EURVE G R i E BRI R Vol.34 No.7

202547 H China Journal of General Surgery Jul. 2025
E4EME doi:10.7659/1.issn.1005-6947.250069 . - .
T . - P97 25 denl
- 3 http://dx.doi.org/10.7659/j.issn.1005-6947.250069
s China Journal of General Surgery, 2025, 34(7):1430-1439.

ETV4/CDHP 37 IR IR EL L RIBR £ Z B R HI1ERHLE
M=

AAEE, MRS, Rea!, gy, a7’

(1.#FBEAKRFE IERFR, 9752 52 K5 830000; 2. P d K FHMIEER TR, 3 KiV 410008; 3. #7352
EF K FH WEER FEoa, #i2 58 K3 830000)

H = BHES5HH: TR R (PTC) JE B W09 40 I R oMo, H3 22 SRR HLE M R 584

i

B AT B TER DL 5 K E26 § AL Fe 5w 28 1k 4 (ETV4) 7E PTC H 19 /E 1 K HC 15 40 I 26 B 2 1
CDHP (CDH3) MIHELR .
J7i%: FIH TCGA 5 GTEx 4 & 43t ETV4 Al CDHP £ PTC /1 () 3k 22 53 A e s 76 153 B AR 41 i
F1 22 PTC 40 M 28 G 0 0 34 19 6 3K 7K P 5 85 siRNA #9728 ETV4 B IRAE AL, SR qRT-PCR, Western
blot . CCK-8 . RJJK & Transwell S 55 ¥l 6 CDHP 23k K 41 il 2) GE 19 520 .
LR BRI R, ETVA R CDHP 7E PTC 40 p i ik, MAl8l SR xf th 22 R HA Hil %
B (P<0.001) o AHICHESF BT 4275 ETV4 5 CDHP 3Rk R B EAHC (R>0.5, P<0.01). 4 5 40 ik —
HAUESE, PUFD PTC 4 £ o ETV4 Al CDHP Y mRNA J% 35 /K39 7 F1E % HURBR 40 (P<0.05) . 7E
ETV4 m AL AL, CDHP A B T (P<0.05), [FIAS CCK-8 72 A4 7 40 i 34 48 % T B, RIJR &
Transwell 55 5 45 54275 188 MR 22 RE 7 BB W58 (1 P<0.05) .
518 ETVA 0] gl o % SR 984 1% CDHP (k3K , e #F PTC 4 i 3 58 . =8 51228 . ETV4/CDHP il
ARk PTC BT 4 43 B 5 W) R E VR 7 HE A

K §E A HUR BRI, FLROR et 40MEssss; MogRiE
FE 4K S R736.1

The oncogenic role of the ETV4/CDHP axis in papillary thyroid

carcinoma

FU Guode', OUYANG Xiwu’, MU Shiji', GUI Ruotong', BAI Ning™’

(1. The Second Clinical School, Xinjiang Medical University, Urumqi 830000, China; 2. Department of Thyroid Surgery, Xiangya
Hospital, Central South University, Changsha 410008, China; 3. Department of Surgical Oncology, the Second Affiliated Hospital of

Xinjiang Medical University, Urumqi 830000, China)

Abstract Background and Aims: Papillary thyroid carcinoma (PTC) is the most common endocrine malignancy,

yet the molecular mechanisms underlying its invasion and metastasis remain unclear. This study aimed to
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investigate the role of the transcription factor ETV4 in PTC and its regulatory relationship with cadherin-

Methods: Expression levels of ETV4 and CDHP were analyzed using TCGA and GTEx databases, and
further validated in normal thyroid cells and multiple PTC cell lines by qRT-PCR and Western blot
analysis. ETV4-knockdown models were established using siRNA, and changes in CDHP expression and
cellular behaviors were assessed by qRT-PCR, Western blot, CCK-8, wound healing, and Transwell

Results: Bioinformatics analysