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Research progress on clinical value of regulatory immune cells in multiple myeloma
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Abstract Multiple myeloma (MM) is a malignant proliferative disease of plasma cells in the bone marrow. Despite new drugs significantly
improving the prognosis of patients with MM, the problems of relapse and drug resistance remain unsolved. An in-depth understanding of
the immune microenvironment of MM may be a potential breakthrough. The formation of an immunosuppressive microenvironment is a
prominent feature of MM, which leads to impaired anti-tumor immune surveillance and immune escape of malignant plasma cells. Regulat-
ory immune cells are important factors in the formation of immunosuppressive microenvironment and are closely related to the pathogen-
esis, progression, and drug resistance of MM. As we enter the era of immunotherapy, the importance of regulatory immune cells in the dia-
gnosis, treatment, and prognosis of MM has been gradually discovered. Changes in their number or proportion may contribute to the early
diagnosis and prognostic evaluation of MM. Regulatory immune cells may also become new therapeutic targets. Thus, this review focuses on
the research progress of regulatory immune cells in diagnosing and treating MM.

Keywords: multiple myeloma (MM), regulatory immune cells, diagnosis, treatment, prognosis
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A BT MM RIS W R TR0, IR B s
VR G . HBEPUAR, XU, A PiRZ
& T 4jifd (chimeric antigen receptor T-cell, CAR-T)if&
ST P bR E MM AR PR, /1
G52 B UGE, (2 MM 0 RTG A, b TR
FMEGTE MM BE WA, B BT e D REp
T AL AR ZRT ) B TR T HRng 2 OG22, HEim
RIS ERA R T MM G I R 55 T 1%
KIFRIRE . ASCKRRBR THRIE S MM feie il
A=A, T SR AR IR PR SR 4R IAE MM Il IR
BIaTRIME, LI MM B2, B S sGT
fEERACHT ALK, 51 &% MM ey rikng %

1 ES M REAEES S W NG R IR IR AR

PR PR SR R S EALHE I T 4 (regulat-
ory T cells, Tregs) . #7714 B 4 fifl (regulatory B cells,
Bregs) . ‘BB I A4 7441 Bl (myeloid-derived sup-
pressor cells, MDSCs) . [i1] 72 Jit 1 4fl }ifd (mesenchymal
stem cells, MSCs) . &3 AH 5 W 21 ffd ( tumor-associ-
ated macrophages, TAMs ) &5, H: I RE J2& 0 il FL At 40 g
FEXT B B B S AP A S e SO, TEMRE . B s
PESR | f B R S U B2 G . TR
YHRLAE MM S il AL I b A DA E T,
225 MM 40 Gk | S5 AT 24"

Tregs s& CD4'T Pk LAY — N ReR R, oAy
TESEAE A N 2k SCRIRFS s A~ P3(Forkhead box
P3, FoxP3), JfREHE— - A ZFEAL. 15 MM i
WAL, Tregs ANMGHES 73 AL A K R F-B(trans-
forming growth factor-p, TGF-B) . 141 % -10( inter-
leukin-10, IL-10) S KRR . 25 FLR A2
SR RN, T ARG FHE 1L, 18 n] 38 i HR T
Y 40 BEL B MR T 6K B 40 AR AH SC Bt )i -4 ( cytotoxic T
lymphocyte-associated antigen-4, CTLA-4) 5 5§ v 41
M B A, DT bR S sig ki ™ . MM i ik
MR AFTEZ DI ALENAE S Tregs B FIY 1S,
AR AP G2 A B I . BT 9 A B, fie
MM 40 Jitd A= 77 W) 34 58 175 F B A4 (a proliferation-indu-
cing ligand, APRIL) A] i €k Tregs HYMGFEFILEI;
MM 4 ffd 3 3= 43 s T A 4 K AE 3 Tregs 1916 1k
Y HEEY . ANZE Bregs RAIPE LA CD19°CD24"
CD38", j**4: IL-10 s& Uil Bregs fIbric. 7E MM &
HHREMIAE T, IL-10 W2 0F B 41 sE, 25
B 20 fitd ) 2R AR Y e 04k, O ELREIS ol 2R 20 i
A A 1, A F T MM & 9% Ak g™ [RlET, Bregs
REAZ AR F S8 A% 5 20 (natural killer cell, NK) %
MM 28 AR ATAAAR S 4 L £ %) 240 A 3 AR HH (anti-

body-dependent cell-mediated cytotoxicity, ADCC), M\
MFE MM ki, sk, MM 403 AT LA S8
A5 MDSCs 1974, MDSCs 3 it 4101 1 250 12
T 41, fEdE Tregs #4758 . 755 NK 41 ICRESE /7=
fest MM IS RE i 32 Al e ek i . MSCs #l TAM
W AR Ry A G e i VR A 1 PR S e i e,
MM ZHHE AR B L E T IRd A G 5 &, T
PGV DL BRI BRI R A . TEREIRI T
T, PR SRS A A R A RIS AR RSB
2 ET MR RRETE W PRI RN E
2.1 Tregs £ MM 2Wr. I697 . U B0l rh () (B

