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[ Abstract | Background and purpose: Chimeric antigen receptor T (CAR-T) cell therapy has shown remarkable efficacy in
treating hematological and lymphatic system tumors, but its effectiveness in solid tumors is relatively poor, which is partly attributed
to target selection. For Ewing sarcoma (ES), CD99 can be a potential target for CAR-T cells. However, due to T cells’ endogenous
expression of CD99 protein, CAR-T cells targeting CD99 face limitations in their expansion capacity in vitro. This study aimed to
identify the optimal conditions for preparing CD99 CAR-T cells by incorporating CD99 knockdown short hairpin RNA (shRNA),
optimizing the multiplicity of infection (MOI) for lentiviral transduction, and screening for the best culture medium and container
for CAR-T cell expansion. Methods: shRNA sequences were screened to enhance the expansion capacity of CD99 CAR-T cells.
Different MOI, culture media, and containers were used to assess CAR-T cell transduction efficiency, cell viability, proliferation
capacity, specific killing ability, and interferon-y (IFN-y) release levels under various conditions, in order to identify the optimal

cell preparation conditions. Results: The expansion level of KO-CD99 CAR-T cells obtained through shRNA knockdown was
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significantly higher than that of CD99 CAR-T cells [ (16.40+£0.40) vs (6.33+1.53), P<0.01 ] . The optimal expansion effect was

observed when the transduction MOI was between 0.25 and 1.0, and OptiVitro was used as the culture medium. CAR-T cells cultured

in ventilated flasks exhibited significantly higher expansion rates compared to cells cultured in bags [ MOI=0.25: (50.23+3.32)
vs (13.02+4.82); MOI=0.50: (49.96+0.83) vs (18.25+2.88); MOI=1.00: (48.27+5.08) vs (13.16£6.26); P<0.01 | , with better cell
phenotype and higher specific killing ability. Conclusion: KO-CD99 CAR-T cells obtained through shRNA technology can achieve

stable expansion. Based on the optimization of expansion conditions, KO-CD99 CAR-T cells exhibit superior expansion capacity

and a higher proportion of memory T cells when the MOI is between 0.25 and 1.00, OptiVitro is used as the culture medium, and

ventilated flasks are used as the culture container. These findings lay a solid foundation for further clinical trials of CD99 CAR-T cell

therapy for ES.
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EDTAI 3 2 [E Thermo Fisher Scientific/ A,
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P 7-AAD Viability Staining Solution
APC anti-His Tag Antibody. FITC Mouse IgG1,k
Isotype Ctrl (FC) . FITC anti-human CD3
PE Mouse anti-human CD99, PE Mouse IgG2a.k
Isotype Control, PE anti-human CCR7., BV421
anti-human CD45RA Antibody. BV650 anti-
human CD45RO Antibody. PE anti-human CD25
Antibody. BV421 anti-human CD69 Antibody .
BV650 anti-human CD71 Antibody A1 T~ 55
S 3 % E Biolegend/A ), F5ELERINH i
BT T AEACRHE Ry A BRA W), Human TRy

(interferon-y, IFN-y) precoated ELISA kit ( Cat:
1110002 ) 55 & W B E kB A P RHA R
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1 $BECD99HIShRNAFFIE R
Tab.1 shRNA sequence information targeting CD99
shRNA

Sequence

Forward: 5'-CGGATGGTGGTTTCGATTTATCTCGA

ShRNA-1 GATAAATCGAAACCACCATCCGTTTTTT-3'
Reverse: 5'-AAAAAACGGATGGTGGTTTCGATTT
ATCTCGAGATAAATCGAAACCACCATCCG-3'
hRNA-2 Forward: 5'-CCAGCTGTTCAGCGTACTCTTCTCG
s AGAAGAGTACGCTGAACAGCTGGTTTTTT-3'
Reverse: 5'-~AAAAAACCAGCTGTTCAGCGTACTC
TTCTCGAGAAGAGTACGCTGAACAGCTGG-3'
shRNA- Forward: 5'-CAACACAGATGATAGAGCACCAATT
control GGTGCTCTATCATCTGTGTTGTTTTT-3'
Reverse: 5'-AAAAACAACACAGATGATAGAGCAC
CAATTGGTGCTCTATCATCTGTGTTG-3'
1.2 FHik

1.2.1 KO-CD99 CAR—T 4 it 64 A 3 B ) &

¥ R g iR KSR shRNA B3 A
RNA Pol JG3h¥/J5, i APLVX-EF1a-CD99
CARZRARIY B, w4l ok 2 DB RHE W R}
FoA PR ml S e B R A B ARG S o
( National Center for Biotechnology Information,
NCBI) HXFEE, DNAR K A 7 Takara
25 ] B B0 B EE B DN A ISR &, JF R
NanoDropfdi 54N G it o

