patent infringement” within thirty days after 

patents are selected for litigation through this process.  42 U.S.C. § 262(l)(6)(B).   
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83. If the reference product sponsor fails to bring suit within thirty days of the 

selection of patents for immediate litigation, its “sole and exclusive remedy” will be “a 

reasonable royalty.”  35 U.S.C. § 271(e)(6)(B).    

Notice of Commercial Marketing 

84. In addition to the pre-litigation procedures described above, the BPCIA addresses 

litigation regarding a “biological product licensed under subsection (k)” – i.e., a biosimilar 

product that has been approved for marketing.  The BPCIA requires the biosimilar maker to 

provide “notice to the reference product sponsor not later than 180 days before the date of the 

first commercial marketing of the biological product licensed under subsection (k).”  42 U.S.C. § 

262(1)(8)(A).  

85. Upon receipt of a notice of commercial marketing, the reference product sponsor 

may move for a preliminary injunction on patents that the sponsor identified as potentially 

infringed under section 262(l)(3)(A) of the pre-litigation dispute resolution procedures, but 

which the parties have not selected for litigation pursuant to these procedures.  42 U.S.C. § 

262(1)(8)(B).   

86. In addition, the notice of commercial marketing permits the reference product 

sponsor to bring a declaratory judgment action with respect to such patents that have been 

identified but not selected for immediate litigation.  42 U.S.C. § 262(1)(9)(A).  Before the notice 

of commercial marketing, such declaratory judgments are prohibited.  Id.  

CELLTRION’S PROPOSED BIOSIMILAR PRODUCT 

87. On information and belief, Celltrion has undertaken the development of a 

proposed biosimilar to Janssen’s Remicade® infliximab product.  The trade name for the 

Celltrion proposed biosimilar product is Remsima®.   
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88. On information and belief, in 2009, Hospira entered into an agreement with 

Celltrion, pursuant to which Hospira obtained the rights to exclusively market biosimilar 

infliximab in the United States.  The trade name for the proposed biosimilar infliximab product 

to be marketed by Hospira is Inflectra®. 

89. On information and belief, Defendants submitted an Investigational New Drug 

(“IND”) application for their proposed biosimilar to Janssen’s infliximab product under section 

505(i) of the Federal Food, Drug, and Cosmetic Act on October 2, 2013, and the FDA accepted 

the IND on November 18, 2013.  Defendants submitted an aBLA for this proposed biosimilar 

product on or about August 8, 2014 and the FDA accepted that application for review on or 

about October 7, 2014.   

90. On information and belief, the proposed indications (uses) for which Defendants 

seek approval of its biosimilar product are: 

(1) Reducing signs and symptoms and inducing and maintaining 
clinical remission in adult patients with moderately to severely active 
Crohn’s disease who have had an inadequate response to 
conventional therapy; (2) reducing the number of draining 
enterocutaneous and rectovaginal fistulas and maintaining fistula 
closure in adult patients with fistulizing Crohn’s disease; (3) 
reducing signs and symptoms and inducing and maintaining clinical 
remission in pediatric patients 6 years of age and older with 
moderately to severely active Crohn’s disease who have had an 
inadequate response to conventional therapy; (4) reducing signs and 
symptoms, inducing and maintaining clinical remission and mucosal 
healing, and eliminating corticosteroid use in adult patients with 
moderately to severely active ulcerative colitis who have had an 
inadequate response to conventional therapy; (5) reducing signs and 
symptoms and inducing and maintaining clinical remission in 
pediatric patients 6 years of age and older with moderately to 
severely active ulcerative colitis who have had an inadequate 
response to conventional therapy; (6) in combination with 
methotrexate, reducing signs and symptoms, inhibiting the 
progression of structural damage, and improving physical function in 
patients with moderately to severely active rheumatoid arthritis; (7) 
reducing signs and symptoms in patients with active ankylosing 
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spondylitis; (8) reducing signs and symptoms of active arthritis, 
inhibiting the progression of structural damage, and improving 
physical function in patients with psoriatic arthritis; and (9) 
treatment of adult patients with chronic severe (i.e., extensive and/or 
disabling) plaque psoriasis who are candidates for systemic therapy 
and when other systemic therapies are medically less appropriate. 

(U.S. Food and Drug Administration, POSTPONED: March 17, 2015: Arthritis Advisory 

Committee Meeting Announcement http://www.fda.gov/advisorycommittees/ucm433919.htm). 

91. These proposed indications for Defendants’ proposed biosimilar product are all  

indications for which Remicade® has been approved.  Each of these nine indications results from 

extensive research and development by Plaintiffs, culminating in successful clinical trials 

demonstrating that Remicade® is safe and effective for these indications.    

92. Based on publicly available information from Defendants’ regulatory submissions 

in other countries, and from the clinicaltrials.gov database of clinical trials, Defendants have 

completed two Phase III clinical trials regarding the safety and efficacy of their proposed 

biosimilar product.  One of these trials involved patients with rheumatoid arthritis and the other 

involved patients with ankylosing spondylitis.  Neither of these two completed Phase III clinical 

trials for Defendants’ proposed biosimilar product involved patients with Crohn’s disease. 

93. Defendants’ proposed biosimilar infliximab product has been approved for sale in 

other jurisdictions, including Canada.  In approving Defendants’ product, the Canadian health 

authorities elected not to approve an indication for the treatment of Crohn’s disease.  The 

Canadian health authorities stated that “extrapolation of data from the settings of rheumatoid 

arthritis and [ankylosing spondylitis] to adult and pediatric inflammatory bowel diseases 

(Crohn’s disease, ulcerative colitis) was not recommended.”  (Summary Basis for Decision, 

Remsima, http://www.hc-sc.gc.ca/dhp-mps/prodpharma/sbd-smd/drug-

med/sbd_smd_2014_remsima_160195-eng.php). 
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94. On information and belief, FDA has not yet decided whether to approve 

Defendants’ proposed biosimilar product or what indications to approve it for.  Nor has FDA 

identified any timetable for a decision on Defendants’ aBLA.   

95. FDA had planned to consider Defendants’ proposed product in a public, full-day 

meeting of its Arthritis Advisory Committee that was originally scheduled for March 17, 2015.  

See http://www.fda.gov/advisorycommittees/ucm433919.htm.  Typically, FDA advisory 

committees vote whether to recommend approval, and what indications to recommend approval 

for, on the day of their meeting.  Although these recommendations are not binding on FDA, they 

are usually followed.     

96. On February 25, 2015, however, FDA postponed the scheduled advisory 

committee meeting on Defendants’ proposed biosimilar product indefinitely.  FDA’s 

postponement announcement reads in its entirety:  “The Food and Drug Administration (FDA) is 

postponing the meeting of the Arthritis Advisory Committee scheduled for March 17, 2015.  The 

postponement is due to information requests pending with the sponsor of the application.  A 

future meeting date will be announced in the Federal Register.” See 

http://www.fda.gov/advisorycommittees/ucm433919.htm. 

DEFENDANTS’ EFFORTS TO AVOID  
THE BPCIA’S PATENT DISPUTE RESOLUTION PROCEDURES 

97. From the time they began the process of seeking approval for their proposed 

biosimilar product, Defendants have sought to avoid the mandatory patent dispute resolution 

procedures of the BPCIA.  Having failed in their initial efforts to bypass the BPCIA procedures 

altogether by filing premature declaratory judgment actions, Defendants have now proceeded to 

short-circuit the statutory process by withholding required information, by refusing to participate 

to date in required statutory procedures, and by serving a premature notice of commercial 
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marketing that, unless declared ineffective, would thwart the statutory purpose of litigating actual 

disputes and burden the parties and the Court with unnecessary litigation. 

98. On information and belief, Defendants have participated jointly in formulating 

Defendants’ pre-litigation and litigation strategy under the BPCIA.   

Defendants Try Unsuccessfully to Bypass the BPCIA’s Procedures 

99. As alleged above, the BPCIA’s dispute resolution procedures are triggered by 

FDA’s acceptance of a biosimilar application for review.  42 U.S.C. § 262(1)(2)(A).  Before 

Celltrion’s application was accepted for review by FDA, Celltrion and Hospira each tried to 

circumvent the BPCIA by filing separate declaratory judgment actions seeking declarations of 

noninfringement or invalidity of patents that Celltrion and Hospira unilaterally identified as 

potentially relevant to their proposed biosimilar product.   See Celltrion Healthcare Co., Ltd., 

and Celltrion, Inc., v. Janssen Biotech, Inc., No. 14-cv-11613 (D. Mass.); Hospira, Inc. v. 

Janssen Biotech, Inc. et al., No. 14-cv-07049 (S.D.N.Y.).      

100. In both actions, Janssen moved to dismiss on the grounds that a declaratory 

judgment action was prohibited since Defendants could not seek a declaratory judgment before 

producing their aBLA and without following the requirements of the BPCIA.  In response, 

Defendants contended that the BPCIA procedures have no effect prior to FDA’s acceptance for 

review of the aBLA.  According to Defendants, a prospective biosimilar applicant is entitled to 

bypass the BPCIA procedures by filing a declaratory judgment action concerning the patents it 

believes the patent holder will assert against the proposed biosimilar product, so long as the 

action is filed before the aBLA is accepted for review.  Hospira also argued that the BPCIA 

litigation procedures were not applicable to it at any point.        
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101. Judge Crotty of the U.S. District Court for the Southern District of New York 

granted Janssen’s motion to dismiss Hospira’s declaratory judgment action.  Judge Crotty 

rejected Hospira’s argument that it was entitled to bring a declaratory judgment action without 

following the BPCIA patent dispute resolution procedures.   

102. Judge Crotty reasoned that Hospira “seeks to utilize the BPCIA pathway for 

approval of its biosimilar drug, yet disavows the BPCIA’s authority over patent disputes.  

Despite Hospira’s best attempts to twist the BPCIA to serve its interests without hindering its 

pursuit of litigation, this effort fails.”  Hospira, Inc. v. Janssen Biotech, Inc., 113 U.S.P.Q.2d 

1260, 1262 (S.D.N.Y. 2014).  Judge Crotty stated that the “BPCIA purposefully ties the dispute 

resolution process to events throughout the biosimilar approval process, ensuring that full 

information exchange occurs at relevant and crucial periods during the approval process.”  Id.   

Judge Crotty concluded that permitting Hospira’s declaratory judgment action to proceed would 

allow biosimilar applicants to “skirt the dispute resolution procedures Congress purposefully 

enacted” for patent disputes arising from the filing of a biosimilar application under the BPCIA.  

Id.    

103. Celltrion voluntarily withdrew its declaratory judgment action after Janssen’s 

motion to dismiss was fully briefed.  See Celltrion Healthcare Co., Ltd., and Celltrion, Inc., v. 

Janssen Biotech, Inc., No. 14-cv-11613 (D. Mass.) (Dkt. No. 33) (Oct. 23, 2014). 

Defendants Refuse to Provide Required Manufacturing Information 

104. Pursuant to section 262(l)(2)(A) of the BPCIA, Defendants began to provide 

Janssen with a copy of their aBLA (No. 125544) twenty days after the application was accepted 

for review by FDA.  However, Defendants have refused to prove “such other information that 

describes the process or processes used to manufacture the biological product that is the subject 
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of such application” as required by the statute.  Defendants provided Janssen only with their 

aBLA and nothing else.    

105. On December 16, 2014, before its time for providing its section 262(l)(3)(A) 

listing of potentially infringed patents, Janssen asked Defendants to provide the manufacturing 

information required by the statute.  Janssen also asked specific, detailed questions about 

Celltrion’s manufacturing processes. 

106. On December 23, 2014, Defendants responded by refusing to provide the 

requested information.  Despite the statutory requirement that biosimilar applicants provide their 

aBLA and additional manufacturing information, Defendants asserted that “[a]ll relevant 

information needed to generate a list of patents for which a claim of patent infringement can 

reasonably be asserted by Janssen is included in Celltrion’s [a]BLA.”  Defendants did not 

provide any additional manufacturing information.   

107. On December 26, 2014, Janssen provided Defendants a list of patents for which a 

claim of infringement could reasonably be asserted pursuant to section 262(l)(3)(A) of the 

BPCIA patent dispute resolution process.  42 U.S.C. § 262(l)(3)(A).  This list included the cell 

growth media patents (the 083 patent and the 056 patent) and the purification patent (the 600 

patent).   

108. On February 5, 2015, Defendants provided a statement of defenses pursuant to 42 

U.S.C. § 262(l)(3)(B).  Defendants did not produce any documentation of their manufacturing 

processes as required by 42 U.S.C. § 262(l)(2)(A). 

109. On February 25, 2015, Janssen asked Defendants again for the manufacturing 

information that is required by the statute, and which Janssen had previously requested on 

December 16, 2014.   
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110. On March 4, 2015, Defendants responded by asserting once again that the aBLA 

contained all the information to which Plaintiffs were entitled, notwithstanding the BPCIA’s 

unambiguous requirement that manufacturing information in addition to the aBLA be provided.  

Defendants refused to provide documentation of their manufacturing processes prior to any 

lawsuit as required under the BPCIA, contending that “Celltrion does not have the authority” to 

disclose certain information about the ingredients, such as the cell media, used in its product 

manufacture, and instead insisting that Janssen’s request for such information “be addressed after 

suit is filed.”         

Defendants Attempt to Circumvent Mandatory BPCIA Procedures 

111. As of their statement of defenses pursuant to 42 U.S.C. § 262(l)(3)(B), 

Defendants have refused to participate in further BPCIA patent dispute resolution procedures 

including the good-faith negotiations regarding patents to be included in immediate litigation 

pursuant to 42 U.S.C. § 262(l)(4).   

112. Defendants assert that they have “consented to Janssen’s patent list” and that as a 

result the remainder of the statutorily required patent-exchange procedures – namely Janssen’s 

mandatory responses to Defendants’ defenses pursuant to section 262(1)(3)(C) , the parties’ 

mandatory good-faith negotiations under section 262(1)(4), and the procedures for identifying 

the patents to be immediately litigated in the absence of an agreement – are moot.  See 42 U.S.C. 

§ 262(1)(3)-(l)(5).  Defendants have stated that they will not engage in good-faith negotiations 

with Janssen as required by 42 U.S.C. § 262(1)(4).   

113. Defendants further assert that Janssen is required to file a lawsuit on all six listed 

patents within thirty days of Defendants’ “detailed statement,” i.e., by March 7, 2015, rather than 

within thirty days after the completion of the statutory pre-litigation procedures, as the BPCIA 
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requires.  Defendants have asserted that if Janssen did not file suit within this time, its remedy in 

any later suit would be limited to reasonable royalty damages pursuant to 35 U.S.C. § 

271(e)(6)(B).   

114. Defendants’ assertion that Janssen needed to file suit immediately or be limited to 

reasonable royalties was a clear threat to take this position in future litigation, and to require 

Janssen, if it did not meet Defendants’ demands, to litigate the issue at the risk of losing its right 

to injunctive relief or lost profits.  On information and belief, Defendants have repudiated their 

obligations under the BPCIA and made this legally baseless threat in the hope of compelling 

Janssen to file this action within the time period Defendants demanded, rather than at the time 

required by the BPCIA. 

115. On February 25, 2015, Janssen asked Defendants to withdraw their threat and 

comply with the BPCIA’s mandatory procedures.   

116. On March 4, 2015, Defendants responded by reaffirming their position that 

Janssen is required to file suit by March 7, 2015 and reserving the “the right to limit Janssen’s 

remedy for any judgment of infringement to a reasonable royalty” if “Janssen elects not to bring 

suit by March 7, 2015.”  Defendants offered to refrain from doing so as a “compromise” if “and 

only if” Janssen agreed to bring suit by April 6, 2015, prior to the mandatory good-faith 

negotiations that are a prerequisite to filing suit under the BPCIA.  This proposed “compromise” 

was just another refusal to comply with mandatory BPCIA procedures.  Defendants coupled that 

proposal with a variety of other unacceptable demands that violate the BPCIA.  These included 

the insistence that Plaintiffs seek preliminary injunctions on patents that are premature to litigate.        

117. Given Defendants’ threat to Plaintiffs’ intellectual property rights and refusal to 

comply with the provisions of the BPCIA, Plaintiffs have filed this Complaint to protect their 
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interests and enforce the mandatory statutory provisions which Defendants seek to bypass.  As a 

direct result of Defendants’ wrongful conduct, Plaintiffs are being compelled to assert patent 

infringement claims that might never have needed to be litigated or, with respect to the 471 

patent, would have been litigated in a different form had Defendants complied with the BPCIA.   

118. Had Defendants complied with the BPCIA, the parties’ mandatory good-faith 

negotiations (42 U.S.C. § 262(l)(4)) might have led to an agreement to postpone litigation of the 

471 patent, covering the cA2 antibody, until the conclusion of the PTO reexamination 

proceeding that, on information and belief, was brought by one or more of Defendants or their 

agents or affiliates.  If the 471 patent is upheld in reexamination (as Janssen and NYU believe it 

will be), it would be litigated in a form that is different from the patent today since the 471 patent 

specification has been amended in the reexamination proceeding.   

119. Had Defendants complied with the BPCIA, the parties’ mandatory good-faith 

negotiations might have led to an agreement to postpone litigation of the 396 patent, covering 

methods for treating fistulas in Crohn’s disease, until FDA determined whether Defendants’ 

proposed biosimilar product would receive an indication for treating fistulas in Crohn’s disease.  

If FDA determines that Defendants’ product should not receive such an indication – a significant 

possibility since the Canadian health authorities recently arrived at that very conclusion – the 396 

patent would never need to be litigated.  

120. Had Defendants complied with the BPCIA, the parties’ mandatory good-faith 

negotiations might have led to an agreement to avoid litigating the 715 patent, which expires on 

September 15, 2015.  In light of FDA’s recent decision to indefinitely postpone the advisory 

committee meeting on Defendants’ proposed biosimilar product, it is unlikely that Defendants’ 

proposed product will even be approved, much less ready to be marketed, by September 15, 
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2015.  Defendants have all but acknowledged this, asserting on March 4, 2015 that they would 

agree to “delay commercial marketing of the infliximab biosimilar product pursuant to aBLA 

125544 until after September 15, 2015” – but only as part of a “compromise” in which Janssen 

would agree to disregard mandatory requirements of the BPCIA and burden the Court with 

premature and wasteful preliminary injunction motions on patents that might never need to be 

litigated, or might never need to be litigated in their current form. 

121. Had Defendants complied with the BPCIA, the parties’ mandatory good-faith 

negotiations might have led to the production of information that would have avoided the need to 

litigate Janssen’s manufacturing patents – the cell growth media patents (the 083 patent and the 

056 patent) and the purification patent (the 600 patent).  Instead, in violation of the BPCIA, 

Defendants have proposed providing further information only after Janssen files suit.      

122. Defendants’ violations of the BPCIA have caused and will cause unnecessary 

burdens to Plaintiffs and the Court.  Defendants’ violations of the BPCIA have caused Plaintiffs 

irreparable harm for which they have no adequate remedy at law, and will continue unless these 

statutory requirements are enforced by this Court.  Plaintiffs have been and will continue to be 

injured by Defendants’ actions. 

Defendants Serve a Premature Notice of Commercial Marketing 

123. On February 5, 2015, the same day they provided their “detailed statement” to 

Janssen, Defendants compounded their violations of the BPCIA by serving a premature notice of 

commercial marketing, purportedly pursuant to 42 U.S.C. § 262(l)(8)(A).   Defendants asserted 

that they would begin commercial marketing of their proposed biosimilar product “as early as 

180 days from the date of this notice,” i.e., August 4, 2015.  
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124. Prior to their purported “notice of commercial marketing” of February 5, 2015, 

Defendants had previously asserted that a different document constituted a notice of commercial 

marketing under the BPCIA.  In briefing in its unsuccessful declaratory judgment action, Hospira 

asserted that Celltrion’s declaratory judgment complaint alleging that it intended to sell its 

proposed biosimilar infliximab product in the United States “should satisfy the Act’s notice 

provision, which does not prescribe any particular form.”  See Hospira, Inc. v. Janssen Biotech, 

Inc., No. 14-cv-7059 (S.D.N.Y. Oct. 16, 2014) (Dkt. No. 42 at 22).    

125. In their latest purported notice of commercial marketing of February 5, 2015, 

Defendants asserted that the BPCIA does not “include a condition precedent to providing 

notice.”  But, to the contrary, the BPCIA includes a clear condition precedent to providing a 

notice of commercial marketing.  The statutorily required notice is “of the first commercial 

marketing of the biological product licensed under subsection (k).”  42 U.S.C. § 262(l)(8)(A).  

The grant of a license under subsection (k) is a statutory prerequisite to providing a notice of 

commercial marketing.  

126. As Defendants are aware, this was precisely the holding of the sole reported case 

to address this issue to date.  See Sandoz Inc. v. Amgen Inc., No. C-13-2904 MMC, 2013 U.S. 

Dist. LEXIS 161233 (N.D. Cal. Nov. 12, 2013).  As Judge Chesney of the United States District 

Court for the Northern District of California concluded, a biosimilar applicant “cannot, as a 

matter of law, have provided a ‘notice of commercial marketing’” prior to obtaining a biological 

license because until that time the biosimilar product “is not ‘licensed under subsection (k).’”  Id. 

at *6. 

127. Defendants have not yet received a license to market their proposed biosimilar 

product under subsection (k).  As a result, Defendants’ proposed product is not a “biological 
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product licensed under subsection (k)” and cannot be the subject of a valid notice of commercial 

marketing pursuant to the BPCIA.   

128. The purpose of the notice of commercial marketing provision is to provide the 

parties and the Court with sufficient time – 180 days – to resolve any disputes that need to be 

resolved before commercial launch of a biosimilar product.  If Defendants are allowed to 

proceed based on their invalid notice of commercial marketing, the 180 day period would run 

during a time when the precise nature of the dispute between the parties, and even the need for 

litigation on certain patents, has not yet crystallized.   

129. With respect to the 471 patent, there is a pending reexamination proceeding in 

which the specification of the patent has been amended.  By the time Defendants’ product is 

licensed and a notice of commercial launch is permitted under the BPCIA, the 471 patent may 

have emerged from the reexamination proceeding and would be litigated in its amended form.   

130. With respect to the 396 patent, there is significant uncertainty whether 

Defendants’ product, even if approved, will be approved for the method of treating fistulizing 

Crohn’s disease claimed in the patent.   If Defendants do not obtain an indication for fistulizing 

Crohn’s disease, as they failed to do in Canada, by the time that Defendants’ proposed biosimilar 

is licensed and a notice of commercial launch is permitted under the BPCIA, the 396 patent may 

never need to be litigated.   

131. With respect to the 715 patent, the patent’s September 15, 2015 expiration date 

makes any litigation almost certainly unnecessary since it is highly unlikely that Defendants’ 

product will be approved 180 days prior to the expiration of the 715 patent.   
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132. With respect to the manufacturing patents, litigation may never need to have been 

brought because the production of manufacturing information as required under the BPCIA may 

reveal that the patents are not infringed.      

133. By filing a premature notice of commercial marketing, Defendants have burdened 

the parties and the Court with premature litigation.  They also deprived Plaintiffs of the orderly 

and certain process for protecting their patent rights under the BPCIA procedures. 

134. On February 25, 2015, Janssen asked Defendants to withdraw their premature 

notice of commercial marketing.   

135. On March 4, 2015, Defendants refused to withdraw the notice of commercial 

marketing.  Defendants offered, as part of a “compromise,” to agree to an accelerated schedule 

for litigating the parties’ dispute over the effectiveness of Defendants’ purported notice of 

commercial marketing.   

136. Defendants’ premature notice of commercial marketing has caused Plaintiffs 

irreparable harm for which they have no adequate remedy at law, and will continue unless the 

notice of commercial marketing is declared invalid by this Court.  Plaintiffs have been and will 

continue to be injured by Defendants’ actions. 

COUNT 1: VIOLATION OF MANDATORY PROCEDURES UNDER 42 U.S.C. § 262(l)  

137. Plaintiffs incorporate by reference paragraphs 1-136 as if fully set forth herein. 

138. This claim arises under the BPCIA, 42 U.S.C. § 262(l), and the Declaratory 

Judgment Act, 28 U.S.C. §§ 2201(a) & 2202. 

139. The BPCIA, 42 U.S.C. § 262(l), requires Plaintiffs and Defendants to follow 

mandatory procedures to resolve patent disputes related to the filing of an aBLA under 42 U.S.C. 

§ 262(k). 
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140.  Defendants have failed to comply with the mandatory requirements of the 

BPCIA.  Defendants’ violations of the BPCIA have injured Plaintiffs by depriving them of the 

procedural protections of the statute and by subjecting them to the burden of unnecessary 

litigation.   

141. Under 42 U.S.C. § 262(l)(2)(A), Defendants were required to provide Janssen, 

within twenty days of when Defendants’ aBLA was accepted for review, with a copy of the 

aBLA “and such other information that describes the process or processes used to manufacture 

the biological product that is the subject of such application.”  Defendants failed to provide such 

information in violation of the BPCIA.   

142. Under 42 U.S.C. § 262(l)(4), Defendants were required to engage in good-faith 

negotiations with Janssen concerning which patents should be subject to immediate litigation.  

Defendants were required to engage in these good-faith negotiations after Janssen provided the 

information required by 42 U.S.C. § 262(l)(3)(C).  Defendants are trying to circumvent the 

requirement for good-faith negotiations in violation of the BPCIA. 

143. Under 42 U.S.C. § 262(l)(6), any patent litigation must be brought within 30 days 

of the completion of the good-faith negotiations, at a time when both parties have a better 

understanding of their respective positions and so do not burden the courts with unnecessary 

litigation.  Defendants have forced Plaintiffs into filing premature patent claims by making 

baseless arguments that the failure to do so will cause Plaintiffs to lose valuable statutory rights.    

144. Defendants’ violations of the BPCIA’s mandatory procedures, individually and 

collectively, have caused and will cause Plaintiffs injury, including irreparable harm for which 

Plaintiffs have no adequate remedy at law, and will continue unless the statutory requirements 

are declared and enforced by this Court.  
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COUNT 2: VIOLATION OF 42 U.S.C. § 262(l)(8)(A)  

145. Plaintiffs incorporate by reference paragraphs 1-144 as if fully set forth herein. 

146. This claim arises under the BPCIA, 42 U.S.C. § 262(l), and the Declaratory 

Judgment Act, 28 U.S.C. §§ 2201(a) & 2202. 

147. Under 42 U.S.C. § 262(l)(8)(A), Defendants are required to provide notice to 

Janssen “not later than 180 days before the date of the first commercial marketing of the 

biological product licensed under subsection (k).”  Defendants have violated this provision by 

purporting to serve a notice of commercial marketing even though their proposed biological 

product is not “licensed under subsection (k).” 

148. Defendants’ violation of 42 U.S.C. § 262(l)(8)(A) has caused and will cause 

Plaintiffs injury, including irreparable harm for which Plaintiffs have no adequate remedy at law, 

and will continue unless the statutory requirements are declared and enforced by this Court.  

* * * 
 
 As a result of Defendants’ violations of the BPCIA alleged above, Plaintiffs assert the 

following claims of patent infringement, which Plaintiffs believe are premature under the 

BPCIA, in order to preserve their rights to seek lost profits and injunctive relief.    

COUNT 3: INFRINGEMENT OF THE 471 PATENT 

149. Plaintiffs incorporate by reference paragraphs 1-148 as if fully set forth herein. 

150. Upon information and belief, Defendants have been aware of the 471 patent since 

a time before Defendants filed their aBLA. 

151. Defendants’ submission of their aBLA was an act of infringement of the 471 

patent under 35 U.S.C. § 271(e)(2)(C)(i), literally or under the doctrine of equivalents. 

152. Defendants do not dispute that they infringe claims of the 471 patent. 
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153. Upon information and belief, Celltrion’s and/or Hospira’s commercial 

manufacture, use, sale, offer for sale and/or importation of their proposed biosimilar infliximab 

would infringe, contribute to the infringement of, and/or induce the infringement of claims 1, 3, 

and 5-7 of the 471 patent, literally or under the doctrine of equivalents. 

154. Upon information and belief, Defendants’ infringement of claims 1, 3, and 5-7 of 

the 471 patent would be objectively reckless and would make this case exceptional entitling 

Plaintiffs to attorneys’ fees. 

155. Unless Defendants are enjoined from infringing claims 1, 3, and 5-7 of the 471 

patent, Plaintiffs will suffer irreparable injury for which damages are an inadequate remedy. 

COUNT 4: INFRINGEMENT OF THE 396 PATENT 

156. Plaintiffs incorporate by reference paragraphs 1-155 as if fully set forth herein. 

157. Upon information and belief, Defendants have been aware of the 396 patent since 

a time before Defendants filed their aBLA. 

158. Defendants’ submission of their aBLA was an act of infringement of the 396 

patent under 35 U.S.C. § 271(e)(2)(C)(i), literally or under the doctrine of equivalents. 

159. Defendants do not dispute that they infringe claims of the 396 patent. 

160. Upon information and belief, Celltrion’s and/or Hospira’s commercial 

manufacture, use, sale, offer for sale and/or importation of their proposed biosimilar infliximab 

would infringe, contribute to the infringement of, and/or induce the infringement of claims 5, 7-9 

and/or 29 of the 396 patent, literally or under the doctrine of equivalents. 

161. Through their intended labelling, product inserts, publications, websites and/or 

promotional materials, Defendants will instruct customers to use their proposed biosimilar 

infliximab in an infringing manner.  Specifically, Defendants will encourage infringement of 
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claims 5, 7-9 and/or 29 of the 396 patent.  Defendants have knowledge of the 396 patent and 

know or are willfully blind to the possibility that the uses indicated and promoted on their 

intended labeling, product inserts, publications, websites and/or promotional materials encourage 

infringement of the aforementioned claims of the 396 patent.   

162. Upon information and belief, Defendants’ infringement of claims 5, 7-9 and/or 29 

of the 396 patent would be objectively reckless and would make this case exceptional entitling 

Plaintiffs to attorneys’ fees. 

163. Unless Defendants are enjoined from infringing claims 5, 7-9 and/or 29 of the 396 

patent, Plaintiffs will suffer irreparable injury for which damages are an inadequate remedy. 

COUNT 5: INFRINGEMENT OF THE 715 PATENT  

164. Janssen incorporates by reference paragraphs 1-163 as if fully set forth herein.  

165. On information and belief, Defendants have been aware of the 715 patent since a 

time before Defendants filed their aBLA. 

166. Defendants’ submission of their aBLA was an act of infringement of the 715 

patent under 35 U.S.C. § 271(e)(2)(C)(i), literally or under the doctrine of equivalents. 

167. Upon information and belief, Celltrion’s and/or Hospira’s commercial 

manufacture, use, sale, offer for sale and/or importation of their proposed biosimilar infliximab 

would infringe, contribute to the infringement of, and/or induce the infringement of claims of the 

715 patent, literally or under the doctrine of equivalents. 

168. Upon information and belief, Defendants’ infringement of claims of the 715 

patent would be objectively reckless and would make this case exceptional entitling Janssen to 

attorneys’ fees. 
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169. Unless Defendants are enjoined from infringing claims of the 715 patent, Janssen 

will suffer irreparable injury for which damages are an inadequate remedy. 

COUNT 6: INFRINGEMENT OF THE 083 PATENT  

170. Janssen incorporates by reference paragraphs 1-169 as if fully set forth herein.  

171. On information and belief, Defendants have been aware of the 083 patent since a 

time before Defendants filed their aBLA. 

172. Defendants’ submission of their aBLA was an act of infringement of the 083 

patent under 35 U.S.C. § 271(e)(2)(C)(ii), literally or under the doctrine of equivalents. 

173. Upon information and belief, Defendants’ infringement of the 083 patent would 

be objectively reckless and would make this case exceptional entitling Janssen to attorneys’ fees. 

174. Unless Defendants are enjoined from infringing the 083 patent, Janssen will suffer 

irreparable injury for which damages are an inadequate remedy. 

COUNT 7: INFRINGEMENT OF THE 056 PATENT  

175. Janssen incorporates by reference paragraphs 1-174 as if fully set forth herein.  

176. On information and belief, Defendants have been aware of the 056 patent since a 

time before Defendants filed their aBLA. 

177. Defendants’ submission of their aBLA was an act of infringement of the 056 

patent under 35 U.S.C. § 271(e)(2)(C)(ii), literally or under the doctrine of equivalents. 

178. Upon information and belief, Defendants’ infringement of the 056 patent would 

be objectively reckless and would make this case exceptional entitling Janssen to attorneys’ fees. 

179. Unless Defendants are enjoined from infringing the 056 patent, Janssen will suffer 

irreparable injury for which damages are an inadequate remedy. 

COUNT 8: INFRINGEMENT OF THE 600 PATENT  

180. Janssen incorporates by reference paragraphs 1-179 as if fully set forth herein.  
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181. On information and belief, Defendants have been aware of the 600 patent since a 

time before Defendants filed their aBLA. 

182. Defendants’ submission of their aBLA was an act of infringement of the 600 

patent under 35 U.S.C. § 271(e)(2)(C)(ii), literally or under the doctrine of equivalents. 

183. Upon information and belief, Defendants’ infringement of the 600 patent would 

be objectively reckless and would make this case exceptional entitling Janssen to attorneys’ fees. 

