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(57) Abstract: Bispecific antibodies comprise first binding do-
main which binds to EGFR and a second binding domain
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leading to DNA synthesis and cell proliferation. Overall BEGF/EGER pathway
induces cell differentiation, migration, adhesion and prohiferation. Due to
overexpression of EGFR in a variety of huinan cancers, EGEFR represents an

important target for targeted therapy.

Two EGFR-targeted antibodies, cetuximab {Hrbitux) and panituminnab
(Vectibix), have been approved by the US Food and Drag Administration for
the treatment of colon cancers and head and neck cancers, These antibodies
hlock the binding of ligands to EGFR and downstream signals, and mediate

ANTHIMOT RIS FESpanses,

Programmed Death-1 {(PD-1, CDE??}} s 8 member of OIS family
exprassed on activaled T cells and other Imaune cells, Engagement of PI-1
inthibits function in these numune cells, FD-1 has two known ligands, PIRLE
(R7-H1, €D274) and PD-L2 (B7-DC, CD273), both belong to BY family.
PID-L1 expression is inducible on a variety of cell types o lymphoid and
peripheral tissues, whereas PD-L2 I8 more restricted to myeloid celis
mnchuding dendritic cells. The major role of PO-1 pathway s to tune down

nflammatory bnune response i tissues and organs.

1t is found that cancer cells are capable of svading tumune destruction
by upregulating PD-UPDHLD pathway in the twmor microenvironument
[Bonssiotis 2016 N Engl J Med]. This mechanism & in particular found in
tamors with activating mutations in the EGFR gene. It is possible that FD-1
pathway upregulation is a typical mechanism of immune evasion, As an
svidence, high PD-L1 expression is found in tumors of patients with EGFR

mutations [Azuma 2014 Ann Oncol; Ramalingam 2016 J Thorae Oneoll

In fact, anit-BGEFR antibodics haven't been approved for lung cancer

fae;

therapy although EGFR overexpression has been found in lung cancers.
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second hinding domain binds to murine PD-1.

In ope embodiment, the pregent fvention provides an antibody or an
antigen binding fragment thereof, wherein the antibody comprises single

8 chatny Fv agawst BGFRL

In one embodiment, the present tnvention provides an antibody or an
antipen binding fragment thereof, wherein the antibody conprises single

{:hain Fy against PD-1L

10
In one embodiment, the present invention provides an antibody or an
antigen binding fragment thereof, wherein the antibody comprises single
chata Fy against EGFR and single chain Fv against PO-1.
1& The aforesaid antibody or an antigen binding fagment thereof, wherein
the antibody or the antigen binding-fragaent
a) binds to homan BEGFR with a Kg of 5.45E-10 or less: and
b} binds o human PD-1 with a Ky of LORE-DY or less.
20 The aforesaid antibody or an antigen binding fragment thereof, exhibits
at loast one of the following properties:
a1 bindy o human EGFR with a K of between §ASE-10 and 34981
angd
b} binds to human PU-1 with a Ky of betwoen 1L98E-09 and 7.68E-09,
25
The aforesaid antibody or an antigen binding fragmoent thereof
COMpPrSing:
a polypeptide chain comprising the first binding domain, the first
hinding domain comprises a VH region and a VL region against BEGEFR;
kit another polypeptide chain comprising the second binding domain, the
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sequence that is at least 709, 80%, 0%, 95% or 99% homologous to &
sequence selected from a group consisting of SEQ 1D NQs: 1, 3, and

b} a variable region of the first binding domain having an amine acid
sequence that is at least 70%, S0%, 90%, 95% or 99% homologous o a

sequence selected from s group consisting of SEQ (B NGs: 2,4, 5.

The aforesatd antibody or an aptigen binding fragment thereof
comprising:

a} a variable region of the second binding domain having an aning acid

sequence selected from the group consisting of SEQ I NOs: 1, 3 and
b} a variable region of the first binding demain having an amine acud

serpuence selectad from the group consisting of 3EQ ID NO«Z, 4, 5

In various embodiments, the aforesaid antibody or an antigen hinding
fragment thereot comprises:

) a variable region of the second binding domain ﬁhaviﬁ_g an amino acid
sequence selected from the group consisting of SEQ 1D NG 1 and

b} a variable region of the first binding domain having sn amino acid
sequence selected from the group consisting of SEQ 1D NGO 2

or the aforessid antibody or an antigen binding fragment thereo!
CONIPTISES!

a} a variahle reglon of the second binding domain having an amine acid
sequence selected from the group consisting of SEQ 1D NG: 3 and

b} a variable region of the first binding domam having an amino acid
sequence selected from the group consisting of SEQ 1D NO: 2

or the antibody or an antigen binding fragment thereof comprises:

a) a variabie region of the second binding domain having an anino acid
sequence sclected from the group consisting of SEQ ID NO: 1; and

b} a variable region of the first binding domain having an anuno acid

sequence selected from the group consisting of SEQ ID NOu 4
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b)Y the first binding domain having an amino acid sequence selected

from the group consisting of SEQ 1D NOg: 26, 22, 23,

In various embodiments, the aforesatd antibody or an antigen binding
§ fragment thereof comprises:
a) the second binding domain having an amino acid sequence selected
from the group consisting of SEQ 1D NO: 19; and
b the first binding domain having an amino acid seguence selected
from the group consisting of SEQ 1D NO: 20,
1 or the aforesaid antibody or an antigen binding fragment thereof
COMPRISES:
a) the second binding domain having an amine scid sequence selected
from the group consisting of SEQ ID NO: 21; and
b} the first binding domain having an amino acid sequence selected
15 from the group consisting of BEQ I NQO: 20;
or the antibedy or an antigen binding fragment thereof coniprises:
a} the second binding domain having an amine acid sequence selected
from the group consisting of SEQ D NO: 19; and
b) the first binding domain baving an amino acid sequence selected
20 from the group consisting of SEQ 10 NO; 22;
or the antibody or an antigen binding fragment thersof comprises:
a) the second binding domain having an amine acid sequence selected
from the graup consisting of SEQ 10 NO: 19, and
b} the first binding domain having an amino acid sequence selected
25 from the group consisting of SEQ 1D NO: 23;
or the antibody or an antigen binding fragment thereof comprises:
a) the second binding domain having an amine acid sequence selected
from the group consisting of SEQ 1D NO: 21; and
b) the first binding domain having an amino acid sequence selected

30 from the group consisting of 3EG 1D NG: 22,

10
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theveof.

Preferably, wherein the H-CDR1 agatnst PD-1 comprises an amino acid
sequence as depicted tn SEQ 1D NO: 12, and conservative modifications

thersof,

Ly

Preferably, whersin the L-CDRI against PD-1 comprises an aninn acid
sequence as depicted in SEQ ID NO: 135, and conservative modifications

thereot.

In more preferved embodiment, the aforesaid sntibody or an antigen
hinding fragment thereof, wherein the second binding domain comprises:
a VH region comprising H-CDRI1, H-CDR2, H-CDR3 and a Vi region

comptising L-CDRI, L-CDRZ, L-CDR3; wherein

Yorvin
Loy

a} the H-CDR3 comprises an amine acid sequence as depicted in SEQ
I NGO 14 or SEG ID NO: 18, and conservative modifications thereof;

b} the L-CDR3 against PD-1 comprises an amino acid sequence as
depicted 1 SEQ 1D NO: 17, and conservative modifications thereof]

¢} the H-CDR2 against PD-1 comprises an amino acid sequence as

g
)

depicted in SEQ 1D NO: 13, and conservative modifications thereof]

d) the L-CDR2 against PIM1 comprises an amino acikd seguence as
depicted in SEQ 1D NO: 16, and conservative modifications thereof

g} the H-CDRI against FD-1 comprises an amino acid seguence as
depicted in SEQ ID NG 12, and conservative modifications thereof;
25 £} the L-CDRI against PD-1 comprises an amine acid sequence as

depicted in SEQ ID NO: 18, and conservative modifications thereof.
A preferred antibody or an antigen binding fragment thereof, wherein
the second binding domain coraprises:

30 ay a H-CDRI comprising SEQ 1D NO: 12

12
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binding fragment thergof, wherein the first binding domain comprises:
a} a H-CDRI comprising SEQ 1D NO: §;
by a H-CDR2 comprising SEQ ID NGO 75
¢} g H-CDR3 comprising SEQ 1D NO: §;
5 d) a L-CDRI1 comprising SEQ 1D NO: &
e} a L-CDR2Z comprising SEQ 1D NO» 10;
) a L-COR3 comprising SEQ 1D NO: 11

The antibody of the invention can be a chimeric antibody,
10 The anttbody of the {invention can be a humanized antibody, or a fully
human antibody,

The antibody of the invention can be a rodent antibody.

