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Effects of Rapamycin on the Function of CAR-T cells
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Abstract  To investigate the effects of rapamycin on the specific killing of CAR-T (chimeric antigen recep-
tor T) cells, the expansion and cytokine secretion of CAR-T cells in vitro. This study used a T cell specific killing
model in which the effect cells were the CAR-T targeting CD19 and the target cells were CD19"CD22" Raji cells.
Under different effect-target ratio with various rapamycin concentration at various drug administration time, the
specific killing rates of CAR-T were detected by flow cytometry absolute count and it was found that rapamycin did
not affect the killing ability of CAR-T cells. Using CFSE (carboxyfluorescein diacetate succinimidyl ester) to detect
the expansion ability of CAR-T cells, it was found that rapamycin could slow down the increase rate of CAR-T
cells number by inhibiting their proliferation rather than promoting apoptosis. Using flow cytometry CBA (cytometric
bead array) to detect cytokine secretion, it was found that rapamycin could significantly inhibited cytokines secre-
tion level of CAR-T cells after activation by target cells. In summary, rapamycin can reduce the secretion level of
inflammatory cytokines without affecting the killing function of CAR-T cells.
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FICARII TAIMIE R HCAR-TAML . CARS > THIAMX
H R D UARSE N, PR R HREHURSS &, CAR
73T ML X & CO3BEAIL R TN X7, CAR
Iy T AR A TN M 5 ¥ HT R A S VR 45 & Ja v B
WA, HEMRAEAMERAE R, AT A 2 & ROE BR
Y B B M, BT CAR-THI S AL TE 75 MHCIR
il 55 RIS 5 25, BRI TRy 5 25 1 i
TR AR A5 i AR, (E LM IR TT A SEATR 1R
SYREFE IS 14 NIE H 19720 LEA 83K CAR-T
SHff BT, FEHTRST MR R G M. 51
Gein T L, CAR-TI A A B RS2 fif 5 ), 20214
#)_E 17 8 BreyanzifE 5k /e A M VR IE K BAH bk 2
J&d (relapsed/refractory diffuse large B-cell lymphoma, 1/
r DLBCL) VAT RIS T 73% 1 B W ZE fi#2 (objec-
tive response rate, ORR) LA & 53%H 5¢ 4= 2% fi# % (com-
plete remission, CR)\. %A1, CAR-TZH AT fE 45
B R m R R R IR, AR E A RS, J5
PR A R A BT DR, IR A
CAR-TAHMIBEAT I T I, Qi A 25 1 S N 2 e
FRVE FR) R AR g R B B ]

40 1 X 1 R Z5 B 1iE (cytokine release syn-
drome, CRS)& CAR-THI A7 H & WA R %
iz — ¥, CRSKEHH 22 K0 CAR-TEH L 4
PR AR BRSO A S i RAE R T, 5 ik R 4
JL 8 TR AR e 5 A 43 WA R B A DR, 51 R CRSPM
DRI, iR PR B2 4 TR M7 V2 1) S B AH R AS R 3
PHEPE: ASCOFERI) HEFZBE AT A 4H /1 & 6(anti-
interleukin-6, anti-IL-6) FIFEEREHT. HiZEKA K H
FLIRIA S ER T IR KR 77 CRSM. (HFEER# T
BN B, XA CRSIMGISCER AR ; #FE XS
CAR-THHIA 1 ], B A FEIRCRS S 3 fE J1H A
IHEZE | CAR-TAIEHUMIE RO, B, RS RERE
AN CAR-THUI R F SUREF# IR CRS ML RE 1 14
2472 H AT IEAERRBRIT R () LA 00139, Hodh 51 5% B
Pt A ] JE DA TSI S AT B, R
RIS RVEM 5 NCT04359784). &% Byt (I
PRIFE M5 : NCT04975555)1E 40 T AR WF SR B 1t
Ab, AR IR T 520 FD AL (16 S e 1) 75 % 4k
JA I 5N 1% 41 i (peripheral blood mononuclear cells,
PBMCs){ECD3-CD22XUHLAF-1E 1B . Pt Jif g 241 i 1
Mg, K I mTORIMHFIEHEER, BHIHP5E
FFIAK 4 55 7] 1] BRI PBMCs _F i 120 i (8 5- 7K °F

