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[HE] ZAMEHE (multiple myeloma, MM ) J&—F R T8 R G0 MUIBCEE IR o S R SE e kAR B
PR ETEEM . REMEME AR R RN ENDIEE, M HSS MM Rk s B . RERLA S
MM e, 3tk e 4 M52 LA AP A R U e e i, DRtk R . 25 G e 200 M 1) 58 B4 P 2 B R 2 M 2 )
AT AEACR DTS . B M B B R A e S RO A BAE R, i RS AL R R SN, MR
HNRYTT MG B ZE . A SO B ATHE S MM Sl MR 7 A 1 ey 4 B AR GBI R kAT B 4h, 0 sy ki e MM th
RIRFSEELIR, JFREEA R MM SRFERYT 17 ) .

[X$EiR] ZRMEEE; RPEHIE; RuEil; fRgeay

[RESES] R7333 [XEtrEmE] A

Research progress of the immunosuppressive tumor microenvironment in multiple myeloma

WANG Yue, LIU Peng’
Department of Hematology, Zhongshan Hospital, Fudan University, Shanghai 200032, China

[ Abstract] Multiple myeloma (MM) is a hematological malignancy originating from the immune system, and the immune
microenvironment plays a pivotal role in its pathogenesis and progression. The immune microenvironment not only mediates
immune surveillance and response but also contributes to myeloma immune escape and target organ damage. Immune dysregulation
persists throughout the disease course of MM, facilitating disease progression by conferring survival advantages to tumor cells and
promoting immune editing. The interplay among various immune cell populations represents a critical factor in the exacerbation of
the malignant biological behavior of myeloma cells. A comprehensive understanding of the mechanisms underlying the interaction
between myeloma cells and the microenvironment, as well as their contribution to immune dysregulation and downstream effects, is
essential for improving patient therapeutic strategies and prognosis. This paper aims to systematically review the literature on
immune cells promoting the formation of an inhibitory MM microenvironment, thereby elucidating the current status of immune
escape mechanisms in MM and exploring potential future directions of immunotherapy.

[Key Words] multiple myeloma; immune microenvironment; immunosuppression; immunoregulation
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VAR R, S R B L 2 kM RE
( multiple myeloma, MM ) 4 i ifF 58 #0 ,  H:
S JH R B0 R R R, 5 IR R TR 24 I SR R
WA . MM S E FOME DA A 5 4 i
ORGSO , ABUE—FF B A0SR
IR TR R4, BEAERFSE " ESE, MM H & &
R T 55 RILAA 40 D G 92 AR T B 922 ke 6 B DA O o
TR S TR B A 2 BTIR S [0 SR W ) B
ybE G PEEREE HIMAE ( monoclonal gammopathy of

[WF=EHE] 2024-09-19 (= HHE] 2025-05-18

undetermined significance, MGUS ) F1'E {05 &
Ji (' smoldering MM, SMM ) |+ Bl & 45 de & PEAE
™o JFH, MM SFRE R B & A4 v A5 i 1
TER T SARIE o Xt 5 S5 R L SR g v/
B ) e A B AE MM T AT SN A AR VEH .

B TR Y SR8 T B N (RS 3 A 2 W K A
RENETIRE, WS 515 BEE 0 f s 1k i AL 2%
FIE, RS EE IR R
SRR HLAARIY T 40 X g e S ) a2k o =
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PR URARONE B TR AT e T i R