184. Unless Defendants are enjoined from infringing the 600 patent, Janssen will suffer 

irreparable injury for which damages are an inadequate remedy. 

PRAYER FOR RELIEF 

WHEREFORE, Plaintiffs respectfully request that this Court enter judgment in their 

favor against Defendants and grant the following relief: 

(a) a declaration that Defendants have failed to comply with the requirements of the 

BPCIA patent dispute resolution process, including 42 U.S.C. § 262(l)(2)(A) and 42 U.S.C. § 

262(l)(4);  

(b) an order compelling Defendants to comply with the BPCIA patent dispute 

resolution process set forth in 42 U.S.C. § 262(l); 

(c) a declaration that the “notice of commercial marketing” provided by Defendants 

on February 5, 2015 is not an effective “notice of commercial marketing” within the meaning of 

42 U.S.C. § 262(l)(8)(A) and that Defendants may not begin the commercial marketing of their 

proposed biosimilar to Janssen’s Remicade® infliximab product until at least 180 days after 

Defendants provide Janssen with proper notice pursuant to 42 U.S.C. § 262(l)(8)(A) that 

Defendants have received a license for and intend to begin commercial marketing of the product; 
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(d) preliminary and/or permanent equitable relief, including but not limited to a 

preliminary and permanent injunction that enjoins Defendants, their officers, partners, agents, 

servants, employees, parents, subsidiaries, divisions, affiliate corporations, other related business 

entities and all other persons acting in concert, participation, or in privity with them and/or their 

successors or assigns, from any commercial manufacture, use, offer to sell or sale within the 

United States, of Defendants’ proposed biosimilar to Janssen’s Remicade® infliximab product, 

until 180 days after Defendants provide Janssen with proper notice pursuant to 42 U.S.C. § 

262(l)(8)(A) that Defendants have received a license for and intend to begin commercial 

marketing of the product; 

(e) a judgment that Defendants have infringed under 35 U.S.C. § 271(e)(2)(C)(i): 

(1) the 471 patent; 
(2) the 396 patent; and 
(3) the 715 patent; 

 
(f) a judgment that Defendants have infringed under 35 U.S.C. § 271(e)(2)(C)(ii): 

(1) the 083 patent;  
(2) the 056 patent; and  
(3) the 600 patent; 

 
(g) a judgment declaring that the making, using, selling, offering to sell, or importing 

of the proposed biosimilar to Janssen’s Remicade® infliximab product described in aBLA No. 

125544 would constitute infringement of:  

(1) the 471 patent; 
(2) the 396 patent;  
(3) the 715 patent; 
(4) the 083 patent; 
(5) the 056 patent; and 
(6) the 600 patent; 

 
(h) preliminary and/or permanent equitable relief, including but not limited to a 

preliminary and/or permanent injunction that enjoins Defendants, their officers, partners, agents, 
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servants, employees, parents, subsidiaries, divisions, affiliate corporations, other related business 

entities and all other persons acting in concert, participation, or in privity with them and/or their 

successors or assigns, from any commercial manufacture, use, offer to sell or sale within the 

United States, or importation into the United Sates, of any product that infringes, or the use or 

manufacture of which infringes: 

(1) the 471 patent; 
(2) the 396 patent;  
(3) the 715 patent;  
(4) the 083 patent; 
(5) the 056 patent; or 
(6) the 600 patent; 

 
(i) an order compelling Defendants to compensate Plaintiffs for and awarding 

damages incurred as a result of Defendants’ actions or inactions; 

(j) a declaration that this is an exceptional case and an award to Plaintiffs of their 

attorneys’ fees, costs and expenses pursuant to 35 U.S.C. § 271(e)(4) and 35 U.S.C. § 285; and 

(k) such other relief as this Court may deem just and proper. 

 

Dated: March 6, 2015 
       

/s/ Heather B. Repicky        
      Heather B. Repicky (BBO # 663347) 
      hrepicky@nutter.com 
      NUTTER MCCLENNEN & FISH LLP 
      Seaport West 
      155 Seaport Boulevard 
      Boston, MA 02210 
      617-439-2000 
      FAX: 617-310-9000 
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METHODS AND TRANSFORMED FIG. 2 is a schematic diagram of chimeric human IgG
MAMMALIAN LYMPHOCYTE CELLS FOR anti-DNS expression vectors.

PRODUCING FUNCTIONAL ANTIGEN-
BINDING PROTEIN INCLUDING CHIMERIC DESCRIPTION OF THE SPECIFIC

IMMUNOGLOBULIN 5 EMBODIMENTS

Novel methods and compositions are provided, for pro-
This is a continuation of application Ser. No. 07/893,610, duction of polypeptide products having specific binding

filed Jun. 3, 1992, now abandoned, which is a continuation affinities for a predetermined ligand and predetermined
of application Ser. No. 07/675,106, filed Mar. 25, 1991, now biological, particularly physiological, properties, each of
abandoned, which is a continuation of application Ser. No. 10 which are not normally associated with the binding region
07/441,189, filed Nov. 22, 1989, now abandoned, which is peptide sequences. Particularly, multi-subunit chimeric
a continuation of application Ser. No. 07/090,669, filed Aug. receptors are provided which result from fused genes having
28, 1987, now abandoned, which is a continuation-in-part of the portion of the polypeptide involved with binding of a

application Ser. No. 06/644,473, filed Aug. 27, 1984 now predetermined ligand having an amino acid sequence sub-
abandoned. 15 stantially the same (>90% conserved) as an amino acid

sequence having the same function from one host, while the
BACKGROUND OF THE INVENTION portion involved with providing structural stability, as well

1. Field of the Invention as other biological functions, being analogously derived

from a different host. The resulting composition can beNaturally occurring receptors, such as immunoglobulins, 20 either an inter- or intraspecies chimera. At least two fused
enzymes, and membrane proteins have seen an extraordi-

nary expansion in commercial applications over the last genes are involved, which genes are introduced into an

decade. With the advent of monoclonal antibodies, the appropriate eukaryotic host under conditions for expression
usefulness of immunoglobulins has been greatly expanded and processing, whereby the fused genes are expressed and

the resulting subunits bound together, resulting in anand in many situations has greatly extended prior uses 25 assembled chimeric receptor.employing polyclonal antibodies. However, in many
applications, the use of monoclonal antibodies is severely The receptors prepared in accordance with the subject
restricted where the monoclonal antibodies are to be used in invention will be multi-subunit, where the units are held

a physiological (in vivo) environment. Since, for the most together either by non-covalent binding or a combination of

part, monoclonal antibodies are produced in rodents, e.g., 30
non-covalent and covalent binding, particularly disulfide

mice, the monoclonal antibodies are immunogenic to other linkages through cysteme, and having at least one binding
species. site, usually at least two binding sites, and not more than

about ten binding sites. Receptors of interest include bothWhile the constant regions of immunoglobulins are not
B-cell and T-cell receptors, more particularly,involved in ligand binding, the constant regions do have a

number of specific functions, such as complement binding, 35 immunoglobulins, such as IgM, IgG, IgA, IgD and IgE, as

well as the various subtypes of the individual groups. Theimmunogenicity, cell receptor binding, and the like. There
will, therefore, be situations where it will be desirable to light chain may be K or X. The heavy chains are referred to

have constant regions which bind to cells or proteins from a
as kt, y, a, 8, and E.

particular species having binding regions for a particular In discussing the two regions of each subunit, the two

ligand. 40 regions will be referred to as "variable" and "constant" by
2. Relevant Literature analogy to immunoglobulins. The variable region is the

region involved with ligand binding and, therefore, will vary
Kwan et al., J. Exp. Mod. (1981) 153:1366-1370 and in conformation and amino acid sequence depending upon

Clarke et al., Nucl. Acids Res. (1982) 10:7731-7749 the ligand. The region will usually be composed of a
describe VH and V exons from the mouse phosphocholine-

45 plurality of smaller regions (hypervariable or complemen-
binding antibody-producing S107 myeloma cell line. Oi et

tary determining regions), involving a region having as its
al., Proc. Natl. Acad. Sci. USA (1983) 80:825-829, report primary function binding to the ligand (V) and a region
that the mouse light chain gene is not expressed efficiently associated with joining the V region to the constant region,
in a rat myeloma cell, the joining region (J). There may also be a hypervariable

SUMMARY OF THE INVENTION 50 region joining the V and J regions, the diversity region (D).
These regions are related to gene segments observed in the

Chimeric multi-subunit receptors are provided, where genes encoding immunoglobulin variable regions.
each of the subunits is an expression product of a fused gene. The constant region will not be associated with ligand
Each fused gene comprises a DNA sequence from one host binding and will be relatively limited in the variations in its
species encoding the region involved with ligand binding 55 conformation and amino acid sequence within any one

joined to a DNA sequence from a different source, either the species and within any one class, each class generally having
same or a different host species, encoding a "constant" from 1 to 4 subclasses. Each constant region is specific for
region providing a structural framework and biological a species. Within the classes there will be allotypes, indi-
properties. Introduction of the fused genes into an appro- vidual polymorphisms within a class within a species.
priate eukaryotic host cell under conditions for expression 60 The varible region of the immunoglobulins will be
and processing provides for a functional assembled multi- derived from a convenient mammalian source, which may
subunit receptor product. be a rodent, e.g., mouse or rat, rabbit, or other vertebrate,

mammalian or otherwise, capable of producing immunoglo-BRIEF DESCRIPTION OF THE DRAWINGS
bulins. The constant region of the immunoglobulin, as well

FIG. 1A is a schematic diagram of the chimeric mouse- 65 as the J chain for IgM and IgA (not the same as the J region
:human heavy chain gene vector; and FIG. 1B is the chi- of the heavy or light immunoglobulin chain), will be derived
meric light chain vector, from a vertebrate source different from the source of the
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variable region, particularly a mammalian source, more selected from the naturally occurring intron sequence asso-

particularly primate or domestic animal, e.g., bovine, ciated with the J region. In some instances it will be
porcine, equine, canine, feline, or the like, and particularly, necessary to provide adapters to join the intron or truncated
humans. The different source of the constant region can be intron to the constant region. By cleaving within the intron,
either from a different species or from the same species as 5 the variable region will be separated from its natural con-
the mammalian source utilized to provide the variable stant region.
region. Thus, the constant region of the receptor will nor-

Alternatively, it may be desirable to have the fused genemally be chosen in accordance with the purpose of the
free of the intron between the variable and constant regions.

receptor. For example, where the receptor is to be introduced
Thus, the 3' terminus will be at or in the joining region.into the host, the constant portion will be selected so as to

lo Normally all or a portion of the J region will be associated
minimize the immune response of the host to the receptor with the host providing the variable region. By restriction
and to optimize biological efficiency, such as complement
fixation or physiological half-life (catabolism). Where the enzyme analysis or sequencing of the J region, one can

select for a particular site for the 3' terminus of the variable
receptor is to bind to particular cell membrane surface

receptors, the constant region will be chosen in accordance
15

region.
with the host of the receptor recognition site. Alternatively, one can use an exonuclease and by employ-

ing varying periods of digestion, one can provide for varyingThe fused gene derived from the two host sources will be

prepared by joining the 5'-end of a sequence encoding the 3'-termini, which can then be used for linking to the constant

constant region in reading frame to the 3'-end of a sequence region and selection made for a functional product in a

2encoding the variable region. (In referring to 5' or 3' for a 0
variety of ways. For example, where joining of the variable

double strand, the direction of transcription is with 5' being region to the constant region results in a unique restriction

upstream from 3'.) With immunoglobulins, two fused genes
site, the fused DNA fragments may be screened for the

will be prepared, one for the light chain and one for the presence of the restriction site.

heavy chain. With T-cell receptors, the two fused genes will Alternatively, it may be found desirable to include an

be for each of the two chains involved in the formation of the 25 adapter or linker to join the variable region to the constant

T-cell receptor. The DNA sequences employed for prepar- region, where the adapter or linker may have the same or

tion of the fused gene may be derived from a variety of substantially the same sequence, usually at least substan-

sources. These sources include genomic DNA, cDNA, syn- tially the same sequence, of the DNA sequence of the two

thetic DNA, and combinations thereof. The genomic DNA fragments adjacent the juncture. The adapter or linker will

may or may not include naturally occurring introns. 30
be selected so as to provide for the two sequences to be in
common reading frame. Furthermore, by employingThe DNA obtained from natural sources, namely the
adapters, one could add an additional degree of variability ingenomic DNA or CDNA, may be obtained in a variety of
the binding affinity of the chimeric receptor, by providing for

ways. Host cells coding for the desired sequence may be
isolated, the genomic DNA may be fragmented, conve-the expression of different amino acids in the J region.
niently by one or more restriction endonucleases, and the 35 The joining of the various fragments is performed in

resulting fragments may be cloned and screened with a accordance with conventional techniques, employing blunt-

probe for the presence of the DNA sequence coding for the ended or staggered-ended termini for ligation, restriction

polypeptide sequence of interest. For the variable region, the enzyme digestion to provide for appropriate termini, filling
rearranged germline heavy chain DNA will include V, D, in of cohesive ends as appropriate, alkaline phosphatase
and J regions, including the leader sequence, which may be 40

treatment to avoid undesirable joining, and ligation with

subsequently removed as well as any introns. The rearranged appropriate ligases.
germline light chain coding DNA will include the V and J For cDNA, the cDNA may be cloned and the resulting
regions including the leader sequence, as well as any introns clone screened with an appropriate probe for cDNA coding
which may be subsequently removed. The particular source for the desired variable or constant region. Once the desired
of the exons defining the domains and the manner of 45 clone has been isolated, the CDNA may be manipulated in

splicing, where introns are present, is not germane to this substantially the same manner as the genomic DNA.
invention. Once the cloned fragment has been identified However, with cDNA there will be no introns or intervening
which contains the desired DNA sequence, this fragment sequences. The cDNA is cleaved at or near the juncture of

may be further manipulated to remove superfluous DNA, the variable region with the constant region so that the

modify one or both termini, remove all or a portion of so variable region is separated from the constant region and the

intervening sequences (introns), or the like, desired region retained. Where a convenient restriction site

In providing a fragment encoding the variable region, it exists, the CDNA may be digested to provide for a fragment
will usually be desirable to include all or a portion of the having the appropriate terminus. The restriction site may
intron downstream from the J region. Where the intron is provide a satisfactory site or be extended with an adapter.
retained, it will be necessary that there be functional splice 55 Alternatively, primer repair may be employed, where for the

acceptor and donor sequences at the intron termini. The gene variable region a complementary sequence to the site of

sequence between the J (joining region) and the constant cleavage and successive nucleotides in the 3' direction of the

region of the fused gene may be primarily the intron complementary sequence is hybridized to the sense strand of

sequence associated with (1) the constant region, (2) the J the CDNA and the nonsense strand replicated beginning
region, or (3) portions of each. The last may be a matter of 60 with the primer and removal of the single-stranded DNA of

convenience where there is a convenient restriction site in the sense strand 3' from the primer. The reverse is true for

the introns from the two sources. In some instances, all or a the constant region. Other techniques may also suggest
portion of the intron may be modified by deletion, nucleotide themselves. Once the fragment has been obtained having the

substitution(s) or insertion, to enhance ease of manipulation, predetermined 3' or 5' terminus, as appropriate, it may then

expression, or the like. When the variable region is chosen 65 be employed for Joining to the other region.
to be syngeneic with the host cells employed for expression, Finally, one or both of the regions may be synthesized and
all or at least about 80% of the intron sequence can be cloned for use in preparing the fused gene. For the most part,
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the same or substantially the same constant region can be J is a segment coding for the joining region;
repetitively used, so that a library of constant regions may be Vi and Di are introns associated with the letter-indicated
established which can be selected for joining to variable coding segments having functional donor and acceptor splic-
regions. Thus, the constant regions would have an appro- ing sites;
priate 5' terminus for joining directly or through an adapter 5 a, b and c are the same or different and are 0 or 1, wherein
to a variable region. when b is 0, c is 0; a, b, and c are all preferably 0;

In order for expression of the fused gene, it will be I is an intron which may be naturally contiguous to the J
necessary to have transcriptional and translational signals segment or naturally contiguous to the C domain or a

recognized by an appropriate eukaryotic host. For the most combination of fragments from both, or a fragment thereof,
part, desirable eukaryotic hosts will be mammalian cells

io desirably including an enhancer sequence functional in said
capable of culture in vitro, particularly leukocytes, more expression host, or I may be foreign in whole or in part to
particularly myeloma cells, or other transformed or onco- the J and C segments;genic lymphocyte, e.g., EBV transformed cells.
Alternatively, non-mammalian cells may be employed, such d is 0 or 1 (preferably 0);

C is the constant domain and may code for a kt, y, 8, a or
as fungi, e.g., yeast, filamentous fungi, or the like.

15 E chain, preferably kt, y, or a, usually including at least 80%The DNA sequence coding for the variable region may be
of the constant region sequence, and may be the same as orobtained in association with the promoter region from
a modified naturally occurring allotype or an altered con-genomic DNA. To the extent that the host cells recognize the

transcriptional regulatory and translational initiation signals stant region encoding an improved protein sequence; and

associated with the variable region, then the region 5' of the TTR is the transcriptional termination region providing
variable region coding sequence may be retained with the 20 for transcriptional termination and polyadenylation which

variable region coding sequence and employed for transcrip- may be naturally associated with C or may be joined to C,
tional and translational initiation regulation. being functional in the expression host; usually being at least

The contiguous non-coding region 5' to the variable about 100 bp and may be 1 kbp or more.

region will normally include those sequences involved with Fused genes lacking, or containing modifications in, the
initiation of transcription and translation, such as the TATA 25 hinge region or other immunoglobulin constant region
box, capping sequence, CAAT sequence, and the like. Usu- domains can also be prepared, in like manner to the modi-

ally the 5'-non-coding sequence will be at least 150 bp, more fications described above, in which case the formula will be

usually at least 200 bp, usually not exceeding about 2 kbp, as shown above but with the hinge region of the constant

more usually not exceeding about 1 kbp. chain being absent or modified.

The non-coding region 3' to the constant region may be 30 The constructs for each of the different subunits may be

retained for its transcriptional termination regulatory joined together to form a single DNA segment or may be

sequences, such as termination and polyadenylation. Thus, maintained as separate segments, by themselves or in con-

by retaining the 3'-region naturally contiguous to the DNA junction with vectors.

sequence coding for the constant region, the transcriptional The subunit constructs may be introduced into a cell by
termination signals may be provided for the fused gene. 35 transformation in conjunction with a gene allowing for

Where the transcriptional termination signals are not satis- selection where the construct will become integrated into the

factorily functional in the expression host cell, then a 3' host genome.

region functional in the host cell may be substituted. A large number of vectors are available or can be readily
Conveniently, the non-coding 3' region may be obtained prepared which provide for expression in a host, either by
from a non-coding contiguous 3' region of a constant region 40 maintenance as an extrachromosomal element or by inte-

from the expression host. The 3'-non-coding region may be gration into the host genome. For a mammalian host, a wide

joined to the constant region by any of the means described variety of vectors are known based on viral replication
previously for manipulation and ligation of DNA fragments. systems, such as Simian virus, bovine papilloma virus,
This region could then be used as a building block in adenovirus and the like. These vectors can be used as

preparing the fused gene. 45 expression vectors where transcriptional and translational

The fused gene for the most part may be depicted by the initiation and termination signals are present and one or

following formula: more restriction sites are available for insertion of a struc-

tural gene. In addition, the vectors normally have one or

TIR-(LS)-Vr (D)b- (Di)-.T-(I)a-C- 1TR
more markers which allow for selection of host cells which

wherein: 50 contain the expression vector. The marker may provide for
TIR intends the transcriptional regulatory and transla- prototrophy to an auxotrophic host; biocide resistance, e.g.,

tional initiation region and is generally of at least about 150 resistance to antibiotics, such as G418, or heavy metals, such

bp and not more than about 2 kbp, which may be in whole as copper; or the like. If desired, expression vectors can be
or in part the sequence naturally joined to the V coding prepared by joining the various components, such as the

region; 55 replication system, markers, and transcriptional and trans-

LS refers to a DNA sequence encoding a leader sequence lational regulatory initiation and termination signals in con-

and processing signal functional in the expression host for junction with the fused gene. Frequently, a vector will
secretion and processing for removal of the sequence; this include a prokaryotic replication system, which allows for
leader sequence can contain an intron, as is known in the art cloning, manipulation, purification, and expansion of the
to occur; 60 desired DNA sequence.

e is 0 or 1; A wide variety of transcriptional and translational regu-
V is a segment coding for the variable domain in reading latory sequences may be employed, depending upon the

frame with LS, when LS is present; nature of the host. The transcriptional and translational
f is 0 or 1; regulatory signals may be derived from viral sources, such
D is a segment coding for the diversity domain and is 65 as adenovirus, bovine papilloma virus, Simian virus, or the

present for the heavy chain (b=1) and is absent for the light like, where the regulatory signals are associated with a

chain (b=0); particular gene which has a high level of expression.
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Alternatively, promoters from mammalian expression nogenicity can be produced, the chimeric receptors can find
products, such as actin, collagen, myosin, etc., may be use in therapy, for passive immunization for in vivo

employed. Transcriptional initiation regulatory signals may imaging, for specific treatment of diseased cells, or the like.
be selected which allow for repression or activation, so that For in vivo imaging, the chimeric antibody will normally be

expression of the fused genes can be modulated. Of interest 5 conjugated to a radionuclide, e.g., technetium, rhenium, or

are regulatory signals which are temperature-sensitive so
the like. For biocidal activity, the antibody may be joined to

that by varying the temperature, expression can be repressed the A-portion of toxins, liposomes containing biocidal

or initiated, or are subject to chemical regulation, e.g.reagents, radionuclides, or other biocidalagent.,
metaboliteAlternatively, the antibodies can be used in combination

with the host immune system, e.g., complement, due to the
Once the vector DNA sequence containing the fused gene io

presence of the native constant region. In vitro, the subjecthas been prepared for expression, the DNA construct may be chimeric antibodies can be used in conjunction with comple-introduced into an appropriate host. Various techniques may ment to remove particular cells from a mixture of cells,
be employed, such as protoplast fusion, calcium phosphate- where the target cells have a ligand complementary to the
precipitation, or other conventional technique. After the binding site of the chimeric antibody.
fusion, the cells are grown in a selective medium or are 15 The following examples are offered by way of illustration
phenotypically selected leaving only cells transformed with and not by way of limitation.
the DNA construct. Expression of the fused gene results in

EXAMPLE 1assembly to form the receptor. To date, expression has been

accomplished in lymphocytes. Materials and Methods
The host cells will for the most part be immortalized cells, 20 Chimeric Genes

particularly myeloma or lymphoma cells. These cells may be The cloned S107 variable region (heavy) (VH) and S107

grown in an appropriate nutrient medium in culture flasks or Vic variable region (light, kappa) genes were obtained from

injected into a syngeneic host, e.g., mouse or rat, or immu- Dr. Matthew Scharff (Dept. of Cell Biology, Albert Einstein
nodeficient host or host site, e.g., nude mouse or hamster College of Medicine, Bronx, N.Y. 10641). The S107 VH

pouch. Particularly, the cells may be introduced into the 25 gene was spliced to human IgG1 and IgG2 constant region
abdominal cavity for production of ascites fluid and har- genes using Sall linkers as shown in FIG. 1A. Both con-

vesting of the chimeric receptor. Alternatively, the cells may structs were inserted into the vector pSV2AH-gpt (Oi et al.,
be injected subcutaneously and the antibodies harvested Proc. Natl. Acad. Sci. USA (1983) 80:825-829; Mulligan
from the blood of the host. The cells may be used in the same and Berg, Science (1980) 209:1422-1427). The S107 Vic
manner as hybridoma cells. See Diamond et al., N. Eng. J. 30 gene was spliced to the human K gene at a unique HindIII
Med. (1981) 3034:1344 and Kennatt, McKearn and Bechtol site located in the large intron between the Jic and CI( exons

(eds.), Monoclonal Antibodies: Hybridomas New as shown in FIG. 1B. This chimeric light chain gene
Dimension in Biologic Analysis, Plenum, 1980, which are construct was inserted into both pSV2AH-gpt and pSV2-neo
incorporated herein by reference. plasmid vectors (Mulligan and Berg, Proc. Natl. Acad. Sci.

Where a leader is present with a processing signal for 35 USA (1981) 78:2072-2076) and pSV1844H-neo plasmid
secretion and selective cleavage of the leader (signal) vectors (Oi and Morrison, Biotechniques (1986)
sequence, the resulting assembled receptor will be secreted 4:214-221).
into the nutrient medium of the transformed cells and may Transfection
be harvested. Where secretion does not occur, after sufficient Protoplast fusion and calcium-phosphate (CaPO4) pre-
time for the receptor to be expressed in reasonable amounts, 40 cipitation techniques (Oi et al., (1983) supra; Sandri-Goldin
the cells may be killed, lysed, and the receptors isolated and et al., Mol. Cell. Biol. (1981) 1:743-752; Chu and Sharp,
purified. Where transcriptional initiation can be modulated, Gene (1980) 13:197-202) were used to transfect these
the cells may be grown to high density under non-permissive chimeric immunoglobulin genes into the J558L myeloma
conditions, followed by growth under permissive conditions cell line (a lambda (X) light chain producing mouse

where the receptor is expressed. 45 myeloma cell line) and the non-immunoglobulin-producing
The receptors may be naturally glycosylated, unnaturally An derivative of the P3 myeloma cell line. Mycophenolic

glycosylated or be free of glycosyl groups, depending on the acid (Gibco Laboratories, Santa Clara, Calif. 95050) was

host, conditions of cellular growth and subsequent treat- used for selection of cells transfected with pSV2AH-gpt
ment. Where a mammalian host cell is employed for vectors as described previously (Oi et al., (1983) supra; Ochi

expression, usually natural glycosylation will occur. Glyco- 50 et al., Proc. Natl. Acad. Sci. USA (1983) 80:6351-6355).
sylation can be prevented by an appropriate inhibitor, e.g., G418 (Gibco Laboratories) at 1.0 mg/ml was used for

tunicamycin. Alternatively, glycosyl groups may be selection of cells transfected with pSV2-neo vectors

removed by hydrolysis, e.g., enzymatic hydrolysis using (Mulligan and Berg, (1980) supra).
hydrolases. In expression hosts other than mammalian cells, When both light and heavy chimeric genes were trans-

unglycosylated or unnatural glycosylated receptors may be 55 fected into the J558L cell line using protoplast fusion
obtained, techniques, light and heavy chimeric immunoglobulin genes

The receptor may be isolated and purified in accordance were transfected sequentially using G418 selection for the
with conventional conditions, such as extraction, chimeric light chain gene vector and mycophenolic acid for

precipitation, chromatography, affinity chromatography, the chimeric heavy chain gene vector. The protoplast fusion

electrophoresis, or the like. By employing antibodies spe- 60 transfection procedure used was as described previously (Oi
cific for the constant region(s), affinity chromatography will et al., (1983) supra).
allow for concentration and purification of the chimeric Transfection using the calcium phosphate precipitation
receptor. procedure was done by mixing 40 kig of both chimeric light

The chimeric receptors can be used in the same manner as and chimeric heavy chain pSV2AH-gpt vectors and trans-

other receptors for binding to specific ligands in diagnostic 65 fecting a total of 80 kig of plasmid DNA into 5x106 cells.

assays, affinity chromatography or the like. In addition, Mycophenolic acid was used to select for transformed cell
because a chimeric receptor of substantially reduced immu- lines as described previously (Oi et al., (1983) supra).
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Antigen-binding from immunoprecipitates of human IgG,(K) antibodies pro-
Phosphocholine (PC) binding of antibody secreted into duced by transfected P3 cell lines. Since the non-

the culture supernates of transfected cell lines was analyzed immunoglobulin-producing parental P3 cell line does not

using a solid-phase radioimmunoassay described previously produce endogenous immunoglobulin polypeptide chains,
(Oi and Herzenberg, Mol. Immunol. (1979) 16:1005-1017). 5 as expected only the chimeric mouse:human heavy and light
PC-binding antibodies in biosynthetically-labeled culture chains are seen on the autoradiograms.
supernates and cell lysates of transfected cell lines also were Phosphocholine-binding by the chimeric antibody pro-

analyzed by binding the biosynthetically-labeled antibody to duced in the J558L cell line was the result from specific
PC-coupled to Sepharose 4B (Pharmacia Five Chamicals, association of the chimeric immunoglobulin light and heavy
Piscataway, N.J.) and then eluting the bound antibody with io polypeptide chains, i.e., the VH and Vic domains of the 5107

PC-hapten. The bound and eluted antibody was examined by myeloma protein connected to human constant region
SDS-polyacrylamide gel electrophoresis (SDS-PAGE). polypeptides. This was determined by measuring
Biosynthetic-labeling procedures were done as described PC-binding by immunoglobulins produced by J558L cells

previously (Oi et al., J. Exp. Med. (1980) 151:1260-1274). transfected with the mouse: human chimeric heavy chain

Idiotype Analysis 15 gene. PC-binding was never observed from antibody
Three hybridoma anti-idiotope antibodies, obtained from secreted by transfected J558L cells expressing only the

Dr. Matthew Scharff (Dept. of Cell Biology, Albert Einstein chimeric heavy chain and the endogenous J558L X light
College of Medicine, Bronx, N.Y), were used to analyze the chain (data not shown). Chimeric antibodies produced in the

variable heavy-variable light (VH-VL) domain structure of transfected non-immunoglobulin-producing P3 cell line also

the chimeric human anti-PC antibodies. These antibodies, 20 were shown to bind PC-Sepharose. In view of the low

recognizing three independent idiotopes, were used to binding affinity of the parental mouse S107 antibody, analy-
immunoprecipitate biosynthetically-labeled material eluted ses of appropriate polypeptide folding of mouse VH and Vic

with PC from the PC-Sepharose 4B matrix. Immunoprecipi- domains in the novel environment of human constant

tates were analyzed by SDS-PAGE. regions polypeptide chains were done by determining the

Immunoglobulin Chain Composition 25 presence of idiotypes known to occur on the parental S107

Monoclonal anti-human IgG and anti-human K antibodies PC-binding antibody molecule. Three monoclonal anti-

(Becton-Dickinson Monoclonal Center, Mt. View, Calif.) idiotope antibodies, each recognizing a distinct epitope on

were used to immunoprecipitate biosynthetically-labeled the light and heavy variable region domains and an epitope
chimeric human anti-PC antibodies for analyses using two- defined by the presence of both light and heavy variable

dimensional non-equilibrium pH gradient polyacrylamide 30 region domains, were found to react with the mouse:human

gel electrophoresis (NEPHGE) (Oi and Herzenberg, (1979) chimeric anti-PC antibodies. This strongly supports the fact

supra). PC-coupled to Sepharose 4B also was used for that the mouse S107 antigen-binding domains have folded

immunoprecipitations. into their intended structures.

