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INTRODUCTION

Apotex has asked the FDA to approve, and hopes to receive from the FDA, a license to

market a Filgrastim product and a Pegfilgrastim product, both manufactured by a process falling

within the scope of the ’138 Patent. Weighing the caliber, content, and credibility of the

evidence presented in Amgen’s case-in-chief, including Apotex’s interrogation, Apotex’s motion

for judgment of non-infringement should be denied because Apotex’s processes would use a

refold mixture having “a high protein concentration, where a high protein concentration is at or

above about 1g/L protein.”

Apotex’s FDA submissions state that the inclusion-body concentration in Apotex’s refold

mixture is 0.9 to 1.4 g/L. Apotex concedes that Amgen submitted evidence that “Apotex’s

inclusion bodies are mainly protein and that Apotex’s pre-litigation communications to Amgen

stated that the inclusion bodies are G-CSF.” (Apotex Mot. at 1.) Apotex’s aBLAs confirm that

the inclusion bodies are highly washed and centrifuged to form pellets, and Apotex’s

development documents confirm that these pellets are hard packed. None of Apotex’s FDA

submissions specify a water content for the inclusion bodies. Even if any quantity of water is

present in the inclusion-body pellet, Apotex’s regulatory documents and its batch records support

the conclusion that it is sufficiently inconsequential to the refolding process to warrant its

measurement, characterization, or control. As Apotex’s expert and Apotex itself have both

admitted, relying on Apotex’s aBLAs, the total protein concentration in the refold mixture is the

0.9 to 1.4 g/L inclusion-body concentration. These are judicially cognizable admissions which

defeat Apotex’s motion, should the Court choose to rule on this issue now rather than deferring

its ruling until after the parties submit their findings of fact and conclusions of law.

Apotex’s new “paste” theory, raised for the first time during the trial itself, lacks any

credible evidentiary foundation and, even if credited, does not take Apotex’s refolding process

outside the scope of the claim. Nevertheless, Apotex asserts that judgment of non-infringement

is appropriate because its batch records show that “Apotex’s washed inclusion bodies are

approximately two-thirds water.” (Apotex Mot. at 6.) But this alleged fact is based on the

testimony of one witness, Dr. Jason Dowd, a full-time employee of the defendants, who brought

forward to the court a single batch record for each product and then admitted on cross

examination that they contained one or more unresolvable errors with respect to the reported

measure of protein. Indeed, none of Apotex’s FDA submissions set forth the water content in
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Apotex’s inclusion bodies, and none of the batch records contain a record of how much water is

in Apotex’s inclusion bodies.

Dr. Dowd’s testimony on direct examination that the inclusion bodies are “paste” rather

than “pellets” fares no better. On cross examination, Dr. Dowd admitted that he had never

inspected the inclusion bodies, and only observed them through a window. Further, Apotex’s

aBLAs specifically use the term “inclusion body wet weight” when describing a wet weight. In

contrast, the aBLAs do not describe the inclusion-body concentration in Apotex’s refold mixture

of 0.9 to 1.4 g/L as a wet weight. Finally, Apotex’s new “paste” theory is contradicted by

Apotex’s prior BPCIA admissions and by Dr. Robinson’s deposition testimony in which she

excluded water from her list of non-protein components in Apotex’s inclusion bodies, and

testified that the “total protein” concentration in Apotex’s refold mixture is 0.9 to 1.4 g/L.

In any event, Apotex’s paste theory does not save it from infringement. As the Federal

Circuit held in Sunovion Pharmaceuticals, Inc. v. Teva Pharmaceuticals USA, Inc., “What a

generic applicant asks for and receives approval to market, if within the scope of a valid claim, is

an infringement.” 731 F.3d 1271, 1279 (Fed. Cir. 2013). Here, the aBLAs are binding as to

Apotex’s future manufacture of its Filgrastim and Pegfilgrastim products, not the batch records.

Thus, it is the aBLAs that are controlling as to infringement. Because Apotex’s aBLAs specify

an inclusion-body concentration without requiring a specific amount of water (or, more to the

point, any water content at all), Apotex is indeed seeking approval for a refolding process that is

covered by the ’138 Patent. This is an infringement.

Accordingly, Amgen respectfully requests that this Court find that Amgen met its burden

of proving by a preponderance of the evidence that the disputed claim limitation is met, and thus

deny Apotex’s motion.

ARGUMENT

After a party has been fully heard on an issue during a nonjury trial, Federal Rule of Civil

Procedure 52(c) permits the Court to “enter judgment against the party on a claim or defense

that, under the controlling law, can be maintained or defeated only with a favorable finding on

that issue.” “In considering whether to enter a Rule 52(c) judgment, the district court applies the

standard of proof and weighs the evidence the same as it would at the conclusion of trial,”

making “‘determinations of witness credibility’ where appropriate.” Drew Estate Holding Co.,

LLC v. Fantasia Distrib., No. 11-21900-CIV, 2014 U.S. Dist. LEXIS 44396, at *11 (S.D. Fla.
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Apr. 1, 2014). “Patent infringement, whether literal or by equivalence, is an issue of fact, which

the patentee must prove by a preponderance of the evidence.” Siemens Med. Sols. USA, Inc. v.

Saint-Gobain Ceramics & Plastics, Inc., 637 F.3d 1269, 1279 (Fed. Cir. 2011).

Rule 52(c) gives this Court discretion to “decline to render any judgment until the close

of the evidence.” Here, the parties intend to submit findings of fact and conclusions of law on

the issue raised by Apotex’s motion as well as the other disputed issues at trial by August 18,

2016. (Ex. 2, 7/18/16 Trial Tr. at 85:16–18.) Regardless of whether this Court rules on

Apotex’s motion now or defers its decision until after the Court has received the parties’ findings

of fact and conclusions of law, Amgen respectfully submits that Apotex’s motion should be

denied. As discussed below, Amgen met its burden of showing by a preponderance of the

evidence that Apotex’s accused manufacturing process uses “a refold mixture” having “a high

protein concentration, where a high protein concentration is at or above about 1 g/L protein.”

I. Amgen Met Its Burden of Showing That Apotex’s Refold Mixture
Has a Protein Concentration At or Above About 1 g/L Protein

Amgen presented evidence that is more than sufficient to prove infringement, i.e., that

Apotex’s manufacturing process uses a refold mixture that has a protein concentration that is at

or above about 1 g/L. Apotex’s aBLAs repeatedly disclose that the inclusion-body concentration

in Apotex’s refold mixture is 0.9 to 1.4 g/L. (Ex. 3, JTX014-0043 (“An amount of rHu-met-

GCSF Inclusion Bodies (IBs) equivalent to 0.9 to 1.4 grams per L of Refolding Buffer (refolding

volume = 160 L) are removed from -20 ºC storage and transferred to a biosafety hood.”); Ex. 4,

JTX025-0039 (same); see also Ex. 3, JTX014-0044, 45; Ex. 4, JTX025-0040, 41.) In each of

these instances, the set point for Apotex’s inclusion-body concentration is 1.1 g/L. (Ex. 3,

JTX014-0045; Ex. 4, JTX025-0041.) These disclosures show that the claim limitation is met

because the inclusion-body-concentration specification is a measure of protein concentration.

Apotex’s aBLAs. Apotex’s aBLAs provide that the inclusion bodies in Apotex’s process

undergo extensive washing to remove non-protein contaminants. (See Ex. 5, 7/11/16 Trial Tr. at

210:24–211:2 (Willson) (describing Apotex’s “very thoroughly” washed inclusion bodies as

“substantially pure protein”); see also Ex. 5, 7/11/16 Trial Tr. at 182:24–183:20, 197:16–199:5,

211:4–212:17 (Willson); Ex. 6, 7/12/16 Trial Tr. at 88:11–13 (Willson).) Specifically, Apotex’s

inclusion bodies are washed four times, once with a buffer and three times with water, “to

remove surface-absorbed material.” (See, e.g., Ex. 3, JTX014-0033, 37; Ex. 4, JTX025-0031,

34.) Following each of these washes, the inclusion bodies are centrifuged at over 10,000 times
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the force of gravity for thirty minutes to separate a “pellet” of inclusion bodies from the

supernatant (liquid). (See, e.g., Ex. 3, JTX014-0033, 37; Ex. 4, JTX025-0031, 34.) Further, the

development documents for Apotex’s manufacturing process describe this washed inclusion-

body pellet as “hard-packed” and not “soft and slimy” as the inclusion bodies would be if they

were watery and contaminated with excessive cell debris. (Ex. 7, JTX065-0011; see also Ex. 6,

7/12/16 Trial Tr. at 94:2–6 (Willson).) In other words, the highly washed and centrifuged

inclusion bodies of Apotex’s manufacturing process are almost all protein, and do not contain

other contaminants let alone a high water content as Apotex suggests. This is confirmed by the

testimony of Amgen and Apotex’s experts, as discussed below. (See, e.g., Ex. 6, 7/12/16 Trial

Tr. at 71:17–20 (Willson); Ex. 8, 7/14/16 Trial Tr. at 170:14–172:8 (Robinson) (Ex. 9, PTX411

at 44:1–10).)

The ’138 Patent. The ’138 Patent uses washed inclusion bodies and protein as

synonymous terms. Specifically, the patent says: “When the protein is disposed of in inclusion

bodies, the inclusion bodies can be harvested from lysed cells, washed, concentrated and

refolded.” (Ex. 1, ’138 Patent col. 10:39–44 (emphasis added).) As Dr. Willson testified, this

passage “means that the inventors of the ’138 patent thought that inclusion bodies were almost

all protein, especially after they had been washed.” (Ex. 5, 7/11/16 Trial Tr. at 213:7–10

(Willson).)

Expert Testimony. Both Amgen’s and Apotex’s experts testified that inclusion-body

concentration is a measure of protein concentration in Apotex’s process. Amgen’s expert,

Dr. Willson, testified that this 0.9 to 1.4 g/L inclusion-body concentration, with a set point of

1.1 g/L, is a measure of total protein concentration, thus satisfying the limitation of claim 1 of the

’138 Patent that the refold mixture have a protein concentration “at or above about 1 g/L

protein.” (See, e.g., Ex. 6, 7/12/16 Trial Tr. at 71:17–20 (Willson) (“Q. And in your opinion,

Apotex’s concentration of inclusion bodies in the refold mixture is the same as the protein

concentration; isn’t that correct? A. Certainly very close, yes.”).)

Likewise, Apotex’s expert, Dr. Robinson, testified in deposition that the total protein

concentration in Apotex’s refold mixture is the 0.9 to 1.4 g/L inclusion-body concentration:

Q. What’s the total protein amount?

A. It – the total solubilized inclusion bodies that are fed to the refolding are
between point 9 and 1.4 grams per liter.
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(Ex. 8, 7/14/16 Trial Tr. at 170:14–172:8 (Robinson) (Ex. 9, PTX411 at 44:1–10) (emphasis

added).) Dr. Robinson also conceded that in her own patent, U.S. Patent No. 7,615,717, the term

“inclusion body” “is meant to include the protein aggregate,” in accordance with its ordinary

meaning in the art of protein refolding. (Ex. 8, 7/14/16 Trial Tr. at 183:20–184:15 (Robinson)

(discussing Ex. 10, JTX0124-0012).) Notably, this definition of “inclusion body” references

only its protein content (“a protein aggregate”) without any mention of any other compositional

constituent. (See Ex. 10, JTX124-0012–13 at 4:63–5:2.)

Apotex’s Admissions During the BPCIA Exchanges. While they are not necessary to

prove infringement, admissions made by Apotex confirm that Apotex’s manufacturing processes

use the claimed protein concentration. Specifically, Apotex twice represented to Amgen during

the BPCIA’s required information exchanges that “As described in Apotex’s manufacturing

documents, the concentration of its [filgrastim protein] in the refold buffer is 0.9–1.4 g/L.” (Ex.

11, JTX112-0016; Ex. 12, JTX113-0022.) Each time that Apotex made this statement, Apotex

cited to the portions of Apotex’s aBLAs which state that the solubilized inclusion bodies are

“diluted to 160L with refolding buffer,” which “results in a final IB concentration of 0.9 to 1.4

g/L of refolding buffer.” (Ex. 3, JTX014-0044–45 (emphasis added); Ex. 4, JTX025-0040–41

(emphasis added).) These portions of the aBLAs are the same ones on which Amgen relies to

prove infringement, and Apotex’s attempt to run from these admissions fails.

Notably, Apotex does not dispute that it told Amgen during the required BPCIA

information-exchange process that the filgrastim concentration in the refold mixture of the

accused manufacturing process is 0.9 to 1.4 g/L. (Apotex Mot. at 3 (citing Ex. 11, JTX112 and

Ex. 12, JTX113).) Instead, Apotex asserts that these statements are not probative of the

infringement inquiry “because they are not part of Apotex’s aBLAs, but were instead merely

communications from Apotex’s lawyers to Amgen’s lawyers.” (Id.) Apotex is incorrect.

Apotex’s admissions do not lack probative value simply because Apotex made its

statements to Amgen during the BPCIA exchanges, rather than to the FDA in its aBLAs. To

support its proposition, Apotex cites Ferring B.V. v. Watson Labs., Inc.-Fla., 764 F.3d 1401,

1409 (Fed. Cir. 2014), and Glaxo, Inc. v. Novopharm, Ltd., 110 F.3d 1562, 1565, 1568 (Fed. Cir.

1997). (Apotex Mot. at 3–4.) In those cases, the Federal Circuit stated that the infringement

inquiry is “dominate[d]” by the specification submitted to the FDA, and when the specification

resolves the infringement question in the first instance, the court need not look to other evidence,
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such as batch records or product samples. See Ferring, 764 F.3d at 1408–09; Glaxo, 110 F.3d at

1569. Those cases, however, did not hold that admissions or testimony based on the regulatory

submissions are non-probative of infringement. Indeed, the admissions at issue here were made

by Apotex expressly based on the factual information in Apotex’s aBLAs, and go directly to the

nature of the accused refolding process for which Apotex seeks approval: the protein

concentration in Apotex’s refold mixture is one and the same as inclusion-body concentration.

(Ex. 11, JTX112-0016 (citing Ex. 3, JTX014-0044–45); Ex. 12, JTX113-0022 (citing Ex. 4,

JTX025-0040–41).) Each admission includes a footnote to the applicable portion of Apotex’s

aBLAs on which Amgen relies for infringement. (Ex. 11, JTX112-0016 (citing Ex. 3, JTX014-

0044–45); Ex. 12, JTX113-0022 (citing Ex. 4, JTX025-0040–41).) Thus, the statements are

highly probative of infringement.1

Indeed, the BPCIA contemplates that the purpose of Apotex’s disclosure under 42 U.S.C.

§ 262(l)(3)(B) is to provide the reference product sponsor with the factual and legal bases that

support the Applicant’s opinion that, if approved by the FDA, it would not infringe. Thus, even

though the disclosures are “pre-litigation,” that does not mean they can be disregarded. On the

contrary, the disclosures are relevant admissions that plainly show that Apotex, like persons of

ordinary skill in the relevant art, uses inclusion-body concentration and protein concentration

interchangeably. Amgen should be permitted to rely on Apotex’s representations now, just as it

relied on those representations in bringing this action.

Further, Apotex cannot be heard to repudiate the facts of its manufacturing process

simply because the facts do not support Apotex’s new non-infringement theory. When Apotex

made its disclosures in the BPCIA information-exchange process, the Court had not yet

construed the ’138 Patent claims to require a high protein concentration at or above about 1 g/L.

Following the Court’s construction, Apotex’s representations confirmed that the claim limitation

as construed by the Court is met. In these circumstances, Apotex’s motivation to disavow its

prior representations is understandable. But the protein concentration of the refold mixture, as

explained by Apotex, relying on the specifications it created and submitted to the FDA in its

aBLAs, are facts that do not change based on what the patent claims are construed to mean. The

1 Contrary to Apotex’s argument that its admissions in the BPCIA disclosures were “merely
communications from Apotex’s lawyers to Amgen’s lawyers” (Apotex Mot. at 3), Apotex’s
statements were made from Apotex to Amgen, as the BPCIA disclosures expressly state. (Ex.
11, JTX112-0001; Ex. 12, JTX113-0001.)
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facts are what they are, and they do not morph depending on what is expedient to Apotex’s legal

arguments.

In summary, Amgen’s evidence is highly probative of infringement, including the

evidence from Apotex’s aBLAs specifying the inclusion-body concentration of 0.9 to 1.4 g/L in

Apotex’s refold mixture, which is a measure of protein concentration as the ’138 Patent discloses

and as Dr. Robinson admitted at her deposition. (See Ex. 1, ’138 Patent col. 10:39–44; Ex. 8,

7/14/16 Trial Tr. at 170:14–172:8 (Robinson) (Ex. 9, PTX411 at 44:1–10).) Nevertheless,

Apotex asks this Court to disregard these facts based on Dr. Dowd’s uncorroborated testimony at

trial interpreting the batch records (the vast majority of which are not in evidence) to mean that

Apotex’s inclusion bodies are two-thirds water. (Apotex Mot. at 4.) The aBLAs, however, do

not specify a required water content for the inclusion bodies. Thus, Dr. Dowd’s testimony and

the batch records do not provide a basis for this Court to ignore Amgen’s evidence of

infringement.

II. Apotex Is Not Entitled to Judgment Based on Its New Paste Theory

A. Infringement Is Properly Based on Apotex’s aBLAs and Not Its Batch Records

Apotex’s new paste theory, even if credited (which it should not be), does not save it

from infringement because Apotex’s aBLAs are controlling as to the infringement inquiry, not its

batch records or the testimony of its employees interpreting those batch records. As the Federal

Circuit held in Sunovion in the context of Abbreviated New Drug Applications (“ANDAs”),

what the applicant has asked the FDA to approve governs the infringement analysis. 731 F.3d at

1278. In that case, the generic applicant, Reddy, requested approval in its ANDA to manufacture

a drug product with amounts of the levorotatory isomer from 0.0–0.6%, which is within the

scope of the “less than 0.25%” limitation of the asserted patent’s claims. Id. But Reddy asserted

that it did not infringe because “its internal manufacturing guidelines require its generic

eszopiclone products to contain at least 0.3% levorotatory isomer,” and provided a certification

to the district court that “Reddy would only market generic eszopiclone tablets containing 0.3–

0.6% levorotatory isomer.” Id. The Federal Circuit rejected Reddy’s arguments, holding that

“Reddy’s amended ANDA specification seeking FDA approval for generic eszopiclone products

with 0.0–0.6% levorotatory isomer mandates a finding of infringement.” Id. at 1278–79. The

Federal Circuit reasoned:

What Reddy has asked the FDA to approve as a regulatory matter is the subject
matter that determines whether infringement will occur, and the fact that Reddy
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either tells the court that its manufacturing guidelines will keep it outside the
scope of the claims or has even filed a declaration in the court stating that it will
stay outside the scope of the claims does not overcome the basic fact that it has
asked the FDA to approve, and hopes to receive from the FDA, approval to
market a product within the scope of the issued claims. In this case, Reddy's
request for approval of levorotatory amounts from 0.0–0.6% is within the scope of
the “less than 0.25%” limitation of the ’673 patent claims.

***

We therefore hold that any so-called certification pledging not to infringe cannot
override the conclusion that when a drug manufacturer seeks FDA approval to
market a generic compound within the scope of a valid patent, it is an
infringement as a matter of law. Simply saying “But I won't do it” is not enough
to avoid infringement.

731 F.3d at 1278, 1280; see Meds. Co. v. Mylan Inc., 72 F. Supp. 3d 837, 885 (N.D. Ill. 2014)

(“Like the defendant in Sunovion, Mylan seeks FDA approval for a drug product that falls within

the scope of the asserted ’727 patent claims.”).

The same analysis applies here, where Apotex seeks approval in its aBLAs of a process

that falls within the scope of the ’138 Patent claims. Specifically, Apotex’s aBLAs require the

use of an inclusion-body concentration (which is a measure of protein concentration) in the

refold mixture that falls within the ’138 Patent claims, without mandating any particular water

content in Apotex’s inclusion bodies. This is an infringement because Apotex is seeking to

manufacture its biosimilar Filgrastim and Pegfilgrastim products using a process covered by the

’138 Patent claims. Indeed, if its aBLAs are approved, Apotex would be allowed to operate its

manufacturing process in that range, and even beyond, since the inclusion-body concentration

range is indicated in the aBLAs to be a “key performance parameter” or “KPP.” (Ex. 13,

JTX109-B-0021; Ex. 14, JTX110-B-0012.) By definition, a KPP can be exceeded. (Ex. 13,

JTX109-B-0017–18; Ex. 14, JTX110-B-0006.)

Nor can Apotex’s batch records or interpretation of those batch records by Apotex’s

employees (such as Dr. Dowd) save Apotex from a finding of infringement. As in Sunovion, the

aBLAs, and not batch records, define the scope of what Apotex has asked the FDA to approve.

Thus, the aBLAs are controlling as to infringement for both Amgen’s infringement claim under

35 U.S.C. § 271(e)(2)(C) and Amgen’s declaratory-judgment claim for patent infringement.

Further, contrary to Apotex’s argument (Apotex Mot. at 4–5), this is not a case in which

Apotex’s regulatory filings are silent on the issue of infringement. Apotex’s aBLAs specify—
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without any qualification regarding water—the inclusion-body concentration, which is a measure

of the protein concentration, of Apotex’s refold mixture: 0.9 to 1.4 g/L. (See Ex. 3, JTX014-

0043–45; Ex. 4, JTX025-0039–41.) And unlike the ANDA in Ferring, Apotex’s FDA

submissions here speak directly to the disputed claim limitation by providing an inclusion-body

concentration that, in this field, is a measure of protein concentration. See 764 F.3d at 1408–09

(considering biobatch records only because the ANDA was “silent” with respect to the claim

limitations of the patents-in-suit). Therefore Apotex’s aBLAs resolve the question of

infringement.

B. The Paste Theory Does Not Save Apotex From a Finding of Infringement

Apotex proposed a new theory, raised for the first time at trial, that its inclusion bodies

are 64% water.2 This theory is allegedly based on batch records and Dr. Dowd’s fact testimony

about these batch records during his direct examination that the inclusion bodies are a “paste”

and not a “pellet.” (See Apotex Mot. at 6.) As an initial matter, Dr. Dowd’s testimony is not

based on the aBLAs that Apotex submitted to the FDA: he claims he calculated the 64%-water

value from records from Apotex’s alleged ninety-one runs of its manufacturing process. (See Ex.

15, 7/13/16 Sealed Trial Tr. at 62:3–22 (Dowd).) Notably, eighty nine of the ninety-one records

are not in evidence, were never produced in this litigation, and were, presumably, not provided to

the FDA. Because Apotex’s batch records are not part of the aBLAs and because Dr. Dowd’s

testimony is not based on the aBLAs, they should not be considered: they are not what Apotex

“has asked the FDA to approve.” See Sunovion, 731 F.3d at 1278.

1. Apotex’s New Paste Theory Is Not Credible

Even if this Court were to consider Apotex’s newly raised theory that the inclusion

bodies are 64% water, the theory should not be credited as proof of non-infringement and, in any

case, is outweighed by Amgen’s evidence. None of Apotex’s FDA submissions set forth a water

concentration in Apotex’s inclusion bodies. (Ex. 15, 7/13/16 Sealed Trial Tr. at 93:23–94:1

2 There is no dispute that Apotex’s paste theory is new. (Ex. 8, 7/14/16 Trial Tr. at 124:3–
126:18.) Apotex’s motion for summary judgment filed on May 2016, just two months before
trial, asserted that inclusion-body concentration is not a measure of the protein concentration, but
made no mention of water in the inclusion bodies. Their theory at that point in time was that the
inclusion bodies contained “debris” in addition to the protein of interest, leaving a protein-of-
interest (G-CSF) content that fell below 1 g/L (0.53 g/L to be exact). (See D.E. 135 at 12.) The
Court denied Apotex’s motion, relying in part on Dr. Robinson’s now disavowed deposition
testimony that the total protein amount in Apotex’s refold mixture is the 0.9 to 1.4 g/L inclusion-
body concentration. (D.E. 192 at 18 (citing Ex. 9, PTX411 at 44:1–10).)
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(Dowd) (“nowhere in any of the documents” discussed at trial does it say in writing that

Apotex’s inclusion bodies are mostly water (64 percent)).) Indeed, none of the batch records that

Apotex now uses to support its “paste” theory contain a record of how much water is in Apotex’s

inclusion bodies. (Id. at 93:19–93:22 (Dowd).) It defies belief that Apotex would neglect to tell

the FDA about the 64%-water content in its inclusion bodies in the context of this highly

regulated environment where the FDA requires attention to detail before approving a product for

use in the United States. (See id. at 94:14–95:1 (Dowd) (Dr. Dowd’s job “is to make sure [he

has] characterized every variable so that it’s controlled,” and he “endeavor[s] to identify and

control every [variable] in the process.”).)

The sole evidence on which Apotex relies for its new theory is the direct-examination

testimony of Dr. Dowd that Apotex’s inclusion bodies are a “paste” and not a “pellet,” and that

he was able to calculate the water content of the inclusion bodies from the batch records. (See,

e.g., id. at 27:8–28:9, 62:3–22 (Dowd).) But Dr. Dowd admitted in cross examination that he

has no basis for characterizing Apotex’s washed, centrifuged inclusion bodies as a “paste.” He

never inspected the inclusion bodies; he only observed them “through a window into the

operational area” and admitted that he “can’t speak to the exact consistency.” (Id. at 77:12–25,

81:16–82:1 (Dowd).)

And additional evidence at trial demonstrated that Apotex’s calculations of protein

content in its inclusion bodies using OD280 measurements in the batch records are

fundamentally flawed and thus unreliable. For example, there is no dispute that Apotex’s

protein-concentration calculations are influenced by other things besides G-CSF (the protein of

interest). Dr. Dowd testified that contaminants “can have a profound effect on the accuracy of

the information you get using an OD280 technique.” (Id. at 88:2–15, 89:5–8 (Dowd).) And Dr.

Dowd conceded, “if it turns out the value [he] got using the OD 280 method was wrong, all of

the calculations to which [he] testified thereafter would be wrong as well.” (Id. at 91:4–7

(Dowd).) The unreliability of the OD280 measurements is further demonstrated by the fact that

the batch records indicate 66.82 g protein in the solubilization step and 100.60 g protein in the

immediately following refolding step, even though no additional protein is added. (Ex. 16,

DTX081-120, 131.) Dr. Dowd admitted that the batch records contain errors because “you can’t

spontaneously generate protein and nothing is added,” so by virtue of having these two different

values, at least one of the values is wrong, and it is conceivable that both values are wrong. (Ex.

Case 0:15-cv-61631-JIC   Document 254   Entered on FLSD Docket 08/04/2016   Page 13 of 20



11

15, 7/13/16 Sealed Trial Tr. at 95:15–96:2 (Dowd).) Therefore, the batch records, even if legally

relevant to the issues in the case, do not overcome the other evidence of infringement that

Amgen presented.

Further, Apotex’s new theory should not be credited because it is contradicted by

Apotex’s representations to Amgen in the BPCIA exchanges (discussed above) and

Dr. Robinson’s deposition testimony, and it is inconsistent with Apotex’s aBLAs. Specifically,

Apotex’s paste theory is directly at odds with Dr. Robinson’s deposition testimony in which

Dr. Robinson excluded water from her list of non-protein components in inclusion bodies (Ex. 8,

7/14/16 Trial Tr. at 178:8–17 (Robinson) (Ex. 9, PTX411 at 43:11–14)) and testified that the

“total protein” concentration in Apotex’s refold mixture is 0.9 to 1.4 g/L (Ex. 8, 7/14/16 Trial Tr.

at 170:14–172:8 (Robinson) (Ex. 9, PTX411 at 44:1–10)).3

Apotex’s paste theory should also be rejected because the 0.9 to 1.4 g/L inclusion-body

concentration in Apotex’s refold mixture, which each of Apotex’s aBLAs repeats at least four

times, is never said to be a wet weight. (See Ex. 3, JTX014-0043–45; Ex. 4, JTX025-0039–41.)

Rather, the 0.9 to 1.4 g/L range is described as follows: (1) “an amount of rHu-met-GCSF

Inclusion Bodies (IBs) equivalent to 0.9 to 1.4 grams per L of Refolding Buffer” (Ex. 3, JTX014-

0043; Ex. 4, JTX025-0039); (2) “a final IB concentration of 0.9 to 1.4 g/L of refolding buffer”

(Ex. 3, JTX014-0044; Ex. 4, JTX025-0040); (3) “Inclusion Body Amount” as a “KPP”

“Operating Parameter” (Ex. 13, JTX109-B-0021; Ex. 14, JTX110-B-0012); and (4) “IB amount

per L of Refolding Buffer (160 L)”:

3 Dr. Robinson now contends that she misspoke at her deposition because “it came to [her]
attention” during the week of trial that this statement that the total protein amount is 0.9 to 1.4
g/L may be wrong. (Ex. 8, 7/14/16 Trial Tr. at 131:11–14, 173:9–20 (Robinson).) The fact that
Dr. Robinson no longer stands by her sworn testimony—which she did not correct in her errata
(Ex. 17, PTX413)—does not mean that Amgen did not carry its burden of proving infringement.
Indeed, Dr. Robinson does not dispute that she “knew the amount of total protein” at the time of
her deposition. (Ex. 8, 7/14/16 Trial Tr. at 172:2–173:8 (Robinson).)
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(Ex. 3, JTX014-0045; Ex. 4, JTX025-0041 (yellow highlighting added4)).

In contrast, when discussing a different step of Apotex’s manufacturing process, the

aBLAs describe one of the performance parameters as an “inclusion body wet weight” with an

expected range of 2.8–4.0 g/L:

(Ex. 3, JTX014-0039; Ex. 4, JTX025-0035 (emphasis and yellow highlighting added).)

Dr. Dowd agreed that “in its FDA documents [when] Apotex wants to talk about a wet weight, it

specifies that it’s talking about a wet weight” (Ex. 15, 7/13/16 Sealed Trial Tr. at 91:20–23

(Dowd)), further supporting the conclusion that the 0.9 to 1.4 g/L inclusion-body concentration

in Apotex’s refold mixture is not based on a wet weight, but rather is a reflection of the protein

concentration in the refold mixture.

2. Apotex’s Criticisms of Amgen’s Expert Fail

Apotex faults Amgen’s expert, Dr. Willson, for not “conduct[ing] any independent

measurement of what is present in Apotex’s inclusion bodies” and for not “consider[ing] the

water that is present in Apotex’s inclusion bodies, as reflected in Apotex’s batch records.”

(Apotex Mot. at 5–6.) Both arguments fail.

First, Amgen is not required to conduct an independent measurement of what is present

in Apotex’s inclusion bodies in order to prove infringement. As discussed above, Apotex is

seeking FDA approval to manufacture Filgrastim and Pegfilgrastim under the specifications in its

aBLAs, and therefore those specifications control the infringement inquiry, and not a particular

4 Amgen will provide the Court with color courtesy copies of its brief and exhibits.
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batch of what Apotex manufactured prior to approval. See Sunovion, 731 F.3d at 1278. Even if

Amgen were to test batch samples of pre-approval product, such tests would not necessarily

represent the ultimate product that Apotex would be licensed to manufacture and market after

FDA approval. What Apotex intends to manufacture after approval is governed by the

specifications of the aBLAs and those specifications are the subject matter against which

infringement is assessed. Otherwise, a defendant could manufacture its product prior to approval

using one process, and then switch to a different process that falls within the scope of the aBLAs

following approval. In such circumstances, “it would be practically impossible for [Amgen], the

FDA, or any court to monitor [Apotex’s] compliance” in manufacturing the product post-

approval in the same way that it manufactured the product pre-approval. See id. at 1279.

Second, Dr. Willson testified based on the evidence of record—including the aBLAs,

Apotex’s development documents, and the ’138 Patent—that the inclusion bodies in Apotex’s

process are highly washed, centrifuged, and hard packed into pellets. (Ex. 5, 7/11/16 Trial Tr. at

181:24–183:25, 197:16–199:5, 210:24–211:2, 211:4–212:17 (Willson); Ex. 6, 7/12/16 Trial Tr.

at 88:11–13 (Willson).) His testimony is entirely consistent with the deposition testimony of

Dr. Robinson who identified the non-proteinaceous components of inclusion bodies as

“membranes, cell membranes, lipids”—not water. (Ex. 8, 7/14/16 Trial Tr. at 178:8–17

(Robinson) (Ex. 9, PTX411 at 43:11–14).)

To the extent that Apotex is suggesting that Dr. Willson’s testimony is not credible

because he failed to respond to Apotex’s new paste theory, this is unwarranted. The evidence—

including the deposition testimony of Apotex’s expert and the disclosures of Apotex’s aBLAs—

does not express inclusion-body concentration as being based on a wet weight of inclusion

bodies or indicate that the inclusion-body pellets used in the refold process contain water.

