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HE % & MEE #58 (multiple myeloma, MM),2 % = X JLe9 f ik 2 o B AV E, H &2 R
MHI B2, W REILS A, INA 6976 97 R et /B A BO0AE B T AP ta e, fo Ko At £
A TR IR A WA RA B M R 3 EE ) & S5, R FMMA 4 77 46 2O R k%
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Treatment of Multiple Myeloma by Macromolecular Biomaterials

DU Yixiang®, LIU Meidong", LI Xian*
(Affiliated Hospital of Inner Mongolia Medical University, Hohhot 010050, China)

Abstract MM (multiple myeloma) is the second most common hematologic malignancy, characterized
by complex pathogenesis and diverse clinical manifestations. Existing therapeutic strategies fail to precisely and
effectively target tumor cells. However, macromolecular biomaterials offer advantages such as high design flex-
ibility, excellent biocompatibility, and superior drug loading capacity. Their application in MM treatment can ef-
fectively address this issue. This systematic review examines macromolecular biomaterials derived from peptides,
proteins, polysaccharides, and metal ions. These materials are engineered into hydrogels, microspheres, and diverse
nanoscale systems, which significantly enhance drug targeting, increase the degree of drug enrichment in the bone
marrow, and prolong its retention time. The discussion highlights how macromolecular biomaterials synergistically
inhibit myeloma progression through multiple pathways: enhancing classical apoptosis, activating immune effector
cells, and remodeling the bone marrow microenvironment. This approach offers a highly effective, low-toxicity, and
personalized therapeutic direction for MM and contributes novel perspectives for further exploration of the disease.

Keywords = macromolecular biomaterials; multiple myeloma; hydrogels; microspheres
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B SEAEAE AN 50%, HERBEIT 100%,
IR TR AR 208, B AT R 1Y
WAL AR L, MMAEAENLHIE S, IHREKINZ
PR, XE4RIT R TR BP0 AU
ZFEBEREN MR, R & B
B ORe M ESE— RAIGIRRI, XL Fm |8
TRV R, R R A S R R0 ) )
[ 4Nt B /e 2K (bortezomib, BTZ). RIAEME K] Hui&
VTR TS BE R YA BEf) S FRSERE AR (Wnik
BZICHRYL, 2B BP0 A Y I, 1%
PIRLEIRTT FIUS T —e ik, B AR NA
BRI S UV H/ N T YA R B R IE R
SRS TR], JFA 2o 5 B S 4u A AR, AN
T IR LL 25 AN BEAGHE « A3 R AR FH T g 4 10

AR, KT AYIA B B 5 ik g
TR N T FE AR, AT/ Ny T2 &,
Koy TR A S50 T R PEsiR ., AR
R 29 takae s It BAEMR N AT ol 4256
PRFs U2, R AV R B v B ) e ) 28
&, TR EIEIT IR N 250, BRI T AR E
PRI (7] 3 025 00 DL SR 9T 2k, 5
SR MRV 14 58 25 1) 2 A YE R 2R 2, 1X 9 MM
IR TT SRt 1T R,

ARSI B JE R, Ror TV R
K. EATEEMEL ZHEME U AE S &R
FTMRIEZ R, K, BT EARN RS TM
B s BEPUAR . PR BB . U 1t bt
PRI Rl 2 A R e MR o TR RE D, A
MM %3697 FH IS 7 B B Rk U 2R
MR EA R A YA S Ay A A 1, 3 8
THIEYIKEIE RS, © 0] LR B LS hiE 5
AR RN E M KBS R ), 1
— B ER R I Z Y. A SRR TR
TS T &8 BT I EAL =R A K oy
THEIFRE T, SEBL T ORI 6Bl AR TR 15 e
REEEST, AMMIPGIT AL 7Rl e

KoFHEEHE MMIGTT H B91E - AR T
29I E T, R R REOA R . B R A
XoF B B AR 5 v FEEAOCHSR , TT0 OK 0~ A sk ] i 1 4%
LA AR RS VA 8 4 12 % B R B P A B 5
2 PIRAT, RECURN e eg 4 MG DA A A7 I A 25 67, AT [
PSR AR AT T U R ) B AR R SR

S5RBGRTT KR EHA S &, SO R AR KSR =
TR IT HF AR AN AR R XU ) 27 ) U7 R,
ARG A 5T R T AEVIMEHA ST MM SRR+
AT LB, ASCIRNEMT T Ko 7 LM RAE 2540
BIK GBS R A 85 0 TR IR AR P LA
SRS FHE Bl 12 U8 S AL T 7RI R e A B AT

