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Construction and application of human ZnT8 chimeric antigen receptor expression vector
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[Abstract] Objective: The aim of this study was to construct zinc transporter 8 (ZnT8) chimeric antigen receptor (CAR ) expression
vector, so as to provide experimental basis for studying the role of antigen-specific regulatory T cells (Tregs )in the autoimmunity of type
1 diabetes. Methods: PLVX-EGFP-ZnT8 scfv lentivector was constructed by molecular cloning technique to produce ZnT8 scfv-CAR
lentivirus; the expression of green fluorescent protein (GFP)in Tregs was detected by flow cytometry to determine the efficiency of
lentivirus; the proliferation of Tregs was evaluated by cell counting; the expression of CD4, CD25, Foxp3 and Helios in proliferated
cells were detected by flow cytometry. Results: The PLVX-EGFP-ZnT8 scfv lentivector was successfully constructed. The titer of
concentrated ZnT8 scfv-CAR lentivirus was 2.4x10* TU/pL. The expression rate of GFP was 43.2% + 4.1% in Tregs infected with
ZnT8 scfv-CAR lentivirus. After being cultured in vitro for 14 days, the ZnT8-specific Tregs proliferated (634.3 + 92.5) times, along
with high expression of Foxp3(60.4% + 3.5% ) and Helios (64.3% =+ 4.8% ). Conclusion: We obtained the PLVX-EGFP-ZnT8 scfv
lentivector and synthesized ZnT8 scfv-CAR lentivirus successfully; Tregs infected with ZnT8 scfv-CAR lentivirus could maintain the
CAR expression; CAR-Tregs were a group of CD4°CD25" cells with high expression of Foxp3 and Helios.
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1 BRI (type 1 diabetes mellitus, TIDM ) J&—
Foft by T AL 5 A9 5T X 5 BRI REFRME IR ) A &
GREVEBS . JETE T4 (regulatory T cells, Tregs )
JE—HF CDA"CD25" T 40 il B4 57 4k 3R ik 5% SR [N 1
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NFEHZ AR 8 (zine transporter 8, 7nT8) &4 5
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5% ZnT8 F5 51 Tregs 2 5 TIDM H B4 y% S j 1 1
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I S HAT L I PRAN (BT S

AVE AL I o S TR R
SETA T VE T AR, IF A 4 N TR TR gk 7
JE Ot Rk 5 S E T ONIRBT ZnT8 1Y BB PR
(single chain fragment variable, scfv) "', AHF5E UFE
@ 7ZnT8 scfv-CAR Tregs, PEAL I RE AL, Ny itk —
WS BTARE FM: Tregs 76 TIDM H 4 BIL I 1 5 93
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1 #RFTE

1.1 A

it BN I VB A SHe Y5 V1950 48 I 9 H O ik i
AR, O AE R B R R A
E.coli stab3 J&3Z A 20 B IVR T B2 ik 293T H
B R R 2R M AR ) RS R

BENEWREE A 1M R & (iR AR R
BN H] ), PCR 5149 (R 5t 4 B i 28 BB BR A
) ), B A 43 25 W (Stem Cell 2], FE[E ) , CD4-
PerCP cy5.5 fiiA i U4 L {X FACS Aria ,FACSCali-
bur(BD /A ] , £ [ ), CD127-PE HiiAk . CD25-APC ¢
& Helios-PE #i1& . Foxp3- Alexa Fluor 488 Hit {4 ( Bio-
Legend 28 7] , 3¢ [® ) , RPMI 1640, DMEM, A CD3/
CD28 W ¥k i 4 1ML ¥ . 75 5% 2% % . Opti-MEM , PEI
(Gibco 2w, EH) , AN A A2 2(1L-2, TLJ5
VU1 26525 7)), X-Vivo T IMLIE 5755 (Lonza 2y

Al Hi ), BREIVEAZ R N DI Nde 1 F1Not 1 (NEB
o], ) . CAR B EEEA PLVX-EGFP-YPT Jit
TR AR R pSPAX.2 5 PMD2.G (B 5T EERL K
UM AR ) RSB B AEAT) , % ZnT8-scfv Jikr (4
SR EAALE)
1.2 J&k
1.2.1  ZnT8 scfv-CAR 12 5% & B ARk o M

