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PD-1 antibody enhanced anti-tumor efficacy of oxaliplatin against colon cancer in
vitro and in vivo
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[Abstract] Objective: To explore the anti-tumor effects of oxaliplatin (OXA) combined with PD-1 antibody on colon cancer. Meth-
ods: Flow cytometry was used to detect the expression of PD-L1 in colon cancer cell lines HCT-116 and HT-29. Co-culture method was
used to detect the secretion of cytokines and the changes of CD4/CD8 subsets in T-cells that co-cultured with HCT-116 cells, which
were pretreated with OXA in combination with/without PD-1 antibody; The CT26 transplanted tumor model of colon cancer in BALB/c
mice was established and treated with the combination of OXA and PD-1 to evaluate their anti-tumor efficacy. Meanwhile, CD8 anti-
body was used to scavenge CD8" T cells in mice, and to evaluate the role of CD8' T cells in the anti-tumor effect of OXA in vivo. Re-
sults: OXA could significantly increase the expression of PD-L1 on the surface of colon cancer cells. Compared with pure T-cells, the T
cells co-cultured with colon cancer HCT-116 cells that pre-treated by OXA, exhibited significantly reduced IL-2, IFN-y and TNF lev-
els (all P<0.05) in its culture supernatant and decreased ratio of CD4" memory T cell / CD8' Tever (P<0.05), whereas there was increased
cell proportion of the CD4" (P>0.05) and CD8" (P<0.05) naive T cells. After co-treated with PD-1 antibody, compared with the single
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treatment of OXA, IFN-y and IL-10 content (P<0.05) in culture supernatant and the subsets of CD8" Tcy and Tewra ratio (P>0.05) were

increased. /n vivo experiments showed that OXA combined with PD-1 antibody could enhance its anti-tumor activity, the tumor suppres-

sion rates were 25.6% (OXA) and 29.1% (aPD-1), respectively, however, the rate of tumor inhibition was increased to 58.2% when

combined (P<0.05, compared to OXA or aPD-1 group). After scavenging CD8" T cells in mice, the antitumor activity of OXA dropped
from 68.4% to 46.2% (P<0.05). Conclusion: OXA combined with PD-1 antibody had synergistic anti-tumor effect, and CD8" T cells

played an important role in the antitumor activity of OXA.
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75 B i (colorectal cancer, CRC) A& T 730 [l N
S IE FH O FE T 1 28 IR 2 — , R 9 R AT %
DL 3%~4% iR FEIZE T, HE CRC HIE KR NS
29837 )3 AL E BT R IR 28 S . 2 3 AR 2R
I 245 B VD R4 Coxaliplatin, OXA) HIAE FA L 5 HoAh
BAZE 25 4F FHAR TR, 34 LR DNA ASEAE AL, i85
B G5 I8 40 i DNA I R A8 SRS, 45 1L &2
FAe s, W R FEBUMRAE . OXA TEIRIR 2 B W
SR TT R Tz B B I PRI I AR, SR
" DL D S L 2 B A A A A PR ) KR R
N R P, PD-1 KL E A PD-L1 2 4 AT 3t
i 988 B B A s . VRN CD28 B K R R i1 22—,
PD-1i i) 5 H it /& PD-L1/PD-L2 &5 & , K% S s il
FI1EHES, DLPD-1/PD-L1 AL S £ Ffiiik 254 &
2 b, RS T RGP s . B RT e e
WARNEIT LB &8I N, B8 KEF KW, 1k
Jr Al L B PD-L1 IERIE . [RIBk, N3 E OXA VG YT
CRC W RT3 AR B BIE R, AW FLEAT T
OXA & PD-1 AR BL 45 Wi (1 7k N 4b SEBRHIF 72, 7
BB HDP IR R T S M R R AE OXA Hifig b 1)
YEH .
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1.1 itk F R R £ X5

N &5 [ HCT-116 HT-29 Fl/I iR CT26 45 1 )i
Y R AL B AR 6~8 JH IS JHETE A5 18~
22 g {1 BALB/c /)N B[ 5250 Zh#) S A% 1IE 5 : SCXK (50D
2016-001170 [ Jb 5% 48 R 4 S0 S R A IR 2
Al NI GH I 4 B B R EEEE AR A R A
F], OXA W [ VL7518 5 = 24 i 4 A B A =] GIELA% = 50
mg) , A PD-1 ik GURU 55T, FUAS : 400 mg) 4 H ER
W HEA R A A, Fi/N 6 PD-1(aPD-1) Al CD8 (aCDS8)
PR B BioXcell 2 7 , RPMI-1640 40 i 15 77 3 L i
A 1 3% 4 H HyClone 2> 7], Th1/Th2/Th17 CBA X7
&M CD3/4/8/45 7t Hiik 4 H BD A H] , CD45RA
CD45R0O.CCR-7 Il H eBioscience A # , PD-L1 % &
PUAR I B Biolegend /A 7] » Dynabeads CD3/CD28
kI B Thermo Fisher.

