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[Abstract] Objective To construct chimeric antigen receptor T (CAR-T) cells targeting
multiple myeloma-specific antigen-1 (MMSA-1) and evaluate their antitumor activity and
preliminary safety in multiple myeloma (MM). Methods Flow cytometry was used to detect
MMSA-1/ZDHHC9 expression in K562 cells, MM cell lines (MM. 1S, U266, and RPMI-8226), and
primary MM cells. MMSA-1-specific single-chain variable fragments were screened and used to

construct second-generation CAR-T cells. CAR expression, cell expansion, cytotoxic activity
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against RPMI-8226 cells, and effector molecule release after target-cell stimulation were evaluated in vitro. The
in vivo efficacy of CAR-T cells was assessed in an RPMI-8226 xenograft mouse model. Preliminary safety was
evaluated using public database analysis, hematological and biochemical parameters, and H&E staining.
Results MMSA-1/ZDHHC9 expression was detectable in MM. 1S, U266, RPMI-8226, and primary MM cells,
whereas K562 cells showed only low-level background signals. The CAR-positive rate of MMSA-1 CAR-T cells
was approximately 52.2%, and MMSA-1 CAR-T cells showed favorable expansion in vitro. At effector-to-target
ratios of 5:1, 3:1, and 1:1, MMSA-1 CAR-T cells significantly reduced the proportions of residual RPMI-8226
cells compared with conventional T cells group. In vivo experiments showed that MMSA-1 CAR-T cells reduced
tumor burden and prolonged survival in mice, preliminary safety observations revealed no obvious sustained
body weight loss, hematological abnormalities, liver or kidney dysfunction, or pathological changes in major
organs. Conclusion MMSA-1 CAR-T cells exhibit preliminary anti-MM activity, suggesting that MMSA-1 may
serve as a candidate complementary target for CAR-T therapy in MM. However, the applicable patient

population and tissue safety still require further validation.
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E: A RPMI-8226 AP A HUG SR WU A7 20 & 2 AL; B T 22842 MMSA—1 CAR-T 29 BLZLAT 75 ) S 49 Kaplan—Meier £ #2475 C. T#n
48 MMSA—1 CAR-T i/ Rode i s o B TR -Fe92h A% 4e; "P<0.05, "P<0.01, "P<0.001, ""P<0.0001,

yxxz.whuznhmedj.com



EZFEN 2026 £ 8 A% 36 &5 8 #§ New Medicine, Aug. 2026, Vol.36, No.8

858
A 30p B
=1
o 25 % 2
& H Z
= X
& 20 [ T 8
= MMSA-1 CAR-T =
15 1 1 1 Jl
10 20 30 40
1] (d) IRIE] ()
C 75
60
S s
= 30
2 15
6
i (d) i (d)
D ¥ ;
T
MMSA-1 [
CAR-T &

E6 MMSA-1 CAR-Ti#&

Crea (pmol/L)

800

. T
Q00 « MMSA-1 CAR-T
=
X 400
5200
-

0
0 6 12 0 6 12
1] (d) 1] (d)
301 . et

"« MMSA-1 CAR-T
e

BUN (mmol/L)

Figure 6. Preliminary in vivo safety evaluation of MMSA-1 CAR-T treatment.

