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[Abstract] Objective: To construct and optimize chimeric antigen receptor T (CAR-T) cells targeting sialic acid-binding immunoglobulin-
like lectin 6 (Siglec-6), and to evaluate their targeted cytotoxicity against acute myeloid leukemia (AML) cells, preliminary in vivo efficacy
and short-term safety, thereby providing experimental evidence for Siglec-6 as an immunotherapeutic target for AML. Methods: A recombinant
CAR gene targeting Siglec-6 was designed. Three humanized single-chain variable fragments (scFvs) were screened, and the effects of
different co-stimulatory domains, including 4-1BB, CD28, ICOS, HVEM, TMIGD2 and OX40, on CAR-T cell function were compared
within a second-generation CAR framework. Siglec-6 CAR-T cells were generated by lentiviral transduction of primary human T cells, and

CAR positivity and cellular phenotypes were detected by flow cytometry. Surface expression of Siglec-6 on U937, MV4-11 and K562 cells

[EE€WB] BEXBRPEES(82273207)
[MEHEEN] HES T, o mikg
(BE1EH] R RS IREUE & m (s ) =0




- 720 - I AR T AR &, 2026, 33(7)

was examined, and 293T-Siglec-6 overexpression (OE) cells, U937-Siglec-6 knockout (KO) cells, and U937-Luc/U937-Siglec-6 KO-Luc cell
models were established. Flow cytometry-based cytotoxicity assays, ELISA, real-time cell analysis (RTCA) and luciferase bioluminescence
assays were used to evaluate the in vitro cytotoxic activity and target specificity of CAR-T cells. A U937-Luc xenograft leukemia model was
established to assess in vivo antitumor efficacy, and short-term safety was evaluated based on body weight, bioluminescence imaging,
peripheral blood T-cell levels, hematoxylin-eosin staining of major organs, organ indices and serum biochemical parameters. Results: Among
the three candidate CAR-T cells, CAR-T-1 showed superior performance in terms of CAR expression level, short-term cytotoxic activity and
feasibility for subsequent construct development. Comparison of different co-stimulatory domains showed that 4-1BB-CAR-T cells exhibited
relatively stable CAR positivity and stronger in vitro cytotoxic activity under multiple effector-to-target ratios. Siglec-6 CAR-T cells effectively
killed Siglec-6-positive U937 and MV4-11 cells and significantly promoted the release of IFN-y and TNF-o. (P < 0.000 1), whereas no obvious
cytotoxicity was observed against Siglec-6-negative K562 cells. The 293T-Siglec-6 overexpression model and U937-Siglec-6 KO model further
confirmed that this cytotoxic effect was clearly dependent on Siglec-6 targeting. After antigen stimulation, Siglec-6 CAR-T cells differentiated
into effector phenotypes and were significantly activated (P < 0.000 1), accompanied by increased expression of some exhaustion-related
markers (P < 0.01). In vivo experiments showed that Siglec-6 CAR-T treatment reduced tumor burden and prolonged survival in U937-Luc
tumor-bearing mice. During short-term observation, no obvious difference in body weight change was observed between the two groups, and
hematoxylin-eosin staining of major organs revealed no apparent morphological injury, although some organ indices and serum biochemical

parameters differed between groups (P < 0.01). Conclusion: Siglec-6 CAR-T cells specifically killed Siglec-6-positive AML cells and

exerted preliminary anti-leukemic activity in an AML xenograft model, and the underlying mechanism may be associated with the target-

dependent recognition of Siglec-6, the activation of CAR-T cells and the increased secretion level of [FN-y/TNF-q.
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AR, HILAE AML 82 FATS 52 BR T 05k = Jii g a6 4%
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2. SAWFFRER, Siglec-6 75353 AML 41 A 25
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1, PRI AT E AT 19 AML CAR-T A7 EEARE 251
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TSR AR A = IR AR -

1 RS

1.1 @mie. . shih 5 £ 2K 7)

