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#z2
T =T RTF FEF

gl MHCX%IE | WA NLARZ 8
T h—THEF F2 | A LROREE | BET 7g

4 A*%02:
SLPRSRTPI Kig (VZV) 01 IE62

5 A%02:
SAPLPSNRV KiE (VZV) 01 IE62

6 A%02:
GSAPLPSNRV KE (VZV) 01 IE62

7 A%02:
ALWALPHAA KiE (VZV) 01 IE62

8 WREB U 75 | A%02:
SLSGLYVFV N 01 WEx L RIBE

9 BB U7F | A%02
YLGVY IWNM N 01 ez R BE

10 | #WEBUIF | A%02
KIHEAPFDL N 01 BEZ L RUEE

11 | #BEs U s | A%02 :
LLCLVIFLI N 01 BEE L RIBE

12 | ®WREBUVIS/F | A%02
DLLLEWLYV N 01 xR EE

13 | #EpBoursF | A%02:
SMYYAGLPV N 01 BEH LN BEE

14 | &PEBUIZF | A%02 :
ILHDGGTTL N 01 BEx L RIEE

15 | #WHEBUIF | A%02
WLYVPIDPT N 01 BEx NI EE

16 | #PREBUrsF | A%02:
VLMGFGIIT N 01 Wk LR EE

17 |#WEZLYIF | A%02:
CLVIFLICT N 01 Bex L RIBE

18 | #EBUrsF | A%02:
KEADQPWIV N 01 Wiz LR EE

19 |#HREBUsF | A%02:
VVSTVDHFV N 01 Wy L RIEE
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20 |HWREBUZF |A%02:
FLICTAKRM N 01 Y2 LRI BE

21 |H#WEBVIF | A%02:
VLRTEKQYL N 01 B U EE

22 | ®WEEvsF | A%02
HMWNYHSHV N 01 ¥ix LRI BE

23 |#HWEBUI/F | A%X02:
TVNKPVVGV N 01 Wiz LRI BE

24 |HWNEBUIF | A%02:
FVVYFNGHV N 01 BEs LRI EE

25 |#HREBYVIF | A%02:
WIVVNTSTL N 01 BEx R EE

26 |#HREBUVI/TF |AX02:
VAYTVVSTV N 01 WX NIEE

27 A%02:
FMYMSLLGV iR 01 mb50

28 A%02:
SLWGSLLML JZRES 01 CHLNRIE

29 A%02:
LLAVIFVMFL Wz 01 H38

30 A%02: H250—-25
SMYRVFEVGV Ji7R2S 01 9

31 A%02: H516—52
ILPGQDLQYV iS2 01 5

32 A%02:
KLWCRHFCV JiES2S 01 H576

33 A%02:
KLWCRHFCVL Wz 01 H576

34 A%02:
RLSDNGYYTV JES2S 01 M164

35 A%02:
KLLRYYTEI 32 01 F205

36 A%*02:
KLWESPQEI JZR2S 01 c84

37 A%x02:
RLLDRLVRL JZR2 01 N50
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38 A%x02:
KLMPNITLL JZ32 01 Fb57
39 A%x02:
TLLNNCTRV BRE 01 F64
40 A%x02:
EMLTLATWV HepB 01 C64—72
41 A%x02:
FLPSDFFPSV HepB 01 Corels
42 Ax02:
FLPADFFPSV HepB 01 Corel?9
4 3 A%x02:
FLPSDFFPSI HepB 01 Core?20Q
44 A%x02:
WLSLLVPF HepB 01 ENV335
45
Ey
FLLTRILTIERX X4 A%x02:
FLLTRILTL 6 HepB 01 ENV183
47 A%x02:
GLSPTVWLSV HepB 01 ENV 348
4 8 A%x02:
LLDYQGMLPV HepB 01 ENV260
49 A%x02:
LLCLIFLLYV HepB 01 ENV251
50 A%x02:
SIVSPFIPLL HepB 01 ENV370
51 A*x02:
FLLTKILTI HepB 01 ENV183
52 A%x02:
ILSPFLPLL HepB 01 ENV371
53 A%x02:
FLLSLGIHL HepB 01 POLS575
54 A%x02:
GLSRYVARL HepB 01 POL455
55 A%x02:
SLYADSPSV HepB 01 POL816
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Oooooo

56 A%02:

YMDDVVLGA HepB 01 POL551
57 A%02:

ALMPLYACI HepB 01 POL655
58 A%02:

VLHKRTLGL HepB 01 HBx 9 2
59 A%02:

CLFKDWEEL HepB 01 Hbx115
60 A%03,

STLPETTVVRR HepB A%x11 Corel4dl
61 A%31,

EYLVSFGVW HepB A% 68 corell?

FFPSIRDLL 62 |HepB A%x24 Core?23

SWLSLLVPF 63 |HepB A%24 Env334

KYTSFPWLL 64 |HepB A%x24 Pol756
65 A%02: HBx52—6

HLSLRGLFV HepB 01 0
66 A%02: HBx115—

CLFKDWEEL HepB 01 123

LPSDFFPSV 67 |HepB B*51 Corel9
68 HLA—A

GILGFVFTL Ay TN | 2 M1

ILGEFVFTLTVPS |69

ERGLQRRRF A TN

LIRHENRMVLAS |70

TTAKA POV gIV=s

LQAYQKRMGVQM | 71

QR A 7z

YVYDHSGEAVK 72 |

WLSLLVPFV 73 |HepB

(K) GILGFVFTL |74

(T) (V) A7

KLSTRGVQIASN |75

EN ATz

RGLQRRRFVQNA |76

LNGNG A TN W
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FMYSDFHF I 77 A7y

3 YA NA Ty HLA—A
NLVPMVATV A VA 2
VAITEVDNEQPT 78
TRAQKL RIFTANA
GACVAITEVDNE 79
QPTTRAQKLFAM
WRITYKDTVQLR
RKLOMEBED9 —mer
B R ATANA
SVRDRLARL 80 EBV
LLDRVRFMGV 81 EBV
CLGGLLTMV 82 EBV
GLCTLVAML 83 EBV

84 YA N ATy HLA—A
SVLGPISGHVLK A VA 11

85 YA M AT HLA-—B
RPHERNGFTVL A VA 7

86 YA hAHuy |HLA—A
FTSQYRIQGKL A IR 24

87 U A=Ay HLA—A
YSEHPTFTSQY A IV A 1

88 YA R AT HLA—B
EFFWDANDIY AIVA 44

90 A NA Ty HLA—A
TTVYPPSSTAK A VA 3

91 YA N ATy HLA—A
FVFPTKDVALR AR 68

92 |VAAFEY |HLA—A
QTVTSTPVQGR A VA 6 8
PTFTSQYRIQGK 93 YA AT HLA—B
L A VA 38

94 | YA +rAHuvYy |HLA—B
FPTKDVAL A VA 35
SIINFEKL 95
RAHYNIVTF 96
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SSPPMFRV 97

938 SARS—Co A%02:
KLWAQCVQL V-2 01

99 SARS—Co A%02:
KLPDDFTGCV V-2 01

10 SARS—Co A*02:
YLQPRTFLL 0 V-2 01

10 SARS—Co A%02:
LLYDANYFL 1 V-2 01

10 SARS—Co A%x02:
ALWEIQQVYV 2 V-2 01

10 SARS—Co A*x02:
LLLDRLNQL 3 V-2 01

10 SARS—Co A% 02 :
YLFDESGEFKL 4 V-2 01

10 SARS—Co A%x01:
FTSDYYQLY 5 V-2 01

10 SARS—Co A*%01:
PTDNYITTY 6 V-2 01

10 SARS—Co A%*01 :
ATSRTLSYY 7 V-2 01

10 SARS—Co A*x01:
CTDDNALAYY 8 V-2 01

10 SARS—Co A%01:
NTCDGTTFTY 9 V-2 01

11 SARS—Co A%01:
DTDFVNEFY 0 V-2 01

11 SARS—Co A%x01:
GTDLEGNFY 1 V-2 01

11 SARS—Co A%03:
KTFPPTEPK 2 V-2 01

11 SARS—Co A%x03:
KCYGVSPTK 3 V-2 01

11 SARS—Co A*03:
VITNNTFTLK 4 V-2 01
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11 SARS—Co A%03:
KTIQPRVEK b5) V—2 01