E: A

i T 02852 MMSA—1 CAR-T 4L/ g /7 B R EEAL; BT EH 0. 64 12 R FHIEAF; C. % FEH 0. 6412 RIFE I aes

R
B
AF; DB ES ML M. AL B HRE R ERKEBM; WA R 50 wm; TP <0.01,

3 ITig

MM J2&— Ffr xfE LA 36 0 A9 I3 2R G0 P b e
A2 S RN 25 2 B A KA AP R . G
Ak, CAR-TAIMLIAYT A K MERE MM 4L T
FNATT M, Hirp BOMA CAR-T 410 E R il
B MR MG RN - SR, o8
HIRIT RN EE Rk, HE RS EPTRME
K PO E R L MR S T K R kR
S5 I, TF % BCMA Z AT MM A G
PUE, X FEE CAR-TIRIFHLS . s A
YEHAEEE X . HAl, GPRCSD, TACI,
CD38 254 5 ¥4 T i Ry MM S8 VA7 (i B S 5 o7
i, C©APFSE S, GPRCSD# AT TEE K /IME
P MM B IR, OF B A 1%
BCMA HE [ 35 47 (14 58 3 b 47 7T UL 2% 336 97
M2 TACK B OWUEE 5 CAR-T 46 WAl 9k FH T 1y
BCMA {3 ik 5 BOMA £RAMEE K . fEi%
—F 5T, MMSA-11EH MM A OCHT R i — 20
IF %, Al RE N BAT MM HE [ G B8 36 97 1R 2 4244t
FIANE, I MMSA-1 B R FeoR ok 22 4 5
CAR-T SR W& SR BB S

MMSA-1 2 A A5 20 Fif 300 2 3R A0 MM A 5647t
B, BREAENTE $ 7 HAE MM 4 it AR S R A 3R

BHE, JEATRE SO U R SR RS A G
ABFFEH, MMSA-1 7 MM. 1S, U266, RPMI-
8226 25 MM 4 g 58 S J A MM 4 g 237 ] 46 ) 59
Fik, M KS62 4N B R EFESES, #R
MMSA-1 EAG/E N MM CAR-T fig e #1 i iy 6 38 i
fille (HASTERAGR, RIR MM 40 2 FUAS ] AR
BEFEARZ M MMSA-1 kKA —2, R
AL SRR A —E 5, S MM A S BER
e S RYEAST A, PR R IR L B T
BEE O HREFEA TP B MMSA-1 22357 T

JRACEEAR T SR, MMSA-1 5 #6820
BRARA . R-ISS M R L 1 it =t A B2k
FEATHEER I, HR MMSA-1 ik Al 68 5950
15 Bl B Bl B R B g A DG o BR AR T 9T R 4R m
MMSA-1 25 £k 5 MM A R BUSHIE ), (HARF
FREARREN . Sl BE R E, MAHE
P 0K MMSA-1 1E b 8 52 1) IS 48 4 51 50 )2
Fifi

CAR-T I 55 119 1F 57 21 236 28 DR 5 7 1) L )
FHOCHE R s e AU . AR S, MMSA-
LAHSCHE P ZDHHCO 75850 1 412 . R 4 gy
REAR KR4 MM S AN A rp ik, LA RE
H MMSA-1 ] B30 Ry A% s R S . A
HOBH 2 S W 2 S RNA KT, RNRE B4t 24

yxxz.whuznhmedj.com



EZHH 2026 &£ 8 A 36 £ 8 #§ New Medicine, Aug. 2026, Vol.36, No.8 859

LS MMSA-1 2 61k 5 A7l iE# 4R M
FENL A 37 R ARSI A 41 A A0 52 56 W A
L 1 A 1 R i 4

AHFFERYE ) MMSA—1 CAR-T 4 it A] 12 51 5
455 MMSA—-1/ZDHHCO FHH: MM 41, [R] A 7
Wik EE B, ZEFLE . IL-2 M IFN-vy, R H Ak
308 3 4 5 AR TR 3 B A5 I A 4 o R - [ e
Bi g BEREAVE ] . RPMI-8226 S Fh B Al Jgg A5 760 |
MMSA-1 CAR-T 2t i B3 KK i3 671 £ O 42 w8 2 47
R, WG IFN—y. 1L-2 1 GM-CSF 8 I & )5
BTN, SRR IR O s (R T 4
/NG I DR bR 0 AT, e A4 e PR
ANRETH T Mg (gl % ek e . bk ity
CAR-T 4 J bt S AR A M 38 1% AN 01 R 1) —
LR —2 >

