(P@J/ER L) 20254FE835E5 11
CHINA ONCOLOGY 2025 Vol.35 No.l1

1019

- -

CAR—yd TéHpa =T Z Rtz

BXiE, EFRFZ', BSE, £I/, ¥KaEE"’

1. REFHE A Y) TAEERE, K 300457,
2. WIEHE Re2e A Bl SRR 2= B, 1L 2RI 430081

(#Z ] BSE580: L9k, mEPUFEZIAT (chimeric antigen receptor T,
CAR-T) 407 IRAE NIRRT T AR SEMe PR I o 8 TN AT EZ A SUHA
5 A4 (major histocompatibility complex, MHC ) FRFIPEIRBSTE . | iz
ST E MR RAT I UME £9W ( graft-versus-host disease, GVHD ) KU ZE4HE S,

SR, CAR-yS THUMIH 4 B AFAE RO A ROR A B | IR PR IR A ¢
HEM L, TEEBHAT T CAR-yS TANMMBFFE ARG IR H . AABFFeE e ibyd T40
ML RSN SR TR A RN I 1 e 3, B 7ER B Ak 2 CAR-yS THH ALY
RFR. ik Bk 2R LA S ALA S i R i e B f Ak
yo TAUMIAYY %, Mt PPARANMILERE . 00036 ) . § B Ry ek . AnfEEAEe
VAR R, Bk iy TANM RS 3R 450k B, i % SRy
THN NI S5 AT AR ) A 9 B 5 B 24U (multiplicity of infection, MOI)
i — L CAR-YS TAIMBRIFE S 451k, TJa, RIBIEALIE I & CAR-yS
THIMG, JF) A o 2 22 R0 i Rt =X 40 A 503 X ¥ A i ) R 5 T e, TR
IR AEEAE CAR-yS TS FGVHDRIIETE KK . SR : SCRBs Box, A
BT/ % Cinterleukin, IL) 283340, IL-2+IL-7+IL-15064 1555
VR EFRTE TS TN (73.67%+1.53% vs 90.69%+£2.00% ) |
M F7 (63.01%+7.05% vs 89.00%+3.61% ) . ¥ IG{%% (876.50+238.35
% vs 1627.50£472.156% ) MR EEEREPICD16HFRIE (4.20%+1.73% vs
14.66%+0.58% ) , WERMKTHBREYWRITHEILT-#E -1 ( programmed
death-1, PD-1) HYZIA (35.67%+6.26% vs 21.10%+6.49% ) . AU Tk
FAEE IEAS LIS 45 SRR W], TL-2+1L-7+IL- 15864 15 95 ) 2 h IL-7FIIL- 15114 %
AU FH 2410 ng/mL. M6Ah, #ATEAR96~120 hilf MO 5~103E 179 7
'3, CAR-yd THIMLEA et iFE 503 (96 h: 12.87%+£4.35%; 120 h:
11.37%12.35% ) o SUCHLAIAR R4 I CAR-yS TZH X #IE B BH A e 240 i
R R S AR, I HoR R IRCAR-yS TAHMIE :GVHDIIFEYE . 4it:
IL-2+IL-7 (10 ng/mL ) +IL-15 (10 ng/mL ) BcA B 45 AT 1096~120 hidfi
MOTI N 5~10%% 2 il % CAR-yS THUMIAEY K TE 7 . A RA0 I FiE G805 7l
PR B TAL 5 ). CAR-yS TN T 130 1 AR ) 2 IR 5 CARN F R 5
PR SEBE FI BRI RN, HARMEERIGVHDIA . A58 I CAR-yS TANA
ST R AR T OCHE M BOR S, 285 T IR SC I e A SE B FER
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[ Abstract | Background and purpose: In recent years, chimeric antigen receptor T (CAR-T) cell therapy has achieved
breakthrough progress in cancer treatment. yd T cells, with their non-major histocompatibility complex (MHC)-restricted antigen
recognition, broad antitumor activity, and low risk of graft-versus-host disease (GVHD), have garnered significant interest in CAR-
v T cell therapy. However, critical challenges including suboptimal in vitro expansion and low viral transduction efficiency severely
hinder the research and clinical application of CAR-yd T cells. This study aimed to establish an efficient platform for preparing CAR-
vd T cells by optimizing the in vitro expansion conditions of yo T cells and refining lentiviral transduction strategies. Methods: We
first optimized the expansion protocol for yd T cells by screening various cytokine combinations and the concentrations of individual
cytokines within combination, and evaluating cell purity, viability, fold expansion, and expressions of cytotoxicity and exhaustion
markers to identify the optimal culture conditions. Subsequently, the transduction conditions for CAR-yd T cells were improved by
determining the optimal activation duration of yd T cells prior to gene transfer, as well as the optimal multiplicity of infection (MOTI)
for lentiviral transduction. Finally, CAR-yd T cells were successfully generated using the optimized protocol, and their cytotoxic
activity against target cells was validated via calcein-release assay and flow cytometry, with a preliminary assessment of the potential
risk of GVHD induction. Results: Experimental data demonstrated that, compared with the interleukin (IL)-2-only culture, the 1L-
2+IL-7+IL-15 combination significantly enhanced the expansion capacity of yd T cells (876.504238.35-fold vs 1 627.50+472.15-
fold), cell purity (73.67% % 1.53% vs 90.69% 32.00%), and cell viability (63.01%%7.05% vs 89.00% £3.61%). It also increased
the expression of the cytotoxicity marker CD16 (4.20% % 1.73% vs 14.66% %0.58%) and reduced the expression of the exhaustion
marker programmed death-1 (PD-1) (35.67%+6.26% vs 21.10%+6.49%). A cytokine concentration gradient orthogonal assay
further identified 10 ng/mL IL-7 and 10 ng/mL IL-15 as the optimal concentrations within the IL-2+IL-7+IL-15 combination. Gene
transduction performed 96-120 h after activation using a multiplicity of infection (MOI) of 5-10 resulted in the highest transduction
efficiency for CAR-yd T cells (96 h: 12.87% *£4.35%; 120 h: 11.37%£2.35%). CAR-yd T cells generated using the optimized
system exhibited specific cytotoxic effects against tumor cells expressing the target antigen, and no evidence of GVHD induction was
observed. Conclusion: CAR-yd T cells produced using the IL-2+IL-7 (10 ng/mL)+IL-15 (10 ng/mL) regimen combined with a 96-
120 h activation period prior to transduction using a multiplicity of infection (MOI) of 5-10 significantly outperformed conventional
methods in terms of expansion efficiency, cell purity, and transduction efficiency. The synergistic antitumor effects mediated by both
natural immune receptors and CAR-specific recognition, along with the initial absence of GVHD risk, provide critical technical
support for the clinical translation of CAR-yd T cell therapy, establishing a solid theoretical and practical foundation.