HR 8 AR A U] 7 55 F ZnT8 45 Tk scfv FE 51 1%
115191 ,F:5'-CCAGGCCGGCGGCCGCTATGACCCA-
GTCTCCATCCTC-3", R: 5" -GTGGTCATATGTGAG-
GAGACGGTGACCAGG-3' . LL+% ZnT8 scfv [ 5 fi
FREHT , PCR 31 ZnT8 scfv ¢ 41 3 [l H Y 46417,
SR ZR 5 ROV S5 AR < 5xps buffer 10 wL . dNTP
4 uL AR 1T pL IEM 51 pL 51 pl.
primer star 0.5 wL.ddH,0 32.5 wL; ¥ 34 72 ¥ 4 .
98 C 10 5.65 °C 5 .72 °C 1 min, £ 40 MEH, 72 C
ZAEH 5 min,

¥ scfv DNA 7E37 CF 2 hi#47 Nde 1 /Not 1 3L
WL, RIS B P )5 16 Cad 7% 4 3 2 14 PLVX-
EGFP-CAR W, &4 WAL E.coli stab3 &3 754
JHL, k32 B e e 0 P B, 435 SR E 1Y PLVX -
EGFP-ZnT8 scfv 5ok H T g 18 5
122 BJmah &5t & F 293T m fie

PF 2937 4H iR 2 10 em B3 3R ML, R 40 i 2%
£ R 70%~80%H % PLVX-EGFP-ZnT8 547 (10 pg)
5 pMD2.G (5 pg) FiHr . pSPAX2 (7.5 pg) S i i
Opti-MEM (1 mL) 5 PEI(67.5 pg) 55 YL 2 293T 41
M. FEYYJ5 8 h 3R, 24 h A48 h 5 2 B U 77 1
o B IR S0 (4 °C .20 000 r/min 2 h) , PLTE
VfRTE DMEM 3552 H , 40348 T -80 “CHRfE#s o

293T Al 3] 24 fLAR H (2x10°4~/4L) , 24 h )5
A AIAIA1.2.5.10 uL ZnT8-CAR 184575 . &L 24 h
Je e, 48 b WO A i gt R T ¢ 8, ¢ b B
(green fluorescent protein, GFP) BH4:4H A He 451
1.2.3 AKXk Tregs

I E5 240 i 8 4 1 A/ R I B A A (pe-
ripheral blood mononuclear cell, PBMC) , JC R PBS 7%
TR AN T 1x10°4/mL J5 JilA CD4-PerCP
cy5. 5K (CD25-APCHLIA .CDI27-PEHUA IR A5
4 CHEYEIFE 30 min, &0 )57 LI, S A 10%
A 2E I 1 PBS ¥ R B2 2 A i, i =X Ak 4 CD4e
CD25°CD127" T 4 il , Bl Tregs
1.2.4  7ZnT8 scfv-CAR Tregs #9 M E 5 338

B 10%64 1L 1% 5555 K 1) X-Vivo J5 34k



FA0EH T ARE, T

202047 H

BRI B NI IR S i AP R R Rk AR R S AR R (1],
B ERR AR (HARBRERR ), 2020,40(7) :945-949,974 - 947 -

ik Tregs (1x10°1™/mlL) , $&2 RO AR IS : AR 1: 119
Fef A AN CD3/CD28 BEFK , FE A TL-2 (R MR Ky
300 U/mL) 100 wL/AL , ¥ 240 L 42 F0 T 96 FLAR N -
37 CHEIRREFE 24 h, 525540 CAR-Tres LAMOI=15 1A
ZnT8 scfv-CAR MR EE AR RS B 11 (4 pg/mL) X R
2H Tregs MAAHRIATA PBS T 5.0 (4 °C.1 000 t/min.,
Vh TGRS ) . BO ARG ARG AT E 3 h,
S ZH 5 %) FRZH A% FE 100 L & 1L-2 8 X-Vivo 1%
FEHk AR5 24 W 96 FLAR N 2R MU 7% 2 48 1L
Weo AAEREYL I 3 d.5 d BEAT B OV, SR IR 2H 7
TR YL IE 7 d AR AN I i =X 0 1 GFP* Tregs , FH-IK
e 1:1 el hn AN CD3/CD28 i Bk , 4k 21 B 37 GFP*
Tregs , 155 A [A] 4 Y 2500450 YR ) XTS5 365 2 R ) HEL 24
ANFLIEE 3T LS BPA 19 2F 20 A b 5 A
1.2.5 7ZnT8 scfv-CAR Tregs 53 38 & & A 4]