XFFHS £ kB9 (newly diagnosed mul-
tiple myeloma, NDMM ) f &, B9 0 5 B P ASAE TR
7 SO FIAEAE DT AR TR R 25 5 R, MM B AE RS
I EIEEL, Tregs FIRE NN HTI TG R, £
WEFE L BAME ML Tregs 3 55 5950 (AT ARG, [EBRT
J& 43 # (international staging system, ISS) Il 1] & &
Tregs & I . N4 &, I HAME M Tregs 34 =i &
P 1 B 7] (time to progression, TTP) Az a A= £73Y]
(overall survival, OS) B """, F Tty A8, #1A
O EBE Tregs H9)(>3.31% ) i NDMM H % ok
H A7 (progress-free survival, PFS) i 2 46 55, F-41:bl
DL 3k PD-1 AR CDASKN T 41 i (CD4™
PD-1"), CD4"'PD-1" &5 Fl CD4"/Tregs [#{fK/2 MM
F 5 my i Sz 0 R 2R Kitadate 55" B2 4
MM & % B F AN I CD38 Tregs $if I i 5 T3 L
% B 1 B 5 B 4 28 BR B 11 IMILAE (monoclonal gammo-
pathy of unknown significance, MGUS) . JCAEMK i B
J&i (smoldering multiple myeloma, SMM) . NDMM 4,
P&/~ CD38 Tregs 16 B HJ (1i Jre h A FHBAEH
HAT, 2805500 MM B35 B854 ML Tregs tb
5038 K 3G, . Tregs 7K V-5 5 5 9 14 Jig XU AH G 5
Tregs 265 MM SRS HE RN JC 13 OCHK,
X 2E R Al R T ANE X T Tregs 43 LA S
B AN TR, 45 i 55 R FEA i S R IR R
Tregs X+ MM FilJ5 432 EH

MGUS # A Ry j& MM & JE 8 B v i 90 1 B B
FHn ko —FR T MM PR, B SMM., 45K
7 MGUS/SMM 3 AT G5 KB R e RS, il
HINIXRBE TCFRYT, MR S E AR, R
IR T P i, R A% 0] MM F JR () E T B
Marsh-Wakefield Z¢ " %} MGUS #1 NDMM & &
CD39 Tregs W ff #17 X 43, & I CD45RO'CD49d"
CD62L 1 CD69°'CD62L CD49d Wi £ %2 /E NDMM
BFH R, TTHE R X 4 MGUS Fl NDMM (94645,
IEHED X 22 5 AT Re et 1R At i A4, AR
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MGUS [1] MM AL SCHE G2 0 . Wang 557 401
X MGUS % . NDMM S8 Filfa e i 41 e
M5 EH#ET Tregs #7707, K MM i3 CD4'CD28
FoxP3 Treg FE4IIAH 25T MGUS f# . CD4'CD28
FoxP3 Treg 4 i & — Rt & LAY IE 5P T 200
BE, ol fE2 5 38 MGUS HEE A MM 1950555245
T I EE Tregs WA R FMEA B T MM i
JEE G ARE, SEE MM B2 51897 .

G375 7] (immunomodulatory drugs, IMiDs ) 1
FE 1 i A4 410 11 57 ( proteasome inhibitor, P1) B i K
MM JBY7 IS A, Tregs VE A e AR ) A= P bRk
Yy, TSRO I E A R & 38 . A R ILAE
38 %t BRD J5 & (W AAoK . SRABBE R . HZEAKAL)
% SIRITA SNV B NDMM (&, 1k 3 58 2 2 i
(complete remission, CR) A% H 45 & Tregs /K 311K,
{H CTLA-4'DRZAREN Tregs KV A5,
AT B 18 1] f8 3 28 RD 7 RiRy7 e, A i
Tregs LI FEAR, 7 8CFEIE B 4510350 7 22 (very
good partial remission, VGPR) DA I i) /5 77 g 3%, 42
7~ Tregs 5 & B AH G, 7EIK B HR 43 2% (par-
tial remission, PR) A FIPRUERE M4ERRAYT T, Noza-
ki S ST R, RS ORI NG DT 583697 3 L6
A A, B ANE I CD45RA CD4 FoxP3" %43/ Tregs
(effector Tregs, eTregs) FILLLAB LA &1, st —4
X} eTregs G R b A B, FLHob B B R 5 1)
Mg RBE R 132 1A (glucocorticoid-induced tumor nec-
rosis factor receptor, GITR) FH14: eTregs FL{AIR# A%, If:
HiX APl 7E VGPR FPR A B3 v i 5
I, 4 GITR eTregs 1] AEACEITIRENE Tregs HIEM .
AR BTG BT Tregs WAL, DAHAFONIG RS, 5, £
XA SRR St AR T RS