[ Key words | Chimeric antigen receptor-yd T cells; Cytokines; Lentivirus; Manufacturing process optimization; Anti-tumor
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M AT 5 1%~5% ), BRI ST AR Ab
PR 20 FH G RN H £ CEE . HalF i
I7 AR Sk R ( zoledronic acid, ZOL ) HE
A EAIEAZ (interleukin, IL) -2%% ',

38 o 4 A1 JE 1A 4B ( peripheral blood

APURZAIKT (chimeric antigen receptor
T, CAR-T ) 4fi g i i B H U0 B Jeg 200 Jd
mhcls, DR FEHALMEEE G (major
histocompatibility complex, MHC ) PRl 7=
RARAMFEEEH, CAEMB ARG IR h I
fRgEnE e L BRI AR CAR-T AN YT % it
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AERAFTE R, CAR-yS TANMLE T E A CAR
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BF, 38R R N R AR RO MR v,
R IR TG CAR-TANMY, SZRERIFp S
W IRPRBASIBESE RS, MR RNEYS T
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FERAR T, W T SN op TR T
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HEII T A A AR IS ] o T 200 L ) 355 T RN 3
T L ZPE S WERER , BR T TCRFIL-215%
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BRER, RZHTAHERIETRERMINAY
R R AR

FE T B 1 Sk DB M B A TE 4 6 57 45
HAEERNHE, JCHZE A A bk
J%#¢ (human immunodeficiency virus, HIV ) -1
PR A, PR R R e 3 e 7 RN R A I R
Gk, TR S RRMS S AR I N AE s T2 40
R E SR IA T [EyS THIMYEE SRR
YL Taf T ', PG %yS TER M A4
M TR R R A B A R . v8 TRAR
FEAMNE ML 7 LUERAG, 38 F R FHPBMCEF T4 A1
Ve, IR 3G I AR RO T A% 4 i ) A
FEWOEERT, LA S yS TR IE K- |
A i 2 B S A FH IR B2 4R (multiplicity of
infection, MOI ) 25 0] GE A A2 MM CAR-yS T4
L= S ORI R R

AW B EA PR EIL CAR-yS THI ] 4514
F: Bl Z T A Sy
%, Rt S 28, R2GET
PRAI 505 5 30 0 S B DR S Iy AR ZR e DE A ) e
FRPERIZ A . AR B d S v H R bRl
HARERZR, RIF L HBICAR-YS TAIMIATT = i
FRALSCHER R S, XHEFFCAR-yS TS iEih
IT IR R AL FA B2 3 3

