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ABSTRACT

In recent years, Chimeric Antigen Receptor-T (CAR-T) cells have
shown great success for the treatment of B cell leukemia, their efficacy
appears to be compromised in B cell derived lymphoma and solid tumors.
Optimization of CAR design to improve its persistence and cytotoxicity is
a focus of current CAR-T study. Co-stimulatory molecules are crucial for
the function of CAR-T cells. Co-stimulatory molecule CD28 confers
CAR-T cells rapid tumor clearance, but the persistence is poor. Conversely,
4-1BB-containing CAR-T cells have prolonged persistence. Hence, in the
current CAR design, the 4-1BB signal is integrated into the CAR design.
During the natural T cell activation course, the 4-1BB signal is separated to
the TCR signal. Whether 28Z based CAR-T cells could benefit from an
additional separated 4-1BB signal has not been investigated.

In this study, we established a novel CAR structure by adding a
constitutive 4-1BB co-stimulatory receptor to 2028Z second generation
CAR structure targeting CD20. CAR-T cells were produced by the
technology of genetic recombination and lentivirus infection. During
culturing in vitro, CAR T cells were regularly stimulated by antigen to
expand the culture, and the number of cells was counted to compare the
proliferation capacity of CAR T cells. The differentiation and exhaustion
of CAR-T cells were measured by related molecules expression analyzed
by flow cytometry. The residual ratio of tumor cells was used to evaluate
the anti-tumor ability of CAR-T cells in vitro. To evaluate the anti-tumor
efficacy of CAR-T cells in vivo, tumor burden and survival rate in mouse
model were analyzed.

Our data indicated that, compared with 2028Z CAR-T cells,
2028Z-4-1BB CAR-T cells showed multiple advantages in vitro culture
including: enhanced proliferation and tumor Kkilling capacity, as well as
reduced apoptosis and exhaustion. Furthermore, 2028Z-4-1BB CAR-T
cells showed improved persistence and tumor control in vivo in a



lymphoma xenograft mouse model. Through further mechanism research,
it was found that constitutive 4-1BB co-stimulatory signal enhanced the
activation level of NF-xB pathway, and significantly reduced the apoptosis
of CAR-T cells and PD-1 expression, and then enhanced the proliferation
and antitumor activity of CAR-T cells.

Constitutive 4-1BB co-stimulatory signal enhanced the persistence
and anti-tumor activity of CAR-T cells. This work provides evidence for a
new strategy to optimize the function of CAR-T against lymphoma.

KEY WORDS: CAR-T, 4-1BB, lymphoma, CD20, immunotherapy
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BHETEARS, R DIRE R AETESS, ATRESIE LR R A . TR, R R
BB RS, Em AR AEERE. WENERET TR EEETF
ARUIER U7 A7 5E, XERYT J7 S0 T e 500 A 2 B B B8 7 ROR.
R T MR i # B R BB IRITARE VR 2 8k, D TR B R, 1R AR
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TR —, HTHAERK EREEERETTRCR, Rl & s e T,
PRI 24 52 KR I ORE, OSSR AR Z —. BT AR 32X CAR-T 4
PAa g PRSI AL T T, R, RSO SR8 DL 1) CAR-T 4
HIBE LTS AT 4

1 CAR-T ZHRRRY4FE

1.1 CAR-T #HRERYLEH) R FiE [RI8

CAR TER—F N L&A A B, ARG EZ AU IR, 5
ISR NS 51 RIRAL R, S g mEl 1 Fos. BrsiR aisd s s
(signal-chain variable fragment, scFv) 41/, 8% RJ&T 5w EHR I TR X . 5
wn, HETH AR CD19 CAR-T 4K scFv HiskIE T anti-CD19 itk FMC63 X
SJ25C1 MITAF X, T 4 eiE bR ENES SIS, T MREm K2k
(T cell receptor, TCR) 5HiJEk-MHC 2> T E &Y (pMHC) $RMEg&r=4 T
SIS — (55, T iRy 75 AR A5IR T it
28 155 . scFv IIAF/EMHi75 CAR-T 4l (351 BE NS 23k MHC 2> T HIPRH1, #H
MF T MRESUAN S S TERESPURS S, A5 CAR-T 407Gt . B
teloie o BB S R DX A, 1225 A 3eE S EH R R B R ) SRR IR R Y,
{541 CD3. CD8 LA K CD28 25 M 2 112 H BB A w WK EE X 4585, CAR [#
PAE 5 5 S IE W B LR TR CD3C BRI, LI T IR IRl K B o
T CAR-T #fiffif 2h &
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Figure 1 The basic structure of CAR!
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Figure 2 The procedure of CAR-T immunotherapy!

1.2 CAR-T ‘HiRRIMIRIETE

FLAE 1993 4, Eshhar B FEHIBAELIR I T “HR & PUR AR M, Wt L]
BAIE DR 2 1A BL TCR B E XATF I A5 5 1% SR & PR 24K T 40,

(C)1994-2021 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



BN —4L CAR-T 4ifite, JFiFSZ T i% CAR-T 4B AL LAAEKH: MHC 2> TR
TR EE L0, T 51 CAR-T 20 (35 A6 X 4i i PR 7 1 70 s () AR 55— 4K CAR-T
Y B A — 2 PIPUMR S, BRI IR BRI T ROR R . BN, Lamers W 7L
PAR SR ] CAIX FI5—X CAR-T 4HAURERS U A SEAM0 A I A 4% P s s S PE 1
RUSLIN R, ARLENG R o0 T B B3 BV TT R AFAE ™ B W FF 05 HZ CAR-T 41l
2 B AR RIS FREE I a8 T 1998 CAR-T ZHMUf) 2240k K Ihg, CAR
I IR ZE R AE AN T b 4G

S TR =TFRIKE, 1£ CAR TR T, C& T ARKIARE.
T8 —A CAR-T 2 AR IR IR _EV6y7 SR A AR 1) 3 B K W RE & CAR-T 41
FEAR A IFBA e anm B 5T T s fb T B RS SIS S50 R I, fE5—
X CAR 73 T I In N — AN 337y 1, 41 CD28. 4-1BB #1 1COS 4%, LA
bR 5E CAR-T 40 B354k, XAEE =4 75 — 4L CAR. 28 4K CAR 4> T AHXT
F%—1C CAR 4 Fifi 5, MILEEW Y CAR-T RIS ILRE ST, T H X b
FIVETE R A M E A BTG . 40, Zhao Z£1M7E 1921 CAR LRl E, 4> RN
— ML CD28.4-1BB £ CAR 43 KM A 45, B 1928z CAR # 19BBz CAR.
FHELT 1921 CAR-T ZHMfLI 5, 1928z CAR-T 40l A1 19BBz CAR-T 4 i AN A& 4h
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Figure 3 The optimization procedure of CAR
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RT3 S CAR-T U Rt Js 1, 1258 —AX CAR 701 1AL A
BRI A A DL RS T, BIRE A T 5 =40 CAR.L SEPUAR CAR. BB
X CAR-T 4Hf 525 — X CAR-T 4HfAHLL, HARPUMIBERE 1A BE 2R,
HIOTEAE 7 UL R s 30 B35 1t M, tedh, 50048 CAR-T ZHds 8 — 1%
CAR-T HIHHE 5 R fH IR e M 5 & 19, g iR 520 W6 71, A AT 1IL-151)
A IL-12M E 238 F T 158 CAR-T 4EIRMHUIEfE b . 56T CAR-T i fiE
FH B 2 A AP REE E OE  E, B ATEE A% CAR-T 41 e I R k56 1
AR Z .

B T NSRS 15 CAR 43T &5 #3724, BHIF TAEZ A i@ 3
)77 oo Hodb AT s . i, aE i A RIS AL R T2 AR 1 CAR 3 FoRIE S
CAR-T 4ifu il # e 718, LLETE CAR 4T 4% 5% CD19 1 CD20 (1%
ANBE SR LR CAR-T 41Xt B 20 i 3% 4 g (4097 %%, B 1 B T BN R ki
R ke, B s R0, WS AR CAR LR HE R gk
FORL, ZGKBURLRE A T AR &k, IR CAR ZEREE 3 T 4 g 4
tafk b, FHEE CAR 74 F. XEMUENKIIHES) | CAR-T &N KIE,
HA CAR-T Gl VAR At T HHI it B .

1.3 R F5 CAR-T 4k

FALLFAJEE T 45, CAR 4 TIRBIR T 17 T 4 £ hshaeld,
B%E, CAR-T 4HMUF] LAZEHE MHC 7> 72 515 S i R i BR #1207 scPv (1
S5 TN EER MRS, KRR T MR kiR e REME . LK, M TR
PE) TCR, CAR 7 THREMINE Z AR MR PR, ks e e BB Pila,
KT CAR-T 4HM1i&E FHVE . BREZ M), CAR 7> TR #: G058, i,
scFv [P B8 X 1) K DA S Lo+ B R RN & 07 AR K 2 CAR-T
Y M H T g o« A H UL CD28 A1 4-1BB L3 7 1% CAR-T 41 MLl () 50
HEAT 1T L A

1.3.1 CD28 X R FLEH5ThEE

AR EE T 8324k (T cell receptor, TCR) /™S5 —iH b5 5 A EEWS 770
BUBAIHE T R 0N T 400, 1842 T ZHMR 5 [0 A0 A3 18 . 8 1 772 A A R
TFERRL, T SR 75 B 2 0 I3 A 5AE A, #l4n CD28 i1 CD80.
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CD86, CD40L 1 CD40 %%, F=AERIs —idiE 5. AR CD28 JEHAL T 2 5 4
AR q33 X, R CD28 F:HA T 1 5 4kl IC X, —FHMIFVEMEER] 1
779%°0, N CD28 437N T BESIEIEER (1, /0 7 A/NN 44KDa, HH% £k
I AR R F R Ak, cD28 4y TR RIA T 2 MR . fEA
AhE A, 5 95%) CD4™ T 41 50%) CD8" T 4l fu#f £ ik CD28 431, [Hi
WYE T M. KA. POk gIiE. ERRPERI A LA K NK-T i th Rk iZ 0
T2 CD28 7 T HIMIAMG VOREIX . I XN /N R (X = B 2R . A
F)V EEX AL — AN AR B 7S AR MYPPPY, /S AN 4R CD28 4 F I 4:
Ffase MINREE R EE . NI KL 41 NEERRA R, &8 &SRS R R
S FEA, ZFFIRENSAE TCR B CD28 Ml FREMRILI. 78 CD28 SR 5 MR (1 ik
1, CD28 A1 T 41 A i 4. Pt Ji 4( cytotoxic lymphocyte associated antigen-4, CTLA4)
CHEAERER AT RIEMIE ST 31%, HAETES 4SS CD80 (B7-1) F1 CD86
(B7-2) 8, E 4R —F#REFI CD8O #ll CD86 454y, (HIEL & RE ST LA M4 & a e

AR RN T, —HZIEPERRK. B, ML, 5 CD28 Mlt,
CTLA4 %}-F CD80 1 CD86 Mt tkF A & i ffsE A 7, ik, 4 CD8O &% CD86
5 CD28 #5655, e LNy, wfedt T 403 5E X i A 1) o uih . 4
SRR BB DIRE: 5 CTLAAL 455, 77 A #h s 3 4 FH 290

7E CD28 HIth [FEREAE T, FRIAFE T MEALH ) PKC-0 57 341 f flFi
T, WAL INK/AP-1, MIMHE58 1L-2 JER (s s AnEnix o, shah, CD28 mrbli@it
c-REL 5lit gt i g5 M el As, fE45 1L-2 PYFE RIS DAE N, AT BE 0% BE B 1)
SR T 4 S S S BY 33, C D28 Fai k3 3t b 4H A 5 391 2 19 -DCcyclin-D)
KN 50 R, AT A B T am Mk FE 2] G1 I S 318, cD28 Fili s 1
W B 18 I IS PIBK-AKT 15 518 2 >R 34 5 1 %) B 7% 12 85 11 -1(Glucose transporter
type 1, GLUT1). mTOR Fll c-Myc [ 2iaB*3, X s i (kLA B T IR iR,
WERER, 2 AT 6 EOPE AR, M2 T AHMIE A UL A6 s 75 O AH
KA. PIBK-AKT {5 FilkiAaet HiRPUA T E BCL-XL HIFRIA. il e
i & A p73 A1 FASL BIFRIE, DAL FEK caspase-8 friE 14, AT 38 s 40 f i 70
[37. 381 Rk, CD28 MMYUAEEZ T 40MiF ALt fe b 2 B, mHEABT T 44
MOS8, MR 1L-2 [R50k S ez T 40 B R B 58 B