B

1 #MREKIRE
1.1 EFBK. EBBRPXS FEDR
EER. ZRREFBERKMRNEZE G H
HAE e, B, RN AT A,
FF B AT R T R ) 25 A BB R 5
FAR GRS, i fe B A0 M8 40 i S, x5 pt
B DM 7 TR AR KR ). 58, i
FLN IR B S B B VG T MM TH A T 8K
HERE . BIMAESUAZ5YETLY) (antibody-drug conju-
gate, ADC)JTiEH, ST REHUAAE N RIS A I
i, HARUERISE MY, Redr 5 R ) 9 45 & i
Jo T M T PR cE OB U, AR R b, 2
TARERZ A5 1, TR ZIY) R TE-1146, 1% 259
R 5 58 T8 5 e Bk A5 A8 P R T4 e 1k i [ B
RN B B G, RRAE /N BR R Fh R AL Iy 155 2 AR
bk 2 R Ve R R 20 7RI FH S R A S
BITMMH, BE BT RE e RS TAI R F N &S
GhEr, BH LR 40 () S e 1tk 1, axX LA R E
B 1) D) RE I AR T AUA, AR S A0 BRI 4
A, ANTTTHE S 250 (6 T 35CR IF AR T T 5 44t 11
BEPE. BRILZ AN, B TGN K R A A 8 i B ) i
%L 2R AN B A = LA F N MMIR T SR 4t
T BRI R, T 5 R AR A ) s
A, TR/ R SRR A 2 kM BE IR A A A
24 hF148 hf, #E [ HE A A R BT R R 1 24
W) T AR A R R AR (P=0.028) . A RYIK
BRI ] AR THE ST 25 IR AIIRE T S %
S, WEE S RIEIRIT . BUTHE, FBEMMIGIT
PRI N TRk B A SE R E £
¥ B ) ThRE A A R BORIEL £ 200 i o7 3 B A 92
WUERe IR LG, TGk R e hRe S h
TR AR 3 T IPRE, E7/N B B BE T B s
RS | TL-2/SAB6R 3 1Y 5 1 4t M 338 1 5 v 1A 2K
PE, 15N AE 120 dJ5 AEAEZRIEFI100%, T HR A
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Table 1 Macromolecular biomaterials for the treatment of MM
R¥ R LoDt S5 L TEMM HH ) SR T 250 7 EE BTN
Major categories Material category Core features and mechanisms Key efficacy and applications in MM References
Protein/peptide- Antibodies and fusion Precision targeting and immune Tumor eradication: the ADC drug TE-1146, [19-21,24-
based materials proteins (BsAb, ADC, regulation: through specific antigen ~ in combination with lenalidomide, eradicated 28]
cytokine conjugates) recognition, these approaches tumors in a mouse model
enable direct cell killing, drug de- Potent inhibition: BsAb significantly inhibits
livery, or activation of the immune tumor growth in human xenograft models even
system at low doses
100% survival rate: the combination of the
1L-2/S4B6 immune complex and the vaccine
increased the 120 d survival rate in mice to
100%
Protein/peptide nanocarri-  Targeted delivery and synergistic Peptide-targeted liposomes exhibited signifi- [22-23]
ers (protein nanoparticles,  effects: utilizing biological target- cantly higher retention in tumors than non-
peptide-targeted lipo- ing to deliver drugs, enhance tumor  targeted liposomes (P=0.028)
somes) accumulation, protect the drug,
and achieve synergistic therapeutic
effects
Protein-based hydrogels/ Creating a biomimetic microenvi- Predicting therapeutic efficacy: the ADCC/CDC  [54-58,60-

Carbohydrate-based
materials

Composite metal ion
materials

microspheres (HA hy-
drogels, protein micro-
spheres)

Chitosan-derived nanosys-
tems (targeted nanopar-
ticles, prodrugs, nanomi-
celles)

Other functional polysac-
charide materials (HA hy-
drogels, sugar polymers,
dextran microspheres,
chitosan/PLGA nanopar-
ticles)

Metal nanoparticles (ZnO,
Ag, multifunctional com-
posites)

MOFs (metal-organic
frameworks)