11 SARS—Co A*x11 :
KTFPPTEPK 6 V—2 01

11 SARS—Co A*x11:
VIDTPKGPK 7 vV—2 01

11 SARS—Co

8 V—2SARS A%x11:
ATEGALNTPK —CoV—-2 01

11 SARS—Co A*x11:
ASAFIFGMSR 9 V—2 01

12 SARS—Co Ax11 :
ATSRTLSYYK 0 V—2 01

12 SARS—Co Ax24 :
QY IKWPWY I 1 V—2 02

12 SARS—Co A*x24:
VYFLQSINF 2 V—2 02

12 SARS—Co A*x 24 :
VYIGDPAQL 3 V—2 02

12 SARS—Co B*x07:
SPRWYFYYL 4 V—2 02

12 SARS—Co Bx07:
RPDTRYVL 5 V—2 02

12 SARS—Co B*x07:
IPRRNVATL 6 V—2 02
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INTERNATTIONAL SEARCH REPORT

JP 2023-552040 A 2023.12.14

Interational application No.

PCT/US 21/65676

A.  CLASSIFICATION OF SUBJECT MATTER

IPC-  A61K 39/12, AG1K 39/155, AB1K 39/385 {2022.01)
CPC - A61K 39/12, AB1K 2039/5258, AG1K 2039/585, AB1K 2039/627

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History documant

Minimum documentation searched (classification system followed by classification symbols)

See Search History decument

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History document

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

November 2013 (07.11,2013) claim 24; SEQ ID NO: 54

[0008]-[0015]

Category® Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2620/0113956 A1 (PATHOVAX LLC) 16 April 2020 (18.04.2020) parz [0005]-[0011]; [0018])- | 1-16
—_ [0021]; [0034]-[0035]; [0052]-[0053]; [0065]; [00ES): (01051-{0169); [0123] e
A 17
Us 201340295125 A1 (LINIVERSITY OF LOUISVILLE RESEARCH FOUNDATICN) 07 17

A US 2020/0291072 A1 (VERIMMUNE INC.) 17 September 2020 (17.09.2020) clalms 83-95; para | 1-17

I:l Further documents are listed in the continuation of Box C,

D See patent family annex.

. Special eategories of cited documents:

“A™  document defining the gencral siare of the art which is notconsidered
to be of particulu televaince

“D*  documnent cited by the applicant in the international application

“T" laterd published afler the international filing date or priority
date and not in conflict with the application bul cited to understand
the principle or theary underlying the invention

“X" document of particular relevance; the claimed invention cannat be
dered novel or cannot be considered to involve an inventive step

“E"  earlier application or patent but published on or after the inter
filing data

“L™ document which maK throw doubts on priority claim{s) or which
is cited to establish the publication date of anoiher citation or other
special reason (as specified)

“o” ing to an aral diselogure, use, exhibition or othet means
“P"  document published prior to the international filing date but Jater than  “&" document member of the same patent family
the priority date claimed

when the document is taken alone

"¥Y" document of particular relevance; the claimed invention cannot
be considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

Date of the actual completion of the international search
16 Fabruary 2022

Date of mailing of the intemational search report

MAR 0 8 2022

Name and mailing address of the ISA/US

Mail Stop PCT, Aftn: ISAJUS, Commissioner for Palents
P.0. Box 1450, Alexandria, Virginia 22313-1450
Facsimile No. 571-273-8300

Authorized officer
Kari Rodriquez

Telephone No. PCT Helpdesk: 571-272-4300

Form PCT/ISA/210 (second sheet) (July 2019}
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INTERNATIONAL SEARCH REFORT International application No,
PCTIUS 21155676
Box No. I Nucleotide and/or amino acid sequence(s) {Continvation of item L.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. g forming part of the intemational application as filed:
[X] inthe form of an Annex C/ST.25 text fite.
D on papsr or in the form of an image file.

b. furnished together with the international application under PCT Rule 13rer: 1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

<. I:I furnished subsequent to the intemational filing date for the purposes of international search anly:

in the form of an Ammex C/ST.25 text file (Rule 13ser 1{a)).
on paper or in the form of an image file (Rule 13¢2».1(b) and Administrative Instructions, Section 713).