Immunoglobulin Heavy Chain Glycosylation Glycosylation of the mouse:human chimeric antibodies in

Tunicamycin (Calbiochem-Behring, San Diego, Calif.) 35 mouse myeloma cells was analyzed by measuring the rela-

was used to inhibit asparagine-linked glycosylation of tive molecular weight (Mr) of antibodies biosynthesized in

biosynthetically-labeled antibody from mouse cell lines pro- the presence and absence of tunicamycin, a known antibiotic

ducing mouse:human chimeric immunoglobulins (Oi et al., inhibitor of asparagine-linked glycosylation. Autoradio-

(1980) supra). PC-binding antibody from tunicamycin- grams of SDS-PAGE analysis of the chimeric heavy and

treated cells was analyzed by SDS-PAGE. Procedures used 40 light chains produced in mouse myeloma cells in the pres-
for tunicamycin treatment were as described previously (Oi ence or absence of tunicamycin showed the lower relative

et al., (1980) supra). Mr of the heavy chain synthesized in the presence of

Chimeric Mouse:Human Antibody Production in Mice tunicamycin as expected if a single N-linked carbohydrate
Transformed J558L cells producing chimeric mouse:hu- was absent from the polypeptide chain. From these data it is

man antibody were injected subcutaneously into BALB/c 45 concluded that the mouse myeloma cell appropriately gly-
mice (106 cells/mouse). Sera from tumor-bearing mice were cosylates the human heavy chain.

analyzed for human anti-PC antibody by a solid-phase When transfected J558L cells producing the human IgG2
radioimmunoassay described previously (Oi and (lc) chimeric anti-PC antibody were grown as a subcutane-

Herzenberg, (1979) supra) and by immunoelectrophoresis ous tumor in BALB/c mice, analysis of the sera of these

using a polyclonal anti-human antiserum. 5.0 mice showed significant human IgG2(K) anti-PC binding
antibody production by radioimmunoassay. Polyclonal anti-

Results human antiserum demonstrated the presence of significant
Expression of chimeric mouse V:human C region genes in quantities of human immunoglobulin in the sera. Based on

transfected mouse myeloma cells J558L and the non- comparison with prior experience with mouse hybri-doma-
immunoglobulin-producing P3 myeloma cell lines was 55 antibody production in mice, the amount of immunoglobulin
obtained. When both light chain and heavy chain chimeric visualized by immunoelectrophoresis analysis of mice bear-

genes were transfected into the same cell, tetrameric (H2L2) ing tumors of the transfected J558L cell line was similar to

antigen-binding antibodies were obtained. Autoradiograms the lower levels of production seen with other mouse

of two-dimensional NEPHGE analyses of the chain com- hybridoma tumor cell lines.

position of biosynthesized and secreted antibody molecules 60 Analysis showed that fewer than about 10% of the trans-

bound and eluted from phosphocholine-Sepharose showed fected cell lines produced both chimeric heavy and light
the formation of mixed molecules, including the endog- chain polypeptides. Among transformants generated by pro-
enously produced J558L X light chain. Each polypeptide toplast fusion, both gpt and neo biochemical markers were

chain had the expected charge and relative molecular expressed at expected frequencies. However, chimeric light
weight. Identical two-dimensional gel analyses results were 65 chain expression was infrequent. In co-transfection experi-
obtained with immunoprecipitates with monoclonal anti- ments using the CaPO, precipitation protocol, the same

human K and IgG antiodies. Similar results were obtained phenomenon was observed.
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Based on prior experience with co-expression of gene fluorescence emission spectra of bound DNS-lysine. This
products in transformed cell lines, it appears that the appro- hapten is a sensitive indicator of the dynamic polarity of its

priate transcriptional or translational controlling elements microenvironment. Independently derived mouse IgG, anti-
are absent in either the chimeric light chain gene construct DNS antibodies with different combining sites were previ-
or in the mouse myeloma cell lines used. The mouse Vic 5 ously shown to generate different emission spectra (Reidler
gene promoter is coupled to the presumed human intronic et al., J. Mol. Biol. (1982) 158:739). The absorption and
DNA sequences that are homologous to the known mouse emission spectra of DNS-lysine bound to each genetically
intronic controlling element (ICE) or immunoglobulin engineered antibody was identical to the DNS1 combining
"enhancer" element (Morrison and 0i, Ann. Rev. Immunol. site of the parental hybridoma (corrected fluorescence emis-

(1984) 7:239-256). The chimeric mouse: human heavy io sion spectra of each affinity purified chimeric antibody were

chain gene is not constructed in this manner and, in contrast, measured using a SIM model 8000 fluorescence spectro-
is expressed efficiently. The mouse heavy chain intronic photometer with 340 nm excitation, essentially as described

controlling element (ICE) sequences are included and in Reidler, et al., J. Mol. Biol. (1982) 158:739). This
human sequences excluded in this construct. The basis for indicates that each chimeric antibody has a properly folded
the low level of expression of the light chain is subject to 15 VH domain, despite the heterologous junction between the

speculation. mouse VH and human or rabbit CH1 domains. Stable trans-

It is evident from the above results that chimeric fectoma cell lines produced immunoglobulins with heavy
receptors, as illustrated by immunoglobulins, can be pro- chains of appropriate size and charge as determined by
duced where the variable regions may be obtained from one two-dimensional sodium dodecyl-sulfate polyacrylamide
host source and the constant regions obtained from another 20 gel electrophoresis (SDS-PAGE). Immunoglobulins pro-
host source. Where the immunoglobulins are to be use in duced by each transfectoma cell line were analyzed by
vivo, this can provide for numerous advantages, such as biosynthetic labelling, immunoprecipitation and one- or

reduced immunogenicity, a lower catabolism, and the ability two-dimensional SDS-PAGE essentially as described by P.

to fulfill biological effector functions associated with the P. Jones in Selected Methods in Cellular Immunology, B. B.

constant regions. Furthermore, now that it is shown that 25 Mishell, S. M. Shiigi, Eds. (W. H. Freeman, San Francisco,
chimeric receptors can be produced, there is the opportunity 1980), pp. 238. Rabbit anti-human IgG anti-sera was pur-
to prepare chimeric receptors with modification of V, J, and chased from Cappel. The recombinant heavy chains are

D regions so as to modify binding specificity. glycosylated, a post-translation modification known to affect

biosynthetic labeling in the presence or absence of
EXAMPLE 2

30 tunicamycin, an antibiotic known to inhibit asparagine-
A family of recombinant anti-DNS antibodies was pre- linked glycosylation (Hickman and Kornfeld J. Immunol

pared by cloning the mouse VH gene expressed in the DNS1 (1978) 121:990; Nose and Wigzell Proc, Natl. Acad. Sci.
(27-44) hybridoma cell line (Dangl et al., Cytometry (1982) (1983) 80:6632; Leatherbarrow et al. Molec. Immunol.
2:395) and joining this gene to the already cloned human (1985) 22:407).
IgGl, IgG2, IgG3, IgG4, rabbit IgG and mouse IgG3 heavy 35 This Example demonstrates the ability to prepare inter-
chain constant region genes. These recombinant genes were species chimeric antibodies from additional species using
inserted into the eukaryotic expression vector, pSV2(delta) the previously described techniques as well as the ability to
H-gpt (Oi et al., BioTechniques (1987) 4:214). Each recom- produce intra-species chimerics.
binant vector was transfected into a heavy chain loss mutant

of the DNS1 hybridoma cell line, 27-44.A5C13, or 40 EXAMPLE 3
co-transfected with a DNS-VK expression vector into the Ig- A series of intra-species hybrid mouse IgG1-IgG2immu-cell line 5P2.0 to generate stable anti-DNS transfectoma cell

noglobulins all with identical light chains and variable
lines (Morrison and 0i, Ann Rev. Immunol. (1984) 2:239).
The expressed VH and VK genes from the DNS1 hybridoma regions were produced. Hybrid heavy chain constant region

gene segments were generated by genetic recombination in
(Oi et al., Nature (1984) 307:136; Reidler et al., J. Mol. Biol. 45 E. coli between plasmids carrying mouse yl and y2a gene(1982) 158:739) were cloned from phage lambda libraries

segments. Crossovers occurred throughout these segments(Dangl, thesis, Stanford University, Stanford, Calif.) and
used to construct the vectors shown in FIG. 2. Transfection although the frequency was highest in regions of high

nucleotide sequence homology. Eleven hybrid proteins were
by protoplast fusion and selection and screening of trans-

produced by transfection of a variant hybridoma cell line.
fectomas has been described (Oi et al., BioTechniques, 50 Immunoglobulins produced by the transfected cell lines
supra; Dangl, thesis, Stanford University, Stanford, Calif.). were assembled into H2L2 tetramers and properly glycosy-Anti-DNS antibodies were purified from culture supernate lated in addition to having identical antigen combining sites
by affinity chromatography using a dansyl isomer

specific for the fluorescent hapten E-dansyl-L-lysine. Protein
2-dimethylaminonaphthyl-5-sulfonamide-3-lysine as absor-

A binding, used as a probe of Fc structure in these variant
bant (coupled to AH-Sepharose-4B) and eluant. The affinity 55 antibodies was consistent with the identity of protein A
of the DNS1 combining site for DNS is 17 nM; the binding contact residues within the Fc. Novel receptors with new and
affinity of this isomer is lower by a factor of 103, making it

improved functions were created, demonstrating that
suitable for use in affinity purification. Removal of bound

improvements over naturally occurring receptors can be
hapten by dialysis was monitored by fluorescence emission made.
spectroscopy. Antibodies were pure, >95% and free of 60

aggregates as determined by size exclusion chromatography Materials and Methods
(Dangl, thesis, Stanford University, Stanford, Calif.). The Generation of hybrid genes
chimeric mouse-human immunoglobulin heavy chain vec- Hybrid CH gene segments coding for polypeptides with an

tors are depicted in FIG. 2. The rabbit IgG and mouse IgG3 IgG1 amino-terminus and an IgG2a carboxy-terminus or an

heavy chain vectors were similarly constructed. 65 IgG2amino-terminus and IgG1 carboxy-terminus were

The nature of the DNS combining site of the genetically generated by adaptation of the system described by
engineered antibodies was monitored by measuring the Schneider et al., Proc. Natl. Acad. Sci. (1981)
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78:2169-2173. Plasmid pHGX1 was constructed by digest- heavy chain constant region gene segment into pMLSVgpt
ing pBN2 (Nichols and Yanofsky, Proc. Natl. Acad. Sci. DNA-VH in the proper orientation generates a gene encod-

(1979) 76:5244-5248) with HindIII and PvuII, filling in the ing the corresponding variant anti-DNS heavy chain

overhanging HindIII ends with T4 DNA polymerase, ligat- polypeptide. Hybrid anti-DNS antibody-producing cell lines
ing XbaI linkers to the flush ends, and recircularizing the 5 were generated by transfecting these recombinant vectors

plasmid. Plasmids pHGX1Cy2,A and pHGX1Cy2aB were into a heavy-chain-loss variant of the 27-44 hybridoma cell
generated by digesting py2a.9 with EcoRI and HindIII, line, designated 27-44 A5C13 (which was provided by Dr.

filling in the overhanging ends, ligating XbaI linkers to the D. Parks of Stanford University). Other hybridoma cell lines
blunt ends, and inserting the Cy2a-containing fragment into lacking production of the heavy chain could also be used.

XbaI-digested pHGX1. Plasmids pHGX1Cy2,A and io Expression vectors were transfected into 27-44 A5C13

pHGX1Cy2B differ only in the orientation of the inserted using the following protoplast fusion procedure. E. coli
fragment. Plasmid pHGX2 was constructed by digesting strain HB101 carrying the appropriate plasmid was grown in

pWS1 (Schneider et al., Proc. Natl. Acad. Sci. (1981) L broth to an 0D600 of 0.6-0.7. Plasmid copy number was

78:2169-2173) with HpaI and Sall, filling in the overhang- amplified by addition of chloramphenicol (170 mg/1) and

ing Sall end, ligating XbaI linkers to the flush ends, and 15 incubating cultures overnight. Cells from 25 ml of culture

recircularizing the plasmid. Plasmids pHGX2Cy1A and were harvested by centrifugation and gently resuspended in

pHGX2Cy1B were generated by digesting Py1 with KpnI, 1.25 ml of ice cold 20% sucrose, 50 mM Tris-HC1 pH 8.0.
and ligating the Cy2a-containing fragment to XbaI-digested Freshly prepared lysozyme solution (0.25 ml at 5 mg/ml in
pHGX2. Plasmids pHGX2Cy1A and pHGX2Cy1B differ 0.25M Tris-HC1 pH 8.0) was added and the suspension
only in the orientation of the inserted fragment. 20 incubated for 6 minutes on ice. A 0.5 ml aliquot of 0.25 mM

E. coli strain W3110 trpR AtrpEA2 tnaA2 rna-19 was EDTA pH 8.0 was added and the mixture was incubated for
transformed with both pHGX1Cy2,A and pHGX1Cy1A or 5 minutes on ice. Following addition of 0.5 ml of 50 mM

pHGX1Cy2B and pHGX1Cy1B to chloramohenicol resis- Tris-HC1 pH 8.0, the cells were incubated for 10 minutes at

tance (Cm') and ampicillin resistance (Amp'). Single colo- 37° C. The bateria were then diluted with 10 ml of RPMI
nies were transferred to L broth containing chloramphenicol 25 1640 medium supplemented to 10% sucrose and 10 mM

(20 mg/1) and ampicillin (100 mg/1) and grown overnight. MgC12 and warmed to 37° C. After incubation for 10
Cells were collected by centrifugation, washed with Vogel- minutes at room temperature, the protoplasts were used for
Bonner minimal medium (Vogel and Bonner, J. Biol. Chem. fusion.

(1956) 218:97-106), and plated on minimal plates supple- The 27-44 A5C13 cell line was grown to a density of 0.3
mented with glucose (0.4%), acid-hydrolyzed casein (0.5%), 30 to 1x106 cells/ml in RPMI 1640 medium containing 1.0-
indole (10 mg/1) and chloramphenicol. Individual colonies mM sodium pyruvate, 2.0 mM L-glutamine, 50 mM
were transferred to identical liquid medium and grown 13-mercaptoethanol, 10% fetal calf serum (FCS), and 1%
overnight. Plasmid DNA was extracted from these cultures, NuSerumTM (Collaborative Research, Lexington, Mass.).
and the monomeric double crossover plasmids isolated by Cells (2x107) were harvested by centrifugation and resus-

size fractionation using agarose gel electrophoresis. DNA 35 pended in 1 ml of RPMI 1640 medium with supplements.
from monomeric plasmid fractions was used to transform E. After addition of 3 ml of protoplast suspension, the cells
coli W3110 trpR AtrpEA2 tnaA2 rna-19 to Trpand Cmr. were pelleted by centrifugation. The pellet was resuspended
Transformants were screened for ampicillin sensitivity by slowly adding 1 ml of 45% polyethylene glycol (PEG) in

(Amp') by replica plating. RPMI 1640 medium without supplements (warmed to 37°
The crossover site generating each hybrid was located by 40 C.) while mixing gently for 1 to 2 minutes. Nine milliliters

restriction enzyme analysis. Precise crossover junctions of 37° C. RPMI medium without supplements were added
were identified by DNA sequencing by the method of slowly to dilute the PEG solution. The suspension was

Maxam and Gilbert Methods Enymol. (1980) 65:499-560 or centrifuged and the pellet resuspended in 12 ml of RPMI

Sanger and Coulson, Proc. Natl. Acad. Sci. (1977) 1640 medium. Cells were then dispensed into a 24-well plate
74:5463-5467 using M13mp9 (Messing and Vieira, Gene 45 in 0.5 ml aliquots. The following day, 1 ml of RPMI 1640

(1982) 19:269-276) to generate single-stranded DNA tem- medium was added to each well. Two days after fusion,
plate. transfected cell lines were selected in medium containing 1

An additional variant heavy chain gene, one lacking the mg/1 mycophenolic acid, 15 mg/1 hypoxanthine, and 200

hinge region exon, also was constructed. The XbaI ends of mg/1 xanthine. Cultures were fed with 1 ml of selection

fragments containing CH gene segments were filled in and 50 medium as needed.
converted to Sall ends with linkers. These fragments were Protein Characterization

ligated into the Sall site of pMLSVgpt DNS-VH. Ay2heavy Antibodies from transfected cell lines were

chain constant region with a hinge exon deletion was biosynthetically-labelled with [355]-methionine in the
constructed by removing a StuI-SmaI fragment from an absence and presence of tunicamycin. Antibodies were

expression vector carrying the y2, CH coding region. This 55 immunoprecipitated with rabbit anti-mouse immunoglobu-
plasmid is designated pMLSVgpt DNS-VHCY2A hinge. lin antisera and analyzed by SDS-polyacrylamide gel elec-
Transfection of Hybrid Heavy Chain Genes trophoresis (SDS-PAGE), two-dimensional non-equilibrium

Plasmids designed to express anti-DNS hybrid heavy pH gradient gel electrophoresis, and two-dimensional non-

chain genes were constructed as described above. The reducing-reducing polyacrylamide gel electrophoresis
pMLSVgpt DNA-VH contains the E. coli xanthine-guanine 60 (Goding, Handbook of Experimental Immunology, Vol. 1.

phosphoribosyltransferase gene (gpt) which is used to Blackwell Scientific Publications, Oxford (1986)
biochemically-select transfected mammalian cells 20:1-20.33). Fluorescence emission spectra of hybrid anti-

(Mulligan and Berg, Proc. Natl. Acad. Sci. (1981) DNS antibodies bound to E-dansyl-L-lysine were measured

78:2072-2076). The heavy chain variable region (VH) gene using 340 nm excitation on a SLM model 8000 fluorescence

segment from the anti-DNS hybridoma 27-44 (Dangi et al., 65 spectrophotometer.
Cytometry (1982) 2:395-401) is located upstream of the CH Production and Purification of Genetically Engineered Anti-

gene insertion site. Hence ligation of each recombinant bodies
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Hybrid anti-DNS antibodies were purified from sera of Precise crossover points were determined by DNA
tumor-bearing mice or from culture supernates of trans- sequencing. The amino acid sequences of the parental IgG,
fected cell lines grown in serum-free medium (Hana and IgG„ polypeptides as well as the deduced sequence
Biologicals, Berkeley, Calif.). Hybridoma cell lines 27-44 junctions of the ten recombinant heavy chains were deter-
and 27-13 were used to produce parental IgG1 and IgG2a 5 mined. Nine of the ten hybrid genetic segments appear to
anti-DNS antibodies (Dangl et al., Cytometry (1982) have been generated by single crossover events, while
2:395-401). Y1Y2a-1 appears to have arisen by a triple exchange within

Anti-DNS antibodies were purified by affinity chroma- the intron between CH1 and hinge exons. The length of
tography using a DNS analog (2-dimethylaminonaphthy1-5- nucleotide sequence identity between Cy1 and Cy2a genesulfonyl chloride; Molecular Probes, Eugene, Oreg.) 10 segments within which exchanges occurred varied from 5 to
coupled to AH-Sepharose 4B (Pharmacia, Piscataway, N.J.).
N-(5-Carboxypenty1)-2-dimethylaminonaphthy1-5- 21 base pairs.
sulfonamide was used to elute bound antibody. Expression of Recombinant Immunoglobulins Genes
Protein A Binding All eleven heavy chain genes are expressed when trans-

Binding of each hybrid anti-DNS antibody to Staphylo- fected into the 27-44 A5C13 cell line. SDS-PAGE analyses
coccus aureus protein A was measured at pH 7.0. Purified 15 show that each cell line synthesizes and secretes, in addition
protein A (Pharmacia) and a two-fold molar excess of IgG to light chain (L), an immunoglobulin heavy chain (H)
were incubated in 150 mM sodium phosphate pH 7.0 for 20 polypeptide of the appropriate relative molecular weight
minutes at room temperature. IgG-protein A complexes were (Mr). Two-dimensional nonequilibrium pH gradient gelanalyzed using Superose 6 column chromatography electrophoresis analysis confirmed the identity of the endog-(Pharmacia). 20

enous light chain produced by each transfected cell line, as

Results well as the expected charge (deduced from the amino acid
Generation of Hybrid CH Genes sequence) for each recombinant heavy chain polypeptide.

Genetic recombination between pHGX1Cy2aA and Each recombinant antibody, when synthesized in the pres-

pHGX1Cy1A or pHGX1Cy2aB and pHGX1Cy2aB yielded ence of tunicamycin showed an altered mobility upon reduc-
TRcolonies at frequencies similar to that reported previ- 25r ing SDS-PAGE relative to each antibody synthesized in the

ously (Schneider et al., supra). The Trpphenotype results absence of tumicamycin indicating that each heavy chain is
from a single crossover between trpB segments in the two glycosylated.
parental plasmids to generate an intact, functional gene. The The DNS fluorescence emission spectrum of all eleven
single crossover produces a dimeric plasmid, containing the

30
recombinant antibodies are identical to the hybridoma IgG1

entire genetic material of both starting plasmids. The and IgG2a anti-DNS antibody fluorescence emission spectra.
dimeric trplr Cm' Amp' plasmid is expected to sustain a This is an accurate and sensitive means of identifying the
second recombinational event in any region of homology. A antigen-combining sites of anti-DNS antibodies (Reidler et
second crossover, between Cy1 and Cy2a gene segments, al., J. Mol. Biol. (1982) 158:739-746, Oi et al., Nature
yields a monomeric trplr Cm' Amp' plasmid with a hybrid

35 (1984) 307:136-140) and demonstrates that the original
CH segment. Transformation of E. coli W3110 trpR DNS combining sites have been re-created in the hybrid
AtrpEA2 tnaA2 rna-19 with size-fractionated monomeric antibodies.
plasmid DNA from trplr cells, followed by selection for Interchain Disulfide BridgesTrp' and Cm', yielded only monomeric trplr Cm' Amp'
plasmids that always carried hybrid CH gene segments.

Each genetically engineered anti-DNS antibody was

40 assembled into H2L2 tetramers as determined using Super-Seventy independently derived hybrid CH gene segments
ose 6 column chromatography. The presence of interchain

were recovered. Ten of the most diverse recombinant immu-
disulfide bridges was ascertained using non-reducing SDS-noglobulin heavy chain constant region gene segments were
PAGE. Eight of ten hybrid immunoglobulins have mobilitiesselected for further study. Six have an IgG1 amino-terminus
characteristic of H2L2 molecules, having both H-L and H-Hand an IgG2a carboxy-terminus (designated y1y2a-

2 through

-7). Five of these six recombinant molecules were generated
45 disulfide bridges. Analysis of the hingeless IgG2a antibody

shows H-L molecules and the absence of H2L2 tetramers.by crossovers in the CH2 exon; the sixth was generated by This was expected since the cysteines forming the H-H
a crossover in the intron between the CH1 and hinge exons.

Two recombinants (designated y2ay1-1 and s2) are IgG2a-
disulfide bridges are located in the hinge region. The two

IgG1 hybrids; one generated by a crossover in the CH2 exon remaining hybrid immunoglobulins have unusual disulfide
0and the other by a crossover in the intron between the CH1 5bridges.

and hinge exons. Two other recombinants (y1y2a- 1 and -8) Protein A Binding
were included for study as controls. They encode parental yi The protein A binding of each of the eleven variant
and y2a heavy chain polypeptides and arose from crossovers antibodies was assessed and used as a probe of Fc structural
in DNA sequences flanking immunoglobulin coding regions. integrity. Table 1 summarizes the results of this analysis.

TABLE 1

Amino acid residues at positions of protein A
contact and protein A binding of hybrid and hinge dele-

ted antibodies.

Contact Residues Protein A

Antibody 252 253 254 308 309 310 311 312 433 434 435 436 Binding

7172. 1(IgG2a) Met Ile Ser Ile Gln His Gln Asp His Asn His His

7172a-2
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TABLE 1-continued

Amino acid residues at positions of protein A
contact and protein A binding of hybrid and hinge dele-

ted antibodies.

Protein A

Antibody 252 253 254 308 309 310 311 312 433 434 435 436 Binding

7172a-3 +

IgG2aAhinge +

7172a 8(IgG1) Thr Thr Met

7172a-6 Thr Thr Met

7172a-7 Thr Thr Met

Y1Y1
1 Thr Thr Met

7i71-2 Thr Thr Met

7172a-4 Thr Thr

7172a-5 Thr Thr

Contact residues in v v.1. 2a are given. EU numbering is used

All publications and patent applications mentioned in this 20 9. A method as recited in claim 8 wherein the cell is a

specification are indicative of the level of skill of those murine J558L cell.
skilled in the art to which this invention pertains. All 10. A method as recited in claim 1 wherein the immuno-

publications and patent applications are herein incorporated globulin comprises the variable region found in a first

by reference to the same extent as if each individual publi- mammalian species and comprises the constant region found

cation or patent application was specifically and individually 25 in a second mammalian species, said second mammalian
species being other than the first mammalian species.indicated to be incorporated by reference.

11. A method for producing a functional immunoglobulinThe invention now being fully described, it will be

apparent to one of ordinary skill in the art that many changes comprising a heavy chain and a light chain, which comprises
and modifications can be made thereto without departing

the steps of:
30 (a) transfecting a transformed mammalian lymphocyticfrom the spirit or scope of the appended claims.

cell with a plasmid comprising a first DNA moleculeWhat is claimed is:
coding for a first chain of the immunoglobulin and a1. A method for producing a functional immunoglobulin second DNA molecule coding for a second chain of the

comprising a heavy chain and a light chain, which comprises immunoglobulin, said second chain being a chain other
the steps of: than the first chain and said first and second chains

(a) transfecting a transformed mammalian lymphocytic being either the heavy chain or the light chain; and
cell with a first DNA molecule coding for a first chain (b) maintaining the cell in a nutrient medium so that the
of the immunoglobulin; cell expresses said first DNA molecule and said second

(b) transfecting the cell with a second DNA molecule, said DNA molecule and the resultant chains are intracellu-
second DNA molecule coding for a second chain of the 40 larly assembled together to form the immunoglobulin
immunoglobulin, said second chain being a chain other which is then secreted in a form capable of specifically
than the first chain and said first and second chains binding to antigen
being either the heavy chain or the light chain; and wherein prior to step (a) the cell does not express a func-

(c) maintaining the cell in a nutrient medium, so that the tional immunoglobulin capable of specifically binding anti-
cell expresses the first and second DNA molecules and 45 gen.
the resultant chains are intracellularly assembled 12. A method as recited in claim 11 wherein the cell is

together to form the immunoglobulin which is then transfected via protoplast fusion.
secreted in a form capable of specifically binding to 13. A method as recited in claim 11 wherein the cell is

antigen transfected via calcium phosphate precipitation.
wherein prior to step (a) the cell does not express a func- 50 14. A method as recited in claim 11 wherein the cell is a

tional immunoglobulin capable of specifically binding anti- myeloma cell.

gen. 15. A method as recited in claim 14 wherein the cell is a

2. A method as recited in claim 1 wherein the cell is murine myeloma cell.
transfected via protoplast fusion. 16. A method as recited in claim 11 wherein the cell does

3. A method as recited in claim 1 wherein the cell is 55 not endogenously produce any immunoglobulin chains.
transfected via calcium phosphate precipitation. 17. A method as recited in claim 16 wherein the cell is a

4. A method as recited in claim 1 wherein the cell is a murine P, cell.

myeloma cell. 18. A method as recited in claim 11 wherein prior to step
5. A method as recited in claim 4 wherein the cell is a (a) the cell endogenously produces an immunoglobulin light

murine myeloma cell. 60 chain or an immunoglobulin heavy chain, which
6. A method as recited in claim 1 wherein the cell does not endogenously-produced heavy chain is not secreted in a

endogenously produce any immunoglobulin chains, form capable of specifically binding to antigen, but not both.
7. A method as recited in claim 6 wherein the cell is a 19. A method as recited in claim 18 wherein the cell is a

murine P, cell. murine J558L cell.
8. A method as recited in claim 1 wherein prior to step (a) 65 20. A method as recited in claim 11 wherein the immu-

the cell endogenously produces an immunoglobulin light noglobulin comprises the variable region found in a first
chain or an immunoglobulin heavy chain, but not both. mammalian species and comprises the constant region found
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in a second mammalian species, said second mammalian 32. A method as recited in claim 31 wherein prior to step
species being other than the first mammalian species. (a) the cell does not endogenously produce any immuno-

21. A method for producing a functional immunoglobulin globulin chains.
comprising a heavy chain and a light chain which comprises 33. A method as recited in claim 31 wherein prior to step
the steps of: 5 (a) the cell endogenously produces an immunoglobulin light

(a) maintaining in a nutrient medium a transformed mam- chain or an immunoglobulin heavy chain, but not both.
malian lymphocytic cell, said cell having been trans- 34. A method as recited in claim 31 wherein the first chain
fected with a first DNA molecule coding for a first comprises a constant region.
chain of the immunoglobulin and a second DNA mol- 35. A method as recited in claim 31 wherein the heavy and
ecule coding for a second chain of the immunoglobulin, 10

light chain variable domains are from a first mammalian
said second chain being a chain other than the first species and the heavy and light chain constant domains are

chain and said first and second chains being either the from a second mammalian species, said second mammalian

heavy chain or the light chain; species being other than the first mammalian species.
(b) expressing from said cell the heavy chain and the light 36. A method as recited in claim 34 wherein the heavy and

chain functionally assembled together to form said light chain variable domains are from a first mammalian
ID

immunoglobulin which is then secreted in a form species and the heavy and light chain constant regions are

from a second mammalian species, said second mammaliancapable of binding antigen; and
species being other than the first mammalian species.(c) recovering said immunoglobulin wherein prior to 37. A method for producing a functional antigen-bindingbeing transfected, the cell does not express a functional protein comprising

immunoglobulin capable of specifically binding anti-
20 i) a first chain comprising an immunoglobulin heavy

gen. chain variable domain and an immunoglobulin heavy
22. A method as recited in claim 21 wherein the cell is chain constant domain and

transfected via protoplast fusion. ii) a second chain comprising an immunoglobulin light
23. A method as recited in claim 21 wherein the cell is chain variable domain and an immunoglobulin light

transfected via calcium phosphate precipitation. 25 chain constant domain,
24. A method as recited in claim 21 wherein the cell is a wherein the method comprises the steps of:

myeloma cell. (a) transfecting a transformed mammalian lymphocytic
25. A method as recited in claim 24 wherein the cell is a cell with a plasmid comprising a first DNA molecule

murine myeloma cell, coding for the first chain of the protein and a second
26. A method as recited in claim 21 wherein the cell does 30 DNA molecule coding for the second chain of the

not endogenously produce any immunoglobulin chains, protein; and
27. A method as recited in claim 26 wherein the cell is a (b) maintaining the cell in a nutrient medium so that the

murine P, cell, cell expresses said first DNA molecule and said
28. A method as recited in claim 21 wherein prior to being second DNA molecule and the resultant chains are

transfected the cell endogenously produces an immunoglo- 35 intracellularly assembled together to form the pro-
bulin light chain or an immunoglobulin heavy chain, but not tein which is then secreted in a form capable of

both. specifically binding to antigen
29. A method as recited in claim 28 wherein the cell is a

wherein prior to step (a) the cell does not express a func-

murine 1558L cell. tional immunoglobulin capable of specifically binding anti-
gen.30. A method as recited in claim 21 wherein the immu- 40 38. A method as recited in claim 37 wherein prior to stepnoglobulin comprises the variable region found in a first
(a) the cell does not endogenously produce any immuno-

mammalian source and comprises the constant region found
globulin chains.

in a second mammalian species, said second mammalian 39. A method as recited in claim 37 wherein prior to stepspecies being other than the first mammalian species. (a) the cell endogenously produces an immunoglobulin light
31. A method for producing a functional antigen-binding 45 chain or an immunoglobulin heavy chain, but not both.

protein comprising 40. A method as recited in claim 37 wherein the first chain
i) a first chain comprising an immunoglobulin heavy comprises a constant region.

chain variable domain and an immunoglobulin heavy 41. A method as recited in claim 39 wherein the antigen-
chain constant domain and binding protein comprises the heavy and light chain variable

ii) a second chain comprising an immunoglobulin light so domains are from a first mammalian species and comprises
chain variable domain and an immunoglobulin light the heavy and light chain constant domains are from a

chain constant domain, second mammalian species, said second mammalian species
wherein the method comprises the steps of: being other than the first mammalian species.

(a) transfecting a transformed mammalian lymphocytic 42. A method as recited in claim 40 wherein the antigen-
cell with a first DNA molecule coding for the first 55 binding protein comprises the heavy and light chain variable

chain of the protein; domains are from a first mammalian species and comprises
(b) transfecting the cell with a second DNA molecule, the heavy and light chain constant regions are from a second

said second DNA molecule coding for the second mammalian species, said second mammalian species being
chain of the protein; and other than the first mammalian species.

(c) maintaining the cell in a nutrient medium, so that 60 43. A method for producing a functional antigen-binding
the cell expresses the first and second DNA mol- protein comprising
ecules and the resultant chains are intracellularly i) a first chain comprising an immunoglobulin heavy
assembled together to form the protein which is then chain variable domain and an immunoglobulin heavy
secreted in a form capable of specifically binding to chain constant domain and

antigen 65 ii) a second chain comprising an immunoglobulin light
wherein prior to step (a) the cell does not express a func- chain variable domain and an immunoglobulin light
tional antigen-binding protein, chain constant domain,
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wherein the method comprises the steps of: 53. A transformed mammalian lymphocytic cell as recited

(a) maintaining in a nutrient medium a transformed in claim 49 wherein the heavy and light chain variable
mammalian lymphocytic cell, said cell having been domains are from a first mammalian species and the heavy
transfected with a first DNA molecule coding for the and light chain constant domains are from a second mam-

first chain of the protein and a second DNA molecule 5 malian species, said second mammalian species being other
coding for the second chain of the protein; than the first mammalian species.