MM 2 — P77 L G5 2 ) SRR g . H AT
W, R AN R S BAR TR MMARIEAEY)
FAT R JER L SR . MM TER SRS R b A R
fiE 2 — I ARV sE eI A0 AR R RO BR T, R
AEMEAN R A AR I, R IR YT
LA T LA B S8 S T SR ] 5 790 B 7 it i
B IR T AR Y R MR G A0 I R R A
FOFFR, B AE R BRGNS
T BB IR o PETRPA5E Hh b E EAE JH  40  B ad k
RZ2, FBI3 4 I B AR O 18 s 1) T S H BT A7 A4
W, AR B R T AL A SR T T B T S A
Mo MM BB SRR TP S5 1) A 25 A7 40 i A A 4 i
Jgr COnnl PR A 7 ) A 0 i SR B R
BEROF=E B BRI AN 0 A KR AR B A R
ARSOR XS H R B8 e oA S h it R B, D)
REAT 2020 ik, LR 00 ) P B P SRR IE
(AR S B 2 L O VR LRI E — 25, BL45 H A
DRRE G 4 S B R b A B BRSPS AR, A
BN AR B Ry 7 R AT BER A DT 1]

1 iDEIERIEREE X R AR A X E R

1.1 T A R54 (natural killer, NK ) 4@
fe 7E MM B R R SRR, I e i iR B
T T 20 RN NK 48 e VR o T 40 B %)
T TR B o i R R R R AT
o B I AR L ) B S FE MM AR B AE, (B
HBf S KA. £ MGUS &35 H, CD4/CD8 T
i = (A N O~ 50 A9t 7 N o =TI
TP T 4000 (regulatory T cell, Treg ) A& i 3
BN, Ot R 2 A g R ) B X
AN RS CD4 I CDS' T 4ifrd e ™. 1
TE MM BE Y, SRR S P G028 S I 8 2 i35
MM 1 T 40 Jif 2y B 2% 98 1Y — A 2 4
CD8" T 4 il 335 1Y % v br i W) A LR IR 1
MM 7 T 40 55 70 2 3R AL 58 (1 A0 B FE s AR 7S )
WFEFEAET - F 1 ( programmed death 1, PD-1) |
O FE T 9k O MO AH G BT 4 (cytotoxic T
lymphocyte associated antigen-4, CTLA-4) . T 4
Ma e BR B 1268 11 3 ( T-cell immunoglobulin

mucin-3, TIM-3 ) F1itk [ 40§ 7% b 2% A
( lymphocyte activation gene-3, LAG-3) , {H@&E5
K B 0 BR AR RN B 9% 57 UK I 2 IR 10 ) 2R R
( immunoreceptor tyrosine-based inhibition motif,
ITIM ) S5 800 T 4000 Gy Z 4k (T cell
immunoreceptor with Ig and ITIM domains, TIGIT) ",
TIGIT J&— Rl il P S e A A i o1, s 5 4
P45 & ok CD 155/ 4 B K i 42 0 # 2 1k
( poliovirus receptor, PVR ) , #i{ii] CD226 /3
BT MG AL, FFIEHE Treg AN 5 09 e i
i, TIGIT i@ id T 40HE-R 2R 4 M ( dendritic
cells, DCs ) R AY X[ 4% 15 HAT 240 M 2E 5 fih
) CD226 %4 MR 45 A B Be A, M A& 4% 310 il
BOL. TE VK*MYC /NEBEEL R, ] TIGIT BHWT
FIAT LU T AHM g AE s et A2, SR B ] - HE R
2R A KR
T 400 W AE e AS 7E MM HR s W, Hod DL
HIPE T 400 17 (T helper cell-17, Th17 ) AHCHuE
. FE MM SR B HD ] IR A 2 4
IERASZAH R L0 Th17 400", Th17 40 ski/F
il A2 17 (interleukin-17, IL-17 ) P4
et MM A K . (HABFSE & B, Thi7 3£
1) MM B E BRI . Th17 JfE 5 fd
MM A K, T2l 5 Treg id A oY - fif K A& 1%
WA RO
£ MM gt fe v, 73— Ao EER
T M2 Treg 4l . Treg 4ifEZE CD4 T ik
CLA MR 22—, 4R fIE 2 4 3 T 3R 3k Sk
FEH SR (forkhead box protein 3, FOXP3 ) ',
it 5 MM ARl A3 fm, Treg n] LA™ A= IL-10
KA F B (transforming growth factor-p,
TGF-B) SFHUR M 7, il g e s
CD4 F1 CD8 T AU A3 o e 5 i o
Treg /e Wl , bk Je ] 42 i i 9 935 1k
CDS8'T 40 Ay e, i SR . AR
i, Treg /£ MM H VEH— BEAAER KRG I X
MM i R EIR I T 40 BE A 0B 2 B,
HERZEMHL, RERITIPIZ MM B35
Treg (o5 P B wy,  HG w8y B U 5 00 9 Tk e A
1] (progression free survival, PFS) #H5¢. MM 43
W) T BI+4EE (interferon, IFN) #{IA N
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Treg WH M7 A J5 SERE R bR G . IAh, Treg
CD38 WA L Treg CD38 W HE AT S ) S i 4
YEM . TEfEH] CD38 BHTIRY TR P, BRI AN
HA LY 24 b, Treg CD38 [l i 52 2
FEAE R AN G R . I, Treg 4l n]
3 T P 1% 200 S )RR EL AR P S 5 s o A
MR F (4 IL-10. TGF-B) , il Thi 41,
Th17 4. Fgan i s e ohe ™