YT CD28 Al X T A 3h T 40 f rvE A e A2 (e &R A B ZEA1EF o
Rlik, @ CD28 H:HlAE 5543 CAR 4> T ZEE kY18 CAR HIfE T1%
S EOR T MR TE KA RE I B A AT
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1.3.2 4-1BB #RH 5 T S5ThEE

4-1BB & R SE IR T 32 AR S (tumor necrosis factor receptor superfamily,
TNFRSF) B, 512 50008 i HAth s 53 78 A MsCE A By AR LI, 17 76 PR A 35
AR /N . 4-1BB 5 5 KwonBPI&E e im b (/N B T 48 i R,  HLREpA
TR 4 S3Efk b BEfE, HARENERAKAN T 408 H RIS s 4-1BB
(IS4, Bk EX 40 55 S 0% 5248 (receptor induced by lymphocyte activation,
ILA), #xa, WiENANIE 4-1BB Chuman 4-1BB) 24k, FiKiZZARMFEEALT
Jetifh 1p36.1 [X. 1996 4F, 7f CD /KM EPRSW L, Wi plidr 44 cD137M%,
4-1BB 6N 1 BsEEH, & DApRel — RMIE U T AR, 3
VU SR SAFAE , FL R R — S A4 (40 78 K /N 43 59 30K Da T 55KDal*Y.4-1BB
MIANEA Z A IR IRV AL, XL R IR RIS B A i FO R X
HEFEENEMR S WEAREZR (Tyo). HER (Thr). &K (Ser) R
WA, Hafa2MESmHER (Gly) B,

4-1BB & — M SAIRIAZAK, & CD3 FPUEILET T 40022 vl LUK I 3]
4-1BB [ZRIE, MR RS FH T 40 R m A 2Lz 2k &L CA W
W5, 4-1BB /£ CD8"F1 CD4™ T i - RE/AKPARIE, (HIEX =& 1EH
BUBIA R AR . HAT, 4-1BB %f CD8" T (i1 1EF I 782 . Zhou 2124
4-1BB it TRAF1, mTOR FIHLEAKAHLEIE T CD8"™ T 4HMfEMiZH 211 R A,
TR I S JE e o S 4L 44012 T 4 A T B - Miihiiko 25115 11 4-1BB 14
K RERS L HE = BA TP (Triple negative breast cancer, TNBC) H1#) CD8" fJR i
TR EANAR (TIL (365, 2448 F st anti-4-1BB ifRif T 5 W 24855 7 CD8”
TIL P4, X—RIN TNBC MIin T a6t T #iigE. 4-1BB i
55X CD4™ A1 CD8" T 4 (14 s # A (R dE/EAH, (AXT CD8" T 43 sE B A
Tt R TaRGE, ERARE 4-1BBTAI 4-1BBLT /N AL, CD4A/CD8' T (¥
L] 350 B3 1T, (B4 4-1BB™ /N RUBERL h, T 4hME T 40 A 1 B i PAG,
SH CD8" T 4Mu ISR i IS TR BT, A% 4-1BB LIS
Tt A M G 5E FAE AL, R 2R, HEetdid 5] # p38. INK HiI NF-xB
AEAE S R AL SRR B B R AL S i 1, 4-1BB I T AN RES
HET MG E, LRSS T A m gtz T Al S T AR R
%DEJE[B 19]

HATA A T MRDiaemstsid, A% 4-1BB 1) 325200 B 58K 44 g
(Dendritic cells, DC) {5 /E I (AT 78 e ) 12 7, Srivastava 2181 HLLE L 1
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T JR 3, CD137 & A REGE 1 5 7 2 1 B4 (Cetuximab) A T H AR R 1E
DC 4l iEid 5 NK 42 M Y FeyRIIMa & AE 4856, MR S LR P BT R %%
RRL. B bk A AE S i T R e R, A REE /i Pk it ge 5|
A2 T AR A e S A JLAE T, B AU A T R BAE IS ALY B 41 - 4-1BB
sk A, (HX 4-1BB 7 B 4 L r9FERT F i b, dE4Esk, Zhang 25
7RI 4-1BB Kk T4 B 4324 (B cell receptor, BCR) iH1LI A B 4l I,
MARET /MR B4 L. 5 CD137 XA T T 4 E2ML, 4 B 4G4k 24 h
Ja » AE FLZR AT LUK S CD137 HI3RIE, &1k 72 h J& , HRIA AT Bl mE .
CD137 WA et B 405, AH T B 43S, 71& TNF-o A1 TNF-B
23 sl

gk bRk, 78 CAR o FH#4 4-1BB Ll
Tt

F

T B AR AR H fn]

ufll

1.3.3 £F CD28 #1 4-1BB HJ CAR-T A

HAT, BB AR N RIR Z AR B SL B0 73247 TIRA AR 7L, 1 H.
X HAEA CAR-T 4iHufE 5 a7 iR T ds, %4 CD28 5 4-1BB 3t
AT H CAR-T 4l SN 44 CAR-T FiZiR T IBF R # S . CD28 1%
4-1BB 1E A RARILH 5> 1 5 HAE CAR-T 4SS S R E M ThBE AR A E . 724
FRAST, SRR TH R SE B T B DRI T 5 — DB AN R AR AR I 45 6
filtn, 4-1BB #ILACHA 4-1BBL, HME S G5, HTF NF-xB (5 5@ B
i, ARG SE: CD28 i H it f4 CD80 5l CD86, ShiiAsi &G, L
WG N, (g B B A 20 B IR 7 ) i« S8 A B R B B Bh g . 124 CD28
8¢ 4-1BB £ CAR-T A5 SN, HIhResz 2 7 Hmsem, thin CAR 731
R R ) RIEACF R SPURMER J1%. i, Sara 25F%% FMC63.BBz
CAR-T 4l tnt b, & TKEM I CAT.BBz CAR-T 4ififl, J& & (EARINFI1Y
FARE I TR, CEAR N IRREEVE S iR e R R 2 0, IR RIS R B, CAT.BBz
CAR-T 4l A5 ERMEIER, BE S EFIES T 63%. Ihsh, 4-1BB %1k
L2 D AT A T AL, B4 CAR 2 FH¥itd, HiBHW it i — %
WL RS CAR 73 TH . TENFHERIRIAZR, 4-1BB IR IA MM T 240 f i) 7
AR, HRIERIFrs B, sR1, HE N CAR-T 4 f) A 3 45 54k
4-1BB [ CAR 7> FKI&, LR aEH, A,

T —MX CAR TS, A&7 CD28 5% 4-1BB i 4 11 —4X CAR, A
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58 T CAR-T 4UHRY #6877, Mo ELER I 7 4iie A 7 0 K7 BRI T
CD28 #14-1BB ) CAR-T AU #RREMS (1 Tnl AU 20 M K+ 19 530, W1 IFN-y, IL-2,
TNF-0, {HJ:T CD28 1) CAR-T 45 FANME 7 Wb FE R, Fenl2 IL-2
5. 1L-2 FEARRR s v T R B B o E EMEH, HRRUS (2 T 4 n 3 5E
DL A5 20N T RE e e B2, BRI, 7 LA R HB 0 AN I R A A R (R
TMET 4iH (Regulatory T cell, Trg) FUFELE, $]T7 IL-2 0. T CD28 1
CAR-T 4HHRETE HI 55 Treg IIFNHIMERT, AT FEARSN I K+ IL-10 A1 TGF-B 173
(531, CAR-T 4t 22 10 S 2 L AR e PR _E Ak P 0 kS 2 — . AR CD28 A
4-1BB LRI T #RREE 8 CAR-T Uiy 346e 71, (H 4-1BB LA IR T
CAR-T Uik SERe AR EEE . B, eI Egnie e mpid, 5T CD28
(¥ CAR-T MM AE 1A Py RS A — A A, T 4-1BB 1) CAR-T ZHMufE &f
Y EBE RN R AL 4 5, Rk, ¥ 4-1BB 3RS T A E CAR 20T
H B 5 CAR-T i (1 HE 2P DL HU R va 1

2 CAR-T AT BIN A K kbx

2.1 CAR-T ®&&IT AR IR

b5 = S AR P 2 ORI U R, S RIE YT a8 EN T — 2 AR,
2 ETRZEFRRT TR OERKEBNImIK ERFRMEIRIT TR . ERZ KR
JTiEF, &P T 4188 (Chimeric Antigen Receptor-T cell, CAR-T) A%
KNP P IT R DA RN S W S i 2 — o R4 38 B RE 0T 78 b O i St
B ToRPY, R F) 2018 £ 5 7, W 4RI 524 A S 0T R HO AR HE AT RE Y
753 #EH T 404 2 EFENARE CAR-T %i&irik. 52 CAR-T 4 yrikn
BT, EKEY 42%, TE AL 38%, HAE 2%. HET, CAR-T S%inyr kAR
BIF 5 32 BEAR P AR R I, FH T S AA R FA e B e o M DL R IR T 58 4 R
BRPERIAEAE, X CAR-T 8T i E 1% SR I I R Fe b th 1 VF 2 Bk B4 2017
9, B ARSI E & 2G5 B B (Food and Drug Administration, FDA)
fLHE BT CAR-T ¥RIT 254 Horh—3K0 Kite Pharma [ axicabtagene ciloleucel
( Yescarta™ ), FEH TIEIT A B 4tk EmbT, ¥ —m i Een
tisagenlecleucel (Kymriah™), -8 Fy47 JLE SEM R4 kP, maRix
PR 250 WL ISV oed BT — 8 VR TT ROR, (HAFAE — 5 1 JR PR A 3%



i L H axicabtagene ciloleucel 118 FH 2 iy >k 55 21 14 40 i K] 7 B il 47 A AiE
(Cytokine Release Syndrome, CRS) FE KM#Z 814 (Serious Neurotoxicity,
SNT) B98O [, CAR ML EARWIKLAL, W R B HIAITHE S, XA
5 CAR-T B iG T & A Rk 22 e H 2

CAR-T Gy 7ikizs oy IR E 4 2y 7 ik 1 £ 5 &, BERBZ W Ilm PR
FAEAERAT . #uES) 2017 45 7 AP, RE LA 121 54 % CAR-T REERIT
PR IRBE AL H , XL m R A R AR AR, B, TN, EREEHLIX 1) E R
FibAT, S ATFZeNEY. Hil, REM CAR-T ®&IHYT Bk R 7L H
FEERHET A CAR, HETCHKA —TiEE5 7 CD28 1 4-1BB L H 7 171
— AR CAR MIERIF T (NCT02186860) IEFEREATH . B 55 PR 72 38 NORE 1 7 1], 7E
TBITHE UL I, IR B R SO E PR ts— 2, 982 CD19 YT R
FFHAr . BAREE R CD19 ) CAR-T 4AEAEIG R YT HHHUS T SE T 697 2%
S, AERIIE V2 bk, E MBI G T, CAR-T 4iHEAESS 7 g R N KF
S A, IBTT 2 R AR TR R MBI, e iiasT o, TS
1) 7o B e o DA S R A SR A7 AE, BRI T CAR-T i 16T 3R

BRAh, FEFR VR 2 HAh T S S AL TR AR AT AT R gl dn, A o e
145 CD20, CD123, CD30, CD33, BCMA %48, 7E92iAi 4 Claudinl8.2,
PD-L1, NY-ESO-1, PSMA %5, XI-F CD123 Al CD33 yayr i i, HE A
5 TR = Tl PR 70 1E A2 R A AT . S 0b RN, fESEEW A IYIioe§ CD123
BT R SR R BE ST, {H— T (NCT02623582) & fE LW 5, % 4h =1
(UCART123, NCT02159495, NCT03190278) 4T it fEtka&sly, sk, 7ERK
[ AN HHE S ) CAR-T JHARAL T K FEIE T 249, USR5 F1 2 8 25 1) CAR-T 41
oA Ak i AR A 72 o,

2.2 CAR-T S r A iR E+ I~ A

ITAER, CAR-T SfZy7 ik R RIRIE, FEAE MR a7 s 1 st
R, R T KRS EEM. WRFFFRE, CAR-T % iz AU HIRIGST
(1) ML e g 6 A B R S R A, 1T ELN R R A R 22 ALY JE T 52 (1) S5
A —E MR R