2. |:| In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were fumished.

3. Additional comments:
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INTERNATIONAL SEARCH REPORT Intemational application No.

PCT/US 21/55676

Box No. 1L Observations where certain ¢laims were found unsearchable (Continuation of item 2 of first sheet)

This intemnational search report has not been established in respect of certain claims under Axticle 17(2)(a) for the following reasons:

1 I:! Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried vul, specifically:

3. D Claims Nos.:
because they are dependent claims and are not drafled in accordance with the second and third sentences of Rule 6.4({a).

Box No. III'  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the fellowing inventlons or greups of invantions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be searched, the appropriate additional search fees must be paid.

Group |, claims 1-17, directed to a composhtion comprising a plurality of virus proteins.

Group ||, claims 18-21, directed to a method of treating, reducing the cccurrence of, inhibiting Ihe progression and/or metasiasis of, a
cancer in a subject in nead theraof.

Group Ill, claims 22-27, directed to a process for producing a composition comprising a plurality of virus proteins.

—continued on axtra shaet--

1. D As all required additinnal search fees were timely paid by the applicant, this iniemational search report covers all searchable
claimg.

Lad

As all scarchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

>

No required additional search fecs were timely paid by the applicant. Consequently, this international search report is restricted
to the invention first mentioned in the claims; it is covered by ¢laims Nos.:
117

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No pritest acoompanicd the payment of additional search fees.
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INTERNATIONAL SEARCH REPORT Tntermational application No.

PCT/US 21/56676

=continued from: Box 111 Unity of invention is lacking--

The inventions listed as Groups |-11l do nat relats to a single special technical feature under PCT Rule 13.1 because, under PCT Rule
13.2, they lack tha same or corresponding special technical features for the following reasons:

Special technical foatures:

Group | has the special technical feature of a composition comprising or consisting of a plurality of virus proteins, that is not required by
Group 1l or Il

Group |l has the special tachnical feature of a method of treating, reducing the occurrence of, inhibiting the progression andior
metastasls of, a ¢cancer in a subjact in need thereof, which comprises administering to tha subject a pharmaceutically effective ameunt of
a composition, that is not raguired by Graup | or Hl.

Group |l has the special technical feature of transforming a prokaryotic cell with an expresslon vactor; culturing the transformed
prokaryctic cell under conditions that promaote expression of the L1 protein, lysing the transformed prokaryotic cells to release expressed
L1 protein, and separating cell debrls, that is not required by Group | or 1.

Common technical features:

Groups |-l share the commeon technical feature of a composition, comprising: a plurality of virus proteins, wherein each of said plurality
of virus protains comprises a mutated amino acid sequence of a Papillomaviridae L1 protein; cne or more paptidas each comprising one
aor more epitopes from one or mora pathogans other than a Papillomaviridas antigenic paptide; wherein the mutated aming acid
sequence of the Papillomaviridaa L1 protein comprises a1 least tha following mutations with respect (o the wild type L1 protein
sequance: {d) a deletion of et loast five amino acid rasiduas from an amino-terminus, and (b) a deletion of at least ten amino acld
residues from tha helix four reglon, wherein the ons or mare peptidas are attached to the plurality of virus proleins, and wherain said
plurality of virus proteins spontaneously assemble to form an icosahedran or dodecahedron capsid having a triangulation number T
equal to 1 that binds to proteoglycan expressad on tumer cells.

However, this shared technical feature does not represent a contribution over prior art, because this shared technical fealure is
previously made abvious by US 2020/0113996 A1 to PATHOVAX LLC (16 April 2020), (hereinafter "Pathovax").