Other composites (calcium
silicate, carbon nanotubes)

ronment: simulating the bone mar-
row niche for 3D culture, antibiotic
susceptibility testing, and localized
sustained-release drug delivery

Active targeting and controlled
release: active targeting is achieved
through modification (e.g. anti-
CD38), and drug release is con-
trolled in response to the microen-
vironment (pH/enzymes)

Microenvironment simulation,
target inhibition, and nucleic acid
delivery: simulating the bone
marrow, inhibiting key enzymes
(heparanase), and protecting and
delivering nucleic acid drugs
Direct cytotoxic effects and syner-
gistic effects: inducing apoptosis
in target cells or enhancing the
efficacy of radiotherapy and chemo-
therapy through synergistic effects,
demonstrating potential for both
therapeutic and diagnostic applica-
tions

Porous carriers and catalytic plat-
forms: high drug-loading capacity,
capable of integrating catalytic
therapy, photodynamic therapy, and
immunomodulation

Drug sensitization and efficient
delivery: enhancing the efficacy
of chemotherapy, or serving as a
scaffold to improve the delivery of
poorly soluble drugs

effects assessed using 3D models are signifi- 65]
cantly correlated with patient clinical outcomes

Delayed progression: the sustained drug release

from the pH-responsive hydrogel significantly

delayed tumor progression in mice

[29-
30,32,34]

Significantly prolonged survival: delivery of
BTZ via anti-CD38 chitosan nanoparticles
increased survival rates in mice (32% survival
rate at 35 d)

Potent apoptosis: the selenium-chitosan com-
posite significantly promotes apoptosis in MM
cells

Enhanced efficacy and reduced toxicity: CPT-
TMC micelles are more effective than the free
drug; the prodrug form of melphalan has lower
toxicity

Tumor suppression: sugar polymers mimicking  [31,33,54,60,
HS can significantly reduce the survival rate of  66]

MM cells

Effective treatment: chitosan/PLGA nanopar-

ticles delivering miRNAs have a significant

anticancer effect

Induction of apoptosis: ZnO nanoparticles can [51,89-91]
induce apoptosis in MM cells in a time- and

dose-dependent manner

Synergistic effects: the combination of silver

nanoparticles with radiation therapy and vari-

ous metal composites with chemotherapy has

demonstrated strong synergistic effects

This provides a highly versatile platform with
great potential for the multimodal treatment of
MM

[43-50]

Sensitizing chemotherapy: calcium silicate
significantly enhances the antimyeloma activity
of BTZ

Long-term suppression: drug delivery via
carbon nanotubes can achieve long-term tumor
suppression

[52,93-94]
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Y M 728 I /DN BRAEAT 262900 12%, B H TL-2/S4B6
T Z AN AN 0% XN MMIGIT 12
BET SRR MR BRI TR AR R T R P, XURR R
PSR (bispecific antibody, BsAb) il i FE K] TFEH A
FEADAFERPUR S G S PR EE X LG, TR
REAE [F) TR 31 N R DR B LR S5 R 2T U
PEPUAA teclistamabE 0.5F1 1.0 pg7l) & 7K ¥ i 3 FH Wy
2 RV BRI HO29 TP i B g A= K, TE 5 R Zh W)
IR 1070 50 pg &K -F R B E 6] T 2 kP
J8 RPMI 8226 [m] AR AY frffg A= 4 . 7E MMIFIYRTT
B A bt i s #E #E [m] P A 7 S5 R 0 o T2 2808 40 i
SUE AL, K 43 0T Fe 92 20 P4 55 45 MM i A
FEOE AN EE M ThRE , AT SEEU6 MM E [A) vE
7RO, BRI Ah, B BRI R R RE AE I
WHKIRTERS, HAER N BRI mise v, X152
YA RO FEAT LAAERR SEACIN 1], AT IR0/ 3 2 25
2o AL, REREE E 5 R B = e o o
B H AT DA AR RO SR, G 5 B AR 2R
ARSI R IIEIER . R, B ) S 2 A A PR T
TRBE T ISR 22 A, FRAK T A A B RL
KA, XL I MMERAE T R L
1.2 EFmKUENNXS FEDMR