1.2 X Aa KA 25 1 7%t J PD-L1 49 & 3%

TE 0 B0 A A BE 9% 1 45 W 5 HCT-116 HT-29 F
CT-26 40, II N 29K FEN 5 ng/ml f¥] OXA i 55
7724 h o , JRRTE I A I WSO 40 i 1) % P 4 B
SRJE NS ERRIC B PD-L1 oA, K A i =04t g A 4y
BT OXA {EHH J& 4 PD-L1 Rk A2 4L .

1.3 OXA 7 &k 32 £ %) J% 4@ . J5 5% 4 PD-1 AR 4E A
2t Th1/Th2/Th17 % vk

A CD3" TR 7%  FE R0 I T, L 3 A
e JE N B 40 & 0 1L 20 mil, S FH Ik 2 400 1 2 5 v 2
B AN LG R, BLARESR IR 7 RS AR R 2 T
RIS

24 FLAR 35 77 B0 B K B 45 19 HCT-116 41
M, 22 OXA (5 pg/mD FRALFE 24 h 5 , W LS 9% Hil 5
7, PBS Wk 2 3 J5 , I\ S 24 h () A\ CD3" T 40 i
R IE, B LMD PD-1 Pidk (& R B IREN
1 mg/mD , 48 h J& K A CBA {5 & #& Wl Th1/Th2/
Th17 IR EE , H F A 40 AR I He R5 77 1) CD3™ T
4l B CD4" 1 45 T 41 B (Naive T cell; CD4
CD45RA") . CD4 12 12 T 41 g (memory T cell; CD4*
CD45RO™) . CD8 #] 44 T 41 ffil (Naive T cell; CD8*
CD45RA"CCR7*) .CDS8" 1 g 4347 T 41l Jfg (central
memory T cell, Tew ; CD8"CD45RACCR77) . CD8 %L
N A A2 T 4 P (effector memory T cell, Tev; CDS'
CD45RA"CCR7) . CD8" R B 8412 7. T 2 MY (Temras
CD8"CD45RACCR7)HI T 7%,

1.4 M2 CT26 m A4S 78 ) 4 AL A A LR
OXA B4 PD-1 #uk 478 2 R

6~8 J& % 1] BALB/c /)N B % B8 SPF 42 1] (1) 2% A1)
F% 1 G, 8Pl CT26 /N R 45 B e 4 i T 4 M B2
T 21 0 0 B 2x106/100 pl/ R o B 5 R i 98g IS A /0
BB AL 20 B 4 4 - 6 B4 L OXA 4 oPD-1 41 LA K
OXA+oPD-1 4. #7548 h 5 /N &5 k4 25,
OXARIE R 2.5 mg/kg, | X/, 32k [FIFFZ /N R
J15 i 45 T i/ B PD-1 $i 4% aPD-1, 200 pg/ A, 2 &/
A, 34 k. BHTRIRR /N SRR BT & 2 /8 S IF F bR R
JOME IR . /N BRI R £ 2 A 5 AL BB /N R
SR R 9= b e 1 1 B O i T =1
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J7VE A 1.4, B2 CT26 /N B 45 W s 4 i T 1) 5% 1
J&l J5 1 BALB/c /N B AT UK T 5 43 Fh £ & v 210/
100 pl/ R o R iR 5 1) /N BRBE AL 7 1 4 45, 3 50l R
X HEZH  OXA 41 . aCD8 4 UL Iz OXA+aCD8 4. #ft
48 h Ja /N R & R KR ST OXA GRE A 5 mg/kg) » 1
WU FL 2 IR, A 28/ BRI RS 25 T i/ B CD8 fifk
aCDS8, 200 pg/H 2 /1, 34 k. BATEFR & /) Bl
B2 0/ I AR R RO E IR AR R . i) 2 1A
Jei ARBE/IN B ) 8 B R Bk L T SR A L [
IO JFE BB 5 I, P 90 24 B AR AR 0 /)N R 40 A o rh
CD3".CD4 M1 CD8" T 41 i i) & £ .

