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l. Introduction

U.S. Patent No. 8,952,138 (“the '138 Patent”) iecltied to a novel
and efficient protein refolding method based ontcrof redox conditions; with
reductant and oxidant (“redox”) reagents, disultidaeds are formed and
reshuffled to refold mis-folded proteins. In a stamtial departure from the trial-
and-error approach of the prior art, that novelhmdtsurprisingly and
unexpectedly led to a more rational design of chifig recombinant proteins
expressed in non-mammalian expression systemdyacteria.

Notably, the inventors defined a unique equatiarthml-pair ratio

2

reductantl’y ihat accurately reflects the complex, redox clsényiof disulfide

Cosiaan
bond formation in proteins. By identifying a rédatship not known in the prior art
between that unique equation and the redox butifength equation
(2[oxidant] + [reductant]), the 138 Patent provides greater predictabifity
identifying optimal conditions for refolding protes; in a departure from the prior
art, the 138 Patent does so even under high protaicentrations, anaerobic
conditions, and for complex proteiresd. antibodies, multimeric proteins, and Fc-
protein conjugates).

Amgen Inc. and Amgen Manufacturing Limited (togettfeatent
Owners” or “Amgen”) respectfully disagree with tBeard’s institution ofnter

partes review of the '138 Patent based on the allegedoaiswess of: (1) Claims

1
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1-11 and 13-24 ovetchlegl (EX1003) andHevehan (EX1004); and (2) Claim 12
overXhlegl (EX1003),Hevehan (EX1004), andHakim (EX1006). Apotex Inc. et
al. v. Amgen Inc. et al., IPR2016-01542, Paper 10 (P.T.A.B. Feb. 17, 2017)
(“Institution Decision”) at 34.

Both Grounds suffer from fundamental deficienciés. Dr.

Robinson, Petitioners’ expert, admitted at depwmsijttchlegl andHevehan do not

2

] ) and redox buffer strengtB[oxidant] +

teach the thiol-pair rati d du.cmnt
oxidant]

[reductant]) equations. And yet, both equations are necessagiculate the
claimed “final thiol-pair ratio” (“TPR”) and “redokuffer strength” (“RBS”)
values. In performing her obviousness analysis Robinson could only apply
impermissible hindsight by applying the equatiohthe '138 Patent to the prior
art. In any event, a POSITA would not have beehvated to combiné&chlegl
andHevehan. They teach fundamentally different and incomnigatrefolding
methods: Schlegl’'s method of refolding is a mechanical approaciexatemely
dilute protein concentrations wherddsvehan's method is a chemical approach at
high protein concentrations. A POSITA would alsalerstand thachlegl and
Hevehan's methods for refolding purified, model proteirre aot applicable to nor
predictive of refolding recombinant proteins exgexsin non-mammalian
expression systems, as required by the claimseofl8 Patent. A key distinction

between (1) purified, model proteins and (2) prdeaxpressed recombinantly in

2
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non-mammalian expression systemg.( proteins in inclusion bodies): host-cell
contaminants. It is significant that published kby the very same lab
responsible foHevehan makes clear that methods for refolding the fornmerret
applicable to methods for refolding the latter;thosll contaminants confound and
interfere with protein refolds.

Even assumingrguendo, that a POSITA would combirtéehlegl and
Hevehan, that combination does not render the challendgidhs obvious. As Dr.
Robinson admitted at depositidtevehan teaches a refold buffer with zero
reductant; it follows that the TPR value is necalsaero inHevehan. And
Petitioners’ position (that the Board agreed wittgt a POSITA would apply
Hevehan's redox conditions t&chlegl’s methods necessarily leads to a
combination with a TPR value of zero; that valuésfautside the scope of all of
the claimed TPR values, including the broadestearfgole independent Claim 1.

Nor would there be a reasonable expectation tieatdmbination of
Schlegl andHevehan would lead to methods that could successfullyldefooteins
expressed in a non-mammalian expression systenalréady notedSchlegl and
Hevehan—uwith their purified, model proteins—are not apple to refolding
recombinant proteins expressed in non-mammaliaresgpn systems, as required
by the claims of the 138 Patent. FurthermoreQ&SH A would also understand

thatSchlegl’'s sole example of its refolding method used bovirtactaloumin (-

3
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LA”). Because that unique protein refolds reaaviyhout redox chemicals, it is
unpredictive of refolding other proteins. Moregvitie Hevehan model has been
soundly refuted. Given that it was known prioSahlegl thatHevehan could not
even accurately predict refolding of its own p@dfj model protein, hen egg white
lysozyme (“HEWL”), a POSITA would not have appliei@vehan to refolding
methods for any other proteins with any reasonakpectation of success.

As for Claims 9-12 and 18 (which depend from Clainthere are
additional reasons why those claims are not redeb@ious by the asserted prior
art combinations. For Claims 9-12, as Dr. Robinsadily admitted at deposition,
Schlegl andHevehan do not teach refolding antibodies (Claim 9), compbroteins
(Claim 10), multimeric proteins (Claim 11) or Fospzin conjugates (Claim 12).
Conclusory assertions aside, Petitioners subm@mpirical evidence that a
POSITA would have had a reasonable expectationadess of refolding any of
those classes of proteins with the methods taughthilegl andHevehan.

Nor doesHakim cure the deficiencies &hlegl andHevehan in
relation to the Fc-protein conjugates of Claim Hakimis not prior art. At least
Claim 12 and Claims 7 (recombinant protein), 10v{ptex protein), and 11
(multimeric protein) of the '138 Patent inventioen® reduced to practice, at the
latest, on February 26, 2009, and pred#ikim’'s publication date of May 1, 2009.

In any event, even Hakim qualified as prior art, it provides no details abits

4
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refolding methodology. Without that critical infoation, there is no way for a
POSITA to know whether the methodsSehlegl andHevehan are even
compatible to refoldingdakim’'s Fc-protein conjugate—there is no motivation to
combine with a reasonable expectation of success.

As for Claim 18, that claim depends from Claim high references
“incubating the refold mixture”) and further reggsrthat such “incubation is
performed under non-aerobic conditions.” But thieneo evidence that the
combination ofSchlegl andHevehan teaches this limitation. Petitioners do not rely
on Shlegl for this limitation—nor can they, sin@ehlegl only discloses refolding
tanks for incubation under aerobic conditions. féxsHevehan, Petitioners can
only cite to a passage that—as Dr. Robinson readiiyitted at deposition—bears
no relationship whatsoever to the incubation ofréfeld mixture, as required by
Claim 18. What Petitioners notably do not citedifferentHevehan passage,
teaching that its refolds were done aerobically.

In view of these fundamental deficiencies, bothiinted Grounds
should be denied in their entirety.

Il. The 138 Patent Invention
A. Prior to the '138 Patent

The '138 Patent is an improved methodology for ey

recombinant proteins expressed in non-mammalidrceklre systemse(g.

5
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bacteria) at high concentration. EX1001 at 1:112t27-30, 4:20-32, 4:55-58,
10:9-16, 12:40-49; EX2001 at 158As reflected by its title, “Refolding Proteins
Using a Chemically Controlled Redox State,” the8 Batent is a redox chemistry-
based method; redox chemicals assist in formingresiauffling disulfide bonds
for protein refolding.

The goal of protein refolding is to maximize yieltlproperly folded
protein species. EX2020 at §20; EX2021 at {14caBse refolding recombinant
proteins (particularly those with multiple disukidbonds) into their proper three-
dimensional configuration is complex, it is chatierg to achieve that goal.
EX2021 at 14. Prior to the '138 Patent, thos#eskin the art needed to
manipulate a large number of variables—througlt-#wel-error—to determine
methods for refolding proteindd.

Prior to the '138 Patent, the primary approach teafold proteins
at dilute protein concentrations. EX2001 at 5%1@01 at 1:54. This is because
unfolded or improperly folded proteins are “sticlafid tend to clump together or

aggregate-e.g., the exposed hydrophobic regions stick togethenilg to how

! Except for patent and patent application Exhilaielaration Exhibits (EX1002,
EX2001, EX2020, EX2021), and deposition and testimony Exhibits (EX2019,
EX2028), all cites herein refer to the page numbeided by Petitioners, Amgen,

or the Board at the bottom of each Exhibit or Paper

6
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oils clump together in water because oil and wdtenot mix). EX2021 at {15.
But, as noted in the '138 Patent, refolding prateahdilute concentrations at
industrial scale requires huge refolding tanks lamaksing facilities; it is a costly
approach. EX2001 at 57; EX1001 at 1:57-60.

Attempting to refold at high protein concentrati@scerbates the
aggregation problem: since the protein moleculesramuch closer proximity,
the likelihood that they will bump into each otlaerd stick together is increased.
EX2021 at 15. Rather than properly refolding itiieir biologically active
configurations, the proteins aggregatd. Such aggregation interferes with
obtaining good vyields of properly refolded reconamhproteins.ld. Prior to the
'138 Patent, refolding at high protein concentnagiat industrial scale was, thus,
both costly and inefficient, to the extent evensilole. EX1001 at 1:52-60, 2:17-
22.