RAERZEWIICNN Treg 7E-B- TR 0 &4 %
bR, AT R, R
T e SE AL T Treg VAR 5 MM B IS A
G, MM SN Treg 46 BRI M
BOERAHBCE B L, T8 SR S R
i 2%, Treg BT REIE 5 HoAh S i i 20 i X
WWRER, AU AE I G- PA

NK i ] A7 BT 5 68 1 0 22 b G 92 3 55 2
RE, TEDUIRAE R IR f 928 M WA vt 5 4 o 2
YER o NK 40 i vT 3 i 0% NK 40 2 5 1 5t
D ( natural killer group 2 member D, NKG2D )
CD16. NK Zififi3Z{Ak 2B4 ( signaling lymphocytic
activation molecule family member 4 ) . NK 4fifify
p80 JEfbZ A& (natural killer cell p80 activating
receptor, NKp80) M DNAX 44+ 1 ( DNAX
accessory molecule-1, DNAM-1) 532 {KiH 5]
MM 4 B ECAR, SR AT i A J5 2 fa i A
Pask ™. 75 MM, NK 4 Ho 6 Fn o g
FIREAFAE G il . AR5 s, MM EEW
NK 4 ] 550 i 20 fdt B 52 30 W 0D o 1 o A
G2 R, MM ERE B BRI SN 1P NK 41
REREM, EIETERAR, JFBEE BRI X 2k

HE—2 G BEAh, NK 40 TG PE AR S 3 S
E Pror A & (International Staging System, ISS )
S T LR U e B2 TR AR P AKEAE™
BRI B NK 40 A8 AR B Y DI RE R
PN BEMCAS . fF MM SR #E R, NKG2D
DNAM-1. CD161 % NK 4l 52 7K % fL ik 2>,
CD158a MMl M At e sk I Z A& (Kkiller
immunoglobulin-like receptor, KIR ) ZEik14 =",
FECNK AU fa . 5 CD8 T 4l A,
NK 2 i AT TR A7 7 T o B S 400 it 3% T ) U R
bRy, ML RN EEHLEEEE G 1

( major histocompatibility complex 1, MHC-1 )
1B AR UR . MM 4 AT DL i 4 R A
FH 4145 ( human leukocyte antigen, HLA ) fY
k5 MHC- I #15¢4% A ( MHC- I - related chain
A, MICA) MB#%, 7% NK 40 NKG2D %
PR 8 = 2 fE LI, 1 NK A A A T
NKG2D. H#R4uIE:1EZ & ( natural cytotoxicity
receptor, NCR) . DNAM-1 % 2B4 Z5 . H ZAK N
WA RS MM BB NK 20 D e 32 41 il ) 35 22
JEL PR,