Dr. Willson did not respond to Apotex’s argument that the inclusion bodies are 64% water

because Apotex raised that argument for the first time after Dr. Willson testified. Specifically,

Apotex waited until the third day of trial—Dr. Dowd’s direct examination—to unveil its new

theory to both the Court and Amgen that its inclusion bodies are primarily water (and thus, not

protein). At that point, Dr. Willson had already testified; he cannot be faulted for not responding

to an argument that Apotex never raised before. And, in any event, Dr. Willson confirmed in his

trial testimony that nothing in the batch records caused him to change his opinion that Apotex’s

process meets the “at or above about 1 g/L protein” limitation. (Ex. 6, 7/12/16 Trial Tr. at
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87:13–20 (Willson) (explaining that the batch records did not change his opinion because

Apotex is “seeking FDA permission to practice at a range they told the FDA, which clearly lies

within the range” of the claim).)

Accordingly, Amgen met its burden of proving infringement under 35 U.S.C. § 271(e)(2)

and 35 U.S.C. § 271(g) by a preponderance of the evidence, and Apotex’s motion should be

denied.

CONCLUSION

For the foregoing reasons, Apotex’s motion for judgment of non-infringement of the

asserted claims of U.S. Patent No. 8,952,138 (“the ’138 Patent”) pursuant to Federal Rule of

Civil Procedure 52(c) should be denied.
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1 

REFOLDING PROTEINS USING A 
CHEMICALLY CONTROLLED REDOX 

STATE 

This application claims the bene?t of US. Provisional 
Application No. 61/219,257 ?led Jun. 22, 2009, which is 
incorporated by reference herein. 

FIELD OF THE INVENTION 

The present invention generally relates to refolding pro 
teins at high concentrations, and more particularly to refold 
ing proteins in volumes at concentrations of 2.0 g/L and 
above. 

BACKGROUND OF THE INVENTION 

Recombinant proteins can be expressed in a variety of 
expression systems, including non-mammalian cells, such as 
bacteria and yeast. A dif?culty associated with the expression 
of recombinant proteins in prokaryotic cells, such as bacteria, 
is the precipitation of the expressed proteins in limited-solu 
bility intracellular precipitates typically referred to as inclu 
sion bodies. Inclusion bodies are formed as a result of the 
inability of a bacterial host cell to fold recombinant proteins 
properly at high levels of expression and as a consequence the 
proteins become insoluble. This is particularly true of 
prokaryotic expression of large, complex or protein 
sequences of eukaryotic origin. Formation of incorrectly 
folded recombinant proteins has, to an extent, limited the 
commercial utility of bacterial fermentation to produce 
recombinant large, complex proteins, at high levels of ef? 
ciency. 

Since the advent of the recombinant expression of proteins 
at commercially viable levels in non-mammalian expression 
systems such as bacteria, various methods have been devel 
oped for obtaining correctly folded proteins from bacterial 
inclusion bodies. These methods generally follow the proce 
dure of expressing the protein, which typically precipitates in 
inclusion bodies, lysing the cells, collecting the inclusion 
bodies and then solubilizing the inclusion bodies in a solubi 
lization buffer comprising a denaturant or surfactant and 
optionally a reductant, which unfolds the proteins and disas 
sembles the inclusion bodies into individual protein chains 
with little to no structure. Subsequently, the protein chains are 
diluted into or washed with a refolding buffer that supports 
renaturation to a biologically active form. When cysteine 
residues are present in the primary amino acid sequence of the 
protein, it is often necessary to accomplish the refolding in an 
environment which allows correct formation of disul?de 
bonds (e.g., a redox system). 

Typical refold concentrations for complex molecules, such 
as molecules comprising two or more disul?des, are less than 
2.0 g/L and more typically 0.01-0.5 g/L (Rudolph & Lilie, 
(1996) FASEB J 10:49-56). Thus, refolding large masses ofa 
complex protein, such as an antibody, peptibody or other Fc 
fusion protein, at industrial production scales poses signi? 
cant limitations due to the large volumes required to refold 
proteins, at these typical product concentration, and is a com 
mon problem facing the industry. One factor that limits the 
refold concentration of these types of proteins is the forma 
tion of incorrectly paired disul?de bonds, which may in turn 
increase the propensity for those forms of the protein to 
aggregate. Due to the large volumes of material and large pool 
sizes involved when working with industrial scale protein 
production, signi?cant time, and resources can be saved by 
eliminating or simplifying one or more steps in the process. 
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2 
While protein refolding has previously been demonstrated 

at higher concentrations, the proteins that were refolded were 
either signi?cantly smaller in molecular weight, less complex 
molecules containing only one or two disul?de bonds (see, 
e.g., Creighton, (1974) J. Mol. Biol. 87:563-577). Addition 
ally, the refolding processes for such proteins employed 
detergent-based refolding chemistries (see, e.g., Stockel et 
al., (1 997) Eur JBiochem 248:684-691) or utilized high pres 
sure folding strategies (St John et al., (2001) J. Biol. Chem. 
276(50):46856-63). More complex molecules, such as anti 
bodies, peptibodies and other large proteins, are generally not 
amenable to detergent refold conditions and are typically 
refolded in chaotropic refold solutions. These more complex 
molecules often have greater than two disul?de bonds, often 
between 8 and 24 disul?de bonds, and can be multi-chain 
proteins that form homo- or hetero-dimers. 

Until the present disclosure, these types of complex mol 
ecules could not be refolded at high concentrations, i.e., con 
centrations of 2.0 g/L and higher, with any meaningful degree 
of ef?ciency on a small scale, and notably not on an industrial 
scale. The disclosed methods, in contrast, can be performed at 
high concentrations on a small or large (e.g, industrial) scale 
to provide properly refolded complex proteins. The ability to 
refold proteins at high concentrations and at large scales can 
translate into not only enhanced ef?ciency of the refold 
operation itself, but also represents time and cost savings by 
eliminating the need for additional equipment and personnel. 
Accordingly, a method of refolding proteins present in high 
concentrations could translate into higher ef?ciencies and 
cost savings to a protein production process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a series of plots depicting depicting the effect of 
thiol-pair ratio and redox buffer strength on product-species 
distribution; FIG. 1a depicts the effect of a 5 mM buffer 
strength; FIG. 1b depicts the effect of a 7.5 mM buffer 
strength; FIG. lc depicts the effect of a 10 mM buffer 
strength; FIG. 1d depicts the effect of a 12.5 mM buffer 
strength; FIG. 1e depicts the effect of a 15 mM buffer strength 
and FIG. 1f depicts the effect of a 20 mM buffer strength. 

FIG. 2 is a series of plots depicting the effect of the degree 
of aeration on the species distribution under ?xed thiol-pair 
ratio and thiol-pair buffer strength. 

FIG. 3 is an analytical overlay of a chemically controlled, 
non-aerobic refold performed at 6 g/L and optimized using an 
embodiment of the described method performed at 1 L and 
2000 L. 

SUMMARY OF THE INVENTION 

A method of refolding a protein expressed in a non-mam 
malian expression system and present in a volume at a con 
centration of 2.0 g/L or greater comprising: (a) contacting the 
protein with a refold buffer comprising a redox component 
comprising a ?nal thiol-pair ratio having a range of 0.001 to 
100 and a redox buffer strength of 2 mM or greater and one or 
more of: (i) a denaturant; (ii) an aggregation suppressor; and 
(iii) a protein stabilizer; to form a refold mixture; (b) incubat 
ing the refold mixture; and (c) isolating the protein from the 
refold mixture. 

In various embodiments the redox component has a ?nal 
thiol-pair ratio greater than or equal to 0.001 but less than or 
equal to 100, for example within a range of 0.05 to 50, 0.1 to 
50, 0.25 to 50, 0.5 to 50, 0.75 to 40, 1.0 to 50 or 1.5 to 50, 2 to 
50, 5 to 50, 10 to 50, 15 to 50, 20 to 50, 30 to 50 or 40 to 50 and 
a Thiol-pair buffer strength equal to or greater than 2 mM, for 
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example greater than or equal to 2.25 mM, 2.5 mM, 2.75 mM, 
3 mM, 5 mM, 7.5 mM, 10 mM, or 15 mM, wherein the 
thiol-pair buffer strength is effectively bounded at a maxi 
mum of 100 mM. Restated, in terms of ranges, the thiol buffer 
strength can be between 2 and 20 mM, for example between 
2.25 mM and 20 mM, 2.5 mM and 20 mM, 2.75 mM and 20 
mM, 3 mM and 20 mM, 5 mM and 20 mM, 7.5 mM and 20 
mM, 10 mM and 20 mM, or 15 mM and 20 mM, to form a 
mixture. 

In one embodiment of a refold buffer, the refold buffer 
comprises urea, arginine-HCl, cysteine and cystamine in Tris 
buffer. In a further embodiment the components are present in 
the refold buffer in proportions described in Example 3. 

In another embodiment of a refold buffer, the refold buffer 
comprises urea, arginine HCl, glycerol, cysteine, and cysta 
mine in Tris buffer. In a further embodiment the components 
are present in the refold buffer in proportions described in 
Example 4. 

In some embodiments, the protein is initially present in a 
volume in a non-native limited solubility form, such as an 
inclusion body. Alternatively, the protein is present in the 
volume in a soluble form. The protein can be a recombinant 
protein or it can be an endogenous protein. The protein can be 
a complex protein such as an antibody or a multimeric pro 
tein. In another embodiment, the protein is an Fc-protein 
conjugate, such as a protein fused or linked to a Fc domain. 

The non-mammalian expression system can be a bacterial 
expression system or a yeast expression system. 

The denaturant in the refold buffer can be selected from the 
group consisting of urea, guanidinium salts, dimethyl urea, 
methylurea and ethylurea. The protein stabilizer in the refold 
buffer can be selected from the group consisting of arginine, 
proline, polyethylene glycols, non-ionic surfactants, ionic 
surfactants, polyhydric alcohols, glycerol, sucrose, sorbitol, 
glucose, Tris, sodium sulfate, potassium sulfate and 
osmolytes. The aggregation suppressor can be selected from 
the group consisting of arginine, proline, polyethylene gly 
cols, non-ionic surfactants, ionic surfactants, polyhydric 
alcohols, glycerol, sucrose, sorbitol, glucose, Tris, sodium 
sulfate, potassium sulfate and osmolytes. The thiol-pairs can 
comprise at least one component selected from the group 
consisting of glutathione-reduced, glutathione-oxidized, cys 
teine, cystine, cysteamine, cystamine and beta-mercaptoetha 
nol. 

In various embodiments, the puri?cation can comprise 
contacting the mixture with an af?nity separation matrix, 
such as a Protein A or Protein G resin. Alternatively, the 
af?nity resin can be a mixed mode separation matrix or an ion 
exchange separation matrix. In various aspects, the incuba 
tion can be performed under aerobic conditions or under 
non-aerobic conditions. 

DETAILED DESCRIPTION OF THE INVENTION 

The relevant literature suggests that when optimizing vari 
ous protein refolding operations, the refold buffer thiol-pair 
ratio has been purposefully varied and as a result the thiol 
buffer strength was unknowingly varied across a wide range 
of strengths (see, e.g., Lille, Schwarz & Rudolph, (1998) 
Current Opinion in Biotechnology 9(5):497-501, and Tran 
Moseman, Schauer & Clark (1999) Protein Expression & 
Puri?cation 16(1):181-189). In one study, a relationship 
between the thiol pair ratio and the buffer strength was inves 
tigated for lysozyme, a simple, single-chain protein that 
forms a molten globule. (De Bernardez et al., (1998)Biotech 
nol. Prog. 14:47-54). The De Bernardez work described thiol 
concentration in terms of a model that considered only the 
kinetics of a one-way reaction model. However, most com 
plex proteins are governed by reversible thermodynamic 
equilibria that are not as easily described (see, e.g., Darby et 
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4 
al., (1995) J. Mol. Biol. 249:463-477). More complex behav 
ior is expected in the case of large multi-chain proteins con 
taining many disul?de bonds, such as antibodies, peptibodies 
and other Fc fusion proteins. Until the present disclosure, 
speci?c relationships had not been provided for thiol buffer 
strength, thiol-pair ratio chemistry, and protein concentration 
with respect to complex proteins that related to the ef?ciency 
of protein production. Consequently, the ability to refold 
proteins in a highly concentrated volume has largely been an 
inef?cient or unachievable goal, leading to bottlenecks in 
protein production, particularly on the industrial scale. 

Prior to the present disclosure a speci?c controlled inves 
tigation of the independent effects of thiol-pair ratio and 
thiol-pair buffer strength had not been disclosed for complex 
proteins. As described herein, by controlling the thiol-pair 
buffer strength, in conjunction with thiol-pair ratio and pro 
tein concentration, the ef?ciency of protein folding opera 
tions can be optimized and enhanced and the refolding of 
proteins at high concentrations, for example 2 g/L or greater, 
can be achieved. 

Thus, in one aspect, the present disclosure relates to the 
identi?cation and control of redox thiol-pair ratio chemistries 
that facilitate protein refolding at high protein concentrations, 
such as concentrations higher than 2.0 g/L. The method can 
be applied to any type of protein, including simple proteins 
and complex proteins (e.g., proteins comprising 2-23 disul 
?de bonds or greater than 250 amino acid residues, or having 
a MW of greater than 20,000 daltons), including proteins 
comprising a Fc domain, such as antibodies, peptibodies and 
other Fc fusion proteins, and can be performed on a labora 
tory scale (typically milliliter or liter scale), a pilot plant scale 
(typically hundreds of liters) or an industrial scale (typically 
thousands of liters). Examples of complex molecules known 
as peptibodies, and other Fc fusions, are described inU.S. Pat. 
Nos. 6,660,843, 7,138,370 and 7,511,012. 
As described herein, the relationship between thiol buffer 

strength and redox thiol-pair ratio has been investigated and 
optimized in order to provide a reproducible method of 
refolding proteins at concentrations of 2.0 g/L and higher on 
a variety of scales. A mathematical formula was deduced to 
allow the precise calculation of the ratios and strengths of 
individual redox couple components to achieve matrices of 
buffer thiol-pair ratio and buffer thiol strength. Once this 
relationship was established, it was possible to systematically 
demonstrate that thiol buffer strength and the thiol-pair ratio 
interact to de?ne the distribution of resulting product-related 
species in a refolding reaction. 
The buffer thiol-pair ratio is, however, only one component 

in determining the total system thiol-pair ratio in the total 
reaction. Since the cysteine residues in the unfolded protein 
are reactants as well, the buffer thiol strength needs to vary in 
proportion with increases in protein concentration to achieve 
the optimal system thiol-pair ratio. Thus, in addition to dem 
onstrating that buffer thiol strength interacts with the thiol 
pair ratio, it has also been shown that the buffer thiol strength 
relates to the protein concentration in the total reaction as 
well. Optimization of the buffer thiol strength and the system 
thiol pair ratio can be tailored to a particular protein, such as 
a complex protein, to minimize cysteine mispairing yet still 
facilitate a refold at a high concentration. 

I. De?nitions 

As used herein, the terms “a” and “an” mean one or more 
unless speci?cally indicated otherwise. 
As used herein, the term “non-mammalian expression sys 

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

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

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

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

interchangeably and mean a fragment of an antibody that 
comprises human or non-human (e. g., murine) C H2 and C H3 
immunoglobulin domains, or which comprises two contigu 
ous regions which are at least 90% identical to human or 
non-human CH2 and CH3 immunoglobulin domains. An Fc 
can but need not have the ability to interact with an Fc recep 
tor. See, e.g., Hasemann & Capra, “lmmunoglobulins: Struc 
ture and Function,” in William E. Paul, ed., Fundamental 
Immunology, Second Edition, 209, 210-218 (1989), which is 
incorporated by reference herein in its entirety. 
As used herein, the terms “protein” and “polypeptide” are 

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

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

protein that is (a) larger than 20,000 MW, or comprises 
greater than 250 amino acid residues, and (b) comprises two 
or more disul?de bonds in its native form. A complex mol 
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6 
ecule can, but need not, form multimers. Examples of com 
plex molecules include but are not limited to, antibodies, 
peptibodies and other chimeric molecules comprising an Fc 
domain and other large proteins. Examples of complex mol 
ecules known as peptibodies, and other Fc fusions, are 
described in US. Pat. Nos. 6,660,843, 7,138,370 and 7,511, 
012. 
As used herein, the term “peptibody” refers to a polypep 

tide comprising one or more bioactive peptides joined 
together, optionally via linkers, with an Fc domain. See US. 
Pat. Nos. 6,660,843, 7,138,370 and 7,511,012 for examples 
of peptibodies. 
As used herein, the term “refolding” means a process of 

reintroducing secondary and tertiary structure to a protein 
that has had some or all of its native secondary or tertiary 
structure removed, either in vitro or in vivo, e.g., as a result of 
expression conditions or intentional denaturation and/or 
reduction. Thus, a refolded protein is a protein that has had 
some or all of its native secondary or tertiary structure rein 
troduced. 
As used herein, the term “buffer thiol-pair ratio” is de?ned 

by the relationship of the reduced and oxidized redox species 
used in the refold buffer as de?ned in Equation 1: 

Definition of Buffer Thiol-Pair Ratio (TPR) Equation 1 

Buffer TPR : [redu‘ctant]2 : [cysteine]2 I 
[ox1dant] [cystarmne] 

As used herein, the terms “Buffer Thiol Strength”, “Thiol 
Pair Buffer Strength”, and “Thiol-pair Strength” are used 
interchangeably and are de?ned in Equation 2, namely as the 
total mono-equivalent thiol concentration, wherein the total 
concentration is the sum of the reduced species and twice the 
concentration of the oxidized species. 

De?nition of Buffer Thiol-Pair Buffer Strength/Thiol 
Buffer Strength (BS) Thiol—Pair Buffer 
Strength:2 [oxidant] + [reductant]:2 [cystarnine]+ 
[cysteine] Equation 2. 

The relationship between the thiol-pair ratio and thiol-pair 
buffer strength is described in equations 3 and 4. 

Calculation of the Reduced Redox Species Equation 3 

with Regard to a De?ned Redox Buffer 

Strength (BS) and buffer Redox Potential 

Concentration of Reduced Redox Component: 

(JbufferTPRZ + s * bufferTPR* BS ) - bufferTPR 
4 . 

Calculation of the Oxidized Redox Species Equation 4 

with Regard to a De?ned Redox Buffer 

Strength (BS) and Buffer Redox Potential 

Concentration of Oxidized Redox Component: 

(Concentration of Reduced Redox Component)2 
TPR ' 

As used herein, the term “redox component” means any 
thiol-reactive chemical or solution comprising such a chemi 
cal that facilitates a reversible thiol exchange with another 
thiol or the cysteine residues of a protein. Examples of such 
compounds include, but are not limited to, glutathione-re 
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duced, glutathione-oxidized, cysteine, cystine, cysteamine, 
cystamine, beta-mercaptoethanol and combinations thereof. 
As used herein, the term “solubilization” means a process 

in which salts, ions, denaturants, detergents, reductants and/ 
or other organic molecules are added to a solution comprising 
a protein of interest, thereby removing some or all of a pro 
tein’s secondary and/or tertiary structure and dissolving the 
protein into the solvent. This process can include the use of 
elevated temperatures, typically 10-50° C., but more typically 
15-250 C., and/or alkaline pH, such as pH 7-12. Solubiliza 
tion can also be accomplished by the addition of acids, such as 
70% formic acid (see, e.g., Cowley & Mackin (1997) FEBS 
Len 402:124-130). 
A “solubilized protein” is a protein in which some or all of 

the protein’s secondary and/or tertiary structure has been 
removed. 
A “solublization pool” is a volume of solution comprising 

a solubilized protein of interest as well as the salts, ions, 
denaturants, detergents, reductants and/ or other organic mol 
ecules selected to solubilize the protein. 
As used herein, the term “non-aerobic condition” means 

any reaction or incubation condition that is performed with 
out the intentional aeration of the mixture by mechanical or 
chemical means. Under non-aerobic conditions oxygen can 
be present, as long as it is naturally present and was not 
introduced into the system with the intention of adding oxy 
gen to the system. Non-aerobic conditions can be achieved 
by, for example, limiting oxygen transfer to a reaction solu 
tion by limiting headspace pressure, the absence of, or limited 
exposure to, air or oxygen contained in the holding vessel, air 
or oxygen overlay, the lack of special accommodations to 
account for mass transfer during process scaling, or the 
absence of gas sparging or mixing to encourage the presence 
of oxygen in the reaction system. Non-aerobic conditions can 
also be achieved by intentionally limiting or removing oxy 
gen from the system via chemical treatment, headspace over 
lays or pressurization with inert gases or vacuums, or by 
sparging with gases such as argon or nitrogen, results in the 
reduction of oxygen concentration in the reaction mixture. 
As used herein, the terms “non-native” and “non-native 

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

form” when used in the context of a protein of interest, such 
as a protein comprising a Fc domain, means any form or state 
in which the protein lacks at least one formed structural 
feature found in a form of the protein that (a) is biologically 
active in an appropriate in vivo or in vitro assay designed to 
assess the protein’s biological activity and/ or (b) forms aggre 
gates that require treatment, such as chemical treatment, to 
become soluble. The term speci?cally includes proteins exist 
ing in inclusion bodies, such as those sometimes found when 
a recombinant protein is expressed in a non-mammalian 
expression system. 

H. Theory 

Refolding microbial-derived molecules present in a pool at 
concentrations of 2.0 g/L or higher is advantageous for a 
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8 
variety of reasons, primarily because of the associated reduc 
tion in reaction volumes and increases in process throughput. 
From a process scaling standpoint, it is advantageous to 
refold under conditions that do not require aerobic condi 
tions; such conditions can be achieved, for example, by con 
stant or intermittent sparging, the implementation of air or 
oxygen headspace overlays, by pressurizing the headspace, 
or by employing high ef?ciency mixing. Since the oxygen 
concentration in the system is related to mass transfer, the 
scaling of the refold reaction becomes considerably more 
dif?cult as factors such as tank geometry, volume, and mixing 
change. Furthermore, oxygen may not be a direct reactant in 
the formation of disul?de bonds in the protein, making a 
direct link to the mass transfer coef?cient unlikely. This fur 
ther complicates scaling of the reaction. Therefore, non-aero 
bic, chemically controlled redox systems are preferred for 
refolding proteins. Examples of such conditions are provided 
herein. 
The optimal refold chemistry for a given protein represents 

a careful balance that maximizes the folded/oxidized state 
while minimizing undesirable product species, such as aggre 
gates, unformed disul?de bridges (e.g., reduced cysteine 
pairs), incorrect disul?de pairings (which can lead to mis 
folds), oxidized amino acid residues, deamidated amino acid 
residues, incorrect secondary structure, and product-related 
adducts (e.g., cysteine or cysteamine adducts). One factor that 
is important in achieving this balance is the redox-state of the 
refold system. The redox-state is affected by many factors, 
including, but not limited to, the number of cysteine residues 
contained in the protein, the ratio and concentration of the 
redox couple chemicals in the refold solution (e.g., cysteine, 
cystine, cystamine, cysteamine, glutathione-reduced and glu 
tathione-oxidized), the concentration of reductant carried 
over from the solubilization buffer (e.g., DTT, glutathione 
and beta-mercaptoethanol), the level of heavy metals in the 
mixture, and the concentration of oxygen in the solution. 

Thiol-pair ratio and thiol-pair buffer strength are de?ned in 
Equations 1 and 2, infra, using cysteine and cystamine as an 
example reductant and oxidant, respectively. These quanti 
ties, coupled with protein concentration and reductant carry 
over from the solubilization, can be factors in achieving a 
balance between the thiol-pair ratio and the thiol-pair buffer 
strength. 

Turning to FIG. 1, this ?gure depicts the effect of thiol-pair 
ratio and thiol buffer strength on the distribution of product 
related species, as visualized by reversed phase-HPLC analy 
sis, for a complex dimeric protein. In FIGS. 111-1], the dotted 
lines represent protein species with oxidized amino acid resi 
dues, single chain species, and stable mixed disul?de inter 
mediates, the dashed lines represent mis-paired or incorrectly 
formed disul?de protein species and protein species with 
partially unformed disul?de linkages. The solid lines repre 
sent properly folded protein species. FIGS. 1a-1 f demonstrate 
that at a constant 6 g/L protein concentration, as the thiol-pair 
buffer strength is increased, the thiol-pair ratio required to 
achieve a comparable species distribution must also increase. 
For example, as shown in FIG. 1, if the buffer strength is 
increased to 10 mM, from 5 mM, the balanced thiol-pair ratio 
would be about 2-fold higher, to achieve a comparable species 
distribution. This is largely due to increased buffering of the 
reductant carried over from the solubilization, on the total 
system thiol-pair ratio. At lower redox buffer strengths, the 
overall system becomes much more dif?cult to control. The 
protein concentration and number of cysteines contained in 
the protein sequence also relate to the minimum required 
thiol-pair buffer strength required to control the system. 
Below a certain point, which will vary from protein to protein, 
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the protein thiol concentration can overwhelm the redox 
couple chemistry and lead to irreproducible results. 

In the results depicted in FIG. 1, when the thiol-pair ratio of 
the refolding solution is intentionally set to be more reducing, 
the resultant product distribution shifts to produce more of the 
reduced product species (dashed lines). When the Thiol-Pair 
Ratio of the refolding solution is intentionally set to be lower, 
or more oxidizing, the resultant product distribution shifts to 
produce more oxidized residues, single chain forms, and 
stable mixed disul?de intermediate species (dotted lines). 
The ability to select an optimal Thiol-Pair Ratio and Thiol 
pair Buffer Strength allows for the optimization of the yield of 
a desired folded protein form. This optimized yield can be 
achieved by maximizing the mass or yield of desired folded 
protein species in the refolding pool or by purposefully shift 
ing the resultant undesired product-related species to a form 
that is most readily removed in the subsequent puri?cation 
steps and thusly leads to an overall bene?t to process yield or 
purity. 

Optimization of the redox component Thiol-pair Ratios 
and Thiol-pair Buffer Strengths can be performed for each 
protein. A matrix or series of multifactorial matrices can be 
evaluated to optimize the refolding reaction for conditions 
that optimize yield and distributions of desired species. An 
optimization screen can be set up to systematically evaluate 
redox chemistries, Thiol-pair ratios, Thiol-pair Buffer 
Strengths, incubation times, protein concentration and pH in 
a full or partial factorial matrix, with each component varied 
over a range of at least three concentration or pH levels with 
all other parameters kept constant. The completed reactions 
can be evaluated by RP-HPLC and SE-HPLC analysis for 
yield and product quality using standard multivariate statis 
tical tools. 

III. Method Of Refolding A Protein Expressed In A 
Non-Mammalian Expression System And Present In 
A Volume At A Concentration Of 2.0 G/ L Or Greater 

The disclosed refold method is particularly useful for 
refolding proteins expressed in non-mammalian expression 
systems. As noted herein, non-mammalian cells can be engi 
neered to produce recombinant proteins that are expressed 
intracellularly in either a soluble or a completely insoluble or 
non-native limited solubility form. Often the cells will 
deposit the recombinant proteins into large insoluble or lim 
ited solubility aggregates called inclusion bodies. However, 
certain cell growth conditions (e.g., temperature or pH) can 
be modi?ed to drive the cells to produce a recombinant pro 
tein in the form of intracellular, soluble monomers. As an 
alternative to producing proteins in insoluble inclusion bod 
ies, proteins can be expressed as soluble proteins, including 
proteins comprising an Fc region, which can be captured 
directly from cell lysate by af?nity chromatography. Captur 
ing directly from lysate allows for the refolding of relatively 
pure protein and avoids the very intensive harvesting and 
separation process that is required in inclusion body pro 
cesses. The refolding method, however, is not limited to 
samples that have been af?nity puri?ed and can be applied to 
any sample comprising a protein that was expressed in a 
non-mammalian expression system, such as a protein found 
in a volume of cell lysate (i.e., a protein that has not been 
puri?ed in any way). 

In one aspect, the present disclosure relates to a method of 
refolding a protein expressed in a non-mammalian expression 
system in a soluble form and present in a volume at a con 
centration of 2.0 g/L or greater, such as a protein that has been 
puri?ed by af?nity chromatography from the cell lysate of 
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non-mammalian cells in which the protein was expressed. 
Although the volume can be derived from any stage of a 
protein puri?cation process, in one example the volume is an 
af?nity chromatography elutionpool (e.g., a ProteinA elution 
pool). In another example, the volume is situated in a process 
stream. The method is not con?ned to Fc-containing proteins, 
however, and can be applied to any kind of peptide or protein 
that is expressed in a soluble form and captured from non 
mammalian-derived cell lysate. The isolated soluble protein 
is often released from non-mammalian cells in a reduced 
form and therefore can be prepared for refolding by addition 
of a denaturant, such as a chaotrope. Further combination 
with protein stabilizers, aggregation suppressors and redox 
components, at an optimized Thiol-pair ration and Thiol-pair 
Buffer Strength, allows for refolding at concentrations of 
1-40 g/L, for example at concentrations of 10-20 g/L. 

In one particular embodiment of the method, a protein is 
expressed in a non-mammalian expression system, and is 
released from the expressing cell by high pressure lysis. The 
protein is then captured from the lysate by Protein A af?nity 
chromatography and is present in a volume at a concentration 
of 10 g/L or greater. The protein is then contacted with a 
refold buffer comprising a denaturant, an aggregation sup 
pressor, a protein stabilizer and a redox component, wherein 
the redox component has a ?nal thiol-pair ratio (as de?ned 
herein) having a range of 0.001 to 100, for example within a 
range of0.05 to 50, 0.1 to 50, 0.25 to 50, 0.5 to 50, 0.75 to 40, 
1.0to 50 or 1.5 to 50, 2 to 50, 5 to 50,10to 50, 15 to 50, 20to 
50, 30 to 50 or 40 to 50 and a Thiol-pair buffer strength (as 
de?ned herein) equal to or greater than 2 mM, for example 
greater than or equal to 2.25 mM, 2.5, 2.75 mM, 3 mM, 5 mM, 
7.5 mM, 10 mM, or 15 mM, wherein the thiol-pair buffer 
strength is effectively bounded at a maximum of 100 mM. 
Restated, in terms of ranges, the thiol buffer strength is 
between 2 and 20 mM, for example between 2.25 mM and 20 
mM, 2.5 mM and 20 mM, 2.75 mM and 20 mM, 3 mM and 20 
mM, 5 mM and 20 mM, 7.5 mM and 20 mM, 10 mM and 20 
mM, or 15 mM and 20 mM. 

In another aspect, the present disclosure relates to a method 
of refolding a protein expressed in a non-mammalian expres 
sion system in an insoluble or limited-solubility form, such as 
in the form of inclusion bodies. When the protein is disposed 
in inclusion bodies, the inclusion bodies can be harvested 
from lysed cells, washed, concentrated and refolded. 

Optimization of the refold buffer can be performed for each 
protein and each ?nal protein concentration level using the 
novel method provided herein. As shown in the Examples, 
good results can be obtained when refolding a protein com 
prising an Fc region when the refold buffer contains a dena 
turant (e. g., urea or other chaotrope, organic solvent or strong 
detergent), aggregation suppressors (e.g., a mild detergent, 
arginine or low concentrations of PEG), protein stabilizers 
(e.g., glycerol, sucrose or other osmolyte, salts) and redox 
components (e. g., cysteine, cystamine, glutathione). The 
optimal thiol-pair ratio and redox buffer strength can be deter 
mined using an experimental matrix of thiol-pair ratio (which 
can have a range of 0.001 to 100, for example within a range 
of0.05 to 50, 0.1 to 50, 0.25 to 50, 0.5 to 50, 0.75 to 40, 1.0 to 
50 or 1.5 to 50, 2 to 50, 5 to 50,10to 50, 15 to 50, 20 to 50, 30 
to 50 or 40 to 50) versus thiol-pair buffer strength (which can 
be greater than 2 mM, for example greater than or equal to 
2.25 mM, 2.5, 2.75 mM, 3 mM, 5 mM, 7.5 mM, 10mM, or 15 
mM, wherein the thiol-pair buffer strength is effectively 
bounded at a maximum of 100 mM. Restated, in terms of 
ranges, the thiol buffer strength is between 2 and 20 mM, for 
example between 2.25 mM and 20 mM, 2.5 mM and 20 mM, 
2.75 mM and 20 mM, 3 mM and 20 mM, 5 mM and 20 mM, 
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7.5 mM and 20 mM, 10 mM and 20 mM, or 15 mM and 20 
mM, depending on the protein concentration and the concen 
tration of reductant used to solubilize the inclusion bodies). 
Conditions can be optimized using the novel methods 
described in Example 2. 