Prior to the '138 Patent, there was no rationateséecting redox
conditions. EX2021 at 1114-15; EX1003 at [0073]7D] (providing no reasoning
for choosing its redox conditions); EX2019 at 46&8{“no specific rationale given
in the Schlegl patent for those specific concemnatof’ a-LA); EX1004 at 5
(randomly selecting concentrations of redox chelg)c&X1006 (no disclosure of
its refolding methodology). Although practitionerscasionally referred to simple

ratios of reductant and oxidant concentratiares, (reductant] / [oxidant]), merely

7
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varying the relative amounts of reductant and axidgenerated random results;
trial-and-error was necessary to identify accegtabtiuctant and oxidant
concentrations for protein refolding. EX2021 a®JEX2020 at 1127-30; EX2030
at 2; EX2031 at 3; EX2032 at 2 (“for a researcherkiwng with a novel protein,
finding the most suitable conditions for expressgwlubilization, and refolding of

proteins a priori can be a relatively random precg¢gemphasis added).

There was a need for the rational design of refgigiroteins using
redox chemicals: for an efficient method that dquiedictably refold proteins,
especially at high protein concentrations and forarcomplex proteinge(g.
multimeric proteins such as antibodies and Fc-pnatenjugates). With such a
method, greater amounts of biologically active et could be produced at
industrial scale at a given time, saving both tand money.

B. The Novel '138 Patent Method Surprisingly and Unexgectedly
Led to a More Rational Design of Refolding Proteins

The inventors of the 138 Patent invented a nowel efficient protein
refolding method at high protein concentrationstigh control of redox
conditions. EX2021 at 717; EX2001 at 158-59.

Notably, one of the inventors (Dr. Roger Hart),idedl a unique

[reductant
oxidant]

equation for thiol-pair rati ]2). EX2021 at 117-24. Dr. Hart derived

2
that unique equati% based on his substantial work with various redox

8
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chemicals €.g., DTT and cysteine/cystine) and his understandirthe oxidation-
reduction chemistry of disulfide bond formatiokul. at §121-22.

Prior to the '138 Patent, Dr. Hart had studiedréguctant, DTT

9H
HS/\/\/SH
( OH ), which breaks disulfide bondsd. at §21. The following is a
typical redox reaction (oxidation-reduction reanjicnvolving DTT (DTT and its

derivatives are in black, and the oxidized spear&sits derivatives are in the red

box):
- il s "JSZS”‘“’
S{
_S —_— B
O HO,, s
HOm- 1OH S
..||0H HO
SH
SH

Id. Notably, DTT is an irreversible reductant. DTT is completely oxidized
(used up) after reducing (breaking) disulfide bonkis This makes DTT a good
reagent for denaturing (unfolding) proteids. But it makes DTT a poor reagent
for refolding proteins because it does not permashuffling” of disulfide bonds.
Id. Once oxidized, DTT is unavailable to act as aicéaht for breaking any
additional (incorrectly formed) disulfide bondkd.

Dr. Hart also studied the reductant cysteine, wigdahvolved in

disulfide bond formation in proteins:

9
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Cysteine Cystine
o NHo O
Hﬁ/ﬁ/\LOH HD\H)\‘/SHS/\‘I)\DH
NH- o MNH.,
0O OO0
2 HS_O 3 O—s__s~_O + 2H* + 2¢-

Id. at 22. Notably, cysteine is not irreversiblyczed like DTT. Id. Cysteine is

in equilibrium with cystine, such that disulfiderms can be “reshuffled” until the
correct disulfide bonds are formed and the progeproperly refolded.ld. at
1922-23.

After conducting a series of experiments, Dr. Higrtived a
relationship between the concentration of reducdgoared and the concentration
of oxidant that applied in the context of disulfioend formation in proteinsld. at
124. The two molecules of cysteine (the reductand) the one molecule of

cystine (the oxidant) lead to exponents of 2 an@dpectively, in the equation

2
—[r[eod;;;ﬁ? . Id. That formula accurately reflects the complex cisény of

disulfide bond formation—whereas the simple rafireductant] / [oxidant]

associated with the trial-and-error approach ofpther art did not.ld. at 1122-24.
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The inventors of the '138 Patent identified a nelaghip between that

2
unique equatio% and the RBS equatio[oxidant] + [reductant])

that was not known in the prior ard. at §26; EX2020 at 131-33. That discovery
is disclosed in the '138 Patent:

As described herein, the relationship between thudfler strength and

redox thiol-pair ratio has been investigated anthaped in order to

provide a reproducible method of refolding proteahgoncentrations

of 2.0 g/L, and higher on a variety of scales. &tlmematical formula

was deduced to allow the precise calculation ofétes and

strengths of individual redox couple componentadbieve matrices

of buffer thiol-pair ratio and buffer thiol strefigt Once this

relationship was established, it was possible stesgatically

demonstrate that thiol buffer strength and thelib#r ratio interact

to define the distribution of resulting productated species in a

refolding reaction.

EX1001 at 4:35-45 (emphasis added), Figs. 1a-12@% at 17-19. The
relationship between TPR and RBS surprisingly amekpectedly provided greater
predictability in identifying optimal conditions feefolding proteins at high

protein concentrations. EX2021 at 126; EX202028x TSpecifically |

O
I 2021 at 126

11
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EX2024 at 8 EX2022 at 23; EX2021 at 126. That TPR and RB&ionship
clearly identified the optimal refolding conditi( G
I for o particular protein

concentration:

‘I ich is the samas TPR in the '138 Patent; both
2
refer to the same equatig{‘%- .

oxidant

12
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EX2022 at 21; EX2021 at 126. That TPR and RBSiozlahip also clearly
indicated which redox conditions resulted in direimng or lower protein yields.
EX2021 at 26. For example, in Figure 1la of ti&8'Patent, at an RBS value of 5
mM, there are quickly diminishing yields of properefolded protein (solid line)
and increasing yields of incorrectly folded prot@ashed line) at TPR values

greater than 4:

84 T air Puffer Blrengtd i f
4]
e |
“M o “
st - -
o o
o s
\%
b SRl R W o
¢ T Ao Tk
[SRY 4
03.000 1 GO0 2080 2000 4.000 5.0050 5.000 7.080 §.000 9.000

ThiohPair Ratio

EX1001 at Figure 1la; EX2021 at 26.
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As noted in the '138 Patent, that TPR and RBSiaelahip “allows
for the optimization of the yield of a desired fettlprotein form” and enhanced
efficiency of refolding proteins at significantlyghmer protein concentrations than
in the prior art. EX1001 at 9:11-13; EX2001 at8®. The inventors applied
their novel method to efficiently and predictabdfald numerous proteins,
including complex and multimeric proteins, at hfglotein concentrations.
EX2021 at 127.

[ll.  Person of Skill in the Art
The Board agreed with Amgen that a POSITA requarégraduate

level of education and experience . . . due testhistication of the area of
protein refolding.” Institution Decision at 7. @lBoard determined that a
POSITA “would have an advanced degree in biocheymwsgith an engineering
component and significant experience in proteirdpobdion, including refolding.”
Id.

IV. Claim Construction

Claim 1 of the '138 Patent reads as follows:

1. A method of refoling BPTOTEIN EXpFESSed TBREmAMMalan

IOgreae comprising:

(a) contacting thglpreigin with a refold buffer quiaing

a redox component comprising

14
PROTECTIVE ORDER MATERIAL — SUBJECT TO PROTECTIVE RDER



a final thiol-pair ratio having a range of 0.0011@0 and
a redox buffer strength of 2 mM or greater
and one or more of:
(i) a denaturant;
(i) an aggregation suppressor; and
(i) a protein stabilizer;
to form a refold mixture;
(b) incubating the refold mixture; and
(c) isolating the protein from the refold mixture.

The highlighted terms are color-coded to matchitbhstration below, and
illustrates the elements that make up step (a)ahCl, the “contacting” step (the
“contacting” step is represented by the red bd@titioners’ expert, Dr. Robinson,
agreed that the below illustration (including theefvolumes but without the red
box) was a “fair representation of the proces$ef138 Patent.” EX2028 at

101:6-16; EX2018.

One or more of:

(i)  Adenaturant;

(i) An aggregation
suppressor; and

(i) A protein
stabilizer
Redox component

Protein-containing

volume i Y ﬂ Refold buffer

Refold mixture
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The Board construed five terms in the '138 Patéhj:“protein”
(Claim 1); (2) “buffer thiol-pair ratio”; (3) “thibpair buffer strength”; (4) “refold
mixture” (Claim 1); and (5) “complex protein” (Clai10). Institution Decision at
9-10.

A. Construed Terms
1. “refold mixture”

The Board construed “refold mixture” (Claim 1) t@am “a mixture
formed from contacting [1] the protein with [2] thefold buffer.” I1d. at 10
(citation omitted). There is no dispute that thet@in is “in a separate volume”
from the refold buffer. EX2019 at 20:24-21:7; EXXP0at §7; EX2001 at §72. At
deposition, Dr. Robinson agreed that the belowatsphe Board’s construction of

“refold mixture”:

Protein-containing

volume ﬂ Y D Refold buffer

Refold mixture
EX2019 at 115:3-20, 116:5-15. And Dr. Robinsornifiesl that when “combining
two different volumes, [] the final mixture will bgenerally larger than each

individual solution.” Id. at 116:24-117:9. It follows that the volume o ttefold
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mixture is greater than the refold buffer volumeé @notein-containing volume,
individually. 1d. at 119:3-12; EX2001 at 172.

2. “complex protein”

The Board adopted the specification’s definitiorf@implex protein”
(Claim 10):

The protein can be a complex protein, i.e., a jmdteat (a) is larger
than 20,000 MW, or comprises greater than 250 aiaomb residues,

and (b) comprises two or more disulfide bondssmative form

Institution Decision at 10 (emphasis in origind&) 1001 at 12:58-61.
Accordingly, a “complex protein” is either (1) langthan 20,000 MW with two or
more disulfide bonds in its native form or (2) cames greater than 250 amino
acid residues with two or more disulfide bondstsmiative form. EX2020 at 19.

