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l. Introduction

Petitioner Merck Sharp & Dohme LLC (“Merck”) requests inter partes
review of U.S. Patent No. 10,865,400 (“’400 Patent”).

Claims 1-18 (the “challenged claims™) are not entitled to the benefit of U.S.
Application No. 13/694,731 (the “’731 Application”) under 35 U.S.C. § 120, as
they are not supported by that application’s disclosure as § 112 requires.! As such,
US-275,2 which published the contents of the *731 Application on November 14,

2013, is prior art that anticipates each of these claims (illustrated below).

61/631,313
! 61/796,208
(12/30/2011) (11/1/2012)
( “13l694 731 )
0731 Appl’ication) | Us2013/0302275 (US-275)
! (12/28‘/2012) | 11/14/2013
X Anticipation
{ E ™\ i
15/226,489 | 10,865,400 (‘400 Patent)
(8/2/2016) 12/15/2020
J

The challenged claims require modified PH20 polypeptides that “exhibit
increased hyaluronidase activity that is at least 120% of” an unmodified PH20

polypeptide. The written description and enablement deficiencies of these claims

1 The claims are also not entitled to priority to U.S. Application Nos.
61/796,108 or 61/631,313. See § V.A.

2 EX1004 (US2013/0302275) (“US-275").
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relative to the *731 Application mirror those of claims in fourteen other patents in
the same family for which post-grant review (PGR) proceedings have been
instituted. See infra § 11.B.2. Tellingly, Patentee has statutorily disclaimed claims
in 13 of these other PGR-challenged patents that explicitly require the modified
PH20s to possess activity or other functional properties.®

The challenged claims here require enzymatically active modified PH20
polypeptides that (i) must contain one amino acid substitution at a defined position
(e.g., 320) but (ii) may have other modifications at up to 5% of the positions in one
of 32 reference sequences (i.e., between 9 to 22 optional modifications). The
number and identity of such PH20 polypeptides with multiple changes within the

massive “sequence space” of the claims (i.e., sets of 102°-10%+ distinct amino acid

3 PGR2025-00003, EX2003 (claims 5-7); PGR2025-00004, EX2003 (claims 5-
6); PGR2025-00006, EX2003 (claims 5-7); PGR2025-00009, EX2003 (claims
4-5, 15); PGR2025-00017, EX2003 (claims 4-5, 16); PGR2025-00024,
EX2003 (claims 4-5, 16); PGR2025-00030, EX2003 (claims 4-5); PGR2025-
00033, EX2003 (claims 4-5, 35); PGR2025-00039, EX2003 (claims 5-6);
PGR2025-00042, EX2003 (claims 4, 6); PGR2025-00046, EX2003 (claims 4,

6): PGR2025-00050, EX2003 (claims 4-5); PGR2025-00053 (claim 4).
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sequences) is unidentified and unknowable.* Determining which are enzymatically
active PH20s with >120% hyaluronidase activity requires producing and testing
them, an impossible task that would consume an aggregate mass (~8.81 x 10*" kg)
that exceeds that of Earth (~6 x 1024 kg)!®

The *731 Application fails to provide adequate written description support
for the claims. The examples it describes have only one amino acid substitution in
one sequence (i.e., PH201.447). Of those ~6,700 single PH201.447 mutants, ~500
exhibited at least 120% activity. But there are no examples of any multiply-
modified PH201.447 polypeptides (with or without increased activity). The
disclosure also does not identify or describe common structural features shared by
enzymatically active multiply-modified PH20s (much less those with increased
activity). At most, the disclosure supplies a prophetic, make-and-test research plan
to discover such PH20 polypeptides with increased activity. And given that POSAs
could not even estimate what portion of the claims’ sequence space will properly

fold and exhibit increased activity, the *731 Application cannot demonstrate

4 EX1003, 1 184-186, 189, 196-197; see also id. { 34.
> EX1003, 11 186-189, 238; see also, e.g., EX1039, 136-37 (10**° forms of a

polypeptide possible from 300 residue sequence).
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possession of the claimed multiply-modified PH20 polypeptides with >120%
activity.

The *731 Application also does not enable the claims. It provides no
examples of multiply-modified PH20 polypeptides with increased hyaluronidase
activity and does not otherwise guide a POSA to select combinations of changes
(substitutions, deletions and additions) that will yield properly folded,
enzymatically active PH20s. Instead, it provides only a prophetic method that
requires producing 102-10%+ mutants and screening them to discover which (if
any) exhibit increased hyaluronidase activity. The POSA is left to navigate the
unpredictable effects that combinations of mutations have on polypeptides,
including on their production, folding, stability, and enzymatic activity. The
impossible scale of experimentation required to practice the full scope of the
claims renders them non-enabled.

These written description and enablement deficiencies prevent the claims
from being entitled to the benefit of the filing date of the 731 Application or either
of the provisional applications. US-275 is thus prior art to these claims. And
because US-275 discloses several single-substitution PH201-447 mutants that
exhibited >120% activity (e.g., V166L, 1271L, M313K, D320K, and I1309N) within
the scope of the challenged claims, it anticipates every claim. Institution and a final

written decision finding the claims unpatentable is warranted.
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Il.  Compliance with IPR Requirements
A.  Certification of Standing

Petitioner certifies (i) this Petition for inter partes review is filed within one
year of service of a complaint alleging infringement of the 400 Patent and (ii) it is
not barred or estopped from requesting this IPR. Petitioner and its privies have not
filed a civil action challenging the validity of any claim of the *400 Patent.

B. Mandatory Notices
1. Real Party-in-Interest

Merck Sharp & Dohme LLC is the real party-in-interest for this Petition.
Pursuant to the Director’s instructions in Tianma Microelectronics Co., Ltd. v. LG
Display Co., Ltd., IPR2025-01579, Paper 12 (March 18, 2026), Petitioner further
states that it is a wholly owned subsidiary of Merck & Co., Inc. Merck & Co., Inc.
has no parent corporation, and no publicly held corporation owns 10% or more of
its stock.

2. Related Proceedings
PGR2025-00003, PGR2025-00004, PGR2025-00006, PGR2025-00009,

PGR2025-00017, PGR2025-00024, PGR2025-00030, PGR2025-00033, PGR2025-
00039, PGR2025-00042, PGR2025-00046, PGR2025-00050, PGR2025-00052,
PGR2025-00053, PGR2025-00087, IPR2026-00313, and IPR2026-00314 are

related proceedings.
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On April 24, 2025, Patent Owner filed a complaint in Halozyme, Inc. v.

Merck Sharp & Dohme Corp., Case No. 2-25-cv-03179 (D.N.J.), alleging

infringement of, inter alia, the 400 Patent.

3. Counsel and Service Information

Lead Counsel

Jeffrey P. Kushan

Reg. No. 43,401
Sidley Austin LLP
1501 K Street, N.W.
Washington, DC 20005
jkushan@sidley.com
(202) 736-8914

Backup Counsel

Blaine M. Hackman

Reg. No. 67,479

Dechert LLP

Three Bryant Park

1095 Avenue of the Americas
New York, NY 10036
blaine.hackman@dechert.com
(917) 388-8306

Katherine A. Helm

Pro Hac Vice forthcoming
Dechert LLP

Three Bryant Park

1095 Avenue of the Americas
New York, NY 10036
khelm@dechert.com

(212) 698-3500

Brian M. Goldberg

Pro Hac Vice forthcoming
Dechert LLP

Cira Centre

2929 Arch Street
Philadelphia, PA 19104
Brian.Goldberg@dechert.com
(212) 698-3500

Mark Stewart
Reg. No. 43,936
Merck Sharp & Dohme LLC

Leif Peterson

Pro Hac Vice
forthcoming

Sidley Austin LLP

1 S Dearborn Street
Chicago, IL 60603
leif.peterson@sidley.c
om

(312) 853-7190

Sue Wang

Pro Hac Vice
forthcoming Sidley
Austin LLP

101 California Street
San Francisco, CA
94111
sue.wang@sidley.com
(415) 772-1243

Amy Mahan

Reg. No. 75,997
Sidley Austin LLP

60 State Street
Boston, MA 02109
amy.mahan@sidley.co
m

(617) 223-0451
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126 E. Lincoln Ave. Christine M. Engen
Rahway, New Jersey 07065 Pro Hac Vice
mark.stewart@merck.com forthcoming Sidley
(732) 594-6302 Austin LLP

1501 K Street, N.W.
Washington, D.C.
20005
christine.engen@sidle
y.com

(202) 736-8208

Amit Bhatla

Pro Hac Vice
forthcoming Sidley
Austin LLP

1501 K Street, N.W.
Washington, D.C.
20005
abhatla@sidley.com
(202) 736-8075

Petitioner consents to service via e-mail at the email addresses listed above

and at HalozymePGRs@sidley.com and Merck-Halozyme-Dechert@dechert.com.

I11.  Ground
Claims 1-18 are anticipated under 35 U.S.C. § 102 by US-275.

Petitioner’s ground is supported by the evidence submitted with this
Petition, including testimony from Dr. James Naismith (EX1003).
The full-length PH20 protein (SEQ ID NO: 6) includes a 35 amino acid

signal sequence, and mature forms of PH20 differ from SEQ ID NO: 6 by 35


mailto:HalozymePGRs@sidley.com
mailto:Merck-Halozyme-Dechert@dechert.com
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residues.® “PH201.,” refers to a sequence of 1-n residues in PH20 (e.g., PH201-447 is
SEQ ID NO: 3), and “AxxxB” is used to identify the position of a substitution
(e.g., “D320K”).

IV. Background on the *400 Patent
A.  Field of the Patent

The 400 Patent concerns the human PH20 hyaluronidase enzyme and
making structurally altered forms of that protein that retain or enhance enzymatic
activity.’

1. Protein Structures

Proteins are comprised of sequences of amino acids. A protein’s activity
derives from its unique, three-dimensional structure, which results when the amino
acid sequence folds to adopt the native state of the protein.® That, in turn, is
dictated by specific and often characteristic patterns of amino acids within its
sequence. Those patterns of amino acids induce formation and maintenance of

various secondary structures and higher-order structural motifs that are packed into

6 EX1003, J 16.
T EX1026, 1:20-22:; see also EX1003, | 35.

8 EX1003, 11 36-37.
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compact domains that define the protein’s overall structure (its “tertiary

structure”).’

Primary

F—8

P

Secondary Tertiary Quarternary

For example, secondary structures (a.-helices, B-strands) are formed and stabilized

by different but characteristic patterns of amino acids (below).1° “Loops” between

sequences defining secondary structures are important too; they direct and

facilitate positioning of the various secondary structures into higher-order

structural motifs and the protein’s overall structure.

°  EX1014, 3-4, 24-32, Figure 1.1; EX1039, 136-37 (Figure 3-11); EX1003,

111 37-39, 42-46.

10 EX1039, 134; EX1014, 14-22, Figures 2.2, 2.5, Table 2.1; EX1046, 2031-32;

EX10083, 11 42-45.

11 EX1003, 11 43-46; EX1014, 21-22.
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Figure 3-7 The regular conformation of the polypeptide backbone in the o helix and the B sheet. <GTAG> <TGCT>

(A, B, and C) The o helix. The N-H of every peptide bond is hydrogen-bonded to the C=0 of a neighboring peptide bond
located four peptide bonds away in the same chain. Note that all of the N-H groups point up in this diagram and that all of
the C=0 groups point down (toward the C-terminus); this gives a polarity to the helix, with the C-terminus having a partial
negative and the N-terminus a partial positive charge. (D, E, and F) The B sheet. In this example, adjacent peptide chains
run in opposite (antiparallel) directions. Hydrogen-bonding between peptide bonds in different strands holds the
individual polypeptide chains (strands) together in a B sheet, and the amino acid side chains in each strand alternately
project above and below the plane of the sheet. (A) and (D) show all the atoms in the polypeptide backbone, but the
amino acid side chains are truncated and denoted by R. In contrast, (B) and (E) show the backbone atoms only, while (C)
and (F) display the shorthand symbols that are used to represent the a helix and the B sheet in ribbon drawings of proteins
(see Panel 3-2B).

A PH20 polypeptide must fold into the tertiary structure of the wild-type

human PH20 protein to have enzymatic activity.'? During folding, however, it can

adopt an immense number of intermediate conformations, each with different

energetic states, which can slow or prevent the polypeptide from properly folding.

For example, if the polypeptide does not fold efficiently, it will be degraded by the

cell or can form aggregates (below).t3

12

13

EX1003, 1148, 110, 203-204; EX1026, 118:7-8, 118:16-119:25, 55:28-33.

EX1003, 11 81-88; EX1136, 11 (Figure 5); see also EX1137, 888 (Figure 4);

EX1138, 11 (Figure 2); EX1139, 351 (Figure 2); EX1131, 38:18-39:23, 43:3-

23, 98:10-13.

10
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----- Time sensitive

i
1
!
[
S, g Disordered

U, v £ aggregate

Degraded

Prefibrillar
species

Fig. 5. Schematic representation of some of the states accessible to a polypeptide chain following its synthesis on a ribosome. The relative populations
of the different states depend on the Kinetics and thermodynamics of the various equilibria shown in the diagram. In living systems the fate of a given
protein molecule is closely regulated by molecular chaperones and other quality control mechanisms, rather as metabolic pathways in cells are controlled
by enzymes and associated molecules such as cofactors. From [36].