In one particular embodiment of the method, a protein is 
expressed in a non-mammalian expression system and is 
present in a volume at a concentration of 2.0 g/L or greater. 
The protein is contacted with a refold buffer comprising a 
denaturant, an aggregation suppressor, a protein stabilizer 
and a redox component, wherein the redox component has a 
?nal thiol-pair ratio (as de?ned herein) having a range of 
0.001 to 100, for example within a range of0.05 to 50, 0.1 to 
50, 0.25 to 50, 0.5 to 50, 0.75 to 40, 1.0 to 50 or 1.5 to 50, 2 to 
50, 5 to 50, 10 to 50, 15 to 50, 20 to 50, 30 to 50 or 40 to 50, 
and a Thiol-pair buffer strength (as de?ned herein) equal to or 
greater than 2 mM, for example greater than or equal to 2.25 
mM, 2.5 mM, 2.75 mM, 3 mM, 5 mM, 7.5 mM, 10mM, or 15 
mM, wherein the thiol-pair buffer strength is effectively 
bounded at a maximum of 100 mM. Restated, in terms of 
ranges, the thiol buffer strength is between 2 and 20 mM, for 
example between 2.25 mM and 20 mM, 2.5 mM and 20 mM, 
2.75 mM and 20 mM, 3 mM and 20 mM, 5 mM and 20 mM, 
7.5 mM and 20 mM, 10 mM and 20 mM, or 15 mM and 20 
mM.to form a mixture. A wide range of denaturant types may 
be employed in the refold buffer. Examples of some common 
denaturants that can be employed in the refold buffer include 
urea, guanidinium, dimethyl urea, methylurea, or ethylurea. 
The speci?c concentration of the denaturant can be deter 
mined by routine optimization, as described herein. 
A wide range of protein stabilizers or aggregation suppres 

sors can be employed in the refold buffer. Examples of some 
common aggregation suppressors that can be useful in the 
refold buffer include arginine, proline, polyethylene glycols, 
non-ionic surfactants, ionic surfactants, polyhydric alcohols, 
glycerol, sucrose, sorbitol, glucose, Tris, sodium sulfate, 
potassium sulfate, other osmolytes, or similar compounds. 
The speci?c concentration of the aggregation suppressor can 
be determined by routine optimization, as described herein. 
A redox component of the refold buffer can be of any 

composition, with the caveat that the redox component has a 
?nal thiol-pair ratio in a range of 0.001 to 100, for example 
within a range of 0.05 to 50, 0.1 to 50, 0.25 to 50, 0.5 to 50, 
0.75 to 40, 1.0 to 50 or 1.5 to 50, 2 to 50, 5 to 50,10to 50,15 
to 50, 20 to 50, 30 to 50 or 40 to 50, and a Thiol-pair buffer 
strength of greater than or equal to 2 mM, for example greater 
than or equal to 2.25 mM, 2.5, 2.75 mM, 3 mM, 5 mM, 7.5 
mM, 10 mM, or 15 mM, wherein the thiol-pair buffer strength 
is effectively bounded at a maximum of 100 mM. Restated, in 
terms of ranges, the thiol buffer strength is between 2 and 20 
mM, for example between 2.25 mM and 20 mM, 2.5 mM and 
20 mM, 2.75 mM and 20 mM, 3 mM and 20 mM, 5 mM and 
20 mM, 7.5 mM and 20 mM, 10 mM and 20 mM, or 15 mM 
and 20 mM. Methods of identifying a suitable redox compo 
nent, i.e., determining appropriate thiol-pair ratios and redox 
buffer strengths, are known and/ or are provided herein. 
Examples of speci?c thiol pairs that can form the redox com 
ponent can include one or more of reduced glutathione, oxi 
dized glutathione, cysteine, cystine, cysteamine, cystamine, 
and beta-mercaptoethanol. Thus, a thiol-pair can comprise, 
for example, reduced glutathione and oxidized glutathione. 
Another example of a thiol pair is cysteine and cystamine. 
The redox component can be optimized as described herein. 

After the protein has been contacted with a redox compo 
nent having the recited thiol pair ratio and redox buffer 
strength to form a refold mixture, the refold mixture is then 
incubated for a desired period of time. The incubation can be 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
performed under non-aerobic conditions, as de?ned herein. 
Non-aerobic conditions need not be completely free of oxy 
gen, only that no additional oxygen other than that present in 
the initial system is purposefully introduced. The incubation 
period is variable and is selected such that a stable refold 
mixture can be achieved with the desired analytical proper 
ties. An incubation period can be, for example, 1 hour, 4 
hours, 12 hours, 24 hours, 48 hours, 72 hours, or longer. 
Due to the sensitivity of high concentration refolds to the 

level of oxygen present in the system and the tendency for 
oxygen mass transfer to be greater at small-scale, a method 
ology and/or apparatus can be developed to control the oxy 
gen levels and maintain non-aerobic conditions for the incu 
bation step. In one embodiment, the procedure can comprise 
the preparation, dispensing and mixing of all refold compo 
nents under a blanket of inert gas, such as nitrogen or argon, 
to avoid entraining levels of oxygen into the reaction. This 
approach is particularly helpful in identifying an acceptable 
thiol-pair ratio. In another embodiment useful at scales of 15 
liters or less, the headspace of the refold reactor containing 
the protein and refold buffer can be purged with an inert gas 
or a mixture of inert gas and air or oxygen, and the reaction 
vessel sealed and mixed at a low rotational speed for the 
duration of the incubation time. 

Following the incubation, the protein is isolated from the 
refold mixture. The isolation can be achieved using any 
known protein puri?cation method. If the protein comprises a 
Fc domain, for example, a Protein A column provides an 
appropriate method of separation of the protein from the 
refold excipients. In other embodiments, various column 
chromatography strategies can be employed and will depend 
on the nature of the protein being isolated. Examples include 
HIC, AEX, CEX and SEC chromatography. Non-chromato 
graphic separations can also be considered, such as precipi 
tation with a salt, acid or with a polymer such as PEG (see, 
e.g., US 20080214795). Another alternative method for iso 
lating the protein from the refold components can include 
dialysis or dia?ltration with a tangential-?ow ?ltration sys 
tem. 

In another exemplary refolding operation, inclusion bodies 
obtained from a non-mammalian expression system are solu 
bilized in the range of 10 to 100 grams of protein per liter and 
more typically from 20-40 g/ L for approximately 10-300 min. 
The solubilized inclusion bodies are then diluted to achieve 
reduction of the denaturants and reductants in the solution to 
a level that allows the protein to refold. The dilution results in 
protein concentration in the range of 1 to 15 g/L in a refold 
buffer containing urea, glycerol or sucrose, arginine, and the 
redox pair (e. g., cysteine and cystamine). In one embodiment 
the ?nal composition is 1-4 M urea, 5-40% glycerol or 
sucrose, 25-500 mM arginine, 0.1-10 mM cysteine and 0.1-10 
mM cystamine. The solution is then mixed during incubation 
over a time that can span from 1 hour to 4 days. 
As noted herein, the disclosed method is particularly useful 

for proteins expressed in bacterial expression systems, and 
more particularly in bacterial systems in which the protein is 
expressed in the form of inclusion bodies within the bacterial 
cell. The protein can be a complex protein, i.e., a protein that 
(a) is larger than 20,000 MW, or comprises greater than 250 
amino acid residues, and (b) comprises two or more disul?de 
bonds in its native form. When the protein is expressed in an 
inclusion body it is likely that any disul?de bond found in the 
protein’s native form will be misformed or not formed at all. 
The disclosed method is applicable to these and other forms 
of a protein of interest. Speci?c examples of proteins that can 
be considered for refolding using the disclosed methods 
include antibodies, which are traditionally very dif?cult to 
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refold at high concentrations using typical refold methods 
due to their relatively large size and number of disul?de 
bonds. The method can also be employed to refold other 
Fc-containing molecules such as peptibodies, and more gen 
erally to refold any fusion protein comprising an Fc domain 
fused to another protein. 

Another aspect of the disclosed method is its scalability, 
which allows the method to be practiced on any scale, from 
bench scale to industrial or commercial scale. Indeed, the 
disclosed method will ?nd particular application at the com 
mercial scale, where it can be employed to ef?ciently refold 
large quantities of protein. 

The present disclosure will now be illustrated by reference 
to the following examples, which set forth certain embodi 
ments. However, it should be noted that these embodiments 
are illustrative and are not to be construed as restricting the 
invention in any way. 

EXAMPLES 

The Examples presented herein demonstrate that thiol-pair 
ratio and redox buffer strength is a signi?cant consideration in 
achieving an efficient refolding reaction that is insensitive to 
environmental in?uences and aeration. This insensitivity is a 
consideration for the ease of scaling and on an industrial or 
commercial scale, the transfer of the process from plant to 
plant. 

The Examples also demonstrate that at typical refolding 
reaction concentrations (0.01-2.0 g/L); the sensitivity to 
external aeration is relatively muted. However, at concentra 
tions of about 2 g/L and above, the sensitivity of the refold 
reaction to the thiol-pair ratio and redox buffer strength is 
increased and nearly all of the chemical components, espe 
cially the redox components, may need to be adjusted to 
accommodate for changes in the protein concentration in the 
reaction. 

Example 1 

Expression of Recombinant Protein 

In one experiment, recombinant proteins comprising an Fc 
moiety were expressed in a non-mammalian expression sys 
tem, namely E coli, and driven to form cytoplasmic deposits 
in the form of inclusion bodies. For each protein refolded the 
following procedure was followed. 

After the completion of the expression phase, the cell broth 
was centrifuged and the liquid fraction removed, leaving the 
cells as a paste. The cells were resuspended in water to 
approximately 60% of the original volume. The cells were 
then lysed by means of three passes through a high pressure 
homogenizer. After the cells were lysed, the lysate was cen 
trifuged in a disc-stack centrifuge to collect the protein in the 
solid fraction, which was expressed in a limited solubility 
non-native form, namely as inclusion bodies. The protein 
slurry was washed multiple times by repeatedly resuspending 
the captured solids slurry in water to between 50% and 80% 
of the original fermentation broth volume, mixing, and cen 
trifugation to collect the protein in the solid fraction. The ?nal 
washed inclusion bodies were captured and stored frozen. 

Example 2 

Identi?cation of Refold Conditions/Redox 
Components 

Multiple complex, microbial-derived proteins were evalu 
ated. Each protein was solubilized in an appropriate level of 
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14 
guanidine and/or urea, typically at levels the equivalent of 4-6 
M guanidine or 4-9 M urea, or combinations of both denatur 
ants, which fully denatured the protein. The protein was 
reduced with DTT, 5-20 mM, at pH 8.5, and incubated at 
room temperature for approximately 1 hour. 

Identi?cation of the refold buffer was performed for each 
protein. A multifactorial matrix or a series of multifactorial 
matrices were evaluated to identify the refolding reaction for 
conditions that optimize yield and minimize aggregate for 
mation. An identi?cation screen was set up to systematically 
evaluate urea, arginine, glycerol and pH in a full factorial 
matrix, with each component varied over a range of at least 
three concentration or pH levels with all other parameters 
kept constant. The completed reactions were evaluated by 
RP-HPLC and SE-HPLC analysis for yield and product qual 
ity using standard multivariate statistical tools. A subset of the 
conditions having the desired behavior was then further 
evaluated in subsequent screens that evaluated a range of pH, 
thiol-pair ratio, thiol-pair buffer strength, and potentially fur 
ther excipient levels in a factorial screen. Secondary interac 
tions were also evaluated using standard multivariate statis 
tical tools. 

Best results, as determined by reversed-phase and size 
exclusion HPLC analysis, were observedusing a refoldbuffer 
containing a denaturant (e.g., urea, dimethyl urea or other 
chaotrope at non-denaturing levels at levels between 1 and 4 
M), an aggregation suppressor (e. g., arginine at levels 
between 5 and 500 mM), a protein stabilizer (e. g., glycerol or 
sucrose at levels between 5 and 40% w/v) and a redox com 
ponent (e. g., cysteine or cystamine). The thiol-pair ratio and 
redox buffer strength were determined using an experimental 
matrix of thiol-pair ratio (0.1 to 100, more typically 1 to 25) 
versus buffer strength (typically 2 mM to 20 mM, depending 
on the protein concentration, the number of cysteine residues 
in the protein, and the concentration of reductant used to 
solubilize the inclusion bodies). 

Individual reactions were formed with varying levels of 
cysteine and cystamine that would allow for a controlled 
matrix of thiol-pair ratio at various thiol-pair buffer strengths. 
The relationships were calculated using Equations 3 and 4. 
Each condition was screened under both aerobic and non 
aerobic conditions, utilizing the techniques described herein. 
Optimum conditions were selected to meet a stable balance of 
yield, desired distribution of folding species, insensitivity to 
environmental oxidants (e. g., air), and insensitivity to normal 
variation in DTT carry-over from the solubilization step. 

Example 3 

High Concentration Refolding of Non-Native 
Soluble Protein Form Captured from Cell Lysate 

In one experiment, a recombinant protein comprising a 
plurality of polypeptides joined to an Fc moiety was 
expressed in E. coli as an intracellular soluble peptide chain, 
lysed from harvested and washed cells, isolated from the 
lysate by af?nity chromatography, and then refolded at a 
concentration of approximately 12 g/ L, as described herein. 

After the completion of the expression phase, an aliquot of 
whole fermentation broth was centrifuged and the liquid frac 
tion removed, leaving the cells as a paste. The cells were 
resuspended in water to approximately 60% of the original 
volume. The cells were then lysed by means of three passes 
through a high pressure homogenizer. After the cells were 
lysed, the lysate pool was mixed in the presence of air for 8-72 
hours to allow for dimerization of the peptide chains. Follow 
ing the dimerization process, the peptide chain of interest was 
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isolated from the lysate pool using a Protein A a?inity chro 
matography column. The ProteinA column elution pool was 
mixed at a ratio of 8 parts ProteinA elution material to 2 parts 
of a refold buffer containing urea (10 M), arginine-HCl (2.5 
M), Tris at pH 8.5 (1050 mM), and cysteine (10 mM, 5 mM, 
or 4 mM) and cystamine (4 mM). The diluted mixture was 
titrated to pH 8.5 and incubated at approximately 5° C. under 
nitrogen until a stable pool was achieved (~24 hours.) Yields 
of desired product of approximately 30-80% were obtained a 
depending on the redox condition evaluated. 

In order to emulate the non-anaerobic conditions similar to 
those typically present in very large-scale protein production 
processes several steps were taken. When reaction volumes 
were less than approximately 15 L the refold vessel head 
space was purged with nitrogen to limit the effect oxygen 
could have in the system. The vessel was then sealed and 
incubation began. 
When reaction volumes were more than approximately 15 

L but less than 500 L, the refold buffer was prepared and 
allowed to equilibrate at approximately 5° C. to achieve a 
stable oxygen level in the solution (typically 50% to 70% 
dissolved oxygen, relative to air saturation). Once the refold 
mixture was formed, the vessel headspace was purged with 
nitrogen to limit any additional effect oxygen could have in 
the system, the vessel was sealed and incubation period ini 
tiated. 

Example 4 

High Concentration Refolding from Inclusion 
Bodies 

In one experiment, a recombinant protein comprising a 
biologically active peptide linked to the C-terminus of the Fc 
moiety of an IgG1 molecule via a linker and having a molecu 
lar weight of about 57 kDa and comprising 8 disul?de bonds, 
was expressed in E. coli as inclusion bodies, harvested, 
washed, concentrated, solubilized, and refolded at a concen 
tration of 6 g/L as described herein. 
An aliquot of frozen concentrated inclusion bodies were 

thawed to room temperature and mixed with an appropriate 
amount of guanidine and/or urea to generate a denaturant 
level equivalent to 4-6 M guanidine, which fully denatures the 
protein. The protein was then reduced with DTT, at 5-20 mM, 
at pH 8.5, and incubated at room temperature for approxi 
mately 1 hour. After the inclusion bodies were dissolved, 
denatured and reduced, they were diluted into a refold buffer 
containing urea (1-5 M), arginine-HCl (5-500 mM), glycerol 
(10-30% w/v), and the identi?ed levels of cysteine and cys 
tamine as determined by the procedure described in Example 
2. The ?nal component concentrations are 4 M urea, 150 mM 
arginine HCl, 20.9% (w/v) glycerol, 2.03 mM cysteine, and 
2.75 mM cystamine. The level of dilution was chosen to 
balance the dilution of the denaturants from the solubiliza 
tion, maintain the thermodynamic stability of the molecule 
during refolding, and maintain the highest possible protein 
concentration in the refold mixture. The diluted mixture was 
titrated to an alkaline pH (between pH 8 and pH 10) and 
incubated at 5° C. under non-aerobic conditions until a stable 
pool was achieved (12-72 hours), as determined by relevant 
analytical measurements. The resulting process was demon 
strated to show stable scalablity from 1 L-scale to 2000 
L-scale (see FIG. 3). Yields of desired product of approxi 
mately 27-35% were obtained at both scales. The distribution 
of product related impurities was also maintained within a 
tight variance (see FIG. 3). 
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Oxygen mass transfer at small-scale is readily achieved 

and should be inhibited in order to emulate the relatively 
poorer mass transfer observed at large-scale, where the vol 
ume of refold solution is large relative to the volume of air and 
surface area present at the surface of a large-scale vessel. 
Thus, in order to emulate the non-anaerobic conditions simi 
lar to those typically present in very large-scale protein pro 
duction processes several steps were taken. When reaction 
volumes were less than approximately 15 L the refold buffer 
was sparged with nitrogen to strip oxygen from the solution, 
the components were dispensed under a blanket of nitrogen 
and once the refold mixture was formed, the vessel headspace 
was purged with nitrogen to limit the effect oxygen could 
have in the system. The vessel was then sealed and incubation 
began. 
When reaction volumes were more than approximately 15 

L but less than 500L, the refold buffer was prepared and 
allowed to equilibrate at approximately 5° C. to achieve a 
stable oxygen level in the solution (typically 50% to 70% 
dissolved oxygen, relative to air saturation). Once the refold 
mixture was formed, the vessel headspace was purged with 
nitrogen to limit any addition effect oxygen could have in the 
system, the vessel was sealed and the incubation period was 
initiated. 
At scales greater than 500 L the refold buffer was prepared 

and allowed to equilibrate at approximately 5° C. to achieve a 
stable oxygen level in the solution (typically 50% to 70% 
dissolved oxygen, relative to air saturation). Once the refold 
mixture was formed, the vessel was sealed and the incubation 
period was initiated. 
The protein concentration of the refold mixture was 6 g/L, 

which is a four-fold enhancement over the recovery of 1 .5 g/L 
obtained using a method other than the method described in 
this Example. Overall annual process productivity, in one 
speci?c manufacturing facility, was calculated to be 
increased by >930% due to increased volumetric ef?ciency in 
the existing facility tanks. 

Example 5 

Effect of Thiol-Pair Oxidation State on Disul?de 
Pairings 

FIGS. 1a-1f demonstrate that as the thiol-pair ratio is 
forced to a more oxidizing state (lower thiol-pair ratio), a 
higher proportion of product species have oxidized amino 
acid residues and mixed disul?de forms. As the thiol-pair 
ratio is driven to a more reductive state (higher thiol-pair 
ratio), this results in lower levels of oxidized amino acid 
variant species and higher levels of product species with 
incorrect disul?de pairings or unformed disul?de bonds. As 
the overall thiol-pair buffer strength is modi?ed, the corre 
sponding optimal thiol-pair ratio is shifted. This effect is 
similar to how buffer strength modulates the sensitivity of pH 
to acid and base additions in a buffered solution. 
An optimal balance of species was attainable. As shown in 

FIGS. 111-1], there is a clear relationship between thiol-pair 
buffer strength and thiol-pair ratio that can be identi?ed to 
maintain the optimal species balance and thus facilitate e?i 
cient refolding of low solubility proteins. The ability to con 
trol product variant species, such as incorrectly disul?de 
bonded species and misfolded species, via modulation of the 
thiol-pair ratio and thiol-pair buffer strength, enables e?i 
cient, effective and reliable subsequent puri?cation pro 
cesses. 
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Example 6 

Effect of Non-Aerobic Conditions on Refolding 
E?iciency 

FIGS. 2 and 3 demonstrate that when the thiol-pair buffer 
strength is selected appropriately, taking into account the 
protein concentration and number of cysteine residues in the 
protein, the sensitivity to external in?uences, such as oxygen, 
is signi?cantly reduced. This allows for a non-aerobic refold 
ing condition that is signi?cantly easier to transfer between 
scales and reactor con?gurations. 

FIG. 2 compares the RP-HPLC analytical species distribu 
tion between a 15 L-scale refold and a 20 mL-scale refold 
under several environmental conditions. For Condition 1 (the 
trace labeled “1” in FIG. 1), the solubilization chemicals and 
solutions were dispensed in air and the refold mixture was 
incubated in air. In Condition 2 solubilization chemicals and 
solutions were dispensed in air and incubated under nitrogen 
headspace. In Conditions 3-7 solubilization chemicals and 
solutions were dispensed under nitrogen overlay conditions 
and in conditions 3, 5, 6, and 7 solubilization chemicals and 
solutions were incubated under nitrogen. In Condition 7, the 
refold solution was also stripped of nitrogen prior to combi 
nation with the solubilization solution. In Condition 4 the 
solubilization chemicals and solutions were incubated under 
ambient air conditions. 

The results shown in FIG. 2 demonstrate that the condi 
tions under which the solubilization chemicals and solutions 
were dispensed or incubated in the presence of air (i.e., Con 
ditions 1, 2, and 4) do not achieve results that are comparable 
to the larger-scale control. In Conditions 1, 2 and 4, increased 
formation of oxidized species (pre-peaks) are observed. The 
pre-peaks are indicated by arrows in the panels for Conditions 
1, 2 and 4. 

FIG. 3 compares the RP-HPLC analytical results of an 
identi?ed condition, achieved as described in Example 2, at 1 
L-scale and 2000 L-scale. In this ?gure, essentially no differ 
ence in the distribution of species is detectable. Taken 
together, FIGS. 2 and 3 demonstrate that when aeration is 
carefully controlled, the small-scale refoldreactions are more 
predictive of those expected upon scale-up of the refold reac 
tion, facilitating the implementation of large-scale protein 
refolding processes. 

What is claimed is: 
1. A method of refolding a protein expressed in a non 

mammalian expression system and present in a volume at a 
concentration of 2.0 g/ L or greater comprising: 

(a) contacting the protein with a refold buffer comprising a 
redox component comprising a ?nal thiol-pair ratio hav 
ing a range of 0.001 to 100 and a redox buffer strength of 
2 mM or greater and one or more of: 

(i) a denaturant; 
(ii) an aggregation suppressor; and 
(iii) a protein stabilizer; 

to form a refold mixture; 
(b) incubating the refold mixture; and 
(c) isolating the protein from the refold mixture. 
2. The method of claim 1, wherein the ?nal thiol-pair ratio 

is selected from the group consisting of 0.05 to 50, 0.1 to 50, 
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0.25 to 50, 0.5 to 50, 0.75 to 40, 1.0 to 50 and 1.5 to 50, 2 to 
50, 5 to 50, 10 to 50, 15 to 50, 20 to 50, 30 to 50 or 40 to 50. 

3. The method of claim 1, wherein the thiol-pair buffer 
strength is selected from the group consisting of greater than 
or equal to 2.25 mM, 2.5 mM, 2.75 mM, 3 mM, 5 mM, 7.5 
mM, 10 mM and 15 mM. 

4. The method of claim 1, wherein the protein is present in 
the volume in a non-native limited solubility form. 

5. The method of claim 4, wherein the non-native limited 
solubility form is an inclusion body. 

6. The method of claim 1, wherein the protein is present in 
the volume in a soluble form. 

7. The method of claim 1, wherein the protein is recombi 
nant. 

8. The method of claim 1, wherein the protein is an endog 
enous protein. 

9. The method of claim 1, wherein the protein is an anti 
body. 

10. The method of claim 1, wherein the protein is a com 
plex protein. 

11. The method of claim 1, wherein the protein is a multi 
meric protein. 

12. The method of claim 1, wherein the protein is an Fc 
protein conjugate. 

13. The method of claim 1, wherein the non-mammalian 
expression system is one of a bacterial expression system and 
a yeast expression system. 

14. The method of claim 1, wherein the denaturant is 
selected from the group consisting of urea, guanidinium salts, 
dimethyl urea, methylurea and ethylurea. 

15. The method of claim 1, wherein the protein stabilizer is 
selected from the group consisting of arginine, proline, poly 
ethylene glycols, non-ionic surfactants, ionic surfactants, 
polyhydric alcohols, glycerol, sucrose, sorbitol, glucose, Tris, 
sodium sulfate, potassium sulfate and osmolytes. 

16. The method of claim 1, wherein the aggregation sup 
pressor is selected from the group consisting of arginine, 
proline, polyethylene glycols, non-ionic surfactants, ionic 
surfactants, polyhydric alcohols, glycerol, sucrose, sorbitol, 
glucose, Tris, sodium sulfate, potassium sulfate and 
osmolytes. 

17. The method of claim 1, wherein the thiol-pairs com 
prise at least one component selected from the group consist 
ing of glutathione-reduced, glutathione-oxidized, cysteine, 
cystine, cysteamine, cystamine and beta-mercaptoethanol. 

18. The method of claim 1, wherein the incubation is per 
formed under non-aerobic conditions. 

19. The method of claim 1, wherein the isolation comprises 
contacting the mixture with an af?nity separation matrix. 

20. The method of claim 19, wherein the af?nity separation 
matrix is a Protein A resin. 

21. The method of claim 19, wherein the af?nity resin is a 
mixed mode separation matrix. 

22. The method of claim 1, wherein the isolating comprises 
contacting the mixture with an ion exchange separation 
matrix. 

23. The method of claim 1, wherein the isolating further 
comprises a ?ltration step. 

24. The method of claim 23, wherein the ?ltration step 
comprises depth ?ltration. 

* * * * * 
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Lastly, Your Honor, I would just touch on the

injunction point.  With respect to a separate hearing, the

parties agreed in the pre-trial stipulation, which is Docket

Entry 217, that the injunction would be addressed in this

trial.

Apotex chose not to put on any evidence.  With respect

to what Mr. Golob said about success on the merits, that's a

factor for a preliminary injunction.  Here, we would be talking

about a permanent injunction.  The Court will only reach the

issue if it has concluded that Amgen has succeeded on the

merits.  And, therefore, that is not a factor that goes into a

permanent injunction analysis.

What is going on here, Your Honor, is that Apotex is

saying, "Please allow us to keep infringing that patent.  Do

not enjoin us.  Just let us keep going."  

The public interest, Your Honor -- and we will most

certainly brief this in the post-trial submissions -- the

public interest, the law is very clear.  There is a public

interest in not having infringement of valid patents.  The

argument that I should be allowed to do this because I'm

bringing a cheaper medicine could be applied at any, anywhere,

any time there is a patented medicine.  That is not the answer.

Now, what we saw here, ultimately, is Apotex chose not

to put on evidence on the injunction issue.  If the Court gets

there and says there is an infringement, then we submit the

 1

 2

 3

 4

 5

 6

 7

 8

 9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Case 0:15-cv-61631-JIC   Document 254-2   Entered on FLSD Docket 08/04/2016   Page 3 of 5



    85

consequence is clear, Apotex should not be allowed to continue

using this piece of intellectual property.

With that, Your Honor, unless there should be

questions, I think I'm done in less than 18 minutes.

THE COURT:  Thank you, sir.

Let me compliment all of the attorneys on your

preparation and your presentation.  I thought all of you who

participated were excellent.

You can be seated.

MR. GROOMBRIDGE:  Thank you, Your Honor.

THE COURT:  I am always impressed by the Patent Bar.

Aside from your obvious intellectual capacities, I find that

the Patent Bar is probably the most courteous and civil of all

attorneys that appear before me, and it's truly a pleasure to

work with you.

Lastly, the proposed findings of fact and conclusions

of law will be due on August 18th, one month from today.  I

believe that's a Thursday.  If there's nothing further, have

safe travels home, and I enjoyed working with all of you.

MR. GROOMBRIDGE:  Thank you, Your Honor.

MR. McTIGUE:  Thank you, Your Honor.

THE COURT:  We'll stand in recess.

(Proceedings concluded at 11:23 a.m.) 
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I, Karl Shires, Registered Professional Reporter and 

Federal Certified Realtime Reporter, certify that the foregoing 

is a correct transcript from the record of proceedings in the 

above-entitled matter. 

     Dated this 18th day of July, 2016. 

 

____________________________ 
     Karl Shires, RMR FCRR 
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3.2.S.2.2.3.5 Buffer Wash 

Figure S.2.2-10: Buffer Wash Process Flow Diagram 

The unwashed inclusion bodies are re-suspended and subjected to centrifugation to remove 
surface-absorbed material. The process and material flow for this manufacturing step is 
presented in Figure S.2.2-10. 

The unwashed Inclusion Bodies (IBs) are re-suspended by the addition of 10 mL of 
Resuspension Solution at pH 8.0 per each gram of pellet. The Resuspension Solution is 
prepared according to the components and concentrations listed in Table S.2.2-20. The 
Resuspension Solution is added directly to the centrifuge bottles and the pellet is re-
suspended using a hand-held homogenizer until no visible clumps remain. Each bottle of 
pelleted unwashed IBs is re-suspended in a similar manner and is pooled in glass bottle The 
IB suspension is mixed using a stir bar and stir plate for 30 minutes at room temperature. 
Equal volumes of the suspension are transferred to each of four 1 L centrifuge bottles. The 
bottles are centrifuged at 10800 x g at 4 °C for 30 minutes (Buffer wash). The bottles are 
transferred to the biosafety cabinet (Grade A) and the supernatant is decanted and discarded. 
The total weight of pellet is recorded. 

All Buffer Wash activities are carried out within a Grade D processing suite. Aseptic 
manipulations are carried out within a biosafety cabinet (Grade A) within the Grade D 
processing suite. A summary of operating parameters, performance parameters, major 

Inputs

(Table S.2.2-21)

Process Step 

Sequence
Performance Parameters

End of Buffer Wash

To Water Wash

Buffer WashUnwashed IB Pellet

Buffer Wash
Major Equipment

(Table S.2.2-19)

Resuspension Solution

(Table S.2.2-20)
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3.2.S.2.2.3.6 Water Washes 

The inclusion bodies (IB) are subjected to multiple washes by re-suspension and 
centrifugation to remove surface-absorbed material. The process and material flow for this 
manufacturing step is presented in Figure S.2.2-11. 

Figure S.2.2-11: Water Washes Process Flow Diagram 

The IBs are re-suspended by the addition of 10 mL of WFI per each gram of pellet. The WFI 
is added directly to the centrifuge bottles and the pellet is re-suspended using a hand-held 
homogenizer until no visible clumps remain. Each bottle is re-suspended in a similar manner 
and is pooled. Equal volumes of the suspension are transferred to centrifuge bottles. The 
bottles are centrifuged at 10800 x g at 4 °C for 30 minutes (water wash #1). The bottles are 
transferred to the biosafety cabinet (Grade A) and the supernatant is decanted and discarded. 
The total weight of pellet is recorded. 
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Table S.2.2-22: Water Wash Operating Parameters 

Operating Parameter Operating Range Set Point 

Volume of Water for Resuspension (all washes) ≥ 9 mL/g of pellet 10 mL/g of pellet 

Centrifugation temperature (all washes) ≤ 8 °C 4 °C 

Centrifugation speed (all washes) 10300 – 11300 x g 10800 x g 

Centrifugation time (all washes) 28 – 38 min 30 min 

 

Based on the outcome of the risk assessment and results of the studies outlined in Section 
3.2.S.2.6.5, the criticality assessment concluded that there are no critical or key operating 
parameters (inputs) associated with the Water Wash step. 

The performance parameters for the Water Wash step are shown in Table S.2.2-23. 

Table S.2.2-23: Water Wash Performance Parameters 

Performance Parameter Categorization Acceptance Criterion Expected Range 

Inclusion body wet weight KPP  -- 2.8 – 4.0 g/L 

Washed IB purity by UPLC M1 
(sample is taken just prior to 
centrifugation during water 
wash #3)  

CPP ≥ 75.0% -- 

 

The major equipment used in the Water Wash step is listed in Table S.2.2-24. 
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3.2.S.2.2.4.1 Inclusion Bodies Solubilization 

The first step in the Downstream Manufacturing Process is the Inclusion Bodies (IB) 
Solubilization step. The material and process flow for this manufacturing step is presented in 
Figure S.2.2-14. 

 

Figure S.2.2-14: Inclusion Bodies Solubilization Process Flow Diagram 

An amount of rHu-met-GCSF Inclusion Bodies (IBs) equivalent to 0.9 to 1.4 grams per L of 
Refolding Buffer (refolding volume = 160 L) are removed from -20 °C storage and 
transferred to a biosafety hood. Four 1 L centrifuge bottles of Inclusion Bodies (IB) are 
always used in the manufacture of each Filgrastim CI batch manufactured using Process IX. 
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Within the biosafety hood, 520 mL of WFI is added to the first bottle of IBs. Using a 
magnetic stir bar and magnetic stir plate, the IB solution is mixed to thaw and create a 
homogeneous solution. The solution is verified to be free of clumps by visual inspection. 
This procedure is repeated for the second bottle of IBs. The IB suspension from the first 
bottle is transferred to the third bottle, and the contents are stirred. The solution is verified to 
be free of clumps by visual inspection. The IB suspension from the second bottle is 
transferred to the fourth bottle, and the contents are stirred. The solution is verified to be free 
of clumps by visual inspection. The IBs from all bottles are transferred to a 2 L glass bottle 
and mixed using a magnetic stir bar and magnetic stir plate. 

