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[HEZ] By - dor —Fhhg s Ped RS vl F 8 3h B A G Bk P f% 1) OX40/FeyR [ s 3156 P 1 32 0K B &R ik i I 4 (tumor necrosis
factor receptor superfamily member 4, OX40) /Fey 5Z4& (Fcy receptor, FcyR)] £ IER A L/ DERERIN 71, F5ik - K&k A IR 0X40
5T/ B A A 5 2B N T FoyR /U BE A I 25 LL TR & I, 0 I R Mok 1 5 38 0 ek A R Py B AR /N LR P ) e A R
AN, 3 gk e X i AA: T B A /D B OX40/FeyR AT AY TR RIBTEOL, Tk Sl RGEHY BB @ R0R . R @ sl Ty B i ik 15 /s
B, A A M AR P AR N JE BT OX40 HusepEhifkxs CD4', CD8' T 40 Sy Bim i 1. 2 AT LL R ¢ A0, 4l lhiR
PRI RN, R - WARAMEARNE R TR, BHR A DEUMNE, SRS Ak as i) B ki, #E R0 n] LIRS &K1
MR FeyR 43 (3 P<0.05) 5 Bt & /AL T bk EANAL AE AR SN0 Ja A3 BH (2 i A T OX40 4rFi ik (P<0.05), M ANz
i\ OX40 Hiftf - fiee & /D RAIEA T B B o, NI BB OX40 Hifln] LLUA 2 3458/ R Y T 40y y- FHPEZ  (interferon v,
IFN-y) Fih&, 1 CD4' T 40 | OX40 43 1Kk (3 P<0.05), it - UIFKiBAIR OX40 43 /NS F KB AR FeyR /N &
S 20 A i et S 1 5 0 £ /0> AR TR R A% [ Bk 238 N U OX40 Fn FeyR 4 1+, vl TIPS A B BB\ OX40 itk i uid
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Establishment and validation of OX40/FcyR-humanized mice for the study of agonistic anti-OX40
antibody

LIU Ming-dong*, LIU Xiao-bo*, ZHAO Ying-jie, ZHANG Yan, ZHANG Hui-hui, LI Fu-bin
Department of Immunology and Microbiology, Shanghai Jiao Tong University College of Basic Medicine Sciences; Shanghai Institute of Immunology, Shanghai 200025, China

[Abstract] Objective - To establish a rapid method to evaluate the activity of agonistic antibody using OX40 (tumor necrosis factor receptor superfamily
member 4)/FcyR (Fey receptor)-humanized mice. Methods - Bone marrow cells from OX40-humanized mice and FcyR-humanized mice were collected
and mixed with equal ratio. Then the mixed bone marrow cells were administrated into irradiated wild-type mice through the tail veins. The reconstruction
efficiency of the immune system was confirmed by detecting the expression of hOX40 and hFcyR in the immune cells of chimera mice. After the
chimera mice were generated successfully, they were used to evaluate the immunostimulatory activity of anti-hOX40 antibodies to CD4" or CD8" T
cells. The results of flow cytometry were statistically analyzed. The unpaired #-test was used to compare the means between the two groups, and one-
way ANOVA was used to compare the means between multiple groups. Results - Flow cytometry analysis showed that wild-type recipient mice were
efficiently reconstituted with hFcyR expressing cells and hOX40 expressing cells to generate OX40/FcyR-humanized bone marrow chimera mice. In
these mice, B cells and myeloid cells expressed hFcyRs (P<0.05), and T cells expressed hOX40 upon in vitro stimulation (P<0.05). When these mice
were used to evaluate the immunostimulatory activity of anti-hOX40 antibody, significant expressions of IFN-y and hOX40 were observed (P<0.05).
Conclusion - OX40/FcyR-humanized bone marrow chimera mice are generated based on hFcyR expressing cells and hOX40 expressing cells, suggesting
a rapid method to build a mouse model with both hFcyR and hOX40 expression. These mice are suitable for evaluating the immunostimulatory activity of
agonistic human anti-hOX40 antibodies.
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S BEDLA TR T A — R B o A AR G
T 7. DAprdiie stk T itk anies < & 5 -4 (cytotoxic
T-lymphocyte-associated protein-4, CTLA-4) Hi & e 7
PESET 5% A& -1 (programmed death-1, PD-1) Hifk A {LFE
F G A A A B B R S22 0 N TR,
P. Allison F[1 Tasuku Honjo {F A 3= 32 gk & % 1% 1 2018 4
W WURA B Z B 20, SR, s i A sl il R b ps £
Il RTRTT AR AE S 5 SB35 TC A A B B ™ FE AN [R5 o 5[]
8 R SR AT B 1R T i iy
5 ¥, R IAGEI -2 B K G 51 5 (tumor necrosis
o
B R F 5% 7R 88 & G B ;i 4 (tumor necrosis factor receptor
superfamily member 4, OX40) FJ#zh R HLiAk gl K& —
FEATZIE WP, ENRENS AT f A A Al i 4 i
T Sl s TS S 2 2R MR S 3 B BRI
KAEDUMIEIEN . 1H2& B AT sh B HUHR i A HE B 2h v 1 1
ek, FeEdt—BMk, Ak, HEEEEA b bUAE
PERI B PR B A KB