Changes to an enzyme’s amino acid sequence can prevent it from being
synthesized, properly folding and/or remaining folded. Mutations can disrupt
secondary structures and higher order motifs necessary to its tertiary structure, alter
the spatial positioning of residues required for enzymatic activity or substrate

binding, and/or destabilize the enzyme’s structure.!* Unstable proteins can unfold,

14 EX1003, 1141, 52, 77-81, 89-95 ; EX1136, 3-7; EX1144.

11
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misfold and/or form aggregates.'® Even a single modification can cause these

effects.16

(a)
globular
protein

(d)

partially
{b) faldeg Figure 4-53 A possible mechanism for the formation of amyloid fibrils by a globular protein The
prolein correctly folded protein (a) is secreted from the cell. Under certain conditions, or because it contains a

mutation, the protein unfolds partially (b) or completely (¢); the unfolded forms can also refold partially
()
amyloid
fibrils
unfolded
protein

Fhpeit e Lot Sl Dt copln il
Making multiple changes to a protein’s sequence can exacerbate these
problems, especially when they are in or affect the same region(s) of the protein.’
For example, multiple changes can change the characteristic patterns, spacing
and/or types of amino acids required to induce formation and stability of the

enzyme’s secondary structures, which can disrupt the formation, shape or

positioning of the secondary structures and structural motifs that make up the

15 EX1003, 1148, 52, 83, 195.
16 EX1003, 11 54-58, 72; EX1209, 160; EX1140, 329 (Fig. 1); EX1152, 80.1,
80.3; EX1158, 1, Abstract; EX1155, 10607; EX1156, 164109.

17 EX1003, 1158, 73-75; EX1157, 808.

12
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enzyme’s tertiary structure.'® Multiple changes in different regions of the amino
acid sequence can cause unfavorable spatial or long-distance interactions that
destabilize or impair folding.*® Also, single mutations that are tolerated alone often
are not tolerated in combination, and that increases with the number of mutations
being combined.?’ Consequently, in 2011-2012, predicting the effects of more than
a few substitutions was beyond the capacity of POSAs and computational tools
available in the 2011-2012 timeframe.?

2. Hyaluronidase Enzymes

PH20 is one of five human hyaluronidases and is homologous—
evolutionarily related to—hyaluronidases in many species.?? PH20 breaks down

hyaluronan (“HA”) by selectively hydrolyzing glycosidic linkages.?® Wild-type

18 EX1003, 1141, 44, 73-78, 96; EX1047, 6349; EX1046, 2034; see also
EX1040, 14412-13; EX1041, 21149-50; EX1042, 1-3.

19 EX1003, 11 46, 75-78, 80, 178.

20 EX1003, 11 76-79, 97; EX1151, 743-44; EX1146, 22381-82; EX1160, 383-
85.

21 EX1003, 1199, 104-109; EX1027 at 8-11.

22 EX1007, 10:18-30; EX1006, 6911, 6916 (Figure 3); EX1003, 11 16, 119.

28 EX1003, 1 119; EX1008, 819.

13



IPR2026-00312 U.S. Patent No. 10,865,400

PH20 exists naturally as a GPI anchored protein; deletion of its GPl-anchoring
sequence Yields a soluble, neutral active enzyme.?

Many essential residues in PH20 were identified before 2011-2012. Several
are in the shared catalytic site of the protein;?® mutating certain residues in or near
that site can abolish enzymatic activity.?® Conserved cysteine residues that stabilize
the protein structure are also essential,?” as are certain conserved asparagine
residues involved in glycosylation.?

In 2007, Chao reported an experimentally-determined structure of human
Hyal-1, and illustrated shared secondary structures and conserved residues in
human hyaluronidases.?® Chao also showed that human and non-human

hyaluronidases share a highly conserved active site and identified residues that

24 EX1005, 2:40-61, 87:52-88:24; EX1013, 430-32 (Figure 2); EX1003, { 141;
EX1029, 546 (Figure 1).

25 EX1006, 6914-16, Figure 3; EX1007, 35:28-36:10; EX1011, 810-14;
EX1008, 824-25; EX1009, 232-36.

26 EX1011, 812-14; EX1010, 9435-39 (Table 1).

2l EX1006, 6914-16 (Figure 3); EX1011, 810-11; EX1005, 88:21-23.

28 EX1005, 7:9-27; EX1007, 36:12-20; EX1010, 9433, 9435-40.

29 EX1006, 6914-18.
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interact with HA, inter alia, by superimposing Hyal-1 and bee venom

hyaluronidase structures.*

Among Chao’s findings was that human hyaluronidases (including PH20)

contain “a novel, EGF-like domain” in their C-terminal region3! that is “closely

30 EX1006, 6912-6913, 6916-18 (Figure 4A); see also id. at 6914-16 (Figure
2C); EX1033, 1026 (Figure 1), 1028-29; EX1010, 9434, 9436 (Figure 1);
EX1003, 11 123-125.

81 EX1006, 6911, 6917, 6913 (“The HyalEGF-like fold does not resemble the
Hyal-1 C-terminal domain fold predicted by ab initio approaches (33).”)
(citing EX1009). Also id. at 6911-6913, 6915-6918 (Figures 2A, 2D, 4B);

EX1010, 9434, 9436; EX1003, 11 126-29, 131.
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associated” with the catalytic domain.3? Chao identified a characteristic pattern of
residues for this “Hyal-EGF” domain (positions 337-409 in PH20).3 The Hyal-
EGF domain also is necessary for enzymatic activity—deletion of it “abolished”
activity in Hyal-1, while bee venom hyaluronidase exhibits activity without it.>*

3. Protein Engineering

There are two general approaches used to engineer changes into proteins.®
In “rational design,” POSAs employed computational tools—e.g., sequence
alignments and protein structure models—to study the protein and identify
potential changes.® For proteins without a known structure, a homology model
could be generated using a known structure of a homologous protein.3” With

varying confidence and important limitations, a POSA could use a homology

2 EX1006, 6911, 6913, 6914, 6917, 6918; see EX1003, 11 128-130; EX1079,
84.

3 EX1006, 6911-6912 (Figure 3); EX1003, 1 128, 131.

3 EX1010, 9439, 9441; EX1033, 1025; EX1003, 11 134-137, 192.

5 EX1003, 11 59-61.

3% EX1016, 181-82; EX1017, 223, 236; EX1003, 11 62-63, 99-100.

7 EX1017, 228-30; EX1031, 461, 463, 469-71; EX1014, 351-52; EX1032, 265-

66; EX1003, 11 101-105.
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model to assess potential effects of changing one or a few amino acids within the
local environment of the changes.®® POSAs, however, could not use rational
design techniques and homology models to predict the effects of making more than
a few concurrent changes or of certain types of interactions (e.g., long-distance or
electrostatic), given the complexity of interrelated interactions and the limits of
protein modeling tools.*

“Directed evolution” techniques arose due to the limits of rational design.*
They use “trial-and-error” experiments to find mutants with randomly distributed
changes that exhibit desired properties, but require creation and screening of large
libraries of mutants, each with one amino acid randomly changed at one position in
its sequence.* Importantly, until a desired mutant is made, found, and tested,
whether it exists and its sequence are unknown.*? The disclosure embodies this

approach.*

% EX1003, 11 105-106, 132-133.

% EX1003, 11 64, 77, 105-108, 132-133, 138, 210; EX1027, 6-11 (Figure 6).
40 EX1003, 1 65; EX1059, 1225-26; EX1018, 378.

4 EX1003, 11 66-68; EX1059, 1225-26; EX1018, 378.

42 EX1003, 1 66.

4 EX1003, 11 68-71, 239-240, 253-54.
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B.  Person of Ordinary Skill in the Art

In 2011-2012 (i.e., the filing date of the *731 Application and the provisional
applications incorporated-by-reference thereto), a POSA would have had an
undergraduate degree, a Ph.D., and post-doctoral experience in scientific fields
relevant to study of protein structure and function (e.g., chemistry, biochemistry,
biology, biophysics). From training and experience, the person would have been
familiar with factors influencing protein structure, folding and activity, production
of modified proteins using recombinant DNA techniques, and use of biological
assays to characterize protein function, as well as techniques used to analyze
protein structure (i.e., sequence searching and alignments, protein modeling
software, etc.).*

C.  Prosecution History

During examination, the claims of the *400 Patent were rejected under § 102
as anticipated by Lin, which describes cynomolgus monkey PH20 (cPH20).% The
Examiner noted several of the 10+ differences from SEQ ID NO: 3 were

substitutions with >120% activity as single substitutions in human PH20.

44 EX1003, 11 12-13.

4% EX1002, 521-23.
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To distinguish Lin, the claims were amended to require >91% sequence
identity to SEQ ID NO: 3, 7, or 32-66.% The claims were then rejected over
proboscis monkey PH20 (pmPH20), which has 94.2% sequence identity to SEQ ID
NO: 3 and includes amino acids that had activity >120% as a single substitution in
PH20.4" After Applicant amended the claims to require >95% sequence identity,*
the Examiner allowed the claims.*® The Examiner never raised issues relating to
written description, enablement, or lack of priority to the 731 Application.

If Patentee contends discretionary denial is warranted, Petitioner reserves the
right to respond separately pursuant to the Acting Director’s March 26, 2025

Memorandum.>°

4% 1d. at 607.

47 1d. at 648-651.

8 1d. at 655, 684-685.
49 1d. at 957-967.

%0 https://www.uspto.gov/sites/default/files/documents/InterimProcesses-

PTABWorkloadMgmt-20250326.pdf;

https://www.uspto.gov/patents/ptab/fags/interim-processes-workload-

Mmanagement.
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D. The Challenged Claims

The claim terms “PH20” and “modified PH20 polypeptide” are expressly
defined in the disclosure.® The latter requires “at least one modification” to a
PH20; the former requires the PH20 to be folded (i.e., like native PH20).% The
claims also expressly require the modified PH20s to “exhibit[] increased
hyaluronidase activity,” which requires the modified PH20 to be properly folded.>

A clear understanding of the breadth of the claims also is important. Each
claims an unknown (and unknowable) number of “active” mutants that are within a
massive “sequence space” of between 102°-10% different amino acid sequences.
Because the disclosure does not identify—much less describe and enable—those
claimed “active” PH20s, the claims are not supported under § 112(a).

1. The Claim Parameters Define an Immense and Diverse
Sequence Space

Parameters in the claims set boundaries that capture an immense number of

structurally distinct amino acid sequences, of which an unknown portion will fold

>l EX1026, 50:31-32; 54:5-8.

52 EX1003, 11 201-204.

5 EX1003, 11179, 200, 203-207; see Declaration of Gregory A. Petsko,
PGR2025-00003 (U.S. Patent No. 11,952,600), EX2070, 51, 128 (n.12), 345

(“POSAs think of PH20 as a folded protein.”) (Sept. 22, 2025).
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into “modified PH20 polypeptides” with hyaluronidase activity.>* Claims 1 and 4
define this “sequence space” as including polypeptides that (i) must contain one
replacement at any of 85 or 37 positions of the PH20;.447 Sequence, and (ii) may
contain additional modifications, provided each retains at least 95% sequence
identity to SEQ ID NOS: 3, 7 and 32-66.>° Considering substitutions at the first
recited position and assuming use of the longest-recited SEQ ID in each claim,

those parameters translate into between 10%°-10° possible sequences (below):%

% EX1003, 11 194-97.
% EX1026, 68:26-31; 144:9-14; see also id. at 2:14-15, 53:1-3, 53:10-11,
150:24-25.

6 EX1003, 1 186.
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: Max |Seq.Id.| Max Sul?stltutlops @ # of Distinct
Claims Length| % Changes First Recited Polypeptides
g 0 g Position Ypep

1,6-11,13 | 474 95 23 19 9.85 x 10
2 474 95 23 2 1.04 x 10

3 465 95 23 2 6.73 x 109
4,15, 17 474 95 23 1 5.18x 10%
5 447 96 17 2 2.48 x 10°?

12 474 - 10 19 1.85x 103!

14 447 96 17 2 2.61 x 10°?

16 474 - 10 1 9.75 x 10%°

18 465 95 23 1 3.36 x 109

Importantly, the sequence identity percentage claim parameter imposes no
constraints on the location or nature of modifications (other than one
substitution)—it is a mathematical boundary that captures sequences with up to 10
to 23 modifications, including any combination of: (i) substitutions, each to any of

19 other amino acids, (ii) deletions, and/or (iii) additions (to any of 20 amino
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acids).>” With one exception,®® each modified PH20 can include modifications at
any position(s) in its amino acid sequence—conserved or non-conserved positions,
surface or buried residues, within the active site or at substrate binding locations.®

2. The Claims Expressly Require “Active Mutants”

The claims are expressly limited to a subset of one of what the disclosure
portrays as two mutually exclusive types of modified PH20s: “active mutants” with
“increased activity.”® Specifically, all claims require >120% of the unmodified
PH20’s activity, while dependent claim 6 requires >200% activity. None of the
claims encompass “inactive mutants.”

V.  The Challenged Claims Are Not Entitled to Benefit of or Priority to
Earlier-Filed Applications

For claims to be entitled to 8 120 benefit of or § 119(e) priority to the filing

date of an earlier-filed application, they must be described in and enabled by the

" EX1026, 53:1-3, 68:18-34, 86:23-31, 88:12-15, 88:29-89:2, 114:19-24,
115:12-17, 144:9-14, 65:4-13; EX1003, 11 182-83, 190.

% EX1026, 88:29-89:2.

% EX1003, 11 182-83; EX1130, 54:2-11, 90:25-91:12; EX1131, 55:22-56:23.

60 EX1001, 299:35-300:44; id. at 303:17-304:54; EX1026, 56:24-27 (“increased
activity” “means that, when tested under the same conditions, the modified

PH20 hyaluronidase exhibits greater hyaluronidase activity...”).
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disclosures of those earlier-filed applications, as 8 112 requires. See Arthrex, Inc. v.
Smith & Nephew, Inc., 35 F.4th 1328, 1343 (Fed. Cir. 2022) (citing Lockwood v.
Am. Airlines, Inc., 107 F.3d 1565, 1571 (Fed. Cir. 1997)); Tronzo v. Biomet, Inc.,
156 F.3d 1154, 1158 (Fed. Cir. 1998). If they are not, the claims’ effective filing
date can be no earlier than the filing date of the application that issued as the
patent, and publication of the earlier-filed application can become invalidating
prior art. See, e.g., Indivior UK Ltd. v. Dr. Reddy's Labs. S.A., 18 F.4th 1323, 1330
(Fed. Cir. 2021); Zenon Envtl., Inc. v. United States Filter Corp., 506 F.3d 1370,
1381-82 (Fed. Cir. 2007); Arthrex, 35 F.4th at 1342-44; Reckitt Benckiser v. Ansell
Healthcare, IPR2017-00063, Paper 38, 5, 15-16 (P.T.A.B. Jan. 30, 2018).

That is the situation here. The *400 Patent claims the benefit of the *731
Application, which claims priority to and incorporates-by-reference the contents of
two provisional applications (61/631,313, filed November 1, 2012 and 61/796,208,
filed December 30, 2011). But (as explained below), the claims are not entitled to
the filing dates of the *731 Application or the provisionals, as none of them

provides written description and enablement support for those claims. Because the
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filing date of the claims is not prior to August 2, 2016, US-275, which published
on November 14, 2013, anticipates each claim.5!

A.  The Claims Are Not Supported by the Written Description of
Prior Applications

The written description analysis focuses on the four corners of the patent
disclosure.®? “To fulfill the written description requirement, a patent owner must
convey with reasonable clarity to those skilled in the art that, as of the filing date
sought, he or she was in possession of the invention, and demonstrate that by
disclosure in the specification of the patent.”®® If the claims define a genus using

functional language, “the specification must demonstrate that the applicant has

61 The provisionals contain less disclosure than the 731 Application and are
equivalently insufficient under § 112. EX1026, 1:3-11, 37:19-51:11, 140:15-
150:26, 311:4-321:5, 6:25-26; EX1051; EX1052. The claims also lack § 112
support in the 400 Patent’s disclosure, which is substantively identical to the
731 Application (see EX1015).

62 Ariad Pharms., Inc. v. Eli Lilly & Co., 598 F.3d 1336, 1351 (Fed. Cir. 2010)
(en banc).

63 Idenix Pharm., LLC v. Gilead Sciences, Inc., 941 F.3d 1149, 1163 (Fed. Cir.
2019); see also Duke Univ. v. Sandoz Inc., 160 F.4th 1305, 1310 (Fed. Cir.

2025) (inventor must possess “full scope of the invention”).
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made a generic invention that achieves the claimed result and do so by showing
that the applicant has invented species sufficient to support a claim to the
functionally-defined genus.”® “Otherwise, one has only a research plan, leaving it
to others to explore the unknown contours of the claimed genus.”®

“[A] genus can be sufficiently disclosed by ‘either a representative number
of species falling within the scope of the genus or structural features common to
the members of the genus so that one of skill in the art can visualize or recognize
the members of the genus.”®® “One factor in considering [written description] is
how large a genus is involved and what species of the genus are described in the
patent ... [I]f the disclosed species only abide in a corner of the genus, one has not
described the genus sufficiently to show that the inventor invented, or had

possession, of the genus.”®’

64 Ariad, 598 F.3d at 1349.

6 AbbVie Deutschland GmbH & Co., KG v. Janssen Biotech, Inc., 759 F.3d
1285, 1300 (Fed. Cir. 2014).

% ldenix, 941 F.3d at 1164 (quoting Ariad, 598 F.3d at 1350); see also Regents
of Univ. of Minn. v. Gilead Sciences, Inc., 61 F.4th 1350, 1356-57 (Fed. Cir.
2023).

7 AbbVie, 759 F.3d at 1299-1300.
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A disclosure that fails to “provide sufficient blaze marks to direct a POSA to
the specific subset” of a genus with the claimed function or characteristic does not
satisfy § 112(a).% “[M]erely drawing a fence around the outer limits of a purported
genus” is insufficient.®

Four cases are especially probative here.

First, Novozymes et al., v. DuPont Nutrition Biosciences et al., 723 F.3d
1336 (Fed. Cir. 2013) held claims directed to modified enzymes with one
substitution, at least 90% sequence identity, and that exhibited “increased
thermostability” lacked written description.”® The Court rejected the premise that
written description could be established by combining individual attributes of the
enzymes reported in the specification, holding instead the disclosure must describe

specific enzyme variants that possess those combinations of attributes.” The Court

also held that written description cannot be established by a disclosure describing

%8 ldenix, 941 F.3d at 1164.

% Ariad, 598 F.3d at 1350-54.

© " Novozymes, 723 F.3d at 1348.

T Novozymes, 723 F.3d at 1346, 1349 (“[T]he supporting disclosure of the 2000
application provides only generalized guidance listing several variables that

might, in some combination, lead to a useful result.”).

27



IPR2026-00312 U.S. Patent No. 10,865,400

experiments that might discover additional species of mutated enzymes within the
genus, but instead ‘“actually making and testing individual variants or at least
identifying subclasses of variants that could be expected to possess the claimed
properties....”"? It also found insufficient the patent’s “roadmap” for discovering
mutant enzymes with the desired functional property (thermostability).”

Second, in AbbVie, the Federal Circuit found a disclosure of ~300 examples
of a similar type of IL-12 antibodies was not representative of a genus of such
antibodies of varying types.” It also criticized a prophetic description as being
“only a research plan, leaving it to others to explore the unknown contours of the
claimed genus” using a “trial and error approach.”’

Third, Idenix addressed method of treatment claims using a broad genera of
compounds defined by “eighteen position-by-position formulas describing

‘principal embodiments’ of compounds that may treat HCV,” each with “more

than a dozen options” at each position (totaling “more than 7,000 unique

2 Novozymes, 723 F.3d at 1350.
B d.
4 AbbVie, 759 F.3d at 1300-01.

®od.
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configurations”).”® The court criticized the specification’s failure to indicate which
of the thousands of compounds would be effective, finding that “provid[ing] lists
or examples of supposedly effective nucleosides,” without “explain[ing] what
makes them effective, or why” deprives a POSA “of any meaningful guidance into
what compounds beyond the examples and formulas, if any, would provide the
same result” because they “fail[] to provide sufficient blaze marks to direct a POSA
to the specific subset of 2’-methyl-up nucleosides that are effective in treating
HCV.>""

Finally, the Board in Boehringer Ingelheim Animal Health USA Inc. v. Kan.
State Univ. Research Found., PGR2020-00076, Paper 42, 6 (P.T.A.B. Jan. 31,
2022) found unpatentable claims employing “90% sequence homology” language
that captured a “broad genus of amino acid sequence homologues” but which (like
these claims) imposed no restrictions where particular replacements could be
made, thereby covering “at minimum, thousands of amino acid sequences.”’® The
Board found fatal the specification’s failure to “explain what, if any, structural

features exist (e.g., remain) in sequences that vary by as much as 10%” that allow

6 |denix, 941 F.3d at 1158-64.
7 1d. at 1164.

8 Boehringer, at 15-16.
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them to retain antigenic characteristics.” As it observed, the homology limitation
“serves to merely draw a fence around the outer limits of a purported genus
[which] is not an adequate substitute for describing a variety of materials
constituting the genus” for purposes of section 112(a).8

The deficiencies of the challenged claims dwarf those in the aforementioned
cases. They implicate much larger, more unpredictable, and more diverse sets of
sequences, and the 731 Application’s disclosure is far more limited. Because the
"731 Application neither discloses representative species of increased activity
modified PH20 polypeptides meeting the claim requirements, nor identifies
structural features common to such modified PH20 polypeptides, it fails to

demonstrate possession of the full scope of the challenged claims.

1. The Disclosure Does Not Describe the Genera Defined by
Claims 1, 2, 4-6, 12, 14 and 16

Claims 1, 2, 4-6, 12, 14, and 16 claim genera of modified PH20 polypeptides
exhibiting increased hyaluronidase activity (>120%) within the claims’ sequence
identity parameters. But the *731 Application does not identify which of the 102°+
polypeptides within those claim parameters exhibit >120% activity, much less

demonstrates possession of all of them. And simply reciting a desired

" Boehringer, at 35; EX1026, 83:5-6.

8 Boehringer, at 35-36.
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hyaluronidase activity does not demonstrate possession of these genera. As
explained in the sections below:

the claims define structurally heterogeneous genera of multiply-

modified PH20s;
- examples of singly-modified PH201.447 in the disclosure are not
representative of the heterogeneity of the claimed genera;
- the disclosure does not identify a common set of structural features
that correlates to multiply-modified PH20s with > 120% activity;
- the disclosure’s research plans do not describe any multiply-modified
PH20s; and
- the claims capture combinations of modifications the disclosure
instructs POSASs to not make.
And in response written description challenges to comparable “activity” claims in
its related patents, Patentee statutorily disclaimed (rather than defended) those
claims.8!

(@) The Claims Capture Structurally Diverse Enzymatically
Active Modified PH20 Polypeptides

The claims encompass multiply-modified PH20 polypeptides that are not

only immense in number but are structurally diverse. The claim language permits:

8 Supran.3.
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- mutants with up to 9-22 substitutions, deletions, or additions (or
combinations thereof), in addition to a required substitution at one of
37-85 listed positions;

- making sets of modifications anywhere within the PH20 sequence
(i.e., clustered in a narrow region, spaced apart in groups, or spread
randomly throughout the sequence);

- substitutions that introduce physicochemically different residues, that
can be made at surface or buried positions, and that can be arranged in
any manner.%?

Sequence modifications permitted by the claim language can impair the
ability of a mutated PH20 sequence to properly fold into and/or maintain the
tertiary structure of PH20 required for activity.® For example, the claims permit
introduction of a cluster of 5 hydrophobic residues at or near the protein surface, or
substitutions resulting in random patterns of polar, charged, aliphatic, and aromatic
amino acids. Such changes can prevent formation of or alter secondary structures
(a-helices, B-strands), alter loops that position them, alter or prevent formation of

higher order motifs and/or domains (e.g., Hyal-EGF), and/or impair functions of

8 EX1003, 1 180-183, 38-39; EX1026, 68:26-30, 53:1-3, 53:10-11, 46:19-23.

8 EX1003, 11 197-198.
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structures responsible for substrate binding or catalysis.®* Nothing in the *731
Application describes whether, or how, combinations of mutations will or will not
result in a modified PH20 polypeptide with increased activity.

Also claimed are multiply-modified PH20 polypeptides having up to 17
fewer (430) or 18 more (465) C-terminal amino acids than PH201-447: the only
PH20 in which single mutations were tested. But data in applications incorporated-
by-reference by the *731 Application show such truncations and additions
unpredictably affect activity of wild-type PH20. See § V.A.1(c)(iii). The disclosure
also contains no examples of single substitutions at positions beyond position
44785

(b) Examples in the Disclosure Show Unpredictability and a
Limited Investigation of Types of Mutations

(i)  Examples Show Unpredictable Effects from Even
Single Mutations

The *731 Application reports results from testing a portion of a library of
~6,753 single-replacement PH20:-447 mutants.®® The mutants were produced by

transfecting CHO cells with plasmids encoding mutagenized PH201.447 Sequences

8 88 |V.A.L, IV.A.2; EX1003, 11 72-74, 78, 198, 210, 40.
8 EX1003, 11 151, 218; EX1026, Table 8.

8 EX1026, 140:36-141:6, 220:27-28, 220:14-18; see also EX1003, 11 152-156.
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where one of the 447 positions in the sequence “was changed to one of about 15
amino acid residues, such that each member contained a single amino change.”®’
Substitutions were only investigated in one length of PH20 (i.e., PH201.447) and
activities were only reported relative to the unmodified PH201-447 (SEQ ID NO: 3).
Approximately 900 of the single mutations made were not classified, about 1,741
(~20%) of the possible single substitutions were never made, and no substitutions
were made at positions beyond position 447.88

Approximately ~5,917 such mutants were classified as “active” or “inactive”

mutants.?® More than half (~57%) of the tested mutants were classified as “inactive

mutants” and ~30% had less activity than unmodified PH201.447 (20%-100%).%°

87 EX1026, 220:14-20; see also EX1003, { 157.

8  EX1003, 11 151, 218.

8 EX1026, Tables 3, 5, 8-10; EX1003, { 163. Inconsistent numbers and
classifications of mutants are not explained: (i) Table 3 lists 2,516 single-
replacement PH20;.447 mutants as “active mutants,” but Table 9 identifies only
2,376 mutants that exhibit >40% hyaluronidase activity; (ii) Tables 5 and 10
list 3,368 and 3,330 PH20:.447 “inactive mutants,” respectively, not accounting
for errors.

% EX1003, 1 163; EX1135.
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Thus, per the disclosure, ~87% of the 5,917 single-replacement PH201.447

polypeptides had decreased or no activity compared to unmodified PH201-447.

Activity vs. Number % of Tested
Unmodified PH20 (5,910)
Active Mutants (Table 9)
>120% 532 9.0%
100%-120% 265 4.5%
40%-100% 1,562 26.4%
Inactive Mutants (Table 9)
20-40% | 127 | 2.1%
Inactive Mutants (Table 10)
Number | 3330 | 56.3%
Double Counted Mutants
Tables 9 & 10 | 50(100) | 1.7%

Classifications of Mutants by Category
Mutants 20-40% Activity +
Errors, 176, 2%

Not Made, 1741, 20% Mutants =40% Activity, 2357,

28%
Unclassified, 895, 1% "

Inactive, 3324, 39%
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Classifications of Mutants by Category of
Produced Mutants

Unclassified, 895, 13%

Mutants >40% Activity, 2357,
35%

Mutants 20-40% Activity +

Inactive, 3324, 49% Errors, 176, 3%

(i)  No Examples of Several Claimed Modified PH20s
with Increased Activity

Only ~9% of the singly-substituted mutants exhibited >120% relative
activity. Of those, only ~290 fall within the scope of independent claim 1, while
~96 fall within the scope of independent claim 4.%* The >731 Application does not
disclose any position 209 mutants with >120% activity,®? and the E151L

substitution recited in claim 2 is described as having only 103% activity (i.e.,

% See EX1200, 1, 3.

%2 1d.; EX1003, 1 163; EX1026, 262, 272 (Table 9).
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<120%).% Claims 1 and 2 thus have no written description support even for single-

mutants at these recited positions.®

TABLE 9: ACTIVE MUTANTS |
mutant | SEQ | AvgNorm | | K209A T 053 |
1D Act. K209E 0.46
NO K209G 0.44
s o | S0 050
F398L 0.35
EI5IM | 386 126 e —
K200R | 458 0.68
K209S 0.50
K209T 0.50

(ifi)  Unpredictable and Unexplained Effects of Single
Substitutions

The empirical results reported in the 731 Application do not provide any
guidance to a POSA about any particular combinations of substitutions to make to
yield PH20 polypeptides with increased enzymatic activity. Indeed, the data is not
analyzed or interpreted in the >731 Application at all—it is simply presented.®® The
disclosure also does not describe the effect of any single substitution on the tertiary

structure of PH20, much less provide a description that would permit a POSA to

9% EX1026, 255 (Table 9).
9% EX1003, 11 163, 171.

% EX1003, 11 175-176, 209-210, 214,
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predict the effect of particular combinations of substitutions or other
modifications.®

The disclosure’s data by itself also does not reveal trends or correlations
even for single-replacement PH201.447 polypeptides.®” For example, different
substitutions at the same position in PH201-447 yielded active and inactive mutants,

and ~900 mutants were not even classified.?®

Position Active Inactive Unclassified
45 LK A,D,F,G P W HMQSTVY
110 V F,K,L,M, P, W A.C.D, GS H. N, R,
124 H LR C,D,E,F N AGLPSTVW
290 I, M D, QY A.C, Gsl.-'r \}j LR,
343 TV C,D,FI,PW E,G,LLM,R,S,Y

POSAs recognized that changing multiple residues in PH20 polypeptides
can cause unpredictable interactions within the protein’s structure that can impact
structure, stability, and function.®® The empirical test results for single substitution

mutants do not identify to a POSA which of the 10%°-10%+ PH20 mutants with 10-

% EX10083, 11 114, 175-176, 209.
9% EX10083, 4 173-175, 177.
% EX1026, Tables 8, 9, 10.

% EX1003, 11177, 73-77.
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23 substitutions may have increased activity (i.e., >120%), or for that matter,
exhibit lesser activity, are inactive, or cannot be secreted and properly folded.%
The data shows that most single-substitutions were (for unexplained reasons)
deleterious to production, secretion, stability, and/or activity of PH20.1%*

No substitutions in PH20 wild-type sequences of different lengths were
tested (8 V.A.1(c)(iii)). The *731 Application also reports that many single
substitutions in PH201.447 at positions between 430 and 447 can render PH20

inactive.l%? Critically, it does not explain these unpredictable results.%

TABLE 5: Inactive Mutants
Corres- | Replacement Corres- | Replacement Corres- Replacement
ponding ponding ponding
Position Position ) Position
430 ADELMNSTV 431 - P 432 CFIKLMPY
434 HKPQRW 437 T 438 Y
439 NR 440 Q 441 R
442 MNS 443 D

The data’s quality is also questionable: in addition to unexplained double-

counting errors,%* no control values or statistical assessments are provided for the

100 EX1003, 11 172, 210, 213-215.

101 EX1003, 11 159-163, 175-176.

102 EX1026, 136 (Table 5); EX1003, 11 231, 234.
103 EX1003, 1198, 173.

104 EX1003, 1 164.

39



IPR2026-00312

U.S. Patent No. 10,865,400

primary assay.'%® The disclosure also does not reveal the measured hyaluronidase

activities of approximately 3,330 inactive mutants or ~900 unclassified mutants.%

Measured activities of 17 samples of unmodified PH20,.447 are, however, reported

in Example 5, and show unusually high variability (i.e., ~40%) (below) in the

assay relative to the ~10% variability reported by US-457 for such assays.'%’

160.0
1400
1200

1000
80.0
60.0
40.0
20.0

00

N @
<z°<z°<2

Activity % 37°C /4°C

00.:

Duplicate #2

F P

QT QT Q

Qo
O)—
Qp —

,\'\

O

m Duplicate #1

Activity % 37°C + m-cresol / 37°C Activity % 37°C + m-cresol / 4°C
30.0 30.0
25.0 25.0
20.0 20.0
15,0 150
10.0 10.0 I |
50 50
ol | | ' | I - I I I |
o; q, N e $ o
& S \ \ IS PO PN v &> P NN '\
< O LT L L QQQQQQQQQQOQOQOQOQOQQQOQ
mDuplicate #1 Duplicate #2 mDuplicate #1 Duplicate #2
105

EX1003, 1 162.

106

EX10083, 11 159-163.

107

EX1105, § 271.
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Duplicate 1 Duplicate 2
% Activity % Activity
% Activity at % Activity | % Activity at % Activity
at 37°C+m- | at37°C + at 37°C+m- | at37°C +
37°C/4°C | cresol/ mcr/4°C | 37°C/4°C | cresol/ mcr/4°C
37°C 37°C
High 142.02 25.24 18.56 148.23 19.45 24.07
Low 45.12 3.33 3.33 61.12 3.76 4.59
Range 96.91 21.91 15.23 87.11 15.70 19.48
IAverage 88.17 13.38 10.64 93.00 11.30 10.64
Mean 94.76 13.47 9.58 87.68 9.96 8.63
N Number of WT Mean WT Standard Coeff!cu.ant
Assay Condition Measurements Activity () |Deviation (o) of Variation
(n) viH (CV=o/p)
37 °C, No Preservative 17 3.756 1.488 40%
37°C, + Preservative 17 0.444 0.222 49%
(m-cresol)
4 °C, No Preservative 17 4.233 1.407 33%

The unusual variability of the hyaluronidase assay used to screen and classify

single-mutants forecloses reliance on mutants with <40% activity, as well as the

~3,330 “inactive mutants” for which no measurements are provided; no

conclusions can be made about the effects of such mutations on the folding,

stability or activity of PH20s.1%®

108

varied); EX1148, 1235.

41

EX1003, 11 167-170; see also EX1026, 303:5-12 (positive control also
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(¢) The '731 Application Does Not Describe Species
Reflecting the Diversity of Multiply-Modified PH20s
Being Claimed

The °731 Application does not describe modified PH20 polypeptides
reflecting the structural diversity of the enzymatically active, multiply-modified
PH20s within the claims’ sequence space, let alone the portion of them with
>120% hyaluronidase activity. The claim language, read literally, also captures
multiply-modified PH20s a POSA would have read as being excluded by the *731
Application’s disclosure.

(i)  Singly-Substituted PH201.447 Active Mutants Are
Not Representative of Multiply-Modified PH20s

The *731 Application’s disclosure of exemplified species of modified PH20s
with > 120% activity—all of which contains only one type of modification (a single
substitution) in one truncated PH20 sequence (PH201-447)—does not reflect the
structural diversity of the claimed genera of multiply-modified PH20s
(8 V.A.1(2)).

POSAs would not have expected enzymatically active PH20s with only one
substitution to have a structure that is meaningfully different from the wild-type
human PH20.1%° By contrast, PH20s would have expected that introducing multiple

deletions, additions and/or substitutions into the PH20 sequence could

109 EX1003, 11 72, 97; EX1005, 16:4-36.
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meaningfully alter portions of the PH20 tertiary structure.!® For example,
deletions/additions can shift positioning of residues required for formation or
positioning of secondary structures or higher order motifs in PH20s.1!! Introducing
combinations of substitutions can change or disrupt secondary structures and
higher order structures even if they include one or more substitutions that
individually did not impair folding or activity of a PH20.1'? These more significant
structural changes within the PH20 also can impair folding, stability, and activity
of the PH20.113

Combinations of substitutions also can frequently cause effects not observed
when those substitutions are made individually. For example, a first amino acid
substitution may affect the neighbors of the replaced amino acid by (i) introducing
a stabilizing interaction, (ii) removing a stabilizing interaction, and/or (iii)
introducing a conflicting interaction (e.g., adverse charge or hydrophobicity

interactions).** A second substitution in that region may reverse some or all of

110 EX1003, 11 73-76, 210-213.
11 EX1003, 11 77-78, 213.

112 EX1003, 11 73-74, 78-80.
113 EX1003, 1152, 58, 78, 90.

114 EX1003, 11 72, 75, 97.
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those interactions (or not), and a third substitution may do the same, and so on up
to 9 rounds permitted by the narrowest claim (and 22 for the broadest). Many of
these types of changes when combined can cause different effects than each
change would cause by itself (including long-distance effects) that cannot be
predicted from single substitutions in PH20.1*°

Further, POSAs knew that the ability of a protein to properly fold and
remain folded is dictated by the combined effects of all of the residues in the
protein (and interactions they are involved in).1*® But making multiple changes to
the protein’s amino acid sequence will alter the net free energy of stabilization of a
protein (which dictates whether it remains folded or unfolds) in ways that could not
have been predicted by POSAs.!” Despite this, the *731 Application provides no
information on structural effects of any of the single substitutions, much less sets
of substitutions, or deletions/additions of amino acids.!8

POSAs would thus not view single substitutions in active PH201-447 to reflect

the structural and functional diversity of the enzymatically active PH20s having

115 EX1003, 11 73-75, 78, 97, 210-212.
116 EX1003, 11 44, 47, 49-50; EX1131, 99:4-22.
117 EX1003, 11 51-53.

118 EX1003, 11 114, 209, 214-219, 221-222.
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multiple changes, including those with numerous deletions, additions and/or sets of
substitutions.t®
(i)  The 731 Application Discourages Multiply-

Modified Active PH20s with Substitutions that
Individually Render PH201.447 Inactive

The *731 Application instructs POSAS to not include in enzymatically active
multiply-modified PH20 polypeptides substitutions that as single substitutions
rendered PH201.447 inactive:

To retain hyaluronidase activity, modifications typically are
not made at those positions that are less tolerant to change or

required for hyaluronidase activity.?

It identifies these changes as: (i) any substitution at 96 different positions in the
PH20 sequence, and (ii) 313 specific substitutions in Tables 5 and 10.2! The
disclosure does not limit this observation to single-replacement PH201.447 mutants.
It also does not identify exceptions to this guidance, such as particular
combinations of substitutions that both retained and abolished activity in PH201.447

as single substitutions.!??

119 EX1003, 1197, 210-211, 219, 222.
120 EX1026, 91:30-31 (emphases added).
121 EX1026, 91:31-92:20.

122 EX1003, 11 226, 229.
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A POSA thus would have understood from the *731 Application’s disclosure
that enzymatically active multiply-modified PH20 polypeptides (including those
with >120% activity) should not contain substitutions that, as single substitutions
in PH201-447, resulted in “inactive mutants.”*?® Logically, the *731 Application
describes no examples of modified PH20s with such combinations. And despite
this, the claim language does not explicitly exclude modified PH20 polypeptides
having (i) one or more of the substitutions listed in Tables 3 or 9 (“active
mutants”), plus (ii) one or more of the substitutions in Tables 5 and 10 (“inactive
mutants”).

(ili))  No Multiply-Modified >120% Activity PH20s
with Significant C-terminal Truncations

Despite explicitly claiming singly- and multiply-modified PH20s that
terminate between positions 430-446 and 448-465, the *731 Application describes
none.'?* But the activity of C-terminal truncation mutants terminating between
positions 430 and 465 varies unpredictably, particularly those terminating between

positions 430-442 and 449-465 (below).1?® For example, the PH201.436 mutant

123 EX1003, 11 224-225; EX1026, 91:30-92:20, 80:19-26.
124 EX1003, 11 151, 211-212, 218, 240; EX1026, 84:21-25.
125 See § V.A.1(a); EX1005, 87:52-88:24 (PH201-442 activity “decreased to

approximately 10%”); EX1013, Fig. 2, 430-32 (“[1]ess than 10% activity was
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exhibits ~130% more activity than the PH201.437 mutant, with the latter having only
one more residue. Despite this unpredictability, the disclosure describes no
examples of modified PH20 polypeptides other than ones terminating at position
447, and no examples of any mutants with single substitutions above position
447.%2° There is also no explanation in the disclosure or the prior art for this
variability, or any structural characterization of this region of the PH20 protein in

the disclosure or the prior art.*?’

recovered when constructs terminated after amino acid 467 [432] or when
using the full-length PH20 cDNA”); EX1003, 9 142-149.
126 EX1003, 11 143-144.

127 EX1003, 11 147-148, 151, 216.
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US-457 (pH 7.4) vs '429 Patent (pH 7.4)
250.0%

m US-457 (pH7.4)

m 429 Patent (pH 7.4) 200.0%

...............................................................

150.0%

100.0%

50.0%

0.0%

Compounding these deficiencies, the sequence identity language permits
deletions to positions before position 430 and additions past position 465. But the
disclosure portrays the sequence 1-429 as being necessary for enzymatically active
PH20s, and inclusion of residues in the GPI anchor sequence causing PH20s to be
insoluble. 128

In 2007, Chao reported that the C-terminal region of human hyaluronidases

contains a unique domain (“Hyal-EGF”’) linked to a characteristic pattern of

128 EX1026, 79:25-31, 46:30-33, 81:22-82:31; EX1003, 11 230-231; EX1005,

88:22-24, 6:65-7:7.
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sequences, which runs from positions 337-409 in PH20.12° In 2009, Zhang showed
the Hyal-EGF domain was necessary for hyaluronidase activity—truncations
terminating at position 409 of Hyal-1 were inactive and not secreted.* While the
’731 Application references a “common core hyaluronidase domain” (3-339 in
PH20), it make no mention of Chao or Zhang or their findings, and does not
explain how positions 3-339 relate to any feature in the tertiary structure of human

PH20.13 These regions are illustrated below.

“common " SEQ SEQ SEQ
hyaluronidase HyalEGF IDNO: | | IDNO: ID NO:
domain” (3-339) domain” (337-409 ) 32 k3 3
] (1-430) | | (1-433 (1-447)
R - 71 !
34010 429 {IDAFLEPEMETEEPQIFYNAS...

Afrerrnnnnnnnn Inacﬂve PH2° ...........---/-'-

I en N — i lacking ity. A very narrow range spanning approximately 10 amino
{;:::;jr\uoq:?ni{i:d i\“:ll:ll::;f :Eﬂ;ﬂfﬂ{ﬁﬁﬁ;&tﬁ:& acids before the GPI cleavage site at N 483 thus defined the
T R - . . e minimally active domain.

amino acids hl!\’ll'iE a C-terminal amine acid residue corne- 28 = E}ﬁﬂﬂﬁ 38-22-2-4
sponding o amino acid residue 464 of SEQ 1D NO6 (e.g., — —
amino acid residues corresponding to positions 36-464 of
the amino acid sequence set forth in SEQ D NO:6) is the
minimal sequence required for hyaluronidase activity (see
e.g., U.S. pateni application Ser. No. 10/795,095, which is
issued as ULS. Pat. No. 7.767.42%9; see also U.5. Publication
No., US20100143457). EX1026, 79:25-31

The *731 Application does not explain how a POSA can navigate the
unpredictability in activity of PH20s that deviate from the sole length of PH20 that

is exemplified (1-447) when producing multiply-modified PH20s terminating

129 EX1006, 6912-13, 6916-18; EX1003, 11 126-128, 131.
130 EX1010, 9438-39; EX1003, 1 134-136.

131 EX1003, 1 139-140.
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between position 430 and 465.1% It provides no examples of singly- or multiply-
modified PH20 polypeptides truncated to positions before 430, between 430-446,
between 448-465 or above position 465, much less ones with >120% activity,*3

even though the claims capture such mutants.**

(iv) Disclosure Does Not Demonstrate Possession of
Multiply-Modified >120% Active PH20s

As explained above, the *731 Application reports no examples of modified
PH20 polypeptides with different lengths (i.e., SEQ ID NOS: 7, 32-66) or with
more than one substitution.!®® Thus, despite claiming variants in PH20s having
between 430 (SEQ ID NO: 32) and 465 (SEQ ID NO: 66) residues, and having
between 2 and up to 23 changes, all of the examples in the disclosure contain only
a single substitution in a single length of PH20 (1-447) (illustrated below). Thus,
like Abbvie, the disclosure demonstrates possession of only a limited number of
species found in one corner of an immense genus of modified PH20 polypeptides

being claimed.

132 EX1003, 11 149-151.
133 EX1003, 11231, 234.
13 EX1003, 11 232-233.

135 EX1003, 1 231.
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I Number of Changes
SEQ |1 [2 |34 |5|6([7|8[9([10[11]12]|13]14[15|16[17[18|19|20|21]22([23

(d) The Research Plan in the 731 Application Does Not
Identify Any Multiply-Modified PH20 Polypeptides with
Increased Activity

The *731 Application does not describe any multiply-modified “active”
PH20 polypeptides (including those with increased hyaluronidase activity).!3®
Instead, it simply presents the idea that multiply-modified PH20 polypeptides can
be made that may have increased activity.'%’

The *731 Application posits that “[a] modified PH20 polypeptide can have

up to 150 amino acid replacements,” “[t]ypically” contains between 1 and 50

136 EX1003, 11212, 220-221, 234, 254.

137 EX1003, 1 240.
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amino acid replacements and “can include any one or more other modifications, in
addition to at least one amino acid replacement as described herein.”**® It also
contends a modified PH20 polypeptide with “a sequence of amino acids that
exhibits” between 68% and 99% sequence identity with any of unmodified SEQ ID
NOS: 74-855 “can exhibit altered, such as improved or increased, properties or
activities compared to the corresponding PH20 polypeptide not containing the
amino acid modification (e.g., amino acid replacement).”*°

None of these statements identify any particular multiply-modified PH20
polypeptides (i.e., PH20 polypeptides with specific sets of 2 or more amino acid
substitutions) that will properly fold and exhibit >120% activity. They simply draw
boundaries around immense numbers of sequences, or list optional substitutions
that may be considered for combination. Neither is an adequate description of

particular species of chemical compounds (PH20 proteins).14°

138 EX1026, 54:8-14.
139 EX1026, 108:14-23 (emphasis added).
140 EX1003, 11 222-223; Ariad, 598 F.3d at 1349-50; AbbVie, 759 F.3d at 1299-

1300.
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The *731 Application does not describe any multiply-modified,
enzymatically active PH20 polypeptides that were made and tested. ! It provides
only a prophetic research plan requiring “iterative” production of libraries of
mutants, followed by screening that might discover such PH20 polypeptides,
stating they “can be modified or further modified” and “can be identified.”**? This
research plan does not identify which multiply-modified PH20 polypeptides can be
made (e.g., which fold and are secreted), which are active mutants, and which
active mutants have increased activity compared to wild-type PH20.143 An
alternative version of this “iterative” methodology suggests mutations can be
“targeted near” “critical residues” which supposedly “can be identified because,
when mutated, a normal activity of the protein is ablated or reduced.”*** But Tables

5 and 10 report at least one substitution at each of 405 positions between positions

141 EX1003, 11 212, 220-221, 234, 254.

142 EX1026, 150:1-9 (emphases added); see also id. at 47:12-17, 141:30-33;
EX1003, 11 240-243, 244-246.

143 EX1003, 11 250-254; EX1026, 140:15-16; see generally id., 140:36-141:29,
141:36-143:34, 144:16-149:37.

144 EX1026, 150:10-26; EX1003, 11 246, 248-249.
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1 and 444 of PH201-447 resulted in an inactive mutant.* This guidance to “target”
locations “near” ~90% of the amino acids in PH201.447 effectively “targets” every
residue.

These prophetic research plans, based entirely on unfocused, iterative
“make-and-test” experiments, do not identify to a POSA which of the over 10%°-
10%+ multiply-modified PH20 polypeptides within the claims’ sequence space are
active.'*’ Instead, they require a POSA to perform repeated cycles of mutagenesis,
screening and selection until 102°-10%+ modified PH20 polypeptides are made and
tested.#® That in no way demonstrates possession of the full scope of >120%
active modified PH20 polypeptides being claimed.

(e) The ’731 Application Does Not Identify a Structure-

Function Relationship for Multiply-Modified, PH20
Polypeptides with Increased Activity

The *731 Application does not identify the structural significance of any of

the ~2,500 mutations that yielded single residue “active mutant” PH201-447

145 EX1003, 1 249.

146 |d

147 EX10083, 11 251, 253-254.

148 EX1003, 11 199-200, 202-204, 214-216; EX1026, 144:2-6, 143:35-144:14,

147:36-148:2, 148:9-12, 148:23-32.
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polypeptides (or the ~500 mutations that exhibited >120% activity).*° Its data is
also incapable of providing such structural insights for the ~3,400 inactive mutants
and ~900 unclassified mutants.t®® For example, it does not identify the effect of
any substitution on any domain structure, structural motif(s), or secondary
structure at the site of the substitution, nor does it identify how any such (possible)
structural change(s) is/are responsible for the measured change in hyaluronidase
activity. ™! Instead, it simply lists single replacements that yielded “active
mutants.”*®? Notably, the 731 Application does not identify any sets of
substitutions in a single PH20 polypeptide that correlate to changes in structural
domains or motifs that positively influence hyaluronidase activity, much less
predictably increase activity to at least 120%.1%% And the disclosure’s examples of
“active mutant” single-replacement PH201.447 mutants by themselves do not
identify any “structure-function” relationship between “active mutants” and the set

of single-replacement modified PH20:.447 polypeptides, much less for mutant PH20

149 EX1003, 11 208-219.

150 EX1003, 11 215, 165-166; supra § V.A.1(c).
151 EX1003, 11 209, 222, 227, 110-118.

152 EX1026, 251:2-20; EX1003, 1 214.

158 EX1003, 11 220-223.
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polypeptides of varying lengths with between 10 and 23 substitutions.’™* Each is a
unigue sequence with a unique measured result.

The *731 Application does not contend a particular substitution that makes
PH201.447 an “active mutant” will make any other modified PH20 polypeptide with
9-22 additional substitutions also exhibit increased activity.'> Such an assertion
would have no scientific credibility—the activity of a protein such as PH20 is
dictated by its overall structure, which can be influenced unpredictably by different
combinations of changes to its amino acid sequence.®® Thus, the *731 Application
does not portray its compilation of empirical test results as identifying a structure-
function relationship for multiply-modified “active mutants” within the claims’
sequence space of 102°-10% polypeptides.*®’

The *731 Application does not identify any particular structural features in
the tertiary structure of native human PH20 as being “common structural features”

of modified PH20 polypeptides with >120% activity, and the human PH20

154 EX1003, 11 208-219.
155 EX1003, 1197, 211-212.
16 EX1003, 11 73-78, 198, 218.

17 See, e.g., EX1026, 90:32-93:3, 108:24-109:27.
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structure was not published until 2024.%%8 It omits any discussion of the PH20
Hyal-EGF domain or its necessity for activity, and does not describe the active site
relative to other features of the tertiary structure of mammalian hyaluronidases.>®
It also does not correlate any regions of the PH20 sequence to any such structural
motifs.® And it nowhere mentions using a PH20 homology model to select
combinations of changes to make to yield >120% active PH20s.1%!

The °731 Application thus does not identify to a POSA the structural
features shared by the claimed multiply-modified PH20 polypeptides having
>120% hyaluronidase activity within the scope of the claims.6?

()  The Claims Capture Multiply-Modified PH20

Polypeptides that the '731 Application Excludes from the
Class of Enzymatically Active PH20 Proteins

The *731 Application instructs that certain changes are to be avoided in

active mutant PH20 polypeptides (i.e., substitutions listed in Tables 5/10 or C-

1% EX1003, 11 102, 216-217; EX1126, 1067.

159 EX1008, 824, 829; EX1006, 6913.

160 EX1003, 1 216, 222-223, 191-193.

161 EX1003, 11209, 216-217.

162 EX1003, 11 217, 223; Boston Sci. Corp. v Johnson & Johnson, 647 F.3d

1353, 1366-67 (Fed. Cir. 2011).
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terminal truncations before position 429).1% It also provides no guidance on
Incorporating substitutions in an inactive mutant having one of the substitutions in
Tables 5 or 10 that would fully restore—and increase—enzymatic activity.%4 Yet
the claims purport to capture such increased-activity multiply-modified PH20
polypeptides having changes the disclosure says to omit from “active mutants” (if
any exist).1°

The claims thus independently violate the written description requirement
pursuant to Gentry Gallery, Inc. v. Berkline Corp., 134 F.3d 1473, 1479-80 (Fed.
Cir. 1998)—if a disclosure “unambiguously limited” the invention, but the claims
circumvent that limitation, those claims are “broader than the supporting
disclosure” and are unpatentable.

2. The °731 Application Does Not Describe the Subject Matter
of the Remaining Dependent Claims

(@) Claims3and 18

Claims 3 and 18 require the claimed modified PH20 polypeptides to be

“soluble.” In related PGR proceedings, Halozyme statutorily disclaimed such

163 EX1026, 91:30-92:20; EX1003, 11 224-225, 230-235.
164 EX1003, 1 226-229.

165 EX1003, 1 229.
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“soluble” claims in response to Merck’s § 112(a) challenges.'®® That is not
surprising, as determining whether a modified PH20 is “soluble” in the meaning of
the disclosure requires making and testing it.

Initially, the *731 Application does not provide written description support
for claims 3 and 18 for the same reasons identified in § V.A.1.

The >731 Application also does not identify which of the 102°-10%+
modified PH20 polypeptides in the claims’ sequence space are both >120% active
and solubility. Solubility is not a characteristic that can be predicted solely from a
modified PH20’s sequence.®’ Instead, it depends on the effects of modifications
(individually or collectively), and whether they cause structural changes that
expose hydrophobic patches, which often renders a protein insoluble.'®® As the
’731 Application explains, “a soluble PH20 refers to a polypeptide characterized
by its solubility under physiological conditions,”*® and solubility is determined by

making and testing each modified PH20 polypeptide.1’® Because it is impossible to

166 Supran.3.

167 EX1003, 11 262-263.

168 EX1003, 1198, 41; EX1014, 99, 117; EX1081, 897.
160 EX1026, 51:18-19, 52:1-5; EX1028, 1604-1605.

170 EX1026, 52:8-9, 84:6-11, 195:13-22; EX1003, 11 262-64.
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do that for the full sequence space of the claims, the *731 Application cannot
demonstrate possession of the genera of claims 3 and 18.

Claims 3 and 18 also lack written description because they encompass
modified PH20 polypeptides the *731 Application suggests would be insoluble. It
explains that “a soluble PH20 lacks all or a portion of a glycophosphatidyl anchor
(GPI) attachment sequence,” which was known to be hydrophobic,'’* and identifies
position 456 as the first residue of the GPI sequence in PH20 (position 491 in SEQ
ID NO: 6).172 It also states that a soluble PH20 “is a polypeptide that is truncated
after amino acid 482 of ... SEQ ID NO: 6” (i.e., position 447 in SEQ ID NO: 3).173
The °731 Application thus suggests that human PH20 sequences that terminate
below position 448 are soluble while those that terminate above position 456 are
insoluble.r’* Claims 3 and 18, however, encompass modified PH20 polypeptides
that terminate above position 456. For example, SEQ ID NO: 66 has 465 residues

before the up to 23 insertions permitted by the claims, and thus includes several

171 EX1026, 51:19-21, 82:8-10, 82:24-31, 84:32-85:3; EX1005, 86:18-22;
EX10083, 11 257-259.

172 EX1026, 82:24-31.

173 EX1026, 85:33-34; EX1005, 3:57-62.

174 EX1003, 11 258-260.
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residues of the GPI anchor that is described as causing insolubility.1”™ The absence
of examples of modified PH20s terminating above position 456 compounds these
deficiencies.!’® Claims 3 and 18 are unpatentable for these additional, independent
reasons.

(b) Claims 7-11, 13, 15, 17
Dependent claims 7-11, 13, 15, 17 do not alter the genus of PH20

polypeptides encompassed by claims 1 and 4 (addressed above). They instead
specify additional features (claims 7-11, 15) or pharmaceutical compositions (13,
17) that reference the genus of claims 1 and 4. They lack written description for the
same reasons explained in § V.A.1.17

B.  The Claims Are Not Enabled by the *731 Application

“If a patent claims an entire class of ... compositions of matter, the patent’s
specification must enable a person skilled in the art to make and use the entire

class,” i.e., “the full scope of the invention,” and so the “more one claims, the more

99178

one must enable.”*’® “It is the specification, not the knowledge of one skilled in the

175 EX1026, 142:19-28.
176 EX1003, 11 231-235.
177 1denix, 941 F.3d at 1155, 1165; Boehringer, at 40-41.,

178 Amgen Inc. v. Sanofi, 598 U.S. 594, 610 (emphases added).

61



IPR2026-00312 U.S. Patent No. 10,865,400

art, that must supply the novel aspects of an invention in order to constitute
adequate enablement.””® “Claims are not enabled when, at the effective filing date
of the patent, one of ordinary skill in the art could not practice their full scope
without undue experimentation.”18°

Although not required, enablement may be assessed using the Wands
factors, which consider: “(1) the quantity of experimentation necessary; (2) how
routine any necessary experimentation is in the relevant field; (3) whether the
patent discloses specific working examples of the claimed invention; (4) the
amount of guidance presented in the patent; (5) the nature and predictability of the
field; (6) the level of ordinary skill; and (7) the scope of the claimed invention.”*8!

As here, where the scope of the claims is large, few working examples are

disclosed, and the only guidance to practice “the full scope of the invention [is] to

179 |denix, 941 F.3d at 1159.

180 Wyeth & Cordis Corp. v. Abbott. Labs, 720 F.3d 1380, 1383-84 (Fed. Cir.
2013).

181 1denix, 941 F.3d at 1156 (citing In re Wands, 858 F.2d 731, 737 (Fed. Cir.

1988)).
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use trial and error to narrow down the potential candidates to those satisfying the
claims’ functional limitations—the asserted claims are not enabled.”8

“It 1s well established that the enablement requirement of § 112 incorporates
the utility requirement of § 101.728% A claimed invention must be presently
useful—stating a hypothesis and proposing testing to determine its accuracy is
insufficient.!® If a claim encompasses significant numbers of inoperative
embodiments, and a POSA must engage in undue experimentation to identify the
operative ones, that renders the claims non-enabled.!®

Here, the 731 Application utterly fails to enable the claimed genus of
>120% activity modified PH20 polypeptides. Using the disclosure and knowledge

in the prior art, the POSA would have to make and test 102°-10%+ polypeptides

182 Baxalta Inc. v. Genentech, Inc., 579 F. Supp. 3d 595, 615-16 (D. Del. 2022)
(Dyk, T., sitting by designation) aff’d 81 F.4th 1362 (Fed. Cir. 2023).

18 In re Fisher, 421 F.3d 1365, 1379 (Fed. Cir. 2005).

18 In re "318 Patent Infringement Litigation, 583 F.3d 1317, 1327 (Fed. Cir.
2009); In re Kirk, 376 F.2d 936, 942 (C.C.P.A. 1967) (emphasis added).

18 Crown Operations Intern. Ltd v. Solutia Inc., 389 F.3d 1367, 1380, FN8 (Fed.
Cir. 2002); Atlas Powder Co. v. E.l. du Pont De Nemours Co., 750 F.2d 1569,

1577 (Fed. Cir. 1984).
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within the claims’ sequence space to determine which exhibit >120%
hyaluronidase activity. Such testing would also be necessary to weed out mutants
with >120% activity from those that cannot stably fold or be produced.'® But the
scale of that experimentation is beyond undue—it is impossible.

1. Claims 1, 2, 4-6, 12, 14, and 16 Are Not Enabled

The challenged claims are a textbook example of a non-enabled genus under
the Supreme Court’s decision in Amgen. The Federal Circuit’s framework for
assessing undue experimentation using the factors in In re Wands, 858 F.2d 731
(Fed. Cir. 1988) compels the same conclusion.

(@) Extreme Scope of the Claims

As explained in 8 IV.D.1, the claim parameters define a sequence space of
between 102°-10%+ distinct amino acid sequences with (i) one required substitution
to any of 19 alternatives at between 37 and 85 positions and (ii) up to 22 additional
modifications (substitutions, deletions or additions) at any other position within 36
reference PH20 sequences having between 430 (SEQ ID NO: 32) and 474 (SEQ ID
NO: 7) residues.

The growth in the sequence space of claim 4 for each additional mutation is

illustrated below (assuming PH201.447 and only 2 choices at one position):

186 EX1003, 11172, 194-197.
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Additional
X Sequences
Mutations % Total
1 16,950 1.70E+04 0.00%
2 71,664,620 7TATE+07 0.00%
3 201,544,912,660 2.02E+11 0.00%
4 424,151,627,100,830 4.24E+14 0.00%
5 712,490,709,670,351,000 7.12E+17 0.00%
6 995,113,439,017,070,000,000 9.95E+20 0.00%
7 1,188,593,960,274,710,000,000,000 1.19E+24 0.00%
8 1,239,408,841,642,340,000,000,000,000 1.24E+27 0.00%
9 1,146,180,397,864,990,000,000,000,000,000 1.15E+30 0.00%
10 9851,790,683,583,952,000,000,000,000,000,000 9.52E+32 0.00%
11 716,873,523,810,270,000,000,000,000,000,000,000 7.17E+35 0.00%
12 493,807,967,214,815,000,000,000,000,000,000,000,000 4.94E+38 0.00%
13 313,265,281,703,832,000,000,000,000,000,000,000,000,000 3.13E+41 0.00%
14 184,111,187,741,072,000,000,000,000,000,000,000,000,000,000 1.84E+44 0.00%
15 100,758,334,357,507,000,000,000,000,000,000,000,000,000,000,000 1.01E+47 0.00%
16 51,575,902,930,433,400,000,000,000,000,000,000,000,000,000,000,000 5.16E+49 0.00%
17 24,789,924,805,868,100,000,000,000,000,000,000,000,000,000,000,000,000 2.48E+52 0.00%
18 11.227,138,919,686.200,000,000,000,000,000,000,000,000,000,000,000,000,000 1.12E+55 0.00%
19 4,805.832,508,728,440,000,000,000,000,000,000,000,000,000,000,000,000,000,000 4.81E+57 0.00%
20 1,949,737,500,771,650,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000 1.95E+60 0.00%
21 751,581,971,925,538,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000 7.52E+62 0.27%
22 275,900,686,198,289,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000,000 2.76E+65 99.73%

With those same restrictions, and allowing 10 modifications (claim 16) the

sequence space shows similar growth:

Additional
. Sequences

Mutations # % Total
1 16,950 1.70E+04 0.00%
2 71,664,620 7.17E+07 0.00%
3 201,544,912,660 2.02E+11 0.00%
4 424,151,627,100,830 4.24E+14 0.00%
5 712,490,709,670,351,000 7.12E+17 0.00%
6 995,113,439,017,070,000,000 9.95E+20 0.00%
7 1,188,593,960,274,710,000,000,000 1.19E+24 0.00%
8 1,239,408,841,642,340,000,000,000,000 1.24E+27 0.11%
9 1,146,180,397,864,990,000,000,000,000,000 1.15E+30 99.89%

The sequence space is simplistically illustrated below:
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Claim Parameter Sequence Space
(between 102 to 10%€ different sequences)

The modified PH20s within that sequence space will exist in a variety of forms,

including forms that: (i) never leave the cell because they cannot be produced or

secreted, (ii) are secreted but partially folded or misfolded, (iii) are properly folded

but unstable. Many of those in the last two categories exist as unfolded and/or in

aggregates (below).®’

Natively folded modified
PH20 polypeptides

-.Ivl.I.IllvllIlelIll!ll'llllllllll.lll
p -

Claim Parameter Sequence Space
(between 10%° to 1056 different
sequences)

enzymatically enzymatically
active inactive

| Adequate stability, || Adequate stability |

E molten globule), misfolded or unfolded

. Not secreted and partially folded (e.g., {

Cannot be produced

187 EX1003, 1 172, 195-197; see also EX1087 (Vembar), 944,
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Multiply-modified PH20 polypeptides with >120% activity constitute an
unidentified and unknowable portion of the sequence space containing properly
folded PH20s (below). Determining what constitutes that portion of the sequence

space requires an impossible scale of experimentation.!8®

2120% active Claim Parameter Sequence Space
modified PH20 (between 10%° to 106 different
polypeptides Natively folded modified sequences)
PH20 polypeptides /
. “ Adequate stability
" ? enzymatically
inactive

: Not secreted and partially folded (e.g., {5
. molten globule), misfolded or unfolded -5
" G

: Cannot be produced

Claims that capture massive and structurally diverse sets of proteins such as
those here have routinely been found non-enabled. For example, the claims in
Amgen covered “millions” of different, untested antibodies,*®® while in Idenix, the

Court found that a POSA would “understand that ‘billions and billions’ of

18 EX1131 (Petsko Dep.), 63:19-64:17; EX1003, 11 196-197.

189 598 U.S. at 603.
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compounds literally meet the structural limitations of the claim.”*® In both cases
(as here), the enormous claim scope was contrasted to limited working examples in
the patent, the unpredictability in the field of technology, and the immense quantity
of experimentation required to practice the claims’ full scope (Wands Factors 1, 3,
4,and 7). As in ldenix, it is improper to rely on the knowledge and efforts of a
POSA to try to “fill the gaps in the specification” regarding which of the “many,
many thousands” of possible compounds should be selected for screening, and
which in this case is impossible.1%

(b)  Limited Working Examples and Only a Research Plan for

Discovering Increased Activity Mutant PH20
Polypeptides

The °731 Application provides an extremely narrow set of working
examples of the claimed PH20s: ~530 single-replacement PH201.447 polypeptides,
which represents ~9% of the single-mutants classified in the 731 Application, and
~6% of the total possible (8,493) single-mutant PH20s.1%? As a percentage of the

claimed sequence spaces, it is effectively 0%.

190 941 F.3d at 1157.
191 1d. at 1159.
192 EX1003, 19 163, 208. As noted above, less than 300 of these mutants have a

substitution required by the claims. EX1200, 1-4.
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More generally, the examples provide no insights into the effects of
combining 5, 10, 15, or 20+ substitutions in one PH20 polypeptide.*® Similarly,
none of the exemplified PH20 polypeptides is based on a PH20 polypeptide
truncated before position 447 or extending beyond that position, even though
activities of such truncation mutants vary extensively.%

The disclosure’s only explicit guidance for producing multiply-modified
PH20 polypeptides is a prophetic and “iterative” “make and test” process for
discovering active modified PH20 polypeptides. See 8 V.A.1(d). But this research
plan requires a POSA to engage in undue experimentation to practice the full scope
of the claims.

