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Clostridiurn tetani1 Th 14 KKRYIKANSKFIGITEL
MvF1 Th 15 LSEIKGVIVHRLEGY
Bordstella pertussis Th 16 GAYARCPNGTRALTVAELRGHAEL
Clostridium fetanl2 Th 17 WVRDIIDDETNESSQKT
2517 Th 18 DEETADNLEKTVAALEI LEGHBT
Plasmodium falclpanim Th 18 DHEERHAKMEKASSVENVVIS
Schistosoma mansoni Th 20 KWPRTNAPHGVIEKHRH
L TEE T 21 ALNIWDREFDVECTLGATTGY LKGNS
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HBsAg3 Th (UBIThE2) 28 KRKIITITRIITILTYLD
A v MPI_1 Th 29 FYFTLTVESER
A W N MPI_2Th 30 SGPLKAETRQRLEDY
oA W L T ¥ NSP1Th 31 DELRRDOKS
EBV BHRF1 Th 32 AGLTLSLLYICSYLFISRG
Clostridium tetani TT1 Th 33 QY IKANEKFIGITEL
EBV EBNA-1 Th 34 PGPLRESIVCYFMVELOTHI
Clostridium tetanl TT2 Th 35 EMNETVSFWLRYPKVSASHLE
Clostridium tetan! TT3 Th 38 KFLLKRYTPNNEIDSE
Clostridium tetani TT4 Th 37 YSIDKFRL FCRALN B
EBY GP Th 38 VPGLYSPCRAFFNKEELL
HCMY IE1 Th 39 DEREMWMACTKELH
EBV GP340 Th 40 TGHGARTSTEPTTDY
EBV BPLF1 Th 41 KELKRQYEKKLRQ
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#1656
LR BHFOREKEN R I L -3 1X7F FREFRBEY (WIEF101) O
EIVE y MTI T D S0 RO

Fob =31 25418

m ' (EHFS: 95)
E RER Tvanvt lge ELISA Logio 7 f
. . . w1l 2115
O 3 s 9 ; ;
ol R RS R O M R
6982 |0.07212.8273.79314.728 14.494 | 3,782
1 - 6983 | 0.080 | 1.563 4.384 1 4.72814.678| n/a

6984 | 0.077|0.000 |3.149 | 4.510|4.398 | 3.838
6985 [0.072/0.000:4.223:4.954 14.83414.738
2 CpG1 B9BB | 0.084 | 0,000 3,689 | 4.076 3,441 | 3205
6987 | 0.064|0.000|1.27314.25213.962|3.400
6988 [0.077| 1,926 |3.788 | 4.469 |4.147 | 3.605
3 CpG3 6980 | 0.068 | 3.186 | 4.702| 5.001 | 4.826 | 4.744
8990 |0.064 | 0.000 | 2.487 | 3.970 |3.336 |3.047
6991 | 0.132| 4,506 | 4.803 | 4,939 {4,847 | 4.806 20
4 ISA 51VG 6992 | 0.0853.702|4.648 1 4.745 | 4.708 | 4,369
p5095Kb 5993 | 0.092] 4.055 |4.874 | 4.942 1 4.956 | 5.073
8994 10.0688{1.917:3.460,4.760 14.803 |3.815
Adju-Phos 6995 | 0.071]2.583 | 4.614 | 4.925 4772 |4.517
¥ b IL-31 5118
EHFL 1 O 1 8996 |0.073|2.986 |4,072|4.304 |3.801 | 3,308
8997 |0.086 | 4,915 | 5,454 | 6,046 | 5,498 | 5,230
8 ISA 51VG + CpG1 | 8998 | 0.084 | 4,734 | 5,381 6.567 | 5,851 |5.309
6999 | 0.071 | 4,563 | 5.228 | 6.288 | 5.760 | 5.228
7000 | 0.083| 0.672 | 4.486 | 4.783 | 4.691 | 4.608 30
7 Adju-Phos + CpG1 | 7001 | 0.067 | 2.570 4.2554.730 | 4.499 | 4.084
7002 |0.073|3.791 {5.010|5.200 | 5.056 | 4.956
7003 | 0.066 | 5.061 |6.060] 7.03315.731]5.204.
8 ISA 51VG + CpG3 | 7004 |0.063 | 4.476 |4.974 | 5,305 | 5.075 | 4.990
7005 | 0.065 3.075 5.163| 5.588 15.558 | 5.086
7006 0,084 | 3,072 {4,540 4,789 {4,985 |4.703
9 Adju-Phos + CpG3 | 7007 |0.070|3.071 | 4.808|5.010|5.153 |4.808
7008 | 0.090|3.041 |4.708 | 4.949 | 4.947 |4.789
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INTERNATIONAL SEARCH REFORT International application No.