LI S RES

1.1 Rt

NIEARYS T APBMCHIE S 1S, 4
IR A0 M 3 B3 VR R O e R AR R
HAMRAF, RPMI 164015553 . DMEMK; 57
B . Gibco CTS™ OpTmizer™ T-Cell Expansion
Basal Medium-L-Glutamine}% 37 FE 341 [ 3¢ [
Thermo Fisher Scientific/A®], ZOLFHHE I H B
~+Novartis Pharma Schweiz AGA ], 5 FHEH
NIL-20 FH At 5 S 250 ey A BR A\, AN
IL-7, #HAIL-15, HEZH AIL-18FIH 4 AIL-21
P QIR EOR (B ) AIRAR], gy
SRR R B B R E AR (i) IR AR
ANaE], EAEIMTE (fetal bovine serum, FBS) T4 H
T BB A YRR R AR, T25, T75
TITSAMIE SR (SO ) B0 A T A=kt
o (RIL) ARAT, REREAKEFZIET
HIZEAE R ( epidermal growth factor receptor variant
T, EGFRVIT ) CARFING CARIEJGEE A KT
K DGR R AR AT IR ARG T, N2
HE L 40K 562 5 HAT 4K 562-EGFRVII
NP2 s T A B RS AR U251 . N e S e 4 e

U373, ATH#RE AN RHOLL KNL4-3 HIV- 157
R R T

MAHUAT-AADTE YL AW . FITC anti-
human CD3, BV421 anti-human CD3., PE anti-
human TCR V62, APC anti-human CD56, PE/
Cy7 anti-human NKG2D, Pacific Blue™ anti-
human CD16, BV650 anti-humanf2 ¥ ESET
-1 (programmed death-1, PD-1) . PE/
Cy7 anti-human CD25, BV510 anti-human HLA-
DR, BV650 anti-human CD107a, PE anti-
human EGFRvII ., APC anti-human CD25 .,
BV421 anti-human CD69FIJH -7 & APC
Annexin V Apoptosis Detection Kit with 7-AAD
Y H ¢ E Biolegend/A /), TCR V delta 1
Monoclonal Antibody (TS8.2), APC, eBioscience'™
4 [ 2% [ Thermo Fisher Scientific/A ], THE™
NWSHPQFEK Tag Antibody [ AF647 | , mAb,
Mouselly 5 R 5 4 W B A YR R A A, 45
WA R H L BT A AR B e A R
7, Human yT# & (interferon-y, IFN-y)
precoated i Bk f 32 W i i %% ( enzyme-linked
immunosorbent assay, ELISA ) kit ( Cat:
1110002 ) 3855 & F L1 k4 AR Y RHA BR
/NS
1.2 Ak
12,1 ARRYS Tanfa el o 8 B fa s i

hy F GEVEVAG 22 A0 LR Xy s TR
B4 R SHBERYREMR, A5 R IR A S g s it LA
IL-7. IL-15. IL-18FIIL-21 W H AT, HA
R BE 2K (FRTEBLERS ) |, BZIE 16
ANSEEA, BRI IL-2; IL-2+1L-7;
IL-2+IL-15; IL-2+I1L-18; IL-2+IL-21; IL-2+IL-
7+IL-15; I1L-2+IL-7+I1L-18; IL-2+IL-7+I1L-21;
IL-2+IL-15+1L-18; IL-2+IL-15+IL-21; IL-2+IL-
18+I1L-21; IL-2+IL-7+IL-15+IL-18; IL-2+IL-
7+IL-15+IL-21; IL-2+IL-7+IL-18+IL-21; IL-
2+I1L-15+I1L-18+IL-21; IL-2+IL-7+IL-15+IL-
18+IL-21,

Vo i B At 4 il 2 12 b VAR in 1) 4 afn B %
AL B L, PAT00 X g B AR G2 A8 T e g0
20 min, HECPEEBEZE, 7RG
%, fiHGibco CTS™ OpTmizer™ T-Cell
Expansion Basal Medium-L-Glutaminel}/3 X 10°
AN/mL R EMME, WIMZOL M|
4.69 pmol/L ) 5 XTI A ARAEIR -, 4R A Tk
ST TS A L R A IR B LR 1, 72 WS AR
B IR H R 3R EE 1.5 X 104> /mL.
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Tab.1 Cytokine concentrations used in the cytokine screening

experiment
Cytokine Concentration
-2 1000 U/mL
IL-7 1202 10 ng/mL
IL-15 224 10 ng/mL
IL-18 %' 10 ng/mL
IL-21 (%7 10 ng/mL

122 ARKYS Taafe ey 4%

WX I T A [R] (A AR yS TN M T 6fLAk
o, SRHAER A MOTES I M A2 5, % TS
NS B i A LM 5 M S ng/mL
1.2.3 AKX AR

BUK 5 X 10° 415 0 40 e 9 =0
TN mL g =X 40 T e R [ B R 2% vh R TS W
( phosphate-buffered saline, PBS) +2% FBS ] ,
PA300 X g R B .05 min, # WK, EE
LYK, Bk B A4 &R 1 A 28 R AR iC PR,
2~8 CYKFEMNIRF 30 min, Uil mLiE 0 MG
Ve, LA300X gl E.005 min, 7+ L5,
TR, 100 WL =20 i i vk & 240
M, @2 uL 7-AADEHREAET, EREE
10 min, R HH A0 AEL SO -