First, the disclosed method requires performing iterative rounds of
randomized mutations (up to 22 rounds per starting molecule under the broadest
claims) to discover which of the 10%°-10%+ possible modified PH20 polypeptides

in the claims’ sequence space might possess increased hyaluronidase activity.'%

193 EX1003, 11 209-214, 239.

19 EX1003, 11 151, 218, 231-234.

195 EX1003, 11 241-243, 252-254; see also EX1018, 382 (“[CJombinatorial
randomization of only five residues generates a library of 205 possibilities

(3.2 x 10° mutants), too large a number for manual screening.”). Chica
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Second, the disclosure provides no meaningful guidance or information that
a POSA could use to implement the prophetic procedure it discloses for making
and discovering modified PH20 polypeptides with increased hyaluronidase activity
relative to PH201-447:

(i)  itdoes not identify any specific combination of two or more
replacements within any PH20 polypeptide that yield mutants with
increased activity;

(i) it provides no data from testing any PH20 polypeptide with two or
more substitutions; and

(iti) it does not identify the regions or residues in PH20 polypeptides that
are “associated with activity and/or stability of the molecule” or
“critical residues that are involved in the structural folding or other
activities of the molecule” particularly when two or more

replacements have been made.!%

credited a “ground-breaking” predictive molecular modeling technique that
was later shown to be false. EX1018, 384, 382; EX1030, 569; EX1034, 258;
EX1036, 275, 277; EX1048, 859.

1% EX1026, 150:10-18; EX1003, 11 246-249.
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Instead, the disclosure requires the POSA to iteratively repeat its prophetic
mutagenesis research plan to make and screen 102°-10%+ multiply-modified PH20
polypeptides to discover which exhibit >120% activity.’

Regardless of whether individual rounds of “iterative” production and
screening of PH20 mutants might be considered “routine,” the aggregate scale of
experimentation required to practice the full scope of the claims goes far beyond
undue—it is impossible.!®® For example, screening technologies in the 2011-2012
timeframe could not screen enzyme libraries with more than ~10° mutants, a small

fraction of the sequence spaces of the claims (e.g., ~10%° to ~10%) (below).°

Additional Sequences
Mutations #
1 16,950 1.70E+04
E £1,008, OISR .1 /E L Limits of screening
3 201,544,912,660 2.02E+11 | . .
- T AL e T technologies in 2011-2012
] 712,490,709,670,351,000 7.12E+17
6 995,113,439,017,070,000,000 9.95E+20
7 1,188,593,960,274,710,000,000,000 1.19E+24
8 1,239,408,841,642,340,000,000,000,000 1.24E+27
9 1,146,180,397,864,990,000,000,000,000,000 1.15E+30

197 EX1003, 11 253-254; see also id. at 1 240.
198 EX1003, 11 71, 238-240.
19 EX1003, 1 67, 70-71; EX1147, 2990-93, Table 1; EX1141, 409; EX1018

(Chica), 378.
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The disclosure’s prophetic and iterative directed evolution techniques thus could
not be used by a POSA to identify the sequences of multiply-modified PH20s that
exhibit >120% activity until they are made, discovered and characterized.?*
Patentee may contend a POSA could make individual >120% active
multiply-modified PH20s by selecting particular combinations of single-
substitutions that yielded PH201.447 mutants that retained activity. But even if a
POSA were to exclude changes at essential or highly conserved positions identified
in the prior art,?* and only make 5 substitutions in each potential mutant, the
POSA would still need to perform an impossible scale of assessments of such
potential substitution mutants (i.e., ~10?°+), and would have no guidance about
mutants that incorporate deletions or additions in PH20 variants terminating at
positions other than position 447. The POSA thus could not reasonably predict
which of those 10%°+ combinations of substitutions would properly fold and

preserve activity, much less predict which exhibit > 120% increased activity.?%

200 EX1003, 11 253-254, 256.
201 EX1026, 80:19-35; EX1006, 6916 (Fig. 3).

202 EX1003, 11 209-214: see also id. at 1 76, 78-79.
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These “iterative, trial-and-error process[es]” are indistinguishable from
those consistently found to not enable broad genus claims to modified proteins and
other therapeutically active compounds.?®

(c) Making Multiple Changes to PH20 Polypeptides Was
Unpredictable

Like any protein, the activity of PH20 can be unpredictably influenced by
even a single change to its amino acid sequence.?®* The data in the °731
Application concerning single substitutions shows these unpredictable effects on
activity of PH20s. For example, ~86.5% of tested single mutants reduced activity
below 100%.2% In addition, even at positions where many substitutions retained

activity, the amount of that activity varied unpredictably.2%®

203 Idenix, 941 F.3d at 1161-63 (emphasis added); see also Amgen, 598 U.S. at
612-15; Wyeth, 720 F.3d at 1384-86; Baxalta, 597 F. Supp. 3d at 616-19.

204 EX1003, 11 173-177; EX1209 (Petsko Textbook), 160 (Figure 4-53).

205 See § V.A.1(c).

206 EX1003, 11 173-174.
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Activity among individual substitutions at ‘tolerant’ positions

1.0)

Relative Activity (WT
..’_.}_.—_P
'
T
tooglp— e

T74 L146 T147 L26 K28 Q140 N205 K93
Mean
activity 1.84 0.76 1.16 1.12 0.61 0.70 0.78 1.33
Std. dev. 0.58 0.25 0.44 0.73 0.12 0.17 0.41 1.06
cv 32% 33% 38% 65% 20% 24% 52% 80%
Tested 15 15 15 15 14 14 14 13
Active
(>40%) 15 15 15 15 14 14 14 13

Introducing multiple modifications (especially within a particular region of
the protein) greatly increases this unpredictability. Sets of changes can prevent a
modified PH20 from efficiently folding into its native state, or unpredictably affect
its stability if it does properly fold.2%” Multiple modifications can alter or transform
secondary structures, alter positioning of secondary structures or higher order
motifs, or otherwise alter features within the tertiary structure of PH20 that are
important to its catalytic and substrate binding functions.?’® Mutations can also

cause long-distance effects, and can alter activity even without causing significant

207 EX1131 (Petsko Dep.), 99:4-22.

208 EX1003, 11 73-80, 95-96, 198-199, 236-237.
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changes in the tertiary structure of the PH20.2°® Combinations thus can introduce
an immense number of simultaneous influences on a PH20’s structure, the effects
of which are unpredictable.?'°

The cumulative effects of multiple changes would have rapidly exceeded the
capacity of computer-based protein engineering techniques to reasonably predict
changes to the protein’s structure in the 2011-2012 timeframe.?** For example,
PH20 models based on the experimentally determined structure of a homologous
protein (e.g., Hyal-1) become unreliable after a few changes to the wild-type amino
acid sequence and in areas of the model with insufficient quality, and the sole
published PH20 homology model was known to be inaccurate by 2007.2'2 Also,
while homology models can assess effects of a single substitution on the local
structure of a protein, they cannot detect steric changes below the resolution of the

model, non-steric effects (e.g., long-distance charge or van der Waals effects), nor

209 EX1003, 11 76, 78, 178.

210 EX1003, 11 73-78, 212-213.

211 EX1003, 1 104-108; EX1027, 6-11, Figure 6.

212 EX1003, 11 104-106, 108, 133; EX1012, 4, 8-9; EX1006, 6913 (ab initio
models did not accurately describe C-terminal region); see also EX1008, 828-

832; EX1009, 230-234, 236-237.
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can they predict particular effects on activity.?* And the disclosure nowhere
proposes the use of homology models to guide selections of combinations of
changes to a PH20, much less show how to make such selections to yield >120%

active forms of multiply-modified PH20s.2%4
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Figure 6. Left: progress of the CASP performance over the years for the best models and the most difficult
targets.38 Right: performance of AlphaFold2 relative to the top 15 entries by other groups in CASP14. Data are
the median coordinate error and the 95% confidence interval of the median, estimated from 10 000 bootstrap
samples.4!

For all of these reasons, POSAs in the 2011-2012 timeframe could not have
predicted the effects of making more than a few concurrent amino acid

replacements within a PH20 polypeptide.?’® Predicting the effects of 10, 15 or 20+

213 EX1003, 11 105-106.
214 EX1003, 11 109, 216.
215

EX1003, 11 108; EX1027, 6-11, Figure 6.
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modifications in the 2011-2012 on the ability of a PH20 to properly fold, remain
stably folded or on its overall activity was impossible.

Consequently, a POSA could not have used rational design techniques or
computational tools available in the 2011-2012 timeframe to identify which
multiply-modified PH20 polypeptides in the claimed sequence spaces will exhibit
>120 activity.?'® And using such techniques to identify even a handful of active
mutant PH20 polypeptides with more than 1 substitution would have taken an
extreme amount of time and effort (i.e., billions of days for even a small subset of
the sequence space).?!’

(d)  Other Wands Factors and Conclusion

The remaining Wands factors either support the conclusion that practicing
the full scope of the claims would require undue experimentation or are neutral.
For example, while a POSA was highly skilled, the field of protein

engineering was unpredictable and tools did not exist that permitted accurate
modeling of the range of multiply-changed PH20 polypeptides being claimed.?!8

Likewise, while there was significant public knowledge about hyaluronidases,

216 EX1003, 11 64, 108, 254-255.
217 EX1003, 11 64, 240, 254-255.

218 EX1003, 11 105-108, 218; EX1027, 6-11, Fig. 6.
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there was no experimentally-determined structure of the PH20 protein.?*® Also, the
public literature generally reported on loss of activity from mutations in
hyaluronidases, and did not predictably teach how to introduce changes that
enhanced stability or activity of such proteins.??°

Practicing the full scope of the claims thus would have required undue
experimentation, which renders those claims non-enabled.

2. The Remaining Dependent Claims Are Not Enabled
(@) Claim3and18

Claims 3 and 18 require “soluble” forms of PH20. These claims are not
enabled for the same reasons presented in 8 VV.B.1.

Additionally, the *731 Application does not enable the full scope of
“soluble” multiply-modified PH20 polypeptides being claimed. As explained in
8 V.A.2(a), determining whether a modified PH20 polypeptide is “soluble”
requires testing. 2! Doing that for even the portion of the claims’ sequence space

that corresponds to modified PH20 polypeptides with >120% active would require

219 EX1003, 11 102, 120-122, 126-132.
220 EX1011, 812-814; EX1010, 9437-9439.

221 EX1026, 52:8-9, 84:6-11, 195:13-22; EX1003, 1 259-265.

78



IPR2026-00312 U.S. Patent No. 10,865,400

an immense amount of such individualized testing, which constitutes undue
experimentation.???

(b) Claims 7-11, 13, 15, 17

Claims 7-11, 13, 15, and 17 recite further modifications to or pharmaceutical
compositions including the claimed genus discussed in section V.B.1. These claims
do not limit the structure of polypeptides in those claims and are not enabled for
the same reasons.??®

C. Inactive PH20 Polypeptides Within the Recited Sequence Spaces
Underscore the § 112(a) Deficiencies of the Claims

The sequence parameters in the claims capture an unknown number of PH20
polypeptides that exhibit less than 120% of the hyaluronidase activity of
unmodified PH201.447, are “inactive mutants,” or cannot be produced or will not
fold (and thus have no utility).??*

The disclosure does not explain how to distinguish modified PH20

polypeptides with >120% of the hyaluronidase activity from the other 102°-10%+

222 EX1003, 11 264-265; Idenix, 941 F.3d at 1161-63 (emphasis added); see also
Amgen, 598 U.S. at 612-15; Wyeth, 720 F.3d at 1384-86; Baxalta, 597 F.
Supp. 3d at 616-19.

223 Gee, e.g., Idenix, 941 F.3d at 1155, 1165.

24 EX1003, 11 195-197, 285-292,
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multiply-modified PH20 polypeptides captured by the sequence identity
parameters of the claims.??® Identifying polypeptides that cannot be made or will
not properly or stably fold requires trial-and-error testing of the full sequence space
of 102°-10%+ multiply-modified PH20 polypeptides.??°

The disclosure provides scant guidance regarding mutations that may result
in an “inactive” mutant. For example, it does not identify why ~3,330 sequences
exhibited <20% activity.??” The experimental protocol incorrectly equates the
absence of hyaluronidase activity in the supernatant from each transfected cell
with proof of production of a properly folded but otherwise “inactive” mutant.??
An absence of hyaluronidase activity in the supernatant could mean different
things; it would also be observed if the cell did not secrete the mutant or if the
secreted mutant did not fold.??® However, because no activity measurements are

provided for these mutants, it is impossible to determine from the disclosure which

225 EX1003, 11 197, 239-240.

226 EX1003, 11 196-197, 253.

221 EX1003, 1 215.

228 EX1003, 11 158-162, 215.

229 EX1003, 11 160-162; EX1026, 251:21-272:1 (Table 9), 272:23-282:2 (Table

10).
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of these ~3,330 mutants were (i) actually expressed, properly folded and
enzymatically inactive, (ii) were not successfully produced by or secreted from the
transfected cells, or (iii) were secreted but did not fold.?*° It also does not even
classify ~900 (13%) of the single-substituted PH20:-447 polypeptides, likewise
rendering it impossible to know what effects these single-substitutions had.?3!
These deficiencies are significant in assessing the enablement and written
description requirements. Even if a fraction of a percent of the 10%°-10%+ multiply-
modified PH20 polypeptides within the claims’ sequence space cannot be
produced or did not properly fold, they represent a massive absolute number of
inoperative and non-useful embodiments that must be identified by making and
testing 10%°-10%¢+ polypeptides.?®? Performing the scale of testing necessary to
identify such inoperative species within the scope of the claims independently

demonstrates a lack of enablement.233

230 EX1003, 11 160-162, 215.

231 EX1003, 1 165.

232 EX1003, 11 197, 199, 215.

233 EX1003, 11 207, 254-255; Atlas Powder Co., 750 F.2d at 1576-77; Pharm.

Res., Inc. v. Roxane Labs., Inc., 253 F. App’x. 26, 30 (Fed. Cir. 2007).
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The disclosure thus presents only a “research proposal” to discover
increased activity mutants with multiple modifications, and requires use of a labor
and resource-intensive process to sort them from any “inactive mutants” and
inoperative mutants having no utility.?*

D.  The Original Claims of the 731 Application Do Not Cure the
Written Description and Enablement Deficiencies

The original claims of the 731 Application do not demonstrate written
description or enablement of >120% activity multiply-modified PH20 polypeptides
being claimed. Those original claims recited broad genera via sequence identity
language (e.g., 85% to SEQ ID NOS: 3, 7, or 32-66) (claims 1-3) or having up to
75 or more amino acid replacements” (claim 4). Certain dependent claims listed
single positions (claim 12) or replacements (claims 13-16) in those polypeptides.
None of the original claims are supported by an adequate written description or
enabled by the disclosure, for the reasons set forth in 88 V.A-V.C.