3. “protein”

The Board appears to have adopted the specificati@iinition of
“protein.” Institution Decision at 9. Thus, Amganderstands the Board’s

construction of “protein” to mean “any chain ofl@st five naturally or non-

* The Board rejected Amgen’s and the District Cauctnstruction that the refold

mixture has a “*high protein concentration’ . t .oaabove about 1 g/L protein.”
Institution Decision at 10 (citation omitted). Asmgrespectfully disagreesee

Amgen’s Preliminary Response (“POPR”) at 13-16; BEXP at 1173-76.
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naturally occurring amino acids linked by peptidads.”

4. “final thiol-pair ratio”

Claim 1 recites a “final thiol-pair ratio.” EX10Gt Claim 1. The
Board construed “buffer thiol-pair ratio,” whichmet recited by any claim.
For the purposes of this proceeding post-institytdmgen applies

the Board’s construction of “buffer thiol-pair ratito the claim term “final thiol-

2
pair ratio,” which is recited in Claim 1; TPR, thmean%, where the

concentrations are determined in the refold biiffénstitution Decision at 9.

* Amgen respectfully disagrees with the Board’s torsion. The parties agreed
2
that the concentrations Lﬁ% are determined in the redox component.

Petition at 24; POPR at 11-12. That agreed-upostcaction is supported by the

claim language, which requires “a refold buffer q@ising a redox component

comprising a final thiol-pair ratio having a ranofe0.001 to 100 and a redox

buffer strength of 2 mM or greater and one or nuwtéhree chemicals. EX1001

at Claim 1 (emphasis added). The plain languadeemelear that the refold buffer
comprises (1) a redox component and (2) “one oremdtthree chemicals; the
TPR and RBS are referring back to (and thus, dgathe redox component—“a
redox component comprising a final thiol-pair ratio. and a redox buffer strength

....7 1d. The Board’s construction rewrites the claim dbezi (1) “a refold

18
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In contrast, Dr. Robinson, Apotex’s expert, takes position that the
Board’s construction is irrelevant to this proceedi At deposition, she insisted
that “the board has not construed the term ‘finaltpair ratio,” and that the
Board instead construed a term “buffer thiol-patia” that does not appear in any

claims. EX2019 at 12:19-13:5, 13:23-14:5. Dr. Rebn apparently agrees that
TPR values are determined by the equa%%&%, but she now has no idea

which volume to apply when calculating TPR valués.at 14:24-15:10, 15:19-

16:5; EX1002 at 79. And yet, volume matters.déposition, Dr. Robinson
2
agreed tha% is “volume-dependent” and that “if you have diéat

volumes, you will get different results.” EX20101a:24-15:10, 128:17-129:2.

It is readily apparent why Dr. Robinson rejectslgiog the Board’s
construction of “buffer thiol-pair ratio” to theaim term “final thiol-pair ratio.”
As described belowHevehan falls outside of Claim 1, which requires TPR value

“having a range of 0.001 to 100.” Because themiseductant itdevehan’s

buffer comprising a redox component [wherein tHeldebuffer further]

compris[es}irg a final thiol-pair ratio having ange of 0.001 to 100 and a redox

buffer strength of 2 mM or greater” or (2) “a refdjuffer comprising-a+edox

component-comprising a final thiol-pair ratio hayiarange of 0.001 to 100 and a

redox buffer strength of 2 mM or greater.”
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2 2
refold buffer, the TPR value Ze4#ctant” _ __ 9" _ ;610 inHevehan based on
[oxidant] [oxidant]

the Board’s construction. Dr. Robinson now clativst TPR is vague with respect
to which volume the TPR equation applies. EX201894a24-15:10, 15:19-16:5.

That position directly contradicts her prior, adatmapinion that TPR is measured

in relation to a specific volume. EX2029 at 21-2the Board should not
countenance Dr. Robinson’s and Apotex’s continughifting positions as to this
key claim term.

5.  “redox buffer strength”

Claim 1 recites a “redox buffer strength.” EX10Qlaim 1. The
Board construed “thiol-pair buffer strength,” whishnot recited in any claim.

For purposes of this proceeding post-institutiomg&n applies the
Board’s construction of “thiol-pair buffer strengtio the claim term “redox buffer
strength,” which is recited in Claim 1; RBS, thowan2[oxidant] +
[reductant]. Institution Decision at 10. Amgen also intetpréhe Board’s

construction to require that the reductant andamxic¢doncentrations are

2
determined in the refold buffer, just like tgﬁw equation.
oxidant]

> Amgen respectfully disagrees with the Board’s torsion. The parties agreed

that the concentrations Rloxidant] + [reductant] are determined in the redox

20
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Dr. Robinson, Apotex’s expert, again takes thetposthat the
Board’s construction is irrelevant to this proceedi At deposition, she insisted
that “PTAB has not construed redox buffer strengthd that the Board instead
construed a term “thiol-pair buffer strength” tllakes not appear in any claims.
EX2019 at 19:2-8, 17:6-20. Dr. Robinson appareatjsees that RBS values are
determined by the equati@joxidant] + [reductant], but twice she now claims
to have no idea which volume to apply when calocupRBS values.ld. at 19:2-

8; EX1002 at 179. That position directly contraslicer prior, adamant opinion

that TPR is measured in relation to a specific n@u EX2029 at 23-24. The
Board should not countenance Dr. Robinson’s ande&® continually-shifting
positions as to this key claim term.

B. Additional Claim Term to be Construed
1. “non-mammalian expression system”

Claim 1 recites “non-mammalian expression systeAs”in the
POPR, Amgen respectfully proposes a constructiofinfon-mammalian
expression system” that is taken directly fromdeénition in the specification:

[T]he term “non-mammalian expression system” memaagstem for

expressing proteins in cells derived from an orglamnother than a

component. Petition at 25; POPR at 11-12. Asudised above in footnote 4, that

agreed-upon construction is supported by the claimguage.
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mammal, including but not limited to, prokaryotex;luding bacteria

such a<. coli and yeast.

EX1001 at 4:63-67; EX2001 at 169; POPR at 17-18at €onstruction satisfies
the broadest reasonable interpretation in lighhefspecification.

V.  The Challenged Claims of the 138 Patent Are Not Olous in View of
the Combined Prior Art

The Board instituted review of the '138 Patent lblase two Grounds:
that (1) Claims 1-11 and 13-24 are rendered obvivesSchlegl andHevehan and
(2) Claim 12 is rendered obvious ov#&hlegl, Hevehan, andHakim. For the
reasons articulated below, those Grounds shoutdjbeted because they suffer
from fundamental deficiencies.

A.  Schlegland Hevehan Alone or in Combination, Do Not Render
Claims 1-11 and 13-24 Obvious

1. Schlegland Hevehan Alone or in Combination, Do Not
Teach the TPR and RBS Equations

Based on Amgen’s understanding of the Board’s ctaamstructions,

reductant]?

the equationW) is required to calculate TPR values. EX1001 latrGs

1-2. Likewise, the equatior [oxidant] + [reductant]) is required to calculate
RBS values.ld. at Claims 1, 3.

It is undisputed (and Dr. Robinson admits) thatlegl andHevehan
do not teach the critical TPR and RBS equations2(®9 at 40:12-21, 67:19-

68:8; EX2020 at 1118, 20. Without those equatiaBQOSITA cannot calculate
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TPR and RBS values and determine whether thosewddli within the claimed
ranges of the '138 Patent. It is readily appatleat Dr. Robinson applied
impermissible hindsight in performing her obviousnassessment. EX2020 at
126. As she admitted at deposition, in order toutate TPR and RBS values
purportedly based ofchlegl andHevehan's disclosure, she applied TPR and RBS

equations from the '138 Patent. EX2019 at 43:223445:8-17, 68:11-69:2 (“|

took the concentrations of DTT and GSSG disclosdddvehan and put them in
the equation 1 from the 138 patent.”).

Becauseschlegl andHevehan, either alone or in combination, do not
teach the threshold TPR and RBS equations reqtorediculate TPR and RBS
values,Schlegl andHevehan cannot teach the claimed TPR and RBS values
required by Claim 1. Because Claims 2-11 and 18&htnd from Claim 1 and
share the same material limitations, those depédradi@ms are also not rendered
obvious bySchlegl andHevehan, either alone or in combination.

2. A POSITA Would Not be Motivated to Combine Schiegl
and Hevehan

(@) Schlegland Hevehanare Fundamentally Different
and Incompatible Protein Refolding Methods

Schlegl andHevehan are fundamentally different and incompatible
approaches to protein refoldin§chlegl teaches a mechanical approach to achieve

protein refolding at extremely dilute protein contrations. POPR at 19-20, 33-
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34; EX2001 at 1193-99, 111-113; EX2020 at 23, 1.@.achieve “conditions that
approximate ideal mixing,&chlegl combines a stream containing solubilized
(unfolded) protein at a low flow rate with a refmid buffer stream at a very high
flow rate. POPR at 19; EX2001 at 19de EX1003 at [0023], [0024], [0033],

[0037]. Under such conditions, refolding takesplat very low protein

concentrations. POPR at 19; EX2001 at 195. Acdngrtb Schiegl,

By maintaining a very high flow rate of the refoidibuffer and a low
flow rate of the feed stream containing the unfdlgeotein, the

method of the invention provides very high locdltion rates;

preferred dilution rates range from 1:5 to 1:5008 &om 1:10 to
1:10000.