6~8 JE % . 20~25 g 1) 12 A HEPE NCG(NOD-Prkde™
IL2rg™ /N BRI B T 75 52 26 25 FE A =] [VF AT IE 5 -
SCXK (#5)2023-0009], i 3% T o 52 9 SR AR 2 30 855
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U937.MV4-11.K562 5 HEK-293T 4l fitl 2 14 H
e [ R 27 Bt 48 B 2/ 40 B2 N A J I SRS A 4 B
(peripheral blood mononuclear cell, PBMC) K H 14 M|
= BEK B I B B, Bt 7 7 & C3R B R A B
L (REHE S - XYFY2020-KL062-01) , AT 5 fr
A SIS T 1 48 B35 Sk U5 1) PBMC il % CAR-T 41
i, ZiRFEH LB A FEE .

RPMI 1640, IMDM % 7% 5: 1 [ 3 [H VivaCell 24
H], DMEM #7723  H DL 2.3 Biological Industries 23
F], X-VIVO 15 Jc IfiLi& 1 77 5 B 5% [E Lonza & 7 ,
FBS W 5 5 5 A AT AE IR A PR 7], 25 20 N 48 i A
T IL-2.1L-7 & IL-15 ) H 3€ [H Peprotech 24 &) , T 41 fiid
43 1% 5 005 R 57 EasySep™ Human T Cell Isolation
Kit 4 F i %= K Stemcell 24 & , CD3/CD28 T 4H i 3835
T 2k ) 1 2 18 Gibeo 4 A , Yt XU HT & FITC-anti-CD4
APC/Cyanine 7-anti-CD8. PE/Cyanine 7-anti-PD-1. APC-
anti-TIM-3. PE-anti-LAG-3. APC-anti-CD25. PE-anti-
CD45RA . PE/Cyanine 7-anti-CD69 /% PE/Cyanine 7-anti-
CD62L ¥ H 3% [E Biolegend /A ] , Alexa Fluor 700-anti-
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Siglec-6 ¥4 H & [ Miltenyi Biotec A 7] , Cell Tracker™ Deep
Red 119 H _F AR T 4t AL PR A7 A PR A 7], Stable-
Lite™ Luciferase Assay System 4 H 4 50 15 M #8 AE P)RH
A IR 7], D-5O G E R B AR MR =2 4549 T
FEEBR A, G418 W H 32 [H Sigma /A 7] , A HE 1 2 W
H 3% [ Invitrogen 2 ] , I 25 3R \ Polybrene ) i34
REEAAG PR 7], /AN RIS A PR IR
) P A ) LR TS T PR A A
12 tmiadek

U937 5 K562 4 i 5k H & 10% FBS ) RPMI
1640 35 7= B 047 5 MBS 7%, MV4-11 40 i R % 10%
FBS ) IMDM 1 5% 2L HE AT FU 5% 7% , HEK-293 T 41 ity
FHE 10% FBS ) DMEM 1 7# - AT H R 9. T
Yl LK A5 10% FBS [ X-VIVO 15 £ 3¢ 3, 3 i
BIIL-2(200 U/mL) \IL-7(5 x 107 pg/mL) % IL-15
(5x10°ug/mL) . A 4Hfuss B T 37 °C.COMFH S
BN 5% HURINE L B R AR TR B 9% o SREHT , B 40
Ji $5) 388 1L i 53 K 5 52 7 81 (short tandem repeat, STR)
Y5 , I PCRAS AR AT 3 5 kY5 G
1.3 iR X amin R AW At I8 2m e Siglec-6 LR & ik

W E A K U937 . MV4-11 12 K562 4R i 5%
1 x 10°4~,£2 300 x g #5005 min 5 37 EiEW. 50 uL
5% FBS [ PBS #2411, A Alexa Fluor 700 471t
1) Siglec-6 LA (1: 100 Fi ke ) , = G AL FH 30 min.