OX40 & —RFIA7E T 40l B diligsy + 9, BT
fibgeE YR BE K 5% (R #8 5 % (tumor necrosis factor receptor
superfamily, TNFRSF), #4i& T 40 Y OX40 GES I B
et T 403l , $2v T 4niem i Rois k™, 2000 48,
Weinberg 25 " 1 e AE /D B IR IIE T Ht OX40 Bt i bt
R Ve . B AR B A LA BORiL OX40 Btk 23t A T
A RIE R B ™, BB OX40 H i rIB B HLHIF A bl 78
L, —BINA, BT OX40 Hifk vl B 125G 80 T 4
LR OX40 5-Zad i, Hi i S92 AR i A e i % 1 1
M, UCAERA TR R, B OX40 Hifk sy 1 AT LLE
& A{EER Foy 52k (Fey receptor, FeyR) SRiBER/ME
AR ik OX40 AT T 41 (regulatory T cell,
Treg 40if1) , fiRER Treg ANNEX TG b Z RO, AT
HINT, VBT TNFRSF B 5 BP0 AT e 25 i i 41 il 7
FoyR SR id it sy 705 Sadllig ™, Bk, —/M@Eadt
N OX40 ik scis /N ER T 223855 MR LY OX40
5y, ROZFINZRGE NJRILH FeyR,

Har, HTHRseE T AN A5 0 N sh B b
Ry /NEURE Y 32 A B0 5 N DRI/ EL, KRB /N
(B2 T N anie et ny o i b /N GL) . 885+
FFeyR NJEAEHI/NE, X LR A B AN Rl A Fe i, HE
R NBEA/NR BT R R s it fT T NRIL, 3k
TRCRR X ] B, (B AR /INEL R N B3 NDRTERY FeyR, Bt
PAE 5357 F NIEAL /N FEAN RE b N 28 ah B b ik & 45 1
HTR 2 B IREE . N TR /N UM R AR AR N 210 90 728 40

James

factor receptor superfamily member 5, CD40) .
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Jz, PRVE AT UL R N ah b e 5k, (R
TR/ INEUAS B AR S etk b, N S i N fe g
YN AEAF IR B R IFAIRRIZE S, DA RERIE A
G A AE /N PN IR K AR i A . R M S
TR B 45 A B S 5 OX40 F FeyR NiEAL T, Uik
TAERSEA I NRIREE, Ay OX40/FeyR £ Jk
BN IE /N R ZE BL N OX40 LR IR A 42, OX40/
FeyR % 3k R NJRAE /NSRS EL AT Ly N 2 8 2h R0 b s 4 ik
SEREMMEE A, A RN R RS, & B
FENRK BRI HU R i A PRAR A . (R BT FoyR AR
R M IR %, FENAh Fegra ' /Fegrl /hFCGRI'/
hFCGR2A""™ /hFCGR2B /hFCGR3A"™ /hFCGR3B "
[Fegra 3 gatd /ML Fey =Z & T, M AV o 5195 K,
Fegrl 2y a7 B Fey 22 & T 19 o 55 () 3k K hFCGRI .
hFCGR2A4"'"™, hFCGR2B. hFCGR3A4" ., hFCGR3B %4y
A gmih N K Fey = 1. 1T A (131IR), T B, MA
(158F). 1M B #Y o FEAYAE ] T, {15 ol /DN ol A ok 6
R 228 Bha L s . A T REMSHR 1K 15 OX40/FeyR
2 NIEAL/NE, AFE R B IEUE T B ik & AR W]
FrtEe dd B HE A0 IR ik A 2 H 3r Y OX40/FeyR £ 48 R A
DR /N B B4 A AR TR S R G, RT TR A A
5 FeyR FNE OX40 43 -, F H AR/ NGV o 2 8 9.
FEITHL, ATUARAT Hhith /2 N2 ah BBt N OX40 HLikay i
TEHEITWEZL.