SPETRIT W H R B ARG YE MM R T
A, ST S AR T R EE A . B
MER T Tregs MM 18 EHUMIE feie i, A8
B MM IR 97 J5 3% o CD38 HL 40 daratumu-
mab Y[ HAREE MM A RBERITRMC, R A
B, 4 daratumumab JGEI7HY MM BB & 58 A1 AN I
CD38 Tregs ‘i & 18/0, [RIRFEREE ROV T 4AEE R K
TEPERYIE N, P75 e GO S5 vh S e 1 ] et s
It H., ¥ CD38 Tregs % H % =1 i) f & % daratumu-
mab A4 HFEEA N, 16T HT CD38 Tregs 7KF- Al fig /&
daratumumab ¥R TN R 2" (5 S AL SR EL LA
Wtk FFK G 51 7(signaling lymphocyte activated
molecular family 7, SLAMF7) ¥4 elotuzumab J& %
TR MM R TRIZGY), R T RES IS NK 240

HIA T334 MM 21, B3l 3848 Wt 9% & PR RE i 1o 7
K SLAMF7'CDS8 Tregs et e i 2"
2.2 Bregs 7 MM i2Wr. 3677 s B0 A

IR, Bregs £ MM G iR rh /e FH T 4R
FEENFENE, WA T f# Bregs 5 MM AR AIEERIE R,
FHHRBEAR A 2EHLE, VT REE MM B2, Fils
PEAR AR T ISR . ARSI TAE Bk
i I AR N MM R B B RERE A RN T
CD19'CD24"CD38"Bregs, Jf & B MM & & 4 J& 1L
Bregs Ll SR A TC i & 1425 5, 1ii NDMM B8
BEFISLE I Bregs HLIBA 2 & T8 Jm AR R T -
H/INEABAISE SR, 78 MGUS [i] MM Y575 R, 45
#f Bregs LLBIIFFAGIG M, M7E MM Rl BhE T T
[, Bartosifiska 25" iF5Y & IR, Bl 9500 43 A A 38
Jin, EET Bregs B9 L2 T R, 1SS TN B E &
## Bregs A9 Huf) S 8K F 1SS 1 3%, Jf-H. Bregs /=
A TL-10 7KF- 580 ™ AR FE A OC, 1SS TN A8 3%
Bregs A= E A4 IL-10 W2 THE .

HHT, MM & 53 R G4 6 A A e bn A
AR, I T R IE 7, ZOASREMARER S A
SEBHE, £ MM BEZIRTFETAIA Bregs 4047,
R A RS Y fE B S SR AR . E— T NM-
DD B4 1 B R, AF5E 934 Bregs 51l
REFERE R, LKFLERE CD19'B 4+ CD19°CD24"
CD38"Bregs<10% £ A B HY OS, Jf H PFS W15
e fa, (B[R0 NDMM 2% Bregs Hfil 2%
SIGHE X, [FR, Bregs 7£ CD19'B 4 it )
H 43 He 5 B 4% 41 Bt (bone marrow mononuc-
lear cells, BMMNCs) 1 CD19'B 4l H A5 iEAH G,
HED T /519 Bregs $i7n B s B 4HML LG5, B 741
Rz hne, 58 ETLEM AL RS, [F—rh
DS T PET-CT B4 Bregs HLBITRMNTAY Y S Al
AEAFEE RIAER, 08T 52 BiI3E T BD 55 SR
FRIT AT EBEREAS, Hirp Bregs X} CD19'B 41
J A7 AR 7.5%(1.1% ~ 27.2%) o 24 151 (46.2%)
B Bregs Hf1<10%, 1 H. PFS Fil OS H A4, X 4Lt
B TIRIT, 23.1% JCiEIAF] PR, 1M Bregs=10% )
BHEIRE] PR KL BI7PR, WO & R B, Jkdk
PET-CT ¢ K bp 5 BUE (maximum standard uptake
value, SUV,,,,,)>4.2 3t H. Bregs H.6]<10% REVE N5
& NDMM 85 (153 )2 T8 05, $7R T8 22 0IR 97 SO Al
PFS. OS™, St A7 5 RAEAS B A I [R] B 7 ) A
5%, YE—ESE Bregs /£ NDMM H o Hin 597 80F
i E