The IBs are slowly transferred to a vessel containing 5.5 L of IB Solubilization Buffer. The 
Solubilization Buffer is prepared according to the components and concentrations listed in 
Table S.2.2-32. The bottles are rinsed forward to ensure complete transfer. The IB solution is 
QS’d to 7200 mL with IB Solubilization Buffer and is mixed. The IB Solubilization Buffer 
contains 6 M Guanidine Hydrochloride, which removes hydrophobic and non-covalent 
interactions of protein aggregates and linearizes the molecule. The solution is verified to be 
clear by visual inspection. 

The Solubilized IB solution is filtered through a 5 micron filter (Sartorius, Sartopure PP-2, 
0.2 m2) and a 0.2 micron filter (Pall, PES Kleenpak, 0.04 m2), in series, using a peristaltic 
pump. A sample of the Solubilized IBs is taken and diluted 20-fold with IB Solubilization 
Buffer and the OD280 is measured. The total protein concentration is calculated by dividing 
the OD280 result by 0.86 L mol-1 cm-1 (extinction coefficient).Asa preventive measure, 
bioburden testing (Acceptance Criteria -NMT 1 CFU/10 mL) is performed following the 0.2 
micron filtration.  

Within a laminar air flow hood, 5.00 g of dithiothreitol (DTT) is added to the Solubilized IBs 
while mixing via a magnetic stir bar and magnetic stir plate. Mixing is continued for 30 
minutes. DTT is used to reduce the rHu-met-GCSF by breaking the intra-molecular disulfide 
bonds and to force molecules into their primary structure. Upon completion of the reduction, 
the process stream is ready for initiation of the Refolding step; however, the solubilized IBs 
can be held at room temperature for up to 8 hours, if needed. 

All IB Solubilization steps are carried out within a biosafety cabinet (Grade A) or laminar air 
flow hood within a Grade D processing suite. The weight of IBs in each of the four bottles is 
measured and the cumulative weight is calculated (expected range of 144 g to 216 g). The 
total amount of IBs (from all four centrifuge bottles) is then dissolved in 7.2 L of 
solubilization buffer and subsequently diluted to 160L with refolding buffer. This results in a 
final IB concentration of 0.9 to 1.4 g /L of refolding buffer. 
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A summary of operating parameters, performance parameters, major equipment, buffer 
compositions and raw materials for the IB Solubilization step are presented in the following 
tables. 

The operating parameters for the Inclusion Bodies Solubilization step are shown in Table 
S.2.2-26. 

Table S.2.2-26: Inclusion Bodies Solubilization Operating Parameters 

Operating Parameter Operating Range Set Point 

IB amount per L of Refolding Buffer (160 L) 0.9 – 1.4 g/L 1.1 g/L 

IB Solubilization Buffer volume 5.4 – 5.6 L 5.5 L 

Amount of DTT added to solubilized IBs 4.44 – 5.55 g 5.00 g 

Mixing time for reduction of solubilized IBs 20 – 40 min 30 min 

DTT = dithiothreitol; IB = Inclusion Body 
 

Based on the outcome of the risk assessment and results of the studies outlined in Section 
3.2.S.2.6.5, the criticality assessment concluded that there are no critical operating 
parameters (inputs) associated with the Inclusion Bodies Solubilization step. 

Additionally, the criticality assessment concluded that the following are the key operating 
parameters of the Inclusion Bodies Solubilization step. 

 IB amount 

The performance parameters for the Inclusion Bodies Solubilization step are shown in Table 
S.2.2-27. 
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3.2.S.2.2.3.5 Buffer Wash 

Figure S.2.2-10: Buffer Wash Process Flow Diagram 

The unwashed inclusion bodies are re-suspended and subjected to centrifugation to remove 
surface-absorbed material. The process and material flow for this manufacturing step is 
presented in Figure S.2.2-10. 

The unwashed Inclusion Bodies (IBs) are re-suspended by the addition of 10 mL of 
Resuspension Solution at pH 8.0 per each gram of pellet. The Resuspension Solution is 
prepared according to the components and concentrations listed in Table S.2.2-20. The 
Resuspension Solution is added directly to the centrifuge bottles and the pellet is re-
suspended using a hand-held homogenizer until no visible clumps remain. Each bottle of 
pelleted unwashed IBs is re-suspended in a similar manner and is pooled in glass bottle The 
IB suspension is mixed using a stir bar and stir plate for 30 minutes at room temperature. 
Equal volumes of the suspension are transferred to each of four 1 L centrifuge bottles. The 
bottles are centrifuged at 10800 x g at 4 °C for 30 minutes (Buffer wash). The bottles are 
transferred to the biosafety cabinet (Grade A) and the supernatant is decanted and discarded. 
The total weight of pellet is recorded. 

All Buffer Wash activities are carried out within a Grade D processing suite. Aseptic 
manipulations are carried out within a biosafety cabinet (Grade A) within the Grade D 
processing suite. A summary of operating parameters, performance parameters, major 

Inputs
(Table S.2.2-21)

Process Step 
Sequence Performance Parameters

End of Buffer Wash

To Water Wash

Buffer WashUnwashed IB Pellet

Buffer Wash
Major Equipment

(Table S.2.2-19)
Resuspension Solution

(Table S.2.2-20)
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3.2.S.2.2.3.6 Water Washes 

The inclusion bodies (IB) are subjected to multiple washes by re-suspension and 
centrifugation to remove surface-absorbed material. The process and material flow for this 
manufacturing step is presented in Figure S.2.2-11. 

Figure S.2.2-11: Water Washes Process Flow Diagram 

The IBs are re-suspended by the addition of 10 mL of WFI per each gram of pellet. The WFI 
is added directly to the centrifuge bottles and the pellet is re-suspended using a hand-held 
homogenizer until no visible clumps remain. Each bottle is re-suspended in a similar manner 
and is pooled. Equal volumes of the suspension are transferred to centrifuge bottles. The 
bottles are centrifuged at 10800 x g at 4 °C for 30 minutes (water wash #1). The bottles are 
transferred to the biosafety cabinet (Grade A) and the supernatant is decanted and discarded. 
The total weight of pellet is recorded. 
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The IBs are re-suspended by the addition of 10 mL of WFI per each gram of pellet. The WFI 
is added directly to the centrifuge bottles and the pellet is re-suspended using a hand-held 
homogenizer until no visible clumps remain. Each bottle is re-suspended in a similar manner 
and is pooled. Equal volumes of the suspension are transferred to centrifuge bottles. The 
bottles are centrifuged at 10800 x g at 4 °C for 30 minutes (water wash #2). The bottles are 
transferred to the biosafety cabinet (Grade A) and the supernatant is decanted and discarded. 
The total weight of pellet is recorded. 

The IBs are re-suspended by the addition of 10 mL of WFI per each gram of pellet. The WFI 
is added directly to the centrifuge bottles and the pellet is re-suspended using a hand-held 
homogenizer until no visible clumps remain. Each bottle is re-suspended in a similar manner 
and is pooled. Samples of the suspension are taken for UPLC M1 analysis. Equal volumes of 
the suspension are transferred to centrifuge bottles. The bottles are centrifuged at 10800 x g 
at 4 °C for 30 minutes (water wash #3). The bottles are transferred to the biosafety cabinet 
(Grade A) and the supernatant is decanted and discarded. The total weight of pellet is 
recorded. The inclusion bodies are stored at ≤ -20 °C for up to 90 days. 

All Water Wash activities are carried out within a Grade D processing suite. Aseptic 
manipulations are carried out within a biosafety cabinet (Grade A) within the Grade D 
processing suite. A summary of operating parameters, performance parameters, major 
equipment, solution compositions and raw materials for the Water Wash step are presented in 
the following tables. 

The operating parameters for the Water Wash step are shown in Table S.2.2-22. 

Table S.2.2-22: Water Wash Operating Parameters 

Operating Parameter Operating Range Set Point 

Volume of Water for Resuspension (all washes) ≥ 9 mL/g of pellet 10 mL/g of pellet 
Centrifugation temperature (all washes) ≤ 8 °C 4 °C 
Centrifugation speed (all washes) 10300 – 11300 x g 10800 x g 
Centrifugation time (all washes) 28 – 38 min 30 min 

 

Based on the outcome of the risk assessment and results of the studies outlined in Section 
3.2.S.2.6.5, the criticality assessment concluded that there are no critical or key operating 
parameters (inputs) associated with the Water Wash step. 

The performance parameters for the Water Wash step are shown in Table S.2.2-23. 

Table S.2.2-23: Water Wash Performance Parameters 

Performance Parameter Categorization Acceptance Criterion Expected Range 

Inclusion body wet weight KPP  -- 2.8 – 4.0 g/L 
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3.2.S.2.2.4.1 Inclusion Bodies Solubilization 

The first step in the Downstream Manufacturing Process is the Inclusion Bodies (IB) 
Solubilization step. The material and process flow for this manufacturing step is presented in 
Figure S.2.2-14. 

Figure S.2.2-14: Inclusion Bodies Solubilization Process Flow Diagram 

An amount of rHu-met-GCSF Inclusion Bodies (IBs) equivalent to 0.9 to 1.4 grams per L of 
Refolding Buffer (refolding volume = 160 L) are removed from -20 °C storage and 
transferred to a biosafety hood. Four 1 L centrifuge bottles of Inclusion Bodies (IB) are 
always used in the manufacture of each Apo-Filgrastim Drug Substance batch manufactured 
using Process IX. Within the biosafety hood, 520 mL of WFI is added to the first bottle of 
IBs. Using a magnetic stir bar and magnetic stir plate, the IB solution is mixed to thaw and 
create a homogeneous solution. The solution is verified to be free of clumps by visual 
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inspection. This procedure is repeated for the second bottle of IBs. The IB suspension from 
the first bottle is transferred to the third bottle, and the contents are stirred. The solution is 
verified to be free of clumps by visual inspection. The IB suspension from the second bottle 
is transferred to the fourth bottle, and the contents are stirred. The solution is verified to be 
free of clumps by visual inspection. The IBs from all bottles are transferred to a 2 L glass 
bottle and mixed using a magnetic stir bar and magnetic stir plate. 

The IBs are slowly transferred to a vessel containing 5.5 L of IB Solubilization Buffer. The 
Solubilization Buffer is prepared according to the components and concentrations listed in 
Table S.2.2-32. The bottles are rinsed forward to ensure complete transfer. The IB solution is 
QS’d to 7200 mL with IB Solubilization Buffer and is mixed. The IB Solubilization Buffer 
contains 6 M Guanidine Hydrochloride, which removes hydrophobic and non-covalent 
interactions of protein aggregates and linearizes the molecule. The solution is verified to be 
clear by visual inspection. 

The Solubilized IB solution is filtered through a 5 micron filter (Sartorius, Sartopure PP-2, 
0.2 m2) and a 0.2 micron filter (Pall, PES Kleenpak, 0.04 m2), in series, using a peristaltic 
pump. A sample of the Solubilized IBs is taken and diluted 20-fold with IB Solubilization 
Buffer and the OD280 is measured. The total protein concentration is calculated by dividing 
the OD280 result by 0.86 L mol-1 cm-1 (extinction coefficient).Asa preventive measure, 
bioburden testing (Acceptance Criteria: NMT 1 CFU/10 mL) is performed following the 0.2 
micron filtration.  

Within a laminar air flow hood, 5.00 g of dithiothreitol (DTT) is added to the Solubilized IBs 
while mixing via a magnetic stir bar and magnetic stir plate. Mixing is continued for 30 
minutes. DTT is used to reduce the rHu-met-GCSF by breaking the intra-molecular disulfide 
bonds and to force molecules into their primary structure. Upon completion of the reduction, 
the process stream is ready for initiation of the Refolding step; however, the solubilized IBs 
can be held at room temperature for up to 8 hours, if needed. 

All IB Solubilization steps are carried out within a biosafety cabinet (Grade A) or laminar air 
flow hood within a Grade D processing suite. The weight of IBs in each of the four bottles is 
measured and the cumulative weight is calculated (expected range of 144 g to 216 g). The 
total amount of IBs (from all four centrifuge bottles) is then dissolved in 7.2 L of 
solubilization buffer and subsequently diluted to 160L with refolding buffer. This results in a 
final IB concentration of 0.9 to 1.4 g /L of refolding buffer. 

A summary of operating parameters, performance parameters, major equipment, buffer 
compositions and raw materials for the IB Solubilization step are presented in the following 
tables. 

The operating parameters for the Inclusion Bodies Solubilization step are shown in Table 
S.2.2-26. 
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Table S.2.2-26: Inclusion Bodies Solubilization Operating Parameters 

Operating Parameter Operating Range Set Point 

IB amount per L of Refolding Buffer (160 L) 0.9 – 1.4 g/L 1.1 g/L 
IB Solubilization Buffer volume 5.4 – 5.6 L 5.5 L 
Amount of DTT added to solubilized IBs 4.44 – 5.55 g 5.00 g 
Mixing time for reduction of solubilized IBs 20 – 40 min 30 min 
DTT = dithiothreitol; IB = Inclusion Body 
Based on the outcome of the risk assessment and results of the studies outlined in Section 
3.2.S.2.6.5, the criticality assessment concluded that there are no critical operating 
parameters (inputs) associated with the Inclusion Bodies Solubilization step. 

Additionally, the criticality assessment concluded that the following are the key operating 
parameters of the Inclusion Bodies Solubilization step. 

• IB amount 

The performance parameters for the Inclusion Bodies Solubilization step are shown in Table 
S.2.2-27. 

Table S.2.2-27: Inclusion Bodies Solubilization Performance Parameters 

Performance Parameter Categorization Acceptance Criterion Expected Range 

Solubilized IB purity by UPLC M1 CPP ≥ 75% -- 
Solubilized IB rHu-met-GCSF 
Concentration by UPLC M1 

KPP -- 4.24 – 11.80 
mg/mL* 

Solubilized IB Endotoxin (Post-filtration) CPP NMT 500 EU/mg -- 
Solubilized IB Bioburden (Post-filtration) CPP NMT 1 CFU/10 mL -- 
*Based on the ranging studies that were carried out using a Design of Experiments (DoE) approach, the 
qualified upper limit for the concentration of protein entering the refolding unit operation is 11.8 mg/mL. 
 
There is no major equipment used in the Inclusion Bodies Solubilization step. 

The process solutions used in the Inclusion Bodies Solubilization step are listed in Table 
S.2.2-32. 

Table S.2.2-28: Inclusion Bodies Solubilization – Solution Composition 

Solution Component Quantity 

Inclusion Body (IB) Solubilization 
Buffer,  
pH 8.0 ± 0.1 

Guanidine Hydrochloride 4.68 ± 0.02 kg 
Tris base 84.80 ± 0.02 g 
6 N Hydrochloric Acid 80 ± 20 mL 
WFI q.s. to 7 L 

Tris = Tris (hydroxymethyl) aminomethane; WFI = Water for Injection 
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atoms and bonds are there correctly.  It's just that it's

misfolded and become insoluble.  And it is actually possible to

refold the protein from a hard-boiled egg white.  

But there's an enormous difference between correctly

folded and misfolded.

Q. Let's take a look at another animation that you've

prepared.

What does this show?

A. So this shows the process of getting a piece of bacterial

DNA and cutting it open and putting in a piece of human DNA or

a piece of DNA encoding the human protein and putting that into

the bacterium.  And an important -- and you can grow the

bacteria easily.  It's kind of scary they way they come up, but

they grow very well.

It is important to note that the genetic code, that is

the way that DNA is decoded into protein, is largely identical

between humans and E. coli, and so you can do what I just

described.  You can take a piece of human DNA and put it in,

and it will often work.  You can sometimes fine-tune a bit.

But, in general, you can move a human DNA into E. coli and make

human proteins.

Q. What happens next?

A. Well, in many cases, you'll get the synthesis of the human

protein, but not the right shape.  You'll get misfolding.

Greasy parts will be exposed.  They'll stick together.  They'll
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form disulfide bonds between the different chains, and you'll

get this aggregated blobby object called an inclusion body.

And that will have, unfortunately frequently, your protein of

interest and a variety of contaminating proteins as well.

Q. The composition of what's an inclusion body is an important

issue in this case, so could you describe in more detail what's

contained in inclusion bodies?

A. Sure.  Inclusion bodies are usually mostly the protein of

interest.  There are always some contaminating proteins from

the host cell, that is, some E. coli proteins, for example.

There will often be a little bit of DNA.  And particularly on

the outside, there can be -- I'm sorry, I should say that a lot

of the stuff that gets put on them gets put on when you break

the cell open, and we're going to see an illustration of that

in a minute.  

But the outer envelope, the outer membrane or the wall

of -- the outer skin, to use a less technical term, of E. coli

includes a lot of lipids, a lot of grease or buttery stuff, if

you like, and that will often get onto the outside of an

inclusion body when you break the E.coli open to liberate the

inclusion body.  And so there's frequently some surface

contamination on the outside of inclusion bodies of this greasy

stuff.

Q. What happens next, after inclusion bodies are formed?

A. Well, now you have your bacteria in a sort of dilute, in a
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big liquid, commonly in a large fermentation vessel.  And so

you need to harvest them from there.  That can be done by

filtration, but is at least as commonly done by centrifugation,

where you -- this is small lab-scale centrifuge, but the right

illustration shows little particles in liquid, spin really

fast.  So if anybody's been on, you know, the variety of

amusement park rides, people are spun out to the side.

I have a daughter who weighs about a quarter as much

as I do, and if we ride this ride, she needs to be inside me so

I'm not spun out into her.

And so you can pellet or centrifuge down to the bottom

the E.coli bacteria.

Q. And what is the result of centrifugation?

A. It would look something like this, where you would start

with a turbid culture of bacteria.  And then after

centrifugation, down at the bottom, shown on the right, you

would have what is commonly called the pellet of the material

which has been centrifuged down to the bottom.

Q. In the context of this process, what's contained in the

pellet?

A. In the context of this process, the pellet would be the

E.coli bacteria containing the inclusion bodies of G-CSF.

Q. What happens next?

A. Now you want to get them out of the E.coli, so you break

them open, by usually some rather tough mechanical treatments.
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You use further centrifugation to harvest the inclusion bodies.

And then commonly you would wash them.

One way to wash, as is done in the Apotex process, is

to take the inclusion body pellet, add about nine times its

volume of buffer or water or chemicals of some sort, mix it up

to wash the inclusion bodies, centrifuge them again, pour off

the liquid containing the stuff that got washed off, and do

that three more times for a, four cycles of washing to get off

the stuff that might be stuck on the outside of the inclusion

bodies.

Q. What's left after washing?

A. What's left will be an inclusion body of, in this case,

G-CSF protein, largely or completely denatured and aggregated

together, held together by greasy interactions that wouldn't

happen between correctly folded proteins, held together by

disulfide bonds that wouldn't happen between correctly folded

proteins, some E.coli proteins contained inside that got

caught, and then some pretty limited amount, perhaps quite

limited, after all that washing, of other contaminates like DNA

or lipids.

Q. What happens next?

A. Well, now you have these little rocks of inclusion bodies,

so you want to dissolve them up so that you can try to refold

them.  They failed to fold correctly the first time, and so the

'138 technology is all about giving them another chance.
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And so the first thing to do is to solubilize the

inclusion bodies, make them dissolvable in water by adding

certain chemicals including agents that break disulfide bonds

by reducing them -- we'll talk about that chemical term

later -- but that break the disulfide bonds so that the

inclusion bodies can melt out into the individual chains.  

And after that, they're sitting soluble in the

solubilization chemicals.  They're not correctly folded.

They're sort of not structured much at all.  On the other hand,

they're no longer an insoluble rock.

Q. What happens next?

A. Well, then this is the trick, and this is the teaching and

the advantage of the '138 technology.  Then you have to do some

quite clever things to refold the protein back to its actual

correct functional structure.  And the '138 technology

especially focuses on the aspect of controlling the reducing

and oxidizing environment so that the disulfide bonds get

formed correctly.

Q. What's the significance of the green liquid on this

illustration?

A. The green liquid is -- and I don't mean the green cysteines

and the green disulfide bonds.  Those are the good ones.  And

the red dot is a cysteine that doesn't participate in a

disulfide bond.  The green liquid is meant to be my signal for

redox chemicals acting on something.  And it occurs more than
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containing the gene for human G-CSF in a larger tank.  

And there's a zoom-out that reminds us that these

bacteria contain, in the form of a little golden doughnut with

the red insert, a piece of DNA carrying the red human G-CSF

gene and thereby capable of making human G-CSF, which forms the

tumbleweed-looking inclusion body.  That's the aggregated

misfolded, held together by grease and wrong disulfide bonds

pellet or particle or aggregate of G-CSF inside the E. coli.

Q. What happens next on slide 30?

A. So you'll remember I showed a laboratory scale centrifuge a

little while ago and showed that you could, by centrifugal

forces, harvest E. coli bacteria out of a liquid.

This is actually industrial centrifuges for this

purpose.  They're large, expensive, complicated, sophisticated

machines roughly comparable to a Lamborghini in mechanical

complexity, and they are for harvesting the E. coli cells out

of the broth in which they've grown in the larger fermenter.

Q. The results of this centrifugation is the pellets that we

looked at earlier?

A. Yes, exactly.  And there's a liquid which then goes away,

and the pellets contain the interesting product.

Q. What happens next on slide 31?

A. So you remember I showed a picture a moment ago of E. coli

growing in the fermenter having DNA with a gene for the human

G-CSF and making inclusion body aggregates of human G-CSF.
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Well, those inclusion body aggregates of misfolded

human G-CSF is what we want.  And so to get at that, we break

open the cells by squeezing them through a tiny orifice under a

high pressure drop and shattering them, disrupting them.

The machines used actually originated in the dairy

industry.  This is what homogenized milk is.  You take the fat

globules and disrupt them down to such a small size they can't

go back together again to form cream.  And it turns out that if

you put E. coli through something like that, they get broken up

pretty well too.

So on the right there's the result of that process,

which would be three inclusion bodies and lots of random broken

parts of E.coli, which will include some proteins and also a

fair quantity of cell walls, cell membrane, greasy stuff from

the outside of the E.coli cell.

Q. Okay.  What happens next on slide 32?

A. In the process of cell disruption on the previous slide, it

is fairly common that some of the stuff, the shmootz from the

breaking up of the E.coli, will be end up adsorbed or absorbed

on the outside of the inclusion body.  So they get dirtier than

they actually were inside the E.coli.  They still have E.coli

proteins inside of them, but now they often get some amount,

which could be significant, of adsorbed lipids and sort of

fatty stuff from cell membranes and cell walls, et cetera.  And

so there is a wash process to try to wash that off.
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Q. When you say wash process, for Apotex, how many washes does

Apotex do in its process?

A. Apotex does one of what's called a buffer wash with

chemicals I'll tell you about in a second and three water

washes.  And each wash consists of taking the inclusion bodies

and mixing them up into what totals ten volumes, ten of their

volumes of liquid, and then settling them down again and

pouring off the liquid which contains the stuff that got washed

off of the inclusion body.

You know, it is three tenfold washes, which is a

pretty, it is an unusually thorough and aggressive wash.

Q. Why is that?

A. It is more than I have seen, and it also is -- it's more

aggressive than say the average to do both a buffer wash and

water wash.  It's two different chemical compositions.

The buffer wash done here uses EDTA, which is a

so-called chelator, which is a molecule that will bind and grab

to divalent -- so certain cations like magnesium and calcium --

and doing that would tend to destabilize certain kinds of stuff

that could contaminate inclusion bodies and assist washing

them.

And then there are three more washes with water after

that.

Q. What is the result of the washed process, washing process?

A. Heavily washed inclusion bodies, which will consist of
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G-CSF aggregated together, E.coli proteins that are associated

with and inside of that inclusion body, and a very small amount

potentially of lipids or DNA on the outside.

We have some other evidence that that number is quite

low, but it shouldn't be zero.

Q. What are we looking at at slide 35?

A. This is the rest of the story.  This is what happens after

you have your washed inclusion bodies.  And you'll see that at

the top center, the next step is IB, for inclusion body,

solubilization.  So that's the process of taking the inclusion

body aggregates and dissolving them.

And then the next step is the refolding process, which

is much of our interest here.  

And then after that, there's long series of isolation

steps to try to remove the contaminants, almost all

contaminating proteins that would have been in the inclusion

bodies.

So all of the rest of those steps there are

principally oriented towards getting rid of E.coli proteins

that got into the inclusion body when it was being formed.

Q. This block diagram that we're looking at on Page 35 of your

slides, is that found on JTX25 on Page 12?

A. That's the citation.  Let me just confirm that.

Yes, it is.

Q. What's the significance of the highlighted orange circle or
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oval on this block diagram?

A. Yes.  This slide is title "Apotex's process for

manufacturing filgrastim," in contrast to the process for

manufacturing pegfilgrastim.

And so this one ends with a product labeled filgrastim

DS.  And DS is drug substance.  That's ready to go but not in

individual dosage forms.  So, you know, one container of

incredibly precious material that needs to then go to fill and

finish to make dosage forms out of it.

Q. Let's turn to Apotex's process for manufacturing

pegfilgrastim.

How is that different from the process for

manufacturing filgrastim?

A. As you'll note, they're identical, except for the naming of

the final output.  I mean, it really is the same process.

Q. Just to stop you for a second, slide 37 shows two block

diagrams.  One is the one that we just looked at from JTX25,

Page 12.

Is the one on the right for pegfilgrastim from JTX14,

Page 12?

A. Let me just confirm that.  

Yes, it is.

Q. Could you lectin by telling us what the difference is

between the process for manufacturing Apotex's pegfilgrastim

versus Apotex's process for manufacturing filgrastim?
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in Apotex's BLA documents?

A. I am.

Q. And what does slide 49 show?

A. 49 shows an extract from the BLA, which the composition of

the refolding solution, and in particular, the refolding

buffer.  The refolding buffer has a very large quantity of

arginine and 16.8 kilograms or, you know, of order of 45,

sorry, about 35 pounds.  Tris base Sorbitol, you know, about

18 pounds or so.  EDTA, which is the washing molecule I

referred to earlier, and then water for injection, which is

that water which is so pure as to be a pharmaceutical grade,

injectable into humans and very expensive.

Q. So is the claim element one or more of a denaturant

aggregation suppressor and protein stabilizer met?

A. It is.

Q. Now let's look at the step (b) of Claim 1, which is

incubating the refold mixture.  Is that element met in Apotex's

processes?

A. Yes.  That element is met in Apotex's processes.  The

Apotex BLA documents specify a refolding time range of 18 to 20

hours, 22 hours, but a set point of 18 hours.  18 hours

incubation.  They even use the same word.

Q. And when you refer to Apotex's BLA, you're referring to

JTX14 and JTX25 again?

A. I am.
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Q. With respect to the claim element (c) of Claim 1, isolating

the protein from the refold mixture, is that met in Apotex's

processes?

A. Yes, it also is met in Apotex's processes.

Q. Why?

A. The BLA documents that we've been referring to, JTX14 and

JTX25, show the stages of the production process after

refolding.  And the processes for filgrastim drug substance and

pegfilgrastim critical intermediate are of course identical

since they're the same process, but each of the flow diagrams

for them contains several steps which would be described as

isolation.  Most of this effort is devoted to -- well, effort

perhaps not counting boxes -- would be devoted to first getting

rid of the reaggregated stuff from the refold, but then a lot

of elimination of contaminating E. coli proteins that would

have been in the inclusion bodies.

Q. Thank you.

Now let's talk about the claim element, present in a

volume at a concentration of 2 grams per liter or greater.  Is

that met in Apotex's process?

A. Yes.  It is my opinion that that claim element also is met

in Apotex processes.

Q. Why?

A. Apotex makes inclusion bodies, washes them very thoroughly

so that they are substantially pure protein, in my opinion, and
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then uses them at really quite high concentrations, vastly

higher than 2 grams per liter.

Q. How do we know that?

A. Apotex's BLA documents, again JTX14 and JTX25, contain

information about this process.  It begins with, the slides

begin by talking about bit more about the washing process, and

as I said, there's a buffer wash and then there are three water

washes.  And the buffer wash is described on the current slide.

Q. What is the purpose of the buffer wash?

A. It's one of four washes designed to remove surface absorbed

material, both in my opinion and in the literal wording of what

Apotex says here.  So the goal is, imagine a softball that's

fallen in the mud and you want to clear the mud off the

outside.  That's the kind of cleaning we're doing.  We're not

probably extracting a lot of stuff from inside, but we are

taking things off the surface.  And I think those things that

would be taken off would probably include perhaps a trace of

DNA and significant lipids from the lysis process.

Q. Could you describe Apotex's water washes?

A. So the, there are three water washes, and I should speak

for a moment and talk about the sort of the numbers and

structure of their washing process, which is identical between

the buffer wash and three water washes.  In each case, a gram

of inclusion body pellet is taken or, sorry, some number of

grams of inclusion body pellet are taken.  And the density of
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inclusion bodies is not much different from 1.0, which is the

density of water, so that means it's about a mil per gram.

And so they take 9 mils, or I'm sorry, they take 10

mils per gram of pellet.  So if I had this bottle, one-tenth

full of inclusion bodies, and I filled it up with water and

shook it a lot, that would be the washing process.  Then I

would centrifuge the inclusion bodies back down again.  I would

have 9 or 10 volumes of water above the inclusion body pellet,

and stuff that used to be on the inclusion bodies would be in

that water.  I would take that water and discard it, thereby by

getting rid of some of the contaminants that used to be on the

inclusion body.  And I would do that four times with the same

ten-to-one wash.  And the resuspension and then the

centrifugation.

Q. The water washes are also described in JTX14 and JTX25,

that we've been discussing from Apotex's BLAs?

A. That's correct.

Q. Is there other evidence that you rely on to show highly

washed inclusion bodies are relatively pure in terms of total

protein?

A. There are several other lines of evidence.

This is text from the '138 patent.  The first one is

from column 10, Lines 39 to 44, which equates highly washed

inclusion bodies with proteins.  It says, "When the protein is

disposed in the inclusion bodies, the inclusion bodies can be
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harvested from lysed cells, washed, concentrated, and

refolded."  

And of course the thing that be refolded is protein.

And then, in the second quote, you know, "Inclusion bodies are

solubilized in the range of 10 to 100 grams of protein per

liter."

Q. What does this mean to you?

A. It means that the inventors of the '138 patent thought that

inclusion bodies were almost all protein, especially after they

had been washed.

Q. How did you calculate the protein concentration in Apotex's

processes?

A. I'll remind us that the question here is whether the

concentration is greater than 2 grams per liter.  There's a

range of allowable inputs in the Apotex process.  It's

specified in the BLA, again in JTX14 and JTX25, and if you look

at the lower box, the quotation with the red highlight, "The

cumulative weight of inclusion bodies in four bottles is

expected to be between 144 grams and 216 grams."

So that's the mass that's going to go in.  And that's

going to then be dissolved in the number just below,

7.2 liters.  And so I, in the upper box in the top, divide

144 grams by 7.2 liters, so you get 20 grams per liter.  And in

the lower portion of the upper box, I divide the upper end of

the allowed inclusion body range, 216 grams of inclusion
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bodies, by the specified 7.2 liters of solubilization buffer to

get the 30 grams per liter.  And those are the numbers which

are to be compared with 2 grams per liter in the claim

language.

Q. And so what is your opinion as to whether or not the

present in the volume at a concentration of 2 grams per liter

are greater is satisfied with respect to protein concentration?

A. It's my opinion that claim element is satisfied.

Q. I would like to talk about one last claim element, perhaps

if the Court will permit, before we end for the day, and that's

the claim element to form a refold mixture.

What's your understanding of what this claim element

requires based on the Court's claim construction?

A. Yes.  Refold mixture has been constructed as a mixture form

from contacting, one, the volume in which the concentration of

protein is 2.0 grams per liter or greater, which is the element

we just talked about a moment ago, with, two, the refold

buffer.

The refold mixture has a high protein concentration

where high protein concentration is at or above about 1 gram

per liter protein.

So that's the constructed claim language.

Q. Is that claim met in Apotex's processes?

A. Yes.  In my opinion, that claim element is met.

Q. Why is that?
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C E R T I F I C A T E 

I, Karl Shires, Registered Professional Reporter and 

Federal Certified Realtime Reporter, certify that the foregoing 

is a correct transcript from the record of proceedings in the 

above-entitled matter. 

     Dated this 11TH day of July, 2016. 

 

____________________________ 
     Karl Shires, RMR FCRR 
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And, again, we're looking at your opening report,

which is DTX43, specifically at Paragraph 82.  And it says

here, that Apotex's G-CSF manufacturing process includes

several purification steps to aid in the isolation of G-CSF

from the refold mixture.