BT KA & WD K 73+ A Wbt L H 2 AR
B, B E HBAMIEKYE, Xk AR A R
24, B FATC S0 R H 2 T A R
TMMGER 1) W8 1 KA B R A 1) 77
Z— AR 52 50 AR G BE PR 1 . PUENTE
A DIPR —Fht 6f BTZ IR HE 1) 38 2% (A R . BT
CD385% S M 4 K UL ] 7 Jir 8 2R 355 o (2 i3 244
BRI, RS PE LS A MM, i R T S 90
KSR B ARV T A 3E BTZAHN , 54k 25 1 44 310 1)
R, A8 BTZ A 3T CD38 7% AN K Bk V6 97
MM RN B, A 25 3 v L SR AR A7 % (35 dAFIE
B 32%)(BARE A 28 RAET: . Ui B BTZZH 55 29K
FET-RIBTZ A i AEHE[AINPAL 5531 RAETY), X B BésR
M A BN M . BRHT CD38 T R MH AN K 5
Ki4l, ZHANGEE PO FE N R Al -2 B0 — 3R &
TR -F T A K 5 G KL (SCP-Car-NCs) b B MM
S, BB T TR SR T A T, R
%5 A MEHE MMIGR ST BAA BGEITE 1.
/INRNA(microRNA, miRNA)IVAIT 715 T BAE %
B, 23 B WERY A SV 52 B Ok R, S

e 0 20 B S DU OR B L2 BRI . SR /R
FLIR —F2 3k LRI RGN AR URLAE A3 I RERS 532
e i [ P o 20, B2 1) 25 A0 5 P e M s e 1 A 1
Ik, R A A A A A IR B, 10K 24 P
miRNAFILIAE A E AL, A MMEREE 7 R fm fF
FH B, 354 (melphalan, Me)s2& —Fh H T 1097 LK
RGUENE IR 5T 25, B I R R 52 2K
Z2s THERPRATER Z AL R S PERORR . BFTTRCEL, K
HI R & W28 & s FA0 0 H- 2 T &R (Gly-Gly)fE
IR, (6458 24T UK ON-F2 R 7 Sl — ik —3%
R EYAA RIFHIUE A UM, R8T
AR, HAYRBUT NEZEBGE, A ROV EART
SIHURATZG A R B R R MM R
REER TR 2 —, e w] LA 2 B2 #h (heparan
sulfate, HS), {23 iR 40 MR 5 . 3T A8 FIXH LT 1Y
L. BIEEFRILT B HS IR R S WIRESAE Jy ik
RO ZR BN F7) , S5255 FAAB RE  P E A0  .
LIS B 58N GO T NN N-= B 576 SR 5 vt
(N,N,N-trimethyl chitosan camptothecin, CPT-TMC)
KR, T R 2 e e %2, 55 M=
W Bl (camptothecin, CPT)AH b, CPT-TMCHE g A 241
il iR AR AT RE AR AT ), R CPTVA A AR S L
TEYENERTE AT E B R R, LIS BRI — oy A
1- e k- 2- Wi -4- B At UL IR R, B i (E 25 )
FE R TRIP 347, 5 S il 18 ) 5 R i 77 A A,
A BT O R B T iAK A E P MM ALIR 9T
2. TR ERE R T EVIM R S
Rk, ARKRILATAT DAt — BRI e, 454 pH. B4k
WA, PR BEA SR mEy . IREEE 2 DR
PR, Y0 AL MR IG T 75 T HO N
1.3 E5ERBTHRTFEYMH

BJEE T AV R T MRS A
TR G BB E TRy TAHYM R, Rei#E n) ik
250, T IR IR O HLIE 0 S IR T RO . X
FMRIZ R R AR e EYE R E T 5
AR, ZIk. SREEEV R T48E, AR
THIFERVE . A B B T IR R AL
REEI AP L, T2 SE BN J R YR IT