1.2.4 A THFL5F 0 mni4h & s

WUk BE 5 X 104 /mLIT © 45 i 4 £ b
IO HR A R AP B U 96 FLEE g2 b b, & ALIm
A100 pLo HRHEAS ] AR5 07 41 55 9 441 i Eb 451)
(25:1,5:1.1:1), FA533IMA100 uL
BRSSOV A0 S FEPE T RRZL (I A S ) AN
FAPEXT HBZH (A1 XPBS) . B EANTEE
fLo 737 CEiFFHIRTE3.5 hF, KoL A
500 X gl ZE B0 10 min, ARG REEFL150 uL
BV WROIT RS B B IC G BT 96 FL T IS A
vl AR ACIEAT A, R E BRI R N
485 nm (7755 20 nm ) , KHHEIEK 530 nm
(P25 nm) , EEHEEE. BIELLT AR
T A RN A M B A M e . R R
3 (% ) = (L5 2H 28 G AE - B X BB 2H 28l
i)/ C B XS B ZH 5 AR - B 6 BRZH 51 )
X 100%.

1.2.5 JX TELISA#IFN-yB# R B A M

P& R yS THIM (fAFL100 L) 5PBMC
(RF100 uL) B TF96fLAR T, HFEAFESLIZ3AS
BAL, 7 10% FBSHDMEME: 7554 Jy 35
FRZR . TE37 CHALREFRATEE24 ha, 1496
FUBAE H 1T L300 X giy 3 K 250510 min, YEE

120 pL bW, #MELISARH) & a vt il 454 iR
PRAVERLIIFN-y Y 43 WK -, 76450 nmE KT A
TSGR (D) fH, FEAREFRMEI LT A AR
AR T 1)
1.2.6 CDI107aBt B4

BUE RS TAUM ((RFL100 pL ) 5% h7 4
M CfARFR100 pL) B T96fLAR, fHiHE10%
FBSHIDMEME: F2 5 E ML SRR R, [l
1 pL BV650 anti-human CD107a$iif4, 737 C4E
R FAEPIRFE4 0, RAR A0SO
1.3 itz

A58 K H GraphPad Prism 10.4.1 X R#K
(R4.4.1) 4TG0, 1%, K Shapiro-
WilkeA g % 7% £ 48 3 AT IE S MR 5, IR
Levenef B 175 257 MRG0 . LR LA
XtsFRom o XF3H L R, R R
IESMER Ty 22550, RAREE I 225001, #
Beg A R B A g 22571, R H Kruskal-
Wallis HFS . X241 M0 A4 Fbd, #7800 /2 1
BRI 22550, RS EEAR G K, A 80
AN R EAS RO 22551, WISk HiMann-Whitney
UGG o 78 1] 1R S R FH Rz R bR 56 4317 1E
FPvPAl, MOCRBN B E MR K TG . fr
HR I AU K, P<0.05 0545112

B

2 4 R

2.1 IL-2+IL-7+HIL-154 R E FAERES Tyo TH
RaitEge W ERE, B THRRES

RS RLyS THN P R R, AWF5E
Wi IE A ST R G IFARIL-7, 1L-15, 1L-18
FIIL-21%F ZOL TR FUPBMCH1yS TP 14 5%
) (EI1A ), DATH & i A e 4145 .
Bifi fe , 38 G i — 20 0E 28 S0 B A 45 A e D Y
Fad W . TL-2-Ry8 TN 48 A% KAl 21 it A
F e S RSy Fr Y RE 91 000 U/mL, A
S5 IERR LRI

AT G eSSk T B EIL-T
IL-15. IL-18FIIL-21 Wi e (F21) , JIfid
HIER I E 715405, DLphEsiniL-2
HILHAVE XTI R SLIRI A 3R, ERRE
14K, dElyd TANMIAEE | 40y A2 g
PR AR bR, B 1S5 SE IR AL X e HE) T
Ja B3 TR e oE . A5 RN, IL-
2+IL-7. IL-2+IL-15. IL-2+IL-7+IL-15 34H {40 i
Sl A AR B A R B S TIL-2
XTRRZL, i FHAbSLR Al (EIB~1E, #£2) .