I a further aspect, the mvention provides a nucleic acid melecule

15 encoding the antibody, or antigen binding fragment thereof.

The invention provides a cloning or expression vector comprising the

aucleic acid molecule encoding the antibody, or antigen binding fragment

thereof,
20
The invention also provides a host cell comprising one or more cloning or
SXPYessign VOCKOTs.
In vet another aspect, the invention provides a process, comprising
25 culturing the host cell of the invention and isolating the antibody.

In a further aspect, the mvention provides pharmaceuntical composition
comprising the antibody, or the antigen binding fragment of said antibody n
the invention, and one or more of a pharmaceutically acceptable excipient, a

30 diluent or a carner.

14
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A bispecific antibody against both EGFR and PD-1 pathways may
provide several benefits in cancer therapy. First the bispecific antibody may
be used for lung cancer therapy, whereas anti-EGFR antibodies haven't been
approved for this indication although EGPR overexpression has been found
it lung cancers. Second, the bispecific antibody may reverse the resistance of
anti-EGFR therapy. Also compared with anti-PD-1 therapy, the bispecific
antihody wmay increase the response rate on PDRL1 and EGFR double

positive cancers.

Brief Description of the Drawings

Figure | shows schematic formats of tested bispecific antibodies.

Figure 2 i a disgram showing the possible mechanisms of targeting
EGFR and PIMLL

Figure 3 shows SEC of purificd WBP326B {(a) and WBP336( (b}

Figure § shows human EGFR-binding FLISA {2} and FACS (b).

Figure 6 shows human EGFR- and PD:1- dual binding ELISA (3) and
FACS (b, ¢, ).

Figure 7 shows cynomolgus PD-1-binding ELISA.

Figure & shows mounse PD-1-hinding FACS.

Figure 9 shows cynomolgus monkey EGFR-binding FACS.

Figure 10 shows that the bispecific antibodies blocked human or mouse
PD-1 binding to PDLY using FLISA (1} and FACS (b, ¢}

Figure 11 shows that the bispecific antibodies blocked human EGF
binding to EGFR in FACS,

Figure 12 shows 1L2 and IFNgamma release in human MLER assay.

Figure 13 shows that the bispecific anttbodies inhibited BEGFR
phesphorylation in A431 cedls,

Figure 14 shows the ADCC effect on EGFR+ tumor cells.
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The term “antibody™ as referred to herein inclndes whole antibodies and
any antigen- binding fragment (e, "antigen-binding portion”) or single
chaios thereof. An "antibody” refors to a protein comprising at least two heavy
{F} chains and two Hght (L) chains inter-connected by disulfide bonds, or an
antigen-binding portion thercof. Each heavy chain i3 comprised of a heavy
chain variable region (abbreviated herein as VH) and a heavy chain constant
vegion. The heavy chain constant rogion 15 comprised of three domains, CHI,
CH2 and CH3. Each light chain i comprised of a light chain variable region
{(ahbreviated herein as VL) and a lght chain constant region. The light chain
constant region is comprised of one domain, CL. The VH and VL regions can
be  further  subdivided  into regions  of  hypervarishility,  termed
complementarity determining regions (CDR), inderspersed with regions that
are more conserved, termed framework regions (FR) Each VH and VL I8
composed of three CDRs and four FRs, arranged from amino-terminus 1o
carhoxy-terminug i the following order; FRI, CDRI, FRZ, CDR2, FR3,
{OR3, FR4 The varisble regions of the heavy and light chains contain @
hinding domain that interacts with an antigen. The CORs in heavy chain are
abbreviated as H-CDEs, for example H-CDRY, H-CDRZ, H-CDR3E, and the
CDERs in Hght chaln are abbreviated as L-CERs, for example L.CUDRIL,
L-CDRIZ, L-CDR3.

The term "antibody” as used in this disclosure, refers {0 an
fmumunoglobulin or o fragraent or a derivative thereof] and encompasses any
polypeptide comprising an anfigen-binding site, regardiess whether # 18
wroduced in vitre or i vivo, The term includes, but 8 oot limited o,
polyelonal, monocionsl, monospecific, polyspecific, non-specific, humanized,
single-chain, chimeric, synthetic, recombinant, hybrid, mutated, and grafied
antibodies. The term "antibody” also mcludes antibody fragments such as
scFv, dAb, and other antibody fragments that retain antigen-binding function,

i.e., the ability 1o bind PD~1 and EGEFR specifically. Typically, such fragments

18
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characteristics of the antibody encoded by the nucleotide sequence or
containing  the amino  acid sequence. Such  comservalive  sequence
modifications include nucleotide and amino acid substitutions, additions and
deletions. Modifications can be ntroduced into the sequence by standard
techniques known in the art, such as site-divected mutagenesis and
PFCR-mediated mutagenesis. Conservative amino acid substitutions include
ones in which the amino acid restdue is replaced with an amino acid residue
having a similar side chain, Familics of amino acid residues having similar
side chaing have been defined in the art. These families include amino acids
with basic side chatos {e.g, lysing, arginine, histidine}, acidic side chains
{e.g., aspartic acid, plutamic acidy, uncharged polar side chains {e.g., glycine,
asparagine, glutamine, serine, threonine, fyrosing, cysteine, tryptophaun),

N

nonpolar side chains {o.g., alanine, valine, lewcine, isoleucine, prolive,

pheaylalanine, methionine), beta-branched side chains {e.g., threonine, valing,

isoleucing) amd aromatic side chains {eg., twrosing, phenyialaniog,

tryptophan, histiding}.

The experimental methods in the following examples are conventional

methods, unless otherwise specified.

Txamples
Example 1: Research materials preparation

i Generation of antigens and benchmark antibodies

1.1 Generate soluble antigens

DNA sequences encoding the extracellular domain sequence of hwman
EGFR (Uniport No.: PUGS33), buman PD-1 (Uniport No.: Q15118), mouse
PI-1 {(Uniport No.o 02242}, human PD-L1 (Uniport No.: QUNZQT), mouse
PD-LL (Uniport No.o (9EP73) were synthesized o Sangon Biotech
{Shanghai, Ching), and then subcloned into modified peDNA3.3 expression

