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A K H 4 B (bone morphogenetic proteins, BMPs)
AL A K A+ B (transforming growth factor-,
TGF-B) i 5 6 35 1 i —Ff, BMPs 5= 223 1o 28 ML 1)
S BE R 40 B ik A4 4 7 25 1 ((drosophila mothers
against decapentaplegic protein, Smad ) {4 {5 5 i

Research advances on centromere proteins shaping immunosuppressive

tumor microenvironment to promote immune escape
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Abstract Tumor immune escape represents a pivotal determinant of cancer immunotherapy failure. It’ s mechanis-
tically linked to immunosuppressive tumor microenvironment (TME). The TME comprises tumor cells, immune
cells, stromal components and extracellular matrix. These components interact synergistically to suppress antitumor
immunity through multiple pathways, thereby promoting immune evasion. As crucial chromosomal stability regula-
tors, centromere proteins ( CENPs) remodel the TME via multifaceted mechanisms to potentiate immune evasion.
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PR Smad MRRUME(E -5 18 #% 40 22 2LV AL E A
i ( mitogen-activated protein kinase, MAPK) {55
WP R EY) F IR, TEAR KB ML
BMPs Z25VF 24935 b R R8s T2k
KINF=z—"10 3R HAWE S 0 BMPs o] LRy
FIER R R U S AR 28 . RFERHE KRB I T
B, KA AH OG0 AR &S ¥ ) 2T BUEE g w] o OS-
CC (T Bl SAB USR-S mE

1 BMPs (55 &%

BMPs i o) 58 B 245 & A 8 H 52 44 (bone mor-
phogenetic protein receptor, BMPR ) {f ¢ & #£ T §E .
TEANMIEE b BMPR W] 43y W BL, 4351 Ky 22 28R/ 75
TG 1 BN 22 AR/ Jp AR 1 B 3244, 1
RUSZ A A4 7 RO R 2 AR FE L (activin recep-
tor-like kinase , ALK) 21 i, , e 7 BMPs 5538 %
HEFEIEEFRE ALK-1  ALK-2  ALK-3  ALK-6,
I A7k, 345 BMPR I |76 % 11 A (activin recep-
tor T ,ActRT ) FI3# 7% & 1 B (activin receptor I B,
ActRIIB) ™', BMPs F2 2K Smad {1 17 5 i
PEEE AR Smad HOHIME(E 5l L FEHIIBE . Smad
WML AS 538 % /2 BMPs il 5 BMPR 11 455 J %
i BMPR 1 2% {& f#fi Smads B iz ft, H ¥ Smadl .
SmadS  Smad8 IR L5 TEANMLT N 5 Smadd 455
PENAEIAZ N, Smads 525 )76 Fo A i A A2 TR
EEAMS S T I ER M BMPs £ 1]
PABCEAE Smad (A Y15 538 40 MAPK BRI
-3 A 5 5l . e MAPK {5 %5 3 i 3]
S N A AME S PR T I B (extracellular signal-regu-
lated kinase, ERK) i&4% | c-Jun 2 3E AR Uit 4 i ( c-jun
N-terminal kinase, JNK) & 4% .p38 2% siyG ka5 H
W W ( p38
p38MAPK) j& 42", #L1iF71 BMPs f)/Noy T 2454
C TR B IRTT

2 BMPs 7£ OSCC FHJRIER K FR

mitogen-activated  protein  kinase,

2.1 BMP2 BMP2 7E 3k 55 3% 8% bk 40 B 955 ( head
and neck squamous cell carcinoma, HNSCC ) H fH {3
IR R I 98 %, i AR ) ) 208 -5 B ey 1Y Jey i A2
R (HAE BMP2 ik /K15 e o7 & 5t i
TAAS B U020 3 5 | U DXk B 4 32 A= 00 B L AR AT
J9 | X Jaf e v B A 0 G A O U A
8], 08CC th BMP2 1335 7K -5 iR 4141
FOPACFEEE W TCAH G o 53— P AT ) 2 PRk 91