A FE A ZH AN B ZE AR L A B EE AN Y L
181 RN FE Uy 40 B LU A S AR b, E— 20 TRAL 45 AL A



(¥ @FEAERE) 202545435554 111 1023

MR F Xy TR . 450 o, IL-24IL-7  2+IL-7+IL-15BE&24HHICD16 4 b ol de i (1L-
2. IL-2+IL-1540 FIIL-2+IL-7+IL-1541Hap T4 2: 4.20%+1.73%; IL-2+IL-7: 5.13%+1.70%;
i L e xR A, (Bl R 22 R 08t IL-2+IL-15: 7.67%+1.93%; IL-2+IL-7+IL-15:
X (P>0.05, KIF) , $&/RIL-2+IL-74 . IL- 14.66%+0.58% ) , PD-1"40f b Flff% (IL-2:
2+IL-152H M IL-2+1L-7+IL-152H ] fE 18 35 [ o 35.67%+6.26%; IL-2+IL-7: 32.93%+9.50%;
THRRLE AT, DI FRAR [l S B A o dins £ IL-2+1L-15: 34.47%+11.93%; IL-2+IL-
( graft-versus-host disease, GVHD ) K&, #F  7+IL-15: 21.10%+6.49% ) , T Xf BEIL-2
KA AL K5 55T G FR B 14 RMyS TAIMra 41 (EII~1) o 8 BJTR, IL-2+1L-7+IL-1540
MIEE A CHR S (CD56. NKG2D. CD16) Fil HF4H A HE EyS TN 1 BE 1 fan i sl
FERFREY (PD-1) WUFRIAKE, 8RR, 4 JHEEgEE g e, [ RE i 40 i Lo 4]
ZH B CD56 &ANKG2D ik IK V22 R L4t 24 & R IL-2-+TL-7+IL- 15 B RS 37y TN Ee AT 1) 40
X (P>0.05, KI1G~1H) , & ANEIMYR, IL- MR F4HA -

A

Donor PBMC Selective activation of Final

formation

Expansion

leukapheresis isolation vd T cells

B C

30k ok 30k ok
koK ok koK k.
100 Hx% 100 fEEs
X
o 90 g
> 80 = 50
i =
] <
5 70 =25
60 0
L L2 + + + + + + + + + + + + o+ o+ A+ o+
L7 = =+ 4+ = 4+ =+ 4 - - IL-7 - + + - + - - + - - 4+ + + - + -
15 = 4+ = = s s IL15 - - + + - + - — + — 4+ 4+ - — + 4+
IL-18 = = = = 4+ s o s IL-18 - - - - + + + - - - - + + + + +
L2 - = = = = = = - 4 44t L2l - - - — — — — 4+ 4+ 4+ 4+ 4+ 4+ 4+
D E
= 2000 r“‘iii“‘w
.—on %) ek
< g =
=2 1500 o X 2500 ==
o s = =
5]
= & 1000 .g 52000
e§ & 500 £ § 1500
=%
0 . . . . 22 1000
SR
3 8 10 12 14 = 2 500
o =
t/d = 0
L2 + + + + + + + + + + + + + + + +
- IL-2 = IL-2+IL-21 9 IL-24IL-154IL-18  + IL-2+IL-7+IL-15+IL-21 o
- IL2+IL-7 @ IL-2+IL-THIL-15 o IL-2+IL-15+IL-21 -x [L-2+IL-7+IL-18+IL-21 o
IL-2+IL-15 -8 IL-2+IL-7+IL-18 - IL-2+IL-18+IL21 o [L-2+IL-15+IL-18+IL-21 T
“~IL-2+IL-18 & IL-2+IL-7+IL-21 - IL-2+IL-7+IL-15+IL-18
w21 - - - - - 4+ - - + + + - + + + +
& [L-2+IL-17+IL-15+IL-18+IL-21
F G H 1 J
NS
W52 Evst CJepT 601 100 201 501 * W2
ENK [ Other } NS s EL-2+1L-7
40 []IL-2+IL-15
° S o < I5f o [ IL-2+IL-7+IL-15
3 75 40} BN BN BN
= o) o) o) o)
g 2 2 2 %30
2 > g £ s E
= 05 o 3] 3] o 20
~ 5 20f 5 5 5
~ o & sl o
5 pe 10
Ry
NS 0 0 0
3 CD56 NKG2D CDl16 PD-1

B IL-2+IL-7+IL- 154 E FAARS Tro THMAY A MAMBIERE, w/DHAaES
Fig.1 The combination of IL-2, IL-7 and IL-15 enhances the expansion capacity and cytotoxic phenotype of y5 T cells while reducing
exhaustion

A: Flowchart of the v T cell production process. B: Purity of 8 T cells measured by flow cytometry on day 14 (n=3 donors). C: Summary of 7-AAD-
live cells at day 14 (n=3 donors). D: Fold expansion of CD3'V82" T cells from day 0 to day 14 (#=3 donors). E: Fold expansion of CD3'V82" T cells
on day 14 (n=3 donors). F: Summary of flow cytometry results comparing the expansion composition on day 14 after culture with IL-2+IL-7, IL-
2+IL-15, IL-2+IL-7+IL-15, or IL-2 alone (#=3 donors). G-J: Expression levels of cytotoxicity markers CD56 (G), NKG2D (H), CD16 (1), and the
exhaustion marker PD-1 (J) on y3 T cells (n=3 donors). Data are presented as x = s. *: P<<0.05; ***: P<<0.001; ****: P<<0.000 1. NS: Not significant.
Statistical significance was determined by ANOVA.
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Tab.2 Summary of expansion data from cytokine combination screening
Group Expansion fold Cell purity Cell viability
1L-2 876.50+238.35 73.67%+1.53% 63.01%+7.05%
IL-2+IL-7 1 863.50+387.16 89.12%+3.61% 89.33%+6.03%
IL-2+IL-15 1763.50+452.33 91.33%13.06% 89.67%16.11%
IL-2+IL-18 1367.49£367.89 88.50% £2.50% 77.67%+£5.51%
IL-2+IL-21 1233.50+269.59 82.33%+4.51% 68.50% £ 6.56%
IL-2+IL-7+IL-15 1627.50+472.15 90.69% +2.00% 89.00% +3.61%
IL-2+IL-7+IL-18 1221.504+359.75 86.33% +4.04% 81.67%+5.86%