In the process of the invention, the actual prot@incentration

immediately after mixing is much lower as compa@donventional

refolding methods.

EX1003 at [0033] (emphasis added), [0039] (emphadaed); EX2020 at 1148-
50. In sheer contradtievehan's method is a chemical approach (focused on
denaturant and oxidant, but not reductant, in ¢feld buffer) to achieve protein
refolding at_high protein concentrations. POPRB3AIEX2001 at {107, 111.

It is illogical for a POSITA to combing&chlegl’s method of refolding

at extremely dilute protein concentrations witvehan’s method of refolding at
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high protein concentrations. EX2020 at 1137-38hlegl, protein aggregation
Is avoided by physically separating the proteinguales by dilution. POPR at 33;
EX2001 at 112. Iklevehan, refolding proteins at high concentrations necelysa
reduces or eliminates such physical separatiormidads are necessary to avoid
aggregation and to achieve proper refoldihgy; EX1004 at 1 (. . . low recovery
of correctly folded protein is often due to aggitéma. . . The most direct means of
minimizing aggregation is by decreasing proteincsortration.”); EX1003 at
[0008] (“The higher the protein concentration, kiigher the risk of intermolecular
mis-folding, and vice versa.”)Hevehan primarily relies on controlling the amount
of denaturant (GdmCI) in the refold buffer in ordeminimize protein
aggregation, but not redox chemicals as in the R&8&nt. POPR at 33-34;
EX2001 at 112; EX1004 at 2 (“In particular, adsftiof solubilizing agents
[denaturant] in nondenaturing concentrations torématuration buffer seemed to
be most effective at decelerating the rate of agggren.”); EX2020 at 123.

The Board proffers a reason why a POSITA would dom8chlegl
andHevehan:

Schlegl’s dilution approach itself suggests cusing the refolding
buffer to be used for a particular protein. [dd]at [0036], [sic] as
well as the addition of refolding additives suchredox systemsld.
at [0041]. Hevehan optimizes those redox systelfixs.1004, 2.
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Institution Decision at 15 (emphasis added). TharB cites tdchlegl’s [0036]
and [0041], which explicitly state that redox sysseare “optional[].” EX1003 at
[0036], [0041]; EX2020 at 121.

Amgen respectfully disagreesievehan does_not optimiz&chlegl’s
“optional[]” redox systems of [0036] and [0041] XE020 at §46. Instead,
Hevehan teaches that redox systems appropriate for refgldt low protein
concentrations are inappropriate when refoldinigigh protein concentrationdd.
at 22. Hevehan reports redox conditions for refolding proteifdat protein
concentrations of “0.01-0.1 mg/mL/[d. at 1122, 46; EX1004 at 5. And yet,
Hevehan did not adopt those reported conditions for itghhprotein concentration
refolds because they “might not be appropriate wib&hng a protein at 1 mg/mL
or higher concentrations.Id. InsteadHevehan resorted to trial-and-error studies:
selecting random concentrations of DTT (the redugta the protein-containing

volume and GSSG (the oxidant) in the refold buffé€X2020 at §46. Based on

® Dr. Robinson testified thatevehan chose the concentrations of DTT and GSSG
based on the teachings of “Saxena and Wetlauf@.19EX2019 at 71:3-72:5.

Dr. Robinson is incorrectHevehan discloses that “Saxena and Wetlaufer, 1970”
teaches concentrations of “0.004-0.4 mM” of GSEX1004 at 5. Critically,
Hevehan did not use those concentrations; she used betdv@d&mM of GSSG,

which is 10 to 3,250 times more GSS{al.
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the explicit teachings dflevehan, a POSITA would likewise reject the optional
redox conditions o&chlegl. Redox conditions for the extremely dilute refolyl
method ofSchlegl would be viewed as “not [] appropriate” for thelhi
concentration refolding method Bievehan. EX2020 at 47. And just as in
Hevehan, a POSITA would resort to trial-and-error studiedind appropriate
redox conditions.ld. IndeedHevehan teaches that refold conditions that work at
one protein concentration will not necessarily watlanother. EX1004 at 5;
EX2020 at 1122, 46.

Moreover, as discussed in Amgen’s POPR, a POSITAdveee no
benefit to combiningchlegl andHevehan's fundamentally different teachings.
Adding Hevehan's denaturant and oxidant chemicalsSthlegl’s dilute refolding
method would have been viewed as mal&dgegl’s process more costly and
complicated. POPR at 34.

(b) The Methods of Refolding Pure, Model Proteins
Disclosed inSchlegland Hevehanare Not Applicable

to Refolding Proteins Made in Non-Mammalian
Expression Systems

Dr. Robinson asserted (and the Board acceptedjitbatfolding
methods oHevehan andchlegl are “just as applicable to the refolding of protei
in inclusion bodies as to the proteins in denatumative proteins.” Institution
Decision at 13 (citation omitted). There is no itner Dr. Robinson’s contention.

Literature (from the lab associated witlevehan that Dr. Robinson admits is
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authoritative) underscores the fact that the twoigan systems are fundamentally
different with respect to the challenges they doseefolding.

As an initial matter, Claim 1 of the 138 Patentites a method for
refolding proteins expressed in “non-mammalian egpion systems.” There is no
dispute that neithddevehan nor Schlegl refolded such proteins. The HEWL used
in Hevehan was not made in a non-mammalian expression systewas
“purchased” as a “purified protein,” meaning theWE contained nominal, if any,
contaminants. EX2019 at 72:6-14, 73:20-74:2 (“Lldcexpect that [the HEWL
used inHevehan is] relatively pure”); EX2020 at §80. EverHevehan's HEWL
had been collected from its natural source, hes,apg HEWL was not made in a
non-mammalian expression system; as Dr. Robinskmoadedged, a POSITA
“wouldn’t generally think of going to a hen cellrfa non-mammalian system.”
EX2019 at 87:13-18; EX2020 at 1178, 80. And DrbiRson repeatedly testified
that thea-LA protein used irschlegl was not made in a non-mammalian
expression system. EX2019 at 46:23-48:4. Evé&nhifegl’s a-LA had been
obtained from its natural source, cow’s milk, saebA would not be made in a
non-mammalian expression system, since a cow iaramal. |d. at 34:13-19;
EX2020 at §79.

Critically, the pure, model proteins Bievehan andSchlegl are

fundamentally different than proteins made in ncammmalian expression systems,
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as required by Claim 1 of the '138 Patent. EX282§Y42, 84. Proteins made
recombinantly in non-mammalian expression systeamsbe contaminated by
other materials in host celldd. For example, proteins madeHEncoli aggregate
inside the host cell in so-called inclusion bodib®se insoluble aggregates include
host-cell contaminants, such as “DNA, ribosomal RIgAospholipids,
lipopolysaccharides, and other proteins.” EX208Alzstract; EX2019 at 24:25-
26:8 (“in the inclusion body, there's protein, #ieilipids, there's sometimes
nucleic acid”), 27:13-28:1, 28:2-9 (typically, 26% of the inclusion body
comprises contaminants); EX2020 at §42. The typkeaanount of host-cell
contaminants vary depending on the protein beipgessed and the conditions
used. EX2020 at 142.

Notably, such host-cell contaminants—which are essed with
proteins expressed in non-mammalian expressiopEgsin inclusion bodies, but
are absent from pure, model proteins—negativelyachpefolded protein yields.
Id.; EX2034 at 2 (showing that inclusion bodies isedefromE. coli expressing-
lactamase contained 35 to 95% pure protein depgrudirthe conditions used).
The same lab responsible tdevehan—which Dr. Robinson agreed was an
“authoritative one in relation to refolding of peats”—studied this very issue.
EX2019 at 66:23-67:18 (Dr. Robinson also testitieat De Bernardez Clark’s “lab

at Tufts or some of the papers that she's publiahedonsidered classics in the
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field.”); EX2020 at Y41.Hevehan's colleagues investigated the negative impact
that typical contaminants found in inclusion bodwasl on the refold rate and yield
of the very same pure, model protein aslevehan, HEWL. EX2033 at Title,
Abstract, 3 (describing study of the “effect ofiiggd contaminants in inclusion
body preparations . . . on renaturation rate aattlyof [HEWL]" at dilute protein
concentrations (maximum of 0.1 mg/mL)); EX2020 43.

Hevehan's colleagues unequivocally demonstrated that exehing a

single contaminating proteine-g., a commork. coli protein known ag-

galactosidase—at low protein concentrations (0.Anrhg, significantly and

adversely affected yield of refolded protein. EXQGt 743. It decreased by 40%

to 50%:

100 T T T T T

% RELATIVE YIELD

0 10 20 30 40 50 60
TIME {min)

Figure 8. Effect of f-galactosidase on the kinetics of the
oxidative renaturation of lysozyme. Renaturation was initiated
by rapidly diluting a solution containing reduced—denatured
lysozyme and f-galactosidase into renaturation buffer. Final
conditions were 0.1 mg/mL lysozyme, 2 mM DTT, 5 mM GSSG,
and 0.5 M GdmCl in 50 mM tris-HCIl and 1 mM EDTA (pH 8,
22 °C), and (W) 0.0 mg/mL S-galactosidase and (@) 0.60 mg/mL
p-galactosidase.

