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[Abstract] Objective This study aimed to explore

[WeFSHEA] 2024-09-12; [fEEIBHA] 2025-04-08 the biological functions and clinical value of mothers
[BE&TIR] WA EERZB - W8 NRERBERF RS (20- against decapentaplegic homolog (SMAD) 7 in head and
21LZ01)
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neck squamous cell carcinoma (HNSCC) through bioin-
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expression of SMAD7 in HNSCC in public databases was studied. Western blot was used to detect the expression of
SMAD?7 in HNSCC cell lines and normal epithelial cells. The SMAD7 highly expressed HNSCC cell line HSC-4 was si-
lenced, and CCK-8, Transwell assays, and cell scratch experiments were conducted to study the effect of SMAD7 on the
biological functions of HSC-4 cells. HNSCC expression profile data were obtained from UCSC xena, and genes related
to SMAD7 were selected for gene ontology and Kyoto encyclopedia of genes and genomes gene enrichment analysis,
construction of a co-expression gene interaction network, and screening of related cell signaling pathways. Western blot
was used to detect the expression changes of proteins in the related cell signaling pathways in HNSCC cells with si-
lenced SMAD?7. cBioPortal was utilized to analyze the mutation rate of the SMAD7 gene, and the MethSurv database
was used to analyze the methylation level of the SMAD7 gene and its correlation with prognosis. The receiver operating
characteristic curve was used to assess the diagnostic value of SMAD7 for HNSCC. TIMER2.0 was used to analyze the
correlation between SMAD?7 expression and immune cell infiltration. Results SMAD?7 was highly expressed in HN-
SCC tumor tissues and some cell lines. Silencing the expression of SMAD?7 can significantly inhibit the proliferation, mi-
gration, and invasion of cancer cells. Silencing SMAD7 can induce the downregulation of vascular cell adhesion mole-
cule 1 (VCAM-1). The bioinformatics analysis showed that the mutation rate of the SMAD7 gene and the methylation
level were significantly correlated with the prognosis of patients with HNSCC. The expression of SMAD7 was related to
the level of immune cell infiltration in HNSCC. Conclusion SMAD?7 promotes the proliferation, migration, and inva-

sion of HNSCC cells by regulating the expression of VCAM-1. It may be a potential tumor biomarker and therapeutic tar-

get for HNSCC.
[Key words] mothers against decapentaplegic homolog 7;
adhesion molecule 1; diagnosis; immunotherapy
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carcinoma, HNSCC) J&2=3RilE [l N EH UL iY s i
Z—, IEE WO o AR e R R gy A2 FL Sk
Jed o B RS G A5 XU PR R AT OG0, 2022 4R Ak 3 R
Hh 2%, FETHH 1.9%, T HNSCC ki
MBRMEE LR, Mg TR, 7. iy,
IR YT TR T 45 3 4 2 = BHA YT AT LU/ JE
TR B2 M FG T 09 8 R B0 A 9 T
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I SE/EIN
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HNSCC 1 RNA-seq 4 Al PRA5 &, f45 528 1
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Tab 1 Clinical and pathological characteristics of HN-

SCC patients n=612
e A 97 FEASAE 1k
ERE % =60 344
<60 267
ES S 1
P51 5% 444
u 168
R s ¥ 197
H 401
RARIE 14
il 52 7T 255
el 357
BT 433 0 1
1 52
2 167
3 122
4 208
ESSC 62
i PR 23 #1 I 23
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I 137
\Y 318
RARIE 14
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A 290
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1.2 SMAD7 {1 Z fift it Ji v 1) ¢ 15 [ 5 HNSCC Ilf
PRI BRI 4 AH DG
M TIMER2.0 (http:/timer.cistrome.org/) % ¥
J5E 3545 SMADY7 7E it A Ji i 55 H 2 &1 3% (the can-

cer genome atlas, TCGA) ¥ 19 & i8 & HN-
SCC H1 SMAD?7 1) 3 15 5 HNSCC Iffi BRI BLEFAE 119
M. M GEPIA (http://gepia. cancer-pku. cn/in-
dex.html) %4 ) 3k 5 SMAD7 #£ TCGA i 8 v (1
Fik, JUHIAEHNSCC.
1.3 R A