IL-2+IL-7+IL-21

IL-2+IL-15+IL-18

IL-2+IL-15+IL-21

IL-2+IL-18+IL-21

IL-2+IL-7+IL-15+IL-18

IL-2+IL-7+IL-15+IL-21

IL-2+IL-7+IL-18+IL-21

IL-2+IL-15+IL-18+IL-21

955.50+£292.85

1 000.50£359.16

932.50+254.44
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Tab.3 Summary of cell expansion data from IL-7 and IL-15 cytokine concentration optimization experiments

Group

Expansion fold

Cell purity

Cell viability

IL-2+IL-7"V+IL-15"°Y
TL-24TL-7"OW] -1 SMEPIM
IL-2+IL-7""+IL-15M"
TL-2+TL-7MEPIOMy 1 550W
[L-2-+]L-7MEPIUM 1] _ gMEDIUM
TL-2+L-7MEPIUM 7 1 5HIGH
IL-2+IL-7"" 4 -1 50V
TL-24+TL-7"C T . SMEPIUM

IL-2+IL-7" M4 -1 51

905.67 £85.81
1485.801+129.48
1502.60+159.43
1451.40+176.21
1465.53+123.03
1535.13+142.60
1579.43+136.85
1454.231+184.48

1496.57+139.82

77.73%+1.35%
88.73%+3.62%
89.70% +1.90%
88.00%+1.76%
88.77%t4.19%
87.70%£2.69%
87.77%+3.32%
86.97%+1.75%

83.10%+2.39%

75.90%+4.07%
89.10%+3.70%
81.97%+1.33%
90.47%+5.59%
88.53%1+2.80%
81.27%+1.05%
87.47%+£3.01%
88.63%+5.74%

80.30% +4.07%

R4 -7, IL-15HMEFIRERIERRMAMSERE SRIBRUKRLCS

Tab.4 Summary of cytotoxicity and exhaustion phenotype data from IL-7 and IL-15 cytokine concentration optimization experiments

Group

CDl16+

PD-1+

lL-2+lL-7LOW+IL_ 1 SLOW
[L-2-+1L-7 W4~ 5MEPIUM
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IL-2+IL-7""4 -1 5119

6.57%+1.88%
12.63%12.66%
15.53%+1.17%

7.35%+1.39%
19.53%14.52%
19.77%+3.46%
10.69%+1.41%
18.07%+1.36%

16.93%+1.99%

30.37%+7.72%
21.67%+5.37%
15.50%+4.04%
20.40%+7.14%
15.27%%5.08%
17.50%+3.85%
22.93%+5.93%
17.17%+3.74%

14.47%+3.59%

FEET R 3 SRR i g, JF R AR AL IS 19 1%
AT ] HE— AR FEMOT 5 SRR A S . 8 5
X IR SY e A E yS TN A I8 IR 2 4%
.

ek R [ EGFRy T 45 3R CAR TR 25,
& (EI3B) , I3RS AR & . 7EARFRY
TEALIT LS (24~144 h) Xbyd THIHEEATH: S (3
HAEYFEE ) |, JFRINEE SREyS T 20
4fifff . CD25'CD69 4ff Lkl (14K ) Fid
FIREORMEE FHR, R BN, vd THE
SRR AL AL P LT, RN
196~120 hitiG Aok V- 554 T 8505 34 38 B 04 E
(96 h: 12.87% *+4.35%; 120 h:
11.37%+2.35% ) , SRIG¥IIFHZEH T (K
3C~3D) o Nk A R R A O R EOR
S3HTYS TAMEAIANIAERE | T Ik K55 Sk
ZIE R, 45BN, HSHCR S SR
ALK 2 EA G (R=0.500, P=0.033) ,
e TR AR 5 i 3 m) i M gl R TG W 3 A G T

( R=-0.032, P=0.900, [KI3E~3F) .

bR e REW, FEIL-2+1L-7
(10 ng/mL ) +IL-15 ( 10 ng/mL ) 4K 4G
i3, CAR-yd THHM S 3403 f e O TG AL ST ]
996~120 h.,
2.4 MOIA5~10%SHICAR-yd THMEFRME
SRy 18K FE

FERGE T yvd TANMSAE R IG LIRS, R4
E—2E5Y T M2 BE 5 F IIMOTIXTyd T i
BORR S (3HAEYFEE ) o RIEAAREA
RIS 5% Sop TA MRS 1, ST
2. 5. 10f120 44-MOI, FHAEyS TAIMITEFL96 hisf
AT, B RIEH o RN SRR, 4R D
N, v8 THH M AR BE 2 MO S TN 4 5
MOIN5. 10F1209 5% F 2R 25 TMOLA2
HYSZE2H (MOI=2: 8.58%+1.55%; MOI=5:
14.90%+£2.41%; MOI=10: 13.90%+2.71%;
MOI=20: 14.07%+2.97%, Kl4A~4B) .