FISE 96 E AR Y AL R 58, A5 00 T
25 {5l W9 @ n BMP2 LR (1) 3638 1T BB 5 ik B 45
BERAHEY . B BMP2 KKK BAR SR K
i 1) 22 b 2R AU TG S 2 A S (LR (2t e vk £
L5EGR8  JF 5 OSCC W& kAT 5, ELARMLH] A FE iR
AWFFE

2.2 BMP4  BMP4 7E A7 300 bk B 45 7 R
HNSCC il it ik, B EF & T LB AL,
BMP4 FIgER b Smadl [ 35 15 5 HNSCC {1 Fi 5 2
FiASE. BMP4 1] LU i 9 5E T 40 ffl ( cancer stem
cell,CSC) (T A, , Ji ik T4 M I\ R BEA% I ol b e
AL I HAE KRG R E &N . A
FH, FH BMP4 4b B (1 A % 9 200 A 5 A Ak B 1) 400
FROAH EE , Ab B %) 48 A rh i oA T 40 ML AR A 4 AB-
CG2 () mRNA Fik 76 1 JH SRR, (HAE5E 2
JEA BT T B S AE T A A A DGR s A 1R
2.3 BMP6 7E 120 f§i] OSCC 35 14 I brAs 1 e
REALZE I R, BMP6 7E 2 BRE A v 2 5 BH 4 3=
ik, HAR/NF 2 em {98 BMP6 555 = 2 i6 k
AR ARG RO FEN 2 5 BMP6 ik 2 [A] A WL
SR G5 124 AH oM, BMP6 1 33k 5 %0 & & Fl Ak
FEIC K, BMPO 1] R JC 1A Jhy T 1 PR bk B2 445 B 1
OSCC B FH AL SR R T Bk
B OSCC H BMP6 ik 5 OSCC -HREAHE,
BMP6 7£/NF 4 em H AT H 38 1) M vh 25 0] g
T IO RE E R . AR T, 7R/
1) OSCC 414l BMP6 ik ()3 i 5 0SCC 172847
A, H S e A K H T (epidermal growth factor
receptor, EGFR) 37 & 3% ik 14 i &2 1E 4 ¢, EGFR 3
ARG A R ibrss T .

2.4 BMP7 BMP7 3 [H [ 3k e & 6 9l & B
Sk SRR E R, PPl 128 il
%Mk 0SCC FR 3 7, BMPT (1334 K 70 i [ 45 5
BB o 68. 2% LA Ar LR FR 3 rh ol 100%
BMP7 3%k 5 7 W5 4 M o0t A R Ok S5 R A7
FE5 25 A0 G PR, A AR OSCC B iy ) #p ik
Wt BMPT7 454 BMPRIL Fi ActR-I1 4 i 19 5% —
BIRJG1E ALKI . BMPRIA L) 52 BMPR-IB M 1fii % %
shae!™ . ] BMPRI #1413 37 ] BMP7-Smad1/5/8
{55 0 B s R Ak 1T LA e ik OSCC V8 2 et 2
P FE/INRIAR P 52 56 TR G AT T B R N R
RAE MR A K, R W] BMPT7-p-Smad1/5/8 )1 i 551 Fl
VG 2 BT A I P e 5 IR P 22 BT 24 )
IRITIRIE . BMPRIA 33k 5 OSCC v 1F Ji 70
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TNRRE R S IEAH DG, 7E OSCC 414 . BMPRIA [¥)
T FER WS T W55l BT TE T % 7 Smadd
A B9 50 & 1 (sonic hedgehog, SHH) i 3 3k
SHH 12 55 76 75 306 558 A0 400 1) A 41
Wi P, ££ OSCC 17 T (19 3 1 B30 p LA B 24 4F
A

ST LA, BMPs (G5 7E OSCC & A & it
FErpiE T B2, AR 0 52 % Ik B A5 R RS B
RN WA 7 ThT LA 3 2 AR, (HAH SR 58
Or FHLRIOT TSR A iy E ik — 2 R FE T ) 1 BMPs
255 0SCC RAE R SRIIRAENLH o 37 X AL R AL
AR, I 0T BE A i PR L BMPs 259 1 $2 3t 5
T, PG 0SCC B3 Bl 1 DL iR IR )

