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Abstract Tumor bone metastasis is a leading cause of death in patients with advanced cancer and has
a profound impact on their quality of life. Although immunotherapy has been widely applied in cancer manage-
ment, there are still many challenges for immunotherapy in treating bone metastasis cancer. In addition to tu-
mor cells, the bone metastatic TME (tumor microenvironment) also includes various cell types, such as cancer-
associated fibroblasts, endothelial cells, osteocytes, osteoblasts, osteoclasts, and tumor-infiltrating immune cells.
Studies have demonstrated that immune cells play an indispensable role in the occurrence and progression of tu-
mor bone metastasis and exhibit different functions in response of tumor treatment. Based on the current research
progress in immunotherapy for bone metastatic cancer, the mechanisms by which immune cells interact with the
host microenvironment during the process of tumor bone metastasis were systematically reviewed. Furthermore,
this article explores the effects of different immune-active factors and tissue-secreted proteins on tumor growth
and metastasis, and proposes potential targeted therapeutic strategies aimed at different immune cells and influ-
encing factors.
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Je8 2 1 2 PTHrP R 850 it i o 4 il RANK L) %
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75 T I B A T B, AT B0 A
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Al Tregs%5, 1E 5% i N H K IEAFIMEH . CD8 T
Jito B 40 B 53 1 TIbk E2 40 B (cytotoxic T lymphocytes,
CTLs), &3 H4Z A M e/ . et . FL
Mg &5 BV S R B e R R b, R R T
WREE4H i (tumor-infiltrating lymphocyte, TIL)7E /&
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Fig.1 The interaction of immune cells and cancer cells during bone metastasis (by Figdraw)

5% r 2 A A 1) 4R e R AN e e B A P 2 T PR T AT
E T BRI T [ FITE

1A TR AL I AL CDAMCD8 ¥, H
TS24 (T cell receptor, TCR) A& H yHE AN 8% 2H 1%,
()5 IR AR, IR T M AR N yS T4 ™). ySTHH Y
A2 F L H LA A 78 (major histocompatibility
complex, MHC)[R i, A ZHEVER) 2R S5H , RE
TR T (1) i eg 4 A, I L BE 8% IR N 43 - G y-
T (interferon-y, IFN-y)F1 8 R FE A F -a(tumor
necrosis factor-o, TNF-c) 1] 737 , 75 B4 SR 40
RRNETHH AN B SR 3105 40 BTl g, 769 1Y) Ho 928 A
HOR IR B OCE BRI O, AH AR B RS o A
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JiRE v 97 I s ) ] BERL I HLCCR8 ' Tregs4Hi i R B 45
SPEIRB TS P, R AR (TR B
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EREWS e R AR T, WIIL-1. IL-6. IL-12F0
IFN-y, 0% CTLsHINK A A DLW K e 4 ff . Ak,
M2 E g4 i 52 B S 2 i Th g, RO R AR B
W5 41 Y (tumor-associated macrophages, TAMs), &1/
ZFWAIL-10. TGF-B. CCL17. CCL18F1CCL22% 4t
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TR T IR A% 1) R

TR ORI T AR B R,
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K DR RR A1) T2 B b b e e 827 T R AR o ok
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1 YE 2 Y (carcinoma-associated fibroblasts, CAFs)ak
P B2 40 B AR A R, SCRE IR AR (978 A e e 41 B 26
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HHEB T, KT LyeC CCR2 A% A1 i fr MAMSs A
ILARMCH M J7 A 1 B 6 7%, 1IX R W] T MAMSTEFL
Ji e B B AV AR IR TT 2 b