PR, PR TIRIKER FMOI



1026

BN, & CAR-yd TARRAE S~ TSHULHAR

A IL-7LOW+[L- 1 SLOW . lL-7L0W+IL— 1 SMEDIUM B
W IL-7 VL1575
. IL_7MEDIU\A+1L_ 1 SMEDIUM . [L-7MED“]M+I L- 1 5III(‘,II
IL-7HIGH+IL-15L0W . IL-7HIGH+IL- 1 SMEDIU\A

5

s«

Viability/%

Ns wor L
+ &lngl . al
= 80
.70-
60— - -

1001 HIGH HIGH 20001
W IL-77+IL-15 NS
NS 90 - ,S 1500
PN z
%) <
> 80 1000}
+f") [
a =2
o
© of £ so0f
60— L L ‘ 0
L-7"% TL-7MEPIM TL-7"6H -7V

D

IL-2+IL-7V+IL-15Y
IL-2+IL-7" 0 +IL-1 5V
IL-2-+IL-7V+IL-1510"
/ IL—2+IL—7MEDIUM+IL—15LOW
A y IL—2+IL—7MED]UM+IL—ISMEDIUM
A\ A IL-2-+IL-7MEPUM -1 51160
A\ IL-2+IL-7"" 4150
IL-2+IL-7"0" -1 SV
IL-2-+IL-7M -1 510

Histogram
—>
N
/

-

CD16'/%
o s S

IL_7MEDIUM IL_7HIGH IL_7L()W

IL_7MED|UM IL_7H|<;H

jj‘\k_h\ IL-2+IL-7""+IL-15"

E

IL-2-+IL-7"V+L-1 5MEPUM
IL-2-+IL-7""V+IL-15%6"
A IL-2+IL-7MP My -1 550
L IL—2+IL—7MEDIUM+IL—] SMEDIUM
/\ IL-2+IL-7M" M- 57
IL-2-+IL-7"" 1550

IL-2+IL-71CM -1 SMEPIM
IL-2+IL-716M -1 51160

Histogram
—_—>
=

R
PD-1
G
40 *
[ R |
*
301 *
£
= 20}
o
(=9
10
0

IL_7L0w [L-7MEDIUM lL_7ul(;11

B2 IL-2+IL-7 (10 ng/mL) +IL-15 (10 ng/mL ) HMEEFREAS RERSYS THAMMY IGRNMMERSERE, BOMEE7ESE
Fig. 2 The concentration combination of IL-2+IL-7 (10 ng/mL)+IL-15 (10 ng/mL) significantly enhances the expansion capacity and

cytotoxic phenotype of 6 T cells while reducing exhaustion

A: Purity of ¥8 T cells measured by flow cytometry on day 14 (n=3 donors). B: Fold expansion of CD3'V32" T cells on day 14 (n=3 donors). C:
Summary of 7-AAD- live cells at day 14 (n=3 donors). D, E: Representative flow cytometry plots of CD16" and PD-1" y3 T cells on day 14. F,G:
Expression levels of cytotoxicity markers CD16" and exhaustion marker PD-1" y3 T cells on day 14. Data are presented as X+s. *: P<<0.05; **:
P <<0.01. NS: Not significant. Statistical significance was as determined by ANOVA (A,B) or Student’s #-test (C, F, G).
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Fig.3 78 T cells activated for 96-120 h exhibit the optimal lentiviral transduction efficiency

A: Flowchart of the yd T cell production process. B: Schematic illustration of the EGFRv Il CAR construct. C: Representative flow cytometry plots
of Strep 1T -labeled CAR" cells 6 d after transduction. D: Summary of transduction efficiency, CD25'CD69" percentage, and CD3 V82" percentage of
3 T cells at different activation time points (7=3 donors). E: Correlation between transduction efficiency and CD25 CD69" percentage. F: Correlation
between transduction efficiency and CD3'V82" percentage in y3 T cells. Bars represent x+s.
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Fig. 4 CAR-yd T cells transduced at MOI 5-10 exhibit optimal transduction efficiency and expansion capacity

A: Representative flow cytometry plots showing Strep I -labeled CAR" 6 d after transduction. B: Quantification of transduction efficiency at varying
MOIs (n=3 donors). C-E: Summary of purity, fold expansion and viability of EGFRvII[-y3 T cells on day 14. Data are presented as X 5. *: P<<0.05,