PCTMS 18/65025

Box No. ! Nucleotide andfor aming acid sequence(s) (Continnation of item 1.¢ of the first sheef)

L With regard (o any nucleotide and/or amine acid sequence diselosed in the international application, the international search was
carried ovt an the basis of a sequence listing:
a (| forming part of the internationat application as filed:
[X] in the form of an Annex C/ST.25 text fille.
D on paper or in the form of an image file.

b. fumished together with the international application under PCT Rule 134ex 1(a) for the purposes of intemational ssarch
only inthe form of an Annex C/ST.23 text file.

c furnighed subsequent to the international fiting date for the purposss of imternational search only:
E inthe form of an Annex C/ST.25 text file (Ruls 13fer. 1(a)).
[ ompaper os in the form of 2n image file (Pule 134~ 1(b) and Administrative Instructions, Sectien 713}
2. g In addition, in the case that more than one version or copy of a ssquence listing has been filed or fumished, the required

statements that the infgmmation in the subseqoent or additional copies is identical to that forming part of the applicition as
filed or does not go beyond the application as filed, as appropriate, were fummished.

3. Additional comments:
GenCore ver 8.4.1 SEQIDNOs: 1, 14, 15, 43

Form PCT/ISA/2 1( (condinuation of first sheet (1)) (January 2013)
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INTERNATEONAL SEFARCH REPORT Intzmational application No,

PCTAJS 18/65025

Box No, Ii Ohservations wheve certain claims were found nascarchable (Continnation of item 2 of fivst sheet)

This isternational search report has not been established in respect of cortain claims under Article £7(2)(a} for the following reasons:

1. EI Claims Nos.:

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

2. D Claims Nos.:
becanse (hey relate to parts of the inemational application that do ned conuply with the prescribed reguirements to sech an
gxtent thal no meawingfil inicmational scarch can be carried ow, specifically:

3. & Claims Nos.: 11-17
becanse they arg dependent claims and are not dratied in accordance with the second and thisd seniences of Rule 6.4(a).

Box No. lil  Observations where vuity of invention is tacking (Contimzation of ivem 3 of first sheet)

This Infernational Searching Authority found multiple iuventions in this imemational application, as follows:
------ continued on Extra Sheet--—-—

1. D As all required additional search fees were timely paid by the applicant, this intermational search report covers all searchable
claims.

2. D As all searchable claims could be searched without eifort justifying additional fees, this Authority did not fuvite payment of
additional fess.

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

4. Mo required additional search fees were timely paid by the applicad. Consequently, this international search weport is
restricied to the invention first mentioned in the claims; it is covered by claims Nos.:
Claims 1-10, iimited ie IL.-31 peptkle SEQ ID NO: 1, Th epitope SEG 1D NO: 14, peptide immunogen SEQ iD NO: 43,
heteraiogous spacer "Lys" (¢lairms 1-7, 8, 10)

Remarl om Protest D The additional search fees were accompanied by the applicant’s pretest and, whers applicable, the
payment of a protest fee.
D The additional search fees were accompanied by the applicant’s protest but the applicable protest
foe was not paid within the time limit specified in the mvitation.
D Mo protest accompanied the payment of additional search foes,

Form PCT/SA/210 (conkinuation of first sheet (2)) (Jannary 2613)
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INTERNATIONAL SEARCH REPORT Iatesnational applicatien No.
PCTAJS 18/65025

A CLASSIFICATION OF SUBJECT MATTER
IPC(8) - CO7K 14/54; CO7K 18/00; COTK 14/005; A61K 38/00 (2019.01)
CPC - CO7K 14/54; COTK 19/00; COTK 14/005; AG1K 39/00; AS1K 2039/552

According to Intermnational Patent Classiftcation (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum docurentation searched (classificatien system follewed by classification symbels)

See Search History Document

Documentation searched other than minimym documeneation to the extent that such documents are inchuded in the ficlds searched
See Search History Drecument

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

See Search History Drocument

. DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, wherte appropriate, of the selevant passages Relevant to claim No.