AELAN S e &1 FE) 0T 408 e P g 2% 4 e 1

AW 33—+ LLCD19.CAR-TZI I AR 585 4.
7E CAR-TAN A5 CD19" IR i SR A AL o | R 5T
B A AR X CAR-THH ML (14 25475 B8 70 A0 2547 o9 &4t it
J& [ CAR-TAH MU R824 8 e /y, LA S A0 B IR 743 b
ACERIEEI , DU NI PR CAR-TIR Y7 I 5 # CRS$E
CE SRS/ buke N

1 MRS
1.1 4ff

N5 I T 40 SR B RSGHS 1% 2 Bt 5 — B ) =
52 7 U 48 O ) 2 R 3 2 LB iy e O I, (1 B4t 5
2018CYFYHEC-047-02); Raji( A\ Burkitt sk E 983 41
ML) 293 TN B b 5 41 i 32) 0 T~ IR 25 e 44 i 2
1.2 FER5

Dynabeads Human T-Activator CD3/CD284 H
GibcoA ] ; 4l ffL[A T A/ & -2(interleukin-2, 1L-2)+
IL-7. IL-1508 5 b5t i H B EM R A IR A A
PerCP/Cy5.5 anti-human CDS8. Alexa Fluor®700 anti-
human CD4. Brilliant Violet 711 anti-human CD3.
APC anti-human CD19J# H Biolegend’~ & ; PE-
Labeled Human CD19J¥J [ Acro/A ] ; PE/Cy7 anti-
human IL-2. APC anti-human IFN-y. PE/D594 anti-
human GM-CSFJ%J H Thermo Fisher Scientific/y 7 ;
CD4. CD8Hi¥k J Vario MACSHEER /M iE KRG8 4
B (LS Column)¥ i B Miltenyi Biotec A ] ; Cell-
Trace™4H i 144 124 77) &5 % H Thermo Fisher Scientific
A HMEREHEFEEMCEA R ; PI+Annivx4f
M e TR & B B S RAEMER AR A A
CBARF & HBD A .
1.3 ABFHIMTHEN S B

X H Lymphoprep itk B2 53 B5 Wk 43 55 5t i 1 A 1)
FAANZ I Ffi (cord blood mononuclear cell, CBMC), #%
MACS 5 B3 45 Fl CD4 S CD8 3k 43 125 Hi e 11 T4 i o
1.4 #HAEIETR

43 B 10 T4 5 200 TU/mL IL-2. 5 ng/mL
IL-7. 5 ng/mL IL-15/f] RPMI-164058 435 F2 % 9% ;
Rajigl il FHRPMI-16405¢ 4= 55 7= 55 7% 293 T4 i H
 10%6 4 1137 (fetal bovine serum, FBS)/#) DMEM
BRI
1.5 g@mEasR

pLVX-CMV-CARI19A AR 4 JiT IR 2 ORAT
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HHMyE71E2 W 20114E SONGEE 1 [ KALOSZ: Pk
RISk . K H Lipofectamine 30001371 &% il #% 4 Y
K%, P30005 pLP1. pLP2. pLP-VSVGLLK pLVX-
CMV-CARI9VUF 5 kLR A )5 75 Lipofectamine 3000
TR2), IINIE FEOpti-MEM, %0 5 15~20 min. KR
A 5293 T4 ST, 37 °CHEARRG 7%, 48 hj51 000 xg
B0 10 min, WEE B3, 0.45 pmid jEasid jg b
W, ERRMRE R, RS IEE R4 18 5 LiE
o

1.6 CAR-TZRAEHI&

T4i ff1 5 Dynabeads Human T-Activator CD3/
CD28R &, 37 °CHFAHEE 724 ho Fihr e KL E AL
(multiplicity of infection, MOT) I\ 15375 £ /&% 4%, 96 h
J U A M A I TAH M ) CARFHAE#E . CARZ ¥
NG E 248 CAR T4544 - B4 X NPT CD19K
FEELR, BB X AN I X N CD8 7> T L IX, g N
Xy CD3#14-1BBJfd I X #8431 BT 3k15 ) CAR-T
M R A TR A
1.7 RN CAR-THHAE 315 S2 36 P RN 20 AE
SHMmmpEFEEHRENT