AW MIRTE | M FTEAR . A DIRE R
BN AL SO B2 Ty I EAT T WA A R
KU/ R N s 5 . S
RES0 I S U 2 BERAE . SR, SRR RS R
PR RE TS TN A R TR ZE B AR . s
PEL IR BRI IR, RIAR IR 8 S 3
T S YRR o R T B2 ASREE L HEWTIG
IR% 41

MMSA-1 A4 37 M (8 3 24 T4 SR A MM
B . MM A7 7E B W B s 5 BT, BCMA B(
GPRCSD ) y)7 Ja il R A PURARSR L | Bk ok
HEi 1 TACT KRR 5 CAR-T S 1] 7 — o
FEPE L REXT BCMA 25 10 Ik, 255 SEIE 5Bk
£ BCMA/GPRCSD # [ 3697 5 A1 U8 B MMSA-1 3%
ik, MMSA-1 AIYE M e #h FE 8, Ik DU
o Z M0 55 CAR-T B HR I P e £

RFFAFAELL TR QFACHEEFEAR
BN, MMSA-13RIK 55 KR . R-1SS 7091 )
PRI AT HE bR 1 E RIOUH IR R EL R s Qi RTE
[ — AR AEAS rp ] 25 FE 5 MMSA-1 5 BCMA |
GPRCSD., TACIF1CD38 (3L 33k, ANEEHNE H
HE W HAMERE ; QI Uz i ZDHHCY
SLVRNA R, ANBEAC 40 M B MMSA-1 41 Ji 5=
i, B ) R G R R T B AT TR R SRR IE
@DVI1.2-G4S-VH4 scFv £ AR I 40 fu 45 4 66 11 7
i T e R WA B 7 7 B
8l D12k 5 () A 38 1 MMSA-1 # A/
B ad Bk sl B BEL TS AR A 6 A0 N 1Y

yxxz.whuznhmedj.com

HURME ; ©RPMI-8226 F-Fh A% AL JFI A5 70 R fig
FEATRA MM B BEROA S AR B M DOk
450 1t CAR-T 40 i i) CD4/CDS LL ] . 8423k
RS RFRE AR R . RSN ORI IR EEAR
56 35 1E AL SV IE Al & A, e B i
S PR A o R0 R R S P R AP AR v 6 U 5 7 A5 R
B,

i b, AWFIEAE T MMSA-1 CAR-T 41,
FEAD A E S HAR N AT MM 35 . MMSA-1 A] {
MM CAR-T YT B AM FE#E A, (HL AR IS
FHYGEH . B RS v B O & 4120 % kAT 5 it —
HRAHIE

MR (EZE#HM) B MR (https://yxxz.
whuznhmedj.com/futureApi/storage/appendix/20
2605113.pdf)

IR RAEIAC MM AR AR A S A RSN E AR IR+
DR R 5 B VR, AR 2 a2 v v B B AR B2 B
St b5 IBHME [2023033] )5 S ai R g 2
BESCY S e RZE Bl 2 di it (b5 ZN2024083)

BTk : SRV SEE . BRI SRS . BREEE; REA
Wedk | e sciET . ShSCE . RRRAL . PREMS; PREHES . 43K
ESTLES S

BOHEIREN: AW PR (0 00T AEE T I AR 5 1 3R
MEHMRER: X

Bt e O T R R BE I R T A B DR A R AR

SE

1 van de Donk N, Pawlyn C, Yong KL. Multiple myelomalJ]. Lancet,
2021, 397(10272): 410-427.

2 Laubach JP, Schjesvold F, Mariz M, et al. Efficacy and safety of oral
panobinostat plus subcutaneous bortezomib and oral dexamethasone in
patients with relapsed or relapsed and refractory multiple myeloma
(PANORAMA 3): an open—label, randomised, phase 2 study[J]. Lancet
Oncol, 2021, 22(1): 142-154.

3 Engelhardt M, Waldschmidt JM, Wisch R. Proteasome inhibition: the
dawn of novel therapies in multiple myelomalJ]. Haematologica,
2022, 107(5): 1018-1019.