ST MM SR A T 40 & NK 4 i
Le A ae R &L (R 1) &I, MM HAIEFE
2 ) A M e 2L o X RN EE LAY
R B R S SRR S e X g . HAG, EEAE
T 20 Sz NK 200 0 ) 37 24 e 16 7 - B e iR
R B, BAT R AR
WER e 25l . PE IR /T AL, 22 A
IR K ) TR S5 T RE 1T e B REIR 2R
JoyilE S

F1 Treg 5 NK A ThREET RIRKE X

Table 1 The functional evolution and clinical significance of Treg and NK cells

Cell type Dsltsaegase Quantitative change Functional state Key molecular markers Clinical association
Treg MGUS  Slightly 1 (bone Enhanced suppressive ~ FOXP3", CTLA-4", IL- Intact immune

marrow )

detectable
sMM  Significantly 1

marrow )

MM Markedly 1
( predominantly bone
marrow )

Potent

function; tumor-specific 107
T-cell responses still

: Suppresses effector T-cell CD25", GITR', TGF-B1
( peripheral blood/bone expansion; promotes

immunosuppression;
colocalizes with PD-1"
CDS" T cells

surveillance; disease
stability

Predicts progression risk;
S-year transformation rate

immune tolerance T

CD38" subset expansion, Associated with shortened
IDO?, PD-L1° PFS and drug resistance




668 Chinese Journal of Clinical Medicine, 2025, Vol.32, No.4 FEIGKRES: 202588H #3224 44
Continued table 1
Disease o . - .
Cell type stage Quantitative change Functional state Key molecular markers Clinical association
NK MGUS  Count —, Activity | Cytotoxic function NKG2D—, DNAM-1], Early marker of immune
partially preserved; IFN-y KIR1 escape
secretion reduced
SMM  Count | ( peripheral Impaired migratory CXCR3|, CXCR41, Accelerated disease

blood )

capacity; ineffective

CDl16| progression

tumor microenvironment

infiltration

MM  Count || (bone
marrow )

Severe functional
exhaustion; unable to
recognize tumor cells with
low MHC- [

NKG2D||, CD161],
TIM-3’

Associated with high ISS
stage and
relapsed/refractory disease

MGUS: monoclonal gammopathy of undetermined significance; SMM: smoldering multiple myeloma; MM: multiple
myeloma; ISS: International Staging System. —: no significant change; 1: increase; |: decrease; | |: decrease significantly.

1.2 &R M4 252 ( myeloid-derived suppressor
cells, MDSCs )  MDSCs /& FH A< iU 2R 5 4t it 21
B  S JTPE AE AR, EL A R Y O E A 1 e
MDSCs ] i i 43 WG 2 B2 [ 1 (arginase 1,
ARG1) | SR —E A E&H (inducible nitric
oxide synthase, INOS ) A ifiPE% ( reactive oxygen
species, ROS ) #illii] CD8 T 4 g Al NK 2 g 4t ik
A, [RIHEHE Treg 2P0 A0 R i 45 A ik,
MDSCs i g il AR $ig 55 N IE B it — 22 h 2%
(PMN-MDSCs) fl#if% (M-MDSCs) ',
MDSCs e IR T 40 M A NK 46 iE 1k . 3
FA, fRHEEGY . B B e e R kR . FE
ifie I, PMN-MDSCsltt M-MDSCs H.A B 1
PEIHIMER . BF9E ™ WoR, 5 MGUS FifdEE2
HEMLL, MM BE S8 MDSCs i %1
hn, I H 5 g e vk i A B MR H E A
Ko MDSCs I3 35 14 I PF: B 2 46 1) A= A3 Je
W R 1SS 43, MDSCs 35 MM By k4= Kk R,
A LAE S Treg 404k, #HI0N T 40pRgss, fEif
B A M A SR i A A, 2 5 I1E R
R T ] A
E/NERBL R, GBR S100 4545 & & M
A9 (S100 calcium-binding protein A9, S100A9 )
FER AT LA LT MDSCs BIRE 15 B HETR
H MDSCs “# B4 /)N BB A 19 A ORI AR 2R
Ffatt— 4 Th1 CD4™ T 20 Hd i 34 58 A bt s 7
2o AR BE S OR B R, B T I K A i A
MDSCs KAEM EALFHAEH . MM 41 g fie it
MDSCs [AEFEFIAE K s MDSCsy= A al i 1 [H 7,