CAR-THH P4 S0 S M 23 1 S5 - 2805 248
JNCD19.CAR-T, #E4H[IACD19" CD22" Rajigliif, Hupk
Rajidf s 77 L% 141, CD19.CAR-T 5 Rajigfiu 3t
B fLASRER A, AN AR L (E:-T=CD8 CD19.CAR-
T:Raji=1:3. 1:9, 1:27)S502H 137 °C. 5% CO.55574H
th3LRESE | 05018 hy 72 hEUEFFLYRME , CD22-
PE CySifhijete, H R T E02A6 0 5 FL Rl 4%
(SR gn o, PRSI DL A EA AR R Y
TG AR (Yo)=[(2 (LB i K S 56: 2 $E4H
)2 A% ]<100%. CAR-TZH M 5 #E4H ffR
AIZREN0 he FEICRE TR SR b, 25175
BT AFF Z A CAR-TA RE ST, A445-0.5 hil
WA I BIASER B (810 ng/mLIK) 31545 ELABE &1
FR VAN ER W8 R M AN RIS AH 2 (CAR-TS5 4
MR AR ZE 80, %% 7-0.5h, -6h. -12h. 24 h,
Oh. 24h. 48h).

7E-0.5 hE A KA1 30 L i A R A | |
T 72 h(3R). 144 h(6K)FIHPTCD4. it CD8FIFT
CARI19Z iR G i, Kl R A #2 H CAR-TH Y
o BbAh, FE L3REL LR AT, 10 ng/mL TR
AR 2 A TASHER Z], -0.5. 0. 24, 48. 72 hjl
AF| CAR-THH M 55 ¥EAH M L5 728180 T353R

ORI A IMCAR-TLH FEL
1.8 CFSE:#MCAR-TAHRERYY 12

¥ CFSERR it FICAR-TH il 4 A, F-0.5 hjin A
10 ng/mLEY100 ng/mL e 1A% 2, PAL3RGE L AL 5%
72 h, JiL AT M CFSEZR Y IICAR-TA Ma %k . T
8% 22 JCRajiZl CFSEZ Y6 A BT R T &5 i 27
F AR CFSEZRGAE N FIPEN B, A IMERA
Rajil A5 i0 4
1.9 PI+AnniviiR VAN CAR-TAHRERVE T B R

F-0.5 hin A 10 ng/mLEL 100 ng/mL7E M52,
PL1:3RCHE LL LR 9% | 18 hERZ B9, PI+AnnivxX{
e A I T SR T4l e L
1.10 SRNENCAR-THERMAEE FHARIE
K RasN Gy bk

T-0.5 WINAAFIREE TR IHE 2=, 121380 E b Lg%
7%, T18 hidE 7% FIHR; #4410 ng/mLE M 2= 4% AN
ISR N CAR-TAHAE R, 17 5 4% 1:3 %805 EE I A\ Raji4H
HHEFE, F18 k77 LiE . RARACBAILAN 1
R EIER R . SRR 2R
32, K CAR-TZH LA Y 4 AR R TR K
1L.11 BRI R Gt FE SR

A 25 S50 SR FH A A [0 SR 1) % e I o) % 11
CAR-TZH M EAR [F) 26 N EH B HRH3E AL, 53k
P K F GraphPad Prism 845 tH#1EiE4T 434, B DA
PIBERRUE 2 (x£5) R 7, K One-Way ANOVA Itk
BT Z 0 M, LAP<0.05 N BLE Siit %2 5.

2 H#R
2.1 CAR-TZRAERIRRIhH] &

T Ficoll 2 5 A 5 25 0 ik DA KRG B 53 346 i Th
21k AT (B 1A~E1C), BT i 38 i 18 9% 7
# S CAR-19, 96 hJ5 It 3 41 B R 46 M CAR-19%% &
R N96.1%(1D), 7 B 0 Bk Th il % ¢ 44 7 11
CD19.CAR-T4H il .

2.2 BB EFTCAR-TLREEMNE R A RIS

22.1 FRVREE v FFE X CAR-T@ILF A% 2 ik 4g
#rm T-0.5 WIDAAFRIRE RN R, 1E1:3301
Ef il T, H65 97218 hy 72 W& MICAR-TAN R,
S A5 R (E2A) B 18 hAI72 hi) A5 R AEAS R
J5 B W B 3R A% 2H 2 )35 ¥ 35 PR 22 il (P>0.05) . L
872 WA e, B B R FER 10 ng/mL s IH 27
R ALK AN Z(96.47+0.78)% 5 T 2 S 56 4 A A %
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43 L0 0 10* 10° 10° 100 “10° 0 10* 10° 10° 100 o1 1 2 3 4 47
FSC-H /106 CD4-AF700-H CD4-AF700-H FSC-H /10¢

A: Ficoll i [ 45 L 8% 40 L (CBMC)ii 2 ; B: MACSHA R /3 i B CBMCH1CD45'CD4" Jt CD45 CD8* L ff]; C: MACSH, ¥k /3 i J5 CBMC
CD45'CD4" K% CD45°CD8’ LLfl; D: THHIZ CAR19% R % 5 R 35 7R 10 K Ao A7 ik e

A: flow chart of cord blood mononuclear cells (CBMC) after Ficoll; B: CD45°CD4" and CD45'CD8" ratio in CBMC before MACS magnetic bead sort-
ing; C: CD45°CD4" and CD45°CD8" ratio in CBMC after MACS magnetic bead sorting; D: infection rate of T cells cultured for about 10 days after

CAR19 virus transduction.