vectors with different tag (such as 6xlus, human Fe, or mouse Fej in

20

PCT/CN2018/107582



PCT/CN2018/107582

WO 2019/062755

¥
{-h
8
¥
il
&

. 1
> 4
“t (%] 7o i
W4 e ]
ot 7
. P 2
AT S - by £ : 74
) .\. - wr i
e bz J& n, o fodt [ 43 et
) e g L . 7 £ k& 5
) hers sepik P B 75 3 poos [
T fows hiset = .X m, e [As] el 5 i
£ " . ” S i a £ o ot i
o o4 o W(A” S i ozt food mm 175 o a3
% K L - i -
&z 7 S 75 B S e oo B
il 33 e & P < - E: - p
P po @ o = : 2 & o b o)
pposy hownd S b fics 4 7 frel i = b ~ ko 4
i 5t i 7 94 7 o P 7 # 42
£ g 2 & L no o B
eeed, g st b N i ‘ L)
A oy o M S ; T+
o &0 ; fom I
/ w3 s et 5w - fae! Fms ik o
ENs i i Py o) po%: s ey P
o D ek ey e M.m v et o (7]
e i 1 ot Tl o z e v end
e = oo, 2 2 i oy o
e by Bert s oo o] sy : o 5e
i % P 5 foss % St s ol A wmat
d I b5 . [ s 4 ot Yot res. »
v B et . it et Sut Pt immeies pei) o 63 [
£ e e $ont s s S P Pk [ : o
“orsf fand 7y : o I i’ P 23meh ) ) pert )
"y ol ks ] ] o Fo [} o : fers st
w\rs. g e s \J [503 i ; bt R Y w\v o
5 o 3 <k - : 4% Reped e ; et . .
b ﬁ!\w bt bl ﬂl - o = seded, g} o) A s, £ >y
Syt Yent 2 o ﬁx\ iy\ \:w \.\« e 3 Ty
Rooed ; s, - « wh ] < * d ", i, ;
s i it -, B [N - 4 L 42
p! = [ i Yoty §od T id Yot s i o 2
pied e " [ e 2 el 7 v o gt s sk
e o 4 e & Fewer, : fapd 4 bl o] 75 et i
2y - o) s b popod, ail? P Eoes bl bt ot =
o . X o 3 e i H 7o 3 v Lo
o L oo o W Mo L - et 2 P
o e - . LA G & PO M (3
ooty ¢ 5 o 2 = g 5 ¥oOoE %
R et A hd Gt s o} i, 7% 5 g e
o oo < - T 53 o ot b psad 2 e s
G o3 P, ; Aped = G, e [ ~ Ggrdt L jaac
A= i e s # R o |
, i A % : [ - ? oo e o -
L ] Fin T bl . 4] i (e ot o &2 hes swi
b 4 o & Z 0
A G2 ¢ i ‘ e i powm 7 P il
A I R 5o ] L i
YA , P RS o 5 Figy Yoot , e v bz G e
g 2oy g F L PO - T 2 A
= 2 = 5w oowh E of  1id s
snsind, : Lo & it . 0 oA e
iy v i b : 5 ook 5 § e o
e ” - Eoeed pes v, ety st i wAd ,}Hw . o
ot % s unm =<4 o4 P & 2 ol oS (o743 o ‘\\W
a4 S, Yt 3 s ks rsd g =3 = o 3 !
7w E F 8 E m G & - 7
] 7 b tos £ “ o) % S < wed = s o g3 ok
- bioed ~ 3 ] e, i s 4 a. “
o 223 o] - (>3 1 P psio) g ] j 7oyers b3 g
1 x oy i o " ) P e
i o . on d o =W L “ 25
. ot vl 7 coves, s, 75 est Radt e, Yt “ -,
5 7 & woom = oo E B o = 2 Z
e e iy e 2 sl o 2 :
: -, k: 7 ; 03 Z g ; -~
i) ST oh o3 7 2 43 s gt ] o
- oo . i e n Gex i o oy £ 7 foaeh
D > - T % 4 LL oo e wrirk it
b Pat ” -y k . : e o ‘- e
ok H 5o = Z 5 oy 2w w3
o L P piod X 2 e, s it g e ey 7o s ok
b4 = b w A 2 B 5 B : Lo & o
A I 2w o ©Fm R
« vapes % o~ P b o e P o ] gt
) =z i3 SR S 4 & = s = “ ) T e
o e 3 = 7 fngy 74 pLy/ 7 ; oot ) s I v e,
= TG A 5 i 5 =G 2 oap 2= R :
34 " o) os Vopk h -
oo [ o g Janc “ - o o i P %
Carsi : 7 i P} p psrsd, foncd i
& I ST o9 = G e & m
S o Eee P b Lry 3 " oy
: S os 27 = =B &Y 25 B
i ‘ s w5 . - - s s - S,
7] # b I3 Ll . ko . - ) - 2
] 2z m 5 b g L s e % E 53
A v i T ¢ H ¥ o % [ (o] & Az a5 iy s
3 % Gy b e a4 i L & i 9 4
A . % e ey b5 e Lok “ Ll ot For 4& 1) & ~ 87
s ot e foed T, o 7 fos e &) s oo P Sodoy e =
g prer e 5 jisst s e ey - 5rd %3 s ” P i <
o joxd v fs s 3 v KA rsen e 7 o ad
2 noon E A T . 4 B 2 Z o
7 a3 bl o SO % , Nt . e o
bt W # e P ey oS a - P Pl
rosd ps g e e T nuu ot s b oy 42
5 4z i 7 [ <v.,~ = ovs) 32 P Lot
o] 1t et b iced jrad T - Comat [ zooe
g i i : Z 13 i el
s} i = ks - . e
et b v e, 52 N\\ ient
£ m\) 42 4 “ 27
gt ! 7 5 s Yy
P - H -
i st nand
P o
[
foe)
Yy

o
fas

o~

e

4
g

21



1

B
K |

WO 2019/062755 PCT/CN2018/107582

(WBP305,CHO-S.hPro1.C6) and mouse PI-1 high expression stable cell

Hine (WRPI05.293FmProl B4} were oblained by lmiting dilution.

The genes of human EGFR, human EGFRvUL, and macaca fascicularis

EGFR were respectively inserted into expression vector peDNA 3.3, The
plasmids were then transfected to CHO-K1 cells respectively, as described
below. Briefly, one day prior o transfection, %107 CHO-K1 cells were
plated into one well of 6-well tissue culture plate and incubated at 3% CO,
and37 °C. The cells were fod with 3 ml of fresh non-selective media (F12-K,
1% FBS). Transfection reagents were prepared in a 1.5 mi tube, including 4
ng of DNA was mixed with 10 pg of Lipofectamine 200¢ to make the final
volume 200 pl in Opt-MEM meditm. The solation in the tube pipette was
added to the cells drop by drop. 6-8 howrs after transfection, cells were
washed with PBS and feed with 3ml of fresh non-selective media,
Expressing cells were harvested with trypsin 24-48 hours post-transfection
and plated to T75 flask in selective wedia (FIZ-K, 10% FBS, 10 pg /ml
Blasticiding. After two or three passages of selection, the cells were enriched
by an anti-EGFR antibody tagged with phycoerythrin (PE) and Anti-PE
Microbeads (Miltenyi-013-048-801). Stable single cell clones were 1solated

by limited dilation and screened by PACS using anti-EGEFR antibodies.

2.2 Obtain and culture tareet-expressing tumor Hnes

A431 was purchased from ATCC (ATCC number: CRL-1553) and cultured
i DMEM media with 10% fetal bovine sorum (FBS), The cells were
incubated at 37 °C, % €O, incubator with routine subcultuning. For long
termy  storage, the cells were frozen in complete growth medium
supplemented with % {v/v) DMSO and stored in Hguid nitrogen vapor

phase.

Example 2: Bispecific antibody Generation

22
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transfection, the supernatants were collected and used for protein purification
using Protein A column (GE Heslthcare-17543802) and further size
exclusion  chromatography  (GE  Healtheare-17104301).  Antibody
conceptration was measured by Nano Drop. The purity of proteins was
5 evaluated by SDS-PAGE and HPLC-SEC. Two Bispecific antibodies, Le.
W336-TIU2.G10-4ufgG4.8P(dk)  and  W336-TIUZ.G10-4.ulgG4.5P{dk)

were ghtained after expression and purification,

4. Produce bispecific antibody for in vive studies (including endofoxin

18 control and test)
The pair of WBP3IISE (W336-TIU2.GI0-4.ulgGA.SPdky) or WEBP336C
(W336-T1U3.G10-4.ulgGa.SR(dK)) expression plasmids were co-transfected

o ExpiCHO cells using BExpiCHO expression system kit {ThermoFisher-

A29133) according to the manufacturer’s instructions. Ten days after

e
e

tranafection, the supernatants were collected and nsed for protein purtfication
using Protein A column {GE Healtheare-17543802) and further size
axclusion chromatography (GE  Healtheare-17104301) under endotoxin
control condition. The endetoxin level was confirmed by using endotoxin
detection kit {GenScript-1.00330), and the endotoxin level of two Bispecific
20 antihodies was both less than 10 ElU/mg The purity of proteins was

evaluated by SDS-PAGE and HPLC-SEC.

%, Results

§.1 Sequence of lead candidates

25 The sequences of antibody leads are Uisted in the Table 3 and the CDRs are

listed in Table 4,

Table 3. Deduced amino acid sequences of bispecific antibodies

Clone ID SR NG Amino aoid sequencs
WEPIIGR | scFy (undertined VNI S P LS LRV LGOPAS T SURSSDALLDSIGGTYLYNED
o ‘ B b URPGOAFRRLIYLVSTLGSSVEDRPEGSCSETDET RVE
=WIRGTIU L Viand VH) AEDVOVYYOMOLTHRPY TFEQETR LB T REUGUSREGESEEEE
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Example & In vitve Characterization

1. Protein analviics

The two lead antibodies were expressed from ExpiCHO cells, and then
purified using Protein A clromatography and size-exclusion chromatography.
As shown in Table 5 and Figure 3, the two aniibodies had reasounable

expression level and high purity.