4k FDA #t#E LT P 3k CD19 CAR-T fithE 252 Ja , B st 2 Hi i)
CD19 CAR-T 4 #ia F T ImEWF 7. fildn, Persis J. Amrolia AF 78 /N2 PO 222 (1
5 A1 771 CAT BBz CAR-T 4iiffl, AHLL T4 FMC63 BBz CAR-T 4ilffd, H
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RSN 3E Be R HTMR s I A A BT I 5. IR ST (NCT02443831) on, 1
14 8 22 AR A I ) CAR-T ARG IT I B-ALL JLE B, 12 #EF3Rk15 4
T8, S540) CD19 CAR-T MGy U RAHLL, BRI H ) CRS Al SNT
BIWER], —4EAAFRILE] T 63%. b4k, Si-Yi Chen A 7% 121 A 54 n CAR 43
TSI IX KR, /%t H f 1) CD19-BBz(86) CAR-T 4. iZ#i % CAR-T 4ifi
1) 13 R 70 (NCT02842138) 45 IR, 1E 11 BIH:523697 1 B 40 bk B2 5% &
HhE 6 Bl E RG4S (Complete Response, CR). B HEREMZ, A
25 B2 iR T B E T KT 1 2 SNT Al CRS &4, JF H & Mk 4u i A
T KT AT S R

FE MR R R REFF T, T CD19 X —8E S 2 4b, i HARIR 7§ 4,
{541 CD20, CD22, BCMA %%, kb-FHF7t 24, Wang 25844 F k4 22 ¥ CD20 BB
CAR-T 4jiGYT 7 A AI7 e MEia ki ok B 4tk 2987 (Diffuse Large B-Cell
lymphoma, DLBCL) &H¥& 5, 2 Hlwegmdisy 14 N H, 3 Bl iR AT LAk £
3-6 NMH, M HIBIT EREIVEH R . A< CD20 CAR-T 4G TT G MR fR%
FNRERIE F BB F0E A 8 KPR A I 70 . Zhang 2518 1 11 41152 CD20 CAR
YRYT BN SR OB AR IR IT S5 IR, B S N FRIA R T 81.8%, CR ZFiAZE| 55%,
HR5r2%fik (Partial Response, PR) ZikF| 27%, Aot AT 6 M H,
VAT G BB BT B I B RIE F . 2019 4F Pan 2519538 T CD22 CAR-T 40477
T 34 ] B-ALL BEWIRIT BN, XEEH RS CD19 CAR-T 4IiRITT G 8 A
BFE, WIT—NHE, A 27 FlEFILR] CR BULE 58 A G AR A1 M vH UK 58
4Pk & (CR with incomplete blood count recovery, CRi), 7fEZZfE)EEH, FH 11
GG T AEIRTT, 1R R R R T 71.6%.

2.3 CAR-T IR AESAEHRIN A

SRR I R AEFUR RALEI+ 0 B 2%, AR FREEFIFIFER. (7
YT o X FFRUIBRMEE R R 2RI Ja 7= A= i 2544 DA K B 3 S o 1835 1)
BT, BRMTBEIFRIEIT TR, KA ER, CAR-T GGy 7 Xt i ik g
HARZENGRITAE, Fit, HATtATE CAR-T Ful )7 VA TE SLARIR IR I 1) 2
BbAE TR PRAE A

e T BE4H IR (Glioblastoma, GBM) S WK 2 —, SULHEM .
FHNEIT FEREMER, FSXIEE WAL R0, 0 by B R fAE, 4
GBM [ & 97 1 k& W £ ¥k M . Maus & BT HF %5 N B M O&E K
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CART-EGFRVIILBITE-EGFR 4Hffets 7 b XURE v T difafiredz 3 (Bispecific
T-cell Engager, BIiTEs), MIHZEE 2 T 4HMiE N i N RERIR AL, M
SR IE RN . /NERAR N SIS S5 AR, EANZET AL CAR-T 4T /e, /DR
(1) R 2 A VH IR ZR A B T 80%, FF H G W EAEH . B H CAR-T 41697 GBM
(IR FEANAN R A B AR /N AR, VP 2 I R E 70 e 34T R (98 0, — gl ot
FREEREIRN, 1F 9 §1#:52 EGFRVII-CAR-T 4187597 [ E K ) EGFRVIIT %5 RF4H
M s, BRI CRS KR4, HHIEMIEAE RIFH CAR-T 4Ii0iZiHE, %
W] CAR-T 4R T IR IRIVA T R B S i M AN 22 4o 1081,

TR, 5T CAR-T ¥GIT SR F At G 7 ¥E 25 (OB FC thBR S R T, il
HER-2, GD2. CSPG-4 %4 s . Ahmed 25U NBfF R B, 75 17 1 4 4% CAR-T
1BIT I HER-2T R S 3 v, 2 (9 SR ik B ke 8 (Stable Disease, SD), 15
BEFPRHEE (Progressive Disease, PD), HARZIG AT 5t 45 5 b IR A 9%
R, HS5R ANMHIES R, RS R ERES . Kk, &5
CAR-T Hfyr idaxt T SLHsR (a7 IR 2 BT £ B %2 —. Gu &M )E
I EREE RGBT RIE R CAR-T A XS ST VG TT 20% . &Mt 7t BIBAFE 3 FR A
T 1) 5B £ BRI /s BB R g A T AT, B SR T R R R R R A T
JRALESS, SR AT 8 s AT IR &b i A sk 2 3k I ¥5, B9 CAR-T 4
MOE MR A S A o SEIREE RRIR, Va7 E /D ERAE N NTRE IL-2. IFN-y DL SRS
1) IL-6 EREE . FFHA =95 —M/NRAE 20 KA IR 5E 4R .

2.4 CAR-T BT ZmIRAIPkER R R 574

CAR-T G yZ ST A A— M B IR 167 J7%, BT RS T L8 sH e
M, EWA TS HRER ST . KT R R a7 0 T R I Pk (D
1E7E CRS. SNT. MRZfRL:S1E (Tumor-Lysis Syndrome, TLS). [l 24
RIVER (20 WBITEE R R R DA R M B . T SEAASRE Va7 7 TH 3 ZE T 1 1Y)
Pk (L MR SAAEMGIER, B8 T CAR-T HfiMmErE: (2) i
AT, CAR-T 4UMIRIAATE 5 (3) MRS B, 16)7 80 Sk, A
T CAR-T e ¥E Y7 THI I (1) 3 22 PR e DA B} S AT T B A 4R

2.4.1 CAR-T ZHRf;& Yy 0% B Jeg RO Pk &% K2 Xt ok

PEHRE, CRS A1 SNT ;& CAR-T 4 fuya 7 MLk s 588 1 e ok 3 B EIE
145121 CRS BRI A 1A P 40 R T 20 W /K Rl BTk A IR I o
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REIR. BARTE SRS CRS BIVEH BE RN 2 MR 70K P #8E B E T+, EH
AR 0 ZEIE B 2 25 1L-6 R0 IL-1 40D 7 2> 1, 3 SNT @IfEH
(S DA E AT AN B, T 582 FH T LR IR 4 R FA LA B i P 1) SE- T B0 AR A
2 ZAGE AR 2 AL 51 R AT, V22 R s A2 CAR-T BTG, IR
MBS, BREEA UL a%M, B4R —BNREESERAER
Ja BB AR . B AT E R AT RS CAR-T I 7E i P R RE S e 22
£, peAh, AEVEZ R B R, b v R A L TR A0 M T 1 S R A
AL RS E Rk, KM, EEZHMNE CAR-T 4ifiG) TG, &%
SIS N . @, BT CD19 BT AR AL Y B At LUFI IR B 4 i 3 1 T
Ak, BT, JUEITAH5Z CD19 CAR-T ZHAIAYT (1) B 40 MWk frhgg s, 45
PR WA

HAT, WK B+ CRS BIMEFEAT 772k 10 70 TAL, B3k 4 . X+
RbF 1 FONFIAERR I 2 0 CRS B3 (VAT SEg 245 T 25 M /a7, BIME
P ™ B 35 4 T R BB (25036097 « W TR FAEZM 2 20 K UL BRI
CRS HBFHMIRIT KL T 2 Bk PLa 5 0 B UM BB R TT R CRS FIME
AV, bl Ft 20 7 5 8 K U Py i R B AN S, IOt T 2 7 P 7 % 55
IS S 3 VA A PR BR B SR IRAR BIVE s B Il I e BB YT BN CAR-T 4l
ISR, TR RIVE T BUE ER E CAR-T ZH i 38 & — e [ R LR, slisb
CAR-T i £E 1A py 36F 1 3 A0 2R s 4t i O 5 S 3 A FES 1900 o397 e 5 i
Ko HETEE@ AL CAR HILEHI kI CAR-T 47 fA P ik g,

2.4.2 CAR-T 4MBEETT SR RO Bk EL B T 3R

FHEGT ML MR Y67, CAR-T 21 B XS T~ SR A IT 33 5L, T ) 4k
W 2. BTSRRI SO TAVA R M IR R S, o B A RS, AT
5 CAR-T 4 AR e 2 fifRg 4 43 e o 72 fifR A i3 7o), FE e VP 2 30 CAR-T
MRIEYERI R 2R R AN R T 20A T 40 ) 1 2 AR B A, tn PD-L1. CD80
B¢ CD86 %%, [n] T MM fLidilk{E 5 MBI SERIAAAE, AR T R 4n i
P74, TR BB R SOIRZE M. Cimmature dendritic cell, iDC). fi g AH 5% ) ELE
41 i ( Tumor associated macrophage, TAM ). Treq~ ‘B B8 oK 5 £ 30 1 41 fg
(Myeloid-derived suppressor cells, MDSC ) %% 428 J0 1] 40 it (1) 7 A=k i Jg 39 3 42
BETRTRE . SRR B R R M R, A I 2 R B 1) R 4 B A A E SR B
FAEEESR, IR PR 7 oK BRIk -
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CAR-T 21 Xt - SEAAR I 16 97 1Y 32 BAT 55 2 18 = Hova 7 2, X mr DUd
CAR-T #peiyr k& HAh VR T TBUR = HB T 3% . v 1A CAR-T 4ifiufE
JiRg PR, AT DA S SR TR YT R AR AT e AU, ARk, (R i
WAEIR, R CAR-T AMMfIZiE™ . (i FHPUAKT Bt 75 s AT B 141, FHMT T
21 it 2 T P 00 1) 32 A 55 3 S A g 40 PR 36 T R G AR 285 6 7 AR B AIRIE 5, dnfe
H anti-PD-1 5150 [HKr PD-1 5 PD-L1 &5& 7= AL SIS 5 o 00T e s H0 1) 40 =
AREIEA, o Treg 40, W] LAUENAE CAR-T 4 #E4 CD28 Ll
TR 55 HAMBIE PR, T bR AR A AR (R, FT DA U B R
(1) CAR-T 4k 42 my a7 R

3R AR KB/

CAR-T %fZ Tk R i, f Mg A BERRIT AR, BEAEZ
b VEZ MR INR S RS2 CAR-T 4iUAYT I, RIRE MR &, AL i n]
DU R B, A4 — BRI REARSE K HEREHEAERE. HETA%ER
MK ATRES CAR-T 4 fEAR N RS EEURA O¢. IRk, % T4Em CAR-T 4H
M FR S AT AR R LB . A BT AR S KW, HT CD28 (1) CAR-T
M AT PUIE S AN B IR TS B RE ), ABAEAR N R RFEEIERE . SR 1M, 4-1BB
IR T I T CAR-T 40 B s RF e . PR, 4-1BB il 14 B skt
T CD28 CAR-T 4HMuRIRFEEME . X T-#a 2 & P N L7 11 CAR-T 4,
B WL R H AT B, H R T IR - I ALG 7 DL R AT AR R
M CAR-T 4 IThRE. Fk, AHFFHE 4-1BB HHlE» T/ RIATER T CD28
() CAR-T 2 U AR T, DA SR PR 72 24 i Y 4-1BB FL A5 5 2 5 Ae s s HL bk .

