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Anti-tumor effect of CTL on colon cancer xenograft in nude mice after blocking-
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[Abstract] Objective: To investigate the anti-tumor effect of CTL cells on colon cancer xenograft in nude mice after knocking out the
immune check point CTLA-4 by CRISPR/Cas9 technology. Methods: A specific small guide RNA (sgRNA) for CTLA-4 was designed
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to construct sgRNA/Cas9 plasmid, which was then transfected into CTL using a lentiviral vector to obtain CTL cells with CTLA-4 dele-
tion (CTLA-4 KO CTL). The transfection efficiency of the plasmid and the deletion efficiency of CTLA-4 were verified. BALB/c nude
mice were randomly divided into two groups to prophylactically inoculate CTLA-4 KO CTL (experimental group) or CTL (control
group); 3 days later, the animals of two groups were inoculated with colon cancer cell line LS174-T to observe the tumor formation rate
and tumor formation time. After constructing colon cancer xenograft model in nude mice, the animals were randomly divided into two
groups, respectively treated with CTLA-4 KO CTL (experimental group) and CTL (control group) cells to observe the tumor growth
volume and survival time of mice. The serum levels of TNF-a and IFN-y in nude mice were detected. Results: sgRNA was designed and
CRSIPR/Cas9 system with lentivirus as vector was successfully constructed. CTL cells were transfected with the established CRSIPR/
Cas9 system, and the highest transfection efficiency was up to (28.80£0.62)%. After transfection, the deletion efficiency of CTLA-4
was detected by Flow cytometry. The CTLA-4 expression of CTLA-4 KO CTL group was significantly lower than that of CTL group
[(0.91£0.25)% vs (42.7042.72)%, P<0.05]. In prophylactic assay, the formation rate of colon cancer xenografts in the experimental
group was significantly lower than that in the control group (33.33% vs 100%, P<0.05). In treatment assay, the tumor volume in the
experimental group was significantly inhibited compared with the control group ([503423.9] vs [911.2451.4] mm?®, P<0.05), and the
survival time of the experimental group was significantly prolonged (median survival time: 78 d vs 42 d, P<0.05); Moreover, the secretion
levels of serum TNF-o ([268.93+17.04] pg/ml vs [148.26+20.07] pg/ml, P<0.05) and IFN-y (315.38+18.67 pg/ml vs 202.92+29.32 pg/ml,
P<0.05) in the experimental group were significantly higher than those in the control group. Conclusions: The lentiviral vector
CRSIPR/Cas9 system is an effective gene editing method; its successful deletion of CTLA-4 in CTL cells can significantly inhibit the

tumor formation rate of colon cancer xenografts in nude mice and enhance the anti-tumor effect of CTL on colon cancer xenografts.
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Fig.1 The positive clone bacteria (A) and gel electrophoresis
(B) of sgRNA/Cas9 plasmid

2 # CRISPR/Cas9 RIS REHIE(A) 1EH B psPAX2(B)F pCL-VSVG(C)HILEH
Fig.2 The structure of lentiviral vector carrying CRISPR/Cas9 plasmid(A), lentivirus vector psPAX2(B) and pCL-VSVG (C)
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Fig.4 Lentivirus vector/CTL ratio of 5:1 exerted the highest transfection efficiency
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Fig.5 The T cells after transfection showed green fluorescence under fluorescence-microscope(x100)
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Fig.7 The proliferation curves of CTL and CTLA-4 KO
CTL cells

2.5 CTLA-4 KO CTL 7T 49 %1 #% R 2 M & A5 HL 78 69
K& ERfapikey £ K

it 77 5 46 4H 42 0 485 P e 40 M )5 20 d WA 4 A
TR R, o R AR N 33.33%. SFIEZLEE 11 KRN
H1HBRIE AR, T 18 d & H 4 RUE i
J& , AR R AEZ N 100%.