3 BMPs 5 OSCC A EMFITANK R

3.1 BMP2 AJU{R# OSCC B £ 5iEHEpE ) &
HABES K HEEH 2 (recombinant human bone
morphogenetic protein 2 ,thBMP2 ) 4% 12 175 5 [ &g
{RZEHACEH ¥ C-C b TR A B B CR (2 2 0S-
CC IfR%%. X F OSCC 4fiffi & YD-38 1 YD-10B,
2 thBMP2 4b B J5, 40 M 09 {2 28 68 ) B 3 1Y
51277 BMP2 AT 40 g A KA1, 1AL
ik BMP2 [ OSCC 4 iy & 1 1R ZE DI i , R 1l £E A
ik BMP2 JE [N 9 40 i 2 o, IX AR A 2R A1 T OT A B
2o 7ERE N OSCC 41 i 5 #% 4 B A s W) B 22
Hi, {571 thBMP2 A7 M4 B, 25 B0 )5 28 g
) Jr R e o, HL AR A7 01 4 2 . BMP2 W]
g OSCC s & HSC4 41 i i 34 5, IR P2 F A
OSCC 4 A AEHE B ML (1 A M € H . 7E OSCC 4
JfL R B BMP2 Al 5 S OSCC A 6] 7 5T 1 e %
4k ( mesenchymal epithelial transition, MET) , Jfij MET
A B TR AR A A . BMP2 jiat i MET
P ID1 A fA R 9 ik, I T I N-E5%%
E I Snail ((935815H M OSCC iy MET™

3.2 BMP4 AT L{E i# OSCC R E& T EE

BMP4 7E{ASR it Smadl {5538 F 0T F 52 18] 578 5T
¥4k (epithelial-mesenchymal transition, EMT) M\ [ {i¢
#E OSCC 4= ZEFITL R HE 11 , i fik Smadl f) 2 ik
AT LA BMP4 7 9 4 48 i 5% vh i S 109 EMT, I
557 BiFh OSCC 41 Ja 76 1K S 1 42 28 v AT BT
b B g A A E = AE R BT P 0 iz S AR S R
ZEAH I [] 78 oA X R 2 e Ak B 7% 1 28 TE At
=, 5T F2], 76 HNSCC 4iff % OECM-1 hagfik
BMP4 A/l OECM-1 4 Jfd 75 — 4 PR 45 v [i] 78 BT s

