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F BT Y71 6 #5153 3 HCMV TCR-T 40 jg , 3 i 3 =X 40 Jg R 4 0 HCMV TCR-T 4 jg h CD8" NLVPM-
VATV 40 d5 b, B U-87 MG 48430 A B PiZH . A 2H 40 i A ATl 40 38, B 2 40 i in A HCMV AD169 % 2
PRIEAT YL .48 h JF 4B 40 i 338 i Western Blot(WB) 5256 46 I 9 41 40 i rf pp65 2 F AN Rk K. ¥ HCMV
TCR-T 41 2 FB S [R50 07 40 M = S0 CE + T (502 1,302 1,20 : 1,10 : 1.5 1L fM 1 D5 A4 B
A0 L R B 12 h A 24 h, IF5E o 3L B AU (LDHD ¥ 46 I HCMV TCR-T 41 i e 195 41§ 200 1 14 14 1 2% 45 6
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Construction and in vitro cytotoxicity assessment of T cell receptor-engineered T cells targeting hu-

man cytomegalovirus pp65.ss.s03 WANG Chen, WANG Bin, SHEN Wen, JIANG Shasha s, QIAN Dongmeng — (De-
partment of Pathogen Biology, School of Basic Medicine, Qingdao University, Qingdao 266071, China)

[ABSTRACT] Objective To construct T cell receptor-engineered T (TCR-T) cells targeting human cytomegalovirus ( HC-
MV) pp65495503 » and to evaluate their in vitro cytotoxicity against HCMV-infected glioblastoma (GBM) cells.  Methods Flow
cytometry sorting was used to obtain HCMV pp65 antigen-specific T cells, and HCMV-pp65-specific TCRa/B sequences were
cloned and constructed into lentiviral expression vectors. Lentivirus was packaged in 293 T cells and were used to transfect CD8 " T
cells, which were then expanded under stimulation with various cytokines. HCMV TCR-T cells were prepared, and flow cytometry
was used to measure the proportion of CD8" NLVPMVATV " cells within HCMV TCR-T cells. U-87 MG cells were divided into
group A (no treatment) and group B (infected with HCMV AD169 strain), and after 48 hours, Western Blot was used to measure
the relative protein expression level of pp65 in both groups. HCMV TCR-T cells were co-cultured with the target cells from groups
A and B at different effector-to-target (E/T) ratios (50 ¢ 1, 3031, 20: 1,102 1,5: 1, and 1 1) for 12 and 24 hours, and lac-
tate dehydrogenase (LDH) assay was used to observe the cytotoxicity of HCMV TCR-T cells against the two groups of target cells.
Results Flow cytometry showed that after 13 days of expansion, CD3" CD8 cells accounted for 86.15% in HCMV TCR-T cells.,
and CD8" NLVPMVATV™ cells accounted for 74.65%. Western Blot showed that compared with group A, group B had a signifi-
cant increase in the relative protein expression level of pp65 (¢ =19.01,P<C0.01). LDH assay showed that after co-culture for 12
and 24 hours, there were significant differences in the cytotoxicity rate of HCMV TCR-T cells against the cells in groups A and B
at different E/T ratios (F=3.37—112.30,P<C0.05). The cytotoxicity rate of HCMV TCR-T cells against the cells in group B was
significantly increased compared with that in group A at all E/T ratios (F=19.54—428.97.P<C0.05). Conclusion TCR-T cells
targeting HCMV pp65,95503 are successfully constructed in this study, and these cells exhibit efficient and specific in vitro cytoto-
xicity against HCMV-infected GBM cells.