That's what it says; isn't that correct?

A. Correct.

Q. And if we go to below the figure that you cite here at

Paragraph 82, you state:  As depicted above, the purification

steps Apotex uses to isolate the G-CSF (identified as

"filgrastim CI") from the refolding step includes

ultrafiltration, pH precipitation, gel filtration

chromatography, anion and cation exchange chromatography and

mixed-mode chromatography; isn't that correct?

A. That's correct.

Q. And so you'll agree with me, Dr. Willson, that it is your

opinion that Apotex only isolates the filgrastim from the

refold mixture; isn't that correct?

A. Uhm, again, this is an area of subtle legal interpretations

and term interpretations.  And I note that at the beginning of

the process, for example, the ultrafiltration, one, I mean,

what is actually ultrafiltered out of the refold mixture will

be a bunch of proteins.  It will be the G-CSF, but other

proteins as well.

It's conceivable that one might use the term in a more
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limited fashion after all of the column steps, et cetera, that

are in.  In there, the protein in question would be a higher

fraction filgrastim at the beginning, but even there it won't

are be perfectly pure.

Q. In your opening expert report, where you gave your

infringement opinions, you said that Apotex was isolating the

G-CSF from the refolding step; isn't that correct?

A. That's true.

Q. Now, under the Court's claim construction, a protein

concentration of about 1 gram per liter or greater is required

in the refold mixture; isn't that correct?

A. That's correct.

Q. And when you analyzed the protein concentration in Apotex's

refold mixture, you specifically looked at the concentration of

inclusion bodies, correct?

A. That's correct.

Q. And in your opinion, Apotex's concentration of inclusion

bodies in the refold mixture is the same as the protein

concentration; isn't that correct?

A. Certainly very close, yes.

Q. Mr. Mortonson, if you could pull up JTX14, which is --

call-out 13.  And we'll go to Page 45, which is blown up here,

and this is Table S.2.2-26.

Now, Dr. Willson, you cite the specification given

here, which sets an operating range of 0.9 to 1.4 grams per
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liter for the inclusion body concentration as setting Apotex's

protein concentration in the refold mixture; isn't that

correct?

A. That's correct.

Q. And to get that protein concentration of 0.9 to 1.4 grams

per liter, you took the total weight of the inclusion bodies

present at the outset of Apotex's downstream process; isn't

that correct?

A. I want to be very clear that the downstream process in this

sort of usual term of art would include the cell lysis and

certainly all of the washing.  And so let us just agree to say

that I took the weight of the inclusion bodies after they had

been washed four times.

Q. But you took the total weight of the inclusion bodies

present after, you know, Apotex's downstream process; isn't

that correct?

A. Again, downstream process doesn't fit accurately into what

I think you're trying to communicate in the way that people use

downstream process.

So let's just agree to say I took the total weight of

Apotex's inclusion bodies after washing.

Q. And that value was 144 grams to 266 -- sorry.  Let me

backup.

That value was 144 grams to 216 grams of frozen

inclusion bodies; is that correct?
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the claim process?  Mr. Coblentz had asked you whether they

were chemically equivalent.

My question for you is, whether what's highlighted in

yellow in Apotex's process on the right side of slide 64 is

legally equivalent to the refold buffer in the claim process?

A. So not being a lawyer --

MR. COBLENTZ:  Objection, Your Honor.  He's now giving

a legal opinion, not his scientific opinion on this.

MS. WU:  I can rephrase.

THE COURT:  All right.  Rephrase your question.

BY MS. WU:  

Q. My question is, whether you consider what's highlighted in

yellow in Apotex's process to be equivalent under the Doctrine

of Equivalents to the refold buffer of the claim process?

A. Yes.  Equivalent in every practical and technical way and

insubstantially different.

Q. Thank you.

Mr. Coblentz asked you a few questions about a batch

record in Apotex's BLA.

A. Yes, he did.

Q. What is a batch record?

A. So a batch record is the record of the activities

associated with a particular batch, in manufacturing of a

particular batch.

So, you know, if I made chocolate chip cookies every
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Sunday, I would have different batches every Sunday, and I

could keep detailed records.  And, of course, in pharmaceutical

manufacturing, the records are quite formalized and stylized.

Q. Are batch records representative -- is each batch record

representative of the product's composition across all batches?

A. No, not at all.  There can be a good deal of variability?

Q. What is your understanding of the numbers that are in the

batch record that Mr. Coblentz showed you?

A. I think that -- I have some quibbles over the way Apotex

does its analytical methods.  But in general, I think those are

what Apotex has recorded for one particular batch that they did

in 2011.

Q. Do the batch record figures change your opinion as to

whether or not Apotex's process practices, Claim 1 of the

patent, and specifically whether the refold mixture protein

concentration is at or above 1 gram per liter of protein?

A. No, in two ways.  It doesn't satisfy me that they have not

and most importantly, perhaps they're seeking FDA permission to

practice at a range they told the FDA, which clearly lies

within the range.

Q. Have you cited evidence for your opinion that the at or

above 1 gram per liter protein is met in Apotex's process?

A. Yes, I have.

Q. What is that?

A. We have the communications of Apotex with Amgen.  We have
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the communications of Apotex with the FDA.  In one case, they

said that the concentration of inclusion bodies would be .9 to

1.4 grams per liter in the refold mixture.

In the other, they said that the concentration of

filgrastim itself, just one protein, would be .9 to 1.4 grams

per liter in the refold mixture.  I have some other lines of

evidence which are perhaps a little let germane, so I'll stop

there, unless you want more.

Q. Sure.  You can tell us whatever evidence you're thinking

of.

A. Well, from a technical point of view, the four washes are

in the experience in the field going to be pretty effective at

removing contaminants.

And then you can think of what are the likely

contaminants that might be there that wouldn't be protein, but

are in the inclusion bodies.  And the principal ones -- I mean,

there will be E.coli proteins, of course.  Those will be

difficult to remove by washing.  But the others you would worry

about would be nucleic acids and lipids.  And to say very

briefly, and I can expand, the fact that they use UV absorbance

for measurements means there is not any meaningful amount of

nucleic acid there.

Q. Could we maybe stop there?  What is UV absorbance?

A. Yes.  Mr. Coblentz pointed out to me in the batch record,

and it occurs elsewhere, that one of the ways of deciding how

 1

 2

 3

 4

 5

 6

 7

 8

 9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Case 0:15-cv-61631-JIC   Document 254-6   Entered on FLSD Docket 08/04/2016   Page 8 of 13



    89Redirect - Wilson

much protein there is in a given sample is to shine ultraviolet

light through it at a wavelength of 280 nanometers.  That's

very short.  It's about a third of the size of an E.coli

bacterium.  It's a bit shorter than humans can see.  And

proteins --

Q. This was in the batch record?

A. Yes, it was.

Q. Okay.

A. The E280 number, I think they call it, or the A280 number.

And both proteins and nucleic acids, that being DNA

and RNA, absorb strongly at those wavelengths.  And so it's a

very common -- it's not destructive, it's a fairly quick

technique, for determining how much protein or nucleic acid is

present.

But nucleic acids are very, very potent absorbers at

260 or they're famous for doing it, but also at 280.  So if

there way any meaningful amount, I would say more than a few

percent of DNA or RNA there, that would make that measurement

unreasonable to do, completely unreliable.  So that's quite a

strong line of evidence.  There's not a lot of DNA or RNA in

washed inclusion bodies.

And then the other contaminants you might expect is

lipids; greasy, fatty stuff from the outside of the walls or

the outside structures of E. coli.  And those are notorious for

sticking onto the outside of inclusion bodies during the lysis
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A. It supports it because it strongly suggests that one of the

likely contaminates is not meaningfully present.  Sorry.  One

of the likely non-protein contaminants is not meaningfully

present.

Q. Thank you.

Now, let's turn to the second issue you raised, which

you refer to as slimy pellet.  Could we pull up JTX65, Page 11?  

I ask you to confirm whether this is the development

document that you had referred to in responding to my question

as to what other evidence have you seen that Apotex's inclusion

bodies can be equated to protein for the purposes of

Apotex's -- for the purpose of this analysis?  

Dr. Willson, is this the document you're referring to?

A. I'm sorry.  I'm going to have lean into it.  It's not very

big here.

Q. So if you look at the very --

A. Yes, yes, the top.  Yes.  If you could clip that and

enlarge that first paragraph, that would be great.  Wonderful.

Thanks.

The slimy pellet.  It's quite a memorable phrase.

So we've had this problem too in my lab.  And what

they say is, the inclusion -- and this was during development.

I think this was around 2004 -- it says:  In the inclusion body

pellet after centrifugation is creamy white in clear and

hard-packed.  It may have dark rings or smears along the top
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edge.

So here's the thing.  Contamination with excessive

cell debris gives a soft and slimy pellet.  And those cell

debris are lipids.  They're fatty, greasy stuff.  And so this

is -- and they say ours is a hard- packed, it's not soft and

slimy.

Q. What is the meaning of hard-packed to you in the context of

protein as it relates to inclusion bodies?

A. You know, I'm trying to define it.  Imagine sort of fine

particles which when centrifuged down, packed nicely, it's

firm, it has kind of a crisp defined boundary, it doesn't look

slimy or soft.  And so they say that they used to have that and

they don't have that anymore.  And they say usually such debris

can be washed off with further washes.  So I inferred that they

fixed the problem by washing.

This also speaks to the 280 question because lipids in

a sample can easily -- well, think about milk, right?  Why is

milk white?  It's because it has little tiny particles of

lipids, little globules, that scatter light.  And so -- this is

a direct evidence that they got rid of the lipids by the

washing, but also the fact that you can do the 280 and not

seeing sort of crowded turbidity, which is further evidence

that lipids are not much present.

So one of the reasons I think the inclusion bodies are

practically all protein is that neither of the two major
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classes of likely contaminants appears to be present in

meaningful amounts.

Q. Just to sum up, what is your opinion as to whether or not

Apotex's process meets the at or above 1 gram per liter of

protein concentration in the refold mixture?

A. It's my opinion that does meet that criteria.

MS. WU:  Thank you.  No further questions.

THE COURT:  Thank you, Dr. Willson.  You may step

down, sir.

(Witness was excused.) 

THE COURT:  We'll take a ten-minute break.

(Recess at 11:29 a.m.) 

(Call to Order of the Court.) 

THE COURT:  Please be seated.  Mr. Groombridge.

MR. GROOMBRIDGE:  Thank you, Your Honor.  Amgen's next

witness is Dr. Tara Arvedson.

THE COURT:  All right.  Doctor, would you please

remain standing and raise your right hand.

TARA LYNN ARVEDSON, PLAINTIFF'S WITNESS, SWORN 

THE COURT:  Would you please be seated.

Please state your name and spell your last name for

the record.

THE WITNESS:  My name is Tara Lynn Arvedson.  Last

name is A-R-V-E-D-S-O-N.

THE COURT:  All right.  Mr. Groombridge, you may
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THE COURT:  Now, folks, I have an 8:45 plea in a

criminal case.  I should be done by 9:00 o'clock.  But we won't

be starting before 9:00 tomorrow.  So sleep in, enjoy

yourselves.

MR. GROOMBRIDGE:  Thank you, Your Honor.

THE COURT:  We stand in recess until tomorrow morning.

(Recess at 2:42 p.m., until 9:00 a.m., July 13, 2016.) 

 

C E R T I F I C A T E 

I, Karl Shires, Registered Professional Reporter and 

Federal Certified Realtime Reporter, certify that the foregoing 

is a correct transcript from the record of proceedings in the 

above-entitled matter. 

     Dated this 12th day of July, 2016. 

 

____________________________ 
     Karl Shires, RMR FCRR 
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Analysis of IB quality 

Visual observation 
IB pellet after centrifugation is creamy white in colour and hard-packed. It may have dark rings 
or smears along the top edge. Contamination with excessive cell debris gives a soft and slimy 
pellet. Usually such debris can be washed off with further washes. Upon storage the pellet may 
turn brownish. This is probably due to oxidation but does not pose a problem since the following 
step in the process involves reduction with DTT. 

Qualitative analysis 
Prior to having the cell lysis equipment and having the HPLC method developed, IB quantity and 
quality were assessed by microscopic observation and SDS-PAGE. In microscopic observation, 
the presence of IB in each cell and the size of IB is observed. In SDS-PAGE analysis, the broth 
is diluted in water to obtain 0.1 OD. A sample of this broth is directly added to SD S-PAGE 
sample buffer in the normal ratio of sample : buffer. The mixture is boiled and run on SDS-
PAGE as per normal procedure. 

Analysis by RP-HPLC 
Analysis by RP-HPLC gives the protein of interest as well as total protein. For this purpose, IB is 
dissolved in solubilization buffer, centrifuged at 10,800 RPM for 10 min to remove undissolved particles 
and run on a C4 column with ACN gradient. 

GCSF appears at a retention time of 12 — 13 min. The protein concentration is calculated using a 
calibration curve with Neupogen (Ii) as standard. Purity of GCSF in IB is calculated as the ratio of the 
GCSF peak area to the total peak area. Generally the major impurity peak appears at 4-5 min retention 
time, and is 5-10% of the main protein, with other impurities being between 5 and 10 min. 

When samples were taken directly from the solid 1B pellet, significant differences were observed with 
respect to protein content of wet IB pellet from batch to batch due to varying water content and non-
representative sample. Therefore, the procedure adopted was to homogenize the pellet to form a 
suspension of known volume and drawing a sample from this suspension for HPLC analysis. This 
method of estimation on implementation showed very reproducible results. 

In the standardized protocol, the pellet obtained after the final water wash is resuspended in a known 
volume and 200 1.11 sampled into microcentrifuge tubes. The 200 µl IB suspension sample is dissolved in 
1.3 ml of solubilization buffer (6M GuHCI buffer in 100mM Tris HCI, pH 8.0 containing 10 mM DTT) 
(7.5-fold dilution). The sample is then analyzed as mentioned above. 

Preclinical Consistency Batches at Intas Pharmaceuticals 

The following are the consistency batches based on the new standard protocol, presented for 
initiating preclinical study. 
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   123Direct - Robinson

MR. GROOMBRIDGE:  Your Honor, I would be perfectly

happy for Dr. Robinson to cover anything that was covered in

her deposition.  But this theory that the inclusion bodies are,

in fact, made up of 60 or 65 percent water was never once

mentioned.  And what she said in her deposition was -- here's

the question and answer at the April deposition.

"What's in those inclusion bodies that's not a protein

of some form?

"Answer:  There can be membranes, cell membranes,

lipids."  Not one mention of water.

So this theory was not covered at her deposition.

Yes, the word "wet pellet" was mentioned, but had there been a

disclosure that by Apotex or by Dr. Robinson that they thought

the protein concentration element was not satisfied because of

water present in the inclusion bodies, we, of course, would

have gone into that.  Instead, that theory was disclosed, as I

mentioned for the first time just during the trial.

MR. GOLOB:  Obviously, we disagree with that, Your

Honor.  Again, I don't need to repeat it, but Dr. Willson had

the opportunity to talk about it.  Protein was just defined.

We weren't permitted to put in a report relating to anything

with protein.

Dr. Willson talked about it on the stand.  She should

be entitled to talk about it on the stand.  It wasn't in his

report when he talked about it.
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   124Direct - Robinson

And Mr. Groombridge can cross her.  He's very adept at

crossing witnesses.  He crossed Dr. Dowd on the issue.

THE COURT:  Well, that's not the issue.  The issue is

whether or not this opinion was disclosed.  And if it was not

disclosed, why wasn't it disclosed and whether or not there is

ensuing prejudice.

MR. GOLOB:  Well, I don't believe there is any

prejudice because Dr. Willson talked about it, because we only

got the Court's construction of protein.  And there was no

ability for either party to file supplemental reports related

to protein.

The only thing we were able to talk about were the

opinions that were in Dr. Willson's supplemental report and his

declaration.  We were not afforded the opportunity to give new

opinions based on the new definition of protein, which

Dr. Willson was permitted to do.

He gave opinions based on the new definition of

protein that the Court put out.  It would be prejudicial to us

for this.  This is not a surprise to them anymore.  They took

Dr. Willson -- I mean, Dr. Dowd.  They know what the opinion

is.  They discussed it with him.  It's not surprise to them.

MR. GROOMBRIDGE:  Your Honor, if I might respond.

The opinion was unveiled in Dr. Dowd's testimony

yesterday.  And we were fortunate that we were able to cover

it.  That doesn't reduce the prejudice here.  Had it been
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   125Direct - Robinson

disclosed timely, we would have gone out, looked into

literature; Dr. Willson, for example, or indeed another expert

may have testified with respect to what inclusion bodies are

made of.

We have had no chance to do that.  Dr. Willson most

emphatically did not testify about how much water is in

inclusion bodies.  Dr. Willson was as surprised as the rest of

the team yesterday to learn that Apotex was saying these

pellets were made up of 65 percent water.  And there's

absolutely no testimony from him during his trial appearance on

that issue.  

And, frankly, this is -- I mean, you know, it's

something that is being injected into the case during the trial

without prior notice.  And that is, in our view, simply

improper.  And had they wished to do this following the Court's

claim construction, saying there is a 1 gram per liter limit,

that claim construction, Your Honor, provided to us on, I

believe, April the 7th, they could have done what we did and

say we believe that that necessitates a further round of expert

disclosure.  Here are our experts' opinions.  We are entirely

willing to present our expert for deposition.  If you wish to

have a further expert report in response, that's fine.

We did all of those things.  And with respect to

Mr. Golob's point that the Court's order permitting further

depositions of Dr. Willson and Dr. Robinson was restricted to
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   126Direct - Robinson

certain subject matter, that was because the parties negotiated

and agreed a form and presented it to Your Honor for signature.

And had they said, for example, even a week ago, we

have a new theory, things conceivably might be different.  But

to unavailable it during trial and say there's no prejudice

because you were able to cross-examine our witness is simply --

this is the reason why we have these disclosures is to prevent

exactly this.

THE COURT:  All right.  To be consistent with the

Court's ruling with respect to Dr. Kinstler's testimony, the

Court limited Dr. Kinstler, who at this point has not been

called as a witness.  I don't know whether the plaintiff

intends to call him, but the Court limited his testimony to

that area of expertise that has been disclosed.

And to be consistent, since this opinion apparently

has not been disclosed by the defendant prior to this time, I

think that the plaintiff's objection should rightfully be

sustained.  So that's the Court's ruling.

MR. GOLOB:  Okay, Your Honor.

BY MR. GOLOB:  

Q. So Dr. Robinson, did you describe in your deposition the

inclusion bodies in Apotex's process as a wet pellet?

A. Yes, I did.  And, in fact, it's very typical, a person of

skill in the art would know in any inclusion body preparation

that when you make inclusion bodies, they're wet.  There's a
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   127Direct - Robinson

good fraction of water that's present in inclusion bodies.

Q. So in either way, you are disputing Dr. Willson's statement

that the .9 to 1.4 the inclusion bodies is all protein?

A. Yes, I am.

Q. Okay.  And did you do a calculation of what the filgrastim

would be, at lease the protein filgrastim, in Apotex's process?

A. Yes, I did.

Q. And what did you do -- or what did you come up with?

A. So I based my understanding of protein concentration in the

refold mixture based on Apotex's measurement of filgrastim in

the protein-containing volume in that blue solution.  And so I

believe we have --

Q. Can we pull up JTX25 at Page 39, please.

SO if we could blow up the bottom right side part of

the table where it says "purity."

Okay.  I believe that in your expert report,

Dr. Robinson, you calculated the filgrastim that was in the

refold mixture?

A. Yes, I did.

Q. And what number did you come up with as your calculation?

A. So the maximum filgrastim concentration I came up with was

.53 grams per liter.

Q. Was that the exact number that Dr. Dowd came up with?

A. It was, yes.

Q. Okay.  And how does this purity 75 percent play into that
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   130Direct - Robinson

is a difference between inclusion bodies and protein?

A. Yes, there is.

Q. Can you pull up JTX3, please.

So JTX3 is a response to an office action by Amgen

during the prosecution of the patent here in the case?

A. Right.  Yes.

Q. Okay.  So what is -- it looks like the date is June 22,

2012.  It's a little hard for me to see here.

A. If you say so.  I can't see it.

Q. Okay.  So let's move to Page 345, please, Mr. Mortonson.

So what are you trying to show us here in -- is this

something that Amgen has told the Patent Office?

A. Yes.  My understanding is, that this is Amgen's response to

the patent office, where the Patent Office is -- has told Amgen

that the '370 patent, which would have been prior art,

discloses inclusion bodies and equating inclusion bodies with

protein in the '370 patent.  

And so Amgen's response to that is, that you cannot

equate inclusion bodies with protein.  And so this is how they

tried to overcome the prior art is by saying that it's

inappropriate to equate inclusion bodies with protein.

So Amgen's own words, you cannot equate inclusion

bodies with protein.  So in order to have approval of the

patent, that's what they claim.

Q. So with respect to the '138 patent, if I understand you,
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   131Direct - Robinson

Amgen argued to the Patent Office that a piece of prior art,

this 370 patent that disclose inclusion bodies, and then in

order to get their patent, Amgen says, no, no, no, ours is not

inclusion bodies, ours is protein?

A. That's correct.

Q. Okay.  Thank you.

So one more thing here before we leave the protein

issue.

Do you recall being deposed in April of 2016?

A. Yes.

Q. Okay.  Do you recall being asked at that depo about

something to do with total protein, and you stated something

about it was solubilized inclusion bodies at .9 to 1.4?

A. Yes.  I believe I misspoke.

Q. Okay.  Can you tell us what you meant by that?

A. Yes, certainly.  What I meant was that inclusion bodies

that were introduced to this process should have been .9 to

1.4 grams per liter because clearly, if you're solubilizing

inclusion bodies, there's going to be a solid part and a liquid

part.  And the liquid part there would be no need to

solubilize.

Q. So the .9 to 1.4 was just a wet mass weight?

MR. GROOMBRIDGE:  Objection.  Leading.

THE COURT:  Sustained.

BY MR. GOLOB:  
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   132Direct - Robinson

Q. Was the .9 to 1.4, as disclosed in the Apotex's BLA, a wet

weight?

A. Yes.  So Apotex BLA document, it's disclosed as a wet

weight of inclusion bodies.

Q. Just the mass?

A. Just grams per liter as defined in the refold mixture.

Q. Okay.  And you said something about you can't solubilize

water.  What does that mean?

A. So liquids are, you know, kind of instantaneously soluble

in other liquids.  So that doesn't make sense to say solubilize

a liquid.

Q. Okay.  Can you bring up the next slide, please.

So we see this was Dr. Willson's slide 74, and you

probably don't know, but in patent jargon, we call this

checking the boxes.

A. Okay.

Q. So do you agree with his position that Apotex infringes

every element of the Claim 1 of the '138 patent?

A. No, I do not.

Q. Okay.  Which elements are missing?  So I see you have three

Xs here on Limitation A.

A. Right.  So I have three Xs over the three Doctrine of

Equivalents analyses.

Q. And which ones, again, are those, just so we're wrapping it

up here?
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   169Cross - Robinson

Q. So if I want to take a given amount of cystine and dissolve

it in water, I would have to use more water than if I used

dilute hydrochloric acid, correct?

A. Yes, that's correct.

Q. And the result would be that the concentration would be

lower?

A. The concentration would be lower in this hypothetical water

solution than it would be in hydrochloric acid, yes.

Q. And you don't know how much lower though.  You haven't done

those calculations?

A. No.

Q. Now, you can't point to any technical phenomenon that would

be different in the Apotex process if the cystine were used

below 100 millimolar, correct?

A. I'm -- can you clarify for me what you mean by a technical

phenomenon?

Q. Chemically things would be different if we added the same

amount of cystine but in a solution in which it was below 100

millimolar?

A. I think the teaching of the '138 patent is that redox

buffer strength matters a great deal.  So if you believe what's

taught in the '138 patent, then I would have to believe that

varying the redox buffer strength would have a profound effect.

Q. Mr. Weir, could you please play clip No. 25 from

Dr. Robinson's deposition?
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   170Cross - Robinson

(Videotape now being played in open court.) 

BY MR. GROOMBRIDGE:  

Q. That was your testimony in April, correct?

A. This is referring -- again, this is the same line of

discussion where you were asking me about why Amgen had the

effectively bounded by 100 millimolar in the patent, I believe.

And I believe that that was in response to that, why that was

in there, yes.  So it was in my testimony, but I believe it was

in regards to a different line of questioning.

Q. You think it was talking about the 100 millimolar in the

patent?

A. I believe that's what it was.  I don't know.  Out of

context, I'm not sure.

Q. Now, let's talk about the amount of protein that is used in

the Apotex refolding process.

A. Okay.

Q. Now, did I understand correctly that, toward the end of

your direct examination, shortly before the lunch break, you

said that you had misspoken on this subject in your April

deposition?

A. There was a part of the testimony in April that, yes, that

I misspoke about.

Q. Let's look at that.  Mr. Weir, could you please put up

Page 44 of the transcript of the deposition, and let's enlarge

Lines 1 through 10.
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   171Cross - Robinson

Dr. Robinson, is this the testimony that you are

referring to?

A. It is.

Q. And I asked you:  

"Question:  Yeah.  Do you know what is in the

inclusion bodies that are created in the Apotex or Intas

process for making G-CSF?"

And you responded:  

"So we know, or I know the amount of G-CSF protein and

the total protein that's in the inclusion bodies in the Apotex

process."

Do you see that?

A. I do see that, yes.

Q. Now, are you changing that question and answer?

A. No.  As I've stated earlier today, these are measurements

that Apotex or Intas does.

Q. And then, picking up on your words about total protein that

you said you knew, I asked:  

"What's the total protein amount?"

And you said:  

"It -- the total solubilized inclusion bodies that are

fed to the refolding are between .9 and 1.4 grams per liter."  

Correct?

A. But that's what's written down here, yes.

And as I said earlier, I misspoke in including the
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   172Cross - Robinson

term solubilized in this phrase.

Q. Well, let's be clear.  You said you knew the amount of

total protein.  And then, when asked what that amount was, you

said it was the solubilized inclusion bodies, and they're

present at between .9 and 1.4 grams per liter, correct?

A. That's what's written here.  Yes.

Q. And it's what you said, correct?

A. That's correct.

Q. And, in fact, a few weeks after the deposition, you

prepared, you reviewed the transcript and identified some

errata, correct?

A. That's correct.

Q. All right.  And you should have up there somewhere a

document that we have hand-labeled as PTX413.  It's a loose

document, and it looks like this.

A. Yes, I see it.

Q. And if we look at the second page, that's your signature,

correct?

A. It is.

Q. All right.  And you're attesting that you've reviewed the

transcript, correct?

A. I did.

Q. And then we look at the third page, that's, again, your

signature, is it not?

A. Yes, it is.
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   173Cross - Robinson

Q. And you've made a number of corrections, have you not?

A. Yes, I have.

Q. But not amongst those is any correction to the question and

answer on Page 44 at Line 7 to 10, right?

A. That's correct.

Q. And that was in May, when you reviewed your deposition,

right?

A. That's correct.

Q. When was the first time that someone suggested to you that

maybe that answer was wrong?

MR. GOLOB:  Your Honor, I think we're getting close to

an attorney-client privilege problem here.  He's asking her

about discussions she had with her attorneys.

MR. GROOMBRIDGE:  Your Honor, I'm asking for a date.

When.

THE COURT:  Any objection to a date?

MR. GOLOB:  I guess not to a date.

THE COURT:  Okay.  You may answer.

THE WITNESS:  Actually, when I was reviewing my

depositions this week, it came to my attention.

BY MR. GROOMBRIDGE:  

Q. Now, is there anything else in your deposition you would

like to change?

A. Not that I'm aware of, no.

Q. You're aware, Dr. Robinson, that how much total protein is
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   174Cross - Robinson

present in the Apotex refolding process has been a point of

dispute between Amgen and Apotex in this lawsuit for at least

several months, correct?

A. So I'm aware that there's several things about protein that

I'm aware of.  And I know that the protein, the definition of

protein has been something that the Court has reviewed on, at

various different times during this lawsuit.

Q. But when you prepared your original expert report in this

case, you knew that that was an issue, fair?

A. I'm sorry.  Can you be more specific or rephrase?

Q. You were engaged to work on behalf of Apotex some while

back in 2015, correct?

A. That's correct.

Q. All right.  And you worked with the Apotex lawyers in terms

of developing the opinions that were going to be disclosed in

this case, right?

A. I worked with the attorneys representing Apotex as I was

developing my opinions, yes.

Q. And ultimately, on April the 8th of this year, you

submitted an expert report in which you expressed opinions on

that issue, correct?

A. I am sorry.  On what issue?

Q. On the question of how much protein, total protein is in

the refolding vessel in the Apotex refolding process.

A. Yes, I developed an opinion at that point.  
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   177Cross - Robinson

right?

A. It was dividing by the purity, by .75 percent.

Q. And that's based on a so-called acceptance criterion that

says that the purity should be 75 percent or greater?

A. That's based on Apotex's measurement by UPLC of the content

of filgrastim in the refolding buffer.  But yes, it is a

specification in the patent, I'm sorry.  Yes, it is a

specification in the BLA documents.

Q. At your deposition, you said you didn't know what that

75 percent was, correct?

A. I may have said that, yes.

Q. And so at that time, right, you couldn't have performed the

calculation that you testified to in this courtroom this

morning, right?

A. You brought it to my attention that the 75 percent was a

way that I could calculate total protein.

Q. Who brought it to your attention?

A. You brought it to my attention.

Q. When I asked you what the 75 percent was and you said you

didn't know?

A. When you brought it to my attention that that was a way to

go back and look at the Intas documents, yes.

Q. Well, to be clear, at your deposition, you said it's not

clear that, 75 percent pure what, right?

A. I agree.  When I testified at my deposition, that's what I
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said.

Q. Now -- and by the way, do you still agree that the

inclusion bodies can contain, what's in the inclusion bodies is

membrane, cell membranes, lipids, and proteins?

A. So the wet inclusion bodies include proteins -- I'm sorry.  

Are you talking about Apotex's inclusion bodies for

filgrastim or general inclusion bodies?

Q. Do you agree that the only things in the Apotex inclusion

bodies other than protein are membrane, cell membranes, and

lipids?

A. I agree, if you exclude, if you're looking at the solid

component, you exclude water.

Q. Mr. Weir, would you please play clip No. 2?

(Videotape now being played in open court.) 

BY MR. GROOMBRIDGE:  

Q. And that was your testimony in April?

A. It was.

Q. Now, let's just move on and touch on some of the other

things that you covered in your direct examination.

You talked about an interaction between Amgen and the

patent office with respect to a patent other than the one

involved in this lawsuit, correct?

A. That's correct.

Q. And I'd would like to take a look at what was said there.

Mr. Weir -- Dr. Robinson, if you look in the -- there should be
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   179Cross - Robinson

a cross-examination binder.  And if you go to tab 5, I think we

will find the relevant page.

A. Okay.

Q. And do you have there an excerpt from JTX003?

A. Yes, I believe I do.

Q. And let's look at Page 345 of that.  And Mr. Golob asked

you to talk about some of the language that appears in the

second paragraph, particularly a sentence that begins with the

word "applicants."

I'm sorry.  It's the second full paragraph, Mr. Weir.

Now, you see there, five lines down, there's a

sentence that begins with the words "applicants submit"?

A. I do see that, yes.

Q. And that's what you were testifying about in your direct

examination?

A. It is, yes.

Q. Right.  But, in fact, the discussion here between Amgen and

the patent office continues and goes on to address other things

that you didn't mention, correct?

A. Certainly there's other information contained in this

dialogue with the patent office.

Q. Well, let's look at the last three lines on this page.  You

see that?  Starting at the very end of Line 3, it says, "The

relevant example of the '370 patent does not disclose any

protein concentrations, and, in fact, does not even disclose an

 1

 2

 3

 4

 5

 6

 7

 8

 9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Case 0:15-cv-61631-JIC   Document 254-8   Entered on FLSD Docket 08/04/2016   Page 19 of
 24



   182Cross - Robinson

Q. And do you find there PTX407?

A. Yes, I see that.

Q. That's one of your publications?

A. It is.

Q. From 1999?

A. Yes.

Q. And there are three authors, correct?

A. There's five authors.

Q. I'm sorry.  There are five authors.

And you're the one who is listed last, correct?

A. Yes, that's correct.

Q. And in the life sciences field, that means you're the

senior author, right?

A. The corresponding author, yes.

Q. And if we look at Page 3 of this exhibit and we look --

Mr. Weir, let's look, enlarge the last seven lines of the

right-hand column.

Now, there you're talking to the scientific world

about inclusion bodies, right?

A. Yes.  This is in the introduction to this paper, yes.

Q. You say, "Many believe that protein aggregates,

particularly those formed as inclusion bodies in vivo, are

simply jumbled arrays of essentially unfolded chains," correct?