BT S 35 d J5 5 CTL 41AH b, CTLA-4 KO
CTL 2H 4k 34 (1) 7% #8988 B BRI 9 A= Kl 2 35 10
[(503+23.9) vs (911.2451.4) mm*, P<0.05] (& 8A) .
1% Ff| Kaplan-Meier 2 73 A7 a7 J54 4 B A2 77 3], CTLA-4
KO CTLiA¥7 #R R A AR 2 = T CTL A (P A A7
#: 78 vs 42 d, P<0.05; I 8B).



rh R AE MR T 2R &, 2020, 27(3)

+ 226 -
A
e L300 - CTLA-4KOCTL
E -
E CTL
= 10001
B
z 5001
£
=
F
0 1 1 1 1 1
0 10 20 30 40
Time (t/d)

== CTLA-4KO CTL
-k C'IL

100

50l ::

Survival rate (%)

'
L.
"

0

0 20 40 60 80 100
Time (t/d)

'P<0.05
8 CTL 5 CTLA-4 KO CTL4ABEBAFFR(A)FEER R EFHAB)HIELE
Fig.8 Comparison of the xenograft volume (A) and survival time (B) of nude mice in CTL and CTLA-4 KO CTL groups

2.6 W4LAR R fnF P TNF-o & IFN-y &9 935k K -F
1677 28 d 5 , CTLA-4 KO CTL ZH R i, 1 i

TNF-a (1) 45 ¥ £ B3 & 5 T CTL 41 (268.93+17.04) vs

(148.26+20.07) pg/ml, P<0.01),IFN-y )5 &

T CTL 41.(315.38+18.67) vs (202.92+29.32) pg/ml,

P<0.05).

3 3 #

FEA FE A, 45 e s 2 R0 B8 2 3 AL
BB, o AR R 2 SRR B THE S A E
Ji R mi - Ar o 5 s S AT DA AT ARTRE IR, T
PRRE I TH AEAS R B HEAE 14 4R 50 ] 158 25038 S5 R AT
A Ok A b 0, DR O A 0 T YR T A
HABT LA BT R KR G BT A . 4
K, TP VR T HAR B R A I IR B T T SRET Y
WY, T RIS TR SR IR T MR e A IR
HHUR 7T 20 A B I R AR LA X R 2 — B
S I 8 Ty AT ] S B A A A LS Bh kR T 40
G N, AT S8 S 0 IR S . R e A A A
PD-1.CTLA-4 1) 5. e P4k Ok 36 B 6 5l 259 51
JRHEHE TR 9T 2 Fh SR MR . W AR OR 41
oSBT R T B A 1 U BEL T T DR 4 v AU T 4
MO e o (HILAER TR AR, M Ak A
SRR TR R R[] AR L, 5 AN R, CTLA-4
8¢ PD-1 AJ g oK 2 85 i R ik s A AN I, CTLA-4 B¢
PD-1 R IE i AT e A 45 R . Wil &4 B Hh
FA A4 BH W7 72 8% 7% CTL i #2 H tH B CTLA-4 5% PD-1
FIE I Bt v VG L N FH M o A I R R R R
A ¥ CTL 4 f 3R 15 CTLA-4 FFE R BR , vT BE 2 M
B A FEE A RN AR AR ) J2 T 1 He CTLA-4 B % 72 3 i1
1R, $& w CTL 4 BOGT g 1 235 0 R0, [] B A ] gk
RN SfE ] CTLA-4 BHL AT B ) i3 & 5 7 4H .

B4 1) 3 20k R 9 48 T B ZFNL TALEN J¢
CRSIPR/Cas9 57 A , A BT 1 P9 Fh 2k X 9 4B B0 R

CRSIPR/Cas9 H A JIit #1241 e 1E 1) 5 S A0 A, A
"B I AT [ BN g 0 22 A B g R R, R R g A ol K
B — AN H R AR R X TRTT
— M fE v 90 T FH 2 1 40, G0 T 9k B 4 B 4T e
S AR MR H () 2L R JL 2 41l . CRSIPR/Cas9
AR A A Ay B2 12 b3 4 i i R e
K, FL [ I L5 22 b TR 34 36 7 v, W B TR AR BH 8 1
% (lipofactamine)iZ: Fl 5 2,44 V[ (PED V2: 55 , (HIX
ol 7 V535 Rk By 2 G, Bt G i A HR N (A1 AT
Ft LA e RN 40 TR 7 B a7 R R RE 0 R B,
AT 1H 75 2K R [ 24 45 25 R ) ok 200 23 DR b 3k 7
RRGEAE G I B AT, BT RSN m A
PERRE 5P LRI B DR 2 8 1 e R SR8 R V2 B
A FAR ARSI 3 BALHE 0 55 IR AH OG0 25 L 18R
BEA AL S B 55 . T IR B AN IR DO B A 2
RO BRI 20, DR TE A0 e o AR, FH B . 18
BE AT 55 05 B ] A LR 2, H i SR 5 S 8
BRI RBMERR Y. LREFHEULEE R, AT
FA 255 B A 2 R 4 ) A o 8 SR A BRI R B8
¥ B W (www. clinicaltrials) 7] 25 & & id 78 1T 19
CAR-T 21 i PRARKEG Fe A b #872 LIS i 2 N e e 7
30,2017 473 [H 4 5 259 8 B R At vtk e 8o 2 %
L) CAR-T 40 i 52 F Tl IR, 1 — 20 33 W 18 75 %
P RGN FR e PER 2 A1k