AR LA JR A1 JE I T 96k E 40 i Ay Skt ) 32 4 i) Y CD20 f) 2028Z CAR-T
Yl AN 2028Z-4-1BB CAR-T 4iijitd, 4R )G HEAT 40 R 5T

1. CAR-T 4R KEEFRIN, LR & G5 e

2. il 4-1BB X} 2028Z-4-1BB CAR-T 4 g fit) 43 A4 AN FE 355 <5 5 THI U B2

3. JEid5 CD20 FHYERR R4 i SL R 9%, LR B AD CAR-T 4iU ER b %

e In 2 5%
4. TEMEIE /DN B A LLE Pl CAR-T 4t B e i Rg 3 12k
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3 20287 B 2028Z-4-1BB CAR-T L IHI R R
EHERR R

it

El

AW FAAE 2028Z CAR-T il EiA N5 CAR 4y F3LRIA 1) 4-1BB il sz
s, TR T R 4-1BB LIS 5 2 75 AE g 1 5k 2028Z CAR-T I (1) 4721
NTIFRAHT, BAIFEME LN BENEARNAARR. 5%, RIS
B LEMF B % 5 A # pMSCV-aCD20-CD28-CD3zeta-P2A-4-1BB
(2028Z-4-1BB) £l pMSCV-aCD20-CD28-CD3zeta (2028Z) 184 75 % ik i ki 34
FEAHIME R . HIR, I PR B R G 7 :UAE 7 2028Z AT 2028Z-4-1BB CAR-T
Y. FRAERANFIAR P XS PR CAR-T U HE . B Mo i 1 S5 AT 7L

HAT, BEE 2 FhRe 0 kil 4 p 2 i A N i B I OB o R ok, it
IR SIS AR R FE R BeAh, XL E ARG PR, wiES A, T H
R ERA A EREEHTE SN FIZEREARB[RERENER. &
W R R GRS . CAR-T 4HAURIBHPESR . 1012 T 4t AL . 4H i pAl 1
a5 T 4-1BB LRI+ ] Lod i i A6 NF-xB 15 518 B ok (2 12 40 1)
HAE, IR Western Blot A=) H KRR A5 5 10 % b SC i 2 RIS AK
WA FAT LS, o CAR-T 205 Ml 4 o 455 9%, DAy 240 i ) 3 s = A
CAR-T YR Aife I dT E e br. RPMscied, EMEPE NOD/SCIDAY ™ (NSG)/Ih
B A B Ik RS AL, BEM AR 7t CAR-T 4HMAEAR Py (T 1 FH &%
e

e

1.1 A& . FRRIFNE K
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k1 miez,. AWRAMEAZ L
Table 1 Information of cell lines, bacterial strains and plasmids

UM R PR BTk R KR
A JE LT bk e 2 i RERE AR A R A A
HEK293X ARSI S AR AT
Raji w2 e 2B AL 40 B AT 7 BT
NALM-6 rh R B AR AL S A B 7S BT

NALM-6-hCD20

DHS5a /& 52 2540 (CB101)
pCDH-EF1-MSC

AR PR AT
KRR ) HRAH

System Bioscience (Palo Alto, CA, USA)

12 FZRF . BMRILEE
A TUBTF 1 ZAK A L 2.

FVAER SERIFERE 3
Table 2 Information of main reagents

G 44 7K

A

UltraPure™ DNase/RNase-Free Distilled Water
2>xChamQ Universal SYBR Qpcr Master Mix*
KOD fif§

BRI P Ll
KOD buffer
T4 LN
1xLigase buffer
LR R R B A R

DL8000 DNA Marker
DNA Loading Buffer
GelRed 2 4k}
WS B AR B DNA [BIYSGR7 & (DP209)
K LT
LB Wizt 73k K
LB [E &5 -0k K
ArREHR
FkL NI & (DP103)
R &
a4 i
RPMI 15773k
DMEM ¥%57 3%
JER I AR
PBS 2
AP R K

£ Wi

Invitrogen A ]
Vazyme /A ]
NEB A #]
NEB A ]
NEB A ]
NEB A #]
NEB A #]
Thermofisher 2 ]

J0 3 B G % H AR B A ]
NEB A #]
HEAMA R AF
FARAEMEE (Abx) HRAH
AT T RAF
AT A TREARAFR
AT A TREARAFR
Amresco A )
RRAEMAEE, dbx) ARAA]
macherey-Nagel
Gibco ]

Gibco A 7]

Gibco ]

Gibco ]

Gibco A 7]

Sigma A ]

Sigma A ]




k2 T 2EXHE EE
Table 2 Information of main reagents

IanIEZE AL
Penicillin/Streptomycin Hyclone /A ]
L-B 2R Sigma-Aldrich 24 ]
B-3 3 2.1 Sigma-Aldrich 2 &]
Polybrene Sigma-Aldrich A &]
Lipofectamine™ 2000 Transfection Reagent Thermofisher 2\ 7]
Opti-MEM™ | Reduced Serum Medium Thermofisher 2\ 7]
PrestainProtein Marker Sigma A ]
A bk B2 20 B 23 25 B AR AR AT PR 7

AT 7T 32 B A PTIR WAE 3.

EICR I R ER 3
Table 3 Information of flow cytometry antibodies

AP ARR CGubEs) A
anti-human CD45R0O-APC-A700 (UCHL1) Biolegend
anti-human CD45RA-PB450 (H1100) Biolegend
anti-human CD62L-FITC (DREG-56) Biolegend
anti-human CCR-7-APC (552176) BD Bioscience
anti-human CD4-PB450 (OKT4) Biolegend
anti-human CD8a-APC-A750 (HIT8a) Biolegend
anti-human PD-1-APC (eBi0J105) eBioscience
anti-human TIM-3-PE (F35-2E2) eBioscience
anti-human LAG-3-FITC (3DS223H) eBioscience
anti-human CD19-FITC (HIB19) eBioscience
anti-human CD3-FITC (OKT3) eBioscience
anti-human CD45-APC (HI30) eBioscience
anti-human CD19-FITC (HIB19) eBioscience
anti-human CD3-FITC (OKT3) Biolegend
anti-mouse CD45-PB450 (30-F11) Biolegend
goat anti-mouse 1gG, F(ab")2- FITC Jackson ImmunoResearch
anti-human 4-1BB ligand-PE (5F4) Biolegend

AHIEFCHT F 32 e A 28 W3R 4.

® 4 T RHMBNEAE LR
Table 4 Information of main consumables and machines

W 2R AR PR\
PCR 1% Bio-rad A 7]
Q-PCR 1% Takara A 7]
TR R S R A A PR A F]
Ty R AR FEL K AN g REERHE AR A A
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Sk AT EHRMBNEZEER
Table 4 Information of main consumables and machines

W 7 A
EIRI R BI TR B AR A T

Odyssey LM % R 5t
YXQ-LS-100A K%
F PRI IR B TR
W AR
B
TR
W38 H K F
Nanodrop2000
gk i
HHff CO, 55748
IR TR
IX2-SLP IF & & s
T B 0oL
Eogm)ic
S =}
A°CUKFE
-20°C VK4
-80°C k44
iR wAiil ke
RO I A
e RE 71X

[ LI-COR A F]
RSO A TR A ]
R S A A PR A
Thermofisher 2 &]
JET BIOFIL A ]
Startorius A 7
Startorius A 7
Thermofisher 2 &]
JET BIOFIL A ]
ESCO A ]
Thermofisher 22 ]
Olympus A 7]
Thermofisher 2 &]
Eppendorf /A &
Eppendorf /A 7]
W IRER A A
Eppendorf /A 7]
Thermofisher 2 ]
Thermofisher 2 =]
Millipore /A H]
kylin-bell 23 &]

1.3 FERFINE S REE S E

(1) LB ARR; 775,

O EE B 7R TRI 20 g LB ARG R 3R AR T et ., IIAZ

800 mL Hya4liK, & THi/IHHa LY.

QRIS BRHF AT, €A E 800 mL, i Fifia (AEITRED,

I KT 2%

(3)121°C, A KE 20 min, A5 4CUKFEIRAERH -

(2) LB [ FHk

O Il HL 7 RTAREX 6.4 g LB A4 55 5 3ok R T O AE R b, i

200 mL 2K, =T HL IS BRI,

@ S TEACKH R & 3, W FoKTE %%, 121°C, =K 20 min.
@KWE KRG, FIEFRREE T 56 CHEIT/KBF T, (iR FRIRIR 4R /E 56°C



A

@HA 200 pL K9 100 mg/mL AR HFER, KHEFREREEGRAE,
WRIKBINTCE Y 10 om RF IR, ARHREE IR ML {E]NZ) 18 mL B 975

© IR FE el AR W oKk e, KRR gRfe sk, JHH IR R A
HHE T 4 CUKFEIRAE

(3) 50XTAE RERIC &

O F 38 B 7 R P AR IR FREL 48.4 g TrisBase #7 AK « 7.44 g Na,EDTA2H,0 #y
RFRFEMAF, N 1142 mL 48, SRJEINAZ) 180 mL 4K, BT
ARk R ke S B

QOB BRI, EAE 200 mL, # S, Wirass, B
FRFAE R AT

(4) 1%3F5 e H i

ORI 0.3 g BEHER AR TG @ AR, I 32 mL 1<TAE &, 2%
R, M AEEBFE T BHEERRE TR 2, B3
AR TE AR -

@ IA AL B RAKPGEAZNE] 50°C LA, % 1: 10000 FIAFAEL A
ZIR SR GelRed (FRERAEMIA R AT, BIMSESHETLNE.

@1 [ E A b, S BRI T, DL a4

@ IRAH 30 min 7247, BT AR, PARBidn SirEfL.

(5) s 7R

& 5 tmpaE A KBy
Table 5 Prescription of cell culture medium

oy HR 5l & /mL
DMEM basic (1>) B, RPMI Medium 1640 basic 500
(1>
fia2b % (Fetal Bovine serum, FBS) 50
HE R/ R (Penicillin/strmptomycin, P/S) 5

FHMINGE G, MR, BERA, 4°CUKFEIRAE&H .

= FBS {# FIR0 7 4000 rpm, 250 5min, {8 B3, HAL ) BN
# AR CAR-T AU aRdt, HFENAN IL-2 BLIRE N 200 1U/mML.
(6) 10>PBS ZEM ik
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% 6 10>PBS 4 #F iR BT
Table 6 Prescription of 10>PBS buffer

1 AR il Elg
NaCl 70
KCI 2
NaHPO, + 12H,0 29
KH,PO, 2

WIRFRECR 6 H i & R 7 Ty i e dt b, InNESEKIE R, KA A
T piReds B, BRI, ERF) 1000 mL, MiEFIRLE, 4°CiK
MORAT 2 ]

(7) FACS Buffer

% 7 FACS Buffer Bz 77
Table 7 Prescription of FACS buffer

A AR il ER/mL
10=PBS 100
FBS 10
400>NaN; 2.5

KR EER 7 PRI s @R, HIEEE SRS~ R
HERERFY, TAF 1000 mL, WIFFRZ, 4 CUKEERAF S .
(8) 10% 5% PA I Bk Fraz e Jise

* 84 #H Mk (10%) 5mL
Table 8 Prescription of 5 mL separating gel (10%)

oy 2R RFRImL
i K 1.9
FH OGP A B e 1.7
1.5 M Tris-HCl pH 8.8 1.3
10% SDS 0.05
1%V AR iR e 0.05
TEMED 0.02

(9) W4ilk: (5%)
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* 9 k%K (5%) 2mL
Table 9 Prescription of 2 mL stacking gel (5%)

2H 43 447K RF/mL
EatiK 1.4

FF XA i T 0.33
1.5 M Tris-HCI pH 6.8 0.25
10% SDS 0.05
1%V i R e 0.05
TEMED 0.02

(10> 10>Running Buffer

% 10 10>Running Buffer
Table 10 Prescription of 10>Running Buffer

AR Jii g
Tris-Base 10
Ham 144
SDS 10

HOEAZE LL U pH &2 8.3 BIA[ . ff A HE A KR 10 £%
(11) 10xTransfer Buffer

% 11 10x<Transfer Buffer
Table 11 Prescription of 10x<Transfer Buffer

HAn 24 5% JR /g
Tris-Base 29
HAER 145

% d A BFEY 100 mL 10<Transfer Buffer, 260 mL 70% 2.1, &% 1L BIA],

1.4 /NRIREY

AHIT ST B /N RS RL . ERE, 7-8 JE, NOD/SCID/y” (NSG) A s Hifa B /N ER,
W SEF EiErg i RAEMR A R AT . FrE /N BB B Al K 5h W) vt
Fto BT FE T /N BRI S0 25 o R b g A0 K 2 S 36 s ) RO LV R R HEAT

2 SRWTE

2.1 2028Z F0 20287Z-4-1BB CAR [RKI It EE
2.1.1 HI A B 287 F11 28Z-2A (1] PCR 1
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IRAEA LG EIRAFH) 282 FESIEX IBEA 81, it 519, Wk 12
fos, R RILIX SRV P51

k) 12 5141z &%
Table 12 Information of primers

EIE/ B B Fr 41
TMF AAAGCGGCGGCCGCAACTACAACTCCAGCTC
TM28F CACTGGTTATCACCCTTTACTGCAGGAGTAAGAGGAGCAGGCTC
TM28R GAGCCTGCTCCTCCTACTCCTGCAGTAAAGGGTGATAACCAGTG
28ZF ACTTCGCAGCCTATCGCTCCAGAGTGAAGTTCAGCAGGAGC
28ZR GCTCCTGCTGAACTTCACTCTGGAGCGATAGGCTGCGAAGT
ZetaR CCCTGCCCCCTCGGTAAGGATCCCGCTTT

5140 H TR & ME R AR A BR A 7 A . FRT 14600 rpm, .0 15s, f#
AR A R B O TRES, IR KARER] 10 uM 1K) TAEMRE .
AT PCR ¥ 84K RNk 13 Fiw

% 13 PCR ¥ #4 #
Table 13 Reaction system of polymerase chain reaction (PCR)

HAn 245 7 & /uL
2 mM dNTP 2.5
25 mM MgSO4 15
Primer 1 0.75
Primer 2 0.75
Template cDNA: 1uL 8{J5iki: 20 ng
10<KOD Buffer 2.5
KOD fiff 1
EEELLYI Fh55 2] 25

VA E& AR IS IN e, RIRA, Z W TP #E1T PCR 4715,
Step 1 95C 3 min

Step 2 98°C 10s

Step 3 58°C 10s 32 cycles

Step 4 68°C 30 s/Kb

Step 5 68°C 5 min

Step 6 4°C 5 min

2.1.2 PCR ¥k [al i

(1LOPCR =948 FH 1% Be W&t 43 85 5, WA H A BY T 1.5 mL &0,
FRE, i N Amg.
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(2) M E- ARy 1. 1 g9EeEl, A 2A uL B PN buffer T+ 1.5 mL &4
OEY, BT 55CaEin, MHTEEER.