£145 INOS. ARG1, ROS K Gy il v 20 g 5+
&, JEATDUER NK 4381 CD8 T 4 A i) S 2 R4
9 MM 20, 78 ST33MM /)N USRI BE (R
Birp, MDSCs AJ LAFE R A] 78 o0 5 Jow 40 i g 2F B9 oh
WA, XSSP UAMACN A AT DL Ao B A5 5 S
TSP T 3 ((signal transducer and activator
oftranscription 3, STAT3) FIfF % T 54 3%
1%+ 1 (signal transducer and activator of transcription 1,
STATI1 ) i# K2 MDSCs (19 2R, 8 7] DL it
HEhmyTE T A LW B 4k g -F e KRB (B-
cell lymphoma-extra large, Bel-x1) FIEEFE4H L H
1% 1 ( myeloid cell leukemia-1, Mecl-1) JK$# 5
MDSCs W f7i% %, #—2E Ui T MDSCs
MM ZAAR EARER X0 A

13 Eszmie BEWRAIMIIE MM R Ror s E
B NI 2 —, SRR T BAZ A MU R IR 2K o
TR BE R A0 . 5 AR B 2 R — R ooy 2 PPk
R M1 (M%) M2 R (S EREAL ) P
M1 % =% H [FN-y. TNF-B Rl IL-12 5%, &5
PrIsad 5, XTI A A A dE AR s M2 AU
IL-4, IL-10 F1IL-13 355, {€ A 40 1 i 4 58
FIAS AR o, M2 35 A A A0 4 — 2
FROR R, EDAPEAH CE W40 M ( tumor-
associated macrophages, TAMs ) , HE [
CD163, CD206, HiZd M. 1L-10, M4 HNEE
£ A ¥ (vascular endothelial growth factor,
VEGF ) Ko @ S g, ek s for
BERERL . M1 5 M2 (¥ L2 F A i 7 -
JE R BT A A S R . B WA )
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M1 8¢ M2 B R A6 RO T B BB AR 358 v R 3800 1
5o Thl BB AME F (InTHE ) MR
Y, R M1 R BGEE S Ak T 2 B4 B PR
T 40 (T helper 2 cell, Th2 ) 435K 41 g X 7
(G IL-10) FUOHEEBUMER , REARE2E W 20 i 1)
M2 FHIAMED C FE MM IR 40 B
Fo T A MR e AR AL I, s fk I C-X-
C KLJF I A 12 ( C-X-C motif chemokine ligand
12, CXCL12) | &L ¥ C-C BFRLA 2 (C-C
motif chemokine ligand 2, CCL2) . #fklH ¥ C-
C J:F A 3 (C-C motif chemokine ligand 3,
CCL3) MiafbHF C-C HJFRLIAK 14 ( C-C motif
chemokine ligand 14, CCL14) , HItfEdEE mE4n
R M2 FAEIMAL . IR H, RS L3
MM i M2 AR B0 4 £ 5 1SS J R-ISS
TG, (H M2 B A i 2 R TR B
75, Hax e v Ak yr A A T 40 B AR 80K
TR T M1 BB 20 A 2 00 BB 3 TS 34
XTI G IT T B 0 BUBPE T & o 7RO RS B
B, SRiGRIRA MGUS & SMM # L, MM i
M2 U2 A e VR B A R . R R AMER
P MM R E T, M2 B A R 3R A £
— B ThE, FHSARBUR BEMET
M2 Y IG5 240 R R 1Y) & A R e Kt 245
T A B AR . AN R, TAMs
AILAE S MM U R3S 58, TFORY MM 4% 5
FATFHE TR T, i P-BE R E P E AR 1
( P-selectin glycoprotein ligand-1, PSGL-1) /iE#f
R 60 1) 6 B 23 1/9K B 20 e DI BB A SC BT 1
00 - R 4 L A W A L () AR AR A, T
DL BRI A RO 48 MM 4l SR
T2 1 -5 15 5 240 oL 2 ) 174 448 - 4 A foh 2 5 e 4
AR B B R A 2 A g A0 G B DR R
AN, IR R Z80112 MM 362 R
7 ( proteasome inhibitor, PI ) U, {H N
PI o] DL 8002 4% B W 40 i i SRR, 9 T 3 0
MM ZHf 280, I AR A R X
W MM B35 TEH 2 — B [E] 04 PTRYT J5 7= A it
HHLE Z —"" 0 e/ MM 3 R
21 it B8 RHL BT 5 95 200 i M2 4 Ak mT LA o i B TR Y
AR, IR RN BB I T A MRS AR A R