Y US 6,713,301 B1 (Wang) 30 March 2004 (30.03.2004). Especially col 8 In 17-18, claims 1, 2, 1-2, 57,8, 10
- SEQIDNC:T ] -
A 4

- WO 2017186813 A1 (Benchmark Animal Health, Ltd)) 02 November 2017 (02.11.2017). 1-3,5-7.9, 10

A Espacially pg 2 In 11-20, pg 3 In 21-24, SEQ 1D NO: 22 ———————
4

~

A US 201440286988 A1 {Zoetis LLC) 25 Septernber 2014 (25.09.2014). Especially SEQ ID NO: 61

D Fusther documents are listed in the contingation of Box C. D See patent family annex,

*  Special categories of cited documents: “T*  later document prublished atier the international filing date or priority
“A”  document defining the general state of the art which is not considered date and ngt in conflict with the application bul cired 1o undetstand
to be of patticutar relevance the pringiplz or thewry underdying the: invention

“E? ?urgg:r dazﬁglicatie!‘.or patenibut puklished onor afier the inemational ~x  dooument of particular slevancs; e claimed Mvertion camae he

congidered novel or connot be considered to imvolve an inveriive
“L”  document whigh may thivy doubts on priority chim(s) or which is step when the document is taken along
cited to csieblish the publication datc of another citlion or other w000 oy particylar relevance: the claimed invention canmot bo
| apecial reason {“_S specified) . e congidergd 10 involve an invenfive swp when the document is
*0" docament refersiog 1o an. oral disclosure, nse, exbibition or other combined with one or more other such docusmiems, such combination
means being obvicus to a person skilled in the art
“P* Jucument published prios to the interuational fikng date byt later than  wg» P
tlic priotity date, claimed & decnment member of the same patent family

Date of the actual completion of the intemational search Date of mailing of the intermational search report

2 April 2018 27 August 2019 (27.08.2015)

Name and mailing address of the ISAAUS Authosized officer:
Mail Stap PCT, Attn: ISA/US, Commissioner far Patents Lee W. Young
P.O. Box 1450, Alexandria, Virginia 223121450
o PCT Helpdesk: 571-272-4300
Fagsimile No.  571-273-8300 PCT OSP: 571-272-7T74

Form PCT/ISA/21L0 (second sheet) (January 2015)
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INTERNATIONAL SEARCH REPORT Interuational application No,

PCT/AJS 18665025

Continustion of Box [ll: Cbservations whare Unity of Inventian is lacking

This appiication contains the fallowing inventians or groups of inventions which are not 5o finkad as o farm & single general inventive
concept under FCT Rule 13.1. in onder far ali inventions to be searchad, the appropriate additional search feas must be paid.

Group H: Claims 1-14, drawn to an IL-31 paplide immunogen construct.

The iL-31 peplide immunogen will be searched to the extent that the IL-31 fragment is ihe first named IL-31 sequence, SEQ ID NO: 1
and the Th epitope is the first nams Th epitepe, SEQ 1D NO: 14 {claim 3), and the peptide immunogen construct is the first named
construct, SEQ ID NO: 42 {claim 4) and first named heterologous spacer, Lys {claim 5). it is balieved that claims 1-7, 9, 10 read on this
first named invention and thus thase claims will ba saarched without fes to the exdant that they encompass SEG ID NOs: 1, 14, 43,
Additional IL-31 sequences. Th epitopes and peptide immunogen construct sequences will be searchad upan payment of additional
fees. Applicent must specify the claims thet encompass any additional slected IL-31 fragment sequences, Th epitopes or peptide
immunogen construgts. Applicants must further indicate, if applicatia, tha alaims which read on the first named invention if differant than
what was indicated above for this group. Failure ta cleary identify how any paid additional invention fees are o ba applied to the "+"
group{s) will resull in only the first ctaimed invention to be searched/examinad. An axemplary etection would ba: SEQ 1D NOs: 8, 27, 46,
spacer Is “Lys" {daims 1-7, 9, 10).