() R E-ARN 1. 2 I, TN AmL B 5AEE, EH%IR.

(4) hnA 500 uL BL 77K “T-1fir DNA 4544, 14600 rpm, 5.0 30's, Friii
R

(5) ¥ (3) W 2% DNA 45464+, 14600 rpm, 50 30 s,

(6) B ESE EAE—k, 14600 rpm, 20230, FEPEH TR,

(7) f§iH 500 uL PW buffer i&E45 &4, 14600 rpm, &0 30 s, FF4 i ik o

(8) EHEWIE (.

(9) Z#E, 14600 rpm, B0 2 min, FHGH K.

(10O A5 ¥ 1 1.5 mL SO0 AR 2 B0, DN 30 pL TB buffer /it DNA,
FHE 1 min, 14600 rpm, B0 30s, PRAFH .

(1) WHEWES EFE, 14600 rpm, 2.0 1 min, 7R R

(12) B IR A1 )5, 14 Nanodrop2000 il &K i, -20°C UK A AR A7 4%

2.1.3 pMSCV ik & H 1 Fr B U]

ik FH BR L S DIBER pMSCV 800k S H i v BOdb AT XUEED), g VIR R0k 14
IV

% 14 M EEIAK &
Table 14 Reaction system of restriction enzyme digest ion

Y 5y 24 FR T
FD green buffer 3uL
ESRL JFki: 2.5 ug 5% PCR 7=4#7: 600 ng
MU 1 0.5 uL
NI 2 0.5 uL
mH,0 553 30 L

PLESANRINGE UG, RaiRs], RitmET 37TCKmmt, #yl, B
WG, Kt 2.1.2 s SRR
s FURLE A UG VI (7] 4 h, - PCR 7 H)EE VIR [R] A 2 h.

2.1.4 DNA & 54k
(D) KRR H IR %R 16 sk ZdtiTER: .
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% 15 DNA #E34k 7
Table 15 Reaction system of DNA ligation

A 24 R I
10xdigase buffer 1ul
H R AR BE R 3 £
AR 25ng
Ligase 1ulL
e afi K #h5FF) 10 uL

(2) YL ESHMRIMTRSE, BHRA, iR, F 30 min.

(3) #% 1. 1 RRLMBEE Y, BHIR.

(4) VK E4r% DHSa A 20 pl/% . BU 1 pL FRRER =Y E] 20 uL (1)
DH5a 1, f3uEE 4 Yk, SZRIET0K B, #EE 30 min.

(5) Wi MET 2CEEi, #H42s, ETUKE 3min.

(6) MR 180 uL LB #5753, B T#EKH, 37°C, 200 rpm,
30 min.

(7) HL 100 pL &L B SR ESH AN ERE RN LB Bk b, FET
J7TCHEEFRMH, H5FE 12-16 h.

(8) PRELH MR T 2 mL I 2 FPAERN LB 85 55k: (& F: LB=1:
10000 , KIEFREEE TRIKT, 37°C, 300rpm, #%55% 12 h.

2.1.5 A ok /N EAR I GRFAIEER)

(D) K HEWERE 2 mL .08, 14600 rpm, B0 1 min, FUERF Eik.
[Fi) JEUR R RE B8 RN 500 pL & 2R PiAE R LB B 57dk, B THIKH, 37T,
300 rpm, $53%2h, fFRKEFEEUH.

(2) JnA 150 pLsolution I (4°CIRAF), BZIRA, HEITLILRITIE.

(3) JA 150 pL solution IT, Hif#7E 2] .

(4) Jn 350 pL solution III, Hf{EIVE ]

(5) 14600 rpm, .0 7 min, {#E L.

(6) ¥ FiEH 2/ NMEEOFF, 14600 rpm, £5030s, PREAVEHIK.

(7)) BB ES A, 14600 rpm, 250 1 min, FFEPEH K.

(8) f#ifi] 350 uL PW buffer j&¥E—i&, 14600 rpm, 2.0 30s, FFfaif il

(9) HEPE (8.

(10) =5#%, 14600 rpm, B0 2 min, FHEER
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(11 g 1.5 mL B0 KR O, I 60 uL TB buffer BEfli, =
M, ¥ E 1min, 14600 rpm, 2.0 30s, RAE

(12) FMHWES FFE, 14600 rpm, &0 1 min, SRAFHH .

(13) Km HRIE A, A3 Nanodrop2000 &% % .

(14) # FARIEE BB TRGY) 2558, $hik 1-2 ANEE Y% @ a0 B 1R
AT, AP IER S, B IEREFRIEIC, -20°CUKME AR .

2.1.6 A PO R BRI GRA &L, LNFRD

(1)K 2.1.5 R TEAf BORL I B R85 7%, HX 200 pL B2 2] 200 mL
A ZEREHRD LB B sk R R 5 E TRIRH, 37°C, 280 rpm, #57% 16-20
h.

(2) % 200 mL BS54 4> 50 mL .08, 4000 rpm, 2.0 15 min,
UYL/ QE

(3) AN 16 ML RES-EF (4C{R1F), BHHIRS, HEITLIYARITIE.

(4) JmA 16 mLLYS-EF, Hiff[J2%), Z=i#E 5min.

(5) A 16 mL NEU-EF, Hiffli€%), & T0K I 20 min,

(6) 4000 rpm, E5.0» 5 min.

(7) f#/H 12 mL EQU-EF Vi DNA 2554 G ik JiE2%).

(8) % (6) H ) EiEHA2 Rk JEas, JERISIES] DNA 464, IR .

(9 BFHH =X BAE, {f DNA A5 X,

(10) JOA 5mLFIL-EF, &%t DNA 4544 .

(11) FFiidyess, {3 H] 35 mL ENDO-EF i& ¥t DNA 45 &kt .

(12) JoA 12 mL WASH-EF #EATERE, RN KPR ELU-EF & T 60°CIK
W, BT

(13) S A 10 mL AWM BERE ELU-EF, #E47¥M. A5, TH
Nanodrop2000 435l Il & DNA 45 A 4 R A 55 5 — i ARSI IR B, 43 ieoN a,
Bo A o/p <10, NMFIEBEML, 504k S5E M .

(14) K KIEFRL B, -20°CUKARRAT 7% FH o

2.2 [B@IREREF. IRGE REENE

2.2.1 18 e
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(Dt HEK293X 41, 12 1.8 X 107 AN/ AE 401 M £ B 3 A 31 15 om 15 37 LA,
AR A BN 18 mL se 4l IRk,

(2) mEaRik Rz 16 Prox, HPAEREESYEE pMDG.2,
pMDIg/pRRE A1 pRSV-Rev =Ffifii #i .

22}

* 16 A EF L KRR
Table 16 System of lentivirus packaging

U oy 2R F &
H (1 kL 8.6 ug
OPTI-MEM 2mL
0255 JTORLIR &) 7.6 uL
PG (10 62.5 uL

(3) K2k in A% OPTI-MEM 1, ZE% 30s.

(4) N TR, % 30s.

(5) MMANHGLG, &% 20s.

(6) =i, HE 25 min.

(7) B AR AN, i R sh s 7RI .

(8) HigE 16 h Ja, k.

(9) WtE 48 h F172h LiF, 2500 rpm, 250> 5min, R ik,

2.2.2 TREFIR Y

(1) B 8 B OB AR AT T IRE R . TO0% B FE & VE. ARG, AElBiEaW, 1§
FHAE B Eh /K — 3, 800 rpm, B#[E] B0 30's, FEMIRRAA, LAMES 30 min.

(2) ffiHH 0.22 uM JELS IR 5 B3, SR )5 0 2 B0 13 I B O
EIRAE T 30 mL.

(3) BELFHTHESE, 4°C, 22500 rpm, B0 2 h,

(4) 4 13, 800 rpm, WEEECr 30 s, LB G hHEAE, R
R R, AN T AR 93 (100 uL/).

(5) fii F&f 1 EOR 8 135 8, 4°C T 3-16 h.

(6) E¥%IR~), 800 rpm, FHE 0 30s,

() KR E R E BT 0 1.5 mL B0, e/ 200 pL 35575
WRUIB VRGO S, A4 H AN BRIk 48R &

(8) VB2 HR BF A4 LA 50 pL/ & R 5342, -80°CUKARPRAF 25 FH o
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2.2.3 I3 751 I 58

(1) Wtk HEK293X 4iiff, 1%, WA IS 4X10° MmL, [[40H
Bt inN polybrene IR E A 12 pg/ml, SR 540 LL 500 pL/FL AR 3
2| 24 FLIRH

(2) JW#EJEMA% 1. 3 FAE LR T 3EATARE, REFLEL 10 pL AR
I 2448 ) DMEM $5 77 506 B L AR B #5531 600 pL.

(3) Y 16 h J5, ik, *MNFRGFRE.

(4) &Y 48 h )5, JHALAf, ARG R .

5 YL % TS
(5) wLis i = 210 B R

2.3 NSMNE ML 4ARE (PBMCs) RIS

(D HEZRMEFRMEEAR CKRA5mL) HEE 15 mL EHO0EH, %
1: 2 MIRFREE, N 10 mL ) 1PBS MR IR FEA, HARWITIRA

(2) HL5 mL FB MLBAEA T 15 mL (B0 d, N 4 mL A4 ik
4 73 5 (Ficoll-Paque) .

(3) EFETHEFFFLF, 400 g, B0 20 min. HRVER, NAE 20 RER K

(4 BLERE, BOETHERSEZNE LR A TEETE, BfEH 1
mL B AEIGE 3 mL MK & PBS )=, S8)E, EMGHEL 1-2 mL A0 & FAZ 4i i =
VAT 3 B 15 mL f B0 F, N 1>PBS VAN 572 10 mL, HERFTIR S .

(5) 1500 rpm, &0 5min, F4E E3E, BN 5 mL 1PBS iF¥%—K.

(6) BRIt Us, o3, B TIRE P IRAFSEH

¢

— M3 NPBSIFIR
— A

Figure 1 Schematic figure of a density gradient centrifugation!’”?
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2.4 T HEZREERENL

(1) Anti-mFc 4% 1 FLAR H1 45
Offi ] 1>PBS #f anti-mFc mAb #BEk 2 pg/mL, LA 100 pL/ALAIAFE A
96 fL-F R .
@ E OB FLARE ], 4 CUKFRAFIT T -
(2) 575 PBMCs
OFEA SIS = PR AR AZE B3R, & PBMCs Mk &, PRodr 4
F MR R R B, R8I
@FE 37T CIEE/KB ST, BApRPEE G, R 15 mL 08 d, FH
T 4H s = H 452 5 mL.
(31200 rpm, &0 5min. FEdE LiE, H5mLEEFREEE, HAE, W10l
A R B AT T
@H 20 L R 25 )y 110° AN/mL, ¥ anti-human CD3 mAb A1 anti-human
CD28 mAb A EI4HE 2R+, LKA 578 0.25 pg/mL, 1 pg/mL.
(3) fHH 1>PBS iFUEHT— KRB LT LR, 15 =,
(4) 4 2HALL 100 pL/FLIAFR, Eefh T 96 FLAR
(5) KA E TR M, W1k 48-72 he MBI R IAVIRAS,  HI 40 B
AR IE, MR SE T 40 BRI £ B 75 15 ]

2.52028Z #0 2028Z-4-1BB CAR-T ZHBEEEY4E =

(1) B ARAFT--80°C ok AR ik 4 i) 2028Z F1 2028Z-4-1BB R #E A, BT
UK BB . (T 40 2R B S R B 1>40” TU/MML, FE4# ] 0.22 um 3§
S ERE, B TK B