122 ARRT@AG» 5

Vo i R 4L 2 R VR A A1 T i 202 i A B A
20 mLIKEL A4 B AY S0 mLEL.O &, 700X g
B015 min, BEOMTHES R RS, BEoEE
B7 N NS RERY N O =38 AT E Y v el R
A, AT P10 uL/2 X 107
ALY H A0 AN CD3REER, I AR
g v B E IR E 30 min, FEHS mL>
VEOE vl FE L, KR EGE S B A, TS E
I REER BRI AE T b, 2 mL A BELE v vk
2T, AT HINAS mLar & e,
FIPGEE ST 0 ZE TANM e T2k, Uk
R IPYE TR A AN
123 1&smAHETMIe

B BCH B9 A KRB R A9 AR T4 i+
6L, R FHAHN MOLX TS 77k g, iy
R0 SR BB e (LR B S pg/mL. BR LR+
ST CAR-TAM I FE G oL, SR A A
R % G R RN AT 2R
1.2.4 AKX e REn

W AE K T5 X 10 CAR-T4R M T &,
AP IIAL mLy % whik, 300 X g&.0
5 min, A4 B, EREPE2H, HI50 pLinial
SEOh R RN, I A A C D99 FH Bl bt
AT ARE, 4 CROEYL30 minf&, MIAL
mLF R E PR Y, 300 X gi5.005 min, 2
P LW, EREVE2ME, H250 pLiiNg il E
B AIMLE NA2.5 uL 7-AADHUIE, J4£410 min,
SR TR AR AR 3B A
1.2.5 R4S EF AN CD99 CAR -T2
Lo 4m 2

TPEHLA-673 4N A/E A BH I FE A0, 20007 20 i
SHCD99 CAR-THiMI, Frfh s R bric . WEE
K5 X 10*4™/mL A #0410 i 42 0 T U 96 FL5 72 4
i, 100 pL/fLo FeAS [N 41 i -5 0 4 A L 4]
(25:1,5:1, 1:1) IMAKSARANHE, 1k
FUM100 pL/AL. BEE BT RRAL (A ST )
FEXT B (AL X BEFRZE hEh AW )
FHBEANZ AL, 3T CHAREFRFATERE
3.5 W96 L300 X g5.0010 min, MAFLIEZHK
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96fLARHT, BTEITAMY (SBORE : MAIGHK
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F e LT A AGHE A AR 2B i A s . R
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FRAHZDENAE ) / ( BEPEXT BEZH 58 (B - B PE X R 2]
DN ) X 100%, FIHE IR,
1.2.6 RAELISAE# N CD99 CAR—Ta e
TFN— &9 4k 7K -F

i TE A A0 MDA - 673 41 L T 9 6 4L B b
(5X10"M/4L, PRFI100 pL ) AF > BHv: S0 40 i
gH, FRE25 - IRV AN SR A Ee ], AT
A AICD9 CAR-THHME ( 1.25X 10°7~/4L, AR
100 uL) TR AL, B3R AL,
18 25 10% M6 2F 1175 AU DMEM-Basic B 72 364E -
IR R . 1637 CHEMAREFRPIEE24 ba,
96 FL R 7E 5 1R R 300 X g5.0:10 min/5 WLEE120
nL ETRR, R fse I B iR 2 0 10 B - i Ui
FRVERIIFN-y 9 230 WK P, 78450 nmil K Tk
MWW SCEE (D) 8, FFRHErRdE 23 A HEA
YL TR E i (pg/mL)
1.3 FitF4aiE

% HGraphPad Prism 93/ % 84 #1748 11
ST LR LAY £sFoR, PRI HLd R ek
5. P<0.05HZESAGI2HE L,
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HE L1
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CARK Btttk (KI1A) , BRScFvAFAL, H
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MR IEFRRNEET . 14FI21KIE, 4350 5% i =20
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CD19 CAR-THH A% 2% YL 32 00 43 51 2R 70% F130%
Kt (E1C) .