Bl CD19.CAR-THHAEH&
Fig.1 Preparation of CD19.CAR-T cells

(99.03+0.06)% 2 [A1 18 J6 & 3 1 22 57 (P>0.05) . 455
KPULWHMERMFESTS, EREHIARBIER
IR, W IFEA T2 CAR-THH M ) i
AR

222 FRRzFeEE e EZ S CAR-T@ A1
AR A MRYE DL Faeie s B, ke i #
Il KA R 259K B2 9 10 ng/mL, -0.5 hf HHE %
IINE| CAR-TEHE T, FEA FREE LSO T, WE
L9518 hy 72 h CAR-THIM A5 K (K2B). 45
RN, L3R LLR,, M ERA S LA LA
1) CAR-THH AL 72 h345 % 73 512 (93.93+0.21) % F
(97.73+0.31)%, P& TG &3 1 2% J (P >0.05); 1:9
RAERLLIS , PRZH 72 W5 2653 0 R (54.63+2.40) % Al
(62.97+1.99)%, #8176 & 3 1 7% 57 (P>0.05); 1:27
SUHLLEIS , P 72 WA 250 N (67.47+1.90) % A1
(73.03+2.39)%, P (A0 & 3 Pk 2 5% (P>0.05). 45
RRY, TBTE RS LS IR I8 2 R LA B

IR 2H 2 (B TEGE it 24 22 5% (P>0.05), & W3 RT 5
M85 2 5 CAR-THH M [ 2 K6 T CAR-THI R/ %
REJJTCH I o T B A8 R A ) S e 2 S e 4
L, ¥R M2 5] (P>0.05), K HIE CAR-T4HHE
FIBOHT 2 A B IR R IR A KRR J.
TN [R5 B T 29 PR R 1 CAR-TAH AR, H 72 hit)
FATHN (92.03+0.35)%, 5T 255L50 4 R JC 0 2%
PEZ R (P>0.05), 3B 2[R0 7775 259 55 S0 20 B
CAR-THEM KA IR ZAYF . 24 CAR-T
4 B S e e, SRR A S 24 W R R T 459
WEEHRE, 72 hiIAR15 %M (95.37+0.35)%, 54558
HA., FMERABATHZ Y LEEEER
(P>0.05), 124 CAR-THH Mo 76 35 A6 47 59 F0 2% 455 Bt
AR FARASES, IR I 2= A R T
REMIRFE. LA RS REE, TLIRTE CAR-TA MG {L
T JE AN AL B IE 8 25, YA 20 CAR-T4H L
AREER .

T, 10 ng/mL 5 A2 R A 520 CAR-T4H B i /45 2.3 FHBEX CAR-THE R CAR-THE
R R rd: oAl
223 FhaEE RE EMmEH CAR-TA A 3 89 2.3.1 ARREKREEMEZF CAR-T@RF1%+F

#®n N EHEEME RN T CAR-TA M LA,
LSRG B WA FPIRAS I, Ho CAR-TA A 1E
FAIRS R A2 B AFEZE 5%, 75 1335080 b 3% 4% 4 78
e, FHIECAR-TAN M AT AN RIS (] 3 R DA AR
R ASIEI RN 10 ng/mL A 25, £ 1 18 h.
72 hif) CAR-TAM 2 (B 2C). G5 EIR, T2
4172 hAM % 9(98.13£0.21)%, -24 hH1-0.5 hSZI4H
TN (94.17+1.72)%F1 (92.80+1.59)%, Kl HT A [H]

CAR-T# Z 69 %70  CAR-TYHMIAE A% 40 40 o it
FEHORWR K, [FIB AR K EY3, FURAE R A
[ S R 5 R P R A I CAR-T 4 i ) s AR B0, o)
B #2 ) B T CAR-T 40 M 75 25 175 #0410 FROIR 25 R (1) 3
FAREST . BATT-0.5 WD AR AR R, Xt
B J5 CAR-THH A 7E B8 20 B 7% £ ) 202 A8 A 1
BEATREI, 4553 (B 3A) BN, 5 6 R, 255204
CD8'CAR-T4H i B 114 hn i £00 3.59+0.32, AKX
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Raji lysis %
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72 /h CAR-T cells