AR, GKARL SR AR IR T 717 R 1T
IS . 489Kk (metal nanoparticles, MNPs)
AR S (D3 . AL 2R 2R e, O e 12
JERE TR AL R AR AT BEW 11 D8 253K
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ARSI TRURG W B ) 0 325, IR RE I YR AN . BN T
R0 A5 22 PO ) B R A PR A M, ] L AR
ZWigE 7, WTSIEIT 512 RS BOT(ER ). &
JE N IORL T A AT R R i DRk i)
RE I AL 7 I B2 RE 0, o] T 259 () i Ak 681,
DESAIS: PO 25 1 4 @ 9 oK RiORd i<t 4% 20 L 1) A1 32
SEE A ML, B A R 5 245 4 78 R A7 1Y)
B, WX IERE AL KFRIEN, IF HaBarKR
KLRE S TR T 25 W 7K I P AR E 1t AN T S8 25 ) 7E
NI . i, ) PR A0 0 4 8 4 oK
WORE ] LA S B /K 1 2454, SR AR B, 1%
KRG FNE, I BIX MR G 9K BRI IS AR
WHIT 21 A1 6 B 37 e W S B4z R i, g — 2D 3 g
YRITRCR B, IR TA SR (tumor microenvironment,
TME)il# 2B S & SistEf sk ES
EHIRPPIRAS o B, B AT 1 2 Mo 3 44
[ 48 B G K IIURE , B AT RE A5 RS A 5 0l 0 1) 4 i e
IRBE, s VR T R . YANGEEIFE HY i B
ISR TR 53 %) <6 JB 4 K RURSE e 6 1 5 fiek 8 Je 3 1) 4
AIE JFURAS « B T8 24 W I BT e % 40 i M\ T ¥ 3
FETE IR e v6 97 T R BRIk Z A, gk Bk ic
A DLFMEST « 80T BOGE TR A A, 28
PrE L R, MG SR PUHIRE RR . B HIATT (pho-
tothermal therapy, PTT)F1)%2l /77697 (photodynamic
therapy, PDT)J2 | F )t B8 B0 4R K kL ™ A= 7 i
TEHEECR A IR A ) BR . JB Kk B T
PLS B2V R AE IR 5%, 4E PTTRIPDTH K
P E W E A ¥, CHERUKURISE MR {8
T B AR IURLLE T 21406 BRSSP AR R R e R it
TSIt Jg 4 Pt e B R A . SHANG S W2t —
W R T & B AN RRAE N BORIEUALE L
NSRRI A, SR T AR mOGEGRI AR E 1
B e VR R A M 2R R 0 T AR, RS T &R
YAARIIURL I 2R T AT 38 S BRI 7 AR BB
TSI BB S vH ) e Ao 0 ' i 7 TR

1 & J8 gK BURLER 2R I [F) B, 42 8 A HLAE 42
(metal-organic frameworks, MOFs)tH 7£ 1% 2 4 £} 5
FATHT R o MOFs & —Fi i 4 J& B+ 5% 15 i 5
A LG A8 i AL B P A 2R 1) 2 LA A A B, B
Hdit g, HEA S T IR REFIEE R /7, 1
N T ERE ST AU I T AR L G R A D LAE SR
MU REISAZ & B 9K B — K S EILGT eg 1K1 )6 80 7

TRYT 1O, I PR G S5 ) R0 4 55 DL R SR g ) 44 K A
BIHAKBESE G, A A IR T 855 R A 27 SR, 3 5
TARTT AR W, Gl K P I 1 4 R S B R
AURHERL . it A BOE TR FEE A I H ISR 1R 4T,
SRS IR A0 B IR R B R A T BEEFA TR Re S
36 R 27 0 e 728 4 L ) 90 K B e A A E L R R A
Fe B A NIHELE b, 5t a0 R B A BRI B, sets s
e 0 EE R PRI AT o A T sk B A B e A AR R A% 1
PITEBL N, S i A D Re b )& B A HLHEZLHE T T
P BE e 7T, X PR T TR VR T IR
TEAG N 22 4 PO,

FREEEEE TR TEYMMEHERTT
R M T KTBERF , (HAE MM I B IR 2R 97,
JANAZE PN & J& B 1 s T Ko T A kL BT
BRI E SRS 0T 29 1R IT MM, B¢
B3P E G AR SR BN . P Z B3R IR
EEBE A B A B R O, B e T
PR i, R IR L AT ARSRIG IR AR B
W71 CAOSE PRUGRERRE FIHI & Ve K ERA 1697 MM
R o 1B AR PR BB AR IE R, IR
SR FH G KA ) 8 ek PR 0 KA R S 5 4 oK
BARZE T, SR AN KR BN 1R SR T RS TE
P, Yk IEH AL ERIEH, Sl 2 FG
57, HEBIT 512k R T — k. &R ANAHELLE
FIRT R, DhReAIE TR, FERELE G 9KEE, SEIlm R
PIEALIR T, [ SR Ze V0T R . X R
KBS EL . LI B TI. RIEBIT R
WIS Z LA T MMERE TG IS4
1.4 EHAbKo3FEIM