KT A28, IE AT LA i BMP4 $f5] let-7i
THIHE 5 BMP4 ek 55 HNSCC 40 ifg 14 a) 75 BB =X,
T, BMP4 A] DI OSCC M EL 78 | 33 g 0 fi]
T BMP4 {9/ 73125936 )7 OSCC S i 1 BT 42
Mo
3.3 BMP6 "] L{Ei# OSCC HEZE BMP6 7£
OSCC. i 2 35 14 Jon 2 g 91 (2 227 . BMPG 5
OSCC HoAth A= ¥y 2747 2 1Y 5% 28 FAH AL il BT 52 ¢
D B HAb & B SRR A R h AR RIS E A
MBS 15 IR 20 952 ( esophageal squamous cell carci-
noma, ESCC) ZiJifi & Eca-109 i it BMP6,/7 [) i 3
K] LA Smadl/5/8 {5 508 %, His S T liF AL
ID1 35 AT 4 1 Eca-109 40 fu fry 12 2 ek #61
HLTBAKE BMP6 {5 5 4% 3 45 5T R 43 45 Noggin 1 fif
b5 E (sclerostin, SOST) A7 14 /& 1l mRNA 3 k7K
BB BRI 5 5 ESCC JREAE Y A4 A A7 AR SRk
1350 #r, BoR Bl BMP6 58 %35 5 ESCC % A=
FARBA WFEMNE . SRTT BMP6 551511 Noggin
5 SOST 55355 ESCC B4 AR 77 1 46 il 1o 3%
HHK . R ESCC 40 fifd 52 EC109 1 Noggin Y Bk,
BMP6 J# 1M SOST Fikydi 55 , 35k 1 ESCC i1
. BEFE T W] BMP6 Noggin I SOST ] LLEk
G HPE ESCC M HlE f68 bR 785 SUBHIR 40 i i b
BMP6 LR g % 55 Ho Ay ik PR — e A4y BRI i) 100 5
IR A0 IR R A AP SRR P A B
3.4 BMP7 3 RE &G OSCC KR E. . HBIEM
AR AE AR 20 f g b BMP7 3k i)
AV 55 98 A0 AR 2% , ) 20 ik PR A e Ak 4 11 G R
Wk 8 LR 240 98 0 L/ A L P BMIPT7 3R 34 Lo
551 11U A SRR 40 e e A0 R S RS AR 22,
SIRNA 11 1] 7 R 05 95 4 o v BMP7 (1) 235 7] LA
e R B I A AR 28, B BMPT J2 1158 e
AN HCA PLit B RSB G >, (A
HABMEFEEE W] BMPT 2355 75 8RR 40 M i 0 A
AR GBS, I H BMP7 7] LLF:E OSCC
FEEIGY T VE % B BT 25 . ESCC Hh BMPT Ry A
eV T ] R T LA D 533 88 20 B 104 3 % 42 22 g T 4K
B DURP R A R Ty T, BMPT 3k K
V-5 T Bl bR A A S AN RAH DG AT RE A S A5 T
1513 73— J7 T, BMPT LEAN [A] R 50N [] F B i SR
A i h R E T T REA S — BRI R 2
()L A TR AR

i, BMPs A 835 0SCC 1iT#% =22 1EH ,
IR BMPs 75 H A58 0E o C A IR IR 5T, (H BMPs
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Xt OSCC (A= W12747 A Wi A5~ B BT 2475
At 25 XA 5 o AL B BIE ST AL LA OS-
CC MRy r PR AL B

4 R

BMPs 7£ OSCC H & Z A7 1E /), IRl iS5 0SCC
WA W) 22 45 A . BMPs J% Hif% 55 2% n] RE e
OSCC Wy At & i LA B 6 7% v e 35 A k5 4 i 1Y
XUCEAE L, B AN R BMPs -1 it X A [7] OSCC
YT RE S AT R AR . (L B HLRI A 2
7%, B HECY LB IR 56 42 T fi BMPs X} OS-
CC I A AL, 7E I K BMPs 2597 114 1 F o A7 5|
EARFNRIE, NBIAVIRKRE, BMPs
N T OSCCIRYT I W F 5 An S v g,
SRtk — PP R TS B R AR B AR A TR
WF5E I . Bk, BMPs 45 OSCC &4k Kk R F5:F7%
AASCHIL T I 53 R I DR H 08 1oz FF N 120 AR R B 5
Y H o
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Research progress on bone morphogenetic proteins

and oral squamous cell carcinoma
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Technology , Tangshan 063000 ; °Dept of Stomatology, Kailuan General Hospital Affiliated to
North China University of Science and Technology , Tangshan 063000 )

Abstract Oral cavity cancer is the sixth-leading cancer worldwide,, which has become one of the important factors
affecting oral health. The morbidity of oral squamous cell carcinoma (OSCC) accounts for nearly 80% of oral cavi-
ty cancer. The pathogenesis and prevention of OSCC have become a hot topic in this field. Previous studies have
shown that bone morphogenetic proteins (BMPs) participated in the development, invasion and metastasis of gastric
and bone cancers, thereby impacting the prognosis of the patients. Recent studies have found that BMPs also play
a key role in the development, progression, metastasis, and invasion of OSCC, This review therefore summarizes
the correlation and molecular mechanism between BMPs and the biological behavior of OSCC.

Key words bone morphogenetic proteins; oral squamous cell carcinoma ; prognosis; tumor metastasis ; tumor inva-
sion ;molecular mechanism
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