E:T=1:3
100 e Norapa
ns

< | = 24h

> - -12h

z = 6h

g 30 - -0.5h

H -~ 0h

) = 24h
- 48h

T
0Oh 18h 72h

Time

A RERE TR N, CAR-TAIARIS hy 72 ARG RAEL3BAE L2 R, -0.5 KA 10 ng/mLTE 15 K); B: AN EZHE L FCAR-TZHf18 h.
72 hifI A5 %(-0.5 KA 10 ng/mLEFMAEF); C: AFRNEMI A I FMHE R, CAR-THME 18 hy 72 hAIRGER:3HIRAELL, 10 ng/mLIYE

WIFERIKD). n=3; ns: P>0.05.

A: fix the effect target ratio 1:3, and the time as -0.5 h to explore the effect of pretreatment with different concentrations of rapamycin on the specific
lysis of CAR-T cells at 18th hour and 72th hour; B: fix the rapamycin concentration as 10 ng/mL, and the time as -0.5 h, comparison the specific lysis
of CAR-T cells at 18th hour and 72th hour pretreated with rapamycin at different ratio of effect to target; C: fix the effect target ratio 1:3, and rapamycin
concentration as 10 ng/mL, explore the effect of rapamycin treatment at different activation time points of CAR-T cells on the specific lysis of CAR-T

cells at 18th hour and 72th hour. n=3; ns: P>0.05.

E2 BHHEREIICAR-THAEIN R EE IR
Fig.2 Effect of rapamycin on the cytotoxicity of CAR-T cells in vitro

WIE N 0.123 ng/mLTE THE % 1 CD8 'CAR-TZH L (1)
BN ECN 2.3540.16, W 0] BH it %2 5
(P<0.05), % BH 55 IR 52 5 A 85 25 {8 T 10| CAR-T4H
B A R AR IG . =R 810 ng/mLEE A% =
(1) CD8 CAR-THH I 2 v14 3 5408 1.83+0.07, 57
29I H A LA Be it 52 22 7% (P<0.05), 5 iRk
HIAITESE % 2 57 (P>0.05), BT 0.123 ng/mL
(55 25 2 48 e 400 1) CAR-THH i 5% 95 vh i 4 5
SN, AR PR AR A B R R 3G o i 4 e
CD4"CAR-THI a1 4 4 45 S k%5 5 CD8'CAR-T K

fA—5, REWH, -0.5 INAKENE RS
CAR-THIMILE A A R I3 FE RE /7, X FhBEASVE FH 1
& HAIE CD4'CAR-T4H il CDS'CAR-THH Y - KAk —
B, SANTH AR T 1R B 0 3G 0, SR TGO

232 EHrHFEZHAG)RE AT CAR-TL0 AL A%
FCAR-TH =0 ®rm  MRIELL LI R, ke dH
A8 2 I R A R 259K FE 10 ng/mL, #E— PR R AE
CAR-TZH 4% firh Rajidt Mol BOE AL RT IS A0S P&
R RGP A RS MAFENESR, 6K
P # ZHCAR-TA A B = AR AL 1 52 . 25 R(E3B)
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SR, 2GS 4 CDS CAR-TYH il B it 9 M 0
6.65+0.21; -0.5 hi IF1 5 X 41CDS'CAR-T 2 i3 1 fi%
#oR3.75+0.21, P T B A Giit 2% 2 7(P<0.05), £
#-0.5 hIA Y10 ng/mL 7 %5 2= ] #0H| CAR-T4H i
IECEIE N . CAR-THH L [F] i 5 25 T $E 40 i A1 55
FRAM B A5 H0N3.6540.35, 5T 25 90K 41
B 235 M 22 3 (P<0.05), 3B 24 [RI i A7 259 5 4
YR, 5 H R R A HICAR-TAN S =G n; B 5
AT LR B, P TA) T R 2 T 22 )(P>0.05), % M
CAR-THH L i75 4k B B A0 I 52 87 T 75 WA 87 R Re sl
B R 1) B S S I 4CAR-T4H /Y
550 3R 7724 h 72 hitf, CAR-TAI i 240 T A5