EX2033 at Figure 8; EX2020 at 143. Other contamimésuch as plasmid DNA,

lipopolysaccharide, phosphatidylethanolamine) lilseanegatively affected
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protein yield. EX2033 at Figures 5-7; EX2020 aB.J4 he cumulative effect of all
such contaminants present in inclusion bodiesretlsedramatically less yield of
refolded HEWL from inclusion bodies than from pigd HEWL, as irHevehan.
EX2020 at 43. Contrary to Petitioners’ and DrbReon’s positions, the very
same lab responsible felevehan published that methods for refolding denatured
pure, model proteins are not “just as applicalefiethods for refolding proteins
in inclusion bodies; contaminants present in incldodies confound and
interfere with protein refoldsld. at 1143, 85-87.

Furthermore, it was known that protocols that cptinsize refolding
pure, model proteinge@., HEWL anda-LA) are not predictive of results obtained
when refolding recombinant proteins made in non-matian expression systems.

Id. at 43, 86-87. For example, in one study, thieaas found that “the

efficiency off-lactamase refolding was inversely proportionahi level of
contaminants present in the inclusion body premardt EX2034 at 2 (emphasis
added); EX2020 at 748ee also EX2035 at 1-2.

Thus, the refolding methods for pure, model praeis inHevehan
and<hlegl are_not predictive of successfully refolding presemade in non-
mammalian expression systems. EX2020 at 944481P@titioners have not met
their burden; there is no evidence that the spemithods oHevehan and

Shlegl—based on pure, model proteins without contamiratn successfully
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refold proteins made from non-mammalian expressyatems, with contaminants
found in inclusion bodies.

The combination o&chlegl andHevehan does not teach or suggest
refolding of proteins “expressed in a non-mammadigpression system,” as
required by Claim 1. Because Claims 2-11 and 18&hend from Claim 1 and
share the same material limitation, those depentlaims are also not rendered
obvious bySchlegl andHevehan, either alone or in combination.

3.  Assuming,Arguendqg That a POSITA Would Combine

Schlegland Hevehan That Combination Does Not Render
Obvious Any Claim of the 138 Patent

(@) The Combination of Schlegland HevehanDoes Not
Teach the Claimed TPR Limitation

Even if a POSITA would combingchlegl andHevehan, that
combination does not result in the claimed inventdéClaim 1. The TPR value
of that combination is zero, and falls outsidedl@@med TPR ranges. EX1001 at
Claims 1, 3-24 (“0.001 to 100"), Claim 2 (lowestR Ralue is “0.05").

Amgen understands that the Petitioners, Dr. Rolbingond the Board
contend that a POSITA would uskevehan’'s redox conditions irfschlegl’s method
to optimizeSchlegl’s optional redox systems. Petition at 40 (“lides that a
POSITA in 2009 would have known that the teachioigdevehan apply to the
dilution refolding methods for refolding taughtSchlegl”); EX1002 at 1114
(“Thus, in my view, it follows that one of ordinaskill in 2009 would have known

32
PROTECTIVE ORDER MATERIAL — SUBJECT TO PROTECTIVE RDER



that the teachings of Hevehan apply to the dilutefolding methods for refolding
the protein bovine-lactalboumin as taught by Schilegl”); Institutioncdson at 15
(“Schlegl’s dilution approach itself suggests custang the refold buffer . . .
Hevehan optimizes those redox systems”.); EX202{bat

But Hevehan explicitly teaches that there_is no reductanhmriefold
buffer. EX2020 at 54Hevehan teaches two volumes: a protein-containing
volume and a refold buffer (called the renaturatimedia). EX2019 at 74:20-75:3,;
EX2020 at 155; EX1004 at 2-3Hevehan's protein-containing volume contains, in
relevant part, HEWL (the protein) and DTT (which Bobinson identifies as the
reductant). EX1004 at 2; EX1002 at 168, fn. 5; BX2 at 55.Hevehan’s refold
buffer contains Tris-HCI, EDTA, GSSG (the oxidarathd possibly some GdmClI
and L-arginine—none of which are reductants. EX1802-3; EX2019 at 75:4-25
(GdmCI and L-arginine are not redox chemicals); BX2at 55 (Tris-HCIl and
EDTA are not redox chemicals).

Critically, Hevehan explicitly teaches that the reductant is not
necessary in the refold (renaturation) buffer:

Addition of GSSG'’s reducing partner, GSH, to theateiration
system was not necessary due to the DTT carriedfou@ the

denatured [protein] solution.

EX1004 at 3; EX2019 at 77:8-16. And Dr. Robinsdméted at deposition that

there is no DTT reductant in the refold buffer. 249 at 76:1-5; EX2020 at 56.
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Thus, inHevehan, a protein-containing volume containing a reduct®T) is
contacted with a refold buffer containing only atdant, GSSG, but not a
reductant (GSSG'’s partner GSH or DTTEX2001 at 11009.

A diagram ofHevehan is depicted below:

Protein-containing
volume

Refold buffer
contains Tris-HCI, EDTA, GSSG (oxidant),

and possibly GdmCl and L-arginine
Y no reductant

already contains
reductant (DTT)

Refold mixture

EX2020 at 55.

Hevehan's reliance on the DTT “carried over from the demat
[protein] solution” reflects the fact thatevehan did not appreciate the significance
of carefully controlling redox chemicals in a refdiuffer. EX2020 at 123. Some
DTT added to the solubilization/protein-containNmgume will be irreversibly

consumed to denature (unfold) the protein; it islunavailable as a reductant in

" The De Bernardez Clark lab preferred no redugtatite refold buffer, because it
reduced the use of costly redox-chemicals suchS8Gs EX2020 at 157; EX2033
at 2-3; EX1020 at 4. Based blevehan's teachings, a POSITA would eliminate

reductant from the refold buffer as a cost-saviregasure.
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the refold mixture.ld. That amount was neither measured nor calculated i
Hevehan—meaning that there was an unknown, uncontrolleduarhof reductant
carried over to the refold mixturdd.

It follows that a POSITA would not arrive at Claiof the '138
Patent by usinglevehan’s redox conditions irfschlegl’s method to optimize

Schlegl’s optional redox systems. EX2020 at 159-63.di&sussed above,

2
Amgen understands that the Board construed “fimal-pair ratio” a [reductant]

[oxidant]

wherein the concentrations are calculated in tlredduffer. Id. Because that

combination has no reductant in the refold buffiee, TPR value must be zerice(,

([reductant]z) _ ( [0]?

. , ) = 0), which falls outside of the claimed range of
[oxidant] [oxidant]

“0.001 to 100.” EX1001 at Claim 1; EX2020 at {&3- Because Claims 2-11
and 13-24 depend from Claim 1 and share the sarnterialdimitation, those
dependent claims are also not rendered obviouedgdambination ofchlegl and
Hevehan.
(b) The Combination of Schlegland HevehanDoes Not
Provide a Reasonable Expectation of Success When

Refolding Proteins Expressed in a Non-Mammalian
Expression System

As discussed in section V.A.2.(b), the methods&dlding pure,
model proteins ofchlegl andHevehan are not applicable to refolding proteins

made in non-mammalian expression systems. Assyiaiggendo, thatSchiegl
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andHevehan's methods can be applied to refolding proteinonsmammalian
expression systems, there is no reasonable exjpectdtsuccess that those
methods—tested on pure, model proteins—would ssfasrefold proteins
expressed in non-mammalian expression systems.0FEXat 164.

(i) A POSITA Understands That Redox Chemicals

Do Not Play a Role inSchlegls Refolding
Method

The only protein studied i&chlegl’s sole example is-LA. EX1003
at [0073]; EX2020 at 165Schlegl explicitly discloses thai-LA is a “model
protein” with an “oxidative pathway [that] is welharacterized.” EX2020 at 65;
EX2038 at 1; EX2036 at 1Schlegl’s o-LA is most likely a purified protein, and
not one made in a non-mammalian expression sy&Xi2020 at 79.

As of the priority date of the '138 Patent, a POSKnew thato-LA
was not difficult to refold. EX2020 at 166. A POA also knew that calcium
drives refolding ofi-LA. 1d. In a process referred to as ligand-assisteddiig)|
calcium (the ligand) forms a complex withLA; because calcium binds “very
tightly to the natived-LA] confirmation,” it promotes refolding ad-LA to its
native structure. EX2039 at 17-18; EX2020 at 16562031 at 3. At deposition,
Dr. Robinson acknowledged that_ A “needs calcium” to refold. EX2019 at
35:20-36:4 (emphasis added). Asdhlegl itself acknowledged the significance of

calcium to refoldingsr-LA: it teaches that-LA “has an additional calcium-

36
PROTECTIVE ORDER MATERIAL — SUBJECT TO PROTECTIVE RDER



binding site, which increases the stability of tiagive protein” ¢ee EX1003 at
[0073]) and “prevent[s] off-pathway reactionsé¢ EX2031 at 3). EX2020 at 66.

There is no evidence that the optional redox chelsidisclosed in
Schlegl had any impact on refoldingLA. Schlegl instead takes advantage of a
ligand-assisted refolding method—which is distifiom redox chemical-based
methods that promote proper disulfide bond fornmatievith calcium acting as the
ligand. EX2020 at 67. First, to denaturkA, Shlegl adds EDTA to remove
calcium stabilizing the native-LA; but there is no evidence that 1 mM EDTA is
enough to denature all of thkeL A—such that there could be some retained,
properly foldedu-LA. EX1003 at [0074]; EX2020 at 167; EX2040 at‘ddding
3.5 mM EDTA to remove bound €%). Schiegl then adds 5 mM of Cag{which
includes calcium ions, the ligand) to the refoldféuto drive refolding of the
subset ofi-LA that was denatured with EDTA. EX1003 at [007BX2020 at
167.