(b) expressing from said cell the first and second chains
54. A transformed mammalian lymphocytic cell as recited

functionally assembled together to form said protein in claim 52 wherein the heavy and light chain variablewhich is then secreted in a form capable of binding domains are from a first mammalian species and the heavyantigen; and 10

(c) recovering said antigen-binding protein, and light chain constant regions are from a second mam-

wherein prior to being transfected, the cell does not malian species, said second mammalian species being other
than the first mammalian species.express a functional immunoglobulin capable of

specifically binding antigen. 55. A transformed mammalian lymphocytic cell produc-
44. A method as recited in claim 43 wherein prior to step 15 ing a functional antigen-binding protein comprising

(a) the cell does not endogenously produce any immuno- i) a first chain comprising an immunoglobulin heavy
globulin chains, chain variable domain and an immunoglobulin heavy

45. A method as recited in claim 43 wherein prior to step chain constant domain and
(a) the cell endogenously produces an immunoglobulin light ii) a second chain comprising an immunoglobulin lightchain or an immunoglobulin heavy chain, but not both. 20 chain variable domain and an immunoglobulin light46. A method as recited in claim 43 wherein the first chain chain constant domain,
comprises a constant region. wherein the transformed mammalian lymphocytic cell47. A method as recited in claim 43 wherein the heavy and

light chain variable domains are from a first mammalian comprises:
species and the heavy and light chain constant domains are 25 a plasmid comprising a first exogenous DNA molecule

from a second mammalian species, said second mammalian coding for the first chain of the protein and a second

species being other than the first mammalian species. exogenous DNA molecule coding for the second chain

48. A method as recited in claim 46 wherein the heavy and of the protein; and

light chain variable domains arc from a first mammalian wherein without the exogenous DNA molecules the cell

species and the heavy and light chain constant regions are 30 does not express a functional antigen-binding protein.
from a second mammalian species, said second mammalian 56. A transformed mammalian lymphocytic cell as recited
species being other than the first mammalian species. in claim 55 wherein without the exogenous DNA molecules

49. A transformed mammalian lymphocytic cell produc- the cell does not endogenously produce any immunoglobu-
ing a functional antigen-binding protein comprising lin chains.

i) a first chain comprising an immunoglobulin heavy 35 57. A transformed mammalian lymphocytic cell as recited
chain variable domain and an immunoglobulin heavy in claim 55 wherein without the exogenous DNA molecules
chain constant domain and the cell endogenously produces an immunoglobulin light

ii) a second chain comprising an immunoglobulin light chain or an immunoglobulin heavy chain, but not both.
chain variable domain and an immunoglobulin light 58. A transformed mammalian lymphocytic cell as recited

40chain constant domain, in claim 55 wherein the first chain comprises a constant

wherein the transformed mammalian lymphocytic cell region.
comprises: 59. A transformed mammalian lymphocytic cell as recited
(a) a first exogenous DNA molecule coding for the first in claim 55 wherein the heavy and light chain variable

chain of the protein; and
45 domains are from a first mammalian species and the heavy

(b) a second exogenous DNA molecule, said second and light chain constant domains arc from a second mam-

DNA molecule coding for the second chain of the malian species, said second mammalian species being other
protein; than the first mammalian species.

wherein without the exogenous DNA molecules the cell 60. A transformed mammalian lymphocytic cell as recited
does not express a functional antigen-binding protein. 50 in claim 58 wherein the heavy and light chain variable

50. A transformed mammalian lymphocytic cell as recited domains are from a first mammalian species and the heavyin claim 49 wherein without the exogenous DNA molecules and light chain constant regions are from a second mam-
the cell does not endogenously produce any immunoglobu- malian species, said second mammalian species being other
lin chains, than the first mammalian species.51. A transformed mammalian lymphocytic cell as recited
in claim 49 wherein without the exogenous DNA molecules 61. A transformed mammalian lymphocytic cell produced
the cell endogenously produces an immunoglobulin light by steps (a) and (b) of claim 31.

chain or an immunoglobulin heavy chain, but not both. 62. A transformed mammalian lymphocytic cell produced
52. A transformed mammalian lymphocytic cell as recited by step (a) of claim 37.

in claim 49 wherein the first chain comprises a constant

region.
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Title Daae. Item 1541. and Column 1. lines 2 and 5
Delete "LYMPHOCYTE" and replace with LYMPHOCYTIC after

"IMMUNOGLOBULIN", add AND FRAGMENTS

Item [75], Inventors, delete "Scarsdale, N.Y." and replace with Los Angeles
delete "Menlo Park" and replace with Mountain View delete "both" and

replace with all

Item [56], in References Cited, after "Seno et al 1983 Nucleic", delete "Acid" and
replace with Acids after "Research 11 (3)", delete and replace with and
after "Dolby et al 1980 PNAS 77 (10)" add

Column 1,
Line 16, add the paragraph The work described herein was supported in part by
grants from the National Institutes of Health (NIH), including AI-00408, AI-08917,
CA-04681, and CA-16858. The United States Government has certain rights in the
invention.
Line 19, delete "1.".
Line 41, delete "2.".
Line 61, after "functional", add after "assembled", add
Line 66, delete "mouse-" and replace with mouse:

Line 67, delete

Column 3,
Line 26, delete "prepar" and replace with prepara
Line 32, delete "CDNA" and replace with cDNA

Column 4,
Line 45, delete "CDNA" and replace with cDNA
Line 52, delete "CDNA" and replace with cDNA
Line 59, delete "CDNA" and replace with cDNA
Line 65, delete "Joining" and replace with joining

Column 8,
Line 2, after "immunization", add
Line 21, delete "VH" and replace with VH
Line 22, delete "Vie and replace with Vi,
Line 24, delete "VH" and replace with VH
Line 29, delete "Vie and replace with Vi,
Line 31, delete "Jx" and replace with Ji, delete "Cie and replace with Ci,
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Column 9,
Line 9, delete "Five" and replace with Fine delete "Chamicals" and replace with

Chemicals
Line 19, delete "VH-VL" and replace with VH-VL
Line 57, delete "H2L2" and replace with H21-2
Line 67, delete "K" and replace with K delete "antiodies" and replace with

antibodies

Column 10,
Line 5, after "expected" add
Line 10, delete "VH" and replace with VH delete "Vie and replace with Vi,
Line 14, delete "mouse: human" and replace with mouse:human
Line 22, delete "VH" and replace with VH delete "Vie and replace with Vi,
Line 36, delete "Mr" and replace with Mr
Line 42, delete "Mr" and replace with Mr
Line 54, delete "hybri-doma-" and replace with hybridoma

Column 11,
Line 5, delete "Vie and replace with Vi,
Line 10, delete "mouse: human" and replace with mouse:human
Line 21, delete "use" and replace with used
Line 35, delete "IgG1, IgG2, IgG3, Igat, rabbit IgG and mouse IgG3" and replace with

IgGl, IgG2, IgG3, IgG4, rabbit IgG and mouse IgG3
Line 37, delete "(delta)" and replace with A
Line 41, delete "Vi, and replace with Vi,
Line 43, after "Ann" add
Line 44, delete "Vi, and replace with Vi,
Line 60, delete "pure, >95%" and replace with pure (>95%)
Line 63, delete "mouse-human" and replace with mouse:human
Line 64, delete "IgG3" and replace with IgG3

Column 12,
Line 3, delete "IgG1" and replace with IgG1
Line 10, delete "affinity purified" and replace with affinity-purified
Line 22, delete "labelling" and replace with labeling
Line 26, delete "pp." and replace with p.
Line 31, after "Kornfeld" add
Line 32, delete "Wigzell Proc, and replace with Wigzell, Proc.
Line 33, after "et al." add
Line 42, delete "IgGrIgG2, and replace with IgGl-IgG2a
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Column 12 cont'd,
Line 64, delete "IgG1" and replace with IgG1 delete "IgG2a" and replace with

IgG2a
Line 65, delete "IgG2a" and replace with IgG2a delete "IgG1" and replace
with IgG1--.

Column 13,
Line 4, delete "T4" and replace with T4
Line 43, after "Gilbert" add
Line 65, delete "Dangi" and replace with Dangl

Column 14,
Line 24, delete "bateria" and replace with bacteria
Line 41, delete "C." and replace with C
Line 53, delete "labelled" and replace with labeled

Column 15,
Line 5, delete "IgG1" and replace with IgG1 delete "IgG2a" and replace with

IgG2a
Line 25, delete "pHGX1C72aB" and replace with pHGX1Cy1B
Line 27, delete "Trr and replace with TRP+
Line 39, delete "Trr and replace with TRP+
Line 44, delete "IgG1" and replace with IgG1
Line 45, delete "IgG2a" and replace with IgG2a
Line 46, delete "-7" and replace with -7

Line 49, delete "IgG2a" and replace with IgG2a
Line 50, delete "IgG1" and replace with IgG1

Column 16,
Line 2, delete "IgG1" and replace with IgG1
Line 3, delete "IgG2a" and replace with IgG2a
Line 18, delete "Mr" and replace with Mr
Line 29, delete "are" and replace with is delete "IgG1" and replace with IgG1
Line 30, delete "IgG2a" and replace with IgG2a
Line 44, delete "IgG2a" and replace with IgG2a

Column 17,
Line 63, delete "P3" and replace with P3
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Column 18,
Line 57, delete "P3" and replace with P3

Column 19,
Line 33, delete "P3" and replace with P3

Column 20,
Line 50, delete "39" and replace with 37
Line 52, delete "are".
Line 53, delete "are".
Line 58, delete "are".
Line 59, delete "are".

Column 21,
Line 13, shift line beginning with "express" to left margin.
Line 14, shift line beginning with "specifically" to left margin.
Line 29, delete "arc" and replace with are

Column 22,
Line 43, delete "arc" and replace with are
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JAMES E. ROGAN

Attesting Officer Director of the United States Patent and Trademark Office

46, A
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Ninth Day of July, 2002
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It is certified that error appears in the above-identified patent and that said Letters Patent is
hereby corrected as shown below:

Title Daae. Item 1541 and Column 1. Lines 1 and 5
Item [54], delete "LYMPHOCYTE" and replace with LYMPHOCYTIC after

"IMMUNOGLOBULIN", add AND FRAGMENTS
Item [75], Inventors, delete "Scarsdale, N.Y." and replace with Los Angeles delete
"Menlo Park" and replace with Mountain View delete "both" and replace with
all
Item [73], Assignee, delete "Assignee" and replace with Assignees after "Calif."
add and The Trustees of Columbia University, New York, N.Y.
Item [56], References Cited, after "Seno, et al 1983 Nucleic", delete "Acid" and replace
with Acids after "Research 11 (3)", delete and replace with and after

"Dolby et al 1980 PNAS 77 (10)" add

Column 1,
Line 16, add the paragraph The work described herein was supported in part by grants
from the National Institutes of Health (NIH), including AI-00408, AI-08917, CA-

04681, and CA-16858. The United States Government has certain rights in the
invention.
Line 19, delete "1..
Line 41, delete "2.".
Line 61, after "functional", add after "assembled", add
Line 66, delete "mouse-" and replace with mouse:

Line 67, delete

Column 3,
Line 26, delete "prepar" and replace with prepara
Line 32, delete "CDNA" and replace with cDNA

Column 4,
Line 45, delete "CDNA" and replace with cDNA
Line 52, delete "CDNA" and replace with cDNA
Line 59, delete "CDNA" and replace with cDNA
Line 65, delete "Joining" and replace with joining
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Column 8,
Line 2, after "immunization", add
Line 21, delete "VH" and replace with VH
Line 22, delete "Vic" and replace with Vi, (Greek letter kappa subscripted).
Line 24, delete "VH" and replace with VH
Line 29, delete "Vic" and replace with Vi, (Greek letter kappa subscripted).
Line 31, delete "Jx" and replace with Ji, (Greek letter kappa subscripted); delete
"Cie and replace with Ci, (Greek letter kappa subscripted).

Column 9,
Line 9, delete "Five" and replace with Fine delete "Chamicals" and replace with

Chemicals
Line 19, delete "VH-VL" and replace with VH-VL
Line 57, delete "H2L2" and replace with H21-2
Line 67, delete "K" and replace with lc delete "antiodies" and replace with

antibodies

Column 10,
Line 5, after "expected" add
Line 10, delete "VH" and replace with VH delete "VK" and replace with

Vi, (Greek letter kappa subscripted).
Line 14, delete "mouse: human" and replace with mouse:human
Line 22, delete "VH" and replace with VH delete "Vic" and replace with

Vi, (Greek letter kappa subscripted).
Line 36, delete "Mr" and replace with Mr
Line 42, delete "Mr" and replace with Mr
Line 54, delete "hybri-doma-" and replace with hybridoma
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Column 11,
Line 5, delete "Vic" and replace with Vi, (Greek letter kappa subscripted).
Line 10, delete "mouse: human" and replace with mouse:human
Line 21, delete "use" and replace with used
Line 35, delete "IgGi, IgG2, IgG3, Igat, rabbit IgG and mouse IgG3" and replace with

IgGl, IgG2, IgG3; IgG4, rabbit IgG and mouse IgG3
Line 37, delete "(delta)" and replace with A (Greek letter capital delta).
Line 41, delete "VK" and replace with Vi, (Greek letter kappa subscripted).
Line 43, after "Ann" add
Line 44, delete "Vic" and replace with Vi, (Greek letter kappa subscripted).
Line 60, delete "pure, >95%" and replace with pure (>95%)
Line 63, delete "mouse-human" and replace with mouse:human
Line 64, delete "IgG3" and replace with IgG3

Column 12,
Line 3, delete "IgGi" and replace with IgG1
Line 10, delete "affinity purified" and replace with affinity-purified
Line 22, delete "labelling" and replace with labeling
Line 26, delete "pp." and replace with p.
Line 31, after "Kornfeld" add
Line 32, delete "Wigzell Proc, and replace with Wigzell, Proc.
Line 33, after "et al." add
Line 42, delete "IgGrIgG2, and replace with IgGl-IgG2a
Line 64, delete "IgGi" and replace with IgG1 delete "IgG2a" and replace with

IgG2a
Line 65, delete "IgG2a" and replace with IgG2a delete "IgGi" and replace with

IgG1

Column 13,
Line 4, delete "T4" and replace with T4
Line 43, after "Gilbert" add
Line 65, delete "Dangi" and replace with Dangl

Column 14,
Line 24, delete "bateria" and replace with bacteria
Line 41, delete C. and replace with C
Line 53, delete "labelled" and replace with labeled
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Column 15,
Line 5, delete "IgGi" and replace with IgG1 delete "IgG2a" and replace with

IgG2a
Line 25, delete "pHGXICy2aB" and replace with pHGXlCy1B
Line 27, delete "Trp." and replace with TRP+
Line 39, delete "Trp." and replace with TRP+
Line 44, delete "IgGi" and replace with IgG1
Line 45, delete "IgG2a" and replace with IgG2a
Line 49, delete "IgG2a" and replace with IgG2a
Line 50, delete "IgGi" and replace with IgG1
Line 46, delete "-7" and replace with -7

Column 16,
Line 2, delete "IgG1" and replace with IgG1
Line 3, delete "IgG2a" and replace with IgG2a
Line 18, delete "Mr" and replace with Mr
Line 29, delete "are" and replace with is delete "IgG1" and replace with IgG1
Line 30, delete "IgG2a" and replace with IgG2a
Line 44, delete "IgG2a" and replace with IgG2a

Column 17,
Line 63, delete "P3" and replace with P3

Column 18,
Line 57, delete "P3" and replace with P3

Column 19,
Line 33, delete "P3" and replace with P3

Column 20,
Line 50, delete "39" and replace with 37
Line 52, delete "are".
Line 53, delete "are".
Line 58, delete "are".
Line 59, delete "are"
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Line 13, shift line beginning with "express" to left margin.
Line 14, shift line beginning with "specifically" to left margin.
Line 29, delete "arc" and replace with are
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Line 43, delete "arc" and replace with are
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Fig. 1 
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Fig. 2 
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Fig. 3 
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CHEMICALLY DEFINED MEDIA 
COMPOSITIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application claims the benefit of U.S. Provisional 
Application No. 60/623,718, filed 29 Oct. 2004, the entire 
contents of which is incorporated herein by reference. 

FIELD OF THE INVENTION 

The present invention relates to chemically defined media 
compositions for the culture of eukaryotic cells. 

BACKGROUND OF THE INVENTION 

Contamination of conventional eukaryotic cell culture 
media with "adventitious particles" such as bacterial, virus or 
prion particles is a serious potential problem in the industrial 
preparation of biopharmaceuticals such as antibodies or 
therapeutic proteins. Such contaminants in a biopharmaceu­
tical are capable of causing patient infections and disease and 
may limit yields due to increased metabolic burdens on the 
host productioncellline. 

Variant Creutzfeldt-Jakob disease (vCJD) is one example 
of a patient disease that could be caused by adventitious 
particle contamination. This disease is prion mediated in 
humans and is characterized by fatal neurodegeneration. 
vCJD has been strongly linked with exposure to the Bovine 
Spongiform Encephalopathy (BSE) prion which causes fatal, 
neurodegenerative "Mad Cow Disease" in cattle. 

Adventitious particle contamination of conventional 
enkaryotic cell culture media can result from the incorpora­
tion of animal-derived components and protein growth fac­
tors into conventional media. Such contamination can occur 
when animal-derived media components are harvested from 
an animal harboring disease-causing bacteria, viruses, or pri­
ons. For example, bovine serum harvested from a cow with 
BSE may be contaminated with prions capable of causing 
human vCJD. The ultimate result of such adventitious par­
ticle contamination can be the contamination of eukaryotic 
cell cultures and the biopharmaceuticals prepared from such 
cultures. 

Adventitious particle contamination can be avoided by 
culturing eukaryotic cells in animal component free cell cul­
ture media. Ideally, such media are "chemically defined" such 
that the media compositions contain only known chemical 
compounds, and are free of all proteins--even those not of 
animal origin such as recombinant proteins. 

Chemically defined media compositions optimal for pro­
duction ofbiopharmaceuticals, such as antibodies, must sat­
isfy several different criteria. First, such compositions must 
limit eukaryotic cell damage resulting from shear forces and 
other cell-damaging processes that occur in the bioreactor 
vessels typically used for biopharmaceutical production. Sec­
ond, such compositions must enable eukaryotic cell cultures 
to have high viable cell densities (i.e., number viable cells/ml 
media) and high percentages of viable cells. Third, such com­
positions must permit high titers of secreted biopharmaceu­
tical products (i.e., antibody mg/L media) and high specific 
productivities (i.e., pg antibody/viable cell/day). Lastly, such 
compositions must limit the production oflactic acid by cul­
tured eukaryotic cells to permit the most efficient cellular use 
of glucose. 

Thus, a need exists for chemically defined media compo­
sitions which satisfy these criteria and are optimized for biop­
harmaceutical production. 

10 

2 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1. Enkaryotic cell viability in MET 1.5 cell culture 
media. 

FIG. 2. Antibody titer and specific productivity in MET 1.5 
cell culture media. 

FIG. 3. Decreased lactate production in MET 1.5 cell cul­
turemedia. 

SUMMARY OF THE INVENTION 

One aspect of the invention is a soluble composition, suit­
able for producing a cell culture media, wherein the media 
comprises the following components in the following 

15 amounts per liter: 
anhydrous CaC12 , 5-200 mg; 
anhydrous MgC12 , 15-50 mg; 
anhydrous MgS04 , 20-80 mg; 
FeS04 .7H20, 0.05-0.50 mg; 

20 Fe(N03 ) 3 .9H2 0, 0.01-0.08 mg; 
ZnS04 .7H2 0, 0.40-1.20 mg; 
ferric ammonium citrate, 0.04-200 mg; 
KCl, 280-500 mg; 
NaCl, 5000-7500 mg; 

25 NaH2P04-H20, 30-100 mg; 
Na2HP04 , 30-100 mg; 
CuS04 .5H2 0, 0.001-0.005 mg; 
CoC12 .6H20, 0.001-0.10 mg; 
(NH4 ) 6Mo7 0 24 4H2 0, 0.001-0.005 mg; 

30 MnS04-H20, 0.000070-0.0080 mg; 
NiS04 .6H20, 0.000025-0.0005 mg; 
Na2Se03 , 0.004-0.07 mg; 
Na2 Si03 .9H2 0, 0.02-0.4 mg; 
SnC12 .2H20, 0.000025-0.0005 mg; 

35 NH4 V03 , 0.0001-0.0025 mg; 
D-Glucose, 500-8000 mg; 
sodium pyruvate, 0.0-1000 mg; 
sodium hypoxanthine, 0.0-20.0 mg; 
glycine, 0.0-150 mg; 

40 L-alanine, 0.0-150 mg; 
L-arginine.HCl, 200-5000 mg; 
L-asparagine.H20, 40-250 mg; 
L-aspartic acid, 20-1000 mg; 
L-cysteine.HCl H20, 25.0-250 mg; 

45 L-cystine.2HC1, 15-150 mg; 
L-glutamic acid, 0-1000 mg; 
L-histidine.HCI.H20, 100-500 mg; 
L-isoleucine, 50-1000 mg; 
L-leucine, 50-1000 mg; 

50 L-lysine.HCl, 100-1000 mg; 
L-methionine, 50-500 mg; 
L-omithine.HCl, 0-100 mg; 
L-phenylalanine, 25-1000 mg; 
L-proline, 0-1000 mg; 

55 L-serine, 50-500 mg; 
L-taurine, 0-1000 mg; 
L-threonine, 50-600 mg; 
L-tryptophan, 2-500 mg; 
L-tyrosine.2Na.2H20, 25-250 mg; 

60 L-valine, 100-1000 mg; 
d-biotin, 0.04-1.0 mg; 
D-calcium pantothenate, 0.1-5.0 mg; 
choline chloride, 1-100 mg; 
folic acid, 1-10 mg; 

65 i-Inositol, 10-1000 mg; 
nicotinamide, 0.5-30 mg; 
p-aminobenzoic acid, 0.1-20 mg; 
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riboflavin, 0.05-5.0 mg; 
thiamine.HCl, 0.5-20 mg; 
thymidine, 0-3.0 mg; 
vitamin Bw 0.05-5.0 mg; 

3 

linoleic acid, 0.01-2.0 mg; 
DL-a-lipoic acid, 0.03-1.0 mg; 
pyridoxine.HCl, 0.5-30 mg; 
putrescine.2HC1, 0.025-0.25 mg; and 
ethanolamine.HCl, 2-100 mg. 

Another aspect of the invention is a soluble composition, 
suitable for producing a cell culture media, wherein the media 
comprises the following components in the following 
amounts per liter: 
CaC12 , 100.95 mg; 
MgC12 , 24.77 mg; 
MgS04 , 42.24 mg; 
FeS04 .7H2 0, 0.3607 mg; 
Fe(N03 ) 3 .9H20, 0.0432 mg; 
ZnS04 .7H2 0, 0.6225 mg; 
ferric ammonium citrate, 43.25 mg; 
KCl, 386.9 mg; 
NaCl, 5866.0 mg; 
NaH2P04-H2 0, 54.07 mg; 
Na2HP04 , 61.44 mg; 
CuS04 .5H2 0, 0.003287 mg; 
CoC12 .6H20, 0.0020606 mg; 
(NH4 ) 6Mo7 0 24.4H20, 0.000535 mg; 
MnS04 .H20, 0.00008571 mg; 
NiS04 .6H2 0, 0.0000514 mg; 
Na2Se03 , 0.007489 mg; 
Na2 Si03 .9H2 0, 0.03671 mg; 
SnC12 .2H20, 0.0000488 mg; 
NH4 V03 , 0.0002530 mg; 
D-Glucose, 3680.52 mg; 
sodium pyruvate, 1 00 mg; 
sodium hypoxanthine, 2.069 mg; 
glycine, 16.23 mg; 
L-alanine, 79.31 mg; 
L-arginine.HCl, 674.89 mg; 
L-asparagine.H20, 182.25 mg; 
L-aspartic acid, 67.23 mg; 
L-cysteine.HCI.H20, 57.63 mg; 
L-cystine.2HC1, 106.70 mg; 
L-glutamic acid, 6.36 mg; 
L-histidine.HCI.H20, 250.55 mg; 
L-isoleucine, 245.43 mg; 
L-leucine, 263.42 mg; 
L-lysine.HCl, 276.41 mg; 
L-methionine, 85.40 mg; 
L-ornithine.HCl, 2.44 mg; 
L-phenylalanine, 104.23 mg; 
L-proline, 14.94 mg; 
L-serine, 146.36 mg; 
L-taurine, 3.64 mg; 
L-threonine, 199.09 mg; 
L-tryptophan, 70.71 mg; 
L-tyrosine.2Na.2H20, 195.58 mg; 
L-valine, 174.34 mg; 
d-biotin, 0.4359 mg; 
D-calcium pantothenate, 1.9394 mg; 
choline chloride, 10.8009 mg; 
folic acid, 3.4329 mg; 
i-inositol, 81.7965 mg; 
nicotinamide, 3.1342 mg; 
p-aminobenzoic acid, 2.1645 mg; 
riboflavin, 0.5359 mg; 
thiamine.HCl, 2.3377 mg; 

4 
thymidine, 0.316 mg; 
vitamin Bw 0.5887 mg; 
linoleic acid, 0.0364 mg; 
DL-a-lipoic acid, 0.0909 mg; 

5 pyridoxine.HCl, 3.0442 mg; 
putrescine.2HC1, 0.0701 mg; and 
ethanolamine.HCl, 14.37 mg. 

The invention also provides compositions comprising cell 
culture media which can be made from the soluble composi-

10 tions of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

All publications, including but not limited to patents and 
15 patent applications, cited in this specification are herein 

incorporated by reference as though fully set forth. 
The term "buffering molecule" as used herein and in the 

claims means a molecule that has a buffering range suitable 
for maintaining a pH between 5.9 and 7.8. 

20 The term "pKa" as used herein and in the claims means the 
negative logarithm of the acid dissociation constant (Ka) of a 
buffering molecule in an aqueous solution. pKa is, in part, a 
function of the temperature of the aqueous solution in which 
a buffering molecule is solubilized. 

25 The term "cell protectant" as used herein and in the claims 
means a substance that protects eukaryotic cells from dam­
age. Such damage may be caused, for example, by shear 
forces or the effects of gas bubble sparging in a bioreactor 
vessel. 

30 The present invention provides chemically defined compo-
sitions useful in the culture of eukaryotic cells. Such eukary­
otic cells may have insect, avian, mammalian, or other ori­
gins. These cells may secrete a protein, such as an antibody, or 
produce other useful products or results. These proteins, 

35 products, or results may be constituatively produced by a cell 
or produced as the result of transfection with a nucleic acid 
sequence. The cells may be cultured in liquid media as sus­
pension cultures or as adherent cultures. Cells may also be 
cultured by suspension in semi-solid media comprising the 

40 compositions of the invention. 
Cells may be cultured in a variety of vessels including, for 

example, perfusion bioreactors, cell bags, culture plates, 
flasks and other vessels well known to those of ordinary skill 
in the art. Ambient conditions suitable for cell culture, such as 

45 temperature and atmospheric composition, are also well 
known to those skilled in the art. Methods for the culture of 
cells are also well known to those skilled in the art. 

The compositions of the invention are particularly useful in 
the culture of mammalian cells. Examples of mmalian 

50 cells include myeloma derived cells, non-immortalized cells 
of the B cell lineage, and immortalized cells of the B cell 
lineage such as hybridomas. Examples of myeloma derived 
cell lines include the SP2/0 (American Type Culture Collec­
tion (ATCC), Manasas, Va., CRL-1581), NSO (European 

55 Collection of Cell Cultures (ECACC), Salisbury, Wiltshire, 
UK, ECACC No. 85110503), FO (ATCC CRL-1646), and 
Ag653 (ATCC CRL-1580) cell lines which were obtained 
from mice. The C743B cell line is an example of a SP2/0 
derived cell line that produces a fully human, anti-IL-12 mAb 

60 as the result of stable transfection. The YB2/0 cell line (ATCC 
CRL-1662) is an example of a myeloma derived cell line 
obtained from rats (Rattus norvegicus). An example of a 
myeloma derived cell line obtained from humans is the U266 
cell line (ATTC CRL-TIB-196). Some myeloma derived cell 

65 lines, such as NSO, YB2/0, and Ag653 cells and related cell 
lines may require chemically defined lipid concentrates or 
other supplements for successful culture. Those skilled in the 
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art will recognize other myeloma cell lines and myeloma 
derived cell lines as well as any supplements required for the 
successful culture of such cells. 

6 
putrescine.2HC1, 0.025-0.25 mg; and 
ethanolamine.HCl, 2-100 mg. 

In one aspect the invention provides a soluble c?mpositio~, 
suitable for producing a cell culture media, wherem the med1a 5 

comprises the following components in the following 
amounts per liter: 

This type of soluble composition has been named "MET" and 
typically is a powder. 

In another aspect the invention provides a soluble compo­
sition, suitable for producing a cell culture media, wherein ~he 
media comprises the following components in the followmg 
amounts per liter: 

anhydrous CaC12 , 5-200 mg; 
anhydrous MgC12 , 15-50 mg; 
anhydrous MgS04 , 20-80 mg; 
FeS04 .7H2 0, 0.05-0.50 mg; 
Fe(N03 ) 3 .9H20, 0.01-0.08 mg; 
ZnS04 .7H2 0, 0.40-1.20 mg; 
ferric ammonium citrate, 0.04-200 mg; 
KCl, 280-500 mg; 
NaCl, 5000-7500 mg; 
NaH2P04 .H2 0, 30-100 mg; 
Na2HP04 , 30-100 mg; 
CuS04 .5H2 0, 0.001-0.005 mg; 
CoC12 .6H20, 0.001-0.10 mg; 
(NH4 ) 6Mo7 0 24 4H2 0, 0.001-0.005 mg; 
MnS04 .H20, 0.000070-0.0080 mg; 
NiS04 .6H2 0, 0.000025-0.0005 mg; 
Na2Se03 , 0.004-0.07 mg; 
Na2 Si03 .9H2 0, 0.02-0.4 mg; 
SnC12 .2H20, 0.000025-0.0005 mg; 
NH4 V03 , 0.0001-0.0025 mg; 
D-Glucose, 500-8000 mg; 
sodium pyruvate, 0.0-1000 mg; 
sodium hypoxanthine, 0.0-20.0 mg; 
glycine, 0.0-150 mg; 
L-alanine, 0.0-150 mg; 
L-arginine.HCl, 200-5000 mg; 
L-asparagine.H20, 40-250 mg; 
L-aspartic acid, 20-1000 mg; 
L-cysteine.HCl H20, 25.0-250 mg; 
L-cystine.2HC1, 15-150 mg; 
L-glutamic acid, 0-1000 mg; 
L-histidine.HCI.H20, 100-500 mg; 
L-isoleucine, 50-1000 mg; 
L-leucine, 50-1000 mg; 
L-lysine.HCl, 100-1000 mg; 
L-methionine, 50-500 mg; 
L-ornithine.HCl, 0-100 mg; 
L-phenylalanine, 25-1000 mg; 
L-proline, 0-1000 mg; 
L-serine, 50-500 mg; 
L-taurine, 0-1000 mg; 
L-threonine, 50-600 mg; 
L-tryptophan, 2-500 mg; 
L-tyrosine-2Na-2H20, 25-250 mg; 
L-valine, 100-1000 mg; 
d-biotin, 0.04-1.0 mg; 
D-calcium pantothenate, 0.1-5.0 mg; choline chloride, 1-100 

mg; 
folic acid, 1-10 mg; 
i-Inositol, 10-1000 mg; 
nicotinamide, 0.5-30 mg; 
p-aminobenzoic acid, 0.1-20 mg; 
riboflavin, 0.05-5.0 mg; 
thiamine.HCl, 0.5-20 mg; 
thymidine, 0-3.0 mg; 
vitamin Bw 0.05-5.0 mg; 
linoleic acid, 0.01-2.0 mg; 
DL-a-lipoic acid, 0.03-1.0 mg; 
pyridoxine.HCl, 0.5-30 mg; 

CaC12 , 100.95 mg; 
10 

MgC12 , 24.77 mg; 
MgS04 , 42.24 mg; 
FeS04 .7H20, 0.3607 mg; 
Fe(N03 ) 3 .9H2 0, 0.0432 mg; 
ZnS04 .7H2 0, 0.6225 mg; 

15 
ferric ammonium citrate, 43.25 mg; 
KCl, 386.9 mg; 
NaCl, 5866.0 mg; 
NaH2P04 .H20, 54.07 mg; 
Na2HP04 , 61.44 mg; 

2° CuS04 .5H2 0, 0.003287 mg; 
CoC12 .6H20, 0.0020606 mg; 
(NH4 ) 6Mo7 0 24.4H20, 0.000535 mg; 
MnS04 .H20, 0.00008571 mg; 
NiS04 .6H20, 0.0000514 mg; 

25 
Na2Se03 , 0.007489 mg; 
Na2 Si03 .9H2 0, 0.03671 mg; 
SnC12 .2H20, 0.0000488 mg; 
NH4 V03 , 0.0002530 mg; 
D-Glucose, 3680.52 mg; 

30 
sodium pyruvate, 100 mg; 
sodium hypoxanthine, 2.069 mg; 
glycine, 16.23 mg; 
L-alanine, 79.31 mg; 
L-arginine.HCl, 674.89 mg; 

35 
L-asparagine.H20, 182.25 mg; 
L-aspartic acid, 67.23 mg; 
L-cysteine.HCI.H20, 57.63 mg; 
L-cystine.2HC1, 106.70 mg; 
L-glutamic acid, 6.36 mg; 

40 
L-histidine.HCI.H20, 250.55 mg; 
L-isoleucine, 245.43 mg; 
L-leucine, 263.42 mg; 
L-lysine-HCl, 276.41 mg; 
L-methionine, 85.40 mg; 

45 
L-omithine-HCl, 2.44 mg; 
L-phenylalanine, 104.23 mg; 
L-proline, 14.94 mg; 
L-serine, 146.36 mg; 
L-taurine, 3.64 mg; 

50 
L-threonine, 199.09 mg; 
L-tryptophan, 70.71 mg; 
L-tyrosine.2Na.2H20, 195.58 mg; 
L-valine, 174.34 mg; 
d-biotin, 0.4359 mg; 

55 
D-calcium pantothenate, 1.9394 mg; 
choline chloride, 10.8009 mg; 
folic acid, 3.4329 mg; 
i-inositol, 81.7965 mg; 

60 
nicotinamide, 3.1342 mg; 
p-aminobenzoic acid, 2.1645 mg; 
riboflavin, 0.5359 mg; 
thiamine.HCl, 2.3377 mg; 
thymidine, 0.316 mg; 

65 vitamin Bw 0.5887 mg; 
linoleic acid, 0.0364 mg; 
DL-a-lipoic acid, 0.0909 mg; 
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pyridoxine.HCI, 3.0442 mg; 
putrescine.2HCI, 0.0701 mg; and 
ethanolamine.HCI, 14.37 mg. 