(A)

b7V A 18 B [ BT A T 2% 497 S 4 B PRDIR S, Ie IS P
T2, 6K ICDS CAR-TI L i3 1
155053 79 °N5.004£0.14(24 h4). 4.95+0.07(72 h4l), 5
A R 2 2 (A3 B A 3 M2 N (P<0.05),
SERR W, TECAR-TAIMI A BN N B R &
HIHICAR-TAH fo %5 & (1 39, A 4 1 FH 55 T
C AR-TZH i X142 fis S0 440 i 335 A s i N D% ) 5 i
AN EHERM. 56 RCAR-TYH M A5 1T F2 4 (1)
CD4"CAR-T4H i1 %5 & 4% {4 #a %% 5 CD8 CAR-T K &
—3. DLEGREY], HINE R L FEMHICAR-T
A0 M AE A D R o B R 3G 0, CAR-TAH i 72
AT DA SIS A 52 BR T d A A 3R, HLA IR F

CD4"CAR-T -~ (0 ng/mL CD8'CAR-T -~ (0 ng/mL
5 = 0.123 ng/mL 5 = 0.123 ng/mL
-4 (.37 ng/mL -4 0.37 ng/mL
g 4 ~ Llng/mL g4 -+ 1.1 ng/mL
2 3 -~ 3.3 ng/mL '% 3 i -~ 3.3 ng/mL
§ I -~ 10ng/mL &, -e- 10 ng/mL
B2 = 30ngmL 2 = ‘ns -= 30 ng/mL
& | ns -4 90ng/mL S | Ze -A- 90 ng/mL
¥+ 270 ng/mL = -¥- 270 ng/mL
0t 1 -o- 810 l’lg/l‘l‘lL 0-1 T T T 1 -o- 810 ng/mL
8 2 4 6 8
Time /d
(B)
CD8"CAR-T
8 -~ No rapa 8 ~®- No rapa
= -05h = -05h
S6 4 0h 56 ok 4 0h
'% -¥. +24 h 2 ....,-‘|ns R e 424 h
E4 e +48h 24 ..j;a"’ ns**** e +48h
< -~ +72h < Vs - 11
£2 £ gl
0-t 0 T T T 1
0 2 4 6 8
Time /d
~ Rapa
Rapa
Rapa
Rapa
| Rapa
! ;
-0.5h0h 24 h 48 h 72h (3 d) 144 h (6 d) CAR-T cells
Raji  cells |
N N

Number of CAR-T cells Number of CAR-T cells

A [ TR I8 FO0 CAR-TAH MG AL S5 37 38 IR S0 (76 1:3 R EL A6 AF T, -0.5 IS I 823R); B: AN RS AL i A RN TR I 22 300 CAR-T4H
JIE A J 1 (R 508 (FE 13 AR LU 4648 R, I 10 ng/mLIF TR NIBE38). n=3; ****P<0.000 1; ns: P>0.05.

A: fix the effect target ratio 1:3, and the time as -0.5 h, explore the effect of pretreatment with different concentrations of rapamycin on the expansion
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Fig.3 Effect of rapamycin on the expansion ability of CAR-T cells after killing
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Fig.4 Preliminary study on the mechanism of rapamycin inhibiting the expansion of CAR-T cells after killing



642

BRI

2 T-0.5 hINNCAR-TAMM, 1% 1:3R4HE LIS 718 h, £
W 3SR AR T E . g5 R (E5A)ER, 10 ng/mLEL
J 100 ng/mLAL 20 A PH -+ 1IL-2. 1L-4. IL-5. IL-8.
IL-10. TL-13. y T E (interferon-y, IFN-y). &R
BEAF-o(tumor necrosis factor-o, TNF-o). 4 ffl— =
M6 240 )t . 7% 31 384 A ¥~ (granulocyte-macrophage colony
stimulating factor, GM-CSF). A 1] # 1% CD25(soluble
interleukin-2 receptor, sIL-2R/sCD25). [l A 4=
K [A ¥ (vascular endothelial growth factor, VEGF).
AL T C-CE: 7 it A& 4(C-C motif chemokine li-
gand 4, CCL4). HRE M2 (granulysin). R G
A(granzyme A). FURLEFB(granzyme B)2 K fE 43 7] 5
To 2 AR L 2 PR BRAIG (P<0.05), R IIAFIIR BT
T MAEE K 5 AE BRI CAR-TAN I A% 45 ¥R A e i 2 v 1
AR 520 WK o KT 29I NI AS R  AL, H
SZEREIR: 224 hy -0.5 hZH 5350 Ab 34 (12 A0 h)
AR KPS T T2 S g 2l , B Wtk 2=
5t (P<0.05), 320505 2 ] 35 PR A M X 40
WK AHAS[R] ISP ATL D0 N B 1 5 3R 2 e 4H 2 1A G
F 2R (P>0.05), 5275 5 05 2= Pl AL 3 G B AL
CAR-TANFPRZS S AN 0 75 A 25 % CAR-T4H i 4]
T WS ER . 25K, CAR-TYH M LH]
ANEACR NN IR 2, YI6e % 2 FE K CAR-T4H /i
A5 20 B R b 40 B IR A KT