PBS Wik 2 U gk, A A QA L A5 A I Siglec-6
KIEFFL.
1.4 CARm#iHy#

Jy it & H 1 5 2EHE 7T Siglec-6 #E 10] scFv, A
W e 0e B 3 26 NEAL Siglec-6 scFv 51, #% VL-linker-
VH [ HEF1] 77 ) 2 Siglec-6 CAR FKIA UKL, I 44
4 CAR-1,CAR-2 fll CAR-3. 3R CAR J¥ %1l j@ i [A]
5 7 2H v % &2 pHAGE-EF 1o 12 95 75 # 44, it — 20
BT 0% scFv g gt 2 AN 7] 3 ) i &5 1) 45 1) Siglec-6
CAR JiiHL.

BT ZAUCARAMELE , 7E4H [F] Siglec-6 scFv. X%
X 5 i X f CD3¢ i NS 5 S5 M 3 ER Al b, 2301 5
A 4-1BB. i T T 4l 350 307> 1 (inducible T-cell
co-stimulator, ICOS) . # & % & # AN /v T A 7+
(herpesvirus entry mediator, HVEM) . %5 5 il G 2 Bk H
1 &5 #J 8 2 [ 2 (transmembrane and immunoglobulin
domain containing 2, TMIGD2) - ifJ& $4 5L [K] - 52 14 &8
K F% 1 4 (tumor necrosis factor receptor superfamily
member 4, 0X40) #1174k, 7% 28 (cluster of differentiation
28, CD28), 144 6 Ff Siglec-6 CAR 18I Bl i . ik
1 RQRS 5 Siglec-6 CAR ik HE il it FMD-2A ki
P, LBl —#H ILRA (B D T CARGHEH
GAS I , W5 2K F Bt G4S JE 32 K Pi Ao il 241
R CAR RIEAKT (M HERQRS) -

FMD-2A Siglec-6 scFv =~ CD8 0X40

RQR8 FMD-2A Siglec-6 scFv ~ CD8 HVEM [M@bxis

ROR8 | FMD-2A Siglec-6 scFv ~ CD8 ICOS

RQR8 | FMD-2A ' Siglec-6 scFv =~ CD8  gaVite}o¥ CD3(

ROR8 |[FMD-2A Siglec-6 scFv CD8 CD28

ROR8 |FMD-2A Siglec-6 scFv ~ CD8 4-1BB |N@IbXi4

1 AREIERIELEHIEAY Siglec-6 CAR 5HREE

1.5 BmEaE5EEMNT

I 5 20 W0 e % e ik, B CAR H 40 i ki 5
% JFURL psPAX2 . pMD2.G % 4t 2 HEK-293T 41l i .
gL 8 h J5 NS 1% A B BR8N 1% HEPES &
10% FBS () DMEM 7E & 85774k 437148 h L 72 h
W EE T 5 TG, 48 250 (84 000 x g,4 °C,2 h)K
95, BB -

5 955 75 7 B 0 5 < % HEK-293T 40 a3 7 T- 24
FUAR (1 x 10°AN/4L) 5 24 h & i A 2 7 B R 94 48 9
FEWC0~10 pL) o YL 48 h Jo US4 40 o , 97 2040 oA
Rl CAR BHPHE 26, 4% LLF 23 2 B B (A3 B P 4
ZRIE 10%~20% Y05 BBl P9 04 3 rhos 2 J v A4 AR
KA ul) « 35 FE (TU/mL) = CJE 4% R 28 i % < B i
/R EE AT x 10,

1.6 4% J% %4 5 %] % Siglec-6 CAR-T za &,

K PR 2R A7 7] 43 3146925 I Ak E 425 PBMC H 43 25
CD3* T4 M, FK 70 55 J5 1 T 41 B 28 v 305 BE AL 75
fic 25 6 Fh AN [7) S ) i 45 K4 45 Siglec-6 CAR-T iV 41 1
Mock-T 2. #2414 fu$5)4% 8 CD3/CD28 Wi b Bk 5
TYIME 121 BB AT WS 85 7% . WG 72 h 5, TEA
TG REER 261 T , %% Siglec-6 CAR-T WV 2H $514%
JE e 5 H (multiplicity of infection, MOD) = 5 43 5] I
NNV Siglec-6 CAR ZRIAHE 1897 2 ks, /5
CAR Zitd 5 K a2 S N T 408 : Mock-T AN I E:
e & , AE A RERBHM S A, 5H
CAR-T W2H B T 58 4 A [R] A 5 72 AR 858 v [R5 44