A. Yes.  That's what that says.

Q. The chains there refers to chains of protein, right?
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   183Cross - Robinson

A. Yes.

Q. And when it says in vivo, that would include inclusion

bodies created in bacteria, right?

A. Yes, it would.

Q. And you went on and actually obtained a patent on the work

that's disclosed in this paper, right?

A. Yes, I did.

Q. And let's turn on to the next tab and look at that.

A. Tab 8?

Q. Exactly.  Do you have that?

A. I do.

Q. And that is a copy of United States Patent 7,615,617.  

Do you see that?

A. Yes, I do.

Q. And here you are the first listed amongst the inventors?

A. That's correct.

Q. And this patent, although it was granted in 2009, goes back

to an application filed in 1999, correct?

A. Yes, it does.

Q. And if we go to -- let's go to Page 12 of the exhibit.  And

I should state for the record, it's joint trial Exhibit 124.

Mr. Weir, please enlarge the last five lines of column

4 and also the top two lines of column 5, please.

Now, in that part of the document, you are talking

about inclusion bodies, correct?
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   184Cross - Robinson

A. Yes, I am.

Q. And you say there that the term has an ordinary meaning in

the art, right?

A. I do.

Q. All right.  And that meaning you say is, at least includes

a protein aggregate produced inside of a cell, right?

A. That's correct.  So it is meant to include the protein

aggregate, yes.

Q. And the art you're talking about is the art of protein

refolding?

A. I believe that's what it means in this context.

Q. Well, this is a patent --

A. On protein refolding.

Q. -- on protein refolding right?

A. Right.  So I assume that's what it means, yes.

Q. Now, let's just switch over to validity.

Now, did I understand you to say in your direct

examination that you thought that the thing, that certain

things were in the prior art with respect to protein refolding?

A. Certainly protein refolding has been around for decades.

So I'm not sure exactly what you're referring to, but maybe you

can be more specific.

Q. Well, you made some comparisons between the Apotex process

and things that you said were in the prior art, right?

A. Oh, yes.
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   185Cross - Robinson

Q. But you're aware that in this case Apotex originally

asserted the '138 patent was invalid because it was either the

same as or no more than trivially different from the prior art;

is that right?

A. I'm -- yes.

MR. GOLOB:  Your Honor, this is not part of the case.

It's a position that Apotex has withdrawn, so I don't

understand the relevance of bringing up anticipation issues

with Dr. Robinson.

MR. GROOMBRIDGE:  My point, Your Honor, is exactly

that, that the testimony this morning about this pertains to an

aspect of the case that was withdrawn.

MR. GOLOB:  We'll stipulate that the anticipation

defense has been withdrawn.  Does that help?

MR. GROOMBRIDGE:  Yes.  Thank you.

MR. GOLOB:  Okay.

BY MR. GROOMBRIDGE:  

Q. So just to be clear, Dr. Robinson, you're not asserting at

anywhere in the prior art we find the invention of the '138

patent, fair?

A. No, I'm not giving that opinion.

Q. Now, what you are asserting is that the invention of the

'138 patent, at least as claimed, could not properly be

practiced by a skilled person without undue experimentation,

correct?
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   218

MR. GROOMBRIDGE:  Thank you, Your Honor.

MR. McTIGUE:  Thank you, Your Honor.

THE COURT:  We're in recess.

(Recess at 4:14 a.m., until 9:00 a.m., July 18, 2016.) 

C E R T I F I C A T E 

I, Karl Shires, Registered Professional Reporter and 

Federal Certified Realtime Reporter, certify that the foregoing 

is a correct transcript from the record of proceedings in the 

above-entitled matter. 

     Dated this 14th day of July, 2016. 

 

____________________________ 
     Karl Shires, RMR FCRR 
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·1· · · ·Q.· · What's the proportion of proteins in the

·2· ·inclusion bodies in the Apotex or Intas process?

·3· · · ·A.· · I don't know what the proportion of protein

·4· ·-- total -- total protein versus other components is.

·5· · · ·Q.· · What would you expect it to be?

·6· · · ·A.· · That's a good question.· I don't know.

·7· · · ·Q.· · Now, can we agree that in those inclusion

·8· ·bodies, there will be G-CSF, other proteins and things

·9· ·that are not proteins?

10· · · ·A.· · Yes.

11· · · ·Q.· · What's in those inclusion bodies that's not

12· ·a protein of some form?

13· · · ·A.· · There can be membranes, cell membranes,

14· ·lipids.

15· · · ·Q.· · How do you know that?

16· · · ·A.· · I know that from personal experience.

17· · · ·Q.· · But specifically with respect to the Apotex

18· ·or Intas process, how do you know what's in those

19· ·inclusion bodies?

20· · · ·A.· · I don't know.· You asked could there be.

21· · · ·Q.· · So then is it accurate that you do not

22· ·actually know the makeup of the inclusion bodies in

23· ·the Apotex or Intas process?

24· · · · · · ·MR. GOLOB:· Object to the form.

25· · · ·A.· · Can you rephrase the question?

HIGHLY CONFIDENTIAL SUBJECT TO PROTECTIVE ORDER
ANNE S. ROBINSON, PH.D. - 04/21/2016

1-800-826-0277
DTI Court Reporting Solutions - Woodland Hills

www.deposition.com
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11· · · ·Q.· · What's in those inclusion bodies that's not

12· ·a protein of some form?

13· · · ·A.· · There can be membranes, cell membranes,

14· ·lipids.
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·1· · · ·Q.· · Yeah.· Do you know what is in the inclusion

·2· ·bodies that are created in the Apotex or Intas process

·3· ·for making G-CSF?

·4· · · ·A.· · So we know, or I know the amount of G-CSF

·5· ·protein and the total protein that's in the inclusion

·6· ·bodies in the Apotex process.

·7· · · ·Q.· · What's the total protein amount?

·8· · · ·A.· · It -- the total solubilized inclusion bodies

·9· ·that are fed to the refolding are between point 9 and

10· ·1.4 grams per liter.

11· · · ·Q.· · Now, other than the information that's

12· ·contained in the documents that were submitted to the

13· ·FDA, do you have any additional source of information

14· ·about what is present in the inclusion bodies in the

15· ·Apotex or Intas process?

16· · · ·A.· · So I believe they submitted, besides the

17· ·information for the BLA, they submitted documents

18· ·talking about the designs that went into the BLA.

19· · · ·Q.· · Apart from their communications with FDA,

20· ·recognizing that those may extend to things beyond

21· ·just the BLA itself --

22· · · ·A.· · Uh-huh.

23· · · ·Q.· · Are there any other sources of information

24· ·that you have, other documents, conversations with

25· ·people, anything else as to what is in the inclusion
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ANNE S. ROBINSON, PH.D. - 04/21/2016

1-800-826-0277
DTI Court Reporting Solutions - Woodland Hills

www.deposition.com

10:07:25

10:07:29

10:07:35

10:07:38

10:07:49

10:07:52

10:07:55

10:07:58

10:08:02

10:08:07

10:08:10

10:08:17

10:08:20

10:08:25

10:08:31

10:08:35

10:08:39

10:08:45

10:08:49

10:08:52

10:08:56

10:08:58

10:08:59

10:09:01

10:09:06

HIGHLY CONFIDENTIAL SUBJECT TO PROTECTIVE ORDER
ANNE S. ROBINSON, PH.D. - 04/21/2016 Page 44

1-800-826-0277
DTI Court Reporting Solutions - Woodland Hills

www.deposition.com
YVer1f

·1· · · ·Q.· · Yeah.· Do you know what is in the inclusion

·2· ·bodies that are created in the Apotex or Intas process

·3· ·for making G-CSF?

·4· · · ·A.· · So we know, or I know the amount of G-CSF

·5· ·protein and the total protein that's in the inclusion

·6· ·bodies in the Apotex process.

·7· · · ·Q.· · What's the total protein amount?

·8· · · ·A.· · It -- the total solubilized inclusion bodies

·9· ·that are fed to the refolding are between point 9 and

10· ·1.4 grams per liter.
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AGGREGATION AND FACILITATE PROTEIN 
REFOLDL"'G 

This application is a division of U.S. application Ser. No . 
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clailns dte benefit of U.S. Provisional Application No. 
60/161,035 , .1iled Oct. 25, 1999. 

'Ibis work was supported in part by grants provided by the 10 
National Science Pounwtion (BES-9720570) and the 
National Instirures of Health (GM6 I727, GM1 7538). The 
government has certa in rights in this invention. 

2 
A second existing method to inhibit aggregation during 
refo lding is to elevate, then >lowly decrease temperature. 
Temperature control is also used to disfavor aggregation . 
Both of these processes are slow, labor intensive, cos tl y and 
ine fficient. 

SUMMARY OF THE INVENTION 

Production of recombinant proteins for industrial, research 
and medical applic~ tions is often severely limited by ag,gre
gation of the proteins, either in vivo during expression, or in 
vitro duri ng purification or use . It has been discovered that by 
application of hydrostatic pressure, protein aggregation can 
be inhibited or rewrsed . It is elfcctive both i11 preventing 

FlELD OF THE lNVENIIO N 

The inven tion re lates 10 methods for the recovery of protein 
in irs native conformation from inclusion bodies and other 
aggregated protein samples, particularly through the appl ica
ti on of high hydrostatic pressure. 

t5 aggregation during refolding and in reversing aggregation 
which has already taken place. After pressure is released, 
dissociated aggregates refo ld to form bio logically active pro
tein with native characteri stics. A surpri sing result of this 
procc>> is that it substantially i11crease:, the level of refolded 

20 protein, compared to that recoverable by t.r~~di t ional methods 
for protein refolding. 

BACKGROUND OF THE INVENTION An additional benefit of the presem invention is that the use 
o f the prescm invention substantia lly or even entirely obviates 
the need for urea or other denaturants . Witho ut the necessity Protein aggregation and misfolding play maj or roles in 

prote in production in the biotechno logy industry, in limiting 
the biochemica l study of proteins , and in the onset of patho
genesis in huruau disease . The native, correct ly fo lded sta te is 
necessary (or a prote in's biological (unctio n and rccognilion 

Z5 fo rdenarurantsorotherundcsirable additives, there is no need 
to change buffers o r dilute protein in order to produce native 
proteins. Tims, the present invention supplies a cost-effective 
method tha\ is readily suitable for industrial application, easy 

by orher molecu les; mis folding and misassembly lead to sig
nifi cunt loss o f biologica l activi ty. Because the mechanism 30 
tha t drives aggregation is poorly understood it represent s a 
cha ll enge to industri al, academic, and medical research sci
entists . 

to sca le tlp a nd straightfon vard to optimize for each desired 
protein. 

Accordingly, cert3in embodiments of the present invention 
provide a method fGr reca vcri11g na\ivcprote.in from inclusion 
bodies by obtaining a sample having at least one inclusion 
body, where the inclusion body contains denatured prote in, 

35 subjecting the sample to high hydrostatic pressure, where the 
high hydros tatic pressure w1fo ld~ the denatured protein, and 
returning the sa mple to amb ient pressure so as to allow the 
tulfolded protein to refo ld, thereby recovering native protein 
from the inclusion body. According to certain preferred 

Aggregation can occur by rnany di stinct mechanisms (De 
Bemardez Clark, 1998). OnB such rnech:mism is fan nation of 
intermolecula r disulfide bonds (e .g., S toyan et al. , 1993) . 
Currently, refolding of proteins tha t have aggregated by 
incorrect disulfide bonding has been achieved by addition of 
ox idants or redo~< buffers (Bttilde r et a!. , 1997; De Bemardez
Clark and Georgiou, 199 1; Rudolph and Lilie. 1996). How
ever, in marty cases, Gther mcc:harusm~ predominate . For 
example, the aggregation events that res ult in Al zhe imer s 
d isease and prion diseases such as Creutz feldt- Jacob 's dis
ease and bovine spong iform encephalopathy are be lieved to 
occur hy noncov:~Ient association off)-strands (IJychkova and ~s 
Ptitsyn, 1995; Jarren et al. , 1993; Thomas 1992, 1995). 
Aggregation o ftai !spike protein is also b<'l ievcd to result from 
specific association of partially folded chains, possibl y by 
misa li gnment o f the B-strands (Speed et al., 1996). 

4tl embod iments, the high hydrostatic pressure is from about I to 
about :\ .5 kbar or about 2 .5 kba r. 

Accordi ng to certain embodiments, the stunple is substan-
tially free of a den,,turing agent se lected from the group 
consist ing of guanidine hydrochloride, guanidine thi ocyan
ate, sodium dodecy l sulfate (SOS), am! Urea . A<ldilional\y, 
according to certain embodiments the samp le is substant ially 
free of sod ium dodecyl sulfate (SDS ). 

The invention a lso provides embodiments of the above
described methods , where the protei n is allowed to refold in 

50 the presence of a chaparone or isomerase. S imilarly, the 
invention also provides em bodiments where the prote in is 
unfolded in the presence of a reducing agent. The present 
invenrion also provides ce rtain ernbodimen1s where the 

Current methods lor refolding proteins fro m non-eovalent 
aggregates and inc lusion bodies typica lly require that the 
protei ns fi rs t be solubilized and nearly completely unfolded, 
typica lly througl1 the use o f strong chaotropic agents, such as 
g,uanidi ne chloride or urea, and reduci.ug, agent> (Cleland, 
1993). 'I be proteins are then refolded by remova l o f the dena- 55 
t11rant . 

·;ample is ob\a ined from a cell \yseu by hydrostatic pressure. 
Tbc present invention a lso provides a method for determin-

ing the optimal hydrostatic pressure to a recover native pro 
tein of interest fro m a protein aggregate by obtaining a sample 
having, a prote in a~?,greg,atc , where the protein ag~ate -;;on
ta ins a non-native protein of interest, subjecting the sample to 

Aggregation i> Jiwored at higher protein concentrat ions . 
Consrqucntly, removal o f the dcnaturJnt frequently requires 
large diluti on and there fore large working volum es . Low 
refolding yields are therefore common, due to the loss of 
protei n during refo lding and subsequent concentration (De 
Aemardcz-Clark and Georgiou, 199 1 ). Yield of protein in its 
native confom1ation upon renaturafton is often low, regard
less of refolding conditi ons. 

To help prevent aggregation, refolding is a llen perfom1ed 
stepw ise, us ing a series of grddual buffe r changes, which 
<.\<;:eret\se the 'VOI1ceJ\tra\ion of a -;;hao\rop\c denal\lring agent . 

60 bigh hydrosta tic pressure, wberc the high hydrostatic pres
sure utlfolds the non-native protein, returni ng the sample to 
ambient pressure, so as to allow the un.lolded prote in to 
refold, and assaying fo r the amount or concentration of the 
native protein o f interest in the sample each tested hydros tatic 

65 pressure . 
The present invent ion also provides a method to inhibit or 

reverse protein aggregation by :;ubjecting a sample to high 
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hydrostatic pressure, where the sample contains a protein 
aggregate, so as to substantially unfold the protein of the 
protein aggregate, and returning the sample to ambient pres
sure so as to allow the unfolded protein to refold, thereby 
recovering native protein from the protein aggregate. In 
accordance with certain embodiment of such methods, tht! 
high hydrostatic pressure is from preferably about I to about 
3.5 kbar or about 2.5 kbar. 

'!be invention also provides embodiment of such methods 
where the sample is substantia lly free of a denaturing agent 
selected from the group consisting of !,'llanidine hydrochlo
ride, guanidine thiocyauate, sodium dodecyJ sulfate (SDS), 
and Urea . Similarly the present invention provides embodi
ments of such methods where the sample is stlbstantially free 
of sodium dodecyl sulfate (SOS). 

The invention also provides embodiment of such methods 
where the protein is allowed to refold in the presence of a 
ch!•parone or isomerase. Similarly, the invention provides 
embodiments of such methods where ti1eden<ttured protein is 
unfolded in th.e presence of a reducing agent. The present 
invention also provides embodiments of such methods where 
d1e sample comprises a cell , ti1e cell being lysed by high 
hydrostatic pressure. 

·!be present invention also provides a method for increas
ing the yield of native protein from a cell expressing a recom
binant protein by preparing a lysate from a cell expressing a 
recombinant gene, subjecting at least a portion oft he lysate to 
high hydrostatic pressure, where the high hydrostatic pres
sure unfolds the denatured protein, and returning the portion 
of the lysate to ambient pressure so as to allow the unfolded 
prutein to retold, thereby increasing the yield of native proteitl 
from the cell expressing a recombinant protein. 

4 
P22 tailspike protein subjected to high hydrostatic pressure to 
a control sample held at ambient pressure. The ammmts of 
aggregate, trimer and monomer in each sample are shown. 

FJG. 5 is bar graph, showing that high hydrostatic pressure 
rescues native protein from aggregates. Amount of monomer, 
trinler and aggregate is shown for samples held at ambient 
pres5ure (left bar) and samples subjected to high hydrcstatic 
pressure (right bar). Percent of total protein is indicated. Note 
that the trimer formed, has fluort'Scence and SOS-resistance 

10 similar to that of tile native r rotein. The trimer f\lrmed, can 
also bind to viral heads to form infectious phage. 

FIG. 6 is a graph showing that pressure-treated tailspike 
trimers r<..'COver native activity. Plaque fonning units (xl07

) 

are graphed against tailspike concentration (J..lg/rnL). Pres
t5 sure-treated tailspike (open drcle) is compar<..>d with native 

tailspike trirners (solid triangle) that are not subjec ted to 
denaturation or pressure treatment. 

FIG. 7 is a diagram of a non-denaturing gel , showing that 
high pressure Javors dissociation of aggregates. Samples of 

20 P22 tail spike protein are eid1er held at ambient pressure or 
subjected to high hydrostatic pressure (2.1 kbar) for 3 hours , 
then analyzed by denaturing gel electrophoresis. A known 
P22 trimer standard is picrured at the left for reference. 

FIG. 8 is a diagram of a non-denaturing gel, showing that 
25 intermediates generated by high hydrostatic pressure are 

folding-competent. Samples of aggregated P22 tail spike pro
tein subjected to high hydroswtic pressure (35,000 psi) for 90 
minutes, allowed to refold for 2, 5, 8, 17, 47, 80 and 132 
minutes, d1en analyzed by denaturing gel electrophoresis. A 

30 know·n P22 trimer standard is pictured at the left for reference. 

In accordanc" with such methods, the present invention 
provides certain embodiments where a portion of the lysate 
comprises a eytosolic fraction , a membrJne fraction or inclu- 35 
sian bodies. The present invention also provides certain 
embodiments of such methods where the high hydrostatic 
pressure is from about I to about 3.5 kbar or about 2.5 kbar. 

DE·l~A.ILED DESCRIPTION OF THE INVHfOON 

It has been discovered that by application of hydrostatic 
pressure, protein aggregation can be inhibited m reversed . 
High hydrostatic pressure is effective both. in preventing 
aggregation during refolding and in reversing aggregation 
which has already taken place. After pressure is released, 
dissociated aggregates retold to Jorm biologically active pro
tein with nat ive characteristics. A sull'rising result of tllis 
process is \hal il can >ubstantially increa~e the recovery level 
of refolded protein, compared to that recoverable by tradi
ti onal methods lor protein refolding. The partially unfolded 

According to certain embodiments of thes" methods d1e 
sample is substantially free of a denaruring agent selected 40 
from the group consisting of guanidine hydrochloride, guani
dine thiocyanate , soditun dodecyl sulJatc (SDS), and Urea . 
Similarly, according to certain embodiments of these meth
ods, the sample is substantially free of sodium dodccyl su lfate 
(SDS). 45 

intermediates appear to preferably refo ld into the conforma
tion of the native protein, rather than merely re -aggregating 
upon release of pre.1sure. 

1l1e invention also provides embodiments of such methods 
where the protein is allowed to refold in the presence of a 
chaparone or isomerJse. ·The invention also provides embodi
ments of such methods where the denarured protein is 
unfolded in the presence of a reducing ~gent. 

BRIEF DESCRIPTION 0!.' THE DRAWINGS 

FIG. 1 is a schematic diagram of the P22 tailspike protein 
aggregation and assembly pathways. 

FIG. 2 is a diagrawof a non-denaturinggel ofCI4-labdled 
P22 tailsp ike protein samples . Samples arc denatured and 
allowed to aggregate for 2, 5, 10, 30 and 120 minutes. 

One benclit of the present inwntion is that tile use of the 
present invention can substantia ll y or even entirely remove 

50 d1e need for urea or other denaturants. Without the necessitv 
fordenaturilntsorothertuldesirableadditivcs, there is no need 
to change buffers or dilute protein in order to prQduce u.ative 
proteins . Tbus, the present invention supplies a cost-effective 
method that is readily suitable for industrial application, easy 

55 to se11 le up and straightforward to optimize for each desired 
protein. 

Tbe term "protein aggregate" is used herein, in accordance 

FIG. 3 is a graph showing that tailspike aggregation inter
mediates can be identified and quantitated by size-e,.;clusion 60 

HPLC. Tail spike is denatured and allowed to aggregate for 5, 

with its ordinary meaning in the art. Specifically, the tenn 
protein aggregate is not intended to include the normal asso 
ciation berween subunits of ~ native multi-subunit protein 
complex or the normal associlltion of capsomeres in a native 

30 and 120 minutes. At the indicated times, samples are 
removed and injt'Ctcd into a TSK 3000 column. Peaks are 
detected by absorbance at 280 nm. The amounts of aggregate, 
trin1er and monomer present in samples are sllown. 

FIG. 4 is a grdph showing that tailspike aggrt--gation is 
reversible under pressure. 1be graph comprues a sample of 

viral particle. 
'!be term ··inclusion body" is ust.>d herein, in accordm!ce 

with its ordinary meaning in the art, to include a protein 
65 aggregate produced inside a cell. The term inclusion body 

does not solely refer to the intracellular protein aggregate 
when located within the intracellular milieu. The term may, 
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for example, a lso refer to the iotraccllularly-produced protein 
aggregate after it has been isolated from the cell. 

6 
pressure are competent for rapid productive folding, perhaps 
because the secondary and tertiary structure is preserved. l .be 
pressure-sensitive interfuces of aggregates are likely to be 
well-packed and so lvent-excluded, suggesting that aggrega
tion involves specific protein-protein interaction.>. 

In accordance with the present invention, a sample con
taining a protein of interest is subjected to high hydrostatic 
pressure. Preferably, the hydrostatic pressure is between 
about 0.5 kbar and 10 kbar, preferably about I kbar to about 

Prior to the present invention, hydrostatic pressure was 
shown to dissociate oligomeric proteins and other-macromo
lecular complexes without denaturing the secondary and ter
tiary structure of the subunits (Robinson and Sligar, 1995 ; 
Silva et al., 1996). Elevated hydrostatic pressure favors the 
state of lowest total volume--for most macromolecular 
assemblages thi s is the dissociated state (Silva and Weber, 
1993). IO 3 .5 kbar, most preferably about 2 to 3 kbar. 

Hydrostatic pressure was also shown to produce part ially 
folded protein chains under equilibrium conditions (Foguel el 

For inhibition of aggregation, denatured protein samples 
are typically shilted to folding conditions (typically by a 
change in buffer conditions ortemperature), to initiate refo ld
ing,. Preferably, hydrostatic pressure is illllllediately applied. 

15 After refolding is complete, pressure is restored to arubient 
levels. 

al. , J. Biol. Chem. 273:9050-9057 ( 1998); Silva et al. Curr. 
Opin. Struct. Biol. 6:166-175 (1996) ; Silva et al. , J. Molec . 
8iol. 223:545-555 (1992). It was also demonstrated that pro· 
teins undergo reversible foldinl!funfolding transitions when 
subjected to hydrostatic pressures. Quaternary structures of 
oligomeric protein assemblies typically dissociate to mono
meric subunits between 1 and 3 kbar. At room temperdture, 
secondary and teniary structures of proteins typically do not 20 

denature until pressures above 5 kbar (Robinson and Sligar, 
Meth. Enzymol. 259:395-427 (1995); Silva and Weber, Annu. 
Rev. Phys. Chern. 44:89-113 (1993)). 

Hydrostatic pressure has been used in food preparation, 
particularly for sterilization purposes . (Heremans, 1997). 25 

l'ood pasteurized by hydrostatic pressure is being marketed 
worldwide. Shigehisa ct a!., lnt. J. Food Microbiol. 12:207-
215 (1991 ); Tauscher, Z Lcbcnsm Unters Farsch 200:3-13 
(1995); U.S. Pat. No . 5,288,462. 

Hydrostatic pressure is known to inactivate viruses and has 30 

been evaluated with a view toward two potential applications, 
vaccine development and virus sterilization (Jurkiewiczet al., 
i'roc. Natl. Acad. Sci. USA 92:6935-6937(1 995); Pontes et 
;II., Pressure inactivation of animal viruses: Potential biotech
nological ap plications. In: High-Pressure Research in the 35 

Biosciences and 13iotechnology. Hcrcmans K, editor., 
Leuyen: Leuven University Press. p 9 1-94 (1997); Silva et al. , 
J. Virol. 66:21 11 -21 17 (1992). 

Recently, it was shown that under conditions of high hydro
static pressure (2 kbar) , aggregation of rhodonasc proceeds 40 

more slowly than at ambient pressmc (Gorovits and Horow-

For reversal of aggregation, protein aggregates are pl aced 
in a high pressure vessel and hydrostatic pressure is applied. 
1be samples are incubated at elevated hydrostatic pressure 
and then returned to ambient pressure. Protein aggregates are 
substantially reduced, and folded protein is produced. Both 
methods can be performed at high protein concentrdtions (a 
condition which olien predominantly favors aggregation) . 

Curiously, the yield of protein having its nat ive conforma-
tion is frequently higher from more highly aggregated 
santples . llnis, in accordance with those methods of tbe 
present inwntion in which the desired protein is dem>turcd 
prior to application of high hydrostatic pressure, the sawplc is 
preferably al lowed to undergo significant aggregation. Pref-
erably, the sample is allowed to aggregate for at lc~st 30 
minutes, more preferably the sample is allowed to aggregate 
for at least 60 minutes or at least 120 minutes prior to the 
application of high hydrosta tic pressure. 

Similarly, one advantage of the present invention, is that it 
a llows refolding at highe r protein concentrdtions Higher pro
tein concentrations typically favor protein aggregation in 
vitro and the lo nuation of inclusion bodies, in vivo. Particu-
larly where the desired protein is an oligomeric or tnulti
subun it protein, protein concentmtiotlcan be a cJUcial param
eter (De Bemardcz Clark, 1998). As noted, the present 
invention is particularly suited tor recovering native protein 
from inclusion bodies and other highly aggregated protein 
samples . ' lhus, in accordance with the present invention, at 
least 50%, preferably at least 70%, and more preferd bly at 
least 90% of the desired protein is aggregated prior-to the 
application of high hydmsi<Ilic pressure. 

The me thods of the present invention are app licable co any 
protein. Thus, the protein of interest may be a single subunit 
protein. Altematively, the protein of interes t may be a mu lti-

itz, Biochemistry 17:6 132-6135 (1998)). It was also shown 
that a combination of hydrostatic pressure and 4 M urea e<Itl 
disrupt small, early rhodonase aggregation intenncdiates, 
until pressure is released. Tl1eeffect was transitory and aggre- 45 

ga lion resumed when pressure was released. Hydrostatic 
pressure was also seen to allow improved recovery of native 
protein when, prior to substantial aggregation of the sa mple, 
denatured rhodanasc was allowed refold under 2 kbar of 
hydrostatic pressure. 50 subunit protein. Essentially, any protein that can have~ mis 

alignment <)f stmctural elements may be suitab ly used in 
accordance w ith the methods of the present invention. 
Exantples of such sui table pruteius include proteins that have 
helices that pack together, as in four-helix bundle proteins 

Until the present·m,·ention, however, high hydrostatic pres· 
sure has not been shown to reverse or inhibit protein aggre
gation so as to allow recovery of native protein , panicularly in 
the substantial absence of denaturing agents such as urea. 
furthem10re, the art has not suggested that high hydrostatic 
pressure could be suitably applied 10 the recovery of protein 
from inclusion bodies. In fact, it bas been theorized that 
protein aggregates, particularly those formed as inclusion 
bodies in vivo are simply jtimblcd arrays of essentially 
unfolded cha ins (Gorovits and Horowitz, 1998). According to 
such reasoning, high hydrostatic pressure would actually be 
expected to increase aggregation, because hydrostatic pres
sure favors denatured, dissoci<Jted states. Thus, the relevan t 
an taught away from the present invention. 

Reversal of protein aggregation by the present invention is 
believed to be somewhat analogous to pressure dissoc iation 
of oligomeric proteins. The chains that are dissociated by 

55 (such as certain cytochrornes), multi-pass membrane helical 
proteins (including 7 -helix transmembrane receptors, such as 
rhodopsin and G-coupled coupled protein receptors), or 
fl -sheet membrane proteins (such as porins) . Other examples 
of proteins suitable for the methods or the present invcntiou, 

60 include those that have ~-sheet structures , such as Al7he
i.tner 's peptides or antibodies. 

Assays for monitoring the native conformation of a protein 
will of course vary with the particular protein of interes t. l'or 
example, antibodies specific for the native or denatured con-

65 formation of a protein may be suitably used to identi fy protein 
conformation. In the case of enzymes , suitab le assays for the 
particular enzymatic activity may be suitably used in accor-
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dance with the melhods of the invention. The particular assay 
will be guided by !he particular protein. The present invention 
is not intended to be limited to any particular assay method
ology. Suitable assays for the presence and/or concentration 
of conformation of the protein will be apparent to one of 
ordinary skill in the art. 

According to certain me-thods of the present invention, the 
protein of imerest may contain post-translational modi tica
tions, such as disulfide bonds. In such cases, the yield of 
native protein may be incr<'.ased, for example, by inclusion of 10 

a suitable reducingagents\ICb.as \)-ME. Other suitable reduc
ing agents are known to those of ordinary skill in the art. 

lJ1 accordance with ccrt~in methods of the present inven
tion, refolding of d1e protein of interest may also be more 
efficient where refolding is accompli shed in the presence of 15 

chaperones (such as GroEL or BiP) or isomerascs (such as 
protein disulfide isomerase for disulfide bond rearrange
ment). Protein> having post-translational modifications are 
examples of proteins particularly suited to such methods. In 
accordance with the methods of the present invention, the 20 

chaperones o r isomerases may e ither be present in the sample 
when subjected to high hydrostatic pressure or be added to the 
sample as the pressure is being released or following release 
of the pressure. 

In.clusioo. bodies frequeu\!y resu!1 from the over-expres- 25 

sion of a recombinant gene in a host cell . Inclusion bodies 
rnay, however, result frolll nom1aJ cellular processes that 

result in the accumulation of an intracellular protein aggre
gate. The present invention is particularly well suited for 3~ recovering native protein from inch1sion bodies containing a 
protein of interest . In accordance with the present invention, 
the inclusion bodies may he from either euk;l!)'otic or 
prokaryotic cells such as E. coli conwining a recombinant 
expression vector or insect cells expressing a gene from a 

35 
recombinant baculovirus e><pression vector. 

High hydroswtic pressure may be used directly to lyse cells 
cont~ining a protein of interes t. According to certain pre
ferred ruethods of the pre:>eot invention, high hydrostatic 
pressure is utiliz.ed to botll.lyse eelb co11taining a protein of 40 
interest and to fac ilitate recovery of the protein o f interest in 
its mllive fonn . According to certain preferred embodiments, 
prior to subjecting the cells to high hydrostatic pressure, the 
cells are ,;uspended in a suitab le buffer. ·n,e cells are then 
subjected to high hydrostatic pressure, which causes the cells 

4
_
1 

to ly>e into the suspension buffer. Suitable buJ!ers will of 
course vary with the individual protein of interest. In certain 
instances, the presence modest ammuns of SDS, protease 
inhibitors or chaotropic agen ts may lacilitate the methods of 
the present invention. 

50 
A$ high hydrostatic pressure can be used to assist or cause 

d1e lysis of cells in a sample, according; to certain preferred 
embodiments of the present invention, a cell lysate suitable 
for the methods of the pre~et\t invention may be produced 
without the use ofharsh lysis solutions. One advanwge ofd1e 55 
presem invention, therefore, is iu reducing tbe need for sub
sequent desalting and/or purification steps to remove such 
solutions. Preparation of native protein is thereby substan
tially s implil'lcd . 

8 
Typically, the protein ofimerest is subjected to high hydro

staf,c pressure at room temperature: Generally, however, pro
tein unfolding can Occur at lower pressures when at reduced 
temperatures. Reduced temperatures are particularly pre
ferred in those embodiments where the protein of interest is 
particularly prone to aggregation. Thus, in acco<:dance with 
certain embodime.nts of the present invention, the protein of 
interest is subjected to high hydrostatic pressure at reduced or 
elevated temperatures. Generally, such temperatures will fall 
between about -20° c. and about 50° C. , preferably between 
about o• C. and ab<>ut 4()0 C. About ()0 c ., about 20" C . and 
about 37° C. are particularly preferred temperatures for the 
methods of the present invention. Sim.i!3l' temperatures are 
preferred temperatures for the remaining steps of the nletbods 
of the present invention. It may, however, be desirable for 
different steps to occur at different temperatures as, for 
example, aggregation at o• C., administration of pressure at 
room temper~tureand return to atmospheric pressure at room 
temperature. 