4 Xu J, Wang BY, Yu SH, et al. Long—term remission and survival in
patients with relapsed or refractory multiple myeloma after treatment
with LCAR-B38M CAR T cells: 5—year follow—up of the LEGEND-2
trial[J]. J Hematol Oncol, 2024, 17(1): 23.

5  Swan D, Madduri D, Hocking J. CAR-T cell therapy in multiple
myeloma: current status and future challenges|J]. Blood Cancer J,
2024, 14(1): 206.

6 Phely L, Hensen L, Faul C, et al. Allogeneic CD19/CD22 CAR T—cell
therapy for B—cell acute lymphoblastic leukemia[J]. JAMA Oncol,
2024, 10(6): 821-824.

7 Schubert ML, Schmitt A, Hiickelhoven—Krauss A, et al. Treatment of
adult ALL patients with third—generation CD19-directed CAR T


https://yxxz.whuznhmedj.com/futureApi/storage/appendix/202605113.pdf
https://www.thelancet.com/retrieve/pii/S0140673621001355
https://pubmed.ncbi.nlm.nih.gov/33301738/
https://pubmed.ncbi.nlm.nih.gov/35502593/
https://pubmed.ncbi.nlm.nih.gov/38659046/
https://pubmed.ncbi.nlm.nih.gov/39592597/
https://pubmed.ncbi.nlm.nih.gov/38635232/

860 EFH4 2026 &£ 8 AL 36 &5 8 B New Medicine, Aug. 2026, Vol.36, No.8

cells: results of a pivotal trial[J]. ] Hematol Oncol, 2023, 16(1): 79.
Kamdar M, Solomon SR, Arnason ], et al. Lisocabtagene maraleucel
versus standard of care with salvage chemotherapy followed by autologous
stem cell transplantation as second-line treatment in patients with
relapsed or refractory large B—cell lymphoma (TRANSFORM): results
from an interim analysis of an open—label, randomised, phase 3 trial[J].
Lancet, 2022, 399(10343): 2294-2308.

Frank MJ, Baird JH, Kramer AM, et al. CD22-directed CAR T-cell
therapy for large B—cell lymphomas progressing after CD19—directed
CAR T-cell therapy: a dose—finding phase 1 study[J]. Lancet, 2024,
404(10450): 353-363.

Rodriguez—Otero P, Ailawadhi S, Arnulf B, et al. Ide—cel or standard
regimens in relapsed and refractory multiple myelomalJ]. N Engl J
Med, 2023, 388(11): 1002-1014.

Li H, Li J, Wu J, et al. A second—generation CD38—-CAR-T cell for the
treatment of multiple myeloma[J]. Cancer Med, 2023, 12(9): 10804—
10815.

Mailankody S, Devlin SM, Landa J, et al. GPRC5D—targeted CAR T
cells for myelomal[J]. N Engl J Med, 2022, 387(13): 1196-1206.
Firestone RS, Socci ND, Shekarkhand T, et al. Antigen escape as a
shared mechanism of resistance to BCMA-directed therapies in
multiple myelomalJ]. Blood, 2024, 144(4): 402-407.

Lee H, Ahn S, Maity R, et al. Mechanisms of antigen escape from BCMA-
or GPRC5D—targeted immunotherapies in multiple myelomal[J]. Nat Med,
2023, 29(9): 2295-2306.

Samur MK, Fulciniti M, Aktas Samur A, et al. Biallelic loss of BCMA
as a resistance mechanism to CAR T cell therapy in a patient with
multiple myeloma[J]. Nat Commun, 2021, 12(1): 868.

Larson RC, Kann MC, Graham C, et al. Anti—-TACI single and dual-
targeting CAR T cells overcome BCMA antigen loss in multiple
myelomalJ]. Nat Commun, 2023, 14(1): 7509.