Table 5. Purification of bispecific antibadies

Protein Nume B Lone. Amount Purity Yieid

{rgimi} {mg} {5} (g
WHREIIGR=W33s-TIUZ.G104. el G4 8HIKD 1.6 1Ly Q7.36% 415
WEPIMGU=W3IS- T3G04l G4 SP{HK 28 34 98.72% 33.8

e,

Ccer

2
Lo

2a. EGER- or PD-1- binding (ELISA and FALS)

Two antibody leads were characterized in thelr binding to PD-1 in both
BLISA (Figure 4AY and FACS (Figure 4B). For ELISA binding, non-tissug
culture treated flat-boitom 96-well plates were pre-coated with 0.5 pg/ml in
house made human PD-1 protein WBP305-hPre L. ECD . mFe overnight at 4°C,
After 2% RSA blocking, 100 ul 3-fold titrated Abs from 25 oM o 0.0001
M Abs were pipetted into each well and incubated for 1 hour at ambient
temperature. Following removal of the unbound substances, HRP-labeled
goat anti-human IgG were added to the wells and incubated for 1 hour. The
color was developed by dispensing 100 uL TMEB substrate, and then stopped
by 100 pb ZN HCL The absorbance was read at 450 nm using a Microplate

Spectrophotometer,

For FACS |binding, engineered Thuman PD-1  expressing  cells
WEP30S.CHO-S WPrel .06 were seeded at 12107 cellsiwell in Usbotiom

96-well plates, 3-Fold titrated Abs from 83.3 nM to §.001 oM were added 1o

28
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coated  overndght at 4 °C with 65 ug/ml antipen {(EGFR-ECD,
W3H2-hProel ECD his (sino)) tn Carbonate-bicarhonate buffer. After a | howr
hlocking step with 2% {(w/v) bovige scrum albwmin (Plerce} dissolved in

PRS, serial dilutions of the different EGFRxPFD-1 bispecific antibadies in

L

PBS containing 2% bovine sernm slbomin are incubated on the plates for 2
hours at room temperature. Following the incubation, plates are washed three
times with 300 ul per well of PBS containing 0.5% {v/v) Tween 20. 100
ng/ml Goat-anti-lnuman. 1gG Fo-HRE (Bethyl, #A80-304F) & added and
incubated on the plates for 1 bowr at room temperature. After washing six
1 times with 300 gl per well of PRS comtaining 0.5% (v/v} Tween 20,
Tetramethylbenzidine (TMB} Substrate (Sigma-860336-53} is added for the
detection. The reaction is stopped after approximate § minges through the
addition of 100 gl per well of 2 M HCL The absorbance of the wells

measurad at 450 nm with & multtwall plate reader (SpectraMax® Mie).

In BLISA, WBP336B and WEPI3SC bound to human EGFR with ECs of
0.035 and 0.029 nM respeciively, comparable to Cetuximab binding to BGEFR
with ECap = 0.023 nM. The difference between WBP336B/C and Cetuximab
i3 more significant in hinding on cell surface EGFR. Using A431 cells as
20 target cells, the binding of WEEFI36B and WBP336C bound to A431 Bl of

2.6 gnd 1.4 nM, whereas the Cetuximab bound to EGFR with BECy = 0.5 nb,

2b, BGER- and PI-1- dunl binding (ELISA sad FACHK)

fod
LAY

Tn order to test whether the hispecific antibodies could bind to both PI-1 and
BGOER, an BLISA assay was developed as below, A 88-well ELIRA plate
{(MNune MaxiSorp, ThermoFisher) was coated overnight at 4 "C with 0.5
pg/ml  antigen-1  (BGFR-ECD,  W362-hProl.ECDhis  (sino)}  in
carhonate-hicarbonate buffer, After a 1 hour bocking step with 2% {wiv)

3 bovine serum albumin (Plerce) dissolved 1w PBS, senal didutions of the

30
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demonstrating that the bispecific antibody did bridge two kinds of cells
£ ¢ ¥ B

together.

3, Cross species bindine (ELISA/FACS)

§ As the parental anti-PD-1 antibody was able o bind cynomolgus and murine
target, the cross-species binding of the two bispecific antibodies were
investigated. Antibodies were detected on their binding to mouse PD-1 m a
FACS assay. Briefly, engineered mouse PD-1 expressing  cells
WBP305.293F.mProl B4 were seeded at Ix10° cells/well in U-botiom

£ S6-well plates. 3-Fold titrated Abs from 1333 oM to .06 oM were added to
the cells, Plates were incubated at 4 °C for 1 hourn After wasgh, PE-labeled
goat anti-human antibody was added to each well and the plates were
incubated at 4 °C for 1 hour The binding of the antibodies onto the cells was

tested by flow cytometry and the mean fluorescence intensity (MFI} wasg

15 analyzed by Flowlo.
Cynomolgus PD-1-binding ELISA was used to test the antibodies. Briefly,
flat-botiom  96-well plates were pre-coated with 0.5ug/ml in-house wade
cynomolgus FD-1 protein WBP305-cProl. ECD s overnight at 4 °C. After

20 2% BSA blocking, 100 pl 3-fold tittated Abs from 25 oM te 0.0001 oM Abs
were pipetted {nto each well and incubated for 1 hour at ambient temperature.
Following removal of the unbound substances, HRP-labeled goat anti-human
1g(G was added to the wells and incubated for 1 hour. The color was
developed by dispensing 100 pl. TMB substrate, and then stopped by 100 pl.

25 3N HCL The absorbance was read at 450 mm using a Microplate

Spectrophotometer.
As show in Figure 7, WBP336C (EC = 0275 nM) had similar binding to
cynomolgus PD-1 with its parental antibody (0.295 oM}, whereas WEP336B