BEAh, I 40 A T AR A e B A 1 A A A
M2 AU gL AT DU e E VEGF , sZF 44 i
A KA F 2 (fibroblast growth factor-2, FGF-2) &
AR 4 A R SRR AL, TR MM I
RN AN, PR S AR AT A
TERAN EH: 25 MM AR ST, [FtiE
i AR R T 4uiEsgsg, LRSS
BR S K LA ke

b, B2t MM &R R, R
T, #B E W20 AT ol K A% e A0 i, A iR
PR, FEE MM FPLE, % Thl CD4
TIRE M, i ad IEN AR A HLE] ) M1 %A
A3Ak, BT R S PR PE TR TR AR e BE R
Mg T, FfEad 4 CXCLY A1 CXCL10 iX
2 R T AL T, 0B B dn s
M1 Fil M2 B RELR AN [ O/ R B, B g4 i
£ MM 1y & BV R ENEN, #id M1/M2
B 5 B BRI AN AR LR R . 5 S B AT Y
G367 ] R R B RS e TR T AR T B
1.4 DCs DCs Al [a] T 4 5 3 Sk H St
O T 7 a0 e e 7k Lo [ R € e N T IVA o
Z R R VR . MRS DCs kIR . KA
FTRE, Ao ARER (B #L) DCs (mDCs) FiK
ZMIRE DCs (pDCs ) WAL . mDCs fEA %05
T CD4 1 CD8' T AL G e R n , 43 1L-12
fE3E Thl AR A - fL N34 5E , 1 pDCs 76Xk 75
FIHA R38R R s K P23 T3 TRNCY

MM i ER L DCs fO%CR . KIFIThAE
FIREAFAE AL . (AR ZHFIE AN MM HBE Y
B8 DCs fA/E 4 3 TN RE LG . S sZ i
HHEL, MM B3 DCs K 1 A S [ 4i A 4 )5 -
DR i i ( human leukocyte antigen-DR locus,
HLA-DR) . CD40. CD80 #il CD86 ik F i, if
SEHURE A . DCs B R B 5 5
F MM KA KR i, e H e
FAR SRR A e g kR . AN, SEREAMA
HHLE, BB R SN E IR IR Y DCs A7 16 D)6
oAb B b, 35 B R B O 7 45 52 B ROR R
CDS8O0 FIKFFEAL . TL-6 4 ST & 7 400l 5 58
HLA FIZRBAR G AL ™ . DCs F1HA 7RI 41
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ZIAAE BB A EAER, DCs il LIl 4% K+
kB Z ARG AL N F (receptor activator of nuclear
factor-xB, RANK ) -#[HF «B 2% b A 7R A
( receptor activator of nuclear factor-xB ligand,
RANKL) FI34 5 75 EL A& ( A proliferation-
Inducing Ligand, APRIL ) i B {28 MM 4 g 1)
Ha%E , RSNBEM RANKL F1 APRIL 18 % 1 LA %L
il DCs M SR BBERIES . Ah, 7 MM &
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