V1. US-275 Anticipates Every Claim of the 400 Patent
US-275 (EX1004) was published on November 14, 2013, years before the

application that issued as the 400 Patent was filed (i.e., August 2, 2016). See § V.

234 Gee Janssen Pharmaceutica N.V. v. Teva Pharms. USA, Inc., 583 F.3d 1317,

1324 (Fed. Cir. 2009).
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Thus, US-275 is prior art to the challenged claims under 35 U.S.C. § 102(a)(1) and
IS not subject to any of the 35 U.S.C. § 102(b) exceptions.

US-275 has a substantively identical disclosure as the >731 Application.?® It
describes production and testing of single amino acid substitutions in SEQ ID NO:
3 (i.e., PH201.447).2%¢ US-275 also describes methods and uses of modified PH20
polypeptides that derive from the ability of such modified PH20 polypeptides to
degrade hyaluronan, including their use in combination with other therapeutic
agents.Z” For example, US-275 explains that enzymatically active modified PH20
polypeptides can be used to increase the delivery and/or bioavailability of
subcutaneously administered therapeutic agents.?%

With regard to active mutants, US-275 specifically highlights the class of
~530 single amino acid substitutions of PH201.447 that exhibit at least 120% of the

activity of unmodified PH201.447 (SEQ ID NO: 3).%° These mutants include, e.g.,

2% See EX1068, 1 21.

236 E£X1004, [0603]-[0631].

237 E.g., EX1004, [0005], [0042]-[0045], [0545].
238 EX1004, [0044], [0545].

239 See, e.g., EX1004, [0626] (Table 9), pp. 120-138; [0626]; [0011].
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V166L-PH201.447, 1271L-PH201-447, I309N-PH201.447, M313K-PH20;1.447, and
D320K-PH201-447.24°
US-275 thus describes single-substitution PH201-447 mutants that anticipate

every claim of the 400 Patent (illustrated below).?*

Claims Exemplary Anticipatory PH20:-447 Mutants
1-3,5-14 1271L-PH201-447, M313K-PH201-447, D320K-PH201-447
4,15-18 V166L-PH201.447, 1309N-PH201-447

1. Claims 1-3, 5-14 Are Anticipated

US-275 discloses numerous single-substitution mutants of PH201-447 that
anticipate claim 1 of the *400 Patent, including 1271L-PH201-447, M313K-PH201-447
and D320K-PH20:-447.22 Each of these mutants contains a single amino acid

replacement at a position recited in each claim, and each is reported to exhibit

240 EX1004, [0626] (“mutant 1271L is about 10-fold” active); [0019]; [0626]
(Table 9), pp. 128, 131, 133 (V166L-PH201-447 has 438% activity, 1271L-
PH201.447 has 1,062% activity, I309N-PH201-447 has 311% activity, M313K-
PH201.447 has 285% activity, D320K-PH20:-447 has 642% activity).

241 EX1003, 11 266, 284, Appendix B-14; EX1200, 1-4.

242 EX1003, 11 266-270; EX1200, 1.
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>120% activity relative to unmodified PH201.447.2* Each of these mutants also has
one amino acid difference relative to SEQ ID NO: 3, making each 99.8% identical
to SEQ ID NO: 3. Example 4 of US-275 reports that the hyaluronidase activity of
SEQ ID NO: 3 and each of these single-substitution mutants were measured under
identical conditions.?** As the only difference in each PH20:.447 mutant relative to
unmodified PH201.447 is the single identified substitution, each substitution thus
“confer(s) the increased hyaluronidase activity” reported in Example 4.2 US-275
therefore anticipates claim 1.

US-275 also anticipates claim 2, which narrows claim 1 by reciting
particular amino acid substitutions permitted at identified positions including, inter
alia, 1271L, M313K and D320K.2#¢ US-275 discloses the 1271L-PH201.447,
M313K-PH201.447 and D320K-PH201.447 single-substitution PH201-447 mutants and
that each exhibits >120% activity of unmodified PH201.447 (SEQ ID NO: 3). Each

anticipates claim 2.

243 |d

244 EX1004, [0622]-[0626].
245 EX1003, 1 268.

246 EX1003, 1 271; EX1200, 2.
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Each of the 1271L-PH201-447, M313K-PH?201-447 and D320K-PH201-447
single-substitution PH201-447 mutants anticipates claim 3, which adds a requirement
that the modified PH20 polypeptide is soluble. US-275 discloses that “soluble
PH20 polypeptides include any that has the sequence of amino acids set forth in
SEQ ID NOS: 3 ... or ... exhibits at least 85% sequence identity... to ... SEQ ID
NOS: 3.7247 US-275 further explains that “a soluble human PH20 polypeptide is a
polypeptide that is truncated after amino acid 482 (i.e., position 447 without the
signal sequence).?*® As noted, the 1271L-PH201.447, M313K-PH201.447 and D320K-
PH20:-447 mutants have >99.8% sequence identity to SEQ ID NO: 3, are truncated
at position 447, and exhibit >100% activity of soluble PH20:.447.2*° As such, a
POSA would reasonably believe these single-substitution mutants of PH201-447 are
soluble, so each anticipates claim 3.2°

Each of the 1271L-PH201-447, M313K-PH201-447 and D320K-PH201-447

single-substitution PH201.447 mutants anticipates claim 5, which requires a

247 EX1004, [0250]; see also id., [0016], [0017], [0020], [0116], [0238], [0256];
EX1003, 1 272.

28 EX1004, [0251].

249 EX1003, 11 269-270, 272; EX1004, [0606].

250 EX1003, 1 272; EX1004, [0015], [0251].
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modified PH20 polypeptide with at least 96% sequence identity to a defined list of
SEQ IDs, each of which is PH201.447 (i.€., SEQ ID NO: 3) with one substitution.?®!
Relative to those SEQ IDs, the 1271L-PH201-447, M313K-PH201-447 and D320K-
PH201.447 mutants have at most 2 differences, which makes each of them 99.6%
identical to each of those listed SEQ IDs (i.e., >96% identical). Each thus
anticipates claim 5.2

Each of the 1271L-PH201-447, M313K-PH201-447 and D320K-PH201-447
single-substitution PH201-447 mutants anticipates claim 6, which requires the
mutation to exhibit “at least 2.0 fold” of PH201-447.2° US-275 reports that 1271L,
M313K, and D320K PH20:-447 each exhibit >2.0 fold activity compared to
unmodified PH20:.447 (i.€., 10.62, 2.85 and 6.42, respectively).?>*

Each of the 1271L-PH201-447, M313K-PH?201-447 and D320K-PH201-447
single-substitution PH20:.447 mutants anticipates Claim 7, which specifies the

modified PH20 polypeptide can be modified by glycosylation, sialation,

251 EX1003, 1 273.
252 |d
253 EX1003, 1 274.

254 EX1004, Table 9; see also EX1003, Appendix B-12.
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albumination, farnesylation, carboxylation, hydroxylation, or phosphorylation.?®
Each of the recited PH201-447 mutants was produced in CHO cells, which is known
to glycosylate the PH20:.447 Sequence.?®

Each of the 1271L-PH201.447, M313K-PH201-447 and D320K-PH201-447
single-substitution PH201-447 mutants anticipates claims 8 and 9, which specify “an
N-acetylglucosamine moiety linked to each of at least three asparagine (N)
residues” and does so at positions 200, 333 and 358 of SEQ ID NO: 3. US-275
reports that modified PH20 polypeptides being described “can be glycosylated,
such as by containing at least an N-acetylglucosamine moiety linked to each of at
least three asparagine (N) residues ... [that] correspond to amino acid residues 200,
333 and 358 of SEQ ID NO: 3.” %" None of the 1271L-PH201-447, M313K-PH20;.
447 and D320K-PH20:.447 mutants alter the asparagine residues at positions 200,
333 or 358, and because each is produced in CHO cells, each of those positions

will be glycosylated.?®

255 EX1004, [0015], [0033], [0115], [0118], [0318], [0383]; EX1003, { 275.
2% EX1004, [0608]; EX1003, { 275.
257 EX1004, [0015], [0033]; EX1003, { 276.

258 EX1004, [0015], [0033], [0608]; EX1003, ] 276.
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Each of the 1271L-PH201-447, M313K-PH201-447 and D320K-PH201-447
single-substitution PH201-42; mutants anticipates claims 10-11, which specify the
modified PH20 polypeptide of claim 1 is conjugated to a polymer, which can be
dextran or PEG polymer. US-275 teaches attaching a polymer, such as dextran or
PEG, to modified PH20 polypeptides (including the 1271L-PH201.247, M313K-
PH201-447 and D320K-PH201-447 mutants).?>®

Each of the 1271L-PH201-447, M313K-PH201-447 and D320K-PH201-447
single-substitution PH201-447 mutants anticipates claim 12, as each contains less
than 10 amino acid replacements, insertions or deletions (i.e., each has only one
amino acid replacement) relative to SEQ ID NO: 3.2%

Each of the 1271L-PH201.447, M313K-PH201-447 and D320K-PH201-247
single-substitution PH20:.447 mutants anticipates claim 13, which specifies
pharmaceutical compositions that comprise modified PH20 polypeptides of claim
1. The claim imposes no requirements of said pharmaceutical compositions—any

can satisfy its requirements. US-275 describes pharmaceutical compositions that

259 EX1004, [0015], [0033], [0042], [0192], [0261], [0326]-[0332], [0421]-
[0434]; EX1003, § 277.
260 EX1003, ] 278; EX1004, [0007], [0051], [0119], [0120], [0176], [0253],

[0255]-[0256], [0276], [0283], [0284].
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comprise the modified PH20 polypeptides being described.?! As such it teaches
pharmaceutical compositions of the 1271L-PH201-447, M313K-PH201.247 and
D320K-PH20:-447 single-substitution PH201-447 mutants.26?

Each of the 1271L-PH201.447, M313K-PH201-447 and D320K-PH201-447
single-substitution PH20:-427 mutants anticipates claim 14, which requires a
sequence within a defined list of SEQ IDs that includes SEQ ID NOs 511, 594 and
619. 1271L-PH201-447, M313K-PH201.447 and D320K-PH201.447 are 100% identical
to those three SEQ ID NOs (respectively), and have at most 2 differences to the
other recited SEQ ID NOs, which makes each of them 99.6% identical to each of
those listed SEQ IDs (i.e., >96% identical).?®® Each anticipates claim 14.254

2. Claims 4 and 15-18 Are Anticipated

Claim 4 specifies modified PH20 polypeptides that include particular amino
acid substitution at positions that include positions 166 and 309, including V166L

and 1309N. US-275 discloses single amino acid substitutions of PH201.447,

261 EX1003,  279; EX1004, [0036], [0040], [0045], [0434]-[0544].

262 EX1003, 1 279.

263 EX1004, [0626] (Table 9), pp. 131, 133; EX1026, 253-254, 268 (Table 9);
EX1003, § 273.

264 EX1003,  273; EX1004, [0626] (Table 9), pp. 131, 133.
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including, inter alia, V166L-PH201.447 and 1309N-PH201.447 that have reported
activities of 438% and 311% activity of unmodified PH201-447, respectively.?®® As
these mutants each have a single amino acid change, each is 99.8% (446/447)
identical to SEQ ID NO: 3. US-275 thus anticipates claim 4. In addition, as each
has one substitution, each anticipates claim 16, which requires fewer than 10
modifications.?®

Each of V166L-PH20:.447 and 1309N-PH20;.447 anticipates claims 15 and 17-
18 for the reasons set forth in 8 VVI.1. In particular, US-275 teaches that modified
PH20 polypeptides, including the V166L-PH20;.447 and 1309N-PH20:-447 mutants,
(i) can be conjugated to a polymer (claim 15); (ii) can be incorporated into
pharmaceutical compositions (claim 17); and (iii) would be understood to be
soluble (claim 18).2¢

All claims are therefore anticipated by US-275.

VIl. Conclusion

For the foregoing reasons, the challenged claims are unpatentable.

265 EX1004, [0626] (Table 9), pp. 128, 133; [0007]; [0051]; [0119]; [0120];
[0176]; [0253]; [0255]-[0256]; [0276]; [0283]; [0284]; EX1003, 1 280.
266 EX1003, § 283.

267 EX1003, 1 281-282.
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