252 FAEETHAKCAR-T@ILIA tft B F &
#F 10 ng/mLEL 100 ng/mLFE I8 % T-0.5 hilA
CAR-THHfL, DA 13 IERE SR 18 h, Al CAR-TZH
J it 4 PR -k & (B 5B). 255K 0 10 ng/mL
1100 ng/mLEE A% & 4L CAR-TZH L Y IFN-y.
GM-CSFLL K IL-2 W3R8 34 B E R T2 5050 40
(P<0.05), ¥t W5 A% 2 ] | CAR-THHMLAE A )
FEGH M IS AR R A R R T RIE . (AR [RIVR FE IR AR
FAM CAR-TAH MR N 4R TR I B A TG R &
PEZE5(P>0.05), £ W10 ng/mLFE A5 & O A2 DL
CAR-TH i g 4 40 i DR Rk 7K1, v T b i R
FH L2594 FE 1 7 A 25 2R -5 bR FE I Ak /8 —#

3 g

AHFFRFFHCD19.CAR-T5CD19°CD22" Rajikl:
L )R S P RS AR Y, T ORER AT T I PR R P R
R AE CAR-THI M R SELHHL i FE H , X CAR-TA A
DI ¥ 187 K 51 R EE @I F CRS 40 B R 173 WA 1

SO o AT I I B A 8 2 AN 2 CAR-THI R 5 g
77, BIMELE 127 R SHE LE S 50 R, CAR-TII R A%
RE VR IHAZ 5200 (81 2B). fERMIERE S, CAR-T
2 it 5 1) 38 0 R A2 B T TR AR E IR A A
T8 I G SR DR R AR 2 CAR-T T2 £ &= 4
2212 (K14B), T2 ) 7 CAR-THH M6 f5 1)
3G (K 4A), @GR 7 AR 2524 CAR-THU &
WnZete (K 3AFKE 3B), HE B, RATKIE
A2 2 7] {2 2 PR A CAR-THH M 7% 475 # 4 o 2 b 43
WAIAH I R 77K, BEAKAKPAE S0% A2 A5 (B SAFIE]
5B). HIHE 2R BEAICAR-THIA M, TREE T IR R
7RO R A 5 RE S ] A A PR 1 2 e K F
FEAIC 7 CRS R A XS, =& H T 1B 8iia 57 CAR-TI:
RAECRSIHITEAEFARZ45) .
M R IRAIE NPT B PUAE RN LR
B SRR, BN ORI S R B
925 ) R B R R 1 P2 T R A R R TR s
il 751 R ) B PR A 85 2 A(cyclosporin A, CsA) A
FKS061%, HE AT BMEMAEIE, BT 19994-1F
N G 3% F R 25 D A T R D SR R AR OB,
RT3 BEARIGPRAE A8 = 24, HH 5%
OHEAE FMLHDE AR A B Wi~ . HInE R S
M A BFFKBP12TE R &), J5# 5 mTORSE &
mTORZ — ™ 5 AR 5F 1 22 2R /75 2 R B 1
5 RN R & 2 A R AN AN R R B = A
mTORE 5#J1(mTOR complex 1, mTORC1)FImTOR
Z A W2(mTOR complex 2, mTORC2), mTORAE A4
JHJ SR A A S5 I 0o LA HE R I S R ) O i B
F, ST AR AR, SRR, FHinE
F AN E mTORCI4i 625 7 BE 53 THH 4
S 6 ) A BELT 20, .2 5 7 Bl i o T4 i B 1 3 45
M2 T of-T4HM I B2, 1 HiE 25 7 4MNE T
TS A A 38 AN G 3 S T A0 P R S B 27, AT
S0 TR IS AL S5 Thl. Th2 A1 Th1 746081 55
e,
I 4, LECLERCQ&¢ 7E "M A1 25 1) i ade i) < I
B A 2 0] PR A A A a3 rR 4B IR TR, R
~ R W) 4 JE] I B A% 240 M o T4 AR ) i 98 5 4 e
BATHIW TR I, B RS A 5 CAR-TEH X 41
48 M (1) %477, 1X 5 LECLERCQ&:!"SI%H T4H i WF 7T 45
R—3. CAR-THH Ll il CAR I A #E4H e, CAR%)
TREAFESHEERIMN, BEEETHRIENCTL