A — LA ) AR5 TR VR T MM RS
BREEMMEN, EATR—FRIE T W0 D e 1
KT A0RE. 51t B 25 C50E MR i B 80k, X
PR R DU — B O N Tl iy i & Pus 2
A (chimeric antigen receptor, CAR)#MJEIE K, T A |
BEH S T4 BE R 2 b, A & B m A TAE M,
A A LA B ) A% e 2 L PR BR A 0D 52 A T
J{d(chimeric antigen receptor T-cell, CAR-T)"*I,

2 MEWNTE
2.1 KERADIZIDE YRR

MM T (2RI A 0 R R, 3
LGRS BF S RN K. T K B e P 45 0L
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I3 2R SR MIMAH i -5 288 )5 40 A 1) L 8%
Ft. 1, 3% W R (hyaluronic acid, HA) /K& g
SCREMMAMI ARG, FF et ol # 5 e BT s Y.
VA SRAE T AN, 3357 H 1) 78 5 41 i 8 TP B
MR, IR R AR HER bR LA b Be 7, IF
HAERIE R ARSI AH RS 1, 40 N-45 5 8 A
CXCL12, XX T 8 40 i 4 )3 SE A7 36 2 50
B AR (1A% 00 2 R B I PRV %% 38 PR i 24
PE, FFEEREAS [ TR 24 28 BRI AT IF 5T, 5 AN IR
B SRR T B, HESE PR g 1 R IR
() S P AL REABE A, 12455 B 1 g 40 2R 5 11 PR 1) e 2HL 213
TETRASRHEA & A iRk b —2, BTN 50k
B R NTC XS K BRI , T 2H 2385 57 25 Wy U
WA, AT e mT LA R R 2. R AT
AR 2 1) HA /KB AR AL A0 51 ) 411 J5 AR ot
o, RIS N B BB 25 40, m {2 3k 0. 28 MM4H
AR AT,y MMEERL, 259 9F R IG
JTAR KSR AL T 8 LR 7 75 ST 2 Fh 2R 1 KR
JRe AR AR Py it b R P A i P AR 12 R S A A O
AV . 72 HAZKEE H 55 7% 1 AR MM 4T,
A T DKk B 2 I BRI 0 A A0 1P 24 i 2 A
(antibody-dependent cellular cytotoxicity, ADCC)FH#h
ARG 14 41 P 55 14 (complement dependent cytotoxic-
ity, CDC), AR5 B i PR S S S T 1 Jg A= A7
BEMCY, JRPACE NN SR, 25
EU JE 7E 3DK IR ABE A o {73 B 5 1 MIMIAH i 2 43 1
F, TR AT B AR B BT 4R B B B 1. BRIt 2 A, iX
L6 7K B IR fie 0% s 1) 245 W HEL [ 3t SR A R Tk 3] 8
EIT IR . #0A B B4 KA H H -6(bone morpho-
genetic protein-6, BMP-6)[1) HA-/F 2 /K &t/ Ge 75 F
MM T I 2k 8] 78 5 40 BB 74k, TR
HIBMPHEHUA & 40 & B s, B R TR 5
75 37 B i B MIMIAH g 1500, p A 8 4 7K 5 o st 2
TR — ) LA M S 5 BT B oK, ZERRMETOA S rh
BEREIZGY), AE /N BRAR L AT 25 e 27 i R 3k OV
KR I A BE A BT . SCRRAE U IR 25
RIS LA AR MM 3G 58 5 250 oAl Seai G % i
A5 MR A, MMIPERRRT 78 S I RVa I T R4 1
Pide KEHE. PHENEYT ARSI 3D (R 1), X
WD = YA PR LR A TRT LA B S BIT 7T 5006
2.2 THEKFEIDAAIE SRR