1 HHS%HE

1.1 9255 2 Ke 32 BEA

CS7BL/6 BF A= MU /NER, WPk, 8 ~ 10 Jiik, A&
20 ~ 25¢g, WA EifF Ry EWHE RSP AR5 A A,
A PEYF AR S A SCXK (/) 2018-0003 3 mFcyR™ hFcyR®
#: 3 B /N B (Fegra /Fegrl " /hFCGRI'/hRFCGR24™™/
hFCGR2B'/hFCGR3A™ /hFCGR3B") W 3 [ Rockefeller
K% Jeffrey V. Ravetch Z4% i ; hOX40" 1k K /N B W
H i AP Ry A BR 2 =], A VAT IE
3 SCXK ({r1) 2014-0002, L _E/NE 1SR T ERifg 22l
KA e S0 S W B #3850 SPF s by, 8 HVF ATIE
5 SYXK ({/) 2018-0027, Fi A <k 96 2 4 AH 3¢ £ 1E
P3RS bl 28 K e e S0 sh M (TS B 2 R &%
ik,

A S 08 R PR S B LR 1. NN
OX40 Hifk A, A ZPi A OX40 Hiifk B. DEC-OVA % [q
[$1 DEC205 HifkfnbpiE & [ (OVA) W& &R, HT
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25 OVA fuJit] ¥l B 58 EW il 25 A R A |, 214001
PR . E A Sl Brefeldin A We) /i3 = RA4
HABRAT], A IgG [[RZ% BHTRE H 3% E BioLegend
KNl HEERERW B LR EE AR AR EA ],
SIINFEKL 4§77 J5 Jbk W B 2% [&] BioLegend 2 &, T CD28 i
k. L CD3 HiufkliE H 92 E BD 2,

# 1 RAGUARIIE
Tab 1 List of antibodies for flow cytometry

Target Conjugate Clone Company (Country)
CD4 APC-¢eFluor780 RM4-5 Invitrogen (USA)
CD8 PerCy5.5 53-6.1 BioLegend (USA)
B220 PE-Cy7 RA3-6B2 BD (USA)

CDl11b FITC M1/70 BD (USA)
hCD32 PE 3D3 BD (USA)
hlgG-Fc  BV421 hp6017 BioLegend (USA)

1.2 52 5 3%

1.2 B A/ DRI T H: T8 ~ 24 R mFeyR
hFcyR® K60 /NS hOX40® B F/NR . Wb3EE,
AN . R, ST R B W, A 1 mL R
W TG T PBS 25 0P, R i e B e b o A N AL
Brfr, AL 70 pm ARNERE I G BB A B, K
A B 15 mL B0 400 x g B0 Smin, F1% b
W, BT IA 4 mL SCANRE R, BTk -2
fRLLANE, S min 5, FIELOA A 10 mL PBS % 11K
B B0 400X g B0 Smin Ji, 3 I, B BRI
23, (EAANTHER S, i B E 1 x 107/mL,
BRIGHE 2 FiINELRO R BE B R 11 LR A HRIRA
P P T M A T 20 PR B T S B 285 8 Gy % BRI 8 J]
Wiy CSTBL/6 BF A /R N, /N R RS 200 pL
HEdn £, NRIE# KR, WHAR &R 1x 5 5E
=, 2 AT

1.2.2 A1)l 0B U b EL 4 e P S B R AL PR ok MR
FRAESME ML) 100 uL, MIARFZ5TEE. s8R, BUh
B U B TA bR 55 . ME . BT PR LSS . M2 ALAR
70 um FZ0NRIE RIS , £ BEEH A 1 x PBS il
FCARN R . SR i i A M i R S Y T e 2T 4
B R B RLT AN, © hCD32 [ SRER A VI & I
Rogm i B . bk LSk I B (AR et . BT B
P 2 75 B 400 F5 56 T, e €5 5 P 200 M 2o 0 X 400 M LA
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M, @y-THFE (interferony, TFN-y) FImCAM - Kl
AT PR AN R 200 uL B T 96 fLtRrh, ARALANNE
2x10° />, [i] 4 FL A 1 pg/mL 4t CD28 Hi k. 1 pug/mL
SIINFEKL i J5ihk, {EANIERsFRHih 37 CHEHE 1 h J5dg4l
g inA 10 ng/mL 2 [ 4% iz ) il 351 Brefeldin A, 4k4%
MR Sh R IERADUA BB E T g, O NiE 0X40
5 T F IR I AAS I - o £ P A AP JE I bk B i
. MEAnfEER E T 96 fLb b, mALAmEgch 2 < 10° 4,
Hl & 4 2 ng/mL [y i CD28 $i {4, 2 pg/mL i CD3 i {4
IR SR A 200 pL EEANIE, K 96 FLI E T ARy 755
37 CHEE . 48 h Ja{f A dnig A ZEA a8l 7R IA
IR OX40 5y Ik, LA A TED—Pi, F{EH BV421
Fric Bt higG-Fe fiisbik gt i e o, IR AP
CD40 HrfA1E A R A% B,