**: P<<0.01. NS: Not significant.
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Fig.5 CAR-yd T cells cultured by optimal conditions demonstrate enhanced cytotoxicity with preliminarily no evidence of GVHD

A: representative flow cytometry plots of CD25 and HLA-DR. B, C: Summarized results (#=3 donors) of CD25 and HLA-DR expression on yd T or
CAR-yd T cells. D: Representative flow cytometry plots of CD107a. E: Summarized results (n=3 donors) of CD107a expression on yd T or CAR-yd
T cells. F: Cytotoxic activity of CAR-yd T cells against four cell lines, as determined by calcein release assay at different E : T ratios (1 : 1,5 : 1,
25 : 1) after 3.5 h of co-culture (one representative donor from two is shown; n=4 independent wells). G, H: Detection of IFN-y in the supernatants
from EGFRvIll-y3 T and EGFRvIIl-af T cells co-cultured with other donors” PBMC and own PBMC (n=3 independent wells). I: Representative
flow cytometry plots of Strep Il -labeled CAR+ 6 days after transduction. J: Summarized results (#=3 donors) of Transduction efficiency of N6-
v T cells. K: The H9 cell line was infected with HIV-1 (NL4-3) and mixed with N6 CAR-yd T cells at different ratios (1 : 1, 5 : 1, 25 : 1). Direct
cytotoxicity effects were detected (one representative donor from two is shown; n=4 independent wells). Data are presented as x +-s. ***: P<<0.001;
*HH%: P<<0.000 1. NS: Not significant.
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T EA E AR, TL-7EE /N U RS T2
Fb, HE R BE RS TR MR AE G MR T 10-7
{55 Y IL-157EIL-2 8 B R AL L A7 R I ] {1
PEYS THRMIIGAE 7, Jm i WOk R B A 1A
SRANMFEENE . FIRGE R S AW P g E 1y
AN S BE IR THRIPD-1 R R SR R —5k, 7
FRIL-75TL-15 0] GBI A 2038 frY 8] 45 30 3 4 $5 Pb )
BN o

CAR-yd T 1) e T 350 % 2 e i LI R I
FHI 55— RS E . A Ko THNIE N R4 T 0
W5 20 T R, B ORI AL (A B VI AR
X, TERECD3/CD28WIEFIAIF24 him, of T4
JibL Ak ¥ i BE SRS BRIE AR e 1, I
[ SRCE T s (HATIE48 he HaE TS,
I P OR T B A TN 23 PR B s FRE v 7K - 5
MR X B 5 n] 78 70 R AR i Ak 1%
PRI B ELR o B A RS o AR 9E & BTG
1£96~120 hir)yd TR B S LAY s FRCR,
ANTRIF# FHCD3/CD2 830G F A% i ap T4
L, S T4 A I Ak oA 0 i A 3 I BTN 3 AT AL
SR R HERR AT REW S R RN S A S
WE g FE, DR R A [ 3k B R A 3 Rk
Ao (HBEZE, vo THMMNE SR 5 41
IR R IEASEE, X S5af TAMEMRH “5&
Al TAN B A A A TS E5HEARR 0,
EERFRM, vd THNMEALE IR i S RCRE
KHERZE, v8 TN IS T s ] BB A% 52 i 3% 1k
K, dEmi A SRR A, FREEMOLE
SR G ARG ) — R 2 . MO IRK: 3 3L
vo TG FRCR AR,  MMOLE = W AT G5 &
TREEARSCTENE, AN I FIThaE L s
IR SRS R, RO EMOLY
5~101E My TN : S BAR S5

ARG E LAY G 57 okt T
CAR-yd THIMIAEE 3R T2, (B4R Ky nl A b Ak
Wy BT AN, CAR-yS THHMLAAY
W F THRAEA ™, 5T Im AR = R . KR
BRI RIME KSR APk . R, e A
HIRCR R E P CAR-yS T[] Rh SR I PR
I FH R R U SC SR IR, ARk IS itE— 25
R EH A bR TR ECAR-yS T ™
R, RAROCHEE T 224k, JFdr MBifeA:
FEARZR, DABERA A, 3T PR PRk
R, ATIE CAR-yS TN 7 I i R A1 A0
Z i

g b Rrik, ARSI Tyd TN 8 5%

& [ BEEUIIL-2, IL-7 (10 ng/mL ) FIIL-15
(10 ng/mL) ] F%E oM (754696~120 hR
MOIK5~105% ) , & EaiiE . &G,
AR S RCR B CAR-yS TANME, H.40
M AR EYICD 16 4l L7152 5, FEMAR &)
PD-1 4 Jifg HL B R5AK, FEEGFRy T PH : i A 744
K HIV-19 TR B R CAR-yS TS 2 8
W AN AR . AN, P12 A2 ek A
HRA B GVHDAM SRS, /R H R Rl A5
SIS, ARG F I CAR-yS THRMI AR =3t T
KT ASHONENS A, i AR Y - J 25
FE T IR SIELA
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