This soluble composition has been named "MET 1.5'' and 
5 

typically is a powder. 
In one embodiment the soluble MET and MET 1.5 com­

positions of the invention comprise a buffering molecule with 
a pKa ofbetween 5.9 and 7 .8; and a cell protectant. Examples 
of buffering molecules with a pKa of between 5.9 and 7.8 10 
include MOPS (pKa 7.20 at 25° C.; pKa 7.02 at 37o C.), TES 
(2-[tris (hydroxymothyl) methyl]amino ethanesulphonic 
acid; pKa 7.40 at 25° C.; pKa 7.16 at 37° C.), and imidazole 
(pKa 6.95 at 25° C.). Examples of cell protectants are non­
ionic surfactants such as Pluronic-F68, polyvinyl alcohol 15 
(PYA), polyethylene glycol (PEG), and dextran sulfate. 
Those skilled in the art will recognize other buffering mol­
ecules with a pKa of between 5.9 and 7.8 and cell protectants. 

In another embodiment of the soluble MET compositions 
of the invention the buffering molecule consists of MOPS in 20 
the amount of 1047-5230 mg per liter of media volume, and 
the cell protectant consists ofP!uronic-F68 in the amount of 
250-1500 mg per liter of media volume. 

In another embodiment of the soluble MET1.5 composi­
tions of the invention the buffering molecule consists of 25 
MOPS in the amount of 2709.66 mg per liter of media vol­
ume, and the cell protectant consists of Pluronic-F68 in the 
amount of 865.80 mg per liter of media volume. 

The soluble compositions of the invention may be prepared 
in a variety of forms. It is preferred that the soluble campo- 30 

sitions of the invention are prepared in the form of a powder. 
Thepowderedforms of the soluble compositions of the inven­
tion are suitable for cell culture for at least 3 years from the 
date the soluble composition is prepared. The soluble com­
positions of the invention may also be prepared, for example, 35 

in the form of one or more pellets or tablets. 
The soluble compositions of the invention can be solubi­

lized in water. Typically, the water used to solubilize the 
soluble compositions of the invention has a resistivity of 18.2 
MQ·cm at 25° C., a total organic content ofless than 20 ppb, 40 

a total microorganism content ofless than 10 colony forming 
units perm!, a total heavy metal content ofless than 0.01 ppm, 
a total silicates content of less than 0.01 ppb, and a total 
dissolved solids content of less than 0.03 ppm. Water with 
these properties can be prepared using a Super-Q™ Plus 45 

Water Purification System (Millipore Corp., Billerica, Mass., 
USA). The water used to solubilize the soluble compositions 
of the invention may also be filtered through a filter suitable 
for the removal of microorganisms. A filter with a 0.22 f.LM 
pore size is an example of such a filter. Microorganisms and 50 

other adventitious particles may also be removed or inacti­
vated by other means well known in the art. 

In one embodiment the invention provides a composition 
comprising a cell culture media made by the steps comprising 
selecting a final media volume, providing a soluble MET 55 

composition, solubilizing the soluble composition in a vol­
ume of water less than the final media volume, adding 1.022 
g of L-glutamine per liter of final media volume, adding a 
bicarbonate ion providing substance sufficient to a produce a 
bicarbonate ion concentration of between 0.020 M and 0.030 60 

M in the final media volume, optionally adding at least one 
substance selected from the group consisting of mycophe­
nolic acid, hypoxanthine, xanthine, or soy hydrosylate, add­
ing a quantity ofbase sufficient to adjust the pH of the solution 
to between pH 5.9 and pH 7 .8, and adding water sufficient to 65 

bring the volume of the composition to the selected final 
media volume. In this embodiment of the invention the media 

8 
composition that is the product of this process has been 
named "MET media." Typically MET media is a liquid 
media. 

In another embodiment the invention provides a composi­
tion comprising a cell culture media made by the steps com­
prising selecting a final media volume; providing a soluble 
MET1.5 composition, solubilizing the soluble composition 
in a volume of water less than the final media volume, adding 
1.022 g ofL-glutamine per liter of final media volume, adding 
a bicarbonate ion providing substance sufficient to a produce 
a bicarbonate ion concentration of between 0.020 M and 
0.030 Min the final media volume, optionally adding at least 
one substance selected from the group consisting of myco­
phenolic acid, hypoxanthine, xanthine or soy hydrosylate, 
adding a quantity of base sufficient to adjust the pH of the 
solution to between pH 5.9 and pH 7.8, and adding water 
sufficient to bring the volume of the composition to the 
selected final media volume. In this embodiment of the inven­
tion the media composition that is the product of this process 
has been named "MET 1.5 media." Typically MET 1.5 media 
is a liquid media. 

In one embodiment of the invention the bicarbonate ion 
providing substance sufficient to a produce a bicarbonate ion 
concentration of between 0.020 M and 0.030 Min the final 
media volume is 2.1 g of NaHC03 per liter of final media 
volume. Adding this amount of NaHC03 per liter of final 
media volume produces a bicarbonate ion concentration of 
0.025 Min the final media volume. 

In one embodiment of the invention MET 1.5 media com­
prises the following components added in the following 
amounts per liter: 
0.5 mg mycophenolic acid; 
2.5 mg hypoxanthine; and 
50 mg xanthine. 

The MET media and MET 1.5 media compositions of the 
invention are typically provided to cells as a liquid media. The 
pH of the MET media and MET 1.5 media compositions of 
the invention is between pH 5.9 and pH 7 .8. The pH of a liquid 
is a function of the temperature of the liquid. It is preferred 
that the pH of each media composition be between 7.1 and 
7.25 at the temperature at which eukaryotic cell culture is 
being performed. Eukaryotic cell culture may be performed at 
temperatures higher or lower than 37° C., but is typically 
performed at 37° C. 

In some applications liquid MET media and liquid MET 
1.5 media may be used in the preparation of semi-solid cell 
culture media. For example, methylcellulose may be used to 
generate a semi-solid media incorporating the liquid MET 
media and liquid MET 1.5 media compositions of the inven­
tion. Such semi-solid media may be prepared by methods 
well known to those skilled in the art. Eukaryotic cells may be 
suspended in such semi-solid media and cultured by methods 
well known to those skilled in the art. 

Other substances that can enhance cell growth or produc­
tivity may also be added to the soluble MET, MET media, 
soluble MET 1.5 and MET 1.5 media compositions of the 
invention. These substances may be lipids, nucleosides, pep­
tide chains, corticosteroids, steroids, and the like. Such sub­
stance may be, for example: 
adenosine preferably 0-20 f.LM; 
guanosine preferably 0-20 f.LM; 
cytidine preferably 0-20 f.LM; 
uridine preferably 0-20 f.LM; 
deoxyadenosine preferably 0-20 f.LM; 
deoxyguanosine preferably 0-20 f.LM; 
deoxycytidine preferably 0-20 f.LM; 
thymidine preferably 0-20 f.LM; 
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dexamethasone preferably 10-150 nM; 
hydrocortisone preferably 0-150 f.LM; 
L-glycine-L-Lysine-L-glycine (GKG) peptide chain prefer-

ably 0-200 f.tm; 
N-acetyl cysteine preferably 0-500 mg/L; 
betaine preferably 0-500 mg/L; 
L-malic acid preferably 0-500 mg/L; 
oxaloacetic acid preferably 0-500 mg/L; 
glycyrrhizic acid preferably 0-500 mg/L; 
glycyrrhizic acid ammonium salt preferably 0-500 mg/L; 
a-ketoglutarate preferably 0-500 mg/L; 
L-leucine preferably 245-490 mg/L; 
L-isoleucine preferably 220-440 mg/L; 
L-lysine-HCl preferably 187-360 mg/L; 
L-valine preferably 155-310 mg/L; 
L-methionine preferably 57-114 mg/L; 
L-phenylalanine preferably 76-152 mg/L; 
L-serine preferably 37-74 mg/L; 
L-threonine preferably 107-214 mg/L; 
L-arginine.HCl preferably 200-300 mg/L; 
L-asparagine preferably 114-170 mg/L; 
L-aspartic acid (10-25 mg/L); 
L-cysteine.HCI.H20 preferably 46-75 mg/L; 
Histidine.HCI.H2 0 preferably 75-150 mg/L; 
L-tyrosine preferably 40-80 mg/L; 
L-tryptophan preferably 41-82 mg/L; 
nicotinamide preferably 0.9-1.8 mg/L; and 
ethanolamine HCl preferably 14-20 mg/L. 

The quantities of each substance added to the compositions of 
the invention are those necessary to achieve the preferred 
molar concentration or mass per unit media volume prepared 
shown above. 

10 
into the bioreactor vessel. Data presented in Example 1, 2, 
and 3 are all from the same bioreactor run. 

EXAMPLE2 

Antibody Titer and Specific Productivity in MET 1.5 
Cell Culture Media 

Chemically defined MET 1. 5 cell culture media can sustain 
10 high monoclonal antibody titers and specific productivity 

(FIG. 2). Cell culture and bioreactor operation was as 
described above. Fully human, anti-IL-12 mAb titers (mg/L) 
were determined by standard nephelometry techniques using 
a Beckman Array Analyzer. A purified fully human, anti-IL-

15 12 mAb of known concentration was used to generate a 
standard curve for the determination of mAb titers by 
nephelometry. Viable cell numbers for calculation of specific 
productivity were determined as described above. Data pre­
sented in Example 1, 2, and 3 are all from the same bioreactor 

20 run. 

25 

EXAMPLE3 

Decreased Lactate Production in MET 1.5 Cell 
Culture Media 

Lactate concentrations in MET 1.5 media decrease (FIG. 
3) as viable cell density increases (FIG. 1). Cell culture and 
bioreactor operation was as described above. Lactate concen-

30 trations and glucose concentrations in the bioreactor culture 
media were determined using standard assays. Data pre­
sented in Example 1, 2, and 3 are all from the same bioreactor 
run. 

The present invention is further described with reference to 35 

the following examples. These examples are merely to illus­
trate various aspects of the present invention and are not 
intended as limitations of this invention. 

As FIG. 3 indicates, lactate concentrations in MET 1.5 
media gradually decreased until day 16 when biomass 
removal to decrease total cell density in the bioreactor began. 
During the same period glucose concentrations remained 
comparatively constant (FIG. 3). Comparison of FIG. 3 to 
FIG. 1 reveals that viable C743B cell numbers in the same 

EXAMPLE 1 

Eukaryotic Cell Viability in MET 1.5 Cell Culture 
Media 

40 bioreactor were increasing nntil day 16. Together this data 
indicates a decrease in lactate production by C743B cells 
cultured in MET 1.5 media and more efficient metabolism of 
D-glucose by cells cultured in MET 1.5 media. 

The present invention now being fully described, it will be 

45 apparent to one of ordinary skill in the art that many changes 
and modifications can be made thereto without departing 
from the spirit or scope of the appended claims. 

Chemically defined MET 1.5 cell culture media can sustain 
high cell growth and viability (FIG. 1). To examine viable cell 
numbers, MET 1.5 media was supplied to 3 L perfusion 
bioreactors. Bioreactors were then inoculated with C743B 
cells such that the initial cell density was 3x106 cells/ml of 
MET 1.5 media. The C743B cell line produces a fully human, 
anti-IL-12 mAb and is a chemically adapted cell line derived 
from SP2/0 myeloma cells. C743B cells were grown for 29 
days in the bioreactor and viable cell densities were moni­
tored. Cell culture media was neutralized with a 0.2 M 
Na2C03 (aq) solution for the first 9 days of culture and with 55 

0.2 MNa2 C03 , 0.0054 M K2C03 (aq). Excessive cell density 

The invention claimed is: 
1. A soluble composition, suitable for producing a final 

50 volume of cell culture media, wherein the composition com­
prises the following components in the following amounts per 
liter of the final volume of cell culture media: 

in the bioreactor was prevented by the removed of biomass 
from the bioreactor; cell removal began on day 15 and was 
gradually increased until day 26. The bioreactorwas perfused 
with one volume of MET 1.5 media per day. Viable cell 60 

numbers were determined via a standard trypan blue dye 
exclusion assay using a CEDEX cell counter (Innovatis AG, 
Bielefeld, Del.). Total cell numbers for calculation of the 
percentage of viable cells were determined with the CEDEX 
instrument. For each determination the CEDEX instrument 65 

was used according to the manufacturer's instructions. 0 2 and 
C02 were supplied to the bioreactor as a gas stream sparged 

anhydrous CaC12 , 5-200 mg; 
anhydrous MgC12 , 15-50 mg; 
anhydrous MgS04 , 20-80 mg; 
FeS04 .7H2 0, 0.05-0.50 mg; 
Fe(N03 ) 3 .9H20, 0.01-0.08 mg; 
ZnS04 .7H2 0, 0.40-1.20 mg; 
ferric annnonium citrate, 0.04-200 mg; 
KCl, 280-500 mg; 
NaCl, 5000-7500 mg; 
NaH2 P04 .H2 0, 30-100 mg; 
Na2 HP04 , 30-100 mg; 
CuS04 .5H2 0, 0.001-0.005 mg; 
CoC12 .6H2 0, 0.001-0.10 mg; 
(NH4 ) 6Mo7 0 24 4H2 0, 0.001-0.005 mg; 
MnS04 .H2 0, 0.000070-0.0080 mg; 
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NiS04 .6H2 0, 0.000025-0.0005 mg; 
Na2 Se03 , 0.004-0.07 mg; 
Na2 Si03 .9H20, 0.02-0.4 mg; 
SnC12 .2H20, 0.000025-0.0005 mg; 
NH4V03 , 0.0001-0.0025 mg; 
D-Glucose, 500-8000 mg; 

12 
f) optionally adding at least one substance selected from 

the group consisting of mycophenolic acid, hypoxan­
thine, xanthine, and soy hydrolysate; 

g) adding a quantity of base sufficient to adjust the pH of 
the solution to between pH 5.9 and pH 7.8; and 

h) adding water sufficient to bring the volume of the com­
position to the selected final media volume. sodium pyruvate, 0.0-1000 mg; 

sodium hypoxanthine, 0.0-20.0 mg; 
glycine, 0.0-150 mg; 
L-alanine, 0.0-150 mg; 
L-arginine.HCl, 200-5000 mg; 
L-asparagine.H20, 40-250 mg; 

5. The composition of claim 4 where the bicarbonate ion 
providing substance sufficient to a produce a bicarbonate ion 

10 concentration of between 0.020 M and 0.030 Min the final 
media volume is 2.1 g of NaHC03 per liter of final media 
volume. 

L-aspartic acid, 20-1000 mg; 
L-cysteine.HCl H20, 25.0-250 mg; 
L-cystine.2HC1, 15-150 mg; 
L-glutamic acid, 0-1000 mg; 
L-histidine.HCI.H20, 100-500 mg; 

6. A soluble composition, suitable for producing a final 
volume of cell culture media, wherein the composition com-

15 prises the following components in the following amounts per 

L-isoleucine, 50-1000 mg; 
L-leucine, 50-1000 mg; 
L-lysine.HCl, 100-1000 mg; 
L-methionine, 50-500 mg; 
L-omithine.HCl, 0-100 mg; 
L-phenylalanine, 25-1000 mg; 
L-proline, 0-1000 mg; 
L-serine, 50-500 mg; 
L-taurine, 0-1000 mg; 
L-threonine, 50-600 mg; 
L-tryptophan, 2-500 mg; 
L-tyrosine.2Na.2H20, 25-250 mg; 
L-valine, 100-1000 mg; 
d-biotin, 0.04-1.0 mg; 
D-calcium pantothenate, 0.1-5.0 mg; 
choline chloride, 1-100 mg; 
folic acid, 1-10 mg; 
i-Inositol, 10-1000 mg; 
nicotinamide, 0.5-30 mg; 
p-aminobenzoic acid, 0.1-20 mg; 
riboflavin, 0.05-5.0 mg; 
thiamine.HCl, 0.5-20 mg; 
thymidine, 0-3.0 mg; 
vitamin B12, 0.05-5.0 mg; 
linoleic acid, 0.01-2.0 mg; 
DL-a-lipoic acid, 0.03-1.0 mg; 
pyridoxine.HCl, 0.5-30 mg; 
putrescine.2HC1, 0.025-0.25 mg; and 
ethanolamine.HCl, 2-100 mg. 

20 

25 

30 

35 

40 

45 

2. The soluble composition of claim 1 further comprising a 
buffering molecule with a pKa between 5.9 and 7.8 and a cell 

50 
protectant. 

3. The soluble composition of claim 2 wherein the buffer­
ing molecule consists of MOPS in the amount of 1047-5230 
mg per liter of final media volume and the cell protectant 
consists ofPluronic-F68 in the amount of250-1500 mg per 55 
liter of final media volume. 

4. A composition comprising a cell culture media made by 
the steps comprising: 

a) selecting a final media volume; 
b) providing the soluble composition of claim 2 or claim 3; 60 
c) solubilizing the soluble composition in a volume of 

water less than the final media volume; 
d) adding 1.022 g of L-glutamine per liter of final media 

volume; 
e) adding a bicarbonate ion providing substance sufficient 65 

to produce a bicarbonate ion concentration of between 
0.020 M and 0.030 Min the final media volume; 

liter of the final volume of cell culture media: 
CaC12 , 100.95 mg; 
MgC12 , 24.77 mg; 
MgS04 , 42.24 mg; 
FeS04 .7H2 0, 0.3607 mg; 
Fe(N03 )y9H20, 0.0432 mg; 
ZnS04 .7H2 0, 0.6225 mg; 
ferric monium citrate, 43.25 mg; 
KCl, 386.9 mg; 
NaCl, 5866.0 mg; 
NaH2 P04 .H2 0, 54.07 mg; 
Na2 HP04 , 61.44 mg; 
CuS04 .5H2 0, 0.003287 mg; 
CoC12 .6H20, 0.0020606 mg; 
(NH4 ) 6Mo7 0 24.4H2 0, 0.000535 mg; 
MnS04 .H2 0, 0.00008571 mg; 
NiS04 .6H2 0, 0.0000514 mg; 
Na2 Se03 , 0.007489 mg; 
Na2 Si03 .9H2 0, 0.03671 mg; 
SnC12 .2H20, 0.0000488 mg; 
NH4 V03 , 0.0002530 mg; 
D-Glucose, 3680.52 mg; 
sodium pyruvate, 100 mg; 
sodium hypoxanthine, 2.069 mg; 
glycine, 16.23 mg; 
L-alanine, 79.31 mg; 
L-arginine.HCl, 674.89 mg; 
L-asparagine.H20, 182.25 mg; 
L-aspartic acid, 67.23 mg; 
L-cysteine.HCI.H20, 57.63 mg; 
L-cystine.2HC1, 106.70 mg; 
L-glutamic acid, 6.36 mg; 
L-histidine.HCI.H20, 250.55 mg; 
L-isoleucine, 245.43 mg; 
L-leucine, 263.42 mg; 
L-lysine.HCl, 276.41 mg; 
L-methionine, 85.40 mg; 
L-ornithine.HCl, 2.44 mg; 
L-phenylalanine, 104.23 mg; 
L-proline, 14.94 mg; 
L-serine, 146.36 mg; 
L-taurine, 3.64 mg; 
L-threonine, 199.09 mg; 
L-tryptophan, 70.71 mg; 
L-tyrosine.2Na.2H20, 195.58 mg; 
L-valine, 174.34 mg; 
d-biotin, 0.4359 mg; 
D-calcium pantothenate, 1.9394 mg; 
choline chloride, 10.8009 mg; 
folic acid, 3.4329 mg; 
i-inositol, 81.7965 mg; 
nicotinamide, 3.1342 mg; 
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p-aminobenzoic acid, 2.1645 mg; 
riboflavin, 0.5359 mg; 
thiamine.HCl, 2.3377 mg; 
thymidine, 0.316 mg; 
vitamin B12, 0.5887 mg; 
linoleic acid, 0.0364 mg; 
DL-a-lipoic acid, 0.0909 mg; 
pyridoxine.HCl, 3.0442 mg; 
putrescine.2HC1, 0.0701 mg; and 
ethanolamine.HCl, 14.37 mg. 10 

7. The soluble composition of claim 6 further comprising a 
buffering molecule with a pKa of between 5.9 and 7.8 and a 
cell protectant. 

8. The soluble composition of claim 7 wherein the buffer­
ing ~olecule consis~s of MOPS in the amount of2709.66 mg 

15 

per hter of final medm volume, and the cell protectant consists 
ofPluronic-F68 in the amount of865.80 mg per liter of final 
media volume. 

9. The soluble composition of claim 7 further comprising 
the following components in the following amounts per liter 

20 

of final media volume: 
0.5 mg mycophenolic acid; 
2.5 mg hypoxanthine; and 
50 mg xanthine. 

14 
10. A composition comprising a cell culture media made by 

the steps comprising: 
a) selecting a final media volume; 
b) providing the soluble composition of claim 7 or claim 8· 
c) solubilizing the soluble composition in a volume of 

water less than the final media volume· 
d) adding 1.022 g of L-glutamine per lit~r of final media 

volume; 
e) adding a bicarbonate ion providing substance sufficient 

to produce a bicarbonate ion concentration of between 
0.020 M and 0.030 Min the final media volume· 

f) optionally adding at least one substance selected from 
the group consisting of mycophenolic acid, hypoxan­
thine, xanthine and soy hydrolysate; 

g) adding a quantity of base sufficient to adjust the pH of 
the solution to between pH 5.9 and pH 7.8; and 

h) adding water sufficient to bring the volume of the com­
position to the selected final media volume. 

11. The composition of claim 10 where the bicarbonate ion 
providing substance sufficient to a produce a bicarbonate ion 
concentration of between 0.020 M and 0.030 Min the final 
media volume is 2.1 g of NaHC03 per liter of final media 
volume. 

* * * * * 
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CHEMICALLY DEFINED MEDIUM FOR 
CULTURED MAMMALIAN CELLS 

FIELD OF THE INVENTION 

This application is based in part on, and claims priority to, 
U.S. Provisional No. 60/268,849 filed Feb. 15, 2001, of 
which is entirely incorporated herein by reference. 

The present invention in the field of biotechnology, relates 
to methods and compositions for providing chemically 
defined media for growth of cultured mammalian cells for 
production of commercially useful amounts of expressed 
proteins. 

BACKGROUND OF THE INVENTION 

Bovine serum is commonly used in mammalian cell 
culture to promote cell growth and protein production. Since 
serum is expensive, non-defined animal materials such as 
primatone and albumin have been used as serum replace­
ments. However, the quality of these non-defined animal 
proteins varies from batch to batch and consistent cell 
growth in these media is difficult to achieve. Moreover, 
pathogens such as prions and viruses have been identified as 
potential infectious agents (Balter, M. 2000, Kozak et al. 
1996) that may reside in those animal derived products. 
Many regulations now strongly address these concerns about 
using serum or non-defined animal proteins in mammalian 
cells. 

2 
Such media compositions and formulations of the present 
invention allow the growth of myeloma and other cell 
cultures to provide commercially useful amounts of the 
desired proteins expressed in such cell cultures. Accordingly 

5 the present invention provides specific media, formulations 
and methods of making and using thereof, as well as proteins 
provided therefrom. The present invention provides media 
that provide one or more advantages of being chemically 
defined, better protein producing, commercially suitable, 

10 cost-effective, and/or pose reduced regulatory concerns for 
proteins produced in cell lines grown therein. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows by graphical representation that CDM 

15 
media of the present invention can support high cell density 
up to 4.5xl06 cells/mL on Day 7. 

FIG. 2 shows by graphical representation that specific 
productivity for CDM culture is at 16 ,ug/106 cells/day. 

FIG. 3 shows that at high cell density between 4-5x106 

20 cells/mL, IgG production reached above 60 ,ug/mL. 
FIG. 4 shows by graphical representation that Viability of 

the CDM spinner culture remained above 75% throughout 
the experiment. 

Also included in FIGS. 1-4 are data of C1680 in SFM8 
25 without primatone, albumin and C168J in SFM8 as refer­

ences for comparison. 

DETAILED DESCRIPTION 

The present invention provides media formulations and 

30 methods that provide a chemically defined media that pro­
vides advantages over known media, and which can be used 
for commercial production of mammalian cell-cultured pro­
teins. The present invention also provides a chemically 
defined media (CDM) comprising novel components, as 

To support the growth of animal cells, a variety of 
components are essential to be included in the culture media. 
For example, glutamine and glucose are basic energy 
sources that support animal cell growth. Breakdown of these 
compounds provides resources for energy-generating 
pathways, the TCA cycle and glycolysis. The byproducts of 
these pathways are also the building blocks or sources for 
biopolymer synthesis (Petch and Bulter 1994). In addition, 
vitamins, amino acids and growth factors are also essential 
for robust cell growth by either supressing the cascade of the 
suicide pathway known as apoptosis or by promoting the 
progression of the cell cycle so that cells may replicate 40 

(Franek F. 1994, Murakami et al. 1982, Mastrangelo et al. 
1999, Xie and Wang, 1996, Muhamed Al-Rubeai 1998). 

35 well as, or optionally further comprising, at least one of 
specified amino acids, lipids, carbohydrates, trace elements, 
vitamins, compounds and/or proteins, as described and 
enabled herein, in combination with what is known in the 
art. 

The present invention avoids of one or more problems 
associated with media that contains animal derived, or 
non-defined animal derived, components (e.g., but not lim­
ited to, primatone, albumin and excyte, as well as other 
similar materials derived from serum or other animal pro-Trace elements are also important for the growth of 

animal cells. Ham and McKeehan (1979) noticed that add­
ing trace elements, such as Zinc, iron, selenium, copper, 
molybdenum, and manganese, etc., was important for clon­
ing and continuous passage of animal cells in stringent 
conditions of serum-free media. Regardless, the importance 
of supplementing trace elements in the media for animal 
cells has not been well addressed (Schneider 1989, Merten 
and Litwin 1991). This may be due to the assumption that 
trace elements existed as contaminated impurities within 
serum or non-defined animal derived materials already. 

Accordingly, there is also a need to provide chemically 
defined media for cell culture and/or production of heter­
ologous proteins in commercially useful amounts. 

SUMMARY OF INVENTION 

The present invention provides chemically defined media 
(CDF) formulations and methods that provide certain 
compounds, amino acids, lipids, carbohydrates, trace ele­
ments and/or vitamins that provide a chemically defined 
media that excludes the use of non-defined animal derived 
raw materials (e.g., but not limited to, primatone, albumin 
and Excyte ™, as well as other similar materials derived 
from serum or other animal derived proteins or products). 

45 teins in recombinant, synthetic or purified form). 
Accordingly, chemically defined media (CDM) composi­

tions and formulations of the present invention allow the 
growth of myeloma and other cell cultures to provide 
commercially useful amounts of the desired proteins 

50 expressed in such cell cultures. The present invention thus 
provides specific media formulations that are chemically 
defined, cost-effective, and pose reduced regulatory con­
cerns compared to known media that comprise animal­
derived materials that are not completely defined, or known 

55 chemically defined media. 
Media of the present invention includes the substitution of 

specified components, without the use of animal derived 
proteins. In a preferred embodiment, media of the present 
invention comprises specified components, e.g., but not 

60 limited to, trace elements and vitamins, the media termed 
"chemically defined media" (CDM). Media of the present 
invention provides utility and improvements, including, but 
not limited to, at least one of suitable high cell density 
growth, improved growth rate, improved growth in scale up, 

65 improved viability, improved viability in scale up, improved 
protein yield, improved protein yield in scale up, and the 
like. 
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Suitable cell lines that can be used according to the 
present invention include any transformed or immortalized 
mammalian cell line. Such cell lines can include myeloma 
cell lines, such as Sp2/0, NSO, NSl, CHO, BHK, Ag653, 
P3X63Ag8.653 cells (ATCCAccession Number CRL-1580) 5 

and SP2/0-Ag14 cells (ATCC Accession Number CRL-
1851), COS-1 (e.g., ATCC CRL 1650), COS-7 (e.g., ATCC 
CRL-1651), HEK293, BHK21 (e.g., ATCC CRL-10), CHO 
(e.g.,ATCC CRL 1610, CHO DXB-11, CHO DG44), BSC-1 
(e.g., ATCC CRL-26) cell lines, HepG2 cells, 10 

P3X63Ag8.653, 293 cells, HeLa cells, NIH 3T3, COS-1, 
COS-7, NIH 273, and the like, or any cells derived 
therefrom, including cell fusions of the above, such as to 
protein producing cells, such as B-cells, antibody producing 
cells, isolated or cloned spleen or lymph node cells, and the 15 

like. A preferred cell line is derived from Sp2/0 and is 
designated C463A, as described herein. 

Cell lines, such as those presented herein, can be adapted 
to a chemically defined media according to the present 

20 
invention, using known techniques and/or as described 
herein. Such methods can take from 1-30 days, or up to 
several months, depending on the particular cell line and 
media formulation used. However, adaption of mammalian 
cells to grow in chemically defined media of the present 

25 
invention is unexpectedly found to occur in significantly 
shorter times that known defined or undefined media. 

At least one formulation of media of the present invention 

4 
HEPES, and other known buffers. Salts included in such 
buffers include, but are not limited to sodium chloride, 
potassium chloride, and the like. Non-limiting examples are 
presented as one or more of the salts, as hydrous, anhydrous 
or other salt form, in the following table: 

Component 

INORGANIC 
SALTS 

A1Cl3.6H20 
NH4Vo3 

BaC12 

CaC12.2H20 
CoC12.6H20 
CrK(So4)2 

CuSo4.5H20 
FeSo4.7H20 
Geo 2 

LiCl 
MgC1.6H20 
MnCl(anhyd) 
Na2Moo4.2H20 
NiNo3.6H20 
KBr 
KCl 
KI 
RbCl 
AgCl 
NaHCo3 

NaCl 
NaF 
Na2HPo4 (anhyd) 
Na2Seo3 

SnC12.2H20 
Tio2 

ZnSo4.7H20 

g/L 

0.0000001-D.00001 
0.00000006-D.000001 

0.0000002-D.000001 
0.004-D.09 

0.0000002-D.00001 
0.0000001-D.00001 
0.0000005-D.00001 

0.000001-D.0001 
0.00000005-D.000001 

0.001-D.1 
0.01-1.0 

0.00000001-D.000001 
0.00000001-D.000001 
0.00000002-D.000001 
0.00000001-D.000001 

0.01-1.0 
0.00000001-D.000001 

0.000000001-D.0000001 
0.0000000004-D.0000001 

0.0000001-D.00001 
0.1-50 

0.0000004-D.00001 
O.Dl-5 

0.000003-D.0001 
0.00000001-D.000001 

0.0000001-D.0001 
0.000008-D.0001 

is unexpectedly discovered to provide at least one of several 
advantages over known media, including at least one of: (1) 30 

supporting improved or robust growth and protein or anti­
body production from various mammalian cell lines; (2) 
facilitated adaptation for protein producing cell lines; (3) 
cost-effective media components, as compared to known 
components, such as bovine serum and excyte, which do not 35 

need to be and are not included; and/or ( 4) better suitability 
for regulatory approval as the media components are at least 
one of better defined, do not include animal derived proteins 

Such carbohydrates include, but are not limited to, glu­
cose (dextrose), fructose, mannose, galactose, and any other 
suitable monosaccharide, disaccharide, polysaccharide, 

40 polymer, carbohydrate and the like. Non-limiting examples 
of amounts include 0.0000001-100 giL for one or more 
carbohydrate components. 

or other products, and do not contain or potentially contain 
infectious agents. 

The use of this medium in cell culture technologies, such 
as but not limited to culture dishes, culture plates, culture 
bottles, suspension culture, spin filter suspension culture, 
bioreactors, perfusion type bioreactors, mammalian cell 

45 
fermentation culture, or any other suitable type of cell 
culture, is also included in the present invention. 

A media formulation of the present invention includes at 
least one of specified buffers, salts, carbohydrates, vitamins, 
proteins, amino acids, lipids, trace elements, minerals, and 
the like as described herein in combination with what is 
known in the art. 

Such vitamins and co-factors can include, but are not 
limited to, biotin, ascorbic acid, pantothenate, choline, 
folate, inositol, niacin, niacinamide, pyridoxal, riboflavin, 
thamine, cyanocbalamin, L-abscorbic acid and salts, 
D-biotin, calciferol, choline, cocarboxylase, coenzyme A, 
2-deoxyadenosine, 2-deoxyguanosine, 2-deoxycytidine, 

50 
ergocalciferol, flavin adenosine dinucleotide, FAD, folic 
acid, D-glucoronic acid, lactone, D-glucoronic acid, 
glutathione, myo-inositol, mammalian recombinant insulin, 
menadione, 5'methylcytosine, niacinamide, NADP, NAD, 
nicotinic acid, oxalacetic acid, p-amino benzoic acid, The media preferably comprises, in addition to known 

mammalian or hybridoma cell culture components without 
undefined protein- or animal-derived components, at least 
one or more of ammonium metavanadate, cadmium 
chloride, chromic potassium sulfate, ferric citrate, germ a­
nium dioxide, molybdic acid, salt or ammonium salt, nickel 
sulfate, zirconium chloride and/or hydrocortisone, or any 

60 
suitable form, salt, halide, hydrate, solution, suspension, 
emulsion, or colloid thereof, powder and the like. In pre­
ferred embodiments, the media comprises, in addition to 
known components, at least one, two, three, four, five, six, 
seven, eight, or nine of the above components. 

55 
D-pantothenic acid, pyroxidal, pyroxidine, retinol acetate, 
riboflavin, a-tocopherol, thiamine, thymidine, UMP, UDP, 
UTP, AMP, ADP., ATP, GMP, GDP, GTP, CMP, CDP, CTP, 
TMP, TDP, TTP, vitamin B12, and the like, in any suitable 
form, such as salt, acid, base, and the like. 