AR 145 Tregs, THEUR FIJC A PBS HE 4 i
(1X10"4~/mL) . FEE A 100 L 4, F CD4-Per-
CPHLIAK . CD25-APCHUMAR M TR TH YLt , I T 4 “Cikk
6 E 30 min. 2 mL PBS PR AN 2505 Fid .
1 mL A B H 8 J 4 CREARE 1 b, JinA 2 mL BRI
1 500 r/min 5 min B0 G PE2 6 . 200 L PBS H &
J& A Foxp3-Alexa Fluor 488 $T A . Helios-PE Fi A
AT YL (A, 4 CHEEIF 30 min, B0 5 1
15,200 wL PBS H A2 f5 it X2 A A SR I
13 %it¥riE

iz SPSS23.0 it A it AT ge it o3 A , A5 R DA
BBl (x = ) Fon, AL FLBCR R 50
K H FlowJo 10.0 il {E 7 X [#] , GraphPad Prism7.0 %%
WA 2k . SCERI M A 3K, P <0.05 2
SAGIHE L

2 &% B

2.1 RmEHAGHMELS SR
PCR ¥ 14 3R 158 ZnT8-scfv DNA JE 41 (& 1A) ,
Nde 1 /Not 1 XUBEY) % 5 207 26 H BH P vl ([

0 pL 1 pL

1B) , & RN Py 45 5385 Tk B i — 2

A Marker ZnT8 scfv

700 bp

700 bp

A:PCRYIE ZnT8 scfv FFIHLIKIE s B: HAGSED 5 PLVX ik 1%
)5 AL TR PCR VIS 1, 1~8 : S o [l U1, Hoh 2.3
5~8 B

El1 PLVX-EGFP-ZnTS$ scfv 2Kkt
Figure 1 Integration of PLVX-EGFP-ZnT8 scfv lentivi-

ral vector

2.2 7nT8 scfv-CAR 12 %7 a%, 7 5% 4 293T 4m e,
02X 20 ML AR A ZnTS scfv-CAR 12 %% 2 Jak e
293T J5 GFP ik S5H IR, BEAE A B & 11
11 GFP PR 282 Wi 14 55 , ZnT8 scfv-CAR W4 1895 75
NG 293 T 41 (1K1 2) .
2.3 7ZnT8 scfv-CAR Tregs #9 %52
Ay 85 4d BN AM R I PBMC H i CD4+CD25*
CD127"T M M W ¥ , 4l F > 95% (K 3A . B) . H&k Y
CAR 18958 7 d 5 T R4 AR A GFP 2tk %
M 432% = 4.1% (1 3C) o 433k HY 1Y) GFP* Tregs (EJ
ZnT8 scfv-CAR Tregs ) RFMFLERE SR 7 d 5 GFP FHT:
Foh 98.3%+1.2% (& 3D) , JiF B 18 955 #5:45 YL 1Y) CAR
MRS R Tregs HOFHEAN I N AR E Tk .
2.4  7nT8 scfv-CAR Tregs fE R Ih 2 50138
RSN 48 14 d J 80 ) Zn TS HL IR K4 4% CAR-

2 pL 5L 10 L.
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GFP

2 ZnT8 scfv-CAR 1255 B 293T 484
Figure 2 7ZnT8 scfv-CAR lentivirus infects 293T cells
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Tregs 4" 3 (634.3 £ 92.5) %, X B2l £ 5w [ Tregs (K FA E IR R SXT A L, CAR-Tregs & CD4
FEYLIR NG RE ) U (643.7 + 195. 1) %, IALANMAORE  CD25°T 40 Mg [ i 5 2 3% Foxp3 (60.4% + 3.5% vs.