Indeed, redox chemicals should have little to featfon refoldingy-
LA. The purpose of redox chemicals is to form ashuffle disulfide bonds to
make properly refolded proteins. EX2020 at 168t, Bell beforeSchlegl, it was
known that disulfide bond formation contributedyéttle, if any, to successful

refolds ofa-LA.
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It is interesting to note that anLA mutant in which all eight
cysteines were mutated to alanine, was nearly apact as wild-type

a-LA at acidic pH . . . . Overall, the architecturethe protein fold of

o-LA is determined by the polypeptide sequencefitsed not as a

result of disulfide bond cross-linking.
EX2038 at 4; EX2020 at 68; EX2036 at 1 (“Td¥actaloumin molten globule

state is shown largely to result from nonspecifidriophobic collapse, to be

devoid of cooperative or specific tertiary intefans, and not to be stabilized

substantially by the native or rearranged disulbdeds.”) (Emphasis added).

Shlegl has only one example of its protein refolding methIn that
sole exampleSchlegl applies its method to just one, unique protein—@a o-
LA; that protein uses calcium ions and does notiiregqedox chemicals to
reshuffle disulfide bonds in order to refold. EXBOat 169. A POSITA would not
find that sole example predictive of refolding atpeoteins.1d. A POSITA
would have no reasonable expectation of succeagplyingSchlegl’s method to
refolding proteins made in non-mammalian expressij@mte ms with redox
chemicals, as required by Claims 1-11 and 13-2hef138 Patent.

(i) A POSITA Understands ThatHevehanhas

Been Refuted and Applies to Only Hen Egg
White Lysozyme

There would have been no motivation for a POSITAdmbine
Hevehan with Schlegl. Hevehan is a study of the reaction pathways for refolding

pure, model protein, HEWL. EX1004 at 6-8, Figurd=X2020 at 70.Hevehan
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IS a “quantitative analysis of rates leading tchb@tactivation [refolding] and
aggregation” of HEWL and reports on a kinetic mowelHEWL refolding,
including refolding and aggregation rate constafX2020 at {71.Schlegl
teaches protein refolding at the industry scalg, by disclosing refolding tanks.
EX1003 at Figures 1-3. And yet, it was known ptm&chlegl thatHevehan's
kinetics model was fundamentally flawed and withiled to no applicability to
the industry scale. EX2020 at §72. Buswell etraéde the following pointed
criticisms ofHevehan:

* Hevehan is not predictive of fed-batch refolding processesich Dr.
Robinson acknowledged at deposition are disclos&dhlegl. EX2019 at
40:7-11. Hevehan's kinetic model is simplistic and assumes firstier
kinetics for the refolding pathway and third-or#@vetics for the
aggregation pathway. EX1004 at Abstract; EX2021)72&t But Buswell
determined thatlevehan's scheme of “competing first- and third-order

reaction [] for lysozyme is shown to not prediatdgatch lysozyme

refolding when the model is parameterized usingpehdent bath
experiments, even when variations in chemical catijpms during the fed-
batch experiment are accounted for.” EX2042 attralos (emphasis added);

EX2020 at 72.
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* Hevehan is not predictive of yield. Actual experimentaitd shows that the
Hevehan model overestimates protein yield by 50%, eveowatprotein
concentrations. EX2042 at 8, Figure 6; EX20207&x

Dr. Willson, Amgen’s expert, identifies additiorfidws with Hevehan’s model:

» Hevehan's kinetics model incorrectly assumes that eacp sté&reversible
and proceeds in only one direction. EX2020 at 241004 at 8, Figure 7.
But the folding of many proteins includes reversibteps where a species
can revert back to its precursor. EX2020 at T2@®5 at 2, Fig. 1
(depicting the folding pathway of BPTI, with arrowslicating that the steps
are reversible).

* Hevehan's assumption that the aggregation pathway folldwsl-order
kinetics does not apply to all protein aggregapathways. See generally
EX2043 (noting that protein aggregation procesasasirmvolve multiple
steps, and different protein aggregation proceszedgollow different
mechanisms); see also EX2044 at Abstract (desgragtin nucleation and
polymerization kinetics); EX2020 at 173.

» Hevehan incorrectly assumes that only proteins in thermexiate state
(between folded and unfolded) aggregate. EX202[Y4t But there are
numerous examples of proteins for which aggregatamstart from the

folded or unfolded state. EX2020 at 74; EX2046 @toting that the
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folded monomer of transthyretin “rapidly undergpastial denaturation and
self assembles into amyloid [a protein aggregategmsubjected to a mild
denaturation stress”); EX2047 at 1, 6, Fig. 7 (dbsty the unfolding and
aggregation of two naturally occurring human lysoeyvariants); EX2048
at 1 (describing aggregation of interleukihds occurring from an unfolded
state, as opposed to solely from an intermediate)st Even properly folded
HEWL can form aggregates. EX2020 at 174; EX204P. at

» Hevehan incorrectly assumes that there is a single pathHaagonverting
one protein statee(g. folded) to anothere(g., unfolded). EX2020 at §75;
EX1004 at 8, Figure 7. But generally (includingemrefolding HEWL)

multiple, parallel pathways convert one proteiriesta another. EX2020 at

175; EX2049 at 1 (concluding that folding of lysaay “is not a simple

sequential assembly process but involves pardtEimative pathways, some

of which may involve substantial reorganizatiompstg; EX2039 at 9, 15,

19 (noting that hen lysozyme “appears to follonasgiel-channel

mechanism,” and more generally, “folding is likédybe a complex

combination of both multiple and unique pathways”).

Given that it was known prior t&chlegl thatHevehan does not

accurately predict refolding of its own model pinteHEWL, a POSITA would

not have applietHevehan’s teachings to refolding any other proteins. EXQ@t
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7176. A POSITA would have no reasonable expectati@uccess that the
Hevehan method would be successful for a protein madeommammalian
expression systems, as required by Claims 1-1113f## of the '138 Patent.

4. Schlegland Hevehan Alone or in Combination, Do Not
Render Claims 9-11 Obvious

In addition to the reasons stated above with rédpeClaim 1, there
are additional reasons wiSghlegl andHevehan, alone or in combination, do not
render obvious dependent Claims 9-11.

Claim 10 recites “[the method of claim 1, wheré&we protein is a
complex protein.” EX1001 at Claim 10. As discukabove in section IV.A.2.,
the Board has construed “complex protein” to matree(1) larger than 20,000
MW with two or more disulfide bonds in its nativerin or (2) comprises greater
than 250 amino acid residues with two or more @idellbonds in its native form.
EX2020 at 119, 90. Claims 9 and 11 further lifné tprotein” in Claim 1 to “an
antibody” and “a multimeric protein,” respectivel{£X1001 at Claims 9, 11.

Shlegl refolded only one protein-LA; Hevehan refolded only one
protein, HEWL. As discussed in Amgen’'s POPR (a#483 neitheiSchlegl nor
Hevehan teaches or suggests “a complex protein” (Claim ‘Id),antibody”
(Claim 9), and/or “a multimeric protein” (Claim 11Y here is no dispute on this

point: Dr. Robinson readily admitted at her deposithata-LA and HEWL are

42
PROTECTIVE ORDER MATERIAL — SUBJECT TO PROTECTIVE RDER



not “complex protein[s]” (EX2019 at 92:7-15, 90:26); not “antibod[ies]” (d. at
65:5-10); and not “multimeric protein[s]id. at 65:11-15).

Notably, Petitioners point to no empirical evidemticat a POSITA
would have had a reasonable expectation of suctesfolding “complex

protein[s],” “antibodylies],” or “multimeric prot@is]’ using the methods taught in
Shlegl andHevehan. EX2020 at 1194, 97.

Petitioners find significarféchlegl’s broad overstatement that its
methods can be applied to “any protein, proteigrfirant or peptide that requires

refolding upon recombinant expression in orderlitam such protein in its

biologically active form.” EX1003 at [0031]. Notiy in Schlegl supports that

blanket statement. EX2020 at 194. In fact, a H@3Xnows that refolding
complex proteins with many disulfide bonds—suclt@splex proteins,
antibodies, and multimeric proteins—is “extremeifficult.” EX2051 at 3;
EX2020 at 198. Dr. Robinson testified that “anottiass of proteins that are

challenging to refold are things with more than dsailfide bond because of the

challenges of forming cross-disulfide or mixed-¢hslke bonds.” EX2019 at 60:6-
10 (emphasis added). Based on math alone, marHidéesbonds means more
possibilities of mis-matched disulfide bonds rasgltiin more mis-folded protein
species. EX2020 at 98; EX2052 at 6, Tabled.,(a protein with 2 disulfide

bonds has 3 possible disulfide bond patterns, bménich is correct, whereas a
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protein with 4 disulfide bonds has 105 possibleillfide bond patterns, only one of
which is correct).

Dr. Robinson, on re-direct, attempted to bolstertéstimony as to
Schlegl’s disclosure in relation to Claim 10. In respots@etitioners’
guestioning, she unequivocally testified tBelilegl teaches a “complex protein”
(Claim 10), ovalbumin in [0010]. EX2019 at 153:234:22 (“Ovalbumin is a
complex molecule by the definition of the '138 éile Despite assessing
ovalbumin “[o]ver the weekend” immediately prioriter Monday deposition, she
could not recall the number of disulfide bonds walbumin on re-cross-
examination. EX2019 at 155:2-14. And yet, ovalbuhas only one disulfide
bond. EX2020 at 52, n.24; EX2050 at Abstracts hot a “complex protein,”
which requires two or more disulfide bondsl. Apparently realizing this error
after-the-fact, Petitioners informed Amgen overeew/later that Dr. Robinson’s
testimony is “incorrect” and “[h]er testimony ins@onse to the question [posed by
Petitioners’ attorney whether ovalbumin is a comgdeotein by the definition of
the 138 Patent] is no.” EX2054.