Such proteins or amino acids include, but are not limited 
to, alanine, arginine, asparagine, aspartate, cysteine, cystine, 
glutamine, glutamate, glycine, histidine, isoleucine, leucine, 
lysine, methionine, phenylalanine, proline, serine, threonine, 
tryptophan, tyrosine, valine, and salts or other derivatives 

65 thereof. Alternatively, such amino acids include at least one 
of L-a-amino-n-butyric acid, L-alanine, L-arginine, 
L-aspartic acid, L-asparagine, L-cysteine, L-citrulline, 

Non-limiting examples of such buffers and include at least 
one of MOPS, sodium phosphate, potassium phosphate, 
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L-cysteine, D-glucosamine, L-glutamic acid, L-glutamine, 
L-glycine, L-histidine, hydroxy-L-Proline, L-isoleucine, 
L-leucine, L-lysine, L-methionine, L-ornithine, L-omithine, 
L-phenylalanine, L-proline, L-serine, taurine, L-threonine, 
L-tryptophan, L-tyrosine, L-valine, and the like, as well as 
salts, hydrates, hydrides, acids, bases thereof and the like. 

1715-1755, 1795-1847, entirely incorporated herein by 
reference. Non-limiting examples of known serum free 
media that can be modified to provide CDM of the present 
invention include, but are not limited to, sigma media 

5 product numbers S2772, S2897 and S8284, as follows: 

Such trace elements and minerals include, but are not 
limited to, salts (e.g., chlorides, iodides, bromides, fluorides, 
sodium or potassium salts, phosphates, salts, and the like), 
acids (e.g., acetates, sulfates, sulfides, nitrates, nitrides, 
dioxides, and the like), bases (e.g., NaOH, KOH, and the 
like), of magnesium, potassium, sodium, calcium, and the 
like, such as sodium acetate, sodium chloride, sodium 
phosphate, selenium, aluminum, ammonium metavanadate, 
barium, cadmium, cobalt chloride, chromic potassium 
sulfate, cupric sulfate, ferric citrate, germanium dioxide, 
lithium chloride, magnesium chloride, manganese chloride, 
molybdic acid, nickel nitrate, potassium bromide, potassium 
iodide, rubidium chloride, silver chloride, sodium fluoride, 
stannous chloride, sodium silicate, tin chloride tin chloride, 
titanium chloride, zinc sulfate, zirconium oxychloride, and 
the like, and salts thereof. 

SIGMA Prod. # 
10 Component 

INORGANIC 
SALTS 

A1Cl3.6H20 
15 NH4Vo3 

BaC12 

CaC12.2H20 
CoC12.6H20 
CrK(So4)2 

CuSo4.5H20 
20 FeSo4. 7H20 

Geo2 

LiCl 
MgC1.6H20 
MnCl(anhyd) 
Na2Moo4.2H20 

25 NiNo3.6H20 
KBr 
KCl 
KI 
RbCl 

30 
AgCl 
NaHCo3 

NaCl 
NaF 
Na2HPo4 (anhyd) 
Na2Seo3 

35 
SnC12.2H20 
Tio2 

ZnSo4.7H20 
AMINO ACIDS 

L-Alanine 
L-Arginine 
L-Asparagine.H20 
L-Aspartic Acid 
L-Citrulline 
L-
Cysteine.HCl.H20 

45 L-Glutamic Acid 
L-Glutamine 
Glycine 
L-Histidine.HCl.H20 
L-Isoleucine 
L-Leucine 

50 L-Lysine.HCl 
L-Methionine 
L-Ornithine 

L-Phenylalanine 

s 2897 
g/L 

0.000001 
0.0000006 
0.000002 
0.0441 
0.000002 
0.000001 
0.0000051 
0.000834 
0.0000005 
0.01 
0.123 
0.0000001 
0.0000001 
0.0000002 
0.0000001 
0.224 
0.0000001 
0.00000001 
0.0000000044 

7.599 
0.000004 
0.39739 
0.00003 
0.0000001 
0.000001 
0.000863 

0.009 
0.211 
0.03401 
0.0133 
0.005 
O.D35 

0.0147 
0.396 
0.00751 
0.071 
0.164 
0.133 
0.109 
O.D15 
0.008 

0.055 

s 8284 
giL 

0.000001 
0.0000006 
0.000002 
0.0441 
0.000002 
0.000001 
0.0000051 
0.000834 
0.0000005 
0.01 
0.123 
0.0000001 
0.0000001 
0.0000002 
0.0000001 
0.224 
0.0000001 
0.00000001 
0.0000000044 
2.25 
7.599 
0.000004 
0.39739 
0.00003 
0.0000001 
0.000001 
0.000863 

0.009 
0.211 
0.03401 
0.0133 
0.005 
0.035 

0.0147 
0.396 
0.00751 
0.071 
0.164 
0.133 
0.109 
O.D15 
0.008 

0.055 

s 2772 
giL 

0.000001 
0.0000006 
0.000002 
0.0441 
0.000002 
0.000001 
0.0000051 
0.000834 
0.0000005 
0.01 
0.123 
0.0000001 
0.0000001 
0.0000002 
0.0000001 
0.224 
0.0000001 
0.00000001 
0.0000000044 
2.25 
7.599 
0.000004 
0.39739 
0.00003 
0.0000001 
0.000001 
0.000863 

0.009 
0.211 
0.03401 
0.0133 
0.005 
O.D35 

0.0147 
0.396 
0.00751 
0.071 
0.164 
0.133 
0.109 
O.D15 
0.008 

0.055 

As a further non-limiting example, a formulation of CDM 
media of the present invention comprises: sodium chloride, 
3-5 giL; potassium chloride, 0.2-0.4 giL;, HEPES, 5-7 giL; 
glucose (dextrose), 3.5-5.5 giL; biotin, 0.000005-0.000025 
giL; ascorbic acid, 0.002--0.004; pantothenate, 0.002-0.006 
giL; choline, 0.002-0.006 g/L; folate, 0.002-0.006 giL; 
inositol, 0.005--0.02 g/L; niacinamide, 0.002-0.006 giL; 
pyridoxal, 0.002-0.006 g/L; riboflavin, 0.0002-0.0006 giL; 
thiamine, 0.002-0.006 g/L; cyanocbalamin, 
0.000005--0.000025 g/L; oxaloacetic acid, 0.1--0.4 g/L; 
alanine, 0.015-0.035 g/L; asparagine, 0.01-0.035 g/L; 
arginie, 0.06--0.10 g/L; aspartate, 0.02--0.04 giL; cysteine, 
0.3-0.5 giL; cystine, 0.05-0.2 g/L; glutamine, 0.8-1.5 giL; 
glutamate, 0.06-0.09 g/L; glycine, 0.02--0.04 g/L; histidine, 
0.03--0.05 g/L; isoleucine, 0.05--0.25 g/L; leucine, 0.05-0.25 

40 
giL: lysine, 0.05--0.25 g/L; methionine, 0.02-0.04 g/L; 
phenylalanine, 0.055-0.075. proline, 0.03-0.05 giL; serine, 
0.03-0.055 g/L; threonine, 0.07-0.15 g/L; tryptophan, 
0.005-0.025 giL; tyrosine, 0.05-0.15 giL; valine, sodium 
selenate, 0.0000005-0.000060; magnesium sulfate, 
0.05--0.2 g/L; potassium chloride, 0.15--0.45 giL; sodium 
phosphate, 0.075-0.2 g/L; potassium nitrate, 
0.00005--0.00009 giL; calcium chloride, 0.08-0.25 giL; 
sodium pyruvate 0.05-0.4 g/L; insulin, 0.05-2 g/L; 
hydrocortisone, 20--80 ,ug/L; linoleic acid, 1-100 mg!L; 
ethanolamine, 5-25 ,ug!L; sodium bicarbonate, 1-5 giL; 
APO transferrin or ferric citrate, 1-10 mg/L; Pluronic F68, 
0.2-2 giL; sodium hydroxide, 0.3-0.9 giL; mycophenolic 
acid, 0.1-2 mg/L; hypoxanthine, 2-5 mg!L; xanthine; 
10-200 mg!L; sodium bicarbonate 1.5-4.5 g/L. See, e.g., Ham et al., Proc. Nat!. Acad. Sci. USA 53: 288-193 (1965); 

55 Myoken eta!., In Vitro 25: 477-480 (1989). 

Known serum free hybridoma media that can be modified 

More preferably, the media further comprises at least one 
60 selected from the group consisting of buffers, salts, 

to provide the media of the present invention include, but are 
not limited to, e.g., Sigma/Aldrich product numbers S2772, 
S2897 and S8284 (www.sigma-aldrich.com); similar known 
serum free media include those from Life Technologies, 
Rockville, Md. (www.lifetech.com) and JRH Biosciences, 
Lenexa, Kans. (www jrhbio.com). For example, known 
serum free hybridoma cell cultures can include HEPES or 
MOPS, sodium bicarbonate, L-glutamine, cholesterol, 
insulin, BSA, transferrin or ferric citrate, in addition to other 65 

serum free mammalian cell culture components. See, e.g., 
SIGMA catalog, 1998, pp 1776-1777, 1677-1704, 

carbohydrates, amino acids, lipids, vitamins, co-factors, and 
the like in suitable form. Suitable media that can be modified 
according to the present invention can include one or more 
or a combination of Iscove's modified media, Dulbecco's 
Modified Eagle Medium, Ham's F-12 media, e.g., as pro­
vided by SIGMA, LIFE TECHNOLOGIES OR JRH 
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BIOSCIENCES, as listed above. Non-limiting examples, 
include, but are not limited to: -continued 

5 
Iscove's Modified Media: (Sigma I2510, I7633, I2762, I3390): 

Iscove's Modified Media: (Sigma I2510, I7633, I2762, I3390): 

SIGMA Prod. Num. 
COMPONENT 

INORG. SALTS 

CaC12.2H20 
MgS04 (anhyd) 
KCl 
KN03 
NaHC03 
KCl 
NaH2P04 (anhyd.) 
Na2Se03 
AMINO ACIDS 

Alanine 
L-Arginine.HCl 
L-Asparagine.H2 0 
L-Aspartic Acid 
L-Cystine.2HC1 
L-Glutamic Acid 
L-Glutamine 
Glycine 
L-Histidine.HCl.H2 0 
L-Isoleucine 
L-Leucine 
L-Lysine.HCl 
L-Methionine 
L-Phenylalanine 
L-Proline 
L-Serine 
L-Threonine 
L-Tryptophan 
L-Tyrosine.2Na.2H20 
L-Valine 
VITAMINS 

D-Biotin 
Choline Chloride 

I2510, I7633 
giL 

I27 62, !3390 
giL 

SIGMA Prod. Num. 

COMPONENT 

I2510, I7633 

giL 

I2762, !3390 

g/L 

0.219 
0.09767 
0.33 
0.000076 

4.505 
0.109 
0.000017 

0.025 
0.084 
0.0284 
0.03 
0.09124 
0.075 
0.584 
0.03 
0.042 
0.105 
0.105 
0.146 
0.03 
0.066 
0.04 
0.042 
0.095 
0.016 
0.10379 
0.094 

0.000013 
0.004 

0.219 
0.09767 
0.33 
0.000076 
3.024 
4.505 
0.109 
0.000017 

0.025 
0.084 
0.0284 
0.03 
0.09124 
0.075 

0.03 
0.042 
0.105 
0.105 
0.146 
0.03 
0.066 
0.04 
0.042 
0.095 
0.016 
0.10379 
0.094 

0.000013 
0.004 

1° Folic Acid 

myo-Inositol 

Niacinamide 

D-Pantothenic Acid. YzCa 

15 Pyridoxal.HCl 

Riboflavin 

Thiamine.HCl 

Vitamin B12 

20 OTHER 

D-Glucose 

HEPES 

25 Phenol Red.Na 

Pyruvic Acid.Na 

ADD 

30 
NaHC03 

L-Glutamine 

35 

Grams of powder required to 

prepare 1 L 

0.004 

0.0072 

0.004 

0.0004 

0.004 

0.0004 

0.004 

0.000013 

4.5 

5.958 

0.016 

0.11 

3.024 

0.004 

0.0072 

0.004 

0.004 

0.004 

0.0004 

0.004 

0.000013 

4.5 

5.958 

0.016 

0.11 

0.584 

N/A 

See, e.g., Iscove et al., J. Exp. Med. 147: 923-933 (1978); Iscove, et al., 
Exp. Cell Res. 126: 121-126 (1980). 

Dulbecco's Modified Eagle's Medium (e.g., Sigma D0422, D1152, D2429, D2554, 
D2902, D3656, D5030, D5280, D5523). 

SIGMA Prod# 
COMPONENT 

INORGANIC 
SALTS 

CaC12.2H20 
Fe(N03)3.9H20 
MgS04 
KCl 

D0422 
giL 

01152 
g/L 

0.265 0.265 
0.0001 0.0001 
0.09767 0.09767 
0.4 0.4 

NaHC03 3.7 
NaCl 
NaH2P04 
Succinic Acid 
Sodium 
Succinate 
AMINO ACIDS 

L-Arginine.HCl 
L-Cystine.2HC1 
L-Glutamine 
Glycine 
L­
Histidine.HCl. 
H20 
L-Isoleucine 
L-Leucine 

6.4 
0.109 

4.4 
0.109 

0.84 0.084 
0.0626 

0.03 0.584 
0.042 0.030 
0.105 0.042 

0.105 
1.46 

0.105 
0.105 

D2429 
giL 

2.65 
0.001 
0.9767 
4.0 

0.84 
0.626 
0.30 
0.42 
1.05 

1.05 
1.46 

D2554 
g/L 

D2902 
g/L 

03656 
giL 

D5030 
g/L 

D5280 
giL 

D5523 
g/L 

2.65 0.265 0.265 0.265 0.265 0.265 
0.001 0.0001 0.0001 0.0001 0.0001 0.0001 
0.9767 0.09767 0.09767 0.09767 0.09767 0.09767 

0.4 

6.4 
0.109 

0.4 

6.4 

0.4 0.4 0.4 

6.4 6.4 6.4 
0.109 0.109 0.109 
0.075 
0.1 

0.84 0.084 0.084 0.084 0.084 0.084 
0.626 0.0626 0.0626 0.0626 0.0626 0.0626 
0.30 0.584 0.584 0.584 
0.42 0.030 0.030 0.030 0.030 0.030 
1.05 0.042 0.042 0.042 0.042 0.042 

1.05 
1.46 

0.105 0.105 
0.105 0.105 

0.105 0.105 0.105 
0.105 0.105 0.105 
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-continued 

Dulbecco's Modified Eagle's Medium (e,g,, Sigma D0422, D1152, D2429, D2554, 
D2902, D3656, D5030, D5280, D5523), 

SIGMA Prod# 
COMPONENT 

L-Lysine,HCl 
L-Methionine 
L-Phenylalanine 
L-Serine 
L-Threonine 
L-Tryptophan 
L-Tyrosine 
(free base) 
L­
Tyrosine2Na2 
H20 
L-Valine 
VITAMINS 

Choline 
Bitartrate 
Choline 
Chloride 
Folic Acid 
myo-Inositol 
Niacinamide 
D-Pantothenic 
Acid,YzCa 
PyridoxaLHCl 
Pyridoxine,HCl 
Riboflavin 
Thiamine,HCl 
OTHER 

D-Glucose 
HEPES 
Phenol Red,Na 
Pyruvic 
Acid,Na 
ADD 

Glucose 
L-Glutamine 
L-Cystine2HC1 
L-Leucine 
L-Lysine,HCl 
L-Methionine 
NaHC03 
NaH2P04 
Phenol Red,Na 
Pyruvic 
Acid,Na 
Grams of 
powder to 
prepare 1 L 

D0422 
g/L 

0,066 

01152 
giL 

0,146 
0,030 

0,042 0,066 
0,095 0,042 
0,016 0,095 
0,016 
0,10379 

D2429 
g/L 

0,30 
0,66 
OA2 
0,95 
0,16 

D2554 
giL 

0,30 
0,66 
OA2 
0,95 
0,16 
0,016 
1,0379 

D2902 
g/L 

0,146 
0,030 
0,066 
0,042 
0,095 
0,016 
1,0379 

03656 
g/L 

0,146 
0,030 
0,066 
0,042 
0,095 
0,016 

0,10379 0,10379 0,10379 0,10379 0,10379 

0,094 0,094 0,94 0,94 0,094 0,094 

0,004 0,04 0,04 

0,004 0,004 0,004 0,004 

0,0072 0,004 0,072 0,072 0,004 0,004 

D5030 
giL 

0,146 
0,030 
0,066 
0,042 
0,095 
0,016 

D5280 
g/L 

0,146 
0,030 
0,066 
0,042 
0,095 
0,016 
0,072 

0,094 0,094 

0,0072 

0,004 

0,004 0,004 

D5523 
giL 

0,146 
0,030 
0,066 
0,042 
0,095 

0,094 

0,004 

0,004 
0,004 0,0072 0,04 0,04 0,0072 0,0072 0,0072 0,0072 0,0072 
0,004 0,004 0,04 0,04 0,004 0,004 0,004 0,004 0,004 
0,004 0,004 0,004 0,004 0,004 0,004 0,004 

0,004 0,04 0,04 0,004 0,004 0,004 0,004 0,004 
0,0004 0,004 0,004 
0,004 0,0004 0,04 0,04 0,0004 0,0004 0,0004 0,0004 0,0004 
0,004 0,004 0,004 0,004 0,004 0,004 

45 45 10,0 45,0 
5,958 

0,0159 0,0159 0,159 0,159 
0,11 u u 

0584 0584 0584 

1,0 

0,11 

3,7 3,7 3,7 3,7 

N/A 17A N/A N/A N/A 

45 

0,0159 

1,0 

3,7 
0,109 

N/A 

0,004 0,004 0,004 

1,0 
0,0159 

0,0093 0,11 
0,11 

0584 0584 

3,7 3,7 3,7 

N/A N/A 10,0 

See, e,g,, Dulbecco and Freeman, Virology 8: 396-397 (1959); Smith et aL, J, D, Freeman, G,, Vogt, M, 
and Dulbecco, R, (1960), Virology 12: 185-196 (1960); Morton, In Vitro 6: 89 (1970); Rutzky and 
Pumper, In Vitro 9: 468 (1974), 

55 

10 

-continued 

Ham's F-12/Dulbecco's Modified Eagle's Medium (e,g,, Sigma D6905, 
D8900, D2906, D9785, D6421) 

Ham's F-12/Dulbecco's Modified Eagle's Medium (e,g,, Sigma D6905, 
D8900, D2906, D9785, D6421) 

SIGMA Prod,# 
COMPONENT 

INORGANIC 
SALTS 

CaC12 2H2 0 
CuS045H20 
Fe(N03)3,9H20 
FeS04 ,7H20 

D6905, D8900 
giL 

0,1545 
0,0000013 
0,00005 
0,000417 

D2906 
giL 

0,1545 

D9785 
g/L 

D6421 
giL 

0,1545 
0,0000013 0,0000013 0,0000013 
0,00005 0,00005 0,00005 
0,000417 0,000417 0,000417 

60 

SIGMA Prod,# 
COMPONENT 

MgCL6H20 
MgS04 

KCl 
NaHC03 

NaCl 
65 Na2HP04 

NaH2P04 

D6905, D8900 
g/L 

0,06120 
0,04884 
0,3118 

6,996 
0,07102 
0,0543 

D2906 
giL 

0,0612 
0,04884 

D9785 
g/L 

0,3118 0,3118 

6,996 
0,07102 
0,0543 

6,996 
0,07102 
0,0543 

D6421 
giL 

0,0612 
0,04884 
0,3118 
12 
6,996 
0,07102 
0,0543 
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Ham's F-12/0ulbecco's Modified Eagle's Medium (e,g,, Sigma 06905, 
08900, 02906, 09785, 06421) 

SIGMA Prod,# 
COMPONENT 

ZnS04,7H20 
AMINO ACIDS 

L-Alanine 
L-Arginine,HCl 
L­
Asparagine,H20 
L-Aspartic Acid 
L­
Cystine,HCl,H20 
L-Cysteine,2HC1 
L-Glutamic Acid 
L-Glutamine 
Glycine 
L-Histidine,HCL 
H 20 
L-Isoleucine 
L-Leucine 
L-Lysine,HCl 
L-Methionine 
L-Phenylalanine 
L-Proline 
L-Serine 
L-Threonine 
L-Tryptophan 
L-Tyrosine,2Na, 
2H20 
L-Valine 
VITAMINS 

0-Biotin 
Choline Chloride 
Folic Acid 
myo-Inositol 
Niacinamide 
0-Pantothenic 
Acid,YzCa 
PyridoxaLHCl 
Pyridoxine,HCl 
Riboflavin 
Thiamine,HCl 
Vitamin B-12 

06905, 08900 
giL 

0,000432 

0,00445 
0,1475 
0,0075 

0,00665 
0,01756 

0,03129 
0,00735 
0365 
0,01875 
0,03148 

0,05447 
0,05905 
0,09125 
0,01724 
0,03548 
0,01725 
0,02625 
0,05345 
0,00902 
0,05579 

0,05285 

0,0000035 
0,00898 
0,00265 
0,0126 
0,00202 
0,00224 

0,002 
0,000031 
0,000219 
0,00217 
0,00068 

02906 
giL 

0,000432 

0,00445 
0,1475 
0,0075 

0,00665 
0,01756 

0,03129 
0,00735 
0365 
0,01875 
0,03148 

0,05447 
0,05905 
0,09125 
0,01724 
0,03548 
0,01725 
0,02625 
0,05345 
0,00902 
0,05579 

0,05285 

09785 
g/L 

0,000432 

0,00445 
0,1475 
0,0075 

0,00665 
0,01756 

0,03129 
0,00735 

0,01875 
0,03148 

0,05447 

0,03548 
0,01725 
0,02625 
0,05345 
0,00902 
0,05579 

0,05285 

06421 
giL 

0,000432 

0,0045 
0,1475 
0,0075 

0,00665 
0,01756 

0,03129 
0,00735 

0,01875 
0,03148 

05447 
0,05905 
0,09125 
0,01724 
0,03548 
0,01725 
0,02625 
0,05345 
0,00902 
0,05579 

0,05285 

0,0000035 0,0000035 0,0000035 
0,00898 
0,00266 
0,0126 
0,00202 
0,00224 

0,002 
0,000031 
0,000219 
0,00217 
0,00068 

0,00898 
0,00266 
0,0126 
0,00202 
0,00224 

0,002 
0,000031 
0,000219 
0,00217 
0,00068 

0,00898 
0,00266 
0,0126 
0,00202 
0,00224 

0,002031 
0,000219 
0,00217 
0,00068 

See, e,g,, Barnes and Sato, Analyt Biochem, 102:255-270 (1980), 

Any suitable or desired protein for mammalian cell 
expression can be used in cell culture using media according 

5 

10 

12 
Colligan et aL, Current Protocols in Protein Science, John 
Wiley & Sons, NY, NY, (1997-1999), 

EXAMPLES 

Example 1 

Production of Protein in Chemically Defined Media 
of the Present Invention Using Adapted Cell lines 

An IgG protein producing myeloma cell line named 
C1680 was not ideally suited for commercial production of 
IgG or for suitable regulatory approval, due to need for 
media components of known serum free media containing 
animal protein derived preparations that were not suffi-

15 ciently defined or characterized, such as Excyte and others, 
This Excyte dependency was not able to be alleviated by 
adding chemically defined lipids or other components, 
However, when Excyte was removed and trace elements/ 
vitamins were supplemented, a robust growth of C1680 was 

20 achieved, This medium without primatone, albumin and 
excyte but supplemented with trace elements and vitamins is 
now called "CDM", A semi-batch culture of C1680 in CDM 
medium showed that CDM medium was able to support both 

25 
high cell density growth and high IgG production, 

Another myeloma cell line called C463A is capable of 
growing in various commercial defined media, However, 
this growth was not ideally suited for commercial produc­
tion of IgG or for suitable regulatory approvaL C463A is 

30 
derived from Sp2/0 and potentially can be used as a trans­
fection host to develop commerically suitable cell lines, In 
semi-batch cultures, the cell density of C463A in CDM 
medium of the present invention routinely reached 6 to 7 
million cells per milliliter (ml) compared with 3 to 4 million 

35 
per ml in other tested defined media, The viability is similar 
amongst all tested media (80% to 90%), Apparently, CDM 
has the capability to support cell growth at a higher density 
than other chemically defined media, 

To adapt cell lines derived from Sp2/0 cells in chemically 

40 defined media is a lengthy process, It usually takes several 
months to one year to obtain one, When CDM medium is 
used, we noticed that the length of time for adaptation was 
much shorter than that in other defined media, In one case, 
it took only a few weeks to obtain CDM culture compared 

45 to several months from previous experiences, 

to the present invention, Non-limiting examples of such 
proteins include, but are not limited to therapeutic or diag­
nostic proteins, such as eukaryotic or prokaryotic proteins, 
Preferred proteins can include, but art not limited to, 
cytokines, receptors, soluble receptors, interleukins, growth 50 

factors, and the like, 

In summary, we find that trace elements and vitamins are 
essential for the growth of myeloma cells in the absence of 
bovine serum and non-defined animal derived materials, A 
chemically defined formulation was generated based on the 
addition of trace elements and vitamins to a suitable serum 
free media system, This formulation provides several advan­
tages: L Supports robust growth and IgG or other protein 
production of various myeloma and other cell lines, 2, Easy 
adaptation for mammalian cells, e,g,, Sp2/0-derived IgG or 

Citations 
All publications or patents cited herein are entirely incor­

porated herein by reference as they show the state of the art 
at the time of the present invention and/or to provide 
description and enablement of the present invention, Publi­
cations refer to scientific or patent publications, or any other 
information available in any media format, including all 
recorded, electronic or printed formats, The following ref­
erences are entirely incorporated herein by reference: 
Ausubel, et aL, ed,, Current Protocols in Molecular Biology, 
John Wiley & Sons, Inc,, NY, NY (1987-1999); Sambrook, 

55 protein producing cell lines, 3, Cost-effective since expen­
sive components, such as bovine serum and excyte, are 
excluded and 4, Regulatory-friendly since potentially infec­
tious agents are eliminated, 

The use of this medium in perfusion type bioreactors is or 
60 other types of cell culture can also be used according to the 

present invention, 
Formulation of CDM Medium: 

et aL, Molecular Cloning: A Laboratory Manual, 2nd Edition, 
Cold Spring Harbor, NY (1989); Harlow and Lane, 
Antibodies, a Laboratory Manual, Cold Spring Harbor, N,Y 65 

(1989); Colligan, et aL, eds,, Current Protocols m 
Immunology, John Wiley & Sons, Inc,, NY (1994-1998); 

The formulation of a CDM media of the present invention 
is provided as follows, e,g,, Tables A-R Table A1 shows the 
components added to make the media, Tables A2-A3 and 
B1-B4 show the listing of components for the additional 
formulations used in Table AL The components are avail-
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able from commercial sources, as individual components, or 
as custom formulations that can be ordered, e.g., from Sigma 
(St. Louis, Mo., USA), Aldrich (St. Louis, Mo., USA), JRH 
Biosciences (Lenexa, Kans., USA), and the like. 

14 

TABLE A2-continued 

CM-2 (Part A) 

Tables A1-A3: 5 

TABLEA1 

NON-LIMITING EXAMPLE OF COM 
MEDIA OF THE INVENTION 

Final 
Concentration Physical Storage 

Components In Media Property Temp. 

CM-2 (Part A, 18.8 gil Powder +2-8° c. 
Table A2) 
CH-2 (Part B; 10 ml/1 Liquid -20° c. 
Table A3) 
NaHC03 3.02 gil Powder Ambient 
BovineAPO 5 mg/1 Stock solution +2-8° c. 
Transferrin or ferric Powder +2-8° c. 
citrate 
Pluronic F68 0.8 gil Stock Solution +2-8° c. 

Powder Ambient 
Powder +2-8° c. 

NaOH 0.7 gil Stock Solution Ambient 
Pellets Ambient 

Ethanolamine 10 or 20 mg/1 Stock Solution -20° c. 
Liquid Ambient 

Glutamine 0.29 gil Powder Ambient 
Mycophenolic acid 0.5 mg/1 Stock Solution WSS +2-8° c. 
Hypoxanthine 2.5 mg/1 2 
Xanthine 50 mg/1 
(MHX) 
Hydrocortisone 20 ug/1 wss 9 +2-8° 
Vitamins (Table B1) 1X 100X Liquid +2-8° 
Trace Minerals 1 1X 1000X Liquid +2-8° 
(Table B1) 
Trace Minerals 2 1X 1000X Liquid +2-8° 
(Table B2) 
Trace Minerals 3 1X 1000X Liquid +2-8° 
(Table B3) 

Preparation Instructions: Add components in order listed above. The 
sodium hydroxide should be made the same day. 

c. 
c. 
c. 

c. 

c. 

Note: Prior to pH adjustment, pH~ 6.7-6.8. The density at liquid stock 
solutions are the same as water (p-1 giml). Therefore, volume or weight 
can be used alternatively. 

S1 pH: 7.3-7.6 
S1 Osm: 305-368 

Component 

Sodium Chloride 
Potassium Chloride 

TABLEA2 

CM-2 (Part A) 

Sodium Phosphate Monobasic H20 
Magnesium Sulfate, Anhydrous 
Potassium Nitrate 
Sodium Selenite 
Calcium Chloride, Anhydrous 
L-Alanine 
L-Asparagine H2 0 
L-Arginine HCl 
L-Aspartic Acid 
L-Cysteine HCl H20 
L-Cystine 2HC1 
L-Glutamic Acid 
L-Glutamine 
Glycine 
L-Histidine HCl H2 0 
L-Isoleucine 

Final Cone. 
gmiL 

(Dry, 18.8 g 
total/L) 

4.505 
0.330 
0.125 
0.09767 
0.000076 
0.0000173 
0.165 
0.025 
0.0284 
0.084 
0.030 
0.4175 
0.09124 
0.075 
0.8763 
0.030 
0.042 
0.105 

10 

15 

20 

25 

30 

35 

40 

45 

50 

Component 

L-Leucine 

L-Lysine HCl 

L-Methionine 

L-Phenylalanine 

L-Proline 

L-Serine 

L-Threonine 

L-Tryptophan 

L-Tyrosine 2Na 2H20 

L-Valine 

Dextrose 

Sodium Pyruvate 

Biotin 

Ascorbic Acid 

0-Ca Pantothenate 

Choline Chloride 

Folic Acid 

i-Inositol 

Niacinamide 

Pyridoxal HCl 

Riboflavin 

Thiamine HCl 

Cyanocobalamin 

Oxalacetic Acid 

HEPES 

Component 

Insulin 
Hydrocortisone 
Linoleic Acid 
Ethanolamine 
(1.02 mgi.ul) 
NaCl 

TABLEA3 

CH-2 (Part B) (100X) 

100X: 
AmountiL 

1.0 g 
200 .ug 
500 mg 

1020 g 

8.5 g 

Final Cone. 

gmiL 

(Dry, 18.8 g 

total/L) 

0.105 

0.146 

0.030 

0.066 

0.040 

0.042 

0.095 

0.016 

0.10379 

0.094 

4.500 

0.220 

0.000013 

0.003 

0.004 

0.004 

0.004 

0.0072 

0.004 

0.004 

0.0004 

0.004 

0.000013 

0.300 

5.958 

18.7776193 

Final 
Cone. 