[KEY WORDS] Glioblastoma; Cytomegalovirus infections; T-lymphocytes; Receptors, antigen. T-cell; Cell- and tissue-
based therapy
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AP R R R , L3RR KO 5 i s o o R
BIEME, 5EEAEAFREAMKET, H, pp65
& HCMV I B2 W i | r 2 —0 Y, o
M (ALK pp65 165 s0s (NLVPMVATV) A i HLA-
A*02:01 4rF 28, i NPt -HLA 0 F &
EWReE T M SZ K CTCR) ¢ 5 00, M T 38
i CD8" T 41 M Jf 51 % 5 B 1) G 88 g 2411710,
W Z R AT S B Y R S IR T B . TCR L%
f& T 4 (TCR-T) ¥ il i f 4 5 TCR 3L 7
ANBE T 400 a2 U0 B HLA 4> F i A
PR S DT S B e 5 400 A R o R AT, £
TRURF 5% IR 5 o N i AL O e I B 248 98 400 il U-87 MG
MR Jy HLA-A * 0201 BHPE40 g 20920, A BF
T ) HCMV PP65.195-503 ) TCR-T 4 fifl , If
LI HCMV J&Je U-87 MG 4 Jifd VE Sy ¥ 40 i 3 £
RANFGifER . HCMV M 26 GBM fRS 1 5 58 3R
gL R e

1 #R5FE

1.1 &4 5K A

U-87 MG 408 & Al HEK293T 2 Jifd & Wy 3% F
[ B 2% BE I A A B 2 B 5T BE 40 i R R s
HCMV ADI169 45 # #k F A< 52 50 2 R 47 . 2 FH 4RI
I A LR RNA S BOL50 [ _if HfE 5 A ) 2= 24
BHE A A A HCMV pp65 Ho k1 [ b 50 18 51 2
Y R A R F, HLA-A2-PE ik T I i 3%
B R B O ED A BR A F L NS E A A
il (PBMO) W4 38 F g & 46 A A W B A IR A
CD45-PC5.5 Hi & . CD3-FITC $i #4 . CD8-PE #i 4 .
CDS-FITC #i /& . CD4-APC Hi & W 3L T 25 [ Biole-
gend A #), T-Select HLA-A * 02:01 CMV pp65
Tetramer-NLVPMVATV-PE $i 4 [ ) b 1 4=
WA PR W), FLIR B &0 CLDHD & I it 77 £ 1
TAZREMFHHARAF,

1.2 HCMV TCR-T it b 4) &

FI 3 2 40 i AR N PBMC H1 433 1 CD8-FITC
Fl T-Select HLA-A % 02:01 CMV pp65 Tetramer-
NLVPMVATV-PE SUSHPE4HE , 3815 HCMV pp65
PURRE S T 400, DLH RNA FENBIAR @it 5'-
RACE PCR 4" ## TCRa 5§ TCRP £ 7 48 X (9 H %b
PAE X 3), X7l ¥ 5 0 2 1 HCMV pp65 4§
St TCRa/B F 51, 4 P2A K85 E M # TCRa-
P2A-TCRp FRIKHE , If vu b 1205 5 4004 .

it 1] PET X504 5 41 18 055 75 Bk 5% 4 & HEK
293T 40M, K792 18 h UG ¥ R = B A % 10%
Jifi 2R 135 9 DMEM $5 3% 3, 43 5l FHE YL J5 48 h Al
72 h 4k BiE W . 1R A Ficoll-Hypaque % J& #
OB PBMC, % A EasySep™ Human CDS8
T Cell Isolation Kit 43t CD8" T #4fiffs, CD8" T
A TESRE SAT 1 d AT T175 gHf 35 38 (1 X
10°4y /L) &% 10% AB IfiLi% A1 400 kU/L 11L-2
1) X-VIVO™-15 35 57 F s . R H LU 3 sk
Y B 30) YL CDS ' T 4,3 d Jm K B 37 5L o e
MEH 10% AB L. 30 pg/L 1L-7.50 pg/L 1L-
15.50 pg/L IL-21 1 400 kU/L IL-2 ) X-VIVO™-
15 REgRFEGEAT P 1, 13 d 5, B 20 pl 40 2 0,
A e I A /AR T E (A O/ PD e a3k EAT Y €, T
J5 f#i Fl Countstar %€ Y620 A 4 A 450K I 41 fifg 28 B 5
%,
1.3 ¥empndyH &