A HNSCC 41l g % HSC-4, CAL-27. SCC-9,
N 286 JB e s 2 2 M DOKC,  1E 5 1 Ji b B Ay
Jo 240 L HOK Fh DU 1| 2% s 5 g B 1 4 ) B A 512
Koz B . DMEM @GR 5L . B R (Gibeo
ovw), KED, MRAFMmE (HLSE g0 R A B
A, H-AEERIRAW (Hyclone /AR, FEHE),
B YL 5% (SignaGen Laboratories 2y &), 3£ [H ),
EEM R R (Biofoxx A ], ), it A SMAD7
HEREPUAR (IR Y ARGIRA ), B-ac-
tindifk (SABZAH], EHE), R HiIgG-HRP. [
PAL (Thermo A ), EE), 28 ARBUAN &
(AL EEEREARAA), RIMIH LM (poly-
vinylidene fluoride, PVDF) i, Cell Counting Kit-
8l & (dbat 2 ANPTRHA BRA ) o 3 FhiE [m] 77T
2k SMAD7 3t [A ) shRNA il 1 1 JC & X ) Nega-
tiveshRNA 12 Jj5 #8225 /& (R sh1. sh2. sh3. con-
trol) 13 GeneCopoeia A Fl &, FFH L2,

R 2 4TI HEShRNA F 5
Tab 2 Four double-stranded shRNA sequences

i BE A 1 41
control 5’-GCTTCGCGCCGTAGTCTTA-3’
shl 5’ -GGATATCTTCTATGATCTACC-3’
sh2 5’-GCCGAACCAGAACCAATTATT-3’
sh3 5’-GCTCAATGAGCATGTTTAGAC-3’
L4 JfEkER

SCC-O TEW NN T 10% i 47 L7 (fetal bovine
serum, FBS). 1% 5 -55% % M 5 pg/mL &AL 1] (1)
WRARIM F12 1537 3h 55 3%, HSC-4. CAL-27,
DOK ZH M 7EAR NN T 10%FBS Fl 1% 75 -4 55 X IR A
W () DMEM 5 35 3 h 3 5%, HOK 40 Mo 78 & A4 K
A7 %) K-SFM K5 R 5L v 5 5% . A 4l ifd#E 37 °C |
5%CO, MM EFEHATI R . L1 H SMAD7 ¢ 5%
£ ShRNA #% 4t HSC-4 41 g (sh1. sh2, sh3). [d]
BF, A A ) ShRNA %% 4 HSC-4 20 i £k BA 1
XFHR (control 21), HEAT4HMISLEG .

1.5 Z 3G e S8

W5 4 25 40 i LA A AL 2 000 1> A 28 JiE 43 Fh 7E 96 FL
Mo, #E1, 2,0 3, 4M15dF LRFLACP mA
10%CCK-8 % F H 2 h, 7E 450 nm ALK %5 Ji
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(optical density, OD) fH.
1.6 4 F% AR 2268 TR
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Jo, F 1 mL B R &R )Z, R 58 K
Jo, GEABHTRANML, AksLyEFE, 7E0. 24, 48 hW
ZLIFFABR . Transwell 525646 I 20 A 42 22 68 1 .
ANFr FBS By BE IR 3L B EH B 4 A, 8 1x10°
A 3EFN 3 12 FL Transwell/ NE H, BAN/NE LR
T 200 pL. K 74 20%FBS [ 600 uL £ 77 5 il
ATZE, 2405, Bt oy dn i 4% 2 5 Pl
E, JFH01% 45 st WA (100 4%
R THEGERS B A A5
1.7 Western blot K ill 2l il SMAD7 Jz &K 14 63k