1.2.3 /NRUANIIBLAEE R B 1 H, FARTA
OX40 Pk B F1N IgG [ 5%t B ik 5y 5l 5 DEC-OVA &
FRA, Rl /NERER 3R/ 41) s, Hdht
A 7 A 4 HU/R 250 pg, DEC-OVA 2 [ 24 B HU/D
Sug. 7dJE, @ msNAn g A4S CD4" F1 CDS' T 41
[y TFN-y ik 7k F-LA & CD4" T 4iifiig_E 1y N R OX40 3%
IR,

1.3 Heil )ik

% JH| GraphPad Prism 6.0 % -3 i 2 20 A G 1 45 SR
PTG For M. ERmTORIA x+5 FoR, 2 AR A
(AR, A MLLECR R R 5 240 B, P<0.05 £oRZE
SHRAGI#E L.

2 &R

2.1 KA /D B hCD32 1Ryl

Sy BB B A RN B A (n=3) B ik A /D B4
(n=3) BYHMEIL. MEE Ko ik ELEE v 1 4 3 N o T O 2
YN ARBEAT 43 M, LAAS B i % A /N EUH R FeyR YR
RGO, LU B AU FeyR B G Y FeyR 1T A Fl FeyR
I B (5ifk hCD32) R FHATimA A, 4548 5
IR, (B R A /NI AN E I, BRI ELES T, AR
m LG AE R 40 (& 1A) Bk gnlig (& 1B) 3%
ik hCD32, fif Z 40 FN B itk L4l 55 HILA CD11b BHPEFN
B220 [HMERY S i FRoR, X — S5 R UL, B S /b
B AT LAIE 8 2238 AR FeyR 43,

EAPCIAEER (KR . 2020, 40(0) (@)
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& & b
= 0t ¥
=
= 20
]
Peripheral blood Spleen Lymph node Peripheral blood Spleen Lymph node
C
Wild type Bone marrow chimera
1 B220rhCD32 1 CDIIhCD32* 1 B22rh(CD32’ CDIIWhCD32°
_ i 0.58 (.64 546 - 21.8
S5 %) % ' =
Peripheral blood £ o E =
z z z 2
E i E
i
B220 PE-Cy7 CDI1Ib_FITC B220 PE-Cy7 CDILIb_FITC
1 B220hCD32 1 CD1IbhCD32! 1 B220rhCD3Y CDIIbhCD32
076 3 2.56 583 i 51.0
Spleen o ] o ] zl ] o
=2 a = =
o o ] U o
= _ = -_—
i i 1
]
B220 PE-Cy7 CDIIb_FITC B220 PE-Cy7 CDI1Ib_FITC
1 B2XrhCD32 1 CDI1IPhCD32" 1 B2 hCD32’ CDIIMhCD327
0,60 E 1.0 } 6l.0 335
i| ] Eu 1 E| ] w5 E|
Lymph node ?é! % . g ?é.!
2 e Y 2 2
i F 1

™ —r w—y

B220 PE-Cy7 CBIb_FITC
Note: A. Detection of hFcyR expression in CD11b" cells. B. Detection of hFeyR expression in B220" cells.
¢ P=0.000, compared with the wild type group.

1 BEEHRA/NRENRIZAR FoyR Bt

Fig 1 Detection of hFcyR expression in bone marrow chimera mice

i — Ty

B220 PE-Cy7 "CD1Ib_FITC

. C. Representative flow cytometry results. * P=0.016, © P=0.007,

2.2 RO /D RPN DR OX40 iy F1CD8" T # g % 1f A9 A i OX40 oy F-JEATAS I, &5 R B
i FH & PU CD3 fiifk, $r CD28 kg% R xf B A IR, BUR RIS A4 A R 50% fY CD4" T 4hfiefn
RN (n=3) FofE-fEik /bR (n=3) BRIt CD8™ T #iligakis A OX40 431 (1 2),

B, 2d )5, MmAdnigAx Rgnie st CD4' T 41/
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=
)
2 i
=