The tail spike protein of P22 bacteriophage is an excellent 
model >ystcm for aggregation because the structure is known, 
the folding and aggregation pathways arc well characrerized, 
and aggregation of tailspike chain.~ occurs by specific inter
actions . The tailspike protein i$ a homotri111er of 666 residues 
per mooomercbain (Sauer eta!., Biochemistry 2\ :SS\ l-58 \ S 
( 1982)). The main body of eacb subunit of the trimer, residues 
143-535, is a long 13-coilmade of 13 complete turns (Stein
bacher et al. , Science 265:383-386 ( 1994)). -nle three chains 
then twist around each other to form three intertwined 
\~-sheets comprising residues 536-619 (U1e " tail" region), 
where each sheet contains ~ -strands from all three subunits. 
nle native tailspike trimer is thermostab le (t,=88° C.), and 
resi sta nt to SDS and proteolysis. No covalem linkages exist in 
the native state of tailspike, and it is thought that the inter
twined j) -sheet plays a major role in stab ili zing the tailspike 
trimer. 

Tai lspike protein is both a struetuml <Uld functional. com-
ponent of the P22 bacteriophage. Tail spike binds"' the 0-an
tigen on the outer membrane lipo polysaccharide of Salmo
nella species and faci li tates infection through hydrolysis of. 
the x(l -3)-glycosidic linkages (!washita a11d Kanegasaki, 
Eur. J. Biochcm. 65:87-94 {1976)). This activity can be 
assayed for in vitro by incubating puri fied tailspikc with 
Wil-free viral heads, and measuring the "tai!ill\( \eve\ by I he 
Jbnnation ofinfectious particles (Berget and Poteete, J. Virol. 
34:234-:243 (I 9RO)). The "ta iling" ab ility serves 3$ a func-
tional assay for folded protein, whereas fom1ation of native
like terti;l!)' structure can be monitored by changes ill SDS 
resistancoe and intrinsic fluores<;cnce . 

A number of intermediates ~long the in vivo and in vitro 
folding ~nd aggregation pathways for P22 wilspike have been 
identified d1rough native and d<!naturing gel electro-phoresis 
(FIG. I) (Fuchs et al., Biochemistry 30:6598-6604 (199 I) ; 
Goldenberg et al., J. Bioi. Chem. 257:7864-787 1 ( !982); 
Goldenberg and King, l'roc. N<!tl. Acad. Sc i. USA 80:7060-
7064 (1982); Haase-Pettingell and King, J. Bioi. Chern. 263: 
4977-4983 ( 1988); Robinson and Kjng, Nature. Struct. Bioi. 
4 :450-455 (1997); Seckler et al. , J. l3iol. Chern. 264: 11750-
11753 (1989); Speedet al., Prot. Sci. 4 :900-908 (1995). Fo ld-

The present invention is not limited to any particular appa
ratus for generating high hydrostatic pressure. In getleral, any 
device capable of subjecting the samples of the present inven
tion to hydrostatic pressure ,;ufficient for the methods of d1e 
present invention is suitable forthe purposes ofinvetltion. For 
exan1ple, suitable devices are disclosed in the references cited 
herein. Other suitable devices for generating high hydrostatic 
pressure are known to those of ordinary skill in the a rt . 

60 ing intermediates oftailspike arc thermolabile and aggregate 
under physiological conditions in the host (Goldenberg ct al., 
Proc . Natl. Acad. Sci. USA 80:7060-7064 {1983); Haase
Pettiugeii aud King, J . Bio\. C hern . 26:):4971-49\',3 ( \9SS)). 
A late trimeric intermediate, "protrimcr," lacks the SDS resis-

65 tance and thermal stllbility of the native proteins (Goldenberg 
et a!, Proc. Natl. Acad. Sci . USA 79:3403-3407 ( 1982); Gold
enberg and King, Prac. Natl. Acad. Sci. USA 79:3403-3407 
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W. Blake Cobl 

JTX112-0001 

.S9cUNNNO R 

April 17, 2015 W. Blake Coblentz 
Direct Phone 202-912-4837 
Direct Fax 202-640-5916 

VIA EMAIL & UPS wcoblentz@cozen.com  

Nicholas Groombridge 
Paul, Weiss, Rifkind, Wharton & Garrison LLP 
1285 Avenue of the Americas 
New York, NY 10019 
ngroombridge@paulweiss.corn 

Re: Statement Under 42 U.S.C. § 262(1)(3)(B)(ii) for Apotex's Pegfilgrastim Product 

Dear Nick: 

Pursuant to 42 U.S.C. § 262(1)(3)(B)(ii), Apotex Inc. and Apotex Corp. (collectively, 
"Apotex") hereby provide to Reference Product Sponsor, Amgen Inc. ("Amgen"), a statement 
regarding each patent listed by Amgen under 42 U.S.C. § 262(1)(3)(A) in its February 27, 2015 
letter. Please note that Apotex's statement under 42 U.S.C. § 262(1)(3)(B)(ii) has been marked 
"Highly Confidential Pursuant to Default Confidentiality Provisions Under 42 U.S.C. 
§262(1)(1)." 

Nothing in this letter constitutes a waiver of Apotex's rights under 42 U.S.C. § 262. 

Sincerely, 

COZEN O'CONNOR 

cc: Kerry McTigue 

The Army and Navy Building 1627 I Street, NW Suite 1100 Washington, DC 20006-1605 

202.912.4800 800.540.1355 202.861.1905 Fax cozen.com  
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APOTEX'S DETAILED STATEMENT 

I. Background 

Apotex Inc. and Apotex Corp. (collectively, "Apotex") received acceptance of its section 
351(k) application for its Pegylated Filgrastim Product ("Apotex's Pegfilgrastim (k) application") 
on December 15, 2014. Pursuant to 42 U.S.C. § 262(1)(2), Apotex provided the Reference Product 
Sponsor, Amgen Inc. ("Amgen"), with a copy of its Pegfilgrastim (k) application and 
manufacturing information on December 31, 2014. Pursuant to 42 U.S.C. § 262(1)(3)(A), Amgen 
provided Apotex with a list of patents for which it believes a claim of patent infringement could 
reasonably be asserted with respect to the making, using, offering to sell, or importing into the 
United States of the biological product that is the subject of Apotex's Biological License 
Application ("BLA") No. 761026 ("Apotex's Pegfilgrastim Product") on February 27, 2015. 
These patents are: 

• U.S. Patent No. 5,824,784 ("the '784 patent") 
• U.S. Patent No. 7,662,933 ("the '933 patent") 
• U.S. Patent No. 8,952,138 ("the '138 patent") 

Pursuant to 42 U.S.C. § 262(1)(3)(B)(ii)(II), Apotex does not intend to begin commercial 
marketing of Apotex's Pegfilgrastim Product before the date that the '784 and '933 patents expire. 

Pursuant to 42 U. S.C. § 262(1)(3)(B)(ii)(I), Apotex hereby provides Amgen with a detailed 
statement of the factual and legal bases that, in its opinion and to the best of its knowledge, the 
claims of the '138 patent are invalid, unenforceable, and/or will not be infringed by the commercial 
marketing of Apotex's Pegfilgrastim Product. Apotex reserves the right to demonstrate additional 
factual and legal bases concerning the non-infringement, invalidity, and/or unenforceability of the 
'138 patent. 

II. Apotex's Pegfilgrastim Product 

Apotex's Pegfilgrastim Product is a preservative-free solution for injection containing 
6 mg/0.6 mL pegylated recombinant methionyl human granulocyte-colony stimulating factor ("G-
CSF"), as described in BLA No. 761026. 

III. U.S. Patent No. 5,824,784 

The '784 patent is entitled: "N-Terminally Chemically Modified Protein Compositions and 
Methods." The '784 patent issued on October 20, 1998 from U.S. Application No. 08/321,510 
("the '510 application"), filed on October 12, 1994. 

According to the electronic assignment records of the United States Patent & Trademark 
Office (the "PTO"), the '784 patent is assigned to Amgen Inc. 

The '784 patent expires on or about October 20, 2015. 

HIGHLY CONFIDENTIAL PURSUANT TO DEFAULT CONFIDENTIALITY 
PROVISIONS UNDER 42 U.S.C. § 262(1)(1) 
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the known options within his or her technical grasp."' "If this leads to the anticipated success, it 
is likely the product not of innovation but of ordinary skill and common sense."77  In such instances 
"the fact that a combination was obvious to try might show that it was obvious under § 

4. 35 U.S.C. § 112, First Paragraph—Enablement 

35 U.S.C. § 112, first paragraph, also includes an enablement requirement.' A 
specification lacks enablement if it fails to teach a person of ordinary skill in the art how to make 
and use the full scope of the claimed invention without "undue experimentation."" The 
knowledge of a person of ordinary skill in the art cannot substitute for the disclosure of the novel 
aspects of the invention, particularly in the pharmaceutical arts." Claims that depend from 
independent claims which lack enablement are also invalid.' 

"Invalidity for lack of enablement is a conclusion of law and must be supported by facts 
proved by clear and convincing evidence, for the grant of the patent by the PTO carries with it the 
presumption of validity including compliance with § 112."" Enablement may involve subsidiary 
questions of fact reviewed for clear error. 

The test of enablement is whether "one reasonably skilled in the art could make or use the 
invention from the disclosures in the patent coupled with information known in the art without 
undue experimentation.' The amount of experimentation must not be unduly extensive." 

"Whether undue experimentation is needed is not a single, simple factual determination, 
but rather is a conclusion reached by weighing many factual considerations."' Factors to be 
considered in determining whether a disclosure would require undue experimentation include: 
"(1) the quantity of experimentation necessary, (2) the amount of direction or guidance presented, 
(3) the presence or absence of working examples, (4) the nature of the invention, (5) the state of 
the prior art, (6) the relative skill of those in the art, (7) the predictability or unpredictability of the 
art, and (8) the breadth of the claims."' All of the above factors are not required for evaluating 

76  KSR, 550 U.S. 421. 

'7  Id. 

78  Id 

79  See, e.g., Ariad Pharms., Inc. v. Eli Lilly & Co., 598 F.3d 1336, 1351 (Fed. Cir. 2010). 

80  Genentech, Inc. v. Novo Nordisk A/S, 1080 F.3d 1361, 1365 (Fed. Cir. 1997) (citing In re Wright, 999 F.2d 1557, 
1561 (Fed. Cir. 1993)). 

81  See Alza Corp. v. Andrx Pharms., LLC, 603 F.3d 935, 941-42 (Fed Cir. 2010). 

82  Nat? Recovery Techs., Inc. v. Magnetic Separation Sys., Inc., 166 F.3d 1190, 1198 (Fed. Cir. 1999). 
83 Athletic Alts., Inc. v. Prince Mfg., Inc., 73 F.3d 1573, 1581 (Fed. Cir. 1996). 

84  United States v. Telectronics, Inc., 857 F.2d 778, 785 (Fed. Cir. 1988), cert. denied, 490 U.S. 1046 (1989). 

85  Id. 

86  In re Wands, 858 F.2d 731,737 (Fed. Cir. 1988). 

87  Id. 

14 
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enablement." Rather, the determination depends upon the facts. 

VII. Claims 1-24 of the '138 Patent Are Not Infringed by the Manufacture of Apotex's 
Pegfilgrastim Product 

A. The Manufacture of Apotex's Pegfilgrastim Product Does Not Infringe Claims 
1-24 of the '138 Patent Literally or Under the Doctrine of Equivalents 

As discussed above, claims 1-24 of the '138 patent are directed to methods of refolding 
proteins expressed in non-mammalian cells present in concentrations of 2.0 g/L or higher. More 
specifically, the method comprises identifying the thiol-pair ratio and the redox buffer strength' 
to achieve conditions under which efficient folding at concentrations of 2.0 g/L or higher is 
employed. 

Independent claim 1 requires: (i) protein at a concentration of 2.0 g/L or greater; (ii) 
contacting the protein with a refold buffer comprising a redox component comprising a final thiol-
pair ratio having a range of 0.001 to 100 and a redox buffer strength of 2 mM or greater; (iii) one 
or more of a denaturant, an aggregation suppressor, and a protein stabilizer; (iv) incubating the 
refold mixture; and (v) isolating the protein. 

The method of claim 1 of the '138 patent recites a protein concentration of 2.0 g/L or 
greater. If this limitation is construed to mean a protein concentration of 2.0 g/L or greater in the 
refold buffer, Apotex's manufacturing process does not infringe claim 1 of the '138 patent. As 
described in Apotex's manufacturing documents, the concentration of its filgrastim critical 
intermediate' in the refold buffer is 0.9 — 1.4 g/L.91  Thus, Apotex does not infringe claim 1 of the 
'138 patent because its protein concentration in the refold buffer is not 2.0 g/L or greater, as 
required by claim 1. Moreover, claim 1 cannot be broadened under the doctrine of equivalents to 
encompass Apotex's method because doing so would vitiate the limitations of claim 1. Therefore, 
the method of manufacturing Apotex's Pegfilgrastim Product does not infringe claim 1 of the '138 
patent under the doctrine of equivalents. 

Further, the method of claim 1 of the '138 patent recites contacting the protein with a refold 

88 Enzo Biochem, Inc. v. Calgene, Inc., 188 F.3d 1362, 1371 (Fed. Cir. 1999). 

89  The '138 patent does not explicitly define "redox buffer strength." Nonetheless, a POSA reading the specification 
of the '138 patent would understand the phrase "redox buffer strength" to be synonymous with "Buffer Thiol 
Strength," "Thiol-Pair Buffer Strength," and "Thiol-pair Strength." The '138 patents states that "the terms 'Buffer 
Thiol Strength', `Thiol-Pair Buffer Strength', and `Thiol-pair Strength' are used interchangeably and are defined in 
Equation 2, namely as the total mono-equivalent thiol concentration, wherein the total concentration is the sum of the 
reduced species and twice the concentration of the oxidized species." See '138 patent at col. 6, 11. 29-38. 

90  Apotex's filgrastim critical intermediate is a "recombinant protein composed of the mature and unmodified form of 
human granulocyte colony stimulating factor (G-CSF). The recombinant protein is expressed by Escherichia coli (E. 
coli) as a single continuous polypeptide consisting of 175 amino acid residues." See APO-PEG-0007062. The 
filgrastim critical intermediate is used as the starting material in the "Pegylated Apo-Filgrastim Drug Substance 
manufacturing process." See APO-PEG-0008615-8681 at 8619. 

91  See APO-PEG-0006868-6956 at 0006911-6912. 

15 
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buffer containing a thiol-pair. Specifically, the '138 patent states: "[i]n one embodiment of a 
refold buffer, the refold buffer comprises . . . cysteine and cystamine in Tris buffer."' Further, 
both Examples 3 and 4 of the '138 patent describe "a refold buffer containing . . . cysteine [and] 
cystamine."93  In contrast, Apotex's manufacturing process does not include contacting the protein 
with a refold buffer containing a thiol-pair. Rather, Apotex first contacts its protein with a refold 
buffer exclusive of a redox component followed by the subsequent step-wise addition of both 
cystine and cysteine solutions. For example, Apotex describes its "Refolding Process" as follows: 

The Refolding Buffer is prepared according to the components and concentrations 
listed in Table S.2.2-33 [see Table below]. The Refolding Buffer is transferred to 
the refolding vessel, and 1000 mL is withdrawn and set aside for post-addition 
flushes . . . . The Reduced Solubilized IB solution is pumped into the refold vessel 
. . . . Using a peristaltic pump, 360 mL of the Cystine Solution is added to the refold 
vessel . . . . The tubing is flushed with 200 mL of Refolding Buffer previously set 
aside . . . . The solution is mixed at 180 rpm for 3.5 minutes. Using a peristaltic 
pump, 32 mL of the Cysteine Solution is added to the refold vessel . . . . The tubing 
is flushed with 100 mL of Refolding Buffer previously set aside . . . . The solution 
is mixed at 180 rpm for 2.5 minutes . . . . Using a peristaltic pump, 80 mL of the 
Cystine Solution is added to the refold vessel . . . . The tubing is flushed with 
200 mL of Refolding Buffer previously set aside. The solution is mixed for 
18 hours at 120 rpm.94  

Based on the refolding process described above, it is readily apparent that Apotex uses 
cystine and cysteine solutions which are independent of the refold buffer. This is further 
exemplified by Table S.2.2-33,95  which provides the "Solution Composition" for Refolding: 

92  See '138 patent at col. 3,11. 10-12. 

93  Id. at col. 15,11. 4-6 (example 3) and col. 15,11. 48-51 (example 4). 

94  See APO-PEG-0006868-6956 at 6915-16. 

95  Id. at 6918. 
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W. Blake Cobl 

JTX113-0001 

O'CONNORN 

June 29, 2015 W. Blake Coblentz 
Direct Phone 202-912-4837 
Direct Fax 202-640-5916 

VIA EMAIL & UPS wcoblentz@cozen.com  

Nicholas Groombridge 
Paul, Weiss, Rifkind, Wharton & Garrison LLP 
1285 Avenue of the Americas 
New York, NY 10019 
ngroombridge@paulweiss.corn 

Re: Statement Under 42 U.S.C. § 262(1)(3)(B)(ii) for Apotex's Filgrastim Product 

Dear Nick: 

Pursuant to 42 U.S.C. § 262(1)(3)(B)(ii), Apotex Inc. and Apotex Corp. (collectively, 
"Apotex") hereby provide to Reference Product Sponsor, Amgen Inc. ("Amgen"), a statement 
regarding each patent listed by Amgen under 42 U.S.C. § 262(1)(3)(A) in its May 1, 2015 letter. 
Please note that Apotex's statement under 42 U.S.C. § 262(1)(3)(B)(ii) has been marked 
HIGHLY CONFIDENTIAL pursuant to the parties' agreed upon Confidentiality Agreement. 

Nothing in this letter constitutes a waiver of Apotex's rights under 42 U.S.C. § 262. 

Sincerely, 

COZEN O'CONNOR 

cc: Kerry McTigue 

The Army and Navy Building 1627 I Street, NW Suite 1100 Washington, DC 20006-1605 

202.912.4800 800.540.1355 202.861.1905 Fax cozen.com  
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APOTEX'S DETAILED STATEMENT 

I. Background 

Apotex Inc. and Apotex Corp. (collectively, "Apotex") received acceptance of its section 
351(k) application for its Filgrastim Product ("Apotex's Filgrastim (k) application") on February 
13, 2015. Pursuant to 42 U.S.C. § 262(1)(2), Apotex provided the Reference Product Sponsor, 
Amgen Inc. ("Amgen"), with a copy of its Filgrastim (k) application and manufacturing 
information on March 4, 2015. Pursuant to 42 U.S.C. § 262(1)(3)(A), Amgen provided Apotex 
with a list of patents for which it believes a claim of patent infringement could reasonably be 
asserted with respect to the making, using, offering to sell, selling, or importing into the United 
States of the biological product that is the subject of Apotex's Biological License Application 
("BLA") No. 761027 ("Apotex's Filgrastim Product") on May 1, 2015. These patents are: 

• U.S. Patent No. 6,162,427 ("the '427 patent") 
• U.S. Patent No. 8,952,138 ("the '138 patent") 

Pursuant to 42 U.S.C. § 262(1)(3)(B)(ii)(I), Apotex hereby provides Amgen with a detailed 
statement of the factual and legal bases that, in its opinion and to the best of its knowledge, the 
claims of the '427 and '138 patents are invalid, unenforceable, and/or will not be infringed by the 
commercial marketing of Apotex's Filgrastim Product. Apotex reserves the right to demonstrate 
additional factual and legal bases concerning the non-infringement, invalidity, and/or 
unenforceability of the '427 and '138 patents. 

II. Apotex's Filgrastim Product 

Apotex's Filgrastim Product (Grastofil®) is a preservative-free solution for injection 
containing 300 mcg/0.5 mL, 480 mcg/0.8 mL recombinant methionyl human granulocyte colony 
stimulating factor ("G-CSF"), as described in BLA No. 761027. 

III. U.S. Patent No. 6,162,427 

A. Overview of U.S. Patent No. 6,162,427 

The '427 patent is entitled: "Combination of G-CSF with a Chemotherapeutic Agent for 
Stem Cell Mobilization." The '427 patent issued on December 19, 2000 from U.S. Application 
No. 09/091,401 ("the '401 application"), filed as the U.S. National Stage of PCT/EP96/05568 on 
December 12, 1996, now WO 97/22359, filed on June 26, 1997. 

According to the electronic assignment records of the United States Patent & Trademark 
Office (the "PTO"), the '427 patent is assigned to Amgen Inc. 

The '427 patent issued with 7 claims, of which claims 1 and 7 are independent claims. 
Claims 1 and 7 of the '427 patent recite the following: 

1. A method of treating a disease requiring peripheral stem cell 
transplantation in a patient in need of such treatment, comprising 

HIGHLY CONFIDENTIAL 
PURSUANT TO THE PARTIES' CONFIDENTIALITY AGREEMENT 

Case 0:15-cv-61631-JIC   Document 254-12   Entered on FLSD Docket 08/04/2016   Page 3 of 6



JTX113-0021 

comprising at least one chemotherapeutic agent or a third component comprising instructions for 
the administration of the G-CSF prior to the onset of administration of the at least one 
chemotherapeutic agent. 

Further, Amgen may not rely on the doctrine of equivalents to broaden claim 7 for the same 
reasons as discussed above for claim 1. 

For at least these reasons, Apotex's Filgrastim Product will not directly infringe claim 7 of 
the '427 patent either literally or under the doctrine of equivalents. 

B. Apotex Will Not Induce and/or Contribute to the Infringement of Claims 1-6 
of the '427 Patent 

Apotex's offer for sale or sale of its Filgrastim Product in the United States or importation 
of that product into the United States will not induce and/or contribute to the infringement of claims 
1-6 of the '427 patent. In order to succeed on a claim of inducement under 35 U.S.C. § 271(b), 
the Patentee must show: (1) that there has been direct infringement, and (2) the alleged inducer 
had specific intent to encourage another's infringement.' Neither prong of this test is met. 

As discussed above, Apotex will not directly infringe claims 1-6 of the '427 patent because 
Apotex will not administer its Filgrastim Product to patients. Further, and for the reasons discussed 
above, health care workers and patients will not directly infringe claims 1-6 of the '427 patent. 
Accordingly, without any showing of direct infringement, Apotex will not induce and/or contribute 
to the infringement of claims 1-6 of the '427 patent. See i4i L.P. v. Microsoft Corp., 598 F.3d 831, 
850 (Fed. Cir. 2010) (Both induced infringement and contributory infringement ("indirect 
infringement") require a showing of direct infringement.) 

Further, claims 1-6 of the '427 patent recite administering G-CSF and at least one 
chemotherapeutic agent for the treatment of a disease requiring peripheral stem cell 
transplantation. For Apotex to be liable for inducement, it must encourage or abet another party's 
direct infringement. As discussed above, neither Apotex nor health care workers directly infringe 
claims 1-6. Even assuming, arguendo, that a health care worker or other person administered 
Apotex's Filgrastim Product in patients requiring a peripheral stem cell transplantation, Apotex 
would not be liable for inducing such infringement because nothing on Apotex's label encourages 
such infringement. Rather, Apotex's label will specifically instruct administration of its Filgrastim 
Product in: (i) cancer patients receiving myelosuppressive chemotherapy; (ii) patients with acute 
myeloid leukemia receiving induction or consolidation chemotherapy; (iii) cancer patients 
receiving bone marrow transplant; and (iv) patients with severe chronic neutropenia." Thus, 
Apotex's label does not induce anyone to literally infringe any claim of the '427 patent. 

What is more, claims 1-6 of the '427 patent require administering G-CSF prior to 
administering a chemotherapeutic agent. Again, even assuming, arguendo, that a health care 
worker or other person administered Apotex' s Filgrastim Product in patients requiring a peripheral 

11° See DSU, 471 F.3d at 1303, 1305. 

111  See Label, Proposed Full Prescribing Information at p. 2 (APO-FIL-0000833-0000855 at 0000834). 
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stem cell transplantation, Apotex would not be liable for inducing infringement because nothing 
on Apotex's package insert encourages administration of G-CSF prior to administering a 
chemotherapeutic agent. Rather, Apotex's label will specifically instruct administration of its 
Filgrastim Product at least 24 hours after administering cytotoxic chemotherapy. 112  And the label 
for Apotex's Filgrastim Product explicitly states "do not use Grastofil in the period 24 hours before 
through 24 hours after the administration of cytotoxic chemotherapy."' Thus, Apotex's label 
does not induce anyone to literally infringe any claim of the '427 patent. 

VII. Claims 1-24 of the '138 Patent Are Not Infringed by the Manufacture of Apotex's 
Filgrastim Product 

A. The Manufacture of Apotex's Filgrastim Product Does Not Infringe Claims 1-
24 of the '138 Patent Literally or Under the Doctrine of Equivalents 

As discussed above, claims 1-24 of the '138 patent are directed to methods of refolding 
proteins expressed in non-mammalian cells present in concentrations of 2.0 g/L or higher. More 
specifically, the method comprises identifying the thiol-pair ratio and the redox buffer strength' 
to achieve conditions under which efficient folding at concentrations of 2.0 WI, or higher is 
employed. 

Independent claim 1 requires: (i) protein at a concentration of 2.0 g/L or greater; (ii) 
contacting the protein with a refold buffer comprising a redox component comprising a final thiol-
pair ratio having a range of 0.001 to 100 and a redox buffer strength of 2 mM or greater; (iii) one 
or more of a denaturant, an aggregation suppressor, and a protein stabilizer; (iv) incubating the 
refold mixture; and (v) isolating the protein. 

The method of claim 1 of the '138 patent recites a protein concentration of 2.0 g/L or 
greater. If this limitation is construed to mean a protein concentration of 2.0 g/L or greater in the 
refold buffer, Apotex's manufacturing process does not infringe claim 1 of the '138 patent. As 
described in Apotex's manufacturing documents, the concentration of its filgrastim drug 
substance' in the refold buffer is 0.9 — 1.4 g/L.116  Thus, Apotex does not infringe claim 1 of the 
'138 patent because its protein concentration in the refold buffer is not 2.0 g/L or greater, as 
required by claim 1. Moreover, claim 1 cannot be broadened under the doctrine of equivalents to 
encompass Apotex's method because doing so would vitiate the limitations of claim 1. Therefore, 

1' See id. at pp. 2-3(APO-FIL-0000833-0000855 at 0000834-835). 

113  See id at p. 4 (APO-FIL-0000833-0000855 at 0000836). 

114  The '138 patent does not explicitly define "redox buffer strength." Nonetheless, a POSA reading the specification 
of the '138 patent would understand the phrase "redox buffer strength" to be synonymous with "Buffer Thiol 
Strength," "Thiol-Pair Buffer Strength," and "Thiol-pair Strength." The '138 patents states that "the terms 'Buffer 
Thiol Strength', `Thiol-Pair Buffer Strength', and `Thiol-pair Strength' are used interchangeably and are defined in 
Equation 2, namely as the total mono-equivalent thiol concentration, wherein the total concentration is the sum of the 
reduced species and twice the concentration of the oxidized species." See '138 patent at col. 6, 11. 29-38. 

15  Apotex's filgrastim drug substance is a "recombinant protein composed of the mature and unmodified form of 
human granulocyte colony-stimulating factor (G-CSF) . . . The recombinant protein is expressed by Escherichia coli 
(E. coli) as a single continuous polypeptide consisting of 175 amino acid residues." See APO-FIL-0007754. 

116  See APO-FIL-0007963-0008037 at 0008002-0008003. 
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the method of manufacturing Apotex's Filgrastim Product does not infringe claim 1 of the '138 
patent under the doctrine of equivalents. 

Further, the method of claim 1 of the '138 patent recites contacting the protein with a refold 
buffer containing a thiol-pair. Specifically, the '138 patent states: "[i]n one embodiment of a 
refold buffer, the refold buffer comprises . . . cysteine and cystamine in Tris buffer."'" Further, 
both Examples 3 and 4 of the '138 patent describe "a refold buffer containing . . . cysteine [and] 
cystamine."118 In contrast, Apotex's manufacturing process does not include contacting the 
protein with a refold buffer containing a thiol-pair. Rather, Apotex first contacts its protein with 
a refold buffer exclusive of a redox component followed by the subsequent step-wise addition of 
both cystine and cysteine solutions. For example, Apotex describes its "Refolding Process" as 
follows: 

The Refolding Buffer is prepared according to the components and 
concentrations listed in Table S.2.2-33 [see Table below]. The 
Refolding Buffer is transferred to the refolding vessel, and 1000 mL 
is withdrawn and set aside for post-addition flushes . . . . The 
Reduced Solubilized IB solution is pumped into the refold vessel . . 
. . Using a peristaltic pump, 360 mL of the Cystine Solution is added 
to the refold vessel . . . . The tubing is flushed with 200 mL of 
Refolding Buffer previously set aside. The solution is mixed at 180 
rpm for 3.5 minutes. Using a peristaltic pump, 32 mL of the 
Cysteine Solution is added to the refold vessel . . . . The tubing is 
flushed with 100 mL of Refolding Buffer previously set aside. The 
solution is mixed at 180 rpm for 2.5 minutes . . . . Using a peristaltic 
pump, 80 mL of the Cystine Solution is added to the refold vessel . 
. . . The tubing is flushed with 200 mL of Refolding Buffer 
previously set aside. The solution is mixed for 18 hours at 120 
rpm.119 

Based on the refolding process described above, it is readily apparent that Apotex uses 
cystine and cysteine solutions which are independent of the refold buffer. This is further 
exemplified by Table S.2.2-33," which provides the "Solution Composition" for Refolding: 

117  See '138 patent at col. 3, 11. 10-12 (emphasis added). 

118 Id. at col. 15, 11. 4-6 (example 3) and col. 15,11. 48-51 (example 4) (emphasis added). 

119 See APO-FIL-0007963-0008037 at 0008005-0008006. 

12°  See APO-FIL-0007963-0008037 at 0008007. 
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Pegylated Apo-Filgrastim 2.3. Quality Overall Summary 

2.3.S.2. Manufacture, Filgrastim Critical Intermediate 
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Pegylated Apo-Filgrastim 2.3. Quality Overall Summary 
2.3.S.2. Manufacture, Filgrastim Critical Intermediate 

4. CONTROLS OF CRITICAL STEPS AND INTERMEDIATES 

The Filgrastim Critical Intermediate (CI) control strategy is based on a planned set of controls, 
derived from current product and process understanding that assures process performance and 
product quality. Filgrastim CI process performance and product quality control strategy includes, 
but is not limited to, the following: 

• Controls on material attributes, including critical raw materials and components, starting 
materials, source and starting materials of biological origin, reagents, and primary 
packaging material 

• Controls on the design of the manufacturing process 

• In-process manufacturing process controls 

• Key/Critical Process Parameters (Inputs) 

• Performance Parameters: KPPs and CPPs (Outputs) 

• Controls on the Critical Intermediate 

All unit operations in the Filgrastim CI processes are considered to be critical steps. Each step is 
considered critical because it either directly impacts the final Filgrastim CI control strategy that 
ensures the product's critical quality attributes are achieved, or they have critical process 
parameters or performance parameters that must be met to ensure that the products meets the 
defined quality attributes. 

Process parameters were classified into two categories: 1) Operating Parameters, and 2) 
Performance Parameters, which are summarized below: 

Operating Parameter: All Operating Parameters are designated into two categories, Critical 
Process Parameters (CPPs) and Non-Critical Process Parameters (NCPPs). 

• A CPP is a Process Parameter that has been proven to have a direct effect on product 
quality and/or process performance (i.e., yield) when varied outside of the Normal 
Operating Range (NOR). These parameters are included as acceptance criteria for the 
Process Performance Qualification batches and are trended during Continuous 
Process Verification (CPV). 

• A NCPP is an operating parameter that falls outside the definition of a CPP. NCPPs 
are divided into two different sub-categories: Key Process Parameters and Non-Key 
Process Parameters. 

Performance Parameter: Performance Parameters are designated into two categories, Critical 
Process Parameters (as described above for Operating Parameters) and Key Process Parameters 
(described below). 

• A Key Process Parameter (KPP) is a process parameter that, if varied within the 
characterization range, results in significant variation in process consistency, but less 
significant variation in a Product Quality Attribute. These parameters should be 
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Pegylated Apo-Filgrastim 2.3. Quality Overall Summary 
2.3.S.2. Manufacture, Filgrastim Critical Intermediate 

carefully controlled within a narrow range and are essential for process performance. 
If the acceptable range is exceeded, it may affect the process (e.g., yield, duration), 
but not product quality. 

• A Non-Key Process Parameter (NKPP) is an input parameter that has been 
demonstrated to be easily controlled or has a wide acceptable range (compared to its 
operating range). 