K 48 A R BGAGR S0 4 A i b AT B
P, ErE e, Uk, L 5% BAs A
BH . —P (SMAD7. VCAM-1 —HiHi B L 4] 1
H1:1000) WHESK. ZHUEE . B
(electrochemiluminescence, ECL) {7 &Ab¥ PVDF
JBE, FT77F Bio-Rad B EIMG AL R 58, 4TI
5, RER K, I8 Imagel #AEEATIRMG 53HT
1.8 JERIAEE 5t

TE HNSCC & ik i, M4l SMAD7 2K %
Ik FP AR M T SMADT 41 FIIE SMADT7 4, iz 1
R # 4 DESeq2 (1.26.0) f, Ll|log2(FC)|>1.5F
Adj.p value<0.05 551, it SMAD7 Hh3kik 22 57
LR H R#KA ggplot2 £ 2 il & L AT, ST-
RING %44 % (https:/cn. string-db.org/) Xf £ & 45
H SMAD7 3Rk He A i 47 85 1 B AR 2% (pro-
tein interaction network, PPI) #4%E, F¥ EH F|H Cy-
toscape (3.9.1) HJ ClueGO i} % SMAD7 } top20
ik 22 F RN AT EE KA KL (gene ontology,
GO) ., FH N HRENA TR 24 (Kyoto ency-
clopedia of genes and genomes, KEGG) & ET,
GO ity 4y T3hEE (molecular function, MF) .
Wit (biological process, BP) 140 it 1l 43
(cellular component, CC) 32,
1.9 HNSCC ' SMAD7 5 VCAM-1 ik fHH ek

ETEESIER, (1 GEPIA & TIMER2.0
iff5 HNSCC 1 SMAD7 5 VCAM-1 K3k W AH G4,
R0 AR B AR ATOLA] O 76 200 e S52 46 v i 2 Wes-
tern blot il SMAD7 i{{lkJ5 VCAM-1 iRk k. .
1.10 SMAD7 7£ HNSCC B2 Wi Fll i 4 (B 70 A

i F§ GEPIA K GraphPad 9.0 #£ & TCGA
GEO ¥4 4 h SMAD7 7£ HNSCC 112 Wi fl 1 5 4/

{5317 o
111 K 575 F DNA F AL 5347

1 ¥ cBioPortal (https://www. cbioportal. org/)
Bl P27 i SMADT B it A5 748 5 & H 5 HNSCC &
FRAFR (over survival, OS) HIJCHERA T
(progression-free survival, PFS) A

PE#E MethSurv  (https:/biit.cs.ut.ee/methsurv/)
PFAli SMAD7 (% DNA 1 B4k K-, LM SMAD7
DNA HI3EAb % HNSCC [ 19 Tl i {
112 Szl i oA

£ £ TISCH (http://tisch. comp-genomics. org/)
53T SMADT FEAN [l 46 A4 i S B rh iy ek

TE SCTIME Portal (http://sctime.sklehabc.com/)
F- 3 HNSC-GSE103322 HE 4T S 2 4l g 5 25 73 #r
WF5E HNSCC H 22 Fob 4 922 200 i X% i 96 240 i 1 A O
o

PEFE TIMER2.0 (http://timer. cistrome.org/)
L HNSCC H' SMAD7 #3555 B4fiJifl . CD8+T 4/l |
CDA+T L . E RN . rhMoks 4 A S 5 4R 41
MLZ B FR . N T i — P UESE HNSCC H SMA-
D7 ik 5 R MMR K- Z R, 76 TIM-
ER2.0 H i F Spearman #H 514 43 M7 K 4 % SMAD7
55505 A0 I S e bR S W) Z [ AR DGk, JF a2l B
PE 4% 5 )58 43 Spearman rho {EAF fy HAH S AR T
113 GEit ot