FEIAIE B KA N T 5 0 K, Mock-T 41
[F 25 TH . #5518 h G, P 4H 41 i 35 36 4 O & 2
iR T- (9 X-VIVO 15 58 4 15 52 3, # G 48 h J
LBRBOIELER. BEER2d(5H4.6.8.10.12°K)
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KA B B M T A S W I G A I 41 B £
BTG R, FEARYE A AR KR AS D 70 T e R R L
VAR 2
1.7 AR XA K40 CAR-T £98 CAR e bk % % & Al

4399 TR B IR )5 28 684104 12 KULEE CAR-T
HA 1 x 10°4) , 2 PBS ¥k )5 , 50 pL PE FRic 1
Pt G4S FE B RE BU A (12100 7 B T 2% BSA/PBS) H
2, UK BB SN 30 mine RS EE AL, #id i
M AT CAR 73 F HIBAPE S o 3 A 73 B
F Mock-T X} HRAAE AR — R ], S AR o
FERFEREAT 2307

T Y5 55 8 RULEE CAR-T 4L (1 x 10°4) #E
172 e g, TR0 T 40 20 4b & A6 S KB 05
TR R B, 44k 3R B I 4 44 £ 45 CD4. CD8.
CD45RA } CD62L, fR#& CD45RA Fl CD62L [ K ik
100, K T 4 B2 4> ¥ 46 T 41 Y (naive T cell, T,
CD45RA*CD62L*) 1 Y442 T 4 ffd (central memory
T cell, Tem, CD45RA ~CD62L ) % M i 12 T 44 jg
(effector memory T cell, Tem,CD45RA CD62L ) Fll1Z%
RAORRALIZ T 40 M/ 75 3215 CD45RA [ R idAZ
T #H i (terminally differentiated effector memory T cell
re-expressing CD45RA, Temra, CD45RA*CD62L ) ; i
1k 2% FUHG I 47044 £, 45 CD4.CD8 . CD25 } CD69 ; #%
5 AF 2 & B AG W B AR L FE CD4.CD8 . PD-1.TIM-3
K LAG-3. B Hiik+ 11100 Fike, vk 8 /e v
30 min, BE¥ S EALREI .
1.8 #93 Siglec-6 it & i% 49 HEK-293T 4@ i

38 N Siglec-6 i 3 15 1% 95 75 =1 2H it Ri pLVX-
CMV-SIGLEC6-GFP-T2A-Puro, #& B 2: 14 5 2 J5i i
J& » 55180 7 AL UKL psPAX2 L A0 JIE 5 R pMD2.G St
% Yv HEK-293T 4 ff , T % 44 J5 48~72 h W £ b3
T, 0.45 wm P8 25 5 I8 I 45 15 21 1= T FE AR 0 EE
I 75 % Y N\ Polybrene % B /& %« HEK-293T 24
Jf s Y 72 h S R RS R B ) S A B AR Ok, B
2 5 10~14 d, 3k 15 Siglec-6 i % 18 £ v [ 41 i
M, i % N 293T-Siglec-6 4 il .
1.9 ##U937-Luc.U937-Cas9 4@ it

73 R 45 7 5 6 2K B R R 5 Cas9 55 (R 1) 120
BEEUR YL U937 41 L, FE N Polybrene % Bl & 4L,
343 U937-Luc 41 il 5 U937-Cas9 41 il . &K YL 72 h
Ji » 43992 F G418 (FH T U937-Luc 41 i) A% A i B
Z (- U937-Cas9 21 il ) FF 220 1% 10~14 d, 3513 Fa
E 2 LR M. BE S, R A IR A B VE AT 55
B 7y e, H DA IR B A R B AR 2= e e i |k 7y . @
TG N Y 2R T 1 6 AIE U937-Luc 40 i 15 1
K FH WBIZEIGIE U937-Cas9 4 g Cas9 & A £k .