(2) K 96 FLR P AT T Aiffu e 2 15 mL S0 T, HH CAR-T
24 i 35 77 J A AL e —

(3) 1500 rpm, &0 5min. Fids b3E, I 5 mL T 28 755 5 B 41

(4) 4% 2.3 FHETIR D TRIAT 2 R B 0

(5) B OEH G, WA 1-2 mL (e 2400, 1/ 1>PBS ¥ #5531 10 mL,
BARIRITIRAT, HX 10 pL 40 i 475

(6) 1500 rpm, .0 5min, Ff B3, R4 (5) dHITHEER, IAE S
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RFR T i IG FRt HB M, RIS, HU 10 pl 40 BT T4

(7) K BT T 20 8 52 3135 15 5 1<10° AN /mL, BL 100 pL/FL AR R 3
96 fL P IEEE TR . % MOI = 10 By EL B SY, EFLAMNIN 100 pL SR BB,
WRITIRS) G, B TR

(8) EYLJEEE 4 K, FNAMIAKN 20282 1 2028Z-4-1BB CAR-T 41
BH 2

2.6 2028Z #1 2028Z-4-1BB CAR-T 4Mpaghd 1

2028Z #112028Z-4-1BB CAR-T 4 KA I LA G, %K 2 Ffiosiifs, #H1T
PRANE TR o TEARAME IS RIS FE Y, fd 4R I8 Raji Cirradiated Raji, IR-Raji) 4
HuXt CAR-T 4R HEAT & R RIB, (e gt HIEsE .,

IR-Raji IR-Raji IR-Raji IR-Raji
CAR infection Stimulation Stimulation Stimulation Stimulation
0 6 12 18 24 Days

B 2 CAR-T tafle KR T & A
Figure 2 Schematic diagram of the long-term CAR-T expansion assay
fE CAR-T RS LTI, ST a0 BoE AT 4iit . IR-Raji
Bz JEMEs 4 K, AR RGE M U CAR-T 4HARRI B RR L 1042 T 40 Ay I &Y
AEAL S TR T o

2.7 RN AR SELE

(1)7E IR-Raji BS54 K, IHE CAR-T 40 FEE 21 i T 15 mL [ B L,
1500 rpm, 50> 5min, FEE .

(2) ¥ CAR-T ZiJfftya5 &%y 1>40° AN/mL, LA 100 pL/ALRIAFBEERS] 96
FUBR . #EZH R %5 1 4 A 410° AMmL.

(3) REZN T M-5E4000 (ET) LiRA R AGs2s, Wit 17 s, %
LG4 AR AH 200 pL/FLIE R — 31
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F AT RN FAH R IR
Table 17 Design of killing assay in vitro

ET CAR-T 4Hffl AR (ul) /4L S0 A I AARF (ul) /5L
1:0.5 100 12.5
1:1 100 25
1:2 100 50

(4) H:E23% 12 h f124 h J5, {3 F anti-human CD19 F1 anti-human CD3 % JtHifk
Yetty, FIYHRE AR I CAR-T 40 it A58 40 B ¥ B o5 B o] .

2.8 ZHBEEE T8

(1) %3 17 Fiori E: T LB, ¥ CAR-T 4 AR 4R L1557 12 h.
(2) WRHX 100 pL b3 (A ERYENRD, 1700 rpm, E5.0 3 min, fRE E

(3) f#iH FACS buffer ¥ EiEMEE 2 £, B TIUK L&,
(4) P AR i
OB ARFFUES (5 pgff), 1500 rpm, B0 5 min, A H 4 EER AR K7
TR -
O HER AR 1 mL ¥, FHEEbrdEm, AR s R =k g 5
ug/mL.
QR hritE % 1. 2 BISFE LI AT RRE, SRR 12 DNMIRBERR R .
(5) 1% stain mixture FIECH], LLERANEE SR B:
10 uL FACS buffer
0.15 puL capture bead
(6) ¥ 1% stain mixture EHIEEIJG, LA 10 pL/sample FIAFINAE] 96 FLEK
H,
(7) [ 1% stain mixture FUBCH, AEFLIIN 40 uL ARdE S SR URE R, Al
MHCWRITIRS S5, =i E 40 min.
(8) FFLINA 150 uL 1PBST, 1700 rpm, 0> 3min, Ffa i,
(9) HEPIE (8),
(10) 2" stain mixture [IECH], LLEAANEE S 941 .
50 uL FACS buffer
0.15 pL PE-Detection Ab

(11) ¥4 2" stain mixture =% 2515, LA 50 uL/sample FARFIN BIRE i,
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BRI, ZEiRE 40 min,
(12) &L 150 uL 1>PBST, 1700 rpm, 5.0 3min, Fifi ik,
(13) HE PR (12),
(14) BRFLIIA 70 uL (1) 1>PBST HEFEM, R/, 8 ARl

2.9 2028Z #0 2028Z-4-1BB CAR-T Ak AHTEI/ER &iE AR
ASHFFE CAR-T ZH AR P H0 8T 3% PEAIF 58 42 /8] 3 BT A AT

52X 10° Raji 14107 CAR-T _ mice were
cells i.v. Cells i.v. 1.v. bleeds sacrificed
R L SN
e 8 ] Days
SR esd 0 7 14 16 vl
NSG

B 3 AL 49 M B CAR-T @it 73 77 £7 & B
Figure 3 A schematic diagram of in vivo xenograft tumor model and CAR-T treatment protocol
(1) kB SRE /N BRABE A Ay A
OW4E Raji 401, 1500 rpm, 5.0 5 min, FEf i,
@ffiH 5 mL 1>PBS, JE¥H#E, 1500 rpm, &0 5min, FHE LG,
@IINE AT R 1>PBS H 240, WHL 10l 4 24T THE .
@7 3 N 2.5X10° AN mL, JRAIE, B /N REIKE ST 200 uL 40 E
o
(2) CAR-T 4HfLityT
OF 75 CAR-T 4liffis, JFit#. I 1>PBS 10 mL, JRAJJS, WRHK 10 L 4 &
WA THEL
@f# ] 10 mL 1>xPBS J&E¥E4HML, 1200 rpm, 2.0 5min, F EiE.
@ H] 1>PBS, W% CAR-T 4% 5l 510" MmL. 74, & H/NRE
FikE ST 200 pL 4B XA, & R/ REBKESS 200 L 1>€BS.
(3) Kl CAR-T 4iijidfl Raji 4 7 /N B AMNE ML &5
OFE 15 mL B0 5 mL 1>PBS VA, @& Ik REL 5 i/ B T
B0, PUEEENES . TN 4 mL A A E bk B4 4> B (Ficoll-Paque) .
@Ik G THE FEFEFE, 4009, B0 20 min. HRAERF, RAEES O AR AR
A, BERI.
@B LA G, A 1-2 mL 4 )Z BV T8 8 15 mL 508, I 1>PBS
AN E] 10 mL, 1500 rpm, B0 5min, i _EiE.
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@HnA 100 uL FACS buffer B &40/, #2402 %2 96 £L U Bk, ~FI57

R, 3 HIRI CAR-T % Raji 41l & & .
(4) 5 CAR-T ZHAAN Raji £ AE /I B Rl R REAE A 1) 75 &

OF /N RIEEGE, BOH IR . BREAT T R WEES, 3 v S 28 R
1>PBS Wil R ST e KB -

@ffi A 0.45 um 1 JEZFT, 1500 rppm, B0 5min, FAEWRE G,

@MKIINA 500 L 1%ACK Zf#M, 2% 30s, I 5 mL 1>PBS 47 H 1A,

®1500 rpm, &0 5 min, F4E EiE, I 100 pL FACS buffer &4, it
T, KdniuiEAs A 96 fL U AR, PR A g, 4r BRI CAR-T K& Raji

M &&=
2.10 Q-PCR
2.10.1 $2£HL CAR-T 4 ffu & RNA

(DY FE 5x10° 4> CAR-T 4, 48 ] 1PBS i ¥E4H Y, 1500 rpm, &40 5 min,
BRI 135 -

(2) Fc B 2R . 600 uL TRK lysis buffer £l 12 uL p-3fi%k 2.0, ZEHRES .

(3) NN 612 uL RERCK MM E E, JFEB RN 15 mL Z.0E .

(4) fHH 1 mLFEFERKITIRS, 20 10 R, IR R#.

(5) FZEARFILINANTC I T0% L BER R, R .

(6) KA 2 RNA 544, 14600 rpm, 5.0 1 min, Z)3F 430 R

(7) BEEIDE (6), FHHHM.

(8) JMA 400 uL RNA wash buffer I j&¥%:—i#, 14600 rpm, #5.0> 1 min,
PRI

(9) E#IW L : 73.5 uL OBI DNase Digestion buffer 1 1.5 uL RNase-free
DNase I, #RiHERERS]

(10) [ E ORI 75 pL A6, =i, #E 20 min.

(11) 730, EHM 600 pL wash buffer I, %%, # & 1 min. 14600 rpm,
B0 1 min, FEELH R

(12) A 500 pL wash buffer II, 14600 rpm, 5.0 1 min, FEH .

(13) HELIR (12).

(14) %4, 14600 rpm, .0 2 min.
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(15) NP BITEG, G820 BRISTEE G PiRlE. (EHRF1 1.5 mL 250
BB O, I\ 50-70 uL $EHT Fi#E] 70°C [ DEPC Water, Jilit, 14600 rpm,
2.0 1 min, ZIFEEIR R

(16) K ESE FF, 14600 rpm, 250> 2 min.

(17) B BIR A fa, 13 Nanodrop2000 Ul & &, -80°C VKA R 4745 H «

2.10.2 Wi %A i cDNA

£ % cDNA J NAK RNk 18 Frw

% 18 cDNA 4 stk £
Table 18 System of cDNA synthesis

A 24 PR I
RNA 2ug
10 uM OligodT20 0.5uL
5>RT buffer 4 uL
10 mM dNTP 2 uL
ReverTra Ace 1uL
mH,0 4h55E] 20 uL

PAE S B i Inse e, RiRal, & SRR T Y

Step 1 42°C 60 min

Step 2 99°C 5 min

Step 3 4°C 5 min

¥ ER A cDNA FEfh, 4% 1: 3 ELBIRGRE S5, -20°CIRI7E&H

2.10.3 Q-PCR ¥4 H [rj L [A]

(1) Q-PCR5# (5" >3' ).
GAPDH forward: GGAGCGAGATCCCTCCAAAAT;
GPADH reverse: GGCTGTTGTCATACTTCTCATGG;
Exogenous 4-1BB forward: CAGCCACCAAGGACACTACGA;
Exogenous 4-1BB reverse: AAGTTGAGGACCAGCAACAGAGT;
Endogenous 4-1BB forward: CGTTGCTCTTCCTGCTGTTCTTC;
Endogenous 4-1BB reverse: TCACAGTTCACATCCTCCTTCTTCT;
Bcl-2 forward: GGTGGGGTCATGTGTGTGG;
Bcl-2 reverse: CGGTTCAGGTACTCAGTCATCC.

(2) Q-PCR itk RWZ 19 fron, BT 3 M EIL.
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% 19 Q-PCR R R4tk %
Table 19 Reaction system of Q-PCR

H A 2 FR 7&E (ul)

cDNA 0.5
b, FIERESY 0.6
2>gPCR Master Mix 6.26

mH,0 553 12,5

DAL B i inse G, WhlrEr B, fE3%7R ), 1700 rpm, &0 1 min.
(3) U NRFY 1Y H A

Step 1 95°C 30s
Step 2 95C 10s
Step 3 60°C 30s
Step4 GotoStep2 40cycles
Step 5 95C 155
Step 6 60°C 60 s
Step 7 95C 155

2.11 NF-xB 12 S 1B E KR
2.11.1 CAR-T 4l 5 2 42X

(1) FFh CAR-T i fudicdE 5510 ° /ML, 1 1PBS J5¥E4H A, 1500 rpm,
20 5 min, R EIE.

(2) N 80 pL /sample RIPA ZLAEVR, #4402l & T-UK b, B F 30 s,
vk 2% 10 min.

(3) 4°C, 21000 rpm, .0 15 min,

(4) Wesk BiF, BRIy CAR-T 4HjS & H .