¥ U-87 MG 4l i $2 Fh 1 40 i 55 % 1L, 4l
& 10% M4 i ) DMEM B 3% 3200 8 T 8B 55 44
(37 C &R 80 0.05 COH NFE R I, BT
SFRUE R BIRY U-87 MG 41 FfF 6 FLAR (5 X
10°4 /1) A4 f BY, HHEHE 3 ~E L.
RG220 i 4R I /) DMEM K 57 2L 01
HRALEE 2 h, W5 B AHAMM M A HCMV AD169 %% 8
PROBRY 50 5) AT s A 21 40 AN Jim A AT o] 3
FIAL PR, 2 h 5 3 KRR IR, A& 102 4 1M
B9 DMEM 1 3% SL 4k 22 5 5% 48 h I, Wi 4 40 i
ERCE £ 0R
1.4 #AX@meREn HCMV TCR-T e & &
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25 P U B A5 B 4E 7 75 BE L 43 AR iE CD45-PC5.5,
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T-Select HLA-A * 02:01 CMV pp65 Tetramer-
NLVPMVATV-PE ¥k, W F 45 K J5, PBS 15 Uk
I A0, i DL 50 2 CytoFLEX it 20 41 g {X
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(B85 A00-1-1102) &, I ffi F CytExpert 2.4 %
PE2r B HCMV TCR-T 4ififd b CD3 " .CD3 " CD4 ",
CD3"CD8" 1 CD8" NLVPMVATV " 40 i [t £ .
1.5 Western Blot (WB) 5 3& # ] 32 20 J& F pp65
& G At kR KR

B A B4 U-87 MG 400, ] RIPA 2
IR A L BCA B ik B I 5 X550 0 A6 ) 2
FIue R 208 4+ 1 el 5 X SDS-PAGE % 1 _E#f
IR AR #E 100 °C R AT 10 min, fifi 2 128
M. HEAT IR TS M Tk B S PR UK 4 B B S R R
PVDF Jé& I ffi I 5 %0 BB 2R 95 51 1 ho Jm A pp65
HoAR 1+ 1 000 # B8 F1 GAPDH $Hif& (1 = 10 000
Wi B IR E 1 h, TBST ¥k 3 K. AR J5 N A HRP
FRICH) —Pi(1 ¢ 10 000 Fi ) . EiRWFF 1 h, TBST
Ve 3 Wl ECL 8 & Y6 52 . i ] Tmage)
B 43 B 45 B (1 45 K {EL, L GAPDH S N &t
. pp65 & AT R K IK -,
1.6 LDH ##m HCMV TCR-T 41t 2t e 2 jo #9
F R

B AB AR T 96 FLAH (1 X 1004/
L), i & 10% g 4 i i /9 DMEM ki 37 3 15 %
12 h J5 %A R RN 40 0 = ¥E4H A CE = T Eefilin A
HCMV TCR-T 4 (B 4 i), E = T b i 43 51
J950:1,30:1,20:1,10: 1,51/ 1:1, M5
BTFRA TGS R IR 12 F1 24 /NEFET
TECHE 2% 2H 40 0, 2 PR LDH A I3 300 £ 16 B B gk AT
PRAE 4l FH B AR ARG 490 nm F1 600 nm P K T %
A MAL W EEAE L IR AEANTE E ¢ T T
HCMV TCR-T X 19 21 #0200 Jf (%) 8 15 %
1.7 %it5xam

XA GraphPad Prism 10.1.2 ¥4 #1475 1T %
IIAT S E R REOR DL 7 s R T 4 A) B A SR 3T
A ¢ K, 2 20 ) LR FH WL 3R 5 22 40 M. DA
P<20.05 S BEA G 7 E L,