1.6 %itsae

K SPSS21.0 Gt v 2% B At 43 At , B B $ s 344
HE 3RS, vHE 5 R A ks £, I LR
KRR BXT 4556 . DL P<0.05 8% P<01 7R 25 53 H.
EE -

2 & R

2.1 OXA LiAL %Mt PD-L1 & &

it 240 A A I 45 B e 41 B HT-19 \HCT-116 1
CT26 3K i PD-L1 Rk E O, £ IEHAE O T, 3 Fh4i
Y —EFE 8 £k PD-L1, Hd LLHT-29 () PD-L1
FH MR i ) OXA ALFR 5 , PD-L1 Ik 171 %
SR FEHE— B 0, U6 OXA e s b i 45 iz e 40 i
PD-L1 HI5Ki% .
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Fig. 1 OXA up-regulated the expression of PD-L1 in colon cancer cells

22 OXAMAMEHCT-116 M 5 AT min s 5%
BB A PD-1 Ak A8 % 4a L B 5 69 50 ik

gl R CBA V43 #T & Fhg i 3 7% Big
Th1/Th2/Th17 K& &, 45 LRI (B 2) , Fp T 48
Ji E % 43 Wk % 7 () TIFN -y IL -2 Al TNF (£=0.025,
0.0038,0.0037,P<0.05, 5 HCT-116 Xf FEZLAH L) : 24 T
4H M 5 HCT-116 40 Mg 3 35 3% J5 , 3 70 W6 1) TFN -y
TNF A flf K B#(¢=0.808,0.577, P>0.05, 5 B0 T 4 ity
Bk EWEMEL), B H 5 OXA FiALH () HCT-116 3L1%
Fe G » Fo 43 W B TFN -y {2 35 P& I (¢=0.0335, P<0.05),
IL-2 1 TNF t545 B B# (+=0.108,0.258 , P>0.05, 5 ¥
T 4035 % B LA ED 1024 T 41 M0 F1 OXA Tiikb ¥
FIHCT-116 LA NN oPD-1 Ji5 , 35 7% 3 5 B IFN-y.
IL-2IL-10 A1 IL-17A ¥4 B3 n , 2o 9 IFN-y 1) 433
KFA5 BAPK &, 1 IL-10 39 0 & 2 (1=0.02876, P<
0.05), M X IL-4 TNF g2 AN B 55 o[RS 2 20, T 4 g
A A AL RE 77 5, I 1L-6 2 &3 0.
23 OXA AL T2 L W e 5 AT tm o 3 38 5k B g%
4 PD-1 ARt T @ g & AL 649 %5 7f)

W 3 FR, T S0 HCT-116 255 7% 5 ,
CD4" #1465 T 41 F1 CD8™ H14h T 4334 /in (.=0.574,

0.415,P>0.05), I CD4 112 T 41 (1=0.0363 , P<0.05)
F1CD8" Tew (£=0.402 , P>0.05) « Tewra 20 i1 (=0.415,
P>0.05)F FT /b s 245 OXA il &b B ) HCT-116 3%
B0, 5 B T 4 i A1t , CD4" (£=0.082 , P>
0.05) F1 CD8" (£=0.040 , P<0.05) ¥ 44 T 21 i 3k —
I, S8 CD8™ Tew tH 1% 1A 21> (£=0.048 , P<0.05) ,
il CD4 id 12 T T 41 g (=0.0515, P>0.05) 1 CD§"
Tewra (£=0.040 , P<0.05) bt Z2 il /b s 2 3L 35 572 4k R ep
N oPD-1 HLik J5 , B k2> & & CD4" Fil CD8 4]

AT 4 LR (1=0.233,0.607, 3 P>0.05) , [FI 14 i CD8*
TemH Tewra R EL 2 (1=0.560,0.607 , 2 P>0.05) .
2.4 OXAFK4 PD-1 k35240 845 7% CT26 #5
ABL T B 2R