30 had  reduced binding  activity (ECs=0.874 M), In  comparison,

32



PCT/CN2018/107582

WO 2019/062755

Py P i whn Py w\.‘J b4 (¥ o4y L i8]
e P P bt e —paid - 7y o o
; Hm oatt et s o4 7y, < e = poe v
bt s e 2 fos ipondt ko “ fesd
oo i e i ol prrd P Ed L2
2 2t G4 2% S 5 s i
s} oA A Tebast oo P o j5ed Tt @
[ St = o o o e a (& St
s I Pt i i st fesed S s 5o
dps Yie o] poss . 4] oad oo 75
fas) £ W jd T e < s G
Lo poed o ) < - <. ooy i
foad vt 77 7 st i Aest ron Pl o .,
i Ed baie) st e ] s iv e v
S 3 g g el 5 » 2y
S o B < Yo L - T~ o
5 ! .
SER B B A why i B
A S, Lan P} bt ytern i Spesy
A R4 food R ! posd : o B 4 o
“ni (o] o R mvc « et o e 958 4
2 Lor} 3 e o] poioss] et 2
29 L e 7 1 £ fo) jsec] = ol it
TV i e o3 Sro b Gk o m op o
S Hpet fosc G a3 et “ (] FE o
£33 ik o5t . s foei [ b “ord
15 5 fics] a4z 7 p d o ] s e
& %) e A T o
: ; % L - s,
y o S < R g 2
P i 7 L A " et P 44 o]
o < LS, AR A TR © S o =3
petH] i3 £y e £y % rori ] s 4
et L S ¥ s iy St st
o] i o0y Sz % bas feed . o Gt
4 ek e s et St s 7 it s : -
. i 4 ot ik poect o3 Lot ) w?
b o T sl b 7y q ¥ L] iy d press Lo
bt et areed, St bt -] Yo, : b e &3 3
o o = : E m BOE g ,
i o, g 2 o o3 g -, g,
b Mwuc e o Tz Y v E A, 7 - & Pl
o p 7 s 5 d £ i
AN - R E o i E =
2y ot A 77 g rard. 5 i b
‘%5 ;] w o £ o ) oo 1, Py Sririch s
e oot o s i) o, &3 oo e P = et ~ £
e 24 . £ s B . ) !
o, o ] bt i o b P L Foect fned i, fois
Lot A ¥ had s 7 v r v ot + yrme p Yo o
Gt (] & , v 1 e - Sy o Ak ] 4 Zi s
o = o @ paced = b gk B bt P L A B
oy o5 = Pt L o o : i o £ poost 03
I~ R g % E ooy ® om W owm
= vt 2 I BTN 2 RSO B B W
pos et Ty el o 5 A % £ Zvn e, o sy b ol =F
Foer) 75 prech b = i spon Ty |59 o L 4 oy ez 3
herd %3 i oo L, e ] Yoot 5 e el b P
v Al I ot b B % . . o o ed B e
S S I B B TR~ Z N S = B - T S
V) oon i poned P V) pd = sy A bood emns
et - s e o % - £ o i B S
A . 4 o o ot 7 4 i TE O wem Tt A G2
o8] e “ 25 St Ve a3 fick IS ] Sz e > o ot [
P g o P A a b o4 rns e} P 5
ot S 7 I 52 £7 % 4 d P = L
[ e] t) tert ; 2o ey et > . . = et g el b,
¥ s} Vyeri ] o] poal [ B o = o &4 )
3 e vees i i’ g ot d ypond b . winsh
teo ‘ 7% L] “ ax . 701 ek
4 2] b3 Yt : , S * Foec) : g}
et O] = 8 o <) foo o
% 2, oy Fied o z el @y - o ' e vied
% 32 o # ot ot T ot a3 o8 )
ks et . o003 " : e
“ 2 B RV P R < S B S R < .
e g [ A ] 3 ot 2 LAY wE L L
3 a £ gro ; i AR M A N &
hov ) it 25d * a5 Scd nep, g s £ or
S o - i g o o) ; == o L,
s s & . ot o L} LT - TR Vo B o B s S o]
] S o = -~ P - oo, “ 3 fapecd 5
oy o] s, P e o Y s “r gee
b s st it & 4 . T 9 g .
] %2 A -. e, P b i oot i ) e &
i3 Bras s b _n Lo 3 e H P - .
st e o) i \.J i bud &% ) ot T.Mw L3
et 53 o nd ] foncd S 5] b o . e = bsd
s o) o) ot P = s e P e = [
o g < A T £ 3 " o o F v R
Lo 1 3 G e 4 Yok * e et P
: o Eoh o it
5 : o > - soeind, st et s
- aed v s P ey L3 : 7y =
Y 51 s 2% s ¥ ; . / o (e ;
: . o i3 e fo s i s 43 ] pig
o] s e Pt 2t o7t e 7 s Pl s 5 e
A 2 % B B < 2 o 4 H B 7
5 o » v . e by s oo M) (] \Mu..\
i bini e v 4 £ - < ¥ s 1 ks febeen, L
B i A a0 & 2 oM TR B B 5 M o
Lol * = 3ot = ity Skt oot s, b < iy e, iy
S gt 3 A i At T B < S <> = 7, 3
e i 54 ol ] L2 bt i piss e fedey vk et kG
L s 47 o e -

et - 73 £ 7y

33



WO 2019/062755

0.3125 and 0.15625 nM) of analyte BCD of EGFR or FD-1 and blank
runiing buffer were tnjected orderly to Fel-Fed channels at a flow rate of 30
ul/mnin for an association phase of 120 s, followed by 2400 s dissociation
phase. Regeneration buffer (10 mM Glyeine pH 1.5) was injected at 10 pl/

min for 30 3 following every dissociation phase.

As shown in Table 6, both WRP3I36R and WRP336C bound to PD-1 and
EGFR with high affinity. They bound to hPD-1 with Kp of 8 and 2 aM,
higher than that of their parental antibody’s 0.65 uM. The high Ky mainly
contribated by fast kd, whereas ka did not significantly change. Compared

with their pareutal Ab cetuximab, their binding to EGFR did not change.

PCT/CN2018/107582

Table 6
Antigen Antibody st {1/Ms) ket (1/8) Ko 00
WED-LECD WEPIIAE | 27E+06 07SE03 | 7.64E-09
WBPFIIS0 121EDG 340603 19809
Parenta] mAb ROIEOS 519504 6.47TE-10
FEGFRECD WEPII6H 1 36E+06 716504 S A9E-10
WRFIIED | I6E+06 FATE04 5 4SE-10
Parental mAb 1 ABE08 6 46E-04 §ASE-10

&, Competition based functional assayvs {¢.g, Heand competition assay)

The functionality of the bispecific antibodies was tavestigated using different

4s8ays.

First, the bispecific antibodies were able to block FD-1 binding to PD-LI m
an BELISA-based competition assay, as shown in Figure 10a. WBP336H and
WEBP336C showed [T, of 0.454 oM and §.352 oM respectively, comparable
with their parental Ab 3058 (1C=0.524 nM), The increased potency of
bispecific antibodies might due to their larger size than regular 1gG, which

improved blocking effect by steric hinderance.
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.

the bispecific antibodies maintained thetr potency directed against EGFR,

&, Cell-based functional assavs

Several cells based assays were conducied to evaluate the funclion of the

LAy

Rispecific antibodies, An allogenic mixed Iymphooyie reaction (MLR) assay
was used to evaluate thelr function against PD-1. Brietly, purified CD4+ T
cells were co-cultured with tamature or mature allogeneie DCs (1DCs or
mDCs) MLR was sot up in %6-well round bottom plates using complete
RFMI-T640 medinm, CO4+ T cells, various concentrations of antibodies,
10 and iDC or mDC were added 1o the plates. The plates were {ncubated at 37
UC, 5% U0y, 1L-2 and IFN-y production was determined at day 3 and day §,
respectively. The cells were harvest at day § to measure CDd+ T cell

proliferation by THTDR,

i3 As shown in Figore 128 and 125, WEHPFI36B and WBP336C improved {12

and INFy release in a dose-dependent manner, stmilar to anti-FDM1 antibody.

The antibodies were also tested thelr ability to Bock phosphoryiation of
BGFR in A431 cells. Briefly, A431 cells were trypsinized, and diluted to
20 §x 107 cells/mL. A volume of 100 ul. of the cell suspension was then added to
gach well of a 96-well clear flat bottom microplate (Coming-35%9) w give a
final density of $x107 cellsiwell. A431 cells were allowed to attach for
approximately 18 hows before the media was exchanged for starvation
media without fetal bovine serum, All plates were incubated overmight at 37

S prior to reatment with the aporopriate concendration of EGEFR#PING
§ LU

N
[®4]

bispecific antibodies, EGFR monoclonal antibody or higG control antibody
with 200 ng/mal EGF (Sino Binlogical-10605-HNAE) for 2 hours at 37 °C.
Al media was gently aspirated and cells washed with jce-cold DPBS
(GGE-Healthcare-SHA0028). The cells were lvsed by adding 110 uLiwell

30 ice-cold lysis buffer (R&D System-DYCO0Z) supplemented with 10 pg/ml

36
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reduce  skin foxicity of cetuximab [Liporimt € 2013, J Phammacol

Pharmacother].

T ADCC and CRC assays on EGEFRY cells and PD-1+ cells
The bispecific antibody WBPI36B and WBP336C were tested on mediating
ADCC effect on EGFR+ A431] and HCCR2ZT7 cells. Antibody dependent

L

cell-mediated cytotoxicity and complement-dependent cytotoxicity were also
tested on BGFR+ cells. Human peripheral blood mononuclear cells {(PBMCs)
were freshly isolated by Ficoll-Pague PLUS (GE Healtheare, #17-1440-03)
10 density centrifugation from heparinized venous blood and then cultured
overnight in complete media (RPMIUT640 supplemented wath 10% FRS, 100
U/mi penicillin, 100 pg/mi streptomycin). In briefl on the day of the ADCC
assay, EGFR expressing target cells A431 and HUCB2T (ZE4/well) were
plated in 110 gl with effector cells (PBMC/arget cell ratio 20:1) and senial
i5 ditution of antibodies or hlgG isotype control 1o complete media for 4 bowrs
at 37 °C. Following incubation, the plates were centrifuged and supernatants
were transferred to a clear bottom 96-well plate {Corning, #3589} and
reaction mixtare (Roche, #116447930, Cytotoxicity Reaction Kit) was added
to cach well and incubate for 15 minutes, After adding stop solution, plates
20 were read by M3e to measure the absorbance of the samples at 492 nm and

6030 nrm.