B MEAS S A2, daratumumab J8Y7 5 & MEIG
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P MM 1] P fff CD19°CD24"CD38"Bregs I [,
TH B BA S I VE 1Y) Bregs, 1T BEERZAE MM i
TIPS, FORTROS S RGEHUIMRE T EE, B9k CD38
P, SLAMF7 g5t D K HAt S 2877 60 MM 41 A )
Y. BTAYEFIT A B Bregs ] LA NK 404
SHYEERT MM 2009 ADCC 7E ™, i E ik 42 21
Bregs FUfiliE427n NDMM B8 A A AF R TAL, 7]
fie 5 Bregs M VE AT J&, 40 B T Bregs
He il ) R B ARt =, e RS,
- HEIE EA s MEIER ) Bregs v HEH A —if
I RAKBIWFFETFHE— 43T Bregs B FINEAILL K
£ MM A [FEIBTBCVER], JFHRE R e iy T st
2.3 AR AN AE MM IR A
MDSCs, MSCs. TAM %58 5 1 5 53 40 gt 2
5 MM 1R R, BARYT L i)qE X . MDSCs J2&H
EAC R — S AR, 1E 5 00 T BB L A 28
ARANME . B AN A SR AN, TAE R . RAE S
AR T W34 3Z BH, o BA v s R E Y
Y B HEIA . MDSCs F 247 4~ HE: B4 MDSCs
( monocyte MDSCs, M-MDSCs) Fl %7 41 fifi MDSCs
(granulocyte MDSCs, G-MDSCs), AZ& M-MDSCs %
AL E L H CD33°CD11b'HLA DR CD14', G-MD-
SCs "4 CD33'CD11b'HLA DR CD15"™', MDSCs
K5 MM S )™ SRR B ANGYT VARG . 5Tk
B, 1SS T AN D Redil 3 8 5 41 J& 1. M-MDSCs 7K
B TR, BRI T JG M-MDSCs 5 35 B
BRMEGTERF 2 3 4 F RD H 6975, M-MD-
SC #i R N5 K fEiAE] VGPR M LA EI7aica K.
H#E G-MDSCs H A i) £ 25 Jhfeg 1 i th. 321K (1SS

F1 S FIFTHERBAEE MM BEPIRKRE XL

[/11# ), H G-MDSCs #4 =457~ OS 4™, MD-
SCs KT R AR R U, 7 MDSCs 78 MM H
MY LNRE AT RE S EA RIS IR T R

MSCs J&H 88 H FE M TR, MM B E T
MSCs I 55 AL 53K R R R kR
RN MM 4 v s B R UEVE R, T MM 4R
MSCs A EAE L AT S MSCs A K FIERTS 58 3%
AL SXATREA BT MM G oA bs (1) & R AR 1 &
AP B WESE R B, MSCs Ft PR e i 2 1] DL
MM ## 5 MGUS., SMM LU K fidt e Xt BB [X 4, B
F 34~ MSCs ## 5 1 3 [l COL4A1. NPR3 A1 IT-
GBLI1 YA, RS MGUS/SMM M5 MM 1)
HERE LI M. MM BB 1) PFS, COL4A1 1 #35 . NPR3
A ITGBLI REA R AN R FUEE ., a3 bRe 1%
P& MM-MSCs 11 5 ZRHE, 3l ) B8 MSCs 2k
# MM S0 B AR IR, RSP
EL & B8 L R[] MSCs 147> FREJE ST MSCs AL H 7
1k, 2z MM B TR

A, LLFRE CD163 MARER) TAM 5 MM
TilJe B VARG, AR 1S 2R 3 25 MG RAFAE | 3R
J7 ST PFS. OS2, 45 B F 7012 iR /& & i
HHRNEIA TS T RS

P AN AE MM FP I RBIFE 14 Ab S
BB, HXFF MM 2, 1697 . FiUS 1 S ZE0 i
TENHI B . Tregs, Bregs, MDSCs, MSCs, TAM £
A MM G Sl HR 2 B (R T MR e A AR,
Bt S I Re AR AR e T AR A S A, B2
W, VRYT L TS BAESCIRIRIE . S45IE 5 AR
SPEAMAE MM BB TPl R SCRIRIESE, DL 1,

WG FAE LA FRASRIR IR IR X KA
e (4F)
Tregs  CD45RA FoxP3" (Al Tregs) PB BT ST E VAT JE 4% Tregs W25 B4, 1 2021""
GITR %45 Treg L&A, Jf FLTE>VGPR J7
R
CD25'FoxP3" BM il Tregs LI (>3.31%) 'INDMMEZPFSSizE 2020
CD25'CD127 CD38" PB WU B HECD3S Tregs Wl 7, cp3s” 20207

low.