ER B A I DhReth . ARV AL e o T4

R, W T AR5 AR OB, AL B R 4
M5 BEA S AR BAE T . BN, A iRt
iER T 5 MMAH R SLBE 7%, T8 a4 BT i i e
245, % £ %] SC R MM 16 5, 0] F T 3
i ZGATL ) (RO RIF 90 162630, b SRR 7Y i B S b g e
SR MIAEAR N BIAT A, JEFAR T M FE KA . BB ik
KEEZGWIT 251 104, 3% PSR m] DAAE Rk A i
250, G0 A BRI R L T VR B R U
29, FFARFF I YE o IR SR RERTE AR A X MM 4H
il R BoR P T O, BhAh, R R T T
FRZEVRYT, PRI B 22 B, i SRBB AR 28 il MMUAF 9%
(10 HES L s ey 418 o B 22 4 SO 2510, kA, 6T
BREC S5 HUaR A Rtk T B T R B AS 0 20 2 T bt
Ji, AT BIMMI) G e R B A A7, i Ak R
A BRSO 2R R A R (0 TL-6) 7K, ok
SRR TT MR BEAR PR, X e 7 (R 1)K
B AMERTE MM 75 BB % [ 47 b T4 4h 3D B )
. ik In R ZEVR T SRR = A, Vi
JTMM S E £ fitt o
23 WAKEG

e L, YRR T — SR 5
PR 2R AR ARG ), 51 T AATTAROK 1 OR3E ),
FEG 255 e IR T R 2L, (HE S it B
M55 WL, 29D i FEAR S TS 24 1 v L sl DA ) ek g
YA, I i A I PR YA T 3G T M U gioK
2R IT 9 R ks e BB TR, 16T URS B
B 1 bR A, S SEILVR T 29 SRS R AR, DA
=R B, S EIER , AR E) (R
DN T B 2280 50— A0 A A& 1 A7,
23.1 JERAR BnA, BE ARG R Bk
B WA 2. B SR RE TN T B R BRI
T, BA RFIAEVAHBEM SRR, 7
BT SRR L BN K B R AR A K 25 W Re TR
Bl P G RIS A M e AR R AN, B T 4
RSS2 S IELS O vall T Re b A /R Ok AN
S TE R AR 25 1 747, Bk b, £CD38
B CD138HC ARSI AR T A4, REA% 32 2058 1) 1 BEJR
YA, AT 24 490 A o b 3 26 2215 SR A L, BT
R YT RIS,
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JHO AR 2 A % B 2 00 A e g A 858 01071081 gl 4
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F WA 97V S 5T ROF > B 9108, Bz,
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RGN, (B2 R T 2R 25 R 2, Ak
i — BRI FT ARG IR I S Rg O],
3.2 ETRZEIRIERRGHE

IR 4> 5 FH R [ T A R BUR S P B AR O T
1697 MM, 55 B AR J7 VI R S 1 A e 2
MR PR, 512 ADCC. CDCAIFUAARAR RS 4
Jio 5 W AE H (antibody-dependent cellular phagocyto-
sis, ADCP), ATl B4 7% 0 P68 40 i slobm 1 e AT BAfAE
FIE RGUE R (K12)2. ADCCIlEid it CD38%ifk
5 MMA R 1) CD3845 &, HFeBts B A4
L W A 5 S S P AR B R T Y Fe sz iR 45
PRI K LG 2 i R TS M A 5, 5 e e 4 i
i (14131, ADCPI I 20 i 1R 5 T CD38 T4
A0 ) MM, o FL AR R 1419, CDCid
PiiA 5 CD384E & AT BUE AMA R Gt , T2 IR B E 2 &
V), EAAE R AN b2 AL, Sl A BRI AR, 1K
L o 922 S5O AL A I PR FH PP R IE S P 25
MEWG . KRB IR L o, BT IR 2 U
PUHI T RAEH AL RE VT 28.04 A B, ik 7 2t s

CAR-T cell

)

(

. e %@
Perforin o g

@
A 4

Granzyme-B

@

P 1t R BT T ARG B A 44%(HR=0.56, P<0.001),
30/ H PFS#1£70.6%, o E 0 T X REZ1155.6%, H.
H CREGHIFRTF 22 47.6% 6 HE 4. 24.9%) 17, XU 5
PEPUAR IR — R BN, B EEER:
TP AN S AN, SR BOE A AL . BsAbs
R g A MM _E PR, 53— s & T
CD3ekif, e fi TN U5 IR 40 i LR, T2 fh e 5%
fiho X FECTAMLEAG AR PR 5 IEN-y A L2585k
DA R A4 i 75 P ST P 4330, B 2% SRR e e 4 i L8121
B2, RS EETSEMBEEEA S %
P25 Z8 G0 K B H2 25473 PSR A e, T OURE S P Ak U Ay
BT MR, BRI RIS TR, X e
HATREE R A o P L FIA AR T 24 BT MM ) 5928
MEDR@N 5y

3.3 IBEMIERINE, EEREHE AR T

33.1 IHIBE minE v, BORE MR MMIK
REAE PR o R T B B A AR ) R R, A O 2
T 200 B P S S 88 v T R TR RO A, S EUA B
AR, MMZH LI 5390 22 Fh 2 IR T-(UIRANKL -
CCL3. MIP-1B. IL-3%%), 5 ZU b Al B A A . [
I, MM 506 22 Fh Wntf5 -5 8 B 5 0771 (W01 DKk-1.