Percent oytotoxictty was calculated using the equation:

% cyiotoxicity = (Rample — Effector call control ~ target cell controly{Target

g
41

Cell ysis — target cell control)* 100%

For CDC assay, BGFR expressing target cells A431 and HOCE2T {2%}{}4
cellsfwell) were plated in 110 pl with human pormal seram {final 150
diluted) (Quidel, #A113) and serdad dilution of antibodies or blglh 1sotype

30 control in complete media for 2 hows at 37 °C. Following incubation, the

38



PCT/CN2018/107582

WO 2019/062755

K2 = 4 & = Z
K3 fowsst 9o i et £5
7 ’ v b o
o s T “* & g oy
bt A L S &
[ (& 3 = = b
i) o o] #3143
: TP I e . > B B
vt 7~ i oo 3 7 s
&4 ot o2d k4 b
il o [ oo
174 ey, = o et
ot st ok fers ]
Mv.. x jd akioc) "
Lt 5 Sor ok
- o e D
e = o [y
\N( . MJ Nm L. \W }:A
s o o e oot
o Gy o g
[ ot e fi ’. ) bad
it ot . crecd ~
p , Wi ) (. S p
R "G 5oty
ynd £ , 3 o e
s oo =4} o v\.\, 2 o)
P ] e EF) v i d <] ] 3
P o] s e Lk = - T
e i e P R
a3 £ S ] o (£ B popes
s e b 7 . o o e
e, pod Jiziv it s red P
o] X & : o 2 g
rad . 0 e s, =
5 5 & G- I I
sl peed ol o o oo V\N
o~ i e AR ek,
g 7 Lo - pn 4z
25 P -~ = i 4z
A VI O
e fl e R R4 b
Gk ) %3 pr] bed - s
s hond %, et e -
A 2 A v
. Iz G st . i
i 5 75 5 2 aen
o fgooy =g : f L] ek
i 0y e Ly
ot 555 o & -
e Fa ol A S e
o153 £ A Fiprd
w53 oot 2 =
o i Lt SR T R <
s —h e P T
wrers - o] ﬁ,., i M.)u
v : R ;
s ] % 5 e) e
7 MU\A mm.\ N 7 : o
Eaased b o - "
o L St B L
R i3 o B i
N 2 ey
=5 & K
L 7 PR 7
Em.“m e L .\w &
% — £
ot & g A B
7 e 9 7 o
N\W o m.v n“w .‘N..\{“
o [ o fhs %
) s s ohs
ey 4 o . r
e Y fd [#] P
5 e o okt e o
et Py pict xd
<2 E] B Y, o7 m\,
ot iy o ;
R s R [ ot ot
e L5 | T
7~ i o3 {50 T 25

P . . ol 3o
sy L) 172 o Wy P
oot rries, L4 g Y

39



10

poei
(9 73

[
L4

30

WO 2019/062755 PCT/CN2018/107582

For CDC, human activated CDM4" T cells or engineersd huwman PD-1
expressing cells WBP305,CHO-8.hProl.06 and various concentrations of
PD-1 antibodies were mixed in 96-well plate. Human complement was added
at the dilation ratio of 1,50, The plate was kept at 37°C n a $% QO

incubator for 2 hours. Target cell tysis was determined by Cell Titer-Glo.
Roth activated human CI34+ cells and engincered PD-1+ cells were used as
target cells, As shown in Figure 16 and 17, the two bispecific antibodies did

not induce significant ADCC or CDC effect on PD-1+ cells.

&. Binding to parvalogs of PD-1 gnd EGER

In order to test the specificity of the two bispecific antibodies, they were
tested binding on paralogs of PD-1 and EGFR. 96-well ELISA plates (Nune

MaxiSorp, ThermoFisher) were coated overnight at 4 °C with 0.5 -1 pg/ml
HER2-ECD or HER3-ECD in Carbonate-bicarbonate buffer. After & 1 hour
blocking step with 2% (w/v} bovine serum albumin {Pierce) dissolved in
PBS, serial ditutions of the different EGFRxPD-1 bispecific antibodies or
positive control antibodies in PBS containing 2% bovine serum alblunin
were incnbated on the plates for 2 hours at room temperatare. Following the
incubation, plates were washed three times with 300 pl per well of PBS
containing 0.5% (v/v} Tween 20. Goat-anti-human 1gG Fe-HRP (Bethyl,
HARD-304P) at concentration of 100 ng/ml was added and wcubated on the
plates for 1 hour at room temperature. After washing six tmes with 300 b
per well of PBS containing 0.5% {v/v) Tween 20, Tetramethylbenzidine
(TMB) Substrate (Sigma-860336-5G) was added for the detection. The
reaction was stopped after approximate 8 minutes through the addition of
100 gl per well of 2 M HCL The absarbance of the wells was measured at
450 nm with 8 multiwall plate reader (SpectraMax® M3e). Non-tissue

cultare treated flat-bottom 96-well plates were pre-coated with 1.0 ug/ml m

house made human CD28 ECD.mFe (20368), human CTLA4 ECDhis,

40
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developed by dispensing 100 pL of TMB substrate for 12 min, and then
stopped by 100 pl of 2M HCL The absorbance at 450 oM was measured

using a microplate spectrophotometer,

In FACS assay, different ccll lines {Ramos, Raji, MDA-MB-453, BT474,
Surkat, Hut78, A431, A204, Calu-6, A373, HepG2, BxPC-3, HTZ8, Fabu,
293F, CHO-K 1} were adjusted to 1107 cells per well. Testing antibodies and
Isotype control antibodies were diluted to 10 pg/nl in PBRS contawing 1%
BSA and incubated with ¢ells at 4 °C for 1 hr. The cells were washed twice
with 180 pl PBS containing 1%BSA. PE conjugated goat anti-human Igl Fo
fragment (Jackson, Uatalog number 109-115098) was diuted to final
concentration 5 pa/ml in PBY with 1%BEA, then added o re-suspend cells
and incubated at 4 °C in the dark for 30 min, Additional washing steps were
performed twice with 180 pl PBS containing 1% BSA followed by
centrifugation at 1500 ypm for 4 mimutes at 4 °C, Finally, the cells were
re-suspended in 100 gl PBY containing 1% BSA and fluorescence values

were measured by flow oytometry (BD Canto 1} and analyzed by Flowla

Ag shown in Table 7, among the tested proteins, WBP336B and WRBP336U
only bound to PD-1, as expected. They did not bind fo other proteins,

including CTLA-4, which is a close family member of PR-1

In a FACS assay, WBP336E and WBP336C were tested their binding on
different cell lines. As shown in Table 8, the two antibodies bound to A431,
Calu-6, BxPC-3, HTZ9 and FalDu, the cell lines with high level EGFR
expression.  They alse weakly bound to BT474, A37S, HepGZ and 293F,

the cell Hnes with moderate EGFR exprossion. The antibodies did not bind to

Ramos, Raji, MDA-MB-453, Jurkat, Hut78 and CHO-K 1.

Generally, the non-specific binding test demonstrate that WBP336B and
P £
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was miixed with | pd of 62.3x SYPRO Orange solution {TheromFisher-56650)
and added to a 96 well plate. The plate was heated from 26 *C o 85 °Coata
rate of 2 °Cimin and the resulting Hoorescence data was collected. The data
was analvzed automatically by its operation software and T, was caloulated
3 by taking the maximal value of negative denvative of the resulting
fhuorescence data with respect to temperature. T, can be ronghly deternsined
as the tempergture of negative dertvative plot beginning to decrease from a

pre-fransition basehue.

10 As shown in Table % and Fig 5, The two antihodies have singlar Thi at

§7 e,

-~3

Table 9. DSF data of bispecific antibodies.

Protein fsntype 131 Budfer Ceonventration T, T Ty
Nane _{mgﬁmi} S G S E O ) A e 8
WEHRPIISE hipfa, 780 2 mM Hig, 3 43 7.1 ua
kapps 5% Bucrosg, pil 6.0
WEPI6C hip34, T80 20 M His, 32 &5 RYRE 8
kappa 5% Buorose, pH 6.0

11, Serwm stability

YV
(941

The hspecific antibodies were incubated with homan seram for wp to 14

days, and their binding to PD-1 and EGFR wore tested from tme 1o fime.
Freshly collected human blood was statically incubated in polystyrene tubes
without anticosgulant for 30 minmtes at room {emperature. Sernm was

20 collocted after centrifugation the blood at 4000 rpm for 1) munutes. The
entrifugation and collection steps were repeated until the serum was
clarifying, The amtibodics gently mixed with serum at 37 °C for 14 days, and
aliquots were drawn ab the indicated time points: § day, 1 day, 4 days, 7 days

and 14 days, and the aliguots were quickly-frozen into Hquid mitrogen and

3
L

store thems at -80 °C uniil use. The samples were uaed to assess therr binding

ability on EGFR+ A431 and engineered PD-1+ CHO colls by FACE
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As thers are potential PTM sites on WEBP336B and WBP336C (Table 33,
these antibodies were tested their resistance 1o high pH and high tenperature
conditinns, These antibodies were incubated at pH 8.0 and 37 *C for § days,

and their binding on PD-1 and EGFR were measured using SPR.