1.10 CRISPR/Cas9 # K #) # U937-Siglec-6 KO %
U937-Siglec-6 KO-Luc @ iz

£ %+ A Siglec-6 3 [X] CDS [X ¥ i1 8 X} sgRNA 5
BHEBRFHN(CED, BE 5 FrBERARMNE
CRISPR/Cas9 & [l i [5 # 41 J5i i , B J5 12E AT 12 97 B¢
.35 WU 5 IRk, B3R5 1 Siglec-6 JE R i Bk 12 75
B TR U937 4. Bl G, X N LA R 2
Wi 1% 3R 43 Siglec-6 PR il bk 1) 2 5w E i it . 7E
B Th A 2 1) U937-Siglec-6 KO 4H g Fefith [, Jak G 2
6 R B R A FE B B, 3 — P M R T R IEHO
# i 1) U937-Siglec-6 KO-Luc. & i it 20 40 g A 46
D20 1 JI65 3% T8I Siglec-6 i FH A8 Bt , 3o ik 24 i 22 (4]
R R AL G5 o AR S A IR — D T D [
2K, DL i Siglec-6 A2 5E il B 1) U937-Siglec-6 KO
J U937-Siglec-6 KO-Luc.

1 #BE A Siglec-6 ZE A sgRNA 52 f£ 5 |41F %)

sgRNA 5| ¥ il

1-F CACCGGAATCTCCGCTCCTGAGCCA
1-R AAACTGGCTCAGGAGCGGAGATTCC
2-F CACCGGAGTCACTGACGGTGCAGGA
2-R AAACTCCTGCACCGTCAGTGACTCC
3-F CACCGTGGGCAATCTGCAGGGTACG
3-R AAACCGTACCCTGCAGATTGCCCAC
4-F CACCGTGGTTATGGCTACTGGTTCC
4-R AAACGGAACCAGTAGCCATAACCAC
5-F CACCGACCATAGTACGAGGCTGGAA
5-R AAACTTCCAGCCTCGTACTATGGTC
6-F CACCGGGAAGGGGCTGATGTTCCAG
6-R AAACCTGGAACATCAGCCCCTTCCC
7-F CACCGCGACCCAGACGAAGAAGTGC
7-R AAACGCACTTCTTCGTCTGGGTCGC
8-F CACCGTGAGCATCAGAGATGCCCGG
8-R AAACCCGGGCATCTCTGATGCTCAC

F: 1E 7 5 (forward) ; R : 2 7] 5] 4 (reverse) o

1.11  WB &4 293T & 293T-Siglec-6 Zmfie. # Siglec-6
Fakir

WAL AR A U 4 PR B A M A R 1, R A B
FRR G R FH BCA B 8 Bkl E 5 48 B FE AR
FE o ERESERUR , B4 20 pg &K 14 SDS-PAGE
MEIENC . 5% Bifg 495 M2 h 5, i A $t
Siglec-6 —$1(1:50004 °CA-H# % . K H , N\ HRP
FRid = #H0(1:5000) % imAHE 1 h &, {8 ECL L3 Kk
H R .
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1.12  CCK-8 &4 M Siglec-6 KO %+ U937 4m i, 38 74 At
71 89% R

B A K AR U937 K U937-Siglec-6 KO 4,
1l 2% B B, LA 3 < 10°ANFLI 4l Bk B 2T 96
UMb, LB FR FAARAR 100 L, B E 6 MR AL,
A B 15 B 2 AR TR L. 2 T 85975 0.24.48
AT72 hBEE I 10 puL/FL CCK-8 ¥, 4k 85555 1.5 ho
B8 J5 , 15 FH B A ARSI 450 nm Ak 8- FLOG 55 B (D)ME
FRAREAS I 28 R LU A 99 L A 3 L e ) 2 57
1.13 5% B AR T 48 2 9 47 (real-time cell analysis,
RTCA) #* 4 M| Siglec-6 CAR-T #® fi. % 293T-Siglec-6
m e 69 A A5 1E R