In any event, there is no suggestiorsthlegl that any proteins apart
from a-LA were refolded with the disclosed methodolody.[0010], Schiegl
merely identifies examples of proteins that arevkmdo have a “burst phase”

during refolding: “[ijmmediately after initiatioaf the folding reaction, the
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unfolded protein collapses and a partly structuméet mediate is formed.”
EX1003 at [0010]; EX2020 at 52, n.24.
Becauseschlegl andHevehan do not teach refolding “complex

protein[s],” “antibodyl[ies],” or “multimeric prot@is],” Petitioners cite onl{Hakim
for their bald assertion that “a POSITA “would imadmetely recognize that the
methods taught by Schilegl could be applied” tociwaplex proteins, antibodies,
and multimeric proteins of Claims 9-11. InstitutiDecision at 25-26 (citing
EX1002 at 145 and EX1006 at 2).

As an initial matter, there is no merit to Petitosi Hakim-based
contentions. As discussedra at section V.B.1.Hakimis not prior art to the '138
Patent; as of February 26, 2009, the inventorsréddced to practice refolding
AMG 745, prior toHakim's publication date of May 1, 2009. AMG 745 is a
“complex protein” per Claim 10; it has 510 aminads¢ a theoretical molecular
mass of 57,099 Daltons, 2 interchain disulfide [sr@ohd 3 intrachain disulfide
bonds in each polypeptide chain. EX2021 at 372@X at [0312]; EX2020 at
199. AMG 745 is a “multimeric protein” per Clain;lit has “2 identical
polypeptide chains, which are covalently linkedbtigh disulfide bonds."1d.

Even assuminggrguendo, thatHakim qualifies as prior artlakim

provides no rationale for applying the refold methofSchlegl andHevehan to

complex proteins (Claim 10), antibodies (Claim B)yraultimeric proteins (Claim
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11). EX2020 at 96Hakim lacks a critical disclosure; it provides no destabout
its refolding methodologyld.; EX1006 at 3 (stating only that “Refolding was
initiated after mixing 50 mg of heavy chain andrb@ of light chain inclusion
bodies protein and reducing the mixture with 1 #vderythritol (DTE).”);id. at 7
(“The inclusion bodies were completely solubilizadd M guanidine
hydrochloride, 50 mM Tris (HCI) pH 8.0, 20 mM EDTAyixed, reduced and
refolded essentially as described.”). (And, asRobinson readily admitsde
EX2019 at 83:10-211akim does not teach the TPR and RBS equations.)
Without details as télakim's refolding methods, there is no way for a POSIBA
determine whether the methodsSohlegl or Hevehan are even compatible with
Hakim's protein. Id. As Dr. Robinson testified at deposition, “albf®ins are
unique.” EX2019 at 59:12.

For the additional reasons abo%ehlegl andHevehan, either alone or
in combination, do not render obvious Claims 9-1fhe '138 Patent. An#iakim
does not support Petitioners’ conclusory statertieita POSITA “would
immediately recognize” th&chlegl’s methods could apply to such proteins.
Institution Decision at 25-26 (citing EX1002 at $1and EX1006 at 2).

5. Schlegland Hevehan Alone or in Combination, Do Not
Render Claim 18 Obvious

Claim 18 recites “[tjhe method of claim 1, wheréwe incubation is

performed under non-aerobic conditionsg’, conditions without oxygen.
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EX2020 at 1101. Claim 1 recites “incubating thilde mixture”; it follows that
Claim 18’s incubation under non-aerobic conditimperformed after the refold
mixture is made. In addition to the reasons stateale with respect to Claim 1,
there are more reasons Wshlegl andHevehan, alone or in combination, do not
render obvious dependent Claim 18.

Redox chemicals play a critical role in anaerokiolding conditions.
Oxygen is an oxidant and aids in protein refoldifgk2019 at 56:5-17; EX2020 at
1102. But as refold volumes increase (such asdustrial settings), it becomes
increasingly more difficult to ensure that oxygeill dissolve in the refold mixture
to aid in refolding protein; the refold mixture le@ges increasingly more anaerobic
and redox chemicals are necessary to compensaiteefeasingly less oxygen (that
would otherwise contribute to refolding proteirgX2020 at 7103.

Petitioners incorrectly assert that the combinatib&chlegl and
Hevehan teaches that “incubation is performed under naoiae conditions.”
Petitioners do not rely o®chlegl for this limitation. At deposition, Dr. Robinson
testified thatSchlegl is “silent on the presence or absence of oxygd&iX2019 at
54:20-55:2. In factSchlegl’s figures make abundantly clear that the refolding
tanks are open to airg., under aerobic conditions. EX1003 at Figures 1-3.
EX2020 at 1104. In support of their contentiorjtmers cite to a passage in

Hevehan under the heading “Materials” that states “[s]mlos of reduced DTT
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were prepared immediately prior to each experir@minimize air oxidation.”

Petition at 55 (emphasis added); EX1004 at 2; EX2614]105. At deposition, Dr.
Robinson agreed that thtevehan passage “teach[es] preparing solutions of

reduced DTT to minimize DTT from air oxidatiofi. EX2019 at 82:17-20

(emphasis added); EX2020 at 106. As indicatethéidevehan passage’s
reference to “immediately prior to each experinietfiis passage teaches a
preliminary step, taken before denaturing (unfailliprotein to make the protein-
containing volume. EX1004 at 2; EX2020 at §10%itically, this passage bears
no relationship to incubation, let alone incubatumgler anaerobic conditions;
incubation refers to a much later step of protefolding, after the refold mixture
iIs made. EX2020 at §107; EX1001 at Claim 1 (“irettidg the refold mixture”).

Indeed, Dr. Robinson agreed at deposition thaHghehan passage is_“not

teaching minimizing air oxidation in the contextgybtein refolding.” EX2019 at

82:21-24 (emphasis added); EX2020 at 108.

® It is important to minimize oxidation of DTT, achectant. Not only does DTT
oxidize quickly, but it also oxidizes irreversiblyince it oxidizes, it is no longer
available as a reductant. EX2021 at 21; EX2082at (“DTT is highly

reactive”).
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In any eventHevehan acknowledges that its refolding method is
exposed to airHevehan teaches that “air oxidation plays a minimal roléhese
experiments.” EX1004 at 5 (emphasis added); EX202(104.

The Board appears to rely on Exhibits 1020 and 1ba& of which
mention “fermentation”) as support for why the conattion ofSchlegl and
Hevehan teaches incubating the refold mixture at non-aierobnditions.
Institution Decision at 29-30. Amgen respectfulgagrees. Exhibits 1020 and
1028 discuss fermentation processes for produtimgecombinant protein in the
non-mammalian host cell; those fermentation praeesscur well before
incubating the refold mixture to refold mis-foldeztombinant protein, as required
by Claim 18. EX2020 at §110; EX1020 at 3 (ferm&atamentioned under the
heading “Inclusion body isolation, purification asdlubilization,” which is before
any step in Figure 1); EX1028 at 6 (fermentatisstdssed under the headirtg “
coli expression systems and pathways” and disclostakasgbic fermentation

process”)’

® To the extent the Board is relying on the follog/jpassage as reflecting

incubation of the refold mixture at non-aerobic @itions, Amgen respectfully
disagrees: “solubilization solution to prevent atetatalyzed air oxidation of
cysteines.” EX1028 at 3. The solubilization simlntis the protein-containing

volume; it is not the refold mixture. EX2020 atl{1
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There is no evidence that the combinatiosahiiegl andHevehan
teaches Claim 18. EX2020 at §112. Petitioner chand does not articulate how
that combination bears any relevance to anaerabigation of the refold mixture.

B. Schlegl Hevehan and Hakim, Alone or in Combination, Do Not
Render Claim 12 Obvious

1. Hakim is Not Prior Art to the '138 Patent

Claim 12 recites “[tjhe method of claim 1, wheré#iwe protein is an
Fc-protein conjugate.” An Fc-protein conjugate isrotein comprising an Fc
region® joined to another protein. Petitioners do noeesthatSchlegl or
Hevehan teach methods for refolding an Fc-protein conjegdetition at 56-58.
And Dr. Robinson readily admits that the protee®ided inSchlegl (a-LA) and
Hevehan (HEWL) are not Fc-protein conjugates. EX2019%6-20. Instead,
Petitioners rely oiHakim for its teaching of Fc-protein conjugates.

Petitioners obviousness contention is flawetdkim is not prior art.
Amgen’s inventors fully reduced to practice theantion of Claim 12 as of at least
February 26, 2009, which predateakim’'s publication date of May 1, 2009.