CDd APC-CyT

CDE PerCP-Cy5.5

OX40/FeyR % 3 P A\ B A /N BUBLIRS A Hiy e S AE S OX40 HLfkwiserb i st | 733

B
Gl
@
£ of L
8
2
=
b
2 20
Wildtvpe  Wildtvpe  Bone marrow  Bong marrow
(lsotype chimera chimera
control) (lsotype control]
C
Isotype control
A Y A i —
I e Y _ lcoenoxao
o G o 011
=] 2
=) 2
S - g
z 1 ' z
CD4_APC-Cy7 CD8_PerCP-Cy5.5
R _ lepanoxao
e ) = 0.26
= 1 =
= =
= 35 =3
= =
= j =
=1 =
= L =

CD4 APC-Cy7

CD8 PerCP-Cy5.5

Note: A. Detection of hOX40 expression in CD4" T cells. B. Detection of hOX40 expression in CD8" T cells. C. Representative flow cytometry results. * P=0.000, compared
with the wild type, the wild type (isotype control) and the bone marrow chimera (isotype control).
2 BEERANRIEA AR OX40 KR

Fig 2 Detection of hOX40 expression in bone marrow chimera mice

2.3 KA ZEHLA OX40 Hiffxrt CD4™ T 4% P i) i 32t

M

Ptk BoA NN OX40 hitk, B 1 H, Ktk
DEC-OVA % H HYE & O /DL (n=3)
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WEAT IR

7d )5, &l CD4™T 4 IFN-y F1 AR OX40 5 i3
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A
06
d
#F 04
&
=
-
£ o2f —L
0
Control Antibody B

Note: A. Detection of IFN-y in CD4" T cells. B. Detection of hOX40 in CD4" T cells.
3 BEEHRA /R CDA' T kB4 AiE MG

Fig 3 Detection of activity of CD4" T lymphocyte in bone marrow chimera mice

2.4 KNZHLA OX40 Hiffxrt CD8™ T i i% 1 iy i itk
el

2020, 40 (6)

B
S0 'l
1
&
T 30
;m- -
10 F

Control Antibody B

©P=0.006, © P=0.004, compared with the control group.

IFN-y ZiRR P A2EHUA OX40 Hifkxf CD8' T 4Rifitf
BB AT, KIRERRWIBUR B - g ik A/ L CD8' T

1 H, fbifk B 5 DEC-OVA HEHHRARAT/NL 4l AW B REERe ) (E4),
(n=3) BEATMEIEES. 7 dJ, @AM CD8" T 40y
A B
4
@ 1 1
3t 1 IFN-y IFN-y*
& 1 087 1 239
= < § %3
2 27 Z ] # 1
z 1 i| 1
= I i -1 -.-_ a -1
] IFN-y_PE-Cy7 [FN-y_PE-Cy7
Control Antibody B Control Antibody B

Note: A. Detection of IFN-y in CD8" T cells. B. Representative flow cytometry results. © P=0.022, compared with the control group.

4 BEEHRA /R CD8' T ME M

Fig 4 Detection of activity of CD8 T in bone marrow chimera mice

P OXA0 HLi Y fheg i 28R L2 A2 I PR Al K9 Al
PRI A A2 TIRIE "™, b T 4kE5kHT OX40 Sk fip
FERTT HLREA TR SR — BRI BLAR BRI T AR, 18 b)
T SN — A 2 i RS HAGR A IR FeyR Fl
N OXA40 5y FHU/ N, 25 5L M, AWFICAER
FIXMNBRA 2 757k — R L 0X40 AR/
bl 55 FeyR AJRAE /NI AT I8l 52 8k 15 5 55— Fioe il it 4
Bk A RT3k, RIREATE OX40 55 1 FIAJE FeyR
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F/NER - RE AR B 11 I ELBIR A, ARG i R Bk
1557 B A PR A T S 1 4 TR o P B TR NBRUER N, TR
A /M.

AL 2 Bhos e R, ROTRBLS 2 BTk
FALL, R A T AR i e ek, A
NZESEE /I, 3R DR Ak IR AL Al A /N R BB 3R RIS, TR
S £ I T PN R A A A R eI L /NR, R TR R
FoyR /NI K K %, T SRR BB B ] A wT LA
DAL B2 /N, TV A Bl & 52 R R A2 B/ N
AIDAEHNA RIREITI, GRS A KRR E, [, [
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— PR/ NEUAERS . R, EBR SRR L, ATUAE—
FERRIE _ERRICTC SRR X SR Ie 85 AR . BARE i &
I Sest IS R BoR R, LR R RS, (R AR
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