34, TAMst ] BLisid CCL2/CCR2ELAE 7 il

DA 715 = {2 o b 6 4 B i e e 120 T A g o
CCL2WJ DL i 53 45 15 Wik 24 Mt A0 iR 15 20 P e 345 B e
J A KA F A, SHICCL2M LIS TAMs I 5248, Jf
55 i geg 47 g BRAICAE O W00 R A, e 40 i v 3R 1Y)
WNTSAT] L i CCL2I 4% 11 55 B oA 52 vh L
M, 5 S B AR A AL T A B 1) S e 32 . BR TR
H¥LA T -1(colony stimulating factor-1, CSF-1){E N
P TR R A R 4 i R R 2 Y A
S EBE R T, RS B R MR B ()
AR (EFLNRREAI R ORI, A 1 2L s
Jf2 5 ) Hedgehog 7 5 % 5 AT LA CSF A IA A7)
wWh, HET BRI A E R AT B R A, e IR I
PEE AR . 2 AT AR Fr B, CCL2A CSF-1
5T S OO T SRS, LU R A B
Hh R A ) 3 AL AR

o 240 it P DL F A 22 7 s i i N
AN K. EAMET R, BIRSRAEE
[1-2(bone morphogenetic protein-2, BMP-2) 1] LLif5
A 4 B s A 17D S0 RS O E R 1) B Ak
PREE A ) B R 4 B T DB 4 B R O R AR S
It T 200 i v ) T R VA Bk S MR BIX B B 7
PR 5 e 1) S g i 52 U7 ARSI, EER
11 B(cathepsin B, CatB)#12H 215 (1 K (cathepsin
K, CatK)/F] i & 2 A (i 45 i 40 o 76 A8 1y 40 ey
WAL AR, i — PR MR . i, B
Wi 4 160 5 T 2710 s 240 P ) PR AR LA A BT i
B0 CatK RIS, ATt iz M b
AT LA H, R AR G 2 15 B e 48 o R 4%
TEZENEH, TAMsH] DWE & 5 800 5 1078 1)
B R
3.2 SEIRMEHIFI 4R

B BE R YR 1 F0 1 41 B (myeloid-derived suppres-
sor cells, MDSCs) & H & fifi H 7= A 1) A Bl 24 i 5 4
L 2 5 FR) S JO A AR PR, A bR e A A
RIFBFBLEAEM . EIEEFMT, R 540
(immature myeloid cells, IMCs)™] PL434b H B W41
Ml B SORGE MR A AR . SR, 7E AL HE SRR £E N 1Y
TSR, IMCs /b 32 24, K i 9 514 MDSCs
M2 TEA% MDSCs PR P AN BNV RE , F0 3 v 1 e 2
HSCHFRIRT I R AN RE 1, (LMY, S A% 30
ALIIMDSCs¥E 34N, (BVIRRIR fE, FA A Bk
A A 1 H Al MDCSsEUR /b B, FHAS MDSCs A7
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KT LAA hR H# . ihIR 4H i i CCL2/CCL12-
CCR2Z5:I8 12 L4 MDSCsBY, I /=2 G e 4l 8 7,
TG MDSCs AR RATEE . — 7T,
T MDSCs 1] LU ik B i b % AL 2P0 5, Gk
Z IR -1 (arginase-1, Arg-1). MNP A B (reactive
oxygen species, ROS)Fll—4 L% (nitric oxide, NO),
755 NK4H M b B #1452 44 (40 PD-1)%3& , 55
NKAHM & . 55— J7 1, MDSCsth ] LA i —
AL RS B I 2 TA BELAS TR M (305, I Al id Arg-
1. ROSHI i 48 WA R £h (peroxynitrite, PNT) I3 i1 75
MR 2 L 6T CD8 T (1) 52 B, th4h, MDSCs
AJ DL i 43 9 TGF-BBk IL-103% £ 14 Ho g i3k Tregs 1
P18, Famid - CD86AIPD-L1 134 K 3 5 Tregs
MK E , KIERPZEMEEH Y 5 et
FRY, R B R fEH , MDSCshl Ll i
PD-L1AI CD1550) 315 3 EUf #1211 1) TZH il e
PEDNRE I B 53— T 5 R I, it /s B AL
) CXCL5. INOSHI GM-CSFAE I a F A &
JE R Ji R 347 i) MDSCs I B, H42 7 PD-L1#%
PRI, (e 3R T i 38 A )