CD25'CD127"FoxP3 CD45RA CD45RO HL PB
A DR CTLA4 (#i & Tregs)

CD25 CD127"FoxP3 CD45RA CD45RO HL PB
A DR'CTLA4 (&K% Tregs)

CD25'CD127°"CcD39 cD45"% cD49d"

CD62L" .
CD25'CD127°"CD39 CD69'CD62L CD49~
CD25"CcD127 " FoxP3" PB

CD28 FoxP3 (TreghE4iifi) PB. BM

PB. BM/BM 2

bEvis RDJ5 &497 )5 Tregs L IFE AR, = VGPRI 2019

2 Wi NDMM# EIHMGUSH# & 715 2018

Tregs/KF- 55 Y L X CD38 HHLA BN FFA

iSRS
5 1SS M4 [, 1R ET & 2020"
Evad BRDIASFIUNDMMEE # 1, ik FICRAYEH H 2020"

Tregs/K PRI, HLREU 1 Tregs KT

Tt

HBLTNDMMAE, il AEIREMGUSFIMMEY 2019
LA

[14]

[16]

e kA

[15]
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#£1 ESERFPHREMIEE MM 2EhIEREXHMECE (B8R D
WATPEf FRE LA FRA IR IIARAH G IR X RIAEG
AN (4F)
Bregs ~ CD19'cD24"CD38" BM LW, BT, FEMGUSHIMMAEEAE T, B BfBregs LBl 2019
Wia JL, Bregsi™/IL- 100K 7 e e d e iem 20217
33 EBECD19 B4 T Bregs M f511<10% 1 i
FRIY RN 22, PFSHIOSH 4
MDSCs  CD33 CD11b HLA DR CDI5" (G- BM Hij5 G-MDSCs H GG 4 il s/, oSl 2019™
MDSCs) BN
CD33'CD11b'HLA DR CD14' (M- PB evid M-MDSCHS Il 5 5 K AER B ERD T ZIITR - 201677
MDSCs) KIXFIVGPR K L HI7 A 5%
MSCs  CDI105'CD90'CD73" BM il MSCsh BHESHCOL4A L %k . NPR3IFI 2018""
ITGBL 1A $2/RMGUS/SMM & & [fIMM
Tk R RURS: L) K MM AR 5 LA R B PFS
TAM  CDI163 BM WELBUR O RS R RARE IRy R RIPES, 20195
oS
2017%
2016™

PB: 4 IfiL; BM: B-86; Tregs: T8 1 T40L; Bregs: 35 1EB4IfL; MDSCs: ‘B B4 R A3 441 ; M-MDSCs: 14%MDSCs; G-MDSCs: i 41l
MDSCs; MSCs: [H] 7857 T4 fd; TAM: A0 2C E 4R PFS: JCHEREA77I0; OS: SEFFY; VGPR: dEH UFiFB 5 22 fi#; CR: 58 222 #; 1SS: E bR
Tl 53491; BRD: BRAAK . RABRERE . HUFEKAR; RD: AHBEERL . HiFZEANS; MGUS: 28 SR W i) £ 5 B S 28R AR 1 1M GE s NDMM: Frig i 2 &
H AR ; SMM: JCHER B 8198 ; GITR: Ml B2 B 32 175 2 M IR A8 I 132 1k

3 ESRE
1E MM B F12Y7 i B g A0 E AN S 1t 3
TP A, AT RE RS mfa R E T
TR TT RS . ER, 9855 P S 2 20 i A
MM Hr il RS L2 R RT Bl | ANEAR R AIESE,
XY P SR AR AR 20 S A5 R L ) i Sk = 42
—hrifE, ZP1 ARG TR R T2 AR, SRRy T
A MM I T IR 7SR, R T2 i B i
18 At R PRAJF TR — 2D 75 ) 35 M S e 0 e 7
MM 52 e FHAIL R, T ERZR ST XTI 15 P S e 4 i
BITATT MG, LUIIZRAE MM 18 PEUERE &2 K META Y
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