KT IHCD99 CAR-THA MY 4 i A
R, ARLEXT TN F M CDIOPLJFE i R ik k1T
THEI, RITHM FCDRIHT IR Kk SBEET
S 110 95K 0 B T A e e, R AR P A K
S ARSI AT IEA-673K (1D ) , Xt
IEW] T CD9MEMESHITS TERE s AT RE . AS S50
XFCD19 CAR-T4HjE . CD30 CAR-T4IEAICDI9
CAR-THIEHEAT T 3 =NPH T-4 0, &ZBCD99
CAR-THH i i) - 309 05 T 40 451 R SR SE 400 i L 5]
H#RUH 5 T°CD19 CAR-T4HfS FICD30 CAR-TZH IS
(KI1E) . HHEWRTICD99 CAR-THIM [ &%k
FICD9IER S %] H B /= A AN R .
2.2 CAR-TZHRERMECDIIEHRIZNIERIES
TCD99 CAR-T4HAIH 1AL /1

T B AN R T CD99E 1 635, 17
CD99 CAR-TZHAEAIY 3G . AL R HshRNA;
RFFEIRCDI9 CAR-THI L i CDIBLIF 3k .
TR T BN E i shRNA T8, 78 Jurkat A
FETHIM I M R L aETshRNATRBE, LI3K
AR RARRCR . NI R T CD 99T R Y &
KBTI F], shRNA-1AEURRCR A, B
RAICR LU FL R B X BR 2l (isotype ) , WNEI2A
FTs

W0 16 1 I ShRNARY EEH CD99 CARFY Tk
I, BRI R TN A JS 3 /4 KO-CD99
CAR-THIML . FEFRIRIGEFRFM BT,
RIEE 14K IKO-CD99 CAR-THH L4 B f %k
E R TCD99 CAR-THIM [ (16.404+0.40) vs
(6.33+1.53) , P<0.01, EI2B] . N7 #if%
KO-CD99 CAR-THHHU M DI RETA A B A m Ik mi 52
FFE, ASZE N TKO-CD99 CAR-T4H Al
CD99 CAR-THHMIA LG 50R | RSP R AR
FIFN-yREBOK TSR Z5 5, R IX BFICAR-T
IR E2E S (P>0.05, K2C~2E) ., Lk
FURPLR, E A AR T AN 2R ) CDOYBL i T LA
SEPCD99 CAR-THHMI IR ED 1
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H, AR et TMOT, MOTTT RE4

He=
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(78.50+21.55) %, P>0.05, EI3A ] ; [RINAE
UM EFERYEET . 12, 14H118 K435l kA 7 41 i
Aﬁ?ﬁ%ﬁﬁﬁlﬂﬂ@ﬂimmﬂ, R IRIX A AN [R] B[] 5

B LA Z AT R 2R TR E L
(P>0.05, K3B) .

AFEMOIXKO-CD99 CAR-TZ it 1 5t fig
JTEARERW, LR TR, MOIKO0.25
H10.5011 48 L 9™ & A5 2 S MO A 1.50 1) 41 e 7™
MBI AR EES [ (21.55+£6.5) vs
(8.70+2.09) , P<0.05; (18.48%2.08) vs
(8.70£2.09) , P<0.01, KE3C], MOI}1.00
B 41 M 45 B T-MOT R 1.50F12.00 44 41 i
WA, HESTRIFFEEL (P>0.05) o B
WA, ARSELRAERIE T A FRIMOLE; Je15 2|
) C AR-T 4 I A% 457 5 1 % 403 136 1 RN N-y B FROK
S, SRR, 7R3N BN 41 i S AN i
FE AR AS [ MOTSZ 56 4H 2 [6] 4 41 i 4 S P % 1
W R G E L (P>0.05, KE3D) .
MIFN-yBEHOK AR E , A FE B E S MOI42.00

| E E E

C D
M CD19 CAR-T cells M CD30 CAR-T cells A
N M CD99 CAR-T cells 1SO
60T < 100f .
# CD19 CAR-T cells .g o DO
Q2 80f
g -+ CD30 CAR-T cells 2 § ~ g /:// g D4
40 [ = CD99 CAR-T cells = | by - B
5 7 g 2 ¢ i, v
1 5 % he RZ} 2 |
= | 2 aof = L B, D9
A A w
5 - T 20[. | .
. ) ! A-673
= _.—.Cf": 2} — . ./:\: F y
00 = 5 1'0 1'5 L 0 0 10 10° 100 10
t/d #d CD99
E 10°F Q2 10°F Q M Dead cells M Living cells
3 571 3 146 M Early apoptoic cells
10° 10°F 100
80
10°F 10 o
3 %0 60
10°k 10°} 5 40
0 0k 2
3 3 3 o
0°F Q3 _10f Q3 “10°F Q3 &~ 20
82.0 ) 2.89 5 2.00 39.0 3.80
T T T T ST T T T T 0 CD19  CD30 CD99