10 mg/L 
2 .ug!L 
5 mg/L 

10 mg/L 

85 mg/L 

CDM medium is prepared according to Table A1 by 
55 adding components CH-2, parts A (18.8 gm/L, Table A2) 

and B (10 ml/L (100x), Table A3), followed by NaHC03 

(3.02 g/L), Bovine APO transferrin or ferric citrate (5 mg/L), 
Pluronic F68 (0.8 g/L), NaOH (0.7 g/L), Ethanolamine (10 
,ul!L), Glutamine (0.29 giL), mycophenolic acid (0.5 mg/L), 

60 hypoxanthine (2.5 mg/L), xanthine (50 mg!L), hydrocorti­
sone (20 ,ug!L), vitamins (100x, 10 ml/L, Table B 1), trace 
minerals 1 (1000x, 0.33-1.0 ml/L, Table B2), trace minerals 
2 (1000x, 0.33-1.0 ml/L, Table B3), trace minerals 3 

65 (1000x, 0.33-1.0 ml/L, Table B4). In this example of CDM 
medium of the present invention, the working concentration 
of trace elements is 0.33-l.OOx, and 1x for vitamins. 
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Tables Bl-B4: 

Component 

NaCl 
0-Calcium 
Pantothenate 
Choline Chloride 
Folic Acid 
i-Inositol 
Nicotinamide 
Pyridoxine-HCl 
Riboflavin 
Thiamine-HCl 

COMPONENT 

CuS04-5H20 
ZnS04,-7H2 0 
Selenite-2Na 
Ferric Citrate 

COMPONENT 

AlC14 , 6H20 
AgN03 

Ba (C2 H40 2 ) 2 

US 6,900,056 B2 
15 16 

TABLE B3-continued 
TABLE Bl 

Trace Metals 2, 1 OOOX 
Vitamin Solution (100X) 5 

Final Final 
Final Concentration Concentration 

Concentration Liquid 
Added Added Liquid Added(1X) 100X 

mg/L mg/L (0.33X) (1X) 1000X 

COMPONENT .ug/L .ug!L mg/L 
85.00 8500.00 10 

1.00 100.00 KBr 0.040 0.12 0.12 

1.00 100.00 
CdC12 0.75 2.25 2.28 

1.00 100.00 CoC12 6H2 0 0.785 2.355 2.38 

2.00 200.00 CrC12 , (anhydeous) O.D15 0.045 0.32 

1.00 100.00 15 NaF 1.39 4.17 4.20 
1.00 100.00 Ge02 0.175 0.525 0.53 
0.1 10.00 K1 0.056 0.168 0.17 
1.00 100.00 

RbCl 0.400 1.20 1.21 

Zr0Cl2 8H20 1.06 3.18 3.22 

20 

TABLE B2 

Trace Metals 1 1000X TABLE B4 

Final Cone. Final Cone. Trace Metals 3 1000X 

Added Added Liquid 25 
0.33X 1X 1000X Final Final 

.ug!L .ug/L mg/L Concentration Concentration 
Added Added Liquid 

0.53 1.59 1.60 (0.33X) (1X) 1000X 
284.8 854.4 863.00 COMPONENT .ug!L .ug/L mg/L 

5.7 17.1 17.30 30 
381.2 1143.6 1155.10 MnS04 H20 0.056 0.168 0.17 

NaSi03 9H20 46.2 138.6 140.00 
Molybdic Acid, 0.409 1.227 1.24 
Ammonium Salts 

TABLE B3 NH4 vo3 0.21 0.63 0.65 
NiS04 6H20 0.043 0.129 0.13 

35 SnC12 (anhydrous) 0.040 0.120 0.12 
Trace Metals 2 1000X 

Final Final 
Concentration Concentration In this experiment, a chemically defined commercial 

Added Added 
(0.33X) (1X) 

.ug/L .ug!L 

0.40 1.20 
0.056 0.168 
0.842 2.53 

Liquid medium, CD-hybridoma, from Gibco/Life Technology was 
1000X 

40 used as a reference medium. A semi-batch growth profile (a mg/L 
75% media change was performed daily after Day 3 of the 

1.20 experiment) was initiated to determine the effects of various 0.17 
2.55 additives on CDM media. Data at Day 5 were used for this 

comparison. 

TABLE I 

Comparing the effects of various additives on COM w/o PAE in a Semi-Batch Growth 
Profile of C463A. 

Viable Cell Total Cell 
Cultures Media Identification Density (e/mL) Density (e/mL) %Viability 

A COM w/o OPI (oxaloacetate, 3.24 5.39 60 
pyruvate and insulin), bovine 
transferrin or ferric citrate 
and defined lipids, trace 
elements and vitamins 

B COM in A above + OPI 1.14 1.90 60 
( oxaloacetate, pyruvate and 
insulin) 

c COM in A above + bovine 3.32 4.68 71 
transferrin or ferric citrate and 
defined lipids 

D COM in A above + trace 5.22 6.54 80 
elements and vitamins (COM) 

E COM in A above + OPI + 1.68 2.26 74 
transferrin or ferric citrate and 
defined lipids 
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TABLE !-continued 

Comparing the effects of various additives on COM w/o PAE in a Semi-Batch Growth 
Profile of C463A. 

Viable Cell Total Cell 
Cultures Media Identification Density (e/mL) Density (e/mL) %Viability 

F COM in A above + OPI + 2.74 3.74 73 
transferrin or ferric citrate + 
lipids + trace elements + 
vitamins 

G COM in A above + 1% Sigma 3.6 4.72 76 
PFSF 

H LTI"s CD Hybridoma media- 2.64 3.84 69 
modified 
LTI"s CD Hybridoma media- 3.34 5.04 66 
modified 

CDM Medium Performs Best Compared to Other Tested 
Chemically Defined Media 

Another semi-batch growth profile experiment was initi­
ated to compare the growth performance of C463Ain CDM 
medium to other commercial chemically defined media. Day 

specific productivity and overgrown IgG titer of C380C in 
20 CDM are above that when grown in IMDM w/ 5% FBS 

medium. 

3 and subsequent media change is similar to that stated in 
Table I. 

25 
Table II shows the results collected on Day 5 of the 

semi-batch experiment. The CDM culture reached the high­
est viable and total densities among the group. C463A 
viability in CDM medium was also the highest of the four 
cultures at 82%. The outcome of this experiment reveals that 
CDM medium still provides the best support for C463A 
growth. 

30 

TABLE II 

Media 

IMDMw/ 

5% FBS 

TABLE III 

Adaptation of C380C culture in COM medium 

Specific Spent culture 
Mean Productivity IgG titer 

Viability Doubling Time (ug!e/day) (ug!mL) 

>90% -22-24 hrs. 12-13 55-95 

Comparing COM to other chemically defined commercial media in a semi-batch 
growth profile of C463A 

Viable Cell Total Cell 
Cultures Media Identification Density (e/mL) Density (e/mL) %Viability 

A CDHY + Sigma S8284 PFSF 2.47 3.45 
(50:50) 

B CDHY + trace elements + 1.58 3.45 
vitamins 

c COM including + trace 3.86 4.71 
elements + vitamins (COM) 

D LTI"s CD Hybridoma media- 1.52 4.03 
modified 

CDM Medium supports high cell density growth and IgG 
production of C1680, a Remicade producing cell line. 

Once CDM medium was determined to enhance growth in 50 
our new host cell line, a semi-batch experiment in spinners 
was initiated for C1680, a Remicade producing cell line 
derived from C168J (see, e.g.,. FIG. A shows that CDM can 
support high cell density up to 4.5x10A6 cells/mL on Day 7. 
In FIG. B, specific productivity for CDM culture is at 16 
ug/10A6 cells/day. FIG. C shows that at high cell density 
between 4-5x10A6 cells/mL, IgG production reached above 
60 ug/mL. Viability of the CDM spinner culture remained 
above 75% throughout the experiment as seen in FIG. D. 
Quick Adaptation in CDM Medium 

55 

Previously, the adaptation of myeloma cell lines to 60 

defined media has been difficult and may take up to 1 year 
to complete. With CDM medium, the adaptation period has 
decreased to several weeks. Below, Table III shows another 
IgG-producing cell line, C380C, adapted to CDM medium 
in a short period of about 4-5 weeks. After C380C sustained 65 

stability in CDM medium, viability was maintained above 
90% and doubling time remained within 30-35 hrs. The 

72 

46 

82 

38 

TABLE III-continued 

Adaptation of C380C culture in COM medium 

Specific Spent culture 
Mean Productivity IgG titer 

Media Viability Doubling Time (ug!e/day) (ug!mL) 

COM >90% Now: 30-40 hrs. 17-22 75-140 
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transm1sswn by biological/biopharmaceutical prod­
ucts: an industry perspective. Dev. Biol. Stand 
88:257-264 

Mastrangelo A J., Shifa Zou, J. M. Hardwick, M. J. 
Betenbough, 1999, Antiapoptosis Chemicals Prolong 
Productive Lifetimes of Mammalian Cells upon Sind­
bis Virus Vector Infection. Biotechnology and Bioengi­
neering. 65: 298-305. 

20 
What is claimed is: 
1. A chemically defined medium, said medium suitable for 

adaptation and growth of immortalized mammalian cells in 
culture to high cell densities, said medium comprising, 

5 sodium chloride, 3-5 giL; potassium chloride, 0.2-0.4 g/L; 
, HEPES, 5-7 g/L; glucose (dextrose), 3.5-5.5 g/L; biotin, 
0.000005-0.000025 g/L; ascorbic acid, 0.002--0.004 g/L; 
pantothenate, 0.002--0.006 giL; choline, 0.002-0.006 g/L; 
folate, 0.002-0.006 g/L; inositol, 0.005-0.02 g/L; 

Merten, 0. -W., J. Litwin, 1991, Serum-free medium for 
fermentor cultures of hybridomas. Cytotechnology. 5: 10 

69-82. 

niacinamide, 0.002-0.006 giL; pyridoxal, 0.002-0.006 g/L; 
riboflavin, 0.0002-0.0006 giL; thiamine, 0.002-0.006 g/L; 
cyanocbalamin, 0.000005--0.000025 g/L; oxaloacetic acid, 
0.1-0.4 g/L; alanine, 0.015-0.035 g/L; asparagine, 
0.01-0.035 g/L; arginine, 0.06-0.10 g/L; aspartate, 

Mohamed Al-Rubeai, 1998, Apoptosis and cell cycle 
technology in Advances Biochemical Engineering/ 
Biotechnology. Vol.69 pp 225-249, Springer-Verlag 
Berlin Heidelberg 

Murakami, H., H. Masui, G. H. Sato, N. Sueoka, T. P. 
Chow, and T. Kano-Sueoka, 1982, Growth of hybri­
doma cells in se serum-free medium: Ethanolamine is 
an essential component. Proc. Natl. Acad. Sci. USA 
79: 1158-1162. 

Petch, D. and M. Butler, 1994, Profile of Energy Metabo­
lism in a Murine Hybridoma: Glucose and Glutamine 
Utilization. Journal of Cellular Physiology. 161: 71-76. 

Schneider, Yves-Jacques. (1988) Optimisation of hybri­
doma cell growth and monoclonal antibody secretion in 
a chemically defined serum- and protein-free culture 
medium. Journal of Immunological Methods. 116: 
65-77. 

Xie, Liangshi and Daniel I. C. Wang, 1996, High Cell 
Density and High Monoclonal Antibody Production 
Through Medium Design and Rational Control in a 
Bioreactor. Biotechnology and Bioengineering. 51: 
725-729. 

It will be clear that the invention can be practiced other­
wise than as particularly described in the foregoing descrip­
tion and examples. Numerous modifications and variations 
of the present invention are possible in light of the above 
teachings and, therefore, are within the scope of the 
appended claims. 

15 0.02-0.04 g/L; cysteine, 0.3-0.5 g/L; cystine, 0.05-0.2 g/L; 
glutamine, 0.8-1.5 g/L; glutamate, 0.06--0.09 g/L; glycine, 
0.02-0.04 g/L; histidine, 0.03-0.05 g/L; isoleucine, 
0.05-0.25 g/L; leucine, 0.05-0.25 giL; lysine, 0.05-0.25 
giL; methionine, 0.02-0.04 g/L; phenylalanine, 0.055-0.075 

20 g/L; proline, 0.03-0.05 g/L; serine, 0.03-0.55 g/L; 
threonine, 0.07-0.15 giL; tryptophan, 0.005-0.025 giL; 
tyrosine, 0.05-0.15 giL; valine, 0.094 giL; sodium selenate, 
0.0000005-0.000060 g/L; magnesium sulfate, 0.05--0.2 g/L; 
potassium chloride, 0.15-0.45 giL; sodium phosphate, 

25 0.075-0.2 g/L; potassium nitrate, 0.00005-0.00009 g/L; 
calcium chloride, 0.08-0.25 giL; sodium pyruvate 0.05--0.4 
g/L; insulin, 0.05-2 g/L; hydrocortisone, 20-80 ,ug/L; 
linoleic acid, 1-100 mg/L; ethanolamine, 5-25 ,ug/L; 
sodium bicarbonate, 1-5 giL; APO transferrin or ferric 

30 citrate, 1-10 mg/L; Pluronic F68, 0.2-2 g/L; sodium 
hydroxide, 0.3-0.9 g/L; mycophenolic acid, 0.1-2 mg/L; 
hypoxanthine, 2-5 mg!L; xanthine; 10--200 mg/L; sodium 
bicarbonate 1.5-4.5 g/L. 

2. The chemically defined medium of claim 1 wherein the 
35 medium is suitable for growth of immortalized mammalian 

cells in culture to cell densities of at least 4.5xl06 cells/ml. 
3. The chemically defined medium of claim 1 wherein the 

immortalized mammalian cells are the myeloma cell line 
Sp2/0 or derivatives thereof. 

* * * * * 
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USE OF A CLATHRATE MODIFIER, TO 
PROMOTE PASSAGE OF PROTEINS 

DURING NANOFILTRATION 

CROSS REFERENCE TO RELATED 
APPLICATION 

This application claims the benefit of U.S. Provisional 
Application Serial No. 60/394,733, filed Jun. 14, 2002. 

FIELD OF THE INVENTION 

The invention relates to the field of protein purification 
and the recovery of large proteinaceous material through 
small, nanometer sized, pore exclusion filters for removal of 
contaminants such as viral pathogens. The invention relates 
to the use of additives to promote solubility of proteins in 
solutions being filtered for the purpose of removing 
pathogens, particularly viral pathogens, and has particular 
applicability to the purification of large proteinaceous bio­
molecules such as immunoglobulins. 

BACKGROUND OF THE INVENTION 

Liquid and gas separation processes are well known in the 
art. Most common separation processes involve a phase 
change, which increases the cost of the processes and often 
requires excessive temperature changes which can alter the 
product. Membrane separations, however, can achieve 
desired levels of separation without a change in the sub­
stances' phase. In essence, membrane separation selectively 
forces one or more substances through pores of a filter, 
leaving one or more larger substances behind. This process 
is often repeated with diminishing filter pore sizes until a 
satisfactory level of separation is achieved. 

The use of nanofiltration to remove contaminants such as 
virus particles from parenteral protein products is based 
upon the ability of a filter of defined pore size to allow a 
soluble protein to pass through while denying passage of the 
larger viral particles (DiLeo,AJ, et al, BioTechnology 1992, 

2 
this method is also suggested to enable the use of "dead-end" 
filtering with membranes having pore sizes of 5-30 nm. 
Dead-end filtering refers to the practice of using a single 
pump to force fluid through the membrane from the surface. 

5 Dead-end filtration is simpler and more cost effective than 
tangential filtering process wherein a first pump maintains 
constant flow rate at the surface of the membrane and a 
second pump draws the protein through the filter by creating 
a negative pressure (suction) at the back of the membrane. 

10 U.S. Pat. No. 6,096,872 recognized the utility of adding 
surfactants along with high ionic strength buffering during 
nanofiltration to remove viruses from immunoglobulin con­
taining solutions in order to reduce protein dimerization, 
trimerization and aggregation, the teachings of which are 

15 hereby incorporated herein by reference. 
It is also generally known that in order to reduce the 

interaction of a substance with the membrane surface, the 
"zeta-" or "z-"potential of the membrane surface should not 
be electrically attractive to that substance and altering the 

20 charge properties of the membrane can minimize surface 
precipitation. For example, U.S. Pat. No. 6,177,011 teaches 
that the neutralization of surface charges measured as zeta 
potential can reduce surface adsorption of membrane­
fouling substances during reverse osmosis filtration pro-

25 cesses where the substance carries a charged group. Changes 
in pH and salt concentration are other means of altering the 
z-potential of both the solutes and the membrane surface. In 
some cases, however, the manipulation of the z-potential by 
the addition of salt is counter-productive, resulting in an 

30 increase in soluble aggregation and an increase in the 
hydrophobic character of the membrane surface which may 
promote interaction with hydrophobic protein regions. Pall, 
et al (Colloids and Surfaces 1 (1980), 235-256.), reported 
that the phenomenon of removal of particles smaller than the 

35 pores of a filter is due to adherence of the particles to the 
pore walls under conditions wherein the particles and the 
pore walls are oppositely charged or alternatively wherein 
the zeta potential of the particles and the pore walls of the 
membrane are both low. Zierdt (Applied and Environmental 

40 Microbiology, (1979) 38:1166-1172) attributed the afore­
mentioned phenomenon to electrostatic forces. Furthermore, 
these modifications do not address the effects of molecular 
geometry or protein aggregation in solution on membrane 
filtration. 

10: 182,188.) Removal of virus from large biomolecules 
such as immunoglobulins (monoclonal or polyclonal 
antibodies), by size exclusion, is hindered by the difficulty of 
passing the large biomolecules through pore sizes of nanom­
eter size, typically 12-15 nm. While a protein in solution, 
even one as large as an immunoglobulin, is expected to have 45 
a molecular radius much smaller than a viral particle, several 
factors can lead to an effective reduction in pore size and 
sieving coefficient. Some of these factors are due to inter­
actions between the protein and the filter surface resulting in 
build up on the membrane surface known as a gelation or 50 
polarization layer. Other factors, such as protein self­
association or aggregation, cause the protein to be trapped 

In addition to the considerations of buffer components and 
their concentrations, care must be take to maintain the 
protein to be filtered in a concentration appropriate to 
maintaining good flow and minimal transmembrane pres­
sure across the filter. WO 9837086 teaches the addition of 
buffer to the retentate in order to maintain transmembrane 
pressure during tangential flow of a pretreatment step to 
remove proteins having a molecular weight greater than that 
of the product protein(s). WO 9837086 further notes that 
nanofiltration is limited to therapeutic proteins having a 
molecular weight up to 150 kDa. Immunoglobulin G mol­
ecules are composed of two heavy chains and two light chain 

by the filter due to formation of masses too large to pass 
through the filter pores or that have surface characteristics 
that exhibit affinity for the membrane surface or pore sur- 55 
faces causing them to adhere to the membrane instead of 
passing through. polypetides all covalently linked and have an average 

molecular weight of about 180 kDa. U.S. Pat. No. 6,096,872 
seeks to address the problem of how to filter viruses from 

International patent application, WO 9600237, describes 
methods for successful nanofiltration using pore sizes as 
small as 15 nm to filter purified proteins of molecular weight 
less than 150 kDa. WO 9600237 discloses the use of salt 
concentrations lying in the range from about 0.2 M up to 
saturation of the solution in virus-filtering of proteins, 
polysaccharides, and polypeptides to increase sieving coef­
ficients. The advantage of the salt is stated by the applicants 
to be because the "protein contracts" and more easily passes 
through the filter. The use of a high salt content according to 

60 IgG products by including a non-ionic excipient with rela­
tively high (physiological which is about 300 mOsm) ionic 
strength buffer. The use of high ionic strength buffers, 
however, may lead to protein aggregation or create the 
problem of salt removal from the product formulation. U.S. 

65 Pat. No. 6,096,872 teaches and claims a second nanofiltra­
tion step to concentrate the immunoglobulin and collect it in 
a low ionic strength buffer. 
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The method of the invention may also include conducting 
an in-line pre-filtering step and monitoring the concentration 
of the material by installing an in-line concentration con­
trolling monitor to maintain the parameters of pH, and 

These methods suffer from various disadvantages, par­
ticularly in their efficiency. It is therefore the object of the 
present invention to overcome the short-comings of the prior 
art, particularly in developing a system for efficiently filter­
ing pathogenic viruses from immunoglobulin products, 
thereby providing virally cleared, pure immunoglobulin for 
injection. 

5 protein concentration within pre-set ranges optimal for the 
material being purified. 

BRIEF DESCRIPTION OF THE DRAWINGS The molecular configuration or size of a protein species 
has been predicted by changes in the partial specific volume 
and self-association of proteins. The change in partial spe­
cific volume of proteins so modified has been demonstrated 
by the independent measurements of sedimentation coeffi­
cients using analytical centrifugation. The method described 
herein uses the addition of a clathrate modifying substance 

10 
FIG. 1. Is a schematic representation of the vessels and 

monitoring equipment used in nanofiltration and the direc­
tion of fluid flow. 

to modify the molecular configuration of the protein to 15 

minimize specific volume and aggregation thereby enhanc­
ing passage of the protein through the membrane m a 
nanofiltration process. 

DETAILED DESCRIPTION 

The instant invention uses a combination of selection of 
buffer, non-ionic surfactant and the use of a clathrate modi­
fier as processing aids during viral reduction or viral clear­
ances using size exclusion nanofiltration for purification of 
large proteinaceous biomolecules. The invention allows a SUMMARY OF THE INVENTION 

The method of the invention maximizes protein passage 
during membrane filtration by using buffer additives aimed 

20 small pore size exclusion nanofilter to be used with a 
globular protein molecule such as an immunoglobulin in a 
manner which allows for efficient flowthrough, minimal 
yield loss and no significant change in the immunoglobulin to increase the hydrophobicity of the membrane surface and 

decrease the hydrodynamic radius of the protein as well as 
reduce the tendency for the self-association of the protein 

25 
desired to be filtered. The method of the invention first 
maximizes protein passage by decreasing the pH and the salt 
of the buffer which increases the hydrophobicity of the 
membrane surface and decreases the hydrodynamic radius 
of the protein. Secondly, a clathrate modifer is included in 

30 
the buffer which modifier decreases the hydrodynamic 
radius of the protein while minimizing the tendencies for the 
protein to associate with either itself or the membrane filter. 
Thirdly, the process optionally includes continuous in-line 
monitoring of the filtration in order to maintain the above 

35 
parameters of pH and clathrate modifier constant while 
maintaining low local levels of soluble protein. The use of 
the methods of the invention result in an increase in sieving 
coefficient and the ability to maintain reduced trans­
membrane pressure during virus particle filtration. The pro-

40 
cess is applicable to the purification of any large proteina­
ceous biomolecule, particularly immunoglobulins. The 
immunoglobulins may be a monoclonal or polyclonal 
immunoglobulin. 

The clathrate modifier is perferably a polyol sugar or 45 
sugar alcohol having from 4 to 8 hydroxyl groups. Examples 
of preferred polyols are sugars, including mono-saccharides 
and disaccharides preferably sucrose. The concentration of 
the polyol used as a clathrate modifier will generally be 5% 
w/v or greater. The use of sucrose causes a decrease in the 50 
size of the molecule and a reduction in the tendency for 
self-association of the protein desired to be freed from virus 
particles. 

Thus, the invention contemplates a method for purifying 
a proteinacious material such as an immunoglobulin com- 55 
prising the steps of: 

(a) admixing the proteinaceous material with: 

characterization aggregate level or stability. 

Virus removed from the proteinaceous material by the 
nanofiltration method of the invention include all potential 
categories of virus, both enveloped (for example HIV, Hepa­
titis B) and non-enveloped (for example Hepatitis A, Par-
vovirus B19). 

The advantages of the use of the processing aids and the 
method of the present invention include: 

(1) the reduction of processing time and increased yield 
since the conditions employed increase the hydropho­
bicity of the membrane surface and reduce the specific 
volume and aggregation of the proteinaceous material; 

(2) the ability to use smaller pore size nanofilters, thereby 
ensuring removal of smaller size viral particles; 

(3) the process can be automated for continuous moni­
toring to allow for maximum efficiency and highest 
product yield per filter area; 

( 4) the essential characteristics of the proteinaceous mate­
rial are unaffected by the process maintaining the 
integrity and quality of the end product. 

In a broad sense, a clathrate is a molecular association in 
which the result may form a particle. Clathrates are included 
among those complexes in which one component (the host) 
forms a cavity or, in the case of a crystal, a crystal lattice 
containing spaces in the shape of long tunnels or channels in 
which molecular entities of a second chemical species (the 
guest) are located. There is no covalent bonding between 
guest and host, the attraction being generally due to van der 
Waals forces. If the spaces in the host lattice are enclosed on 
all sides so that the guest species is "trapped" as in a cage, 
such compounds are known as "clathrates" or "cage" com­
pounds". van der Waals forces and hydrophobic interactions 
bind the guest to the host molecule in clathrates and inclu­
sian compounds. Examples of hydrogen-bonded molecules 
that form clathrates are hydroquinone and water, and host 

(i) a low pH, low conductivity buffer solution formu­
lated to reduce the pH between 5.0 and 6.0, and to 
achieve an ionic strength of less than 30 mS/cm; 

(ii) a non-ionic surfactant; and 
60 molecules of inclusion compounds, urea or thiourea. 

(iii) a clathrate modifier; 
(b) performing nanofiltration on the proteinaceous mate­

rial to obtain a purified material substantially free of 
viral particles. 

Preferably, the clathrate modifier is a polyol sugar or 
sugar alcohol having from 4 to 8 hydroxyl groups. 

In the present case, the term "clathrate modifier" means a 
substance that is capable of modifying the clathrate structure 
of a protein in an aqueous environment and reducing its 
overall specific volume. Substance such as large globular 

65 proteins are good candidates for clathrate modifiers because 
of their capability of forming hydrogen bonds in an aqueous 
environment. The polyol clathrate modifier of the present 
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invention, modifies the clathrate complex of the proteina­
ceous material thereby reducing its specific volume and 
allowing for a reduction in processing time and greater 
flowthrough in the nanofiltration process. 

In this specification by "polyol sugars and sugar alcohols" 
is meant a group of polyols having from 4 to 8 hydroxyl 
groups. Examples of preferred polyols are sugars, including 
monosaccharides and disaccharides, and sugar alcohols as 
well as derivatives thereof having from 4 to 8 hydroxyl 
groups. 

Examples of monosaccharides having 4 hydroxyl groups 
are arabinose, ribose and xylose. An example of a sugar 
alcohol having 4 hydroxyl groups is the sugar alcohol 
derived from erythrose, i.e. erythritol. 

Examples of monosaccharides having 5 hydroxyl groups 
are galactose, fructose, glucose and sorbose. An example of 
a sugar alcohol having 5 hydroxyl groups is the sugar 
alcohol derived from xylose, i.e. xylitol. 

Examples of sugar alcohols having 6 hydroxyl groups are 
those derived from glucose and sorbose as well as from the 
hydrolysis products of sucrose, e.g. sorbitol and mannitol. 
Examples of disaccharides are maltose, lactose and sucrose, 
the latter being preferred, all of which contain 8 hydroxyl 
groups. 

The large proteinaceous material which may be processed 
in accordance with the present invention include large 
globular proteins such as immunoglobulins (for example 
IgG) and fragments thereof, blood coagulation factors, 
growth hormones, apolipoproteins, enzymes and similar 
protein biomolecules, whether naturally occurring or geneti­
cally engineered. 

The term "z-potential," as used herein, means surface 
charge. The surface charge of a particle is sometimes 
referred to as its z-potential, a measurement of charge which 
falls off with distance. The z-potential is directly correlated 
with the polarity or net charge of a compound. 

As used herein, the term "nanofiltration" refers to filtra­
tion using size exclusion means where the pore size is of 
nanometer size. In general, the pore size of the nanofiltering 
units, also referred to as UF filters, employed in the pro­
duction of substantially pure, virus-free immunoglobulin 
products of the instant invention is less than about 30 nm, 
most preferably less than about 15 nm. However, any 
membrane having the filter cutoff rating sufficient to reduce 

6 
The method involves transferring the protein of interest 

into a low pH (pH 5.0-6.0), low conductivity buffer (10-20 
mS/cm), containing a non-ionic detergent such as TWEEN 
80 at a concentration of 0.01% and sucrose at a concentra-

5 tion of between 5 and 10% w/v. The tangential flow appa­
ratus is in fluid communication with several other vessels: a 
product tank, a buffer tank, and a feed/recirculation tank 
equipped with an agitator. The relationship of these vessels 
and the fluid flow between is shown in FIG. 1. 

10 The protein concentration used in the processing of the 
instant invention will be in the range of about 0.1% to about 
1% by weight. Up to about 1% can be used when the protein 
is monomeric or monoclonal. For immunoglobulins such as 
a chimeric monoclonal IgG1, the initial protein concentra-

15 tion used for processing is about 1 to 10 mg/ml. 
During processing and filtration, the protein concentration 

is preferably monitored to maintain optimal levels. As 
shown in FIG. 1, this can be accomplished by the installation 
of an in line concentration monitor. A dead-end prefilter may 

20 be placed in the line between the feed/recirculation tank and 
the UF filter. A UV monitor is placed in-line between the UF 
filter and recirculation tank, on the retentate line. to provide 
a feed-back to the feed and buffer addition tanks to allow 
maintenance of the target protein concentration. Adjustment 

25 of the prefiltered product containing solution is achieved by 
the addition of buffer into the feed/recirculation tank to 
achieve the desired pH, conductivity, detergent 
concentration, and sucrose concentration. FIG. 1 shows the 
fluid flow from the feed/recirculation tank. During the 

30 filtration, the concentration of the retentate is kept constant 
by the addition of buffer in order to minimize protein-protein 
interaction. In the example shown, this is accomplished by 
control of the pumps supplying the product into the recir­
culation tank. By increasing/decreasing the speed of the 

35 pump, the concentration can be kept within a narrow speci­
fied range. A load cell under the recirculation tank is used as 
an addition feedback to the buffer pump to avoid overflow­
ing the tank. 

During filtration, the transmembrane pressure is prefer-
40 ably in the range of 0.2 to about 2.0 bar, most preferably 

maintained at less then about 1.0 bar. The sieving coefficient 
will preferably be in the range of 75-95% with excursions 
no lower than 60%. 

or eliminate non-enveloped virus from a proteinaceous 45 

solution can be employed in the processing methods of the 
invention. For example, the VIRESOLVE® 180 SYSTEM 
Ultrafiltration System (Millipore Corporation, Bedford, 
Mass.) unit may be employed, such unit having a molecular 
weight pore size rating of less than about 180 KD molecular 50 

weight or about 12 nm. 

EXAMPLE 

A working example of this invention is demonstrated in 
the production of a chimeric human/mouse IgGl. The 
protein, after elution from a cation exchange column at pH 
5 .0, is placed in the product tank. The buffer tank is filled 
with 50 mM Sodium acetate, 6% sucrose, 0.01% polysor­
bate (tween) 80. The protein and buffer are mixed to achieve 
a final protein concentration of 2.0 \f0.2 mg/mL in the feed 
tank. The filtration is started with a cross flow rate of xx 
mL/min/cm2 and a permeate rate of no greater than yy 
mL/min/cm2

. Transmembrane pressure and retentate con­
centration is monitored to ensure that the process remains 
within the prescribed limits. Once the product tank is empty, 
the filters are rinsed with 3x the hold-up volume of the 
system to maximize the yield. 

The nonionic surfactant or detergents which may be used 
in the present invention include the nonionic polyoxyethyl­
ene detergents for example the polysorbates, TWEENS; 
vinyl polymers, PLURONICS; polyoxyethylene- 55 

polypropylene polymers or co-polymers; Brij, Sterox-AJ, 
and Tritons. Most preferred is polyoxyethylene sorbitan 
monooleate, polysorbate 80 (TWEEN 80). 

The buffer employed in the invention is selected from any 
suitable low pH, low conductivity buffer such as phosphate 60 

buffers, citrate buffers, borate buffers, acetate buffers and 
glycine buffers at a pH of about 5.0. The buffer is employed 
to maintain the pH below 6 and reduce aggregation of the 
protein thereby allowing more efficient flow, through the 
nanofilter. Preferably a buffer with a low ionic strength of 50 65 

mM±/-20% is employed, preferably a sodium acetate buffer, 
pH 5.0. 

What is claimed is: 
1. A method for purifying a proteinacious material com­

prising the steps of: 
(a) admixing the proteinaceous material with: 

(i) a low pH, low conductivity buffer solution formu­
lated to reduce the pH between 5.0 and 6.0, and to 
achieve an ionic strength of less than 30 mS/cm; 

(ii) a non-ionic surfactant; and 
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(iii) a clathrate modifier; 

(b) performing nanofiltration on the proteinaceous mate­
rial to obtain a purified material substantially free of 
viral particles. 

2. The method of claim 1 wherein the proteinaceous 5 

material is an immunoglobulin. 
3. The method of claim 1 wherein the clathrate modifier 

is a polyol sugar or sugar alcohol having from 4 to 8 
hydroxyl groups. 

4. The method of claim 3 wherein the polyol is a mono- 10 

saccharides or disaccharides. 
5. The method of claim 4 wherein the polyol is sucrose. 
6. The method of claim 1 wherein the concentration of the 

polyol used as a clathrate modifier is about 5% w/v or 
greater. 

7. A method for purifying a proteinacious material com­
prising the steps of: 

a) admixing the proteinaceous material with a buffer 
solution: 

15 

8 
adjusting the pH and the ionic strength of the buffer 

such that the pH is 5.0--6.0 and the ionic strength is 
less than 30 mS/cm; 

b) adding a surfactant to the buffer to minimize protein­
protein and protein-membrane interactions, 

c) adding a clathrate modifier to the buffer, which clath­
rate modifier 
i) Reduces the hydrodynamic radius of the protein and 
ii) Minimizes the self-association of the protein; 

d) installing an in-line prefilter to the system; 
e) installing an in-line concentration controlling monitor 

to the system; and 

f) using information from the in-line concentration con­
trolling monitor to maintain the buffer parameter of pH 
and protein concentration within the range of pH of 
5.0-6.0 and the ionic strength is less than 30 mS/cm. 