& ES

2.1 HCMV TCR-T &ty & A %7
T A0 AR AG DU 5 5 R L YT R SRR 13 R
HCMV TCR-T 4 Jfg iif %y 87 % , CD3™ 4fi Jfd [ 14
S} 93.66% ., Horh CD3" CDA™ 4 ffl 1 491 4 1.76 % ,
CD3" CD8" 41 i [t 5] & 86.15% ; CD8" NLVPM-
VATV 4l Ltk 74.65% .
2.2 HuFemieF pp65 &G RZE AL

WB S0 g5 B B oR . A 41 B 40 pp65
A R 33k K43 5108 1.004£0.01 F1 2.14£0.10,
5 AHML, B H M pp65 8 1 A X R IK K P
BEIE (=19.01,P<<0.01),
2.3 HCMV TCR-T % e st # 28 32 4m B 09 3 45 %
223

MR 20 a5 R o R R 12,24 /)
WL E ¢ T i R4 A4 50 L J E ¢+ T i 5 5
290 L 2 531) 79 58 B A R R T SR A0 Y R 0 R B
FHW (Fg. ot =13.89.107.90, F gy = 258.40,
420.00, F ey =5.72.67.96, P<C0.01) ; Bt % Wi 43
MR B/R AR E: T A F,HCMV TCR-T 4i
FOXE A ZFN B 2H 20 B Y S 4 R 4 B B 3 Y 2
F(F=3.37~112.30,P<<0.05); 5 A HAHM L. %
E: T 6l F HCMV TCR-T Zi % B 2H 20 it /Y 5%
1% B T (F =19.54~428.97,P<<0.05), W
1.2,

3 it it

GBM J& B 5 A= 28 P 1 it & i 0 i
SR, BT BRI M DU YA, HLBe = S S BUR
HHUG2ET S AER DA 1) PR R S PR BY Be
FEST I (I CAR-T) 75 GBM G 97 o & 90 s B R W%
F7 3 AEL 1 1 25 S T L R G 2 T ) R A B LA
T AR P A PR AR . BFSE R L HCMV Ry 3 st

F1 EFE12//ERAEE: THS T HCMV TCR-T X W AMMMMRGE (X/% ,n=4,x%s)
i 50 ¢ 1 301 201 10:1 5:1 1:1
A4 1.9040.71 —1.2340.58 0.68740.78 —0.8140.48 —0.5540.55 —0.19740.60
B4 7.2040.46 6.4140.37 5.1940.26 3.7740.13 2.7840.32 2.5840.42

x2 KEFE 24 /NHEAREE: TS T HCMV TCR-T X W EABMAMB R G E(X/ % ,n=4,x%s)

| 50 ¢ 1 301 20+ 1 10+ 1 5:1 1:1
A4 2.314£4.70 0.0540.98 —4.08+£1.19 —5.33£0.40 —4.4140.34 —1.5840.25
B4 55.6044.42 15.014+1.78 7.64+1.41 7.7641.03 3.4040.62 2.1440.25
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HCMV TCR-T 4fi i fA& &F 5% 05 Dy 6e 9 52 30 K &R .
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FAE T LLVE M PEH HCMV TCR-T 28 g A4 45 5% 455
LI BE Y 40 i

FERON 4 M 7 16, A BF 9% 3 5 6 4 % HCMV
pp65 Fr 5 TCRo/B M 3L K ¥ 91 v B 2 18 05 75 %
KRR FE HEK293T 40 M b 4 %5 I U 48 95 75 5 Fifi
J5 L HZE Y CDST T 4L, IF 78 T2, 1L-7,
1L-15 Fi TL-21 %5 4 Jfd 5 00 3~ AT R A 97 3 .
il 25 R o, Bk &8 8 HCMV TCR-T 44
Ji G R4 (87 ¥60) » HHHf CD3™ CD8 " 41 il H 51
86.15% , HCMV pp65 L J5i 5 5 1 CD8™ 41 it /5 Lk
Bk 74.65% ., CD3" CDS " 4 f At 40 U357k T
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238 A 540 % B 48 S5 TCR-T 4i g BF 55 45 5 A
M, R AWEGE R B TCR 2 07 356 F 8 % 745 5%
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