The inventions listed as Group I+ inventions do not relats to a single gensral inventive concepl under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or carresponding special technical features for the following reasons:

Technical Features:

No technical faatures are shared betwsen the T helpar epitope sequences or IL-31 polypeplide sequances of Group I+ the and
accordingly this group lacks unity a priori.

Additionally, even if Groups |+ inventions were considered to share the technical feature of:

1. glaim 1: 1. An IL-31 peptide immunogen construct can be represented by the formuiae:
{Thym-(Ayn-{IL-31 fragment)-X or (IL.-31 fragment)-(A)n-(Th)m-X , wharain

Th is a heterologous T helper epitope;

A is a heterologous spacer;

{IL-31 fragment) is & B cell epitopa having about 15 to zhout 75 amino acid residues
from SEQ D NO: 1 or SEQ ID NG 2;

X is an alpha-COOH or alpha-CONH2 of an amino acid;

M is from 1 to about 4; and

n is frorm 0 to about 10.

this shared techhicai features is previously disclosed by US 6,713,301 B1 (Wang), in view of WO 2017/186813 A1 o Benchrark Animal
Health, Lid. (hereinafter *Benchmark”) [published 2 November 2017].

As to claim t, Wang discloses claim 1, with the EXCEPTION that the B cell epitupe is 15 to sbout 75 amino gcid residuas of [canine or
human} IL-31.

{claims 1-2; "1. A T helper cell epitope salected from the group consisting of SEQ ID NO: 6-22, 105, 123, 124, and 31-35" 2. A T helper
cell epitope according to claim 1 for preparing a peptide immunogen represented by the fermula (Thym-(B)o-{Target antigenic si#e)-{An-
X wherein

A is an amina acid or a general immunostimulatery sequence, where n is more than one, the interval A's may be the same or different; B
salected from the group consisting of amino acids, NHCHEOCH2SCH2CO{-N}Lys- [i.e. heterologous spacer]; This an artificial hetpar T
cell epitopz selecied from the group of SEQ ID NOS:6-22, 105, 31-35 end an analog thereof:

"Target antiganic ste” is selactad frem tha graup consisting of & B cell apitope, a peptide hapten, and an irnrmunclogically rsaclive
anzlog thereof;

X is amino acid alpha-COOH or GONHZ,

nis from 1 to about 10;

ris from 1 to about 4; and

ais fror 4 to about 10").

--—--gontinued on next sheet--—-

Form PCT/ISA/210 (cxtra sheet) (Jannary 2015)
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---zantinued from previous sheet-—--

Howsever, Benchmark discloses an iL-31 peptids immunagen Fusion construct comprising a T helper epitopa (pg 2 in 11-20; "In
particular, the present inventicn provides for compuositions and its uses for prevention and treatment of canine atopic dermatitis (CAD),
wherein prefered inventive compositions comprise caning Interlaukin-21 antigen {cIL-31 antigen) displayed on vinus-like particies of
plant virus Cucumber Mossic Virus (CMV) madified by incorporation of Th cell epitopes, in pardicular universal Th cell epitapes.
Furlhermare, these modified VLPs serve as vaccines for generating immune respenses, in particular antivody respenses, against clL-
31. The prasence of the Th celi epitopes, in particuiar universal Th celi epitopes, leads ta a further increase in the generated immune
response and, thus, the beneficial effect for the prevention and treatment of CAD").

it would have been abvious for an artisan of ordinary skii in the art to construct the 1.-31 peptide construct of instant application claim 1
by combining ¥Wang with Benchmark, withoul undug difficulty and & high probability of success.

As the shared technical feature was known in the art at the time of the invention, this cannot be considered a comimon special technical
featura that would otharwise unify the groups. The inventions lack unity with ong anather.

Therefare, Groups I+ inventions {ack unity of invention under PCT Rule 13 bacause they do not share a same or corresponding special
technical faature.

MNote conceming #tem 4: Claims 11-17 are rutiple dependent claims and are not dratted according to the second and third sentences of
PCT Rule 6.4(a).

Form PCT/ISA/210 (cxtra sheet) (Jannary 2015)
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