P B R #F (R4 4.4.1) . Graph-
Pad 9.0 #4T4bEE . i [f] One-Way ANOVA K 5 Hu 45
AT SMADT By Kk o >R TR J7 K 56 o B
SMAD7 ik 5l RN HLH R M 6. ZidE T
VERFIERNZE (receiver operating characteristic curve,
ROC) #4531 SMAD7 X HNSCC il K2 W 1
K H Kaplan-Meier (KM) FEMBRFEZR . Z2HER
COX [l 5 43 #r SMAD7 iy il K & L 5 #i 5 (0S)
IR . P<0.05SHEIA 22 S A G2 m X

2 &R

2.1 SMAD7 £ HNSCC 1 (1) ik I 5 Il R 9 B 4y

fiE A AR G

TIMER2.0 fil GEPIA [ %(#% . /n , SMAD7 £
HNSCC Jififg 1 21 () 2 38 b 35 15 T S 4L 8URNE
WAL, X FW SMADT Al g S — FhEr 10 9 3k K
(E 1A~C) ., fdi Fil Western blot #f— £ ff 28 HNSCC
Ui & SMADT [k, UESE T SMADT & i
A Y Tk TR R A, Hooh HSC-4 41 i
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2 i B-actin | e m—— e ——
1 — D SN AEN o AR e L AR |
. 0
HNSCC

& & X 9 A
O O LG
‘2‘ Q Q&’ %C) va

A. B: GEPIA Fl TIMER2.0 £t #i% % 12 Jis; I 928 24 20 RN i 557 41 LR AR SMAD7 mRNA 25 52 3K C: GEPIA 44l /2 HNSCC 7k
SMAD7 iy 22 5+ %35 ; D: Western blot 72 #F HSC-4, CAL-27. SCC-9. DOK., HOK H1 SMAD7 [J# ik, *P<0.05, **P<0.01, ***P<0.001,

*HE%P<0.000 1,

Kl 1 SMAD77EHNSCC i 33k

Fig 1 SMAD7 is highly expressed in HNSCC

2.2 SMAD7 X} HNSCC 4il g 35 M A= 9 2447 M B 52

|

T W58 SMAD7 % HNSCC 40 il 3h fE Al 520,
fii F§ shRNA # ] HSC-4 41 il rf SMAD7 () 3 ik
(EI2A. B). CCK-8lixE 25 KW, 5 control 41
AL, shl, sh2. sh3 2 HSC-4 41 g it 38 5 1 &
FEfk ( 2C) . Transwell 5256 1 20 it %] 91 G 2 52
¥R, T SMAD7 Y23k 0] i 2l HSC-4 41
ML fiz22 (2D, E). 455K, SMAD7
FIR LS HNSCC 4 (345 . iR MR 28 .
2.3 HNSCC ' SMAD7 %f VCAM-1 ik [1)52 )

JWF5E SMAD7 5 MR R SE A SC, fiiE T
SMAD7 M Rk JE A . 458 & M HNSCC &
SMAD7 LR IRILHA 1884 LM 754 N il (&
3A), STRING £l Cytoscape fill /f H: F ik FE K PPI 4]
T A FEF Z R A EAER (P<0.05) (& 3B,
C), ik top20 BYFEH, #—LHE5 SMADT 5
top20 FEK Z RIAH AR (BI3D. E), JfxfH3E
1T GO M KEGG & %/ #r, 45 WoRix 21 -5 K
FEHEHE T cell matrix adhesion (Z0-3L R EEHT) -
collagen-containing extracellular matrix (% A & it

B 20 B /b 3£ 57 ) . collagen binding (X 454 ) .
protein digestion and absorption (£ [ it A% 74 £k Al
W) ARG, FESAIMAIRGN . A0 A TS Ak
AE S5 RIS S50, dmiey
BahELRMCRER X (B4),