As shown in Table 10 and 11, their binding on PD-1 or EGEFR did not change
in the high pH and high temperature conditions, indicating there were no
significant PTM or the PTM did not change their binding activity to the

targets,

Table 10, Antibody binding on PIR1

Ligamnd

conditions

K {1/Ms)

ke (48

Ko (30

WHPIIEHE

WRPIISC

Anti-PFIxi

cotuximab

37 S, pHE
&°C, pH 6.3

37 °C, pHR

L20E+08
1278+
LISEHDG
L2VEH6
SAZERS
SOFEA0S
no hinding

1o Vi;mding

R31E-03

SY2E-09

e

Table 11, Andibody-hinding on BGFR

Ligand

scondiiions

Ka (173

ke (1/9)

Ry (30

WRPIISKE

WHPII

Cetnximab

APt

37 L pHE

DA T SHRE S RN SN 8
R
o o K
o . -
PRI -
9] 5
o RS ot vi "3 ,
e ey, e, ey E
e poduin
P T
o L

kS
I
Ty
=]
o
oo
&
WA

1358506
L30E406
L3RRS
1.36E+06
PR2AE0e
LASEHS
1o binding

ne bading

TTRO4
7.168-04
T 4EED
TATE-04

Ce
G.A8E-04

SAOE-18
S4U9E:10
5.54E-30
§.45E-16
544E-18
545810

13, Granzyme B assay

EGFR expressing A431 cells SxHY cells/well 1n SO pliy were plated with

PRMCs ar CD&+T cells {1x10° cellsAwvell In 50 pl, activated by 25 ng/mL

PMA and 30 ng/ml Ionomycin} for 7 days and then with antibodies or higG
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PRMCs were collected from whole blood donated by healthy donor and
extracted using 1077 Ficoll (GE Healthcare company, GE Healtheare), a
hydrophilic polysaccharide that separates layers of blood. A gradient
centrifugation separated the blood into a top layer of plasma, followed by a
layer of PBMCs and a bottom fraction of polymorphonuclear cefls and
erythrocytes. Freshly isclated PBMCs were co-cultured with mytomyein
treated A431 for 72 hours before inoculation, then mixed with untreated

Ad3] with E:Tratio of 1:3.

FBach mouse was inoculated subcutaneously at the right flank with A431
wmor cells (3 % 10%) co~cultured 3-4 days with or without PBMC {1.67 x '}f’}
in 0.2 mL of PRY for tumor development. The treatments were started on day
3 after turnor inoculation when the average tumor size reached approximately
60 mm’. The mice nunber of cach group and testing article were

administrated to the mice according to the predetermined regimen.

All the procedures related to animal handling, care and the treatment in the
study were performed according to the guidelines approved by ihe
Institutional Animal Care and Use Committes (JACUC) of WuXi AppTlec
following the guidance of the Association for Asscssment and Accreditation
of Laboratory Animal Care (AAALAC). At the time of routine monitoring,
the animals were daily checked for any effects of tumor growth and
freatinents on noveal behavior such as mobility, food and water consumption
{by looking only}, body weight gain/loss (body weights were measured twice
weekliy), eve/hair matting and any other abnormal effect as stated in the
protocol. Death and observed clinical signs were recorded on the basis of the

gumbers of animals within each subset.

The major endpoint was to see if the tumor growth could be delayed or mice

could be cured, Tumor size was measured twice weekly m tweo dimensions

48
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WHRP336H, Smpk 15410 137 10178 2000

WEP3IME, 10upk D) §.00 102,69 8.0

Mote:

& Mean = 3EM.

b, Tumar Growth Inhibition s salculated by dividing the gronp aversge fumor vohume for the treated
group by the group averags tumor velumee for fhe contral group (T/C and TGH). For a test article
to be considered o have anti-tumor activity, T/C mast be 50% or less.

¢ pvalue is calculated hased on tumor size.

WEBP3I6B or control antihodies was injected twice weekly into the mice of
different groups. Tumor were measured three times a week, and the results
ave shown in Figure 24, Tumaor growth uhibition in MiXeno humanized mice
bearing  A431  xenografts was  caloulated based on twmor  voluwe
measwrements at day 28 Compared with isotype control (hlgG4) group,
anti-PD~1 antihody group slightly inhibited tumor growth (p=0.163). In
contrast, ani-EGFR  {cetuximab) group as well as WBP336B group
completely induced twmor regression {(p=0.000}, as analyzed in Table 12.
The results indicate that the anti-EGFR activity of WEP336B conmpletely

inhibited tumor growth,

2. Efficacy in MC38 syngeneic mouse model

To test anti-PD-1 activity of the bispecific antibedies in vive, we used a
syngeneie mouse model due to the bispecific antibodies” cross-reactivity to

murine PIx1.

The MC3S cell was maintained in vitro as a monelayer culture in DMEM
medium supplemented with 10% fetal bovine serum, 2 M L-glutamine, 100
U/l penicillin and 100 pp/ml. sweptomycin at 37 °C in an atmosphere of
§% 0O, in air. The tumor cell was routinely subeultured twice weekly by
trypsin-EDTA teatment. The cell growing in an exponential growth phase

was harvested and counted for tumor moculation,

Each mouse was inoculated subcutansously at the vight axillary {lateral} with
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group on the first day of treatment.

Swrmary sfatistics, including mean and the standard emor of the mean
(SEM}, were provided for the tumor volume of each group at each time point.
Statistical analysis of differsnce in tumor volnme among the groups and the
analysis of drag interaction were conducted on the data obtained at the best

therapeutic time point on the [dth day after the start of treatment,

Omne-way ANDVA was perﬁ)fme{i to compare tumor volume among groups,

VATIANCE) was G’bta‘inad;,. comparisons between groups were cartied ont with
Games-Howell test. For comparison between two groups, Mann-Whitney test

35S

was used. All data were analyzed using SPSS 170 and prism 3. p < &

e,

was sousidered fo be statistically significant.

The recults are shown in Figure 25, Both WEBP336B and WBP336C
significantty inhibit tumor growth (p< 03}, and WBPF336B mduced tumor
regression. As the anti-human EGER antibody does not bind to munine EGER,
the anti-human BEGFR antibody did not show any anti-tumor effect m thus
model, which demonstrated that the anti-tumor effect of the buspecific

antibody mainty contributed from anti-FD-1 arm.

3, Antibody bio-distribation i A VRPBMCO meuse maddd

3.1 Cell cnlinre

The 4431 tumor cells (ATCC, cat # CRL-1355) were maintained i vitro as a
wonolayer culture in 1640 medivm supplemented with 135 % heat inactivaied
fotal calf serum, 100 U/mb pendcillin and 100 pg/ml steptomyein at 37 °C
in an atmosphere of 8% OOy in ale. The tmor cells were routinely
subcultured twice weekly, The cells growing in an exponential growth phase

were harvested and counted for tummor inoculation.

52



Sl

3,

ch

iz
Lt

YE

Schads

PCT/CN2018/107582

ronig

LM

iR

LY

the predeter

0

@

]

SN

X
S5

H
i

¢

wees

Fosdd

ool

mice gecordi

e
g

Freghment

s

ToeVie:

v

g

WO 2019/062755

14 £ e
]
e
=
@
s =5

53




!