CD19 CAR-T cells CD30 CAR-T cells

=1

CD99 CAR-TZHRTF7EH 1E 2] %

CAR-T CAR-T CAR-T
cells

CD99 CAR-T cells

cells cells

Fig.1 The CD99 CAR-T cells exhibit proliferation challenges

A: Structure diagram of CD19-CAR, CD30-CAR and CD99-CAR; B:Fold expansion of CD19 CAR-T cells, CD30 CAR-T cells and CD99 CAR-T
cells; C: Transduction efficiency of CD19 CAR-T cells, CD30 CAR-T cells and CD99 CAR-T cells; D: Expression of CD99 protein on T cells and A-673
cells; E: The flow apoptosis diagram of CD19 CAR-T cells, CD30 CAR-T cells and CD99 CAR-T cells. **: P<<(0.01, compared with CD99 CAR-T

cells.
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FIBE AT 5MOTR0.25 ~ 1.50 8 B il Kk - Y 17
R FEES [ 15K (3 353.00£469.52) vs
(1765.00+299.81) . (1806.00£16.97) .
(1818.50+481.54) . (2 114.5+£16.26) ,
P<0.01; #F19K: (2 470.50%+335.88) vs
(1321.00£193.75) . (1493.50+72.83) .
(1461.00£5.66) . (1 750.504+152.03) ,
P<0.05, FI3E] .

8 PR, APIMOIXKO-CD99 CAR-T4H
M 55 JeRoR | R S R A TS PR I TR
{H¥MOIK0.25 ~ 1.000} 4 YL 45 F] K O-CD99
CAR-TAIME AP HEHOR et
2.4 AREEFEIIKO-CDI9 CRA-TLHA 1
R

Br R B YRR T REXTKO-CD99 CAR-TH il
P3G A R . ARSI R H T 3R GMPZUI Y
T FR3E, 430 Gibco CTS™ OpTmizer™
T-Cell Expansion Basal Medium-L-Glutamine}%
F23 . OptiVitro TG Ifi 1 4% 7% 2 M Opti Vitro
UniEx TG ML 85 7286 0 R A 4 i AR

Ko A ] 15 75 B2 XF K O-CD99 CAR-THH if i) 5%
W, 2R BN, F3FP SR AL B FR I CAR-T4H
I P 200 2 G 200 36 R A B AT 1 R 22 S TR S i
HE X (P>0.05, Kl4A, 4B) . MMM 14
WORFE . M OptiVitrodf 37 BE 1 F2 Y CAR-T4H i
P HGAE 0GR T Gibeod FR £ FOptiVitro UniEx
ekt [ (36.79£23.02) vs (14.92+£14.29) |
(31.36%+21.54) , K4C] .

ARLE BT T A FRFEXTKO-CD99
CAR-TH R P ERRCR B2, 453 s,
H16K, JHOptiVitroh 37 He 4% % 10 240 il 25 1 24
R 5 Gibeok 77 AL 1: F7 10 4 il 22 S o ge 12
B (P>0.05) , 1MiHOptiVitroki 773K F7 1
A0 A AR A AR B 3 T OptiVitro UniExHs ## 5t
[ (64.33+4.04) vs (49.67%+3.51) , P<<0.01,
KI4D | o 25225k, 3FhES % AL 55 95 00 40 i A
MR 2ZER TG #E X (P>0.05, K4D) ,
{HOptiVitrod 5 FE 4% 5 (1 4 M 8 D ROR AT & T
OptiVitro UniEx}5FE3E

A B C KO-CD99 CAR-T cells
Jurkat CD99 KD W CDY9 CAR-T cells
A T N © ~ NS
/\ Tsotype 201" = KO-CD99 CAR-T cells 3 1001 - = = =
AR = CD99 CAR-T cells 2 g0
. ‘ r'f \.\II % 15 2
| ] shC B~ A |
< . \ * =]
g | / \\ i g s 40
: : S g 20
J/ \ shi s 3
‘ 0 : : 5 ol— :
ool bl il ol 0 5 10 15 A~ 7 12 14 18
CDY9 o #d
D
1007 6000
# KO-CD99 CAR-T cells P NS KO-CD99 CART cells
< 80 NS| \ - CD99 CAR-T cells g M CDY9 CAR-T cells
2 20 4000
2 60f =
e 1 S
o i > NS
€ 40 5
3 5 2000f T
2 ]
©2 201 S
: B
1 1 1 PIN 0 1 1 1
25: 1 511 1:1 z 15 19

Effector cells : target cells

t/d

B2 i#dshRNA#IARIZE CD99 CAR-THEY 1
Fig. 2 Enhancement of CD99 CAR-T cell expansion by shRNA technology

A: Knockdown the expression of CD99 protein on the cell surface of different shRNA; B: Proliferation of CD99 CAR-T cells and KO-CD99 CAR-T
cells; C: Transduction efficiency of CD99 CAR-T cells and KO-CD99 CAR-T cells; D: Killing effect of CD99 CAR-T cells and KO-CD99 CAR-T
cells; E: IFN-y release level of CD99 CAR-T cells and KO-CD99 CAR-T cells; **: P<<0.01, compared with CD99 CAR-T cells; NS: No significance.
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