J T ST /N B 45 W e CT26 4N A 7% A 9 A 7Y

2 OXA X & PD-1 ik i6 97 5 , S A HRZEAR LL , $0 /i
Je v VE B AR v, B8 R R A AR I8N (1=0.0017
P<0.01; B 4A) , $1198 2 I, 25 15 T B F OXA B aPD-1
4 (58.2% vs 25.6%+29.1% , =0.0267 , 0.0414, 3 P<
0.05) o [FJ R & 3 /)N B H 55> % 248 i o (1) CD45 4
0 BT 38 i (/=0.0310, P<0.05; K1 4B) . 286 45 S5
B, 16 oPD-1 HifA 35 38 1 OX A O HT /s R

are
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Fig.2 The changes of Th1/Th2/Th17 cytokines in the co-culture supernatant of T cells with colon cancer
HCT-116 cells or combined with PD-1 antibody

_ CD4" naive — CD4" memory CD8" naive
£ 90r <30 5 30 .
% 80 5 T < ¢
= s I =2 20 : s 20 [
«w  70r T T (2 -y T o
E 60 l . * 8 10 . l . . S.') 6 10 i . o* .
S s @ : & L T go |- .
8 40 8 0 3 2 3 © oL_s
1 2 3 4 1 2 3 4 1 2 3 4
Group Group Group
+ i 110 +
5 o CD8'Ty, 3 150 CD8'T,, 5 100 CDS'T,,.,
% 40 T &0 2 gl T 4
e = = ° X 90}
35 7 B% i S SR~ -
¥ o X . ® S0 QO ®
2 235 % B8O 1 :
O . O © ) . )
02 3 4 07 2 3 4 0 —— 3% 3 4
Group Group Group

1: Donor T; 2: HCT-116 + Donor T; 3: Pre-HCT-116 + Donor T; 4: Pre-HCT-116 + Donor T + aPD-1
3 TSR HCT-116 21557 /5 CD4' T.CD8' T AKX LR
Fig.3 The subset changes of CD4" and CDS8" T cells after co-culture of T cell with colon cancer
HCT-116 or combined with PD-1 antibody
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2.5 &Ik CDS8' T @feléik OXA &9 5t 78 20 R
/INERVE ST CD8 HLAA & » it s At B AR 73 i 45 R 2
A~ /NEUIL A CD8 T 4 A 2 & 2 &K T X0 B4
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J& » OXA HH i i P FAIC, s 4 1) 22 M 68.4%
T P45 46.2%(1=0.0491, P<0.05 ; & 5A) , 5256 45 545
B, CD8" T 41 f /T I HL M8 Ho 0% 75 OXA HI Bt &
TER T A EREEMERN. FN, 5 H CDS ikt
REAE— € R E B RESZ /N R 1R 1 A K (1=0.026, P
<0.05),

100 Control
T g3 OXA
S 801 E1F =]
Z 60t [ 0XA+aCD8
8
D40 :
A 2
S | 3
E2d B ‘-,. E:E @ E AA LA,
CD4 CD8

A:"P<0.05, "P<0.01;B: "P<0.01 vs Control group
&5 75k CD8' T HAE/E OXA $71 CT26 /MR EIBUIR (A) R SMNE M CD3' CD4" and CD8' T 4AHIZE L(B)
Fig. 5 The antitumor efficacy of OXA when scavenging CD8" T cells in mice (A)
and the CD3*, CD4" and CD8" T cell ratio in mice PBMC (B)
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—, Hif OXA TE 45 B )% FOLFOX J7 E /2 HE 1)
HRB sy 2 —10 K, LA PD-1/PD-L1 R
i 8 G 9% YR T LE R R T R R IR T B B AR
F, #0041/ 8 PD-1/PD-L1 {5 53 B B A5 A% (32 w0
R 22 P88 () Jiek g 2 SR, CRC 5 T, H R IEAE
RZ OXA F1PD-1/PD-L1 FiLAR B AR 7" H Al
PD-1/PD-L1 $ifk & 4 56 [H FDA bt b 17, T
PR R R B DR S B IR RV T . 2018 4F
6 HA7 H,# [E CFDA it #f T & % PD-1 $i 14
1 44 i B BT (nivolumab) AT YR & ¥ bt b 17, A T M
KRR IRIT . SRAE CRC 1 H PD-1 Hi A Bt &
OXA B A AR AT k. PR
2% PD-1/PD-L1 Hiifk#F CRC S OXA AT B &
HEMIm R EACNME