Amgen can antedate and strikakim as prior art by showing, before

May 1, 2009 Hakim's publication date), (1) performance of a prodhss met all

19 An antibody, also known as an immunoglobulin (ig)a Y-shaped protein. The

Fc region is the “tail end” or bottom part of the Y
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the limitations of the claim; (2) that the invemtivould work for its intended
purpose, and (3) sufficient evidence to corrobotlageinventor’s testimony.
Medichem, SA. v. Rolabo, SL., 437 F.3d 1157, 1169 (Fed. Cir. 2006)ren
Cross Corp. v. Shire Human Genetic Therapeutics, Inc., IPR2016-00258, Paper 89,
11 (P.T.A.B. Mar. 22, 2017). And yet, “no simileondition of ‘corroboration’ is
imposed on . . . any documentary or physical evddeas a condition for its
serving as evidence of reduction to practiceédichem, 437 F.3d at 1169. For
actual reduction to practice, there must also loat&emporaneous appreciation of
the invention at issue by the inventoCooper v. Goldfarb, 154 F.3d 1321 (Fed.
Cir. 1998). But recognition of the invention “doast need to . . . [be] ‘in the same
terms as those recited’ in the patent clainsgk Grp., Inc. v. Cree, Inc., 700 F.3d
1300, 1305 (Fed. Cir. 2012) (quotibgpw Chem. Co. v. Astro-Valcour, Inc., 267
F.3d 1334, 1341 (Fed.Cir.2001)). Showing reductmpractice prior to the
critical date does not require a showing of conoeptvhich is “only [necessary]
if the alleged prior inventor had not successfudigiuced the invention to practice
before the critical date of the patent-at-issueédgk, 700 F.3d at 1304.

(@) Documentary Evidence Establishes That the '138

Patent Inventors Actually Reduced the Method of
Claim 12 to Practice by at Least February 26, 2009

Every limitation of Claim 12 is reflected in a poyeint presentation

I (- identiies the three "138 Patent
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inventors (and others) as co-authors, and wagradtfied on February 26, 2009
(“Feb. 2009 Presentation”). EX2022 at 1; EX2023 &tDateModified” is “Feb

26, 2009 16:06:01"); EX2021 at 133. A more dethdescription of the method of

Claim 12 is reflected in an earlier powerpoint eratio NGz

I (hat identifies three authors,

one of which is a 138 Patent inventor (Nick Kegnand was dated September
16, 2008, but was last modified on September 168 Z05ept. 2008
Presentation”). EX2024 at 1; EX2025 at 1 (“DateMied” is “Sept 15 2008
16:50:06"); EX2021 at 133.

(i)  “A method of refolding [an Fc-protein
conjugate]”

AMG 745 is an Fc-protein conjugate, as require€Claim 12. It
comprises “a human Fc at the N terminus and a ragiosteutralizing bioactive
peptide at the C terminus.” EX2026 at 2, 6 (“AM@&b57s a novel antimyostatin
peptibody. A peptibody represents the componeptigke (the pepti) and the Fc
portion of an immunoglobulin in an overall stru@uhat resembles an antibody

..."); EX2021 at 36. AMG 745 resembles an atip

52
PROTECTIVE ORDER MATERIAL — SUBJECT TO PROTECTIVE RDER



EX2022 at 16; EX2021 at 136.

(i)  “[An Fc-protein conjugate] expressed in a non-
mammalian expression system”

AMG 745 was manufactured in a non-mammalian exprass/stem,

as required by Claim 12. The Feb. 2009 Presentatscribe Gz

EX2022 at 2; EX2021 at 138. The first step isnake AMG 745G
I 0. As discussed above, recombinant proteins maderin

mammalian expression syst<j il form inclusion bodies; the inclusion

bodies containing AMG 745 we | NG | .

The Feb. 2009 Presentation describes the denattsdiubilization of AMG 745

in I
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EX2024 at 5 (emphasis added); EX2022 at 24; EXZQ2[B39.

(i)  “[An Fc-protein conjugate] present in a volume
at a concentration of 2.0 g/L or greater
comprising: (a) contacting the protein with a
refold buffer ... to form a refold mixture;”

The Feb. 2009 Presentation discloses that a vobamgining protein
(AMG 745) was contacted with a refold buffer torfoa refold mixture, as
required by Claim 12. The volume contain| | | Il of AMG 745
(which meets the limitation of an Fc-protein corgteg“present in a volume at a
concentration of 2.0 g/L or greater comprising,’t@aguired by Claim 12) was

contacted with a refold buff{ | | | I form a refold mixturdi

I . 25 required by Claim 12:

EX2024 at 5 (emphasis added); EX2022 at 24; EXZQ2[B9.
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(iv) *“arefold buffer comprising a redox component
... and one or more of: (i) a denaturant; (ii) an
aggregation suppressor; and (iii) a protein
stabilizer;”

The Feb. 2009 Presentation shows a refold buffempeising redox

components and at least an aggregation suppresswequired by Claim 12. The
refold buffer|j | I comprises an oxid ] and a reductant
.

EX2022 at 20 (emphasis added), 18; EX2021 at 4@ refold buffer further

comprises a |G \/hich is an aggregation

suppressor. EX1001 at Claims 1, 12, 15-16 (li il as an “aggregation
suppressor”). The Feb. 2009 Presentation disc|| G
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EX2022 at 4 (emphasis added); EX2021 at 141. HEfe FO09 Presentation also

discloseJ

Ex2022 at 29 (ciosis added); EX2024 at 12-

13; EX2021 at 141. There is |l the protein-containing volume;

thus, when the protein-containing volume contathedrefold buffer to form the
refold mixture, thJjj| | | | I st have come
from the refold buffer. EX2022 at 4 (emphasis afjdEX2021 at 741.

(v) “ ..comprising a final thiol-pair ratio having a

range of 0.001 to 100 and a redox buffer
strength of 2 mM or greater . . .”

The Feb. 2009 Presentation describes TPR and RiB8svthat fall

within the ranges claimed in Claim 12. The TPR RBS5 values were calculated
2

using the TPR and RBS equatio% and2[oxidant] + [reductant],

respectively) taught in the 138 Patent:
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EX2022 at 19; EX2021 at 140. The TPR values | | NG N, \hich is

within the claimed TPR range of “0.001 to 100,” ahd RBS values we ||| |}l

B \/hich is within the claimed RBS rang&“@ mM or greater”:

EX2022 at 21see also EX2024 at 7-11; EX2021 at 140.

(vi)  “(b) incubating the refold mixture; and (c)
isolating the protein from the refold mixture.”

The Feb. 2009 Presentation discloses the finakteps of Claim 12.

The refold mixture incubates the refold mixture teoming AMG 745 foljjij
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EX2022 at 25see also EX2024 at 12-13; EX2021 at 42. Then the proin

solated usin

EX2024 at 5; EX2022 at 24; EX2021 at 143.

(b) The Inventors Contemporaneously Appreciated the
'138 Patent Invention

As discussed above in section Il, prior to the "Pzflent invention,

optimizing redox conditions was done by trial-amtbe Dr. Roger Hart, one of

uctant

2
the co-inventors, defined a unique equation for T Oxidant]] ). EX2021 at 718.

By taking the relationship between TPR (as defimgdhe inventors) and RBS
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(defined ag[oxidant] + [reductant]) into account, the '138 Patent inventors
surprisingly and unexpectedly provided greater jotadility in identifying
optimal conditions for refolding proteins at higlogein concentrationsld. at §44.

In particular, as of September 2008, the inventiissovered and appreciated that

EX2024 at 8; EX2021 at 144. Specifica || G
|
|
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EX2024 at 11; EX2021 at 44. That same appreciappears again in the Feb.

2009 Presentation. EX2022 at 23; EX2021 at Y44.

2. Hakim Does Not Cure the Deficiencies dchlegland
Hevehan

Even if the Board deemsakim to be prior art to the '138 Patent, the
combination ofschlegl, Hevehan, andHakim does not render Claim 12 obvious.
As discussed above in sections V.A.1. to V.A3legl andHevehan do not
render obvious Claim 1Hakim cannot cure the deficiencies &thlegl and
Hevehan.

As discussed above in section V.A.1., neitBgegl nor Hevehan
2
teaches the TPR and RBS equati&% and2[oxidant] + [reductant],
respectively). As Dr. Robinson readily admitteal@position, neither does$akim.
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EX2019 at 83:10-21; EX2020 at 11FRakim also provides no details regarding
its refolding methodology; without that criticalfammation, a POSITA does not
know whether the methods 8¢hlegl or Hevehan are applicable to refolding
Hakim's protein. EX1006 at 3, 7; EX2020 at J117. As Bobinson testified at
deposition, “all proteins are unique.” EX2019 at12. And a POSITA knows
that refolding complex proteins with many disulfidends, such as Fc-protein
conjugates, is “extremely difficult.” EX2051 at BX2020 at 7118see also
EX2019 at 60:6-10.

Further, a POSITA would not combine the narrow béags of
Schlegl and/orHevehan with Hakim. As discussed above in section V.A.3.(b), a
POSITA understands th&thlegl’s refolding ofa-LA is not predictive of refolding
other proteins (including a complex, multimeric efia like Fc-protein
conjugates), antievehan's refolding method has not only been soundly edut
but also applies just to HEWL. In view of the féaatSchlegl andHevehan would
not be viewed by POSITAs as applicable to refoldiagiplex, multimeric
proteins made in non-mammalian expression systesaséction V.A.3.(b)), a
POSITA would have had no reasonable expectaticuodess refolding Fc-protein
conjugates made in non-mammalian expression systatimshe limited and/or

flawed methodologies disclosed3ohlegl andHevehan. EX2020 at {117.
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For the additional reasons abo%ehlegl, Hevehan, andHakim, either
alone or in combination, do not render obvious i@GlaP of the '138 Patent.

VI. Conclusion

For the reasons set forth above, Amgen requestshin&8oard deny
Apotex’s Petition in its entirety.
Dated: May 22, 2017 Respectfully submitted,
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