Drug or

/Q cytokine / y ”l:;el\
2

RV

o

. FADD /Death domain

=Y

=D

pfv
K_, (Caspase-3 X Caspase-7)
o)

TE A I CAR-THN M RE FUEE LR AESEAN PN b T8 AL, JURL A B IE N 40 i P9 35, Wi caspase g4I B, SERANMOII T2 2499 B4 B bR - skl
iR FastUs P, W TANI S5 Fas 2 R 45 4, Fas 52k = 84k, L Py A0 1 45 W38 51 #6742 82 [T FADD, FADDIT] 73 — AN SE T 3808 25 ) 3 5 He procas-
pase-8, I E & BY UIBE F5 40 A 5 1 1 caspase-8, BETM e i ) caspase-3 fllcaspase-7, TR T .

Activated CAR-T cells release perforin, which forms pores in the target cell membrane; granzyme B enters the cell interior, activates the caspase cas-

cade, and leads to apoptosis. Stimulation by drugs or cytokines enhances Fas sensitivity. Activated T cells bind to the Fas receptor, causing it to trimer-

ize. The internal death domain of the Fas receptor attracts the adaptor protein FADD. Another death-effect domain of FADD recruits procaspase-8,

which undergoes self-cleavage to convert into active caspase-8, thereby activating the downstream caspase-3 and caspase-7. This leads to apoptosis.
Bl ZikMEfEBEEATRER

Fig.1 Schematic diagram of apoptosis in multiple myeloma cells
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CD8"
T cells

Dara: partial inhibition of CD38
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Isa: direct-augments crosslinking
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crosslinking
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Isa: partial internalization of

Immunomodulation
Isa: inhibition of T-reg cells,
increase in effector T cell
and NK cell activity

Dara: inhibition of T-reg cells,
increase in effector T cell and
NK cell activity

T-reg cells

HICD38 HL ow B HU AR A b 2 P S By FUIA T 2 JC B HU A AL Dara: 15 % JG 5B, FeR: FeSZAR; Isa: Y0276 B4, MAC: IR EHE A,

MM: £ kMR NK: ARG T-reg: AT HETANNL .

Mechanisms of action of the anti-CD38 monoclonal antibodies. Dara: daratumumab; FcR: Fc receptor; Isa: isatuximab; MAC: membrane attack com-

plex; MM: multiple myeloma; NK: natural killer cell; T-reg: regulatory T cell.

E2 HCD38RA R EIAFIDZ A AMFIATZ A BBERIFIRE S| B BESETE(114])

Fig.2 Mechanisms of action of the anti-CD38 monoclonal antibodies isatuximab and daratumumab (adapted from reference [114])
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MM cells secrete cytokines such as RANKL, CCL3, MIP-1B, and IL-3, which stimulate the formation and differentiation of osteoclasts. At the same

time, MM cells secrete Wnt signaling pathway antagonists such as Dkk-1 and sFRP-2, blocking the canonical Wnt/B-catenin pathway and thereby in-
hibiting osteoblast differentiation. Furthermore, and more importantly, a mutually reinforcing vicious cycle develops between MM cells and osteoclasts.
While MM cells stimulate the formation and activation of osteoclasts, the bone resorption mediated by osteoclasts releases growth factors stored in the
bone matrix, providing supportive signals for the proliferation and survival of myeloma cells and accelerating disease progression.

E3 &M EHEETERTHE

Fig.3 Mechanisms of bone disease in multiple myeloma
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Anti-angiogenic therapy reduces the size and causes structural abnormalities in the functional microvascular network by delivering targeted anti-

angiogenic cytokines such as VEGF, tyrosine kinase inhibitors, proteasome inhibitors, or other anti-myeloma drugs. This leads to hypoxia and a lack of

nutrient supply within the tumor tissue, causing myeloma cells to undergo apoptosis.
B4 imMEERATREE
Fig.4 Schematic diagram of anti-angiogenic therapy
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