WF 5193 B, {1 ] CRSIPR/Cas9 & 4t #4175
I3 () DB A 7E T e AT AT HF Cas9 iR BT A7
MRS PE sgRNA. EL K % ) CRSIPR/Cas9 i [K 4
AR SCHR R R B T7E1 B Surveyor 1X P F%Z R I
DB LV 2 sgRNA FI B i M. A 0F 7l i
7, TTE1 326Kl CRISPR/Cas9 % 4 1) 58 38 HE fif
L5 T Surveyor ¥, BB AW 7248 T7TE1 1L 560 00E AT
B sgRNA J5 M, 45 B IR BT i1 1) sgRNA B A %
I B BT I . 56 1F CRSIPR/Cas9 % 4t M 4 Jk PR £%
BB 77, w2 S E Bk H R RS B R A2

are



b

JiiJe, % . LA CRSIPR/Cas9 HAMIER CTLA-4 7 CTL 70 4R Bl 45 i 7% REJRE F) 28 R . 227

MYk RIE . AT, A R % G 5 1
CTL H CTLA-4 B2 A AN FRIA , 2 B CRSIPR/Cas9 £ 4t
IR T CTLA-4 2[R . 5 4b, 75 fG SR FR it
FErp, AT DL BI85 25 55 et T 4 i 1 55 9745 — 5
PRSI . (A RS 77, T 40 2 nl ARR 4Ry 45
B HFERE I, 564 ] LABIA 5 2R S0 a0 i 2k

AT IR R — MR 110" HE K
CAR-T A5 » B H PR RIS R s B, F iRk
HET, 7~ CAR-T 41 i 1) 22 4 1 o] B 5 i 7
FY)H G . B AL 45 DL RUBTE 1107 CTLA-4
KO CTL 4l iy, #f 53 oA H Bk S e 87, TE 2 95 G 95
Jid B J b A5 0 AR, B AR IE 7, oA % S 4T
I B, 3R B AZ A B A A A R A .
FE U7 S5 H , S e 20 4 BRSO 28 B A T 0 B4
FEVRTT SEBeH, SIeoe 2 4 BB R A T R i AR
FE T B AR R A BB AR A A, H S e A A BRI
TNF-a J IFN-y (1) 73 WA 7K 7 B 2 3 . AR 99F 7t DA
I 75 % 14 #4928 CRSIPR/Cas9 Z 45 , M x5 5 46 75 4
CTLA-4 23 CTL 3875 /) CTLA-4 KO CTL 4 g & —
oz 4 A R0 Ik gkt 20 B G 3 VR T T

S22 B SN 4 9 VR T R B 2 A A A TR N T
T SRR 22 (1) G S A 1 S I, 3 A 7 925 A Y A
AT DAAE N B — 7 vk A SR s TR 9T 45 e R
Ho XL A A SRR E A R IR T LAG-31,
TIM-3"F1 VISTA, 7E LS FIHIF 72 8l mT LSS IR
XTI G A A e M BR JE T 40T AR 3 e, A
FIH CRISPR/Cas9 +5 A 2 5 R 55U B 22 4> o e s
B i J5 B0 AE I 45 Wi U B B0 sk, i R S FH £2
BEE 2 FFR R IR A G T IR

(& £ X #K]

[1] CHEN W Q, ZHENG R S, BAADE P D, et al. Cancer statistics in
China, 2015[J]. CA: A Cancer J Clin, 2016, 66(2): 115-132. DOIL:
10.3322/caac.21338.

[2] SALOMON B, BLUESTONE JA. Complexities of CD28/B7: CTLA-

4 costimulatory pathways in autoimmunity and transplantation[J].

Annu Rev Immunol, 2001, 19: 225-252. DOI: 10.1146/annurev. im-

munol.19.1.225.

KVISTBORG P, PHILIPS D, KELDERMAN §, et al. Anti-CTLA-4

—_
w2
—

therapy broadens the melanoma-reactive CD8" T cell response[J].
Sci Transl Med, 2014, 6(254): 254ral28. DOI: 10.1126/scitrans-
Imed.3008918.