Sk

L5

ek
LA

{}

WO 2019/062755 PCT/CN2018/107582

5 3 WRPI3sC 10 v Single dose

3.5 Observations

All the procedures related to animal handling, care and the treatment in the

Y

study were performed according to the guidelines approved by the
Institutional Animal Care and Use Committes (JACUC) of WuXi AppTec
following the guidance of the Association for Assessment and Accreditation
of Laboratory Animal Care (ASALAC). At the time of routine monitoring,
the animals were daily checked for any effects of fumor growth and
freatments on normal behavior such as mobility, food and water consumption
{hy looking only), body weight gain/loss (body weights were measured twice
weekly), eye/hair matting and any other asbnormal effect as stated in the
protocol, Death and observed clinical signs were recorded on the basis of the

numbers of animals within cach subset,

3.6 Ramuples collection and preparation at different time points

After antibody injection, blpod and tissue samples were collected at 48 b, 72
h and & days’ time point. Tumor and liver samples were eollected to test
antibody by IHC, Before tissue samples collection, PBS perfusion was used
to get rid of blood from tissues. Approximately 60-90 mg tumor and liver

samples were embedded in OUT for THC staining.

3.7 Results

Ag shown in table 14, the isotype control, anti-PD-1 antibody had sinailar
IHC seore in Hver and tumor tissue. Whereas the anti-EGFR antibody and
bispecitic antibody WERF336B/C had higher THC score i tumaor than in liver
tissue. The results indicate that the bispecific antibodies preferential
distribute in tummor Hssue,

Table 14
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Claims

i. A bispecific antibody or an antigen binding fragment thereof, comprising a

first binding domain which binds to human EGFR and a second binding domain
5 which binds to homan PD-1, wherein the antibody or the antigen

binding-fragment comprises a format selected from the group consisting of

single chain Fy (scFv), diabodies, and oligomers of the Toregoing fonmats,

2. The antibody or the antigen binding-fragment thereof according to claim 1,

10 wherein the second binding domain binds to murioe FR-1

3. The antibody or the antigen binding fragment thereof accarding fo claim T or

2, wherein the antibody comprises single cham Fv aganst EGER

15 4. The antibody or the antigen binding fragment thereof according to claim [ or

2, wherein the anttbody comprises single chain Fv against PR-1

5. The antibody or the antigen binding fragment thereof according to olaim §

T

2, wherein the antibody comprises single chain Fv agatngt EGFR and single

20 chain Fv ageiast PD-1
&, The antibody or an antigen binding fragment thereof according to any one of
the preceding claims, wherein the antibody or the antigen binding-fragment

a} binds to human EGFR with a Kp of 349510 or less; and

23 ) binds to buman PD-1 with g Ky of 7.68E-09 or less.
7, The antihody or an antigen binding fragment thereof according to claim 6,
wherein the antibody or the antigen binding-fragment exhibits at least one of
the following properties:

3 ) binds 10 human EGFR with a K of between $.458-10 and SAYE-1
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coraprising an amine acid sequence sclected from a group counsisting of SEQ 1D

NQOs: 145,

. The antihody or the antigen binding-fragment thereof according to 8 or 5,
COMPrising:

a) a vanable region of the second binding domain having an amino acid
sequence that 18 at least 70%, 80%, 90%, 95% or 99% howmelogous o a
sequence selected from a group consisting of SEQ 1D NOs: 1, 35 and

b} o variable region of the first binding domain having an aming acid
sequence that 18 at least 70%, 80%, 90%, 93% or 99% homologous to a

sequence selected from a group constating of SEQID NGs: 2, 4.5

13, The antibody or the antigen binding-fragment thereof according to 8 or 9,
comprizing:
a} a variable region of the sccond binding domamn having an amine acd

o

sequence selected from the group comsisting of SEQID NOs: 1, 3; and

B} a variable region of the fisst binding domain having an amine acud

sequence selected from the group consisting of SEQ ID NOs:2, 4, 5.

14, The antibody or the antigen binding-fragment thereof according to 8 or 9,
comprising a complementarity-deteraiining region (DR} having an amine acid

&t

sequence selected from the group consisting of S8EQ ID NOs: 6-18.

{5, The antibody or the antigen binding-fragment thereof according to S or 9,
wherein the second binding domain comprises

a VH region comprising H-CDRE, H-CDRZ, H-UDR3 and a VL region
comprising L-CORY, L-CORZ, LODR3;

wherein the H-CDR3 comprises an amino acid sequence as depicted in SEQ

10 NGy 14 or SEQ IR NO: 18, and conservative modifications thereof,

58



PCT/CN2018/107582

WO 2019/062755

fudy
et o
7o et
] Ve
o
@ - ; A
s P £ b
- o 5, s ek
e Lo - L)
R S oy ol ord
. = .t o) et
e g vped [t koo
ot o= ~ 3
ot & &5
pocit d 43 P Eond
fseh Py e hhiid
i s Roaed .
\V - il } st
i jons) g o) ,
K 1 3 e
i a3 o
; 4 ! o
wmo A3 B
gt 4r
foed 2o e et
383 s et ool I e
e fowrd oy s L2
et = b s s
ok s ‘u 43 e
i 9] 7. ¥ g
= - 7 b
e > 2
5 vz wl ] bt
et o d, Fa
b @ Lt e ol >
5 v bt . s
b & ey
S = . iy ‘
i s it (] ..
g2 Lo = 9 o
o wirwd [ ] s,
451 e el
Ys & &
. 4 «i o
i ot i o
o ; o P e
e st e %
i 4 i e
efona vt i \:w
i X 4
2 ‘
P PO T
o o o I
st . e Red
land -
o e #
P e 4 S
/ e Py =
o &3 et L7
Pt - 3
e 7 i3
fad 49591 s g
i EES
Vs & s
nd; 25 £ Py
foaed g ) e s o
;o = e
3] fiox] foont [ et}
- ” o
ot =t et et
. s s b P
Fk s et s erd,
Eoed Torn o et
a3 P £ 42 Lomt G
fod 3 3o o
" v e s s o
(2] s %3 Ty
P s et Dosd snvinds g
o] e g Laad Sk s
E kY3 7 Yo w2 ek =%
: i & e )
Pt o e (e Bedions
Fos o oo - jxed ﬂcé
- kS P Ao i A
[ vl 3 . P - d
s TR s g &
P 4 7~ p50] e -
o S v S 2 s W 55
% e = Ly ) il 251
' ’ ko s P i Lot
A . i o gt A=
- i . ooy
e toaid posicS o/ kitaad ok s st
et e (3 ey s p) e
od o e ! = o
R i ] =y s o
ot (¥ ) Lk o b
s ! 4% fand 4
e ey et A T
.. parai; a\n oo T = St
o pos £ N
. 3 z 5 oo 7
Lo s sc.Mw« S, v o \w \.\\WM
Fasag) - ‘ P s
R \U j—y v 24 \.xn\.‘ M;M
cnna s 2 ok " [, £ L3es
5 b i oo s o et
bod brd 4 et ; Fast s
[ I oy ™ et
o] o ey 3
%3 jonc] : o
o - Yy
aah i3 “n w L
e,
o, AR
N’
iy fi?
P v
) o

59



L

Q

20

Lok
7y
4

WO 2019/062755 PCT/CN2018/107582

A cloning or expression vector comprising the nucleie acid molecule of

claim 22,

24, A host cell comprising one or more cloning or expression vectors of claim

bk
[

25. A process for the production of the antibody of any one of claims 1 to 20,

comprising culturing the host cell of claim 24 and isolating the antibody.

26, A pharmacentical composition compwising the anubody or the antigen
binding fragment thergof according to any one of clabms 1 to 20, and one o

more of a phanmaceutically acceptable excipient, a diluent and a carrier,

27, An ienuncconjugate comprising the antibody or the antigen hinding
fragment thereaf according to any one of claims | to 20, Hoked to a therapeotic

agant,

m

28, A pharmaceutical composition comprising the immuncconjugate of claim
27 and one or more of a pharmaceutically acceptable excipient, a diluent and a

Carnier.

A moethod of modulating an imumsne vesponse in a subject comprising
administering to the subject the antibody or antigen binding fragment thereof

according to any one of clatms 1o 20

30, Use of the antihody or antigen hinding fragment thereol gccording to any
one of claims | 1o 20 1o the manufaciure of a medicament for the treatiment of

prophyiaxis of an immune disorder or cancer.

31 A methed of inhibiting growth of twmor cells in a subject, comprising

&
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2xScFv on CH/CL ScFv on LC ScFv on HC
MW: 200kD MW: 200 kD MW: 200 kD
Figure 1
€. Redirected cytotoxicity

Eﬁﬁl’“ B. Inhibition of
\\\ \\\ proliferation

Figure 2
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