K F E-Plate 16 PET #iiEAT RTCA Kl . F3 L3z
Fh293T 84293 T-Siglec-6 #E4H1 1.5 x 10*4~,557%20 h,
R BRI EE AR K ARUE J5  F B L (1213 D DI T
SR eI S B DA AR 20T Al CAR-T 20X B
i Teg AR PR S P AR AT R
1.14 & FBEA D KA FAED Siglec-6 CAR-T fafaxt
U937-Luc % U937-Siglec-6 KO-Luc fafiLdy 445 &

VR IR T G ZR G 1) B A S RS T 41 A
FEARE AL (30 1.1:1.1:3.1:6. 12100355555 24 he
T4 Rk F i 4 ARG T % 2H CAR-T 4L i) CAR FH
PEZR, IF4 CAR A IR AE T BO B SRS A0 M . S
FR4E W I , % Stable-Lite Luciferase Assay System 15 1
FECH N R » E#R B 10~15 min, {8 B BEAR1X
KL RGBT AR R R 2. A AT
AN[F) L) 5 K3, Siglec-6 CAR-T 4 ff £5  5 Ht Ji f)
WA P IR SR TRE T, W B 3 R IE SR 75256
FRECILIE IR 24 h S R I S0 BB RS 5, JF % AH
[ 5 B FE T I NBT £ U937-Lue 4RI HE N R —%¢.
1.15 & X A 45 % % ELISA 42 @) Siglec-6 CAR-T #f
¥ 6 4m R 69 A A% &

WCER X U K I e R B A i, 2 B0 JE 7 T
J&i » Fi& 8 RPMI 1640 MG E; 7 AL d . 14754 mL
FHEWMA 1 pL CellTracker™ Deep Red ¢ /4RI EL
BEAT Qe 0, IR A5 BT 37 CCEEFRAA T 5 97 15 min.
Gt e R TR A, B e R R R R B bRid e
{18 e S A P AR

N EL#E 3 45434k Siglec-6 CAR-T 4 i (14 1 %%
TEE, LA Siglec-6 B U937 40 A HEZH A , £ Mock-T -
CAR-T-1.CAR-T-2 }z CAR-T-3 R E L g 101 FkE 5%
24 ho FEEFFREEH R LIS, KA ELISA il &A%
I TFN-y 2 TNF-07/K~F-o 716 3R1F 3 CAR-T 45 #4
Ji& » LA Mock-T A B FIfIALJ5 (1) Siglec-6 CAR-T il
RS, U937 MVA-11 K562 4 g 414 L , 4% %%
BEEE 11 Y EL BT RS 57 0 T3R5 24 A48 h

R A, B REAS N 1 L 0Bk , i i S04 i
AR EAS DU A R & B, PAYPAS 4K 5 1) Siglec-6
CAR-T 2l % A 5] AML 20t PO ) A P
1.16 U937-Luc At #41)s RALA 4 1 % CAR-T %m
kY ke
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AT RO, AR /N R A1 A 1 B S BE28 B U2, FR Lo
HASEFRAGEGERL = MRS ERE/NRAE
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B . 27 b, %3 CAR-T-1 % 3 1 scFv i T J5 4
CAR ZE# 1Ak -

A
Mock-T Siglec-6 CAR-T-1 Siglec-6 CAR-T-2 Siglec-6 CAR-T-3
250K B
200K CAR* E CAR* CAR' ] CAR*
0.051 % 86.9 % 86.5 % 45.8%
150K B 1 g
100K 4 4 4 @
ol N @ -
0 T ™ LAk BN LAY . AL | ™T LSk B GASLARA | MR Ab ™T ™ T L) T T
000 10 100 108 <10 0 10 10105 .10 0 10° 100 18 100 0 10 100 10
Protein-L/CAR*-APC —— >
B Mock-T Siglec-6 CAR-T-1 Siglec-6 CAR-T-2 Siglec-6 CAR-T-3
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