17

18

19

20

21

22

23

24

25

Teoh PJ, Chng WJ. CAR T-cell therapy in multiple myeloma: more
room for improvement[J]. Blood Cancer J, 2021, 11(4): 84.
Zhou FL, Zhang WG, Chen G, et al. Serological identification and
bioinformatics analysis of immunogenic antigens in multiple myelomal[J].
Cancer Immunol Immunother, 2006, 55(8): 910-917.
Meng S, Lu C, Zhang W, et al. MMSA~1 expression pattern in multiple
myeloma and its clinical significance[J]. Clin Exp Med, 2016, 16(4):
599-609.
Lu C, Meng S, Jin Y, et al. A novel multi-epitope vaccine from
MMSA-1 and DKKI for multiple myeloma immunotherapy[J]. Br J
Haematol, 2017, 178(3): 413-426.
Munshi NC, Anderson LD, Shah N, et al. Idecabtagene vicleucel in
relapsed and refractory multiple myeloma[J]. N Engl ] Med, 2021, 384
(8): 705-716.
Berdeja JG, Madduri D, Usmani SZ, et al. Ciltacabtagene autoleucel,
a B-cell maturation antigen—directed chimeric antigen receptor T—
cell therapy in patients with relapsed or refractory multiple myeloma
(CARTITUDE-1): a phase 1b/2 open—label study[J]. Lancet, 2021,
398(10297): 314-324.
Martin T, Usmani SZ, Berdeja JG, et al. Ciltacabtagene autoleucel, an
anti—B—cell maturation antigen chimeric antigen receptor T—cell therapy,
for relapsed/refractory multiple myeloma: CARTITUDE-1 2-year follow—
uplJ]. J Clin Oncol, 2023, 41(6): 1265-1274.
Hu Y, Hou J, Jiang Z, et al. Mechanisms of resistance to CAR-T cell
therapy in multiple myeloma: latest updates from the 2024 ASH
annual meeting|J]. Exp Hematol Oncol, 2025, 14(1): 45.
Tan MSY, Chen Y, Smith EL. Beyond BCMA: newer immune targets
in myelomalJ]. Blood Adv, 2024, 8(16): 4433-4446.

Wl B 2026 4205 7 27 0 2RI EMW]: 2026 4507 7 11 H
A oo

SURARTC: FEVGSR, BRI, DRIEMG, 45 . L MMSA-1 A9 CAR-T 40 JfS34 7 22 % P B BOJR A B I8 T AT T D). B2 237 40, 2026, 36(8): 850-860.
DOI: 10.12173/j.issn.1004-5511.202605113.
Tong XQ, Liang YX, Chen GP, et al. Study of the antitumor activity of MMSA—1 CAR-T cells in multiple myelomalJ]. Yixue Xinzhi Zazhi, 2026, 36(8): 850—
860. DOI: 10.12173/j.issn.1004-5511.202605113.

yxxz.whuznhmedj.com


https://pubmed.ncbi.nlm.nih.gov/33558511/
https://pubmed.ncbi.nlm.nih.gov/37980341/
https://pubmed.ncbi.nlm.nih.gov/33927192/
https://pubmed.ncbi.nlm.nih.gov/26493349/
https://pubmed.ncbi.nlm.nih.gov/28508448/
https://pubmed.ncbi.nlm.nih.gov/33626253/
https://pubmed.ncbi.nlm.nih.gov/34175021/
https://pubmed.ncbi.nlm.nih.gov/35658469/
https://pubmed.ncbi.nlm.nih.gov/40140947/
https://pubmed.ncbi.nlm.nih.gov/38865708/
https://www.nature.com/articles/s41591-023-02491-5
https://link.springer.com/article/10.1007/s00262-005-0074-x
https://pubmed.ncbi.nlm.nih.gov/37481608/
https://pubmed.ncbi.nlm.nih.gov/35717989/
https://pubmed.ncbi.nlm.nih.gov/38996463/
https://pubmed.ncbi.nlm.nih.gov/36762851/
https://pubmed.ncbi.nlm.nih.gov/37039305/
https://pubmed.ncbi.nlm.nih.gov/36170501/
https://pubmed.ncbi.nlm.nih.gov/38728378/