2.11.2 BCA R E A E =

(1) f# ] RIPA 2@ B E 438 4 mg/mL. 2 mg/mL. 1 mg/mL. 0.5
mg/mL. 0.25 mg/mL F1 0 mg/mL [ BSA #rifE s, [FE A RAPLKE CAR-T 4 i
HEMFE 5 5

(2) K TCHILF bR e S FRRE S I B R AL 20 0 B 5 L T-F )i 96 FLAR Y,
AL 200 L TAEWR, FHHARGIRITIRS
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(3) %4 96 LR E T 37°CIEEA, & 30 min.
(4) FREERMBHAIRENE, ¥ 96 FLIE TEEFRIXH, 562 nm ALK 6,
FEMRPE AR U S AR B T ERE R R IR

2.11.3 CAR-T 4 A 5 25 58 VA I Bk Jide i s HEL vk

(1) HARTREH, %% 8 fionfic /7, BLHl NE 10%7 B IL, 7B R
ZIEBFRIAR B2 2 em &b, SR\ RN EEEE

(2) Feor s s, B RAEE, HABKKERRRREEG, ZZmA
=T S ) AN = T 1 o9 M 0 i S £ e o

(3D [m) 4 ffL i B AR A N 0.2 £ [1) 58k H Loading buffer, & T+ 100°C
GIRW, A2 7 min. 12000 rpm, B0 1 min, # EIEFEBEHN 1.5 mL BOE
s

(4) FRIRAEIREEE G, Kt % T SDS Bk i, ZIvOodk i _EFEAR
] 55— ykE NN 3.5 uL 2 A marker (#26616, Thermofisher A, #RJEH KN
A 50 pg 20287 £l 2028Z-4-1BB CAR-T 4Hfi A 2 FARE S

(5) WHEMEE 80 V, HIKZ 30 min, ff8 AR HIKEIRAR S 75 BRI
FUIAL (E48RN—22), BHEETFE 120 V, fi)oHIKE Loading buffer Ri#
i R 2%, 51k FK.

2.11.4 p65 F1L p65 &5 111 Western Blot 4 5&

(1) #HL 9 cm =<6 cm ) NC I, £F CAR-T 4 a5 85 1 58 V5 5 ok e B i mi ok
SN, ANOEUREER, B4 - R AR -NC - JE AR-1 4 - B AR 1
I 1/ Western Blot # =BG, = BIIR HI/E i A2 B M HE RS

(2) WHEMEE 100V, HEEEEE TUOKE 4 ClKFEF, F£E 90 min.

(3) HEAHR G, K NC BEELH, &1 TBS Eiil) 5% BSA W, &
FRIKLE, =iREM Lh.

(4) ¥ NC JEHUH J5iR 1 7E p6b Hifk. p-p65 biiksk GAPDH difkd, BT
KL, 4CER.

(5) ¥ NC IHLH, 0.1% PBST P&/ 3 3%, 10 min/if.

(6) F NC JBEIRIAE —Hi B 2O thric ZHiath, BETHIR B, IR
H 2h.

(7) ¥ NC IEEUH, 0.1% PBST ¥ 3 3, 10 min/i.
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(8) ¥ NC JEi & T Odyssey L 4MNE: % R G R 4 %

341t Ak

AWK H GraphPad Prism 6 X Htfa i 4T 70 41 o SR AR BCN 742 XU t A J7
1% (two-sided Student’s unpaired t-test) X AR&M LG AT B E . SRAXT
BRIV /N R AAFE F op < 0.05 AN EE B EMXER, p<0.05,~ p<0.01,
"< 0.001.

4 SLIGYER

4.1 2028Z F11 2028Z-4-1BB CAR-T RN E = K455
4.1.1 814 2028Z #0 2028Z-4-1BB CAR BUELH RHRIBIDE

CAIRFFR R OB 4 1BB # 4 F| CAR-T i iy, S53&
T 287 N CAR-T 4HfIAH L, CAR-T 4HIAERN R at. N 7RI
S 4-1BB LIS S B AL T CAR-T 40 5 s (O R, oA T sty v
PATEL A A YR CD20 1 CAR-T 4, Wil 4A FoR, —Fih 20282, H4h—Fih
2028Z-4-1BB. 7f 2028Z-4-1BB CAR-T 4iffg, Fhir 3Rk 4-1BB Ll s il

it H BT L P2A (GSGATNFSLLKQAGDVEENPGP) 4% %] CD3( At
A

20287 2028Z-4-1BB
D20 (‘ UCDZO
S2E3RES Hadht
233MMIEEETZ s 6§£ S885

Pk

P | Dm

(Ds CcD28 CDSa c]m
3 CD28 CD3¢ M

hinge Ty D28 CDX ITAM Mnge T CD3; ITAM i 4-1BB
BE)
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750 750
500 500

250 500
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250
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I €@

B 4 2028Z #= 2028Z-4-1BB & 4L f k5 69 A4y 3E
A: FAft¥eEm AR CD20 % CAR T &M= & H., s AR CD20 4 scFv 5 CD28 4= CD3(
HAEAM AR 20282 #9454, 4-1BB @it P2A A7 i3 2] CD3E 1A i o
B: 1. TMPCR =44, 2. CD3{ PCR /=44, 3.28Z PCR =47, C: 1. TM-CD28-CD3{ PCR /=47
D: 1. TM-CD28-CD3( #9&&+n =47, E: 1. pMSCV-aCD20-9FC &9 8a4n =44, 2.
pPMSCV-aCD20-4-1BB-CD3(-P2A-4-1BB #98g+n = 4, F: 1-3.2028Z Bgin’k e, 4.
PMSCV-aCD20-9FC #9851 = 457, 5. TM-CD28-CD3( #9 &5 41 /* 47, 6-8. 2028Z-4-1BB g4 5 2,
9. pMSCV-aCD20-4-1BB-CD3(-P2A-4-1BB 98547 = 47, 0. DNA marker.
Figure 4 The construction of recombinant plasminds of 2028Z and 2028Z-4-1BB
A. A schematic diagram of the CD20 targeting CAR constructs. An anti-human CD20 scFv was
linked to CD28 and CD3( to generate a 2028Z construct. 4-1BB was linked to CD3( via a P2A
sequence. B. 1. PCR product of TM, 2. PCR product of CD3(, 3. PCR product of 28Z. C. 1. PCR
product of TM-CD28-CD3(. D. 1. Digested product of TM-CD28-CD3(. E. 1. Digested product of
pPMSCV-aCD20-9FC, 2. Digested product of pMSCV-aCD20-4-1BB-CD3(-P2A-4-1BB. F. 1-3.
Digested identification of 2028Z, 4. Digested product of pMSCV-aCD20-9FC, 5. Digested product
of TM-CD28-CD3(, 6-7. Digested identification of 2028Z-4-1BB, 8. Digested product of
PMSCV-0CD20-4-1BB-CD3(-P2A-4-1BB. 0. DNA marker.

LA 3 8 4 R A7 B9 B 4 B B pMSCV-aCD20-4-1BB-CD3(  #1
PMSCV-aCD20-CD28-4-1BB-CD3( - A4 , 4 PCR %45 21| il 15 ‘518 CD3C.
28Z MEEIX TM. @il 4B Bz, PCR =473 milfi T 250 bp, 400 bp #1180 bp
4, 5 TM (243 bp). CD3{ (370 bp). 28Z (160 bp) H I F B A/ NH—F o
RIG, 4HES PCR 33 TM-CD28-CD3(¢ F B, Wil 4C fin, #E& PCR =¥t
T 750 bp &b, HSEE B — 3

fff |l Not 7. BamH 7 R ®l A U 8§, % 18 K & K & 2 &
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PMSCV-aCD20-4-1BB-CD3(-P2A-4-1BB A1 pMSCV-aCD20-9FC, VAKX H i Bt
TM-CD28-CD3¢ #ATEEY) ( 4D-BD . )5, #1890 #ERIAH A5 TM-CD28-CD3(
R BT ER:, DB EA R, % DHS5o {ENTE X HETE, K E AR T
1k, PRELE O B B IS FEAT B ORI, IRBUBRLEAT IR D) S0 . D) % e a5 R an
4F 7R, 1.2 F1 6.7 5 BRIV J5 , 75 750bp kb3 26717, 5 B I A Bt TM-CD28-CD3(
[RR/INFHIE, XSS ORI AT e R IR B2 Bk . B 1. 2 6. 7 5 RURLEEAT
M7 258 . MpEs R SR, BEAFURH 3N Bt TM-CD28-CD3¢ /741 5 45k
W= RANFIIME—3, TEERE SR, %48 1KY TM-CD28-CD3( [
W B Th A N B B RIS AR

PL b gs Bk B, 18 9% 5 i ki pMSCV-aCD20-CD28-CD3(-P2A-4-1BB
(2028Z-4-1BB) Fll pMSCV-aCD20-CD28-CD3(, (2028Z) .44 Ihi % .

4.1.2 35k 2028Z #0 2028Z-4-1BB CAR BV BB EEENE

CAR(APC)——>

JEIR10 pL WL 3R IR OFhRE

0t 4 CAR% | u*- CAR% '+ CAR%
3 10.3 E 81.6 i 50.3
I 3

3 3 ] 1 1 3 4 5 &
0 it 10 10 w* W uf w1 o’ by 1t ' u’ w1 10 10 10 10 10
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5 N oy 5 4 = N 3 ;
WRARTL: 27k WATRL: 815t WARTL: 243507k
lDﬂ 3 lﬂﬂ 3 lﬂﬂ 3
lUs - lCIs - lUs -
10* CAR% |w*+ CAR% |n*+ CAR%
3 248 3 12.5 3 5.90
10° 10° 10°
10° 4 1 100 =
lEI1 - lCI1 - 101 -
lDﬂ lﬂn lﬂn
L o B S B pemr S T ST S ST
lﬂu lﬂl l[l2 l[l3 lﬂ9 lﬂJ lﬂd lﬂu lﬂl l[l3 l[l3 lﬂ9 lﬂJ lﬂﬂ lﬂu lﬂl lﬂg lﬂ3 lﬂ; lﬂJ lﬂﬂ
WG T29HERE
l[lst
0=
0 CAR%
3 4.30
w =
w =
Bl |
l[lD
AR ettt S e v
lﬂu 1[11 lﬂ2 lﬂ3 10 l[ls lﬂd
. 5 ¥ = 5 iy 1
JFi10 pL IR 3FFE IREETL: OFFE
l[l6 l[lu
lUs lﬂs
1t CAR% |u' CAR% '+ CAR%
153 80.8 E 53.6
lEl3 1['3 103 -
l[l2 l[l2 lﬂ: -
101 101 - 101 -
lﬂﬂ lﬂn lﬂn
Ty Ty Ty Ty Ty T Ty Ty Ty oy Ty oy Ty Ty Ty | oy iy
lﬂu l[l1 lﬂ2 l[l3 l[l9 lﬂJ l[ld lﬂu lﬂl lﬂ: lﬂ3 l[l‘ lﬂj 10 lﬂu lﬂl lﬂ: 1“3 lﬂ; mj lﬂﬂ
N . = > v = N ¥ ;
WAL 27HRE WAL 81FRTR WRAETL: 243F0
l[l6
le
10t CAR% |[io* CAR% |u‘< CAR%
284 14.0 3 6.35
10° 10 10° =
'S 10 10’ =
10 10t 10t =
1o 1’ w°
Ty Ty Ty oy Ty ) Ty Ty Ty oy oy Ty Ty Ty Ty Ty Ty oy
lﬂn 101 102 10] la4 IU! lﬂﬂ lﬂa lﬂl l[l2 l[l3 l[l‘ lﬂs lﬂﬁ 10“ 101 103 10] 10, ll'lS u
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WRATL: 729FF

10* 4 CAR%
3 227

B 5 1% %A A AR
A: TONBAEN T, B: 2028Z CAR Jma A Z M 2., C: 2028Z-4-1BB CAR % & BN < .
Figure 5 Detection of lentivirus titer
A. Detection of blank control group. B. Detection of 2028Z CAR lentivirus titer. C. Detection of
2028Z7-4-1BB CAR lentivirus titer.