The in-process manufacturing controls (critical and key process parameters) are summarized 

below for each unit operation. 

Table 4-1: Seed Culture 

Operating Parameter Categorization Range 

None -- -- 

Performance 
Parameter 

Categorization Acceptance Criterion Expected Range 

OD600  prior to transfer 
to inoculation bottle 

KPP -- 0.8 — 1.2 AU 

Purity by microscopy CPP Sluggishly motile short 
rods; no atypical cells 
present 

— 
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Pegylated Apo-Filgrastim 2.3. Quality Overall Summary  
2.3.S.2. Manufacture, Filgrastim Critical Intermediate 

Table 4-7: Inclusion Bodies Solubilization 

Operating Parameter Categorization Range 

Inclusion Body Amount KPP 0.90 — 1.40 g/L 

Performance 
Parameter 

Categorization Acceptance Criterion Expected Range 

Solubilized 1B purity by 

UPLC 

CPP > 75% — 

Solubilized IB rHu-met- 

GCSF Concentration by 

UPLC 

KPP -- 4.24 — 11.80 mg/mL* 

Solubilized IB 

Endotoxin (Post- 

filtration) 

CPP NMT 500 EU/mg -- 

Solubilized IB 

Bioburden (Post- 

filtration) 

CPP NMT 1 CFU/10 mL — 

*Based on the ranging studies that were carried out using a Design of Experiments (DoE) approach, the 

qualified upper limit for the concentration of protein entering the refolding unit operation is 11.8 mg/mL. 

Table 4-8: Refolding 

Operating Parameter Categorization Range 

pH of Refolding Buffer KPP 8.8 — 9.2 

Performance 
Parameter 

Categorization Acceptance Criterion Expected Range 

rHu-met-GCSF 

concentration in 

Refolding mixture 

KPP -- ? 0.12 mg/mL 

Refolding Step Yield KPP -- > 60% 

Refolding Mixture 

Endotoxin (Post 

filtration) 

CPP NMT 500 EU/mg — 

Refolding Mixture 

Bioburden (Post 

filtration) 

CPP NMT 1 CFU/10 mL — 
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Apo-Filgmstim Module 3 
3.2.5.2 Manufacture 

3.2.S.2.4 Controls of Critical SteJJS and Intermediates 
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Apo-Filgmstim Module 3 
3.2.5.2 Manufacture 

3.2.S.2.4 Controls of Critical SteJJS and Intermediates 

3.2.8.2.4.4.1.2 Critical Process Parameters 

A CPP is a Process Parameter that has been proven to have a direct effect on product 
quality and/or process perfonnance (i.e., yield) when varied outside of the Nonnal 
Operating Range (NOR). These parameters are included as acceptance criteria for 
the Process Performance Qualification batches and are trended during Continuous 
Process Verification (CPV). 

3.2.8.2.4.4.1.3 Non-Critical Process Parameters 

A NCPP is an operating parameter that falls outside the definition of a CPP. NCPPs 
are divided into two different sub-categories: Key Process Parameters and Non-Key 
Process Parameters. 

• Key Process Parameter (KPP)- A KPP is a process parameter that, if varied 
within the characterization range, results in significant variation in process 

consistency, but less significant variation in a Product Quality Attribute. 
These parameters should be carefully controlled within a narrow range and 
are essential for process performance. If the acceptable range is exceeded, it 
may affect the process (e.g., yield, duration), but not product quality. 

• Non-Key Process Parameter (NKPP)- A NKPP is an input parameter that 
has been demonstrated to be easily controlled or has a wide acceptable range 
(compared to its operating range). 
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Apo-Filgmstim Module 3 
3.2.5.2 Manufacture 

3.2.S.2.4 Controls of Critical SteJJS and Intermediates 

(GFC-I OP) is loaded onto anion and cation exchange chromatography columns 

connected in series. The buffer conditions allow impurities such as host cell DNA, 

endotoxin and related impurities to bind to the anion exchange resin, while rHu-met

GCSF passes through and is captured by the cation exchange resin. Wash and 
elution conditions are such that related impurities, aggregates and host cell proteins 

are removed. Mixed mode chromatography using a hexylamine (HEA) Hypercel 

resin reduces hydrophobic impurities. Gel Filtration Chromatography-IT (GFC-II) is 

utilized to replace the buffer with the Drug Substance formulation buffer. The 

product stream is diluted to the desired concentration and 0.2 micron filter-sterilized 

into a USP Type I Glass Bottle. 

A detailed flow diagram of the rHu-met-GCSF downstream manufacturing process 

is presented in Section 3 2.S.2.2, Figc~re S.2.2-10. 

3.2.S.2.4.4.3.1 Inclusion Bodies Solubilization 

3.2.S.2.4.4.3.1.1 Inclusion Bodies Solubilization: Operating Parameters 

Inclusion bodies containing rHu-met-GCSF are solubilized and reduced by breaking 
the intra-molecular disulfide honds, which forces the molecules into their primary 

structure. The Operating Parameters for this step are provided in Section 3.2.S.2.2, 

Table S.2.2-26. 

Based on the outcome of the risk assessment and study results outlined in Section 

3.2.S.2.6, the criticality assessment concluded that there was one KPP and no CPPs 

associated with the Inclusion Bodies Solubilization step, which is listed in 
Table S.2.4-7. 

Table S.2.4-7: Inclusion Bodies Solubilization Operating Parameters 

Operating Parameter Categorization Range 

Inclusion Body Amount KPP 0 90 ~ 1.40 g/L 
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    26Direct - Dowd

so far today is from Apotex's aBLA for filgrastim that's

No. 761027; is that right?

A. That is true.

Q. Is there an analogous document in Apotex's aBLA for

pegfilgrastim?

A. There is.

Q. I'll direct your attention to JTX9, Dr. Dowd.

Is this the analogous Common Technical Document from

Apotex's aBLA for PEGylated filgrastim?

A. It is.

Q. And as far as the discussion concerning the filgrastim

development work which relates to the refolding and

purification, is the content of JTX9 similar to that of JTX22?

A. It is virtually identical.

Q. Okay.  I'll direct your attention now to the tab in your

binder marked JTX25.

And, Dr. Dowd, again, what is this document?

A. This is the description of manufacturing process and

process controls for Apo-filgrastim.

Q. And I'll direct your attention to Page 10 of JTX25, what

are we looking at here, Dr. Dowd?

A. This is an overview of the filgrastim manufacturing

process, the upstream portion of the process.  And there you

see rHu-met-G-CSF, which is the scientific name for filgrastim.

Throughout today I'll be using G-CSF or filgrastim to describe
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the protein of interest.

Q. In the context of Apotex's overall manufacturing process,

what does the term "upstream" refer to?

A. Upstream refers to the set of, in this case, six process

steps, as you can see outlined there, which lead to the end

product being inclusion bodies, in which case, these are frozen

inclusion bodies.

Q. Okay.  So the inclusion bodies that are formed from

Apotex's upstream process, does Apotex know what is contained

in those inclusion bodies?

A. Certainly.  The inclusion bodies are mostly water, followed

by protein, and that protein is mostly filgrastim.  There's

also certainly some contamination that comes from the host

cell, and that might be host cell proteins, host cell DNA and

other cellular machinery, and other impurities.

Q. So are Apotex's inclusion bodies always present in water,

Dr. Dowd?

A. Yes.

Q. And where does that water come from?

A. Yes.  That comes from the water washings.  You can see that

process step's immediately ahead of the inclusion bodies in

here, maybe a brief segue in terms of how that happens.

From the buffer wash, the dirty buffer is discarded,

fresh, clean water is added; the paste that's at the bottom

after it's been centrifuged is stirred up, so resuspended.
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Then those are centrifuged, spun down to a paste.  The dirty

water is removed; clean, fresh water is added; resuspended

again, spun down to a paste, et cetera, et cetera.  You get the

picture.

And it is that water that accompanies the insoluble

inclusion bodies into the inclusion body paste that is frozen.

Q. Okay.  So would it be accurate to say that Apotex never

dries down the inclusion bodies to form a powder?

A. That is true.

Q. After Apotex makes its inclusion bodies at the end of the

upstream process, what happens next?

A. Next -- well, after they are frozen, they remain in storage

until which time they can start the downstream purification

process.

Q. I'll direct your attention to Page 12 of JTX25.  What are

we looking at here?

A. This is an overview, again, of the filgrastim manufacturing

process for the downstream or the purification side of the

process.

And it starts with IB solubilization and ends with

.2-micron filtration, which then leads to the drug substance

for filgrastim.  If this was for the PEGylated product, this

would be termed filgrastim critical intermediate.

Q. So is it accurate to say that the process steps we see here

that are in the aBLA for filgrastim, those are essentially
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identical in the aBLA for PEGylated filgrastim; is that right?

A. Yes.  They are.

Q. And what is the first step in Apotex's downstream process

that we see?

A. First step is IB solubilization.

Q. In the context of Apotex's aBLA, what does solubilization

refer to?

A. Yes.  The inclusion bodies, which were insoluble, they're

at least crystal in structures, that obviously are -- do not

dissolve in water, the IB solubilization buffer contains

chemicals which dissolve those insoluble protein and puts them

into a clear, colorless solution so that they're now freely

amenable to being purified.

Q. Okay.  Let's pull up the IB solubilization step, Dr. Dowd.

I'll direct your attention to Page 39 of this document.

And what are we looking at here, Dr. Dowd?

A. This is a slightly, more detailed view of the inclusion

body solubilization process flow, and it's in a diagram format.

There are inputs, process steps sequence and performance

parameters, which are summarized.

Q. In terms of the input for this process, does Apotex's aBLA

specify the amount of inclusion bodies that are used as an

input in this process?

A. Yes.  The inclusion bodies are specified from the upstream

process because they're -- they would have been weighed prior
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not -- this was a copy of the original, and so that's why it

has that stamp.

It's mainly for quality assurance purposes.  So the

accuracy of what is there is true.  But you can see that it

hasn't been signed yet, and so it's uncontrolled.

Q. I'll direct your attention to Page 2 of DTX81.

For this batch of Apotex's filgrastim product, what

was the input amount of inclusion bodies that were used in the

downstream portion of the process?

A. Yes.  It's a bit hard to read because the "O" partially

obscures it, but it is 190 grams.

Q. And of that 190 grams of inclusion bodies, what did Apotex

record as the total filgrastim?

A. It was 68.21 grams of total filgrastim.

Q. How is that measured?

A. Again, through the same process that we went through.  In

the inclusion bodies solubilization step, we have measurements.

And that, again, multiplied by 7.2 liters of solubilized

inclusion bodies yield the 68.2 is grams.

Q. In terms of a percentage, roughly, what is that in terms of

the content of the inclusion bodies?

A. It's over 60 percent.  Sorry.  It's under 40 percent is

filgrastim of the IB weights.  The majority, over 60 percent,

is water.

Q. Okay.  So we've looked at two batch records, Dr. Dowd, this
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morning.

A. Yes.

Q. About how many times has Apotex run the manufacturing

process that's described in its aBLAs?

A. We run that process 89 times.  I'm sorry, 91 times.

Q. And have you reviewed those batch records?

A. I have.

Q. And what is generally the highest amount of protein that's

present in Apotex's inclusion bodies that have been used in

those 91 processes?

A. So the highest concentration that we have seen as an input

into the refold mixture is 0.56 grams per liter.

Q. Sorry, Dr. Dowd.  I think my question was in terms of the

processes that you have run in terms of the inclusion body

amounts you started with, what has typically been the average

concentration of protein in those inclusion bodies used to

start the downstream process?

A. The average concentration -- a lot of numbers.  So the

average concentration of -- yes.  So the percentage of the

inclusion bodies that are water is 64 percent.  So 36 percent

of the inclusion bodies' weight would be protein, on average,

over those 91 batches.

Q. And in the batch records you looked at, did you examine

what the protein concentration was in the refold mixture?

A. Yes.  And as I mentioned there, the highest possible
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that -- the highest that we have seen is 0.56.

Q. Is that grams per liter?

A. Yes.

Q. In the course of Apotex's development work, were there any

batches that did not meet the specifications that were set

forth in Apotex's aBLAs?

A. Yes.  I mentioned 91.  I also mentioned the number 89.  So

the difference is two.  Two batches failed to meet some

specification along the way, and so we threw them out.

Q. And in terms of the cost to Apotex by throwing out those

two batches, do you have an approximate value of what that cost

the company?

A. About 300,000 per batch.  So about 600,000.

Q. Is that dollars?

A. Dollars, yes.

MR. LUKAS:  Thank you, Dr. Dowd.  I will pass the

witness.

THE COURT:  All right.  We will take a 15-minute

recess at this time.

(Recess at 10:40 a.m.) 

(Call to Order of the Court.) 

THE COURT:  All right.  Folks, please be seated.

Dr. Dowd, you go and ahead and resume the hot seat or

what may soon become the hot seat.

Mr. Groombridge, you may inquire, sir.
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the E.coli bacteria?

A. Yes.

Q. And then there is what is called a lysis step, correct?

A. Yes, homogenization.

Q. That uses mechanical force to break open the bacteria,

correct?

A. Yes.

Q. And then after that the material, whatever it may be in the

inclusion bodies, is collected, correct?

A. Yes.

Q. And then it's washed four times, correct?

A. It's washed four times, yes.

Q. And the first one of those washes is with an EDTA buffer,

correct?

A. I believe so, yes.  I don't have the document in front of

me.  My memory is not always --

Q. Then there are three more successive washes with water,

correct?

A. Yes.

Q. And after each one of those washes a centrifugation step is

performed, correct?

A. Yes.

Q. And whatever comes out of the wash is put into a tube and

spun at very high speed for a period of time, correct?

A. Yes.  The spun-done mass is maintained inside the bottle.
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The dirty water at the later stages gets removed, and so the

actual cell pellet or in this case the inclusion pellet,

remains inside the bottle.  It's not transferred out.

Q. Let's be clear about our words.  You just called it

appellate, correct?

A. It is -- yeah.  It's a mass of inclusion bodies that spun

down.  I can't remember the G-force, but it's a significance

can't G-force, and it is a mass at the tomorrow of the

centrifuge tube.  

Q. Have you ever seen it?

A. Certainly.

Q. Now, sir, in your direct examination, you called it a

paste, did you not?

A. Yes.

Q. Was that a deliberate choice?

A. Not particularly, no.  Because I've -- they would never

allow me to handle it.  So I can only look at it through the

window into the production space.  And so they would hold up

the bottle to me, and it was a beige substance at the bottom.

You know, it's got some water on the surface of that,

of that pellet or paste, but I can't speak to the exact

consistency of what that is.  All I know is, that it certainly

spun down and it creates a very thin layer at the bottom of the

centrifugation tubes, which are fairly big, about four to

five inches in diameter and fairly tall.
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Q. One of the things that you were telling the Court in your

direct examination of importance to this case is that the

inclusion body at the end of the centrifugation is about

two-thirds water, correct?

A. It is on average, yes.

Q. That's what you -- and you used the word "paste" to

describe that, correct?

A. Yes.

Q. Now, sir, would you agree with me that in your industry the

classic and almost universal terminology to refer to what you

get at the end of a centrifugation step is a pellet?

A. Sure.  Yeah, I would agree with that.

Q. That's why just now in response to my question you called

it a pellet, correct?

A. Not particularly in response.  I would use it

interchangeably.

Q. And what comes out of the process is the inclusion bodies

in a pellet, correct?

A. What comes out at the end of the upstream process is a

pellet, yes.

Q. Now, sir, would you turn in the binder in front of you to

the next tab.

And do you find there JTX65?

A. I do.

Q. And this is one of the documents on which you were
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A. So the refolding step -- yeah, it's certainly smaller

scale.

Q. The refolding redox components are used in different

amounts, correct?

A. Oh, I haven't -- I would have to look at it more closely.

I assume that you're referring to the table there.  I'd have to

do some calculations to double-check.

Q. Do you see amounts given for cysteine and cystine given

there?

A. I do.

Q. And you testified on your direct examination that that

portion of the process hadn't changed, right, from Process I

through Process IX?

A. Yes.

Q. But, in fact, this is very different from what is done in

Process IX; is that not true?

A. I don't have the full details here.  But this is a very

short description, so I don't.

Q. Sir, do you not know whether the concentrations of cysteine

and cystine in this process, as it stood in 2004, were very

different from the one you currently use?

A. That's a good question.  I don't know, because I'm used to

mass and grams per liter and these are expressed in millimolar.

I'm sorry.  I can't speak to whether it's the same or

different.
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Q. If I were to suggest to you that in your current process,

you use an amount of reductant that is seven times lower and an

amount of oxidant that is eight times higher, would you have

any way of knowing whether that's correct?

A. I wouldn't, no.

Q. Now, let's turn on -- let's turn, actually, back.  Let's go

to the Page No. 11 in this document, please.  Let me know when

you have that.

A. Yes.

Q. And you see there's a section headed "Visual Observation"

at the top of the page?

A. Yes.

Q. And that's about the inclusion body pellet that is obtained

after centrifugation, correct?

A. Yes.

Q. And it says, "The IB pellet is creamy white in color and

hard-packed."

Isn't that what it actually looks like?

A. Again, I was through a window into the operational area,

and I have not physically felt the pack or the pellet in order

to know if it was hard-packed or a paste.

Q. You have know direct personal knowledge about the hard

packing of the pellet?

A. No.  I haven't physically handled the pellet.  They were

doing GNP operations.  I'm not trained to be an operator in the
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suite.

Q. Now, so what you said on your direct examination in the

Apotex FDA documents, when it talks about taking the inclusion

bodies and putting them into the refolding mixture at the

concentration of 0.9 to 1.4 grams per liter, what's going in

there is about two-thirds water, correct?

A. Yes.

Q. And about one-third protein?

A. Yes.

Q. In the course of this lawsuit, that is not what Apotex has

said, correct?

A. I understand that there was some earlier communications,

yes.

Q. So would you turn in the binder, please, to Tab 5?

A. Yes.

Q. And do you find there JTX112?

A. I do.

Q. And do you understand that this is a communication from

Apotex's lawyers to Amgen's lawyers concerning this lawsuit?

A. Okay.  This is the first time I've seen it.

Q. Well, let's turn, please, to page numbered 16 here.

Do you have that?

A. I do.

Q. And you see there's a section Roman VII titled "Claims

through 24 of the '138 Patent are not infringed by the
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manufacturer of Apotex's pegfilgrastim product."

Do you see that?

A. Yes.

Q. And then if we drop down to the middle of the last

paragraph before the footnotes, there's a sentence that says,

"As described in Apotex's manufacturing documents, the

concentration of its filgrastim critical intermediate in the

refold buffer is 0.9 to 1.4 grams per liter."

Do you see that?

A. I do.

Q. All right.  And your testimony is that that's wrong,

correct?

A. It is.

Q. And that, in fact, the truth is that the concentration of

the filgrastim critical intermediate in the refold buffer is

actually only a little bit over 0.5 grams per liter?

A. That is true.

Q. Do you find it curious that your company's lawyers, when

they were explaining why they felt your company didn't infringe

this patent, got that so badly wrong?

A. Well, you can see the paragraph immediately above seems to

be referring to a concentration of 2.0 grams per liter.

So I can't speak to the Apotex's lawyers.  But, you

know, if that was the -- if that was the high level and you saw

.9 to 1.4 grams prominently at the start of the batch record
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certainly is the one of interest here.

Q. Each protein has its own extinction coefficient, correct?

A. Yes.

Q. Some of them are higher than 0.86, correct?

A. Yes.

Q. And some of them are lower than 0.86?

A. Yes.

Q. What you've done in the way you run the test is assume that

every protein in the mixture has an extinction coefficient that

is exactly the same as filgrastim, correct?

A. That is true.

Q. All right.  And you also are not taking account here of

whatever other things might be in the mixture that would affect

the OD280 value?

A. That is true.

Q. And, in fact, on your direct examination, you told us that

one of the reasons why that number of 100.2 grams in the batch

sheet was wrong was because cystine and cysteine have been

carried through as contaminants and they throw it off, correct?

A. That is true.

Q. And that's a perfect example of the way in which a small of

amount of contaminant can dramatically influence the OD280

value; fair?

A. Yeah.  There's a fair bit of loss of cysteine and cystine

added to the refolding mixture, but it's a fair statement.
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Q. But in that situation, you testified the true value is

about 68 grams of protein, but the value you get in the test is

100 because of contaminants, right?

A. Yes.

Q. So that tells us that contaminates can have a profound

effect on the accuracy of the information you get using an

OD280 technique?

A. That is true.

Q. Now, sir, in the refold mixture, the proteins that go into

that, they come with contaminants that have been carried

through from the fermentation step?

A. Yes.  They would if they've managed to pass the washes, the

water washes initially, and then been solubilized and hasn't

been filtered out, yes, they would be there.

Q. And that could include DNA from the bacteria, correct?

A. It could.

Q. And a small amount of DNA would have a profound effect on

the OD280 reading, would it not?

A. I don't know what the definition of small amount is.

Q. 5 percent.

A. Well, 5 percent, by weight, that's a substantial amount of

protein -- of DNA.  Sorry.  But it is -- yeah, it certainly --

that's a lot of DNA.

Q. So if the inclusion bodies were 90 percent protein and

5 percent DNA, the value you would get in the OD280 technique
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would be essentially worthless, correct?

A. Oh, I -- presumably, but I'm quite sure we've done the DNA

measurements and we're nowhere close to that.

Q. You've not pointed to any of them, have you?

A. No, but I wasn't asked.

Q. And, sir, if lipids were carried forward --

A. Yes.

Q. -- that would throw off the OD280 measurement too?

A. Depending on what type of lipids.  Lipids are a broad class

of molecules.

Q. The Court has heard testimony that E.coli bacteria produced

something on the order of 2,000 different proteins of their

own.

You wouldn't disagree with that, would you?

A. No.

Q. So also present amongst the protein portion of the

inclusion body could be bacterial protein, correct?

A. Yes.

Q. In fact, that's almost certainly there to some extent?

A. Yes.

Q. So what we know, then, is that it is certainly true that

the assumption on which your OD280 measurement is based can't

actually be correct, right?

A. It can't be 100 percent correct, but we do have a different

analytic, which is the UPLC chromatography method.
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Q. But, sir, the things that you testified about in your

direct examination were based on the OD280 method, correct?

A. That is true.

Q. And if it turns out that the value you got using the OD280

method was wrong, all of the calculations to which you

testified thereafter would be wrong as well, correct?

A. That would be true.

Q. Now, sir, just before we leave this, let's turn back to

Page 35 of this document, and the document is Joint Exhibit 25.

A. Page 35?

Q. Yes.

A. Yes, I'm there.

Q. Do you see at the very bottom of that page there's a table

headed "Water Wash Performance Parameters?"

A. Yes.

Q. Do you see it says, "Inclusion Body Wet Weight?"

A. Yes.

Q. And then there's a specification for that?

A. Sure.

Q. You would agree with me that in its FDA documents Apotex

wants to talk about a wet weight, it specifies that it's

talking about a wet weight, correct?

A. Yes.

Q. Now, if we go forward to Page 41, and we look at the top of

the page there -- let me know when you're there.
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A. Yes.

Q. Do you see there on the first line of the table, it's

talking about the amount of inclusion bodies that are used?

A. Yes.

Q. And that's the value as to which the Court has heard quite

a bit already, 0.9 to 1.4 grams per liter; do you see that?

A. Yes.

Q. It does not say wet weight there, does it?

A. No.  This is a calculation of the IB amount per liter of

refolding buffer.

Q. Now, sir, the -- let's talk a little bit about the batch

records.

A. Okay.

Q. Would you turn on, please, in the book to the next item

where you should find DTX081.

A. Yes.

Q. Do you have that?

A. Yes.  Just a second.  Yep.

Q. And the -- this is one of the two batch records that you

looked at in your direct examination; is that right?

A. Yes.

Q. By the way, am I correct that out of the 89 batches that

were in spec, only two batch records have been submitted to

FDA?

A. I'm not sure.
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Q. Now, sir, let's turn to Page 2 of Exhibit 81.

A. Yes.

Q. And you testified about this.  This is where you say out of

the 172 grams of inclusion bodies, only 66.8 grams of that were

protein, correct?

A. Yes.

Q. And in the form here in the middle, it says, Total

Filgrastim In Input."  Do you see that?

A. I do.

Q. And you said in your direct examination that, well, it was

really the lion's share of it was filgrastim, correct?

A. Yes.

Q. But that phrase isn't correct, even according to your

calculations here, is it?  It's not total filgrastim, it's

total protein?

A. It's total protein, but the in-process stream is termed

filgrastim because it's the lion's share of the product is at

that stage.

Q. Now, the -- and there's no way in this batch record that

has an entry saying how much of the inclusion bodies was water,

right?

A. No.  It wasn't calculated, no.

Q. In fact, there's nowhere in any of the documents that we've

seen where it says in writing that the inclusion bodies are 64

or 65 percent water; fair?
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A. No.  It's not typical to write your yield of water.

Q. Don't you think that's curious that in all of this

documentation, all of this highly-regulated process, everything

that's been done over a period of years, to get this package of

information ready for the Food and Drug Administration, not

once is there a writing that says here's the water content of

the inclusion bodies?

A. We're producing the filgrastim, and so the focus on the

analytics is on the filgrastim and the concentrations and

purity, identity, the strength and potency.  So the focus is on

the filgrastim protein.

Q. But your job -- did you finish?

A. I am now.  Yep.

Q. Your job, as someone who is developing and overseeing the

development of a process that will be submitted to FDA, is to

make sure you've characterized every variable so that it's

controlled, correct?

A. Yes.

Q. All right.  And that's a very important process, very

important responsibility, because that's what makes sure that

the end product is something that's safe to be injected into

human beings, right?

A. Yes.

Q. And as parts of that, you endeavor to identify and control

every available in the process, do you not?
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A. Yes.

Q. Now, sir, and I think we established this, but let's just

turn to Page 131 of the batch record.  Do you have that?

A. Yes.

Q. Now, the -- this is where there is the record of total

protein amount of 100.6 grams, correct?

A. Yes.

Q. And you testified in your direct examination that that is

wrong, correct?

A. Yes.

Q. Because if that were correct, it would mean that the amount

of protein had somehow gone up from 66.8 grams to 100.6 grams;

fair?

A. That is true.

Q. At least one of those numbers has to be wrong, correct?

A. Yes.

Q. They could both be wrong, but at least one of them must be

wrong?

A. Yes.  Well, in terms of -- you can't spontaneously generate

protein and nothing is added.  So clearly, this one being

higher, that trend is wrong.

Q. Fair.  But my point is, it's conceivable that both numbers

are wrong, correct?

A. It is conceivable.

Q. But we can tell by virtue of having these two different
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numbers that at least one of them must be wrong?

A. Yes.
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MR. LUKAS:  I have no further questions at this time.

Your Honor.  However, a little housekeeping.  There

were some calculations done by Dr. Dowd on the ELMO, and Apotex

moves to include that as evidence in this case.

THE COURT:  Any objection?

MR. GROOMBRIDGE:  No objection, Your Honor.

THE COURT:  All right.  How do you want those marked?

MR. LUKAS:  We actually marked it as a new document,

DTX89.

THE COURT:  The exhibit will be received.

(Received in evidence Exhibit(s) DTX89.)  

THE COURT:  Dr. Dowd, you may step down.

THE WITNESS:  Thank you very much.

(Witness was excused.) 

*     *     *     *     * 

(Proceedings were had which are not herein transcribed.) 

C E R T I F I C A T E 

I, Karl Shires, Registered Professional Reporter and 

Federal Certified Realtime Reporter, certify that the foregoing 

is a correct transcript from the record of proceedings in the 

above-entitled matter. 

     Dated this 13th day of July, 2016. 

 

____________________________ 
     Karl Shires, RMR FCRR 
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DTX081-0001

~i 

r

- BATCH PROC-ESS &--------rDocumcnt. ~o.: BP-Pl.3-1-BM-oi-----~--------. "iNl:'fi.~- ~;I 
CONTROL RECORD I Effective Drue: 01.10.2011 

1

! Bi~li~.ri1-:i7:"'.8 u-ii,:Ji:;, I 
i--------~-----------~I_____ - -----i 

Product Name: Filgrastim Drug Substance I Product Code: Pl.3-BM I 
j Inspccti-on_L_o_t_ N_o_.: __ 1~0-3_0_0_0_00_0 _ _!_3~6~-~- Batch Size: I 15000 n;g __ j Batch No.: PI.3-BM-0014 

-----·----------------------1 
Generic Name Filgrastim 

Mfg. Date OC\ \' o \ \\. Retest Date L_n_s_)J2--::f )-r.=,,----_-_-_-·_, 

B_a_tc __ h_S_i_z_c _________________ _Q9__,g""'----·-r--------------------------------
Product Code Pl.3-BM Retest Period 9 months 
-·--------------------+--------------+----------------+-------------< 
Ref. MPCR No. MR-Pl.3-l-BM-02 Effective Date 01/10/11 J 

Signature I 
Name ·-----J--.-Ta_y_d-ee_p_J_o_s_h_i --1---;L-1c_h_i B-l-1a_I_od_i_a--+-B-a-lb_h_a_d_ra_D_ev_a_d_a_, __ R_a_v_i_n_d_r_a -+---1-{i-tesh Pate;-r--;h~~~1:am Rane 

L__---~------_::_~ _ _gn_a_t __ io_1_1 ________ ~S-r_. E_"'X-'e_c_u-ti--v-e,_B_B_M~-S-r._E_x_e_cu_t_iv,_e_,_B_B_M_~--E-x-ec_u_ti_v_e_, Q-A~---H--e-~ ___ d,_~g_p_:~---0---~- . AGM, QA_E_ H~~d,Qu_11liiy~=I 
I<'or Use At: 

Intas Bioplrnrmaceuticais Ltd. 
Plot No. 423/P/ A, Sarkhej Bavla Highway. 

Moraiya, Tal: Sanand, AHMEDABAD, 382 213 INDIA 

Approved by (BBM): Ravindra Wagh Authorized by (QA): Shaligram Rane 
-· -

Date: 01.10.2011 Date: 01.10.2011 
-

I QMU07 I CopyNo.: 
-- --

Printed by: Printed on: 03.10.2011 1 

1 of224 This is a electronically generated document and does not reqmre signature. 

HIGHLY CONFIDENTIAL APO-FI L-0006227 
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DTX081-0120

BATCH PROCESS & 
CONTROL RECORD 

-l Document. No.: BP-Pl .3-1-BM-02 

Effective Date: 01.10.2011. · 

Product Name: Filgrastim Drug Substance Product Code: 

Batch No.: Pl.3-BM-0014 Inspection Lot No.: 030000003362 Batch Size: 

7. IN-PROCESS TESTS 

Sr.No. Step No. Analysis Acceptance Criteria Result 

1. 5.22 of part-14 OD2so Solubilized Inclusion Bodies Report result c.-:;q9 

Pl.3-BM 

15000 mg 

Recorded By 
(initial &~tc) 
~ 0\-<"<'--

~,, e'l'" 
A ' // 

2. 5.22 of part-14 Protein concentration (OD2so /0.86) Report Result 
~0"~19 "f.!''(. cf?' 

::. 7"ct'b/a.e;ipg/mL[ , V~"}'' 
.. o'1 

8. YIELD 
______ A_n_a-ly-s-is----------,---R-angc Result Calculated By j Checked By (Initial 

o_nitia1 & oateL_r_& Date) 
Total Protein in Solubilized Inclusion Bodies :f:l.M x C\'2ls ~ 

\,~\'' (=Cone. ofFilgrastim by OD280from step 7 part-14 x SIB Report result ~ G<;.'6 \' . ' 0 1'-'
9 

____ v_o_h_u_n_e_fi_·o_m_st_ep~5_.2_0~p_art_-_14~)-----~~-----~---~-· _b_G_·_~_L __ ~-------~l~lJ2.JJ~~~ 

9. ATTACHMENTS 

Attachment Description 

10. REVIEWED BY QUALITY ASSURANCE 

Printed by: QMU07 Printed on: 03.10.2011 Copy No.: 
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DTX081-0131

BATCH PROCESS & 
CONTROL RECORD 

Document. No.: BP-Pl.3-l-BM-02 

Effective Date: 01.10.2011 

Product Name: Filgrastim Drug Substance Product Code: Pl.3-BM 

Batch No.: Pl.3-BM-0014 Inspection Lot No.: 030000003362 Batch Size: 15000 mg 

8. YIELD 

Analysis Range 

Total Protein in RF OP= (Concentration of RF OP from step 7 x 
Volume of RF OP from step 7) 

Report result 

9. ATTACHMENTS 

Step No. Attachment No. Attachment Description 

5 .22 of part-15 Strip chart record 

10. REVIEWED BY QUALITY ASSURANCE 

Printed by: QMU07 Printed on: 03.10.2011 

HIGHLY CONFIDENTIAL 

Result 

Copy No.: 

Calculated By 
(Initial & Date) 

Checked By 
(Initial & Date) 

Checked By 
(Initial & Date) 

APO-FIL-0006357 
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