* * * * * 
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	1. This is one of the first actions for patent infringement under 35 U.S.C. § 271(e)(2)(C), which was enacted in 2010 in the part of the Patient Protection and Affordable Care Act known as the Biologics Price Competition and Innovation Act (“BPCIA”).
	2. This is also an action to enforce the patent dispute resolution provisions of the BPCIA, which Defendants have refused to follow to date and in fact have repeatedly sought to circumvent.  Had Defendants obeyed the statutory requirements, the patent...
	3. However, Defendants have insisted that Plaintiffs file this lawsuit before the conclusion of the BPCIA dispute resolution process and have threatened to seek penalties under the BPCIA if Plaintiffs fail to do so.  Although Plaintiffs believe that D...
	4. The BPCIA created an abbreviated regulatory pathway for the approval of biosimilar versions of biological medicines.  The BPCIA pathway allows biosimilars makers to avoid the full complement of pre-clinical and clinical studies required for regulat...
	5. In order to prevent the new biosimilar pathway from undermining the intellectual property rights of innovators and thereby deterring innovation, the BPCIA also created an intricate and carefully orchestrated set of dispute resolution procedures to ...
	6. Pursuant to the BPCIA, Defendants submitted an abbreviated Biologic License Application (“aBLA”) seeking permission to market a proposed biosimilar version of Janssen’s revolutionary biological medicine Remicade® (infliximab).
	7. Defendants’ aBLA was accepted for review by the Food and Drug Administration (“FDA”), but FDA has not yet approved the application or given any indication whether it will be approved, when it will be approved, or what the scope of any approval will...
	8. To avoid burdening the Court and parties with unnecessary disputes, the BPCIA requires a series of information exchanges and good-faith negotiations between the parties before the filing of a patent infringement lawsuit.  Defendants, however, have ...
	9. Defendants have further thwarted the BPCIA patent dispute resolution process by serving a premature “notice of commercial marketing.”  Under the BPCIA, a biosimilar applicant must serve a notice of commercial marketing at least 180 days before mark...
	10. In serving a purported “notice of commercial marketing” before their biosimilar product is licensed and before the parties have engaged in the statutorily mandated good-faith negotiations regarding Plaintiffs’ patents, Defendants effectively depri...
	11. Although an action for patent infringement is premature under the BPCIA, in light of Defendants’ actions, Plaintiffs are asserting, in addition to their claims for violations of the BPCIA, claims for infringement of six patents under 35 U.S.C. § 2...
	12. Janssen Biotech, Inc. (“Janssen”) is a company organized and existing under the laws of the Commonwealth of Pennsylvania, with a principal place of business in Horsham, Pennsylvania.
	13. New York University (“NYU”) is a research university organized as a corporation under the laws of the State of New York and having a place of business in New York, New York.
	14. Upon information and belief, Celltrion Healthcare Co., Ltd. and Celltrion, Inc. are companies organized and existing under the laws of the Republic of Korea.  Celltrion, Inc. is a biopharmaceutical company that specializes in research and developm...
	15. Upon information and belief, Hospira, Inc., is a Delaware corporation having corporate offices and a principal place of business in Lake Forest, Illinois.
	16. This is an action for violations of 42 U.S.C. § 262(l), and patent infringement under the patent laws of the United States, Title 35, United States Code.  This Court has subject matter jurisdiction pursuant to 28 U.S.C. §§ 1331, 1338(a), 2201(a), ...
	17. On information and belief, Celltrion Healthcare Co., Ltd. intends to market and distribute its proposed biosimilar infliximab product in Massachusetts, through Hospira.  On information and belief, Celltrion, Inc. will collaborate in the commercial...
	18. Celltrion Healthcare Co., Ltd. maintains an office for U.S. business operations in Cambridge, Massachusetts.  On information and belief, among the purposes of this office is to market and distribute products manufactured by Celltrion, Inc. in coll...
	19. Celltrion Healthcare Co., Ltd. is registered to do business in Massachusetts and has consented to be sued in Massachusetts.  On information and belief, among the purposes of Celltrion Healthcare Co., Ltd.’s Massachusetts business is to market and ...
	20. Celltrion Healthcare Co., Ltd. and Celltrion, Inc. previously filed a Declaratory Judgment Complaint in this District against Janssen (see Celltrion Healthcare Co., Ltd. and Celltrion, Inc. v. Janssen Biotech, Inc., No. 14-cv-11613 (D. Mass. filed...
	21. This Court has personal jurisdiction over Celltrion Healthcare Co., Ltd. and Celltrion, Inc.
	22. On information and belief, Hospira has been involved in an ongoing and continuing business relationship with Celltrion concerning their proposed biosimilar infliximab product since at least 2009.  On information and belief, Hospira has been aware ...
	23. On information and belief, Hospira entered into an exclusive license agreement and/or marketing agreement with Celltrion covering the proposed biosimilar infliximab.
	24. On information and belief, Hospira is obligated, or entitled, to indemnify, defend, or participate in patent litigation brought against Celltrion related to the proposed biosimilar infliximab product.  On information and belief, Hospira is activel...
	25. On information and belief, Hospira has collaborated with Celltrion in the submission of Defendants’ aBLA and intends to market and distribute the proposed biosimilar infliximab product in Massachusetts.
	26. On information and belief, Hospira is engaged in the distribution of generic pharmaceutical products throughout the world, including in Massachusetts.
	27. On information and belief, Hospira has voluntarily and purposely directed its activities at residents of this forum, including by engaging in an ongoing and continuing business relationship with Celltrion, and by engaging in continuous and systema...
	28. This Court has personal jurisdiction over Hospira.
	29. Venue is proper in this judicial district under 28 U.S.C. §§ 1391(b), (c) and/or 1400(b).
	30. Janssen is a pioneer and leader in the development of biologic drugs.  Janssen’s biologic drug Remicade® was one of the first drugs of its kind sold in the United States for treatment of a chronic disease.
	31. Remicade® is a monoclonal antibody that binds to and neutralizes a substance in our bodies called TNFα.  TNFα is an important player in our immune systems but, if it is over-produced, it can lead to chronic disease.
	32. Scientists at NYU worked with scientists at Janssen’s predecessor Centocor to develop the infliximab monoclonal antibody, also known as the “cA2” antibody.
	33. Although the cA2 antibody had promising in vitro properties, given its complex structure and mechanism of operation it required extensive pre-clinical and clinical development before it could become a useful medicine for human beings.
	34. From the time the infliximab antibody was first discovered, it took nearly a decade for Remicade® to be approved for sale in the United States.  During that time, Centocor conducted dozens of clinical trials and spent tens of millions of dollars, ...
	35. Remicade® was first approved for the U.S. market in 1998.  The first indication, or use, for which Remicade® was approved was the treatment of Crohn's disease, an inflammatory bowel disease that causes inflammation of the lining of the digestive t...
	36. After Remicade® entered the market, Centocor continued to pursue extensive clinical development efforts for the drug.  These efforts led to the discovery that Remicade® is safe and effective for a number of additional diseases and indications othe...
	37. Janssen’s extensive development efforts have led to 16 FDA approvals for Remicade®, including indications for use in the treatment of Crohn’s disease (1998), rheumatoid arthritis (1999), ankylosing spondylitis, a chronic inflammatory disease of th...
	38. In total, Janssen has sponsored more than 170 clinical trials for Remicade®.  Janssen has spent hundreds of millions of dollars in research and development of the drug.
	39. Remicade® had been used to treat and improve the lives of more than 2.2 million patients suffering from chronic disease.
	40. In the course of developing Remicade®, Janssen has obtained or exclusively licensed a number of patents related to infliximab, its uses in treating disease, and the processes for manufacturing infliximab.  Plaintiffs assert six of these patents in...
	The Antibody Patent (the 471 Patent)
	41. Janssen and NYU jointly own United States Patent No. 6,284,471 (“the 471 patent”), which covers the infliximab cA2 monoclonal antibody itself.  The cA2 antibody is a highly complex biological molecule that took years to develop and has highly pote...
	42. On September 4, 2001, the United States Patent and Trademark Office (“PTO”) issued the 471 patent, which is titled “Anti-TNFα Antibodies and Assays Employing Anti-TNFα Antibodies.”  A true and correct copy of the 471 patent is attached as Exhibit ...
	43. The 471 patent is jointly assigned to Janssen (through its predecessors Centocor, Inc. and Centocor Ortho Biotech, Inc.) and NYU.
	44. The 471 patent will expire on September 4, 2018.
	45. In a prior proceeding, Defendants did not dispute that their proposed biosimilar infliximab product practices claims of the 471 patent.
	46. The 471 patent is currently undergoing reexamination by the PTO.
	47. On information and belief, one or more of the Defendants, or an agent or affiliate of one or more of the Defendants, initiated the PTO reexamination proceeding challenging the validity of the 471 patent.
	48. In the reexamination, the specification of the 471 patent was amended at Janssen’s request.  A PTO examiner has rejected the claims of the 471 patent.  Janssen is currently addressing the rejection.
	The Fistulizing Crohn’s Patent (the 396 Patent)
	49. Janssen and NYU jointly own United States Patent No. 7,223,396 (“the 396 patent”).  In contrast to the 471 patent, which covers the infliximab antibody itself, the claims of the 396 patent cover novel uses of infliximab to treat disease.  In parti...
	50. On May 29, 2007, the PTO issued the 396 patent, which is titled “Methods of Treatment of Fistulas in Crohn’s Disease with Anti-TNF Antibodies.”  A true and correct copy of the 396 patent is attached as Exhibit B.
	51. The 396 patent is jointly assigned to Janssen (through its predecessors Centocor, Inc. and Centocor Ortho Biotech, Inc.) and NYU.
	52. The 396 patent will expire on June 29, 2016.
	53. In a prior proceeding, Defendants did not dispute that the proposed use of their product would practice the claims of the 396 patent.
	54. It is unknown whether a U.S. approval of Defendants’ proposed biosimilar product, if any, would include an indication for treating fistulas in Crohn’s disease, as claimed by the 396 patent.
	The Methods of Producing Antibodies Patent (the 715 Patent)
	55. Janssen has exclusively licensed from Board of Trustees of the Leland Stanford Junior University (“Stanford”) and the Trustees of Columbia University in the City of New York (“Columbia”) U.S. Patent No. 5,807,715 (“the 715 patent”), which covers m...
	56. On September 15, 1998, the PTO issued the 715 patent, which is entitled “Methods And Transformed Mammalian Lymphocyte Cells For Producing Functional Antigen-Binding Protein Including Chimeric Immunoglobulin.”  A true and correct copy of the 715 pa...
	57. Stanford and Columbia hold title to the 715 patent.
	58. Janssen holds all substantial rights in the 715 patent, including the sole and exclusive right to initiate, control, and defend any patent infringement litigation under the BPCIA involving the 715 patent.
	59. The 715 patent will expire on September 15, 2015.
	The Chemical Cell Growth Media Patents (the 083 Patent and the 056 Patent)
	60. Janssen owns U.S. Patent No. 7,598,083 (“the 083 patent”) and U.S. Patent No. 6,900,056 (“the 056 patent”), which cover cell growth media for use in growing biological products, including infliximab.
	61. On October 6, 2009, the PTO issued the 083 patent, entitled “Chemically Defined Media Compositions.”  A true and correct copy of the 083 patent is attached as Exhibit D.
	62. On May 31, 2005, the PTO issued the 056 patent, entitled “Chemically Defined Medium for Cultured Mammalian Cells.”  A true and correct copy of the 056 patent is attached as Exhibit E.
	63. The 083 patent will expire on February 7, 2027.
	64. The 056 patent will expire on October 5, 2022.
	The Purification Patent (the 600 Patent)
	65. Janssen owns U.S. Patent No. 6,773,600 (“the 600 patent”), which covers novel methods of purifying biological products such as infliximab so that they are suitable for use in human medicines.
	66. On August 10, 2004, the PTO issued the 600 patent, entitled “Use of Clathrate Modifier, To Promote Passage of Proteins During Nanofiltration.”  A true and correct copy of the 600 patent is attached as Exhibit F.
	67. The 600 patent will expire on June 4, 2023.
	Biologics
	68. Biological medicines, or biologics, are complex biological molecules that need to be grown in living cultures rather than chemically synthesized, as are the more familiar pharmaceutical products known as chemical or small-molecule drugs.  Because ...
	69. Because of the differences between biological and small-molecule drugs, biological and small-molecule pharmaceutical products are approved for sale in the United States through different regulatory pathways.  Whereas small-molecule drugs are appro...
	The BPCIA Pathway for Biosimilar Approval
	70. Although Congress created an abbreviated regulatory pathway for the approval of generic small-molecule drugs in the Hatch-Waxman Act of 1984, no abbreviated pathway for approval of follow-on biologics products existed until the enactment of the BP...
	71. The BPCIA creates an abbreviated approval pathway for FDA licensure of biological products upon a determination that the biological product is “biosimilar” to a previously licensed “reference product.”  42 U.S.C. § 262(k). The BPCIA defines a “bio...
	72. Under the BPCIA, biosimilar applicants are permitted to make use of FDA’s prior determinations as to the safety, purity, and potency of the reference product that was already approved by FDA.  In particular, a biosimilar applicant must identify a ...
	The BPCIA’s Patent Dispute Resolution Procedures
	73. As Congress expressly indicated, the purpose of the BPCIA is to establish “a biosimilars pathway balancing innovation and consumer interests.”  Biologics Price Competition and Innovation Act of 2009, Pub. L. No. 111-148, § 7001(b), 124 Stat. 119, ...
	74. To further this goal, Congress created a set of mandatory procedures for addressing patent disputes relating to prospective biosimilar drugs.  These procedures are set forth in 42 U.S.C. § 262(l) and in corresponding amendments to the patent infri...
	75. The BPCIA patent dispute resolution procedures require the biosimilar applicant and reference product sponsor to undertake a series of specific steps before any patent action is filed.  Reflecting their importance to the BPCIA, most of these steps...
	76. The BPCIA dispute resolution process begins when a biosimilar application is accepted for review by FDA.  Within twenty days thereafter, the biosimilar applicant “shall provide” the reference sponsor with confidential access to “a copy of the appl...
	77. The requirement that biosimilars applicants provide pre-litigation manufacturing information to reference product sponsors, which does not exist for generic small-molecule drugs under the Hatch-Waxman Act, reflects the complexity of manufacturing ...
	78. The next step in the statutory process, section 262(l)(3)(A), states that within 60 days the reference product sponsor “shall provide” the biosimilar applicant a list of patents that the reference product sponsor “believes a claim of patent infrin...
	79. The next statutory step, section 262(l)(3)(B), states that within 60 days the biosimilar applicant “shall provide” a “detailed statement” of its non-infringement, invalidity, and unenforceability defenses with respect to the listed patents, or a s...
	80. The next step in the statutory process, section 262(l)(3)(C), states that within 60 days the reference product sponsor “shall provide” a “detailed statement” of its infringement positions and “a response to the statement concerning validity and en...
	81. The next step in the statutory process states that the parties “shall engage in good faith negotiations” to agree on patents that will be subject to an action for patent infringement prior to the approval of the biosimilar application.  42 U.S.C. ...
	82. If the parties agree on the patents that will be subject to an immediate action for infringement, then the reference product sponsor “shall bring an action for patent infringement” within thirty days of the agreement.  42 U.S.C. § 262(l)(6)(A).  I...
	83. If the reference product sponsor fails to bring suit within thirty days of the selection of patents for immediate litigation, its “sole and exclusive remedy” will be “a reasonable royalty.”  35 U.S.C. § 271(e)(6)(B).
	Notice of Commercial Marketing
	84. In addition to the pre-litigation procedures described above, the BPCIA addresses litigation regarding a “biological product licensed under subsection (k)” – i.e., a biosimilar product that has been approved for marketing.  The BPCIA requires the ...
	85. Upon receipt of a notice of commercial marketing, the reference product sponsor may move for a preliminary injunction on patents that the sponsor identified as potentially infringed under section 262(l)(3)(A) of the pre-litigation dispute resoluti...
	86. In addition, the notice of commercial marketing permits the reference product sponsor to bring a declaratory judgment action with respect to such patents that have been identified but not selected for immediate litigation.  42 U.S.C. § 262(1)(9)(A...
	87. On information and belief, Celltrion has undertaken the development of a proposed biosimilar to Janssen’s Remicade® infliximab product.  The trade name for the Celltrion proposed biosimilar product is Remsima®.
	88. On information and belief, in 2009, Hospira entered into an agreement with Celltrion, pursuant to which Hospira obtained the rights to exclusively market biosimilar infliximab in the United States.  The trade name for the proposed biosimilar infli...
	89. On information and belief, Defendants submitted an Investigational New Drug (“IND”) application for their proposed biosimilar to Janssen’s infliximab product under section 505(i) of the Federal Food, Drug, and Cosmetic Act on October 2, 2013, and ...
	90. On information and belief, the proposed indications (uses) for which Defendants seek approval of its biosimilar product are:
	(U.S. Food and Drug Administration, POSTPONED: March 17, 2015: Arthritis Advisory Committee Meeting Announcement http://www.fda.gov/advisorycommittees/ucm433919.htm).
	91. These proposed indications for Defendants’ proposed biosimilar product are all  indications for which Remicade® has been approved.  Each of these nine indications results from extensive research and development by Plaintiffs, culminating in succes...
	92. Based on publicly available information from Defendants’ regulatory submissions in other countries, and from the clinicaltrials.gov database of clinical trials, Defendants have completed two Phase III clinical trials regarding the safety and effic...
	93. Defendants’ proposed biosimilar infliximab product has been approved for sale in other jurisdictions, including Canada.  In approving Defendants’ product, the Canadian health authorities elected not to approve an indication for the treatment of Cr...
	94. On information and belief, FDA has not yet decided whether to approve Defendants’ proposed biosimilar product or what indications to approve it for.  Nor has FDA identified any timetable for a decision on Defendants’ aBLA.
	95. FDA had planned to consider Defendants’ proposed product in a public, full-day meeting of its Arthritis Advisory Committee that was originally scheduled for March 17, 2015.  See http://www.fda.gov/advisorycommittees/ucm433919.htm.  Typically, FDA ...
	96. On February 25, 2015, however, FDA postponed the scheduled advisory committee meeting on Defendants’ proposed biosimilar product indefinitely.  FDA’s postponement announcement reads in its entirety:  “The Food and Drug Administration (FDA) is post...
	97. From the time they began the process of seeking approval for their proposed biosimilar product, Defendants have sought to avoid the mandatory patent dispute resolution procedures of the BPCIA.  Having failed in their initial efforts to bypass the ...
	98. On information and belief, Defendants have participated jointly in formulating Defendants’ pre-litigation and litigation strategy under the BPCIA.
	99. As alleged above, the BPCIA’s dispute resolution procedures are triggered by FDA’s acceptance of a biosimilar application for review.  42 U.S.C. § 262(1)(2)(A).  Before Celltrion’s application was accepted for review by FDA, Celltrion and Hospira ...
	100. In both actions, Janssen moved to dismiss on the grounds that a declaratory judgment action was prohibited since Defendants could not seek a declaratory judgment before producing their aBLA and without following the requirements of the BPCIA.  In...
	101. Judge Crotty of the U.S. District Court for the Southern District of New York granted Janssen’s motion to dismiss Hospira’s declaratory judgment action.  Judge Crotty rejected Hospira’s argument that it was entitled to bring a declaratory judgmen...
	102. Judge Crotty reasoned that Hospira “seeks to utilize the BPCIA pathway for approval of its biosimilar drug, yet disavows the BPCIA’s authority over patent disputes.  Despite Hospira’s best attempts to twist the BPCIA to serve its interests withou...
	103. Celltrion voluntarily withdrew its declaratory judgment action after Janssen’s motion to dismiss was fully briefed.  See Celltrion Healthcare Co., Ltd., and Celltrion, Inc., v. Janssen Biotech, Inc., No. 14-cv-11613 (D. Mass.) (Dkt. No. 33) (Oct....
	104. Pursuant to section 262(l)(2)(A) of the BPCIA, Defendants began to provide Janssen with a copy of their aBLA (No. 125544) twenty days after the application was accepted for review by FDA.  However, Defendants have refused to prove “such other inf...
	105. On December 16, 2014, before its time for providing its section 262(l)(3)(A) listing of potentially infringed patents, Janssen asked Defendants to provide the manufacturing information required by the statute.  Janssen also asked specific, detail...
	106. On December 23, 2014, Defendants responded by refusing to provide the requested information.  Despite the statutory requirement that biosimilar applicants provide their aBLA and additional manufacturing information, Defendants asserted that “[a]l...
	107. On December 26, 2014, Janssen provided Defendants a list of patents for which a claim of infringement could reasonably be asserted pursuant to section 262(l)(3)(A) of the BPCIA patent dispute resolution process.  42 U.S.C. § 262(l)(3)(A).  This l...
	108. On February 5, 2015, Defendants provided a statement of defenses pursuant to 42 U.S.C. § 262(l)(3)(B).  Defendants did not produce any documentation of their manufacturing processes as required by 42 U.S.C. § 262(l)(2)(A).
	109. On February 25, 2015, Janssen asked Defendants again for the manufacturing information that is required by the statute, and which Janssen had previously requested on December 16, 2014.
	110. On March 4, 2015, Defendants responded by asserting once again that the aBLA contained all the information to which Plaintiffs were entitled, notwithstanding the BPCIA’s unambiguous requirement that manufacturing information in addition to the aB...
	Defendants Attempt to Circumvent Mandatory BPCIA Procedures
	111. As of their statement of defenses pursuant to 42 U.S.C. § 262(l)(3)(B), Defendants have refused to participate in further BPCIA patent dispute resolution procedures including the good-faith negotiations regarding patents to be included in immedia...
	112. Defendants assert that they have “consented to Janssen’s patent list” and that as a result the remainder of the statutorily required patent-exchange procedures – namely Janssen’s mandatory responses to Defendants’ defenses pursuant to section 262...
	113. Defendants further assert that Janssen is required to file a lawsuit on all six listed patents within thirty days of Defendants’ “detailed statement,” i.e., by March 7, 2015, rather than within thirty days after the completion of the statutory pr...
	114. Defendants’ assertion that Janssen needed to file suit immediately or be limited to reasonable royalties was a clear threat to take this position in future litigation, and to require Janssen, if it did not meet Defendants’ demands, to litigate th...
	115. On February 25, 2015, Janssen asked Defendants to withdraw their threat and comply with the BPCIA’s mandatory procedures.
	116. On March 4, 2015, Defendants responded by reaffirming their position that Janssen is required to file suit by March 7, 2015 and reserving the “the right to limit Janssen’s remedy for any judgment of infringement to a reasonable royalty” if “Janss...
	117. Given Defendants’ threat to Plaintiffs’ intellectual property rights and refusal to comply with the provisions of the BPCIA, Plaintiffs have filed this Complaint to protect their interests and enforce the mandatory statutory provisions which Defe...
	118. Had Defendants complied with the BPCIA, the parties’ mandatory good-faith negotiations (42 U.S.C. § 262(l)(4)) might have led to an agreement to postpone litigation of the 471 patent, covering the cA2 antibody, until the conclusion of the PTO ree...
	119. Had Defendants complied with the BPCIA, the parties’ mandatory good-faith negotiations might have led to an agreement to postpone litigation of the 396 patent, covering methods for treating fistulas in Crohn’s disease, until FDA determined whethe...
	120. Had Defendants complied with the BPCIA, the parties’ mandatory good-faith negotiations might have led to an agreement to avoid litigating the 715 patent, which expires on September 15, 2015.  In light of FDA’s recent decision to indefinitely post...
	121. Had Defendants complied with the BPCIA, the parties’ mandatory good-faith negotiations might have led to the production of information that would have avoided the need to litigate Janssen’s manufacturing patents – the cell growth media patents (t...
	122. Defendants’ violations of the BPCIA have caused and will cause unnecessary burdens to Plaintiffs and the Court.  Defendants’ violations of the BPCIA have caused Plaintiffs irreparable harm for which they have no adequate remedy at law, and will c...
	Defendants Serve a Premature Notice of Commercial Marketing
	123. On February 5, 2015, the same day they provided their “detailed statement” to Janssen, Defendants compounded their violations of the BPCIA by serving a premature notice of commercial marketing, purportedly pursuant to 42 U.S.C. § 262(l)(8)(A).   ...
	124. Prior to their purported “notice of commercial marketing” of February 5, 2015, Defendants had previously asserted that a different document constituted a notice of commercial marketing under the BPCIA.  In briefing in its unsuccessful declaratory...
	125. In their latest purported notice of commercial marketing of February 5, 2015, Defendants asserted that the BPCIA does not “include a condition precedent to providing notice.”  But, to the contrary, the BPCIA includes a clear condition precedent t...
	126. As Defendants are aware, this was precisely the holding of the sole reported case to address this issue to date.  See Sandoz Inc. v. Amgen Inc., No. C-13-2904 MMC, 2013 U.S. Dist. LEXIS 161233 (N.D. Cal. Nov. 12, 2013).  As Judge Chesney of the U...
	127. Defendants have not yet received a license to market their proposed biosimilar product under subsection (k).  As a result, Defendants’ proposed product is not a “biological product licensed under subsection (k)” and cannot be the subject of a val...
	128. The purpose of the notice of commercial marketing provision is to provide the parties and the Court with sufficient time – 180 days – to resolve any disputes that need to be resolved before commercial launch of a biosimilar product.  If Defendant...
	129. With respect to the 471 patent, there is a pending reexamination proceeding in which the specification of the patent has been amended.  By the time Defendants’ product is licensed and a notice of commercial launch is permitted under the BPCIA, th...
	130. With respect to the 396 patent, there is significant uncertainty whether Defendants’ product, even if approved, will be approved for the method of treating fistulizing Crohn’s disease claimed in the patent.   If Defendants do not obtain an indica...
	131. With respect to the 715 patent, the patent’s September 15, 2015 expiration date makes any litigation almost certainly unnecessary since it is highly unlikely that Defendants’ product will be approved 180 days prior to the expiration of the 715 pa...
	132. With respect to the manufacturing patents, litigation may never need to have been brought because the production of manufacturing information as required under the BPCIA may reveal that the patents are not infringed.
	133. By filing a premature notice of commercial marketing, Defendants have burdened the parties and the Court with premature litigation.  They also deprived Plaintiffs of the orderly and certain process for protecting their patent rights under the BPC...
	134. On February 25, 2015, Janssen asked Defendants to withdraw their premature notice of commercial marketing.
	135. On March 4, 2015, Defendants refused to withdraw the notice of commercial marketing.  Defendants offered, as part of a “compromise,” to agree to an accelerated schedule for litigating the parties’ dispute over the effectiveness of Defendants’ pur...
	136. Defendants’ premature notice of commercial marketing has caused Plaintiffs irreparable harm for which they have no adequate remedy at law, and will continue unless the notice of commercial marketing is declared invalid by this Court.  Plaintiffs ...
	137. Plaintiffs incorporate by reference paragraphs 1-136 as if fully set forth herein.
	138. This claim arises under the BPCIA, 42 U.S.C. § 262(l), and the Declaratory Judgment Act, 28 U.S.C. §§ 2201(a) & 2202.
	139. The BPCIA, 42 U.S.C. § 262(l), requires Plaintiffs and Defendants to follow mandatory procedures to resolve patent disputes related to the filing of an aBLA under 42 U.S.C. § 262(k).
	140.  Defendants have failed to comply with the mandatory requirements of the BPCIA.  Defendants’ violations of the BPCIA have injured Plaintiffs by depriving them of the procedural protections of the statute and by subjecting them to the burden of un...
	141. Under 42 U.S.C. § 262(l)(2)(A), Defendants were required to provide Janssen, within twenty days of when Defendants’ aBLA was accepted for review, with a copy of the aBLA “and such other information that describes the process or processes used to ...
	142. Under 42 U.S.C. § 262(l)(4), Defendants were required to engage in good-faith negotiations with Janssen concerning which patents should be subject to immediate litigation.  Defendants were required to engage in these good-faith negotiations after...
	143. Under 42 U.S.C. § 262(l)(6), any patent litigation must be brought within 30 days of the completion of the good-faith negotiations, at a time when both parties have a better understanding of their respective positions and so do not burden the cou...
	144. Defendants’ violations of the BPCIA’s mandatory procedures, individually and collectively, have caused and will cause Plaintiffs injury, including irreparable harm for which Plaintiffs have no adequate remedy at law, and will continue unless the ...
	145. Plaintiffs incorporate by reference paragraphs 1-144 as if fully set forth herein.
	146. This claim arises under the BPCIA, 42 U.S.C. § 262(l), and the Declaratory Judgment Act, 28 U.S.C. §§ 2201(a) & 2202.
	147. Under 42 U.S.C. § 262(l)(8)(A), Defendants are required to provide notice to Janssen “not later than 180 days before the date of the first commercial marketing of the biological product licensed under subsection (k).”  Defendants have violated th...
	148. Defendants’ violation of 42 U.S.C. § 262(l)(8)(A) has caused and will cause Plaintiffs injury, including irreparable harm for which Plaintiffs have no adequate remedy at law, and will continue unless the statutory requirements are declared and en...
	* * *
	149. Plaintiffs incorporate by reference paragraphs 1-148 as if fully set forth herein.
	150. Upon information and belief, Defendants have been aware of the 471 patent since a time before Defendants filed their aBLA.
	151. Defendants’ submission of their aBLA was an act of infringement of the 471 patent under 35 U.S.C. § 271(e)(2)(C)(i), literally or under the doctrine of equivalents.
	152. Defendants do not dispute that they infringe claims of the 471 patent.
	153. Upon information and belief, Celltrion’s and/or Hospira’s commercial manufacture, use, sale, offer for sale and/or importation of their proposed biosimilar infliximab would infringe, contribute to the infringement of, and/or induce the infringeme...
	154. Upon information and belief, Defendants’ infringement of claims 1, 3, and 5-7 of the 471 patent would be objectively reckless and would make this case exceptional entitling Plaintiffs to attorneys’ fees.
	155. Unless Defendants are enjoined from infringing claims 1, 3, and 5-7 of the 471 patent, Plaintiffs will suffer irreparable injury for which damages are an inadequate remedy.
	156. Plaintiffs incorporate by reference paragraphs 1-155 as if fully set forth herein.
	157. Upon information and belief, Defendants have been aware of the 396 patent since a time before Defendants filed their aBLA.
	158. Defendants’ submission of their aBLA was an act of infringement of the 396 patent under 35 U.S.C. § 271(e)(2)(C)(i), literally or under the doctrine of equivalents.
	159. Defendants do not dispute that they infringe claims of the 396 patent.
	160. Upon information and belief, Celltrion’s and/or Hospira’s commercial manufacture, use, sale, offer for sale and/or importation of their proposed biosimilar infliximab would infringe, contribute to the infringement of, and/or induce the infringeme...
	161. Through their intended labelling, product inserts, publications, websites and/or promotional materials, Defendants will instruct customers to use their proposed biosimilar infliximab in an infringing manner.  Specifically, Defendants will encoura...
	162. Upon information and belief, Defendants’ infringement of claims 5, 7-9 and/or 29 of the 396 patent would be objectively reckless and would make this case exceptional entitling Plaintiffs to attorneys’ fees.
	163. Unless Defendants are enjoined from infringing claims 5, 7-9 and/or 29 of the 396 patent, Plaintiffs will suffer irreparable injury for which damages are an inadequate remedy.
	164. Janssen incorporates by reference paragraphs 1-163 as if fully set forth herein.
	165. On information and belief, Defendants have been aware of the 715 patent since a time before Defendants filed their aBLA.
	166. Defendants’ submission of their aBLA was an act of infringement of the 715 patent under 35 U.S.C. § 271(e)(2)(C)(i), literally or under the doctrine of equivalents.
	167. Upon information and belief, Celltrion’s and/or Hospira’s commercial manufacture, use, sale, offer for sale and/or importation of their proposed biosimilar infliximab would infringe, contribute to the infringement of, and/or induce the infringeme...
	168. Upon information and belief, Defendants’ infringement of claims of the 715 patent would be objectively reckless and would make this case exceptional entitling Janssen to attorneys’ fees.
	169. Unless Defendants are enjoined from infringing claims of the 715 patent, Janssen will suffer irreparable injury for which damages are an inadequate remedy.
	170. Janssen incorporates by reference paragraphs 1-169 as if fully set forth herein.
	171. On information and belief, Defendants have been aware of the 083 patent since a time before Defendants filed their aBLA.
	172. Defendants’ submission of their aBLA was an act of infringement of the 083 patent under 35 U.S.C. § 271(e)(2)(C)(ii), literally or under the doctrine of equivalents.
	173. Upon information and belief, Defendants’ infringement of the 083 patent would be objectively reckless and would make this case exceptional entitling Janssen to attorneys’ fees.
	174. Unless Defendants are enjoined from infringing the 083 patent, Janssen will suffer irreparable injury for which damages are an inadequate remedy.
	175. Janssen incorporates by reference paragraphs 1-174 as if fully set forth herein.
	176. On information and belief, Defendants have been aware of the 056 patent since a time before Defendants filed their aBLA.
	177. Defendants’ submission of their aBLA was an act of infringement of the 056 patent under 35 U.S.C. § 271(e)(2)(C)(ii), literally or under the doctrine of equivalents.
	178. Upon information and belief, Defendants’ infringement of the 056 patent would be objectively reckless and would make this case exceptional entitling Janssen to attorneys’ fees.
	179. Unless Defendants are enjoined from infringing the 056 patent, Janssen will suffer irreparable injury for which damages are an inadequate remedy.
	180. Janssen incorporates by reference paragraphs 1-179 as if fully set forth herein.
	181. On information and belief, Defendants have been aware of the 600 patent since a time before Defendants filed their aBLA.
	182. Defendants’ submission of their aBLA was an act of infringement of the 600 patent under 35 U.S.C. § 271(e)(2)(C)(ii), literally or under the doctrine of equivalents.
	183. Upon information and belief, Defendants’ infringement of the 600 patent would be objectively reckless and would make this case exceptional entitling Janssen to attorneys’ fees.
	184. Unless Defendants are enjoined from infringing the 600 patent, Janssen will suffer irreparable injury for which damages are an inadequate remedy.