FHRE I TG 22 57 (P> 0.05, K14A) 61.7% + 5.5% , P > 0.05) F Helios (64.3% + 4.8% vs.
WA Y1 14 d J5 ZnT8 ¥ 5 CAR-Tregs ~ 65.3% +2.9%,P > 0.05) (K14B.C)
A (xi09) (x10%)
25 257 10° ]
1 & CD127.CD25 subset
207 20 CD4.SSC-A subset S 0] 4.0%
151 =< 151 < 3
&) &) &
7104 7 101 = 103
é" 3
51 54 e Oj
U 3
04— T T T T T 0 |""'"';'n"' LA L B _103 LAAALL & BLLLLLL LA LR B
0 5 10 15 20 25(x10%) -10° 0 10° 10* 10° -10°' 0 10° 10" 10°
FSC-A Comp-PerCP-Cy5-5-A: : CD4 Comp-PE-A::CD127
B € (x10" D (x10"
103 CD127.CD25 sul ” N
7 . subset 4
0] 96.0% 20 44.2% 20 99.1%
& ] T 5 157
a &) %
(&} 103: R 7 104
03 5
_103- T Laal T T Ll 0 T il il 0 T ™ T T il
-10° 0 10° 10" 10° 100 100 100 100 10 -10° 0 10° 10* 10°
ch127 GFP GFP

AR CD4*CD25'CD127™ T 41 ifd (Tregs ) 3 B: Tregs /3 VE4I I K T 95% (n=3) ; CIN TR YL 7 d IS K I CAR B9 FIE 2235 % (43.2% = 4.1%)
(n=3); D ARAMF T3 14 AT, ZnT8 F5PE CAR-Tregs 45 CAR 27635 (98.3%+1.2%) (n=3) .
3 ZnT8%F R 1% CAR-Tregs FItEE
Figure 3 Construction of ZnT8-specific CAR-Tregs

A B
10007 - Tyegs 1 000 A 1000 -
= 800 = CAR-Tregs 800 1 800
3600
T 600 = 600
400 & 62.9% S 66.1%
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= 600 T 600
S5 60.5% S 66.4%
#4001 #4001
200 1 200 4
0 e 0 R
10° 100 100 10° 10' 10° 100 100 10° 10
Foxp3 FITC Helios PE
AARIMNES 14 dJ5 ZnT8 KR 51 CAR Tregs H5H (634.3+92.5) i , % HE4] Tregs H4JH (643.7£195.1) % (P>0.05,n=3) ; B AR/MEFE 14 d, 3%

Jii Bt IR 22 T [ Tregs & CD4'CD25 T 4L , I ELT 263K Foxp3(61.7%+5.5% ) \Helios (65.3%%2.9%) (n=3) ; C. {RHNF# 7 14 d, § W5 1) Zn T8 45
SPE CAR-Tregs  CD4'CD25 T4, I ELiE5 2535 Foxp3(60.4%=+3.5% ) \Helios(64.3% + 4.8%) (n=3) .,
4 7ZnT845F1% CAR-Tregs HIThRE SR A
Figure 4 ZnT8-specific CAR-Tregs efficiently amplify and maintain the original phenotype of Tregs in vitro
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EAERSMEE Y S IF IR T Foxp3 FIB A Sz 4 il
IHRE XA HE R SO BAT B 22 ek Tregs BE 5 41D
VR SR H R 1 JC B BT AR 5 A L IR
Tregs (438 , LA FH CAR 3 ARG £ T1D 53
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I T 8 2R 52 3 2 A e P e B A7 ke 2 2R 47
JE A & R R T (glutamic acid decarboxylase,
GAD) & Z PR IR ¥ (tyrosine phosphatase , IA-2) I
ZnT8. 80%H] %4 TIDM 4 Al 46l 2] ZnT8 HL K 1Y
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PRI HE A T DRE A, — Jr TET 18 7 T LUK 43 244k
AR ZLRE A0 HA B CR 5 —
P B LU e SR B LA T S A S . A
S A 41BB LR A5 5 1928 — 40 CAR 18K 77
AR Z B E RIRH R GFP 2OL(E 5 )7
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