[4] SAWADA'Y, YOSHIKAWA T, SHIMOMURA M, et al. Programmed

[}

death-1 blockade enhances the antitumor effects of peptide vaccine-
induced peptide-specific cytotoxic T lymphocytes[J/OL]. Int J Oncol,
2015, 46(1): 28-36[2019-10-11]. https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4238729/. DOI:10.3892/ij0.2014. 2737.

DURAISWAMY J, KALUZA K M, FREEMAN G J, et al. Dual

—
W
[t}

blockade of PD-1 and CTLA-4 combined with tumor vaccine effec-
tively restores T-cell rejection function in tumors[J/OL]. Cancer
Res, 2013, 73(12): 3591-3603[2019-10-11]. https://www. ncbi. nlm.
nih.gov/pmc/articles/PMC3686913/. DOI:10.1158/0008-5472.CAN-
12-4100.

[6] THOMAS G A J, CHARLES A. GERSBAC H, et al. ZFN, TALEN
and CRISPR/Cas-based methods for genome engineering[J]. Trends
Biotechnol, 2013, 31(7):397-405.

[71 STEWART M P, SHAREI A, DING X Y, et al. In vitro and ex vivo
strategies for intracellular delivery[J]. Nature, 2016, 538(7624):
183-192. DOI:10.1038/nature19764.

[8] KAY M A, GLORIOSO J C, NALDINI L. Viral vectors for gene
therapy: the art of turning infectious agents into vehicles of thera-
peutics[J]. Nat Med, 2001, 7(1): 33-40. DOI:10.1038/83324.

[9]1 FUY F, FODEN J A, KHAYTER C, et al. High-frequency off-target
mutagenesis induced by CRISPR-Cas nucleases in human cells[J/OL].
Nat Biotechnol, 2013, 31(9): 822-826[2019-10-11]. https://www.ncbi.
nlm.nih.gov/pmc/articles/PMC3773023/. DOI:10.1038/nbt.2623.

[10] VERES A, GOSIS B S, DING Q R, et al. Low incidence of off-tar-
get mutations in individual CRISPR-Cas9 and TALEN targeted hu-
man stem cell clones detected by whole-genome sequencing[J/OL].
Cell Stem Cell, 2014, 15(1): 27-30[2019-10-11]. https://www.ncbi.
nlm. nih. gov/pmc/articles/PMC4082799/. DOI: 10.1016/j. stem.
2014.04.020.

[11] 284625, VrM, Xt fE, % . N CRISPR/Cas9 & Stk PD-1 2 ]
PN T bk EL A B K 3k IEN-y BRI [T]. o g A ey 2
£, 2019, 26(6): 656-661. DOI:10.3872/j.issn.1007-385x. 2019.06.007.

[12] VOUILLOT L, THELIE A, POLLET N. Comparison of T7E1 and
surveyor mismatch cleavage assays to detect mutations triggered by
engineered nucleases[J/OL]. G3 (Bethesda), 2015, 5(3): 407-415[2019-
10-11]. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4349094/. DOIL:
10.1534/g3.114.015834.

[13] MORGAN R A, YANG J C, KITANO M, et al. Case report of a seri-
ous adverse event following the administration of T cells trans-
duced with a chimeric antigen receptor recognizing ERBB2[J/OL].
Mol Ther, 2010, 18(4): 843-851[2019-10-11]. https://www.ncbi.nlm.
nih.gov/pmc/articles/PMC2862534/. DOI:10.1038/mt.2010.24.

[14] TRIEBEL F. LAG-3: a regulator of T-cell and DC responses and its
use in therapeutic vaccination[J]. Trends Immunol, 2003, 24(12):
619-622. DOI:10.1016/;.1t.2003.10.001.

[15] SAKUISHI K, APETOH L, SULLIVAN J M, et al. Targeting Tim-3
and PD-1 pathways to reverse T cell exhaustion and restore anti-tu-
mor immunity[J/OL]. J Exp Med, 2010, 207(10): 2187-2194[2019-
10-11]. https://www. ncbi. nlm. nih. gov/pmc/articles/PMC2947065/.
DOI:10.1084/jem.20100643.

[16] WANG L, RUBINSTEIN R, LINES J L, et al. VISTA, a novel
mouse Ig superfamily ligand that negatively regulates T cell re-
sponses[JJOL]. J Exp Med, 2011, 208(3): 577-592[2019-10-11].
https://www. ncbi. nlm. nih. gov/pmc/articles/PMC3058578/. DOI:
10.1084/jem.20100619.

[WfsBEA] 2019-12-28 [f&EHH]  2020-02-15
[A3c4miE]  #T