Pathovax teaches a compasition, comprising:

a plurality of virus proteing {para [0005) "a chimeric virus-lixe particle (VLP) assembled from a pulypeptide comprising a papilloma virus
(PV) L1 protein, a recombinant PV L1 protein or a PV L1 protein and L2 protein®), wherein each of said plurality of virus protelns
comprises a mutated amino acid sequence of a Papilloraviridao L1 protain {para [0085] "variants of the L1 and the L2 protein can also
be used...Fer example, one can use a truncated L1, lacking up to 10 amino acids from its N-terminus or lacking up to 30 amino acids
from its C-terminus");

one or more peptides asch comprising one or more epitopes from one or mora pathogens other than a Papillomaviridae antigenic
peptide {para [0005) "The chimeric VLP of this invention also comprises a target peptide(s). A target peptide as defined herein
comprisea a T call epitopa®; [0021] “the target peptide comprizses a CDB+ T call epitope of one or more human pathagens, e.g.. a
parasite, a bacterium, or a virus");

wherein the mutated amino acid sequence of the Papillemaviridae L1 protein comprises at least the following mutation with respact to
the wild type L1 protein sequence: {a) a delstion of at least five amino acid residues from an amine-terminus (para [0085] "one can uge a
truncated L1, lacking up to 10 amino acids from its N-terminus®), and

wherein the tre or more peptides are attached to the plurality of virus proteins (para [0018] "and a target peptide compriging a CD8+ T
call epitope darived from a human pathogen is than attachad to the YLP to generate a chimeric VLP with a surface gisplayed target
paptide. In an aspect of tha invention tha target peptide is attached ta the L or L2 protain®), and wherein said plurality of virus proteins
spontaneously assemble to form an lcosahedron or dodacahedron capsid (para [0009] “tha VLP is assembled from papillomavirus L1
protein or L1 protein and L2 protein, then subjected to reducing conditions sufficient to reduce the disulfide bonds to sulfhydrd groups of
cysteine residues in tha VLP while maintaining the capsid-fike icosahedron structure of the VLP") that binds to pretecglycan expressed
on tumar cells (para [0035] "HPV capsids {VLP and psuedovirions {PsV)) have tumeor trepism and directly bind and infect tumor
calls...such binding may be heparan sulfate proleuglycan (HSPG) dependent”).

Pathovax does not specifically teach the Papillomaviridae L1 protein comprises a deletion of at least ter armino acid residuas from the
helix four raglon. Howaver, Pathovax does teach the Papillomaviridas L1 protein comprises deletions of additional portions (para [D085)
"one can use a truncated L1, lacking up to 10 amino acids from its N-terminus or lacking up to 30 amino acids from lts C-terminus... In
another embodiment, a small fusion to a peptide of about 60 amino acids can be used...certain functional portions of the L1 molecule,
such as externally exposed "loops” of the proteln, can be swapped batwecn molecules fram differant strains of PV."), and/or comprises a
madification in the helix four region fo insert a peplide (para [0085] * attachment or insertion of the target peptide and the changes to the
L1 and L2 sequences neaded for the attachment"; [0087] "embodiments of the invention the target peptide is attached or insartad Into
the hellx 84 loop (0.9, betwaan amina ackds 430 and 433 of HPV16 L1)"). It would have baen cbvious to one of ordinary skill In the art
of molecular blology 10 have used a Paplllomaviridae L1 protein compriges a deletion of at least ten amino acid residues from the helix
four region in the compositions taught by Pathovax, since replacing these residues during the ordinary courss of experimentation could
provide a better attachment site for the epitope target protelns.

Pathovax also does not specifically teach the furmed cozahedron or dodacahedron capsid having a trlangulation number T equal 1o 1.
Howevar, it would have been obvious to one of ordinary skill in the ant of molecular biology to have modified the composition during the
ordinary course of experimentation to modify the triangulation number in order to optimize the properties of the final composition for use.

As tha technical features were known in the art at the tima of the Invention, they cannot be considared spacial tachnical features that
would otherwise unify the groups.

Tharafare, Group I-ll| inventions |ack unity under PCT Rule 13 because they do not shara the same or corresponding speclal techinical
feature.

Form PCT/ISA/210 (extra sheet) (July 2019)
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