AHIE IR FH = Bk 185 75 AL 4 2 g HEK293X ZHfiuA: 7=k 5, [ 48 h
72 h J5, W LIE TR YE . FATTXFRIE 2028Z CAR #1 2028Z-4-1BB CAR
9P B 0 P 3EAT 7RI, P 5 BT . EH VA ORI 45 SRAS 0, VR AE B R VA TR
(IR EE 21y 2>40% TU/L, 1T ELR 45 J5 9 55 VA IR IR G 005 LA R P o P A
TWEZI0N 210° TUL, R BIR BEIR S & h i, TR AR B3R 1 %0 100 1%, k%
[ ZR 20 42% o I A B 1 5 a3 2.2.3 19D TH B R 4 5 120 5 1
LT3R 200

* 20 1% A A
Table 20 Titer determination of lentivirus

2K W (TUuL)
20287 2x10°
20287-4-1BB 2.5%10°

413 BRERRT A

W74 J5 1) 2028Z CAR H112028Z-4-1BB CAR 1855 29, #% MOI = 10 I L1,
YL T Y. YL 16h J5, IR, RS RIEE 4 K, I agH B AR IR G
A, KIS B & 6A Fiax,  2028Z CAR #1 2028Z-4-1BB CAR (R YL 3R 7
SR 25.3%, 28%. A TIRFL 2A FEMERR 4-1BB & 55200 CAR 701X il
Sl 8 DA KR i RS AL IS ELAE AR, FRATEE K CAR 401 v B 2 = A7 iAok
T AL, = KFUFERIBE, B CAR 0 FHIFRER. Klgs Rk 6B At
N, TERANE IR R G, 2028Z CAR-T ZHfifufil 2028Z-4-1BB CAR-T 4 Jfd i) B 14:
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V
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E
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£ 000008
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=0.00002
XA s _i— S -
Y ®
Y ‘I,,\Q‘
&

B 6 CAR-T mfie.t ] %

A-D: A XM CAR-T @mfarai® (A-B) #24-1BB 2% (C-D), E: Q-PCR 4 #7 2028Z
#= 2028Z-4-1BB CAR-T @2 ¥ ) it 3 sh R 4-1BB 2 mRNA K-Faykix €., BAD: &
BRI T M RIR =44k, NS: £RE2FME%, 7 p<0.001, n=3/4,

Figure 6 Construction of CAR-T cells
A-C. Flow cytometry analysis of CAR (A-B) and 4-1BB (C-D) expression on 2028Z and
20282-4-1BB CAR-T cells. E. Q—PCR analysis of the mRNA levels of exogenous and endogenous
4-1BB in 20287 and 2028Z-4-1BB CAR-T cells. B&D. Experiments were repeated with T cells
derived from three donors. NS, no significant;” p < 0.001; n = 3/group.
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R A RN, Bon T HUEN SRR CAR-T 40y 3, I+ Bt CAR-T
MBI R IR BB R, T8 2A FEAKERN 4-1BB % E 0 CAR 701
S5 SINRE N T AR T ANE M 4-1BB L2 4 2 7 B #F 2028Z-4-1BB
CAR-T 4fiffg Hhd 21K, FATTR At a0 B AR AT A, A 25 SR 4n P 6C-D P,
JUF T 1) 2028Z-4-1BB CAR-T 4iffi#iF%ik 4-1BB, {H X H /D E 1) 2028Z CAR-T
N RIE 4-1BB. i, N TR FLAMNENE 4-1BB J& 5 REfip 1 o5 2028Z-4-1BB CAR-T
Y1 R IR 4-1BB (355 . BRATE mRNA /KFELEE T CAR-T 41 A Py 1 5%
ANETE 4-1BB R IAE, B R 6E Fis, WIRETER 4-1BB 7E#Ff CAR-T
Y i Rk B ER AR, T AR 4-1BB 7E 2028Z-4-1BB CAR-T 4 b ) 5%
B EVEE T £ 2028Z CAR-T 4 ykiEE. Kk, 7F 2028Z-4-1BB CAR-T
Y0 = FRIA ) 4-1BB BN AMNE MR 4-1BB.

4.1.4 4-1BB HFIE 2 FiEL NF-xB 5 5@ %

BT CA R T s R W 4-1BB HLf) sy 1 32 2 5 & p65 5 p50 & H
BERR AL TG NF-xB 135 551, Bk, 3A7%F 2028Z-4-1BB CAR-T 4 P2A
FLRRIERE I 4-1BB LRIz A 2 SR R Z AR T 7R A AR A,
BATELH T 2028Z CAR-T ZHfifiF1 2028Z-4-1BB CAR-T 4Rl p65 5 [ i FR 1L,
K, KgE R 7A-B Fian, MHEET 2028Z CAR-T 4iffl, £ 2028Z-4-1BB
CAR-T 4H i p65 £ [ IR A /K1 i 25 38 0 o b 4b, FRATTIE AT 21 2028Z CAR-T
1 2028Z-4-1BB CAR-T 4l £ 1Hi ¥4 4-1BBL [)%iAs, & 7C-D fias, 4-1BBL
(12215 4-1BB [1M5 5 8 Bk FTE AL R A T B 5 KU

PL bS5 L], 20287 £l 2028Z-4-1BB CAR-T il L4 s sh iy . Moy ik
(1) 4-1BB SLHIBZ R IR A 0 CAR # FHIREME 54 S, H4-1BB HHA

A B
&
" i M 20287
o &V i 2028Z-4-1BB
> » 2 .
. = 1
o3 T
——— a— (5 =
=& NS
- - ; l__l‘_
— p-p65 (S536) L
—

b Al
4 h
Oy |

<> G:rDH
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20287 2028Z-4-1BB _ NS
154 | E—
/] ] S .
=10
4-1BBL o
139 /M
< ':_? 54
S +
m :GI
w2
W e ey 0-
o w0 10 10 10 : X y 4\) Q’Q‘
4-1BBL (PE) Y
&V
»

[ 7 4-1BB 3|42 NF-kB 13 5 18 5 69 &1L

A-B:Western blot #:] 2028Z #= 2028Z-4-1BB CAR-T & & p65 #= p-p65 49 % & K-F .

C-D: AKX A2M) 20287 #= 2028Z-4-1BB CAR-T #mjtf @ 4-1BBL 69k ik, THLRKRW T @
o kR AR, NS: R2FEME R, p<0.05, n=3/4,
Figure 8 4-1BB triggering the activation of NF-xB pathway
A-B. Western blot analysis of phosphorylated p65 in 20287 and 2028Z-4-1BB CAR-T cells. C-D.
Flow cytometry analysis of 4-1BBL expression on 2028Z and 2028Z-4-1BB CAR-T cells,
Experiments were repeated with T cells derived from three donors. NS, not significant; p <0.05; n
= 3/group.

FERE AN Y)RE . RIAME CAR-T 4RI HY 4-1BBL Jy 4-1BB 15 ‘5 18 % 1)
AR T RNEUE SRR A, FRATTHEN 4-1BB A5 S i 1 E0E v e A AT CAR-T

2 BV A S B
4.2 4-1BB RSS2 T 2028Z-4-1BB CAR-T AP 1k

CAA ML SRR, B 4-1BB SLRIFZ AR %L 3t CDA™F1 CD8™ T 4
G, HXTT CD8* T 4 i (K4 5 B AT - PEM) . 9 7 B CAR-T 4 f4
WAL T HoJE R A BORES . RATTHIE 7 — MRS KGRI TR, WK 2
Fime BT 4-1BB AMUAREHE(EE T 403658, M HaEretssem T 480501k .
Kk, 7£ CAR-T AR 7R, FATERA T HRALE) 4-1BB JLHIEIE 5
BRI CAR-T 4R /1k, 40 CD4A™M1 CD8™ T 4 Ltbfl. 1812 T 4
FRLER SRS DA K T 248 P 2 T S 2 00 1) 12 S2 AR ) SRR 46

46, FATX CD4™AI CD8" CAR-T 4 i i) Lb Bl b AT T4 I, 25 SR 8A Fp
TN: ESFRIAE —JE N, 2028Z-4-1BB CAR-T Ziiffirh CD8* T 4 i) L5 &5 35 v
T+ 2028Z CAR-T 41 A i) LUAG , 1ZEa A AE R 77 10 35 = J] AR IRAAAE 1R 25 SRR A,
FHEL T CDA* T 40 5, A 4-1BB FLl 35 5 B2 1 CD8" T 40
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FE 8 4-1BB 1257 % T 2028Z-4-1BB CAR-T m ity 5 1L
A: R XM CD4™4= CD8" CAR-T mfaty ], B: CAR-T @it IR-Raji #li&kZ B, #]
Pk @ %R AR AR PD-1, TIM-3 4= LAG-3 49 %52, C: f 2028Z #= 2028Z-4-1BB
CAR-T @i f, #h4E T 4af. (CD45RACD45ROCCR7', TN). #&itie T mia
(CD45RA'CD45ROCCR7", TCM). #k mitife T @, (CD45RA'CD45RO'CCR7, TEM) #=
2% T @mfe. (CD4SRA'CD45RO'CCRY7, TEFF) #9tbtl. B-C, =k Z A5 ly, EAKREAM®
MR IbsE R, T p<0.001, n=3/4.
Figure 8 4-1BB signal alters 2028Z-4-1BB CAR-T cells differentiation.
A. The CD4" and CD8" CAR-T cell percentage in the long-term culture was analyzed by flow
cytometry. B. The cell surface expression of exhausted markers PD-1, TIM-3, and LAG-3 was
measured in CAR-T cells after stimulation with irradiated Raji cells at indicated time point. C.
Relative proportion of Naive T (CD45RA'CD45ROCCR7", TN), central memory
(CD45RA'CD45ROCCRT", TCM), effector memory (CD45RA CD45RO'CCR7,, TEM) and T
effector (CD45RA'CD45RO CCRY7, TEFF) cells in 2028Z and 2028Z-4-1BB CAR-T cells at
indicated time point. Representative results of one from three (B-C) repeated experiments are shown.
" p <0.001; n = 3/group.

4.3 4-1BB H RS 5 @S PR E T RIR#H CAR-T MRk ETE
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Mgk A KR R, IRATTA PR CAR-T 2 (456 B HEAT Siit, TR AR

KA. i 9A Fan, 20287 A1 2028Z-4-1BB CAR-T ZHM/EREFEMIATHY, —

HHIGERE A BE R E R . AT, EERFRIE I, 2028Z-4-1BB CAR-T 4
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BT 4 &AM B T, C, 3 AR R IR &9 CAR-T 2@ Caspase-3 #9 4 &.45 £ #7441 . D,
Q-PCR 4#7 2028Z #= 2028Z-4-1BB CAR-T #mji.+ Bcl-2 £ mRNA K-Fa9 kL ¥, C-D, =k
FTHEEHY, EARAMMGERER, p<005 ~p<001l, p<0.001, n=3/4.
Figure 9 4-1BB signal improves in vitro proliferation of CAR-T cell.

A. Overall expansion of CAR-T cells in 2028Z and 2028Z-4-1BB CAR-T cell cultures.
Experiments were repeated with three different donor-derived T cells (n=3/group). B. Apoptosis
analysis of 20282 and 2028Z-4-1BB CAR-T cells. Apoptosis was detected by active Caspase-3
staining. C. Summarized active Caspase-3 staining data from three different donors. D. Q-PCR

analysis of the mRNA expression of Bcl-2 in 2028Z and 2028Z-4-1BB CAR-T cells. Representative
results of one from three (C-D) repeated experiments are shown. p <0.05, p<0.01,and ~ p<
0.001, n = 3/group.
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Figure 10 Profile the cytotoxicity ability of 2028Z-4-1BB CAR-T cells in vitro.

A. Human CD20 expression on NALM-6 and NALM-6-hCD20 cell lines was determined by flow
cytometry. B-C. 20287 and 2028Z-4-1BB CAR-T cells were co-cultured with NALM-6,
NALM-6-hCD20 (B) or Raji (C) cells in triplicate at the different effector:target (E:T) ratios for
12-24h. Relative cytotoxicity was calculated by analyzing the remaining tumor cells (CD3'CD19%)
by flow cytometry. D. 2028Z and 2028Z-4-1BB CAR-T cells were co-cultured with Raji for 12h.
Cytokines secreted by 20287 and 2028Z-4-1BB CAR-T cells were determined by CBA. E. 2028Z
and 2028Z-4-1BB CAR-T cells were co-cultured Raji cells for 12 h, and the expression of
Granzyme B in CAR-T cells was analyzed by flow cytometry. Representative results of one from
three (B-E) repeated experiments are shown. p < 0.05,  p<0.01,and " p < 0.001, n = 3/group.
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Figure 11 2028Z7-4-1BB CAR-T cells show better persistence and anti-tumor effects in vivo.
A-C. NSG mice were intravenously inoculated with 5x10° Raji cells. Seven days later, tumor-bearing
mice were treated with 110" 2028Z or 2028Z-4-1BB CAR-T cells. Seven days after the treatment,
bone marrow, spleen (n = 3/group> and peripheral blood (n = 12/group) were collected for analysis of
CAR-T cell (mCD45'hCD45"hCD3") persistence and Raji (nCD45hCD45"hCD19") tumor cell
burden. D. Kaplan-Meier analysis of survival of mice (one point represent one mice, n = 11/group).
Representative results of one from three (A-C) repeated experiments are shown. p < 0.05,  p <
0.01,and ™" p < 0.001.
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Figure 12 Proposed model of how 4-1BB signaling enhances the anti-tumor activity of 20282

CAR-T cells.

The NF-xB pathway is more active in 2028Z-4-1BB CAR-T cells than 2028Z CAR-T cells.

While the expression of exhaustion marker PD-1 and pro-apoptotic active Caspase-3 is reduced in

20287-4-1BB CAR-T cells compared with 2028Z CAR-T cells. These molecular mechanisms lead

to enhanced proliferation, cytotoxicity ability and anti-tumor activity of 2028Z-4-1BB CAR-T cells.
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