B T S MR AL, MDSCsik B A 401k R
HHMRMIRE ). TR F RS I, MDSCs
TEH AL A 38 3704 il i 40, 314 T MDSCs
EF_EIATGE-B, fE st an i /i BRSFIR R, i —
SRR B AN S R BT, MDSCst A B 1
B IL-1789 7248 3R i RANK LSO 40 A
FIA RS, S E N 40 WA CCL2. CCLSFIE M A,
YEFH T MDSCs 3R 3 H [m Al B 40 Mo 1) 4k, 38 il
YR ThEE Y. —IWish PSR, B RER AR /N R
B A 52 RV () MDS CsTE A4 P R4 4135 1) 4346 R
BIReM BB A, SR, KA BB R AL LK
WA B R RS AR 1 A 98 /0> BB A 355 H MIDSCs
ANBEST N B AAE . X R T IR B AR K B)
MDSCs [Fi Bl B 20 i 7310 H R B B o 53 A R TR H,
NOTE MDSCs [l il 5 40 il 73 4 1 F% A ke SR
FOHINORI = A4 ] LLZE fRMDSC 5 S i i PR 100,
3.3 WISIK4ERE

B Z R 41 MY (dendritic cells, DCs)s& —ZE ML)
PR 240, DCs/ N H4% 41 i DCs(monocyte-de-
rived DCs, mDCs) M2 41 i #:DCs(plasmacytoid DCs,
pDCs), mDCsHEH I i T Ak 34 i g 24t o 5% i (1) e it
HWG s 228 TN M, (23 TN HT M8 s S 311,

FE 5 SRR 5 2 R S 5 R S 2 o 2 vh R 8 %
BEUEH . PR PR EOE DCsAEWS T 22 B S 758 40
(TG AL RIS B, DA 5470 R S % SR o e 24 i
KRS DUE RS IS DCsRIBIL-12, (2 3ETh1 2!,
[EJ IS, TL- 1200 4336 %6 T NK 1A B g vt v 2
W) TINKH M 42 I CCLSAXCL1A F] T-DCs
TEJRE AR AR B, FEIE I 2 W IFN-y 4+ DCs 4L
T I TR

TMEH ) DCsi# i F# 4 1L-10. VEGF. TGF-B
HTNOZ5 21 B IR 7 30 1] CD 8T 4 g 1 Ji 988 % 475
PR IR SR EL G0 2316 Tregs!'®, 233 F % 1k
o BRIEHEIT ORI, TE IR O iR KL A
Al10(carbohydrate A10, CA10)[J{/EF] T, DCsfEf% i@
it PD-L1. IL-10. mTORG& 2 ARE B A ] 35 s % 410
il 14 FoxP3 Tregs =4, M S EEAEA & H B H
Jiyeq 58 2 B Rl R Tregs 4 MO (10 FI9 385G, Som 2
i) ). DCsTEPTIIRE VA TT /7 TH I S H s %
T 98 925 P VR 97 Jee i 1) 2 A o

DCsH b vl 15 T il 4u f ol 15 % %, 18
FLIE B R T, IR 4t e i 4 FF - R Th7
I L R RBE 1 4 SR SR VA IR, R R R
S AR SR TR AT L e 1 2 A, (kR 5 R
DCsthr] LB RANKL EL #5MDSCs, 75 S )
T B A 23 A, AT R a5 B A R R 2 B ) A
3.4 iEkiZmAR

Hh R4 AR S K B 9% R G 1 B A S A
TE PR AR 358 T, r R A i 52 g Atk 2K AR )
Y, FE1E S RS Bl Y A )i AR
RAEATFMAEF o Fp R 40 i B8 6% 1 5 % 1 i s
HERS IO . BRI, il v] DLz FE
WO BCR AR, 32 TGRS =K Siglee B
WL, R s 240 R 4 4% Wi i 6 s 1, R 2
Jf e AR 45 O FE T A e /N BB b iR 2
0 368 3 75 3 B 2 A ) e A 200 R B A I
SKARE THH M I FE35 , 1558 e F 1 A5 S 7 HH)
PEROER L B R s 72 R S R 55, AN R (1
AL R TR T R R R E AR I SRR . N1R
AR 2 B A PR RN HURE RS TR 5 1 N2 Y
r R ST R 3T e R I AR R R 4T R A B A%
P . TGF-BAE LR iE Hh P 4 it 26 700 pb 45 S5 B T
AT LA T A R A B T RE I #44k . mCRPCHE , T
# K357 % (androgen deprivation therapy, ADT)3 Il