BTSSRI VCAM-1 5 SMAD7 L [f) &
I ZAME S, H VCAM-1 5 b i 5 4= %
K JERE AN # A0 G . GEPIA 5 TIMER2.0 %f TC-
GABHEIAT T 40#7, R SMAD7 ik 5 VCAM-1
HAMEMN (P<0.05) (KI5A. B), Western blot4}
REBn, T SMAD7 ik nl LI HSC-4 4l fifg tp
) VCAM-1 (E5C). SR KW, ##H SMAD7 %
Ik A] DL R T 8 VCAM-1 i 635K, 4 HN-
SCC () FRINAIT R AL 1B A A5
2.4 SMAD?7 7 HNSCC H (/32 Wr Al 155 (8

fdi 1] TCGA 1 GEO 3R 4 8% SMAD7 7F HN-
SCC iz Wil 71 . 45 £ W] SMAD7 % HNSCC
RIS WA I (AUC=0.7629) (Kl 6A), {HE
SMAD7 2% ik 55 5 (1) (8 1 AT 3822 109 OS MG HR
H A% (disease free survival, DFS) (& 6B~D).
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- control
~shl
--sh2
~-sh3

X
control shl sh2 sh3 1.0 T
g
SMAD7 .! - ! 8 I l
0.5

sk ok
1.57 Hkk
*%

shl sh2 olokl

control

A: HSC-4 4 i Ye BORLIS 5L (x40)5 B: Western blot K il £ W1 5% 4k sh-SMAD7 J& HSC-4 g SMAD7 35 Fifi; C: CCK-8
IE % B SMAD7 T J0 f HSC-4 4 il (93858 ; D E: Transwell MIRPRE 3 550 2 W] SMADT (9 T 355 T HSC-4 41 g i 1L 5% AR 22 i
71, D. EEIZEMBRAHEN 40, **P<0.01, **%P<0.001, ****P<0.000 1.

Bl 2 T SMAD7 %Ik LIKEAR HNSCC Al Ui se . iE#8 IR 22168 T
Fig 2 Knockdown of SMAD7 suppressed proliferation, migration and invasion of HNSCC cells

2.5 SMAD7 %K 248 FI DNA H Ak

cBioPortal (4% [ 73 47 & L HNSCC ' SMAD7
BEDRUR ARG . TR B SRR A0 38 430 R 1.08% Al
0.41%, SMAD7 %722 % 4 1.5% (22/1 476) . KM
FEIFIBAG B0 1 25 R R B, SMAD7 it %48 S48
) BB E I AT £ K OS FIPFS (P>0.05).

7£ MethSurv T #£%& T SMAD7 DNA H 34k iy
WA, ZER BN, HNSCCEEAHA 184 SMAD7
i) DNA H Ak A el 2s (1 7A) . COX [mliH
FIKM 43 # % B C200214056, Cg07661480, Cg-
14283454, Cg05119084., Cg13398027 i A DNA
H 24k 5 HNSCC il J5 Z YIHH ¢ (P<0.05, El7B.
C). DNA HIAb AT g & SMAD7 i ik (1) — 1~
MR, XEZE LI, SMAD7T i) S fb n] fig 2>
T E RN HNSCC B T .

2.6 SMAD7 ik 5 W sy iz i 1 ¢ &

F) F] TISCH %448 )% & 3, SMAD7 7£ CD4+T
ZHM . CD8+T 4 S v 5 4R 200 i 56 45 i 4 92 41
s ik, JiHAE HNSC-GSE103322 H SMAD7 %
I, T s A R b, T Ak
& R ML SMAD7 (9435, 73BT HNSCC 1 22
Tl 5L 28 200 it R 9 240 B ) AR S, 5 SR AR R R
A5 CD4 4 . CDS8 41 it Al B 4 g 25 4 28 41 i
R,

FIH TIMER2.0 £ 48 2 & 81, SMAD7 Kik 5
CDA+T 40/ . E R A . ks 20 i A 28 4R 40
LR K 2 IEAH G (81 8A) . XCELL 43 M4k
KW, SMAD7 35 5 M1 g 20 i (4 35 1 7
EIEM I (K 8B), {H5 M2 F g4 i i1 3= i 7K
FJC B E A M . SMADT %3k 5 BAAZ AN . b
A KX E WE AN A (tumor-associated macrophages,
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TAM) . M1 L M2 EWEAIIBI R ZHbR S lfe - R FEACHE (P<0.05) (J8C~F).
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