A A =
BIHEE: T IARE Z AT CAR-THI I Th RE A 52 643
(A)
3000 45 0007 24007 6000
1L-2 GM-CSF
2000 #3% 30 000 1600 4000~
skk sk
K e sokok
1000 — 15 000 8001 20004 s K dkx
0- o . o
1800 300+ 18001 120007
CD25 (sIL-2R) IL-5 IL-8
1200+ 2004 12004 8000+
——
B o e sk s FEE
| 600 1004 . 600 Kok sk 4000 wx KR
E skkk skkok
&n Kk
‘\: o 0 0 0
9000 15 0007 300009 3007
2 IL-10 IL-13 VEGF
£
S | 60004 10 000 20 000 2007
g *
8 EE T seokok seokok _T_ *
3000 EEE e |.'r_| *%% 5000 sxse T TFF 10000 1007 skok
0= ._ ._ 0= i_
CAR-T + + + + + +
Raji -  + + + + 4+
RAPA (ng/mL) 0 0 10 100 10 10
Pretreatment 0 -0.5 -0.5 -05 -24 0
time (hour)
(B)
. Monoculture . Rapa 0 ng/mL . Rapa 10 ng/mL . Rapa 100 ng/mL
= 0.29% 2 s = " Iy
2 e 5 g 39.21% 5 35.67% 80
koK
- 5 - e 2 [ =
; : - |
Z E S 2 I
=) - - G 40 -
3 E 5 =
= N ) 20
E E =
24 3 Lo3 08 16 24 3 ‘03 08 1.6 24 3 lo3 08 16 24 3 Monoculture 0 ng/mL10 ng/mL100 ng/mL
3 = 100
= ES
15 M
. = = 801 GM-CSF
172} ]
9z E z s
= £ - L]
5 Z 401 == TS
= |
o o - 204 —
E : 3 i
| | i
24 3 03 0.8 1.6 24 3 _o3 0.8 16 24 3 ‘o3 0.8 1.6 24 3 Monoculture0 ng/mL10 ng/mL100 ng/mL
= = % 100+
= S 2
= 18.28% s 8.35% 5] 6.19% 80-
* 2 1L-2
s =] ] £ 60
Q
= - Z 404
ok Hokok ns
201 = |
. 2] § | ks
L0308 1.6 24 3 03 08 16 24 3 16 24 3 03 08 16 24 3 Monoculture 0 ng/mL10 ng/mL100 ng/mL
FSC

A: FEHEFR18 Wity B3 A0 1A (13 20EE L, -0.5 hIMAAS R BE SR IR 8 52 DAL 1:3RGHE L, 7E-24 h,

-0.5 hiIt A 10 ng/mL 75 %5 &), CAR-

T(+) Raji(+) RAPA(-) pretreatment time(-0.5 h){F Jyxt 2 B: JE15 5718 hitf CAR-TZH M A A 40 Mt P 126 i B (1:3 2B L, -0.5 hIn AAS R

TFMAEER). n=3; *P<0.05; **P<0.01; ***P<0.001, 55X} B4 ELE; ns: P>0.05, 5xF AL EbAs .

A: fix the effect target ratio 1:3, and the time as -0.5 h, detect the level of cytokines in the supernatant after different concentrations of rapamycin pre-

treatment at the 18th hour of killing. And fix the effect target ratio 1:3, and rapamycin concentration as 10 ng/mL, detect the level of cytokines in the

supernatant after different activation time points of rapamycin pretreatment at the 18th hour of killing. CAR-T (+) Raji (+) RAPA (-) pretreatment time

(-0.5) was used as the control group. B: fix the effect target ratio 1:3, and the time as -0.5 h, detect the expression of cytokines in CAR-T cells after pre-

treatment with different concentrations of rapamycin at the 18th hour of killing. n=3; *P<0.05; **P<0.01; ***P<0.001 compared with control group;

ns: P>0.05 compared with control group.

El5 BIRERFFEERCAR-THEZHRRE T Y 7

Fig.5 Rapamycin can reduce the secretion level of CAR-T cytokines
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Fig.6 Rapamycin reduced the levels of cytokines related to CAR-T cell killing
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