1164

5k

7YKL A RO 2R 1 TGF-BAZ 44 I(transforming growth
factor-B receptor I, TBRI)FIZRIAKF, #1740y
o AMHITPRIAT 5 ROE 3R 52 AR 3 1 v L 2
RO, P S H ML e iR g R0,

Hh PR 20 B 5 R AR ELAE R 5 — A SR
HREZ5MEMPR S ENRE. FHLE, N
AT CAFs#R 2> 73 b HAT Al A FH B 4 e X - (4
IL-1B. IL-17), {3 k4 Mo B P 4R, JE52m
Ji e 2H B # 1. EFLIRE N R P, R R RS
P33t i 18 20 21 h G-CSFARN 2 7 4 J 25 11 1§ 9 (matrix
metallopeptidase 9, MMP-9) 73438 AN, 338 A 14 i
A F IR 1 B i 7 A AR A AT IF 5 2 MR 40 R 1) A2
A R IE R 8, AR HE, 7E 5 — TR 9T R R,
TR iR %) R P R A R T DA R of E E i A, R
HEJR B R ) LERT A e b, R R
g -3(proteinase-3, PR3)-5 i J§d 41 iy 2% [f 52 /& RAGE
&5 175 T M AL T, FH Ik b k2 4 i PR3-
RAGE AT LA ] Jif 88 48 it V3 52 318 U0, 35X 3% i
T A ) Hh L 2 R T B A — A TS BL
IRV TT T

4 BREBEREIATTRE
T 24 HH S MR BE I T R L S A
300 s A M o R Y, BF S B

R T 2P B R R R I SRR T RN, i)
KHEE T a % Bmrasridt . K, it
P05 (immune checkpoint inhibitors, ICIs) & H
BN B2 I RIZIR T 2 — . XA YR
% [SEL 7 e 98 241 B 5 B 2 200 L T 1) B P A 2 R A
T, PRGN I 4 M ) S e N2, NIk BR YT
JHR ) H o RAh, AN [F] S B 4 RV T O
I CAR-TA MRS« DCEE 1T ifyT . NKAHAE
MRS 2 B e T IR T By W) . IeAh, B
i) MDSCs & 2 /697 Mg B 207 . I &R
AYE AR 44 R DAl LI T MDSCs 76 A BT
R SRR 240 b B 5 4 i T 2 25 SR e I B D RE . AE
FUMRIE 1 e A% /N BB R ] CXCRAF Bt 77 A
Wi i 2,3 - XN 48 g 14177 o] 0 CD8 T4 i -4 i
MDSCs, AT LEZZ /)N B LM 2 0 () 1 e A it A U1
H T e A AR AE 22 Fh S A 20 = i, BT
EL A B o B AE B R A e B B BRI, B R T A
BRI R A T X E R SR B
Wik . AE— IO RS R L A S R T
B 4 B e v A 7 B B [l Bt A A L, AR AT
RRETER B, &% EFHXT PD- 1407 F1
CTLA-43 IR A VR IT IR B 22 o R i e 7
Ji SR N R VR T IO BRI, R T TE ARCH R ST
Hn(E2).

\
p
a Siglec-15 N
Macrophage e A y N
% o N
Siglec-7 2y R - 3y P Siglec-2 N
% 4_\ ¥ ; \ \\
L\\\/// ) TGF-B 1 AN
e Siglec-15 \ AN
eV
IFN-y
Thi 4
4 Y }\ )
ABs
TGF-p '«% CDS8 cell "%y g
ﬁto% R
AR AR S AR AR L) ® " -
T —— - = = @& Osteoclast == é‘j _~Osteoclast ////
— — e e RANKL TGFp= e
—_ —— e — g = -~

E2 BHEBHEBMA. TGF-p. Siglecs/EFIHHICRE HFigdrawiahl, RIS S0/ 1E20)

Fig.2 Mechanism of BMA, TGF-f and Siglecs in bone metastatic cancer (by Figdraw, modified from reference [80])
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4.1 BRI
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