AW E I, OXA e 52 i A4 HCT-
116 HT-29 4 i Al /N 5 &5 W s CT26 41 i % 171 PD-L1
223k, UL B PD-L1 2 —AN4H BB P M4 1, 7 DNA
55 & 4 )5, PD-L1 Bl g B . 1f PD-L1 _E i, & T
TN IR G P FE P R . [RIE, fk 4hE 4 g
AT 41 B L 8% 77 5256 ) 25 AR B, OXA Filkb 22
JETHCT-116 A1 T 40 M 31 3% , G PR 77 L
TFN-y [ 43, 15 B 55 e 200 PR 6 5% 7 e A 4 1) T 4

53U Th BLEH M KT (R Th % , BEAG L BT 8 1 28058
T AE LB F2 4k 2N PD-1 HiAR 5 , 4035 55 b i
IR TL-2 1 TFN-y 32 25 18 011, 3¢ B FELIT PD-1/PD-L1
5 I I A 0 49 5 T 40 3 Y6 Thil B 40 it IR 1 (1 7K
P X AT R OXA TRAREE 5 , — 5 TN T 25 s 24
Ji 3R T i 2 % 1R 7K, AT 3G 5 7 CD8™ T 41 i 11
PRI A 5 2 s R, PD-1 HiR i, BELIT T PD-
L1 T 40 045 5 4l /5 gt — 204 & T 40
X R IR R A5 R . AR, Th2 B TL-10 7R 38 i B
BB E AN TL-10 GEFNH] T 40 ThRE . SR 4
KA FEUIR B, IL-10 7550 88 9925 A kT 5 I 1] (1) A5
W AE L, HrT BE REE (T i3k CD8 & S /A AZ 1% T 48 B 1)
A CRHIRA PUEZAR T 41 (CAR-D IR IRIETT
HH ) 4 R DR X 1 R S R TL-6 1K i W
DAL 0N PD-1 $i4A f5 L3 77 B3 -6 A3,
Al e RS T 4 S D Re 1 5

AP JE LA, Tew AT Tew £E CD4* 1 CDS* T 41 A H AH
PR B AR, CH N CDS' T 4 g g 22 /0 41
B A AN T RE , 4 FE R () CDST 41 i A Tew B A 2 5 1Y
HETERE T, H Bk Z B2 0 ROB /AT ThRE 5 T CD8' Teu
I Tea 38 58 B8 77 AR, 15 58 70 WA 4H B Bl 5 FO P AT 2
M AT T AE 5 ) CD8” Tewra 70 W4 1 7 FL 25
A0 1k A B TR T B vt s TR B, CDAT I 4R AEAZ 1 T
S M ) Th RS 5 1 55 CD8* T 4 AR 2 37 AL 254810,
U, RN HCT-116 5 T 40 Mg Je 8% 7% )5 , Ae 34 hnHp
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CD4" A1 CD8 ¥4 T A Md , ¥ /> I B A 1842 B R A0 i
PEH CD8" Tem Al Temras 29 OXA FALH ) HCT-116 5
TSR 75 )5 , Be g I axX FloEa %4 . 1L B OXA Tl
Ak RE %5 3 0 HCT-116 X T 41 Jg 1) G 2 #0 ] , 1%
A g5 PD-L1 & Fl S EUM R iiml A%, 4
LB 54K & i N PD-1 Hi4K S5, BE % 100 5 X Fib
Je 20 6T T 40 B B 9% 410 1) 18 3, 38 I CD8” Tew
HT Tewra B EE 26, 0 B HCT-116 98 41 A 5 T 41 filg 37
B R 3 22 2 i H PD-1/PD-L1 5 5 & 2R
A A R A0, TSR PD-1 B4R B B X 44 15 5
I B, AT DA I i R A g HCT-116 X T 41 Jid 1) %o
985 0] 5 38 0T 4 B T fiebTeg 24 e 118 2% A% 3 42 o

/N BRAA P 5236, OXA AT PD-1 7044 1B T RE %
3 25 18 Tt 45 Ry e CT26 4 it ) B Ak e 25 R, L
i) R 08 2 R T H OXA B # ] aPD-1(58.2% vs
25.6% 5% 29.1%) , Ut B 1 & A B B2 1 F)
B T B R RS T OXA M AE R &, H
B AIE AR, AN B BT 2 S X B2 A B G B
EA, BRI A PN, Ui E B T R
17 . [F I AF 90 45 R 3R B, PD-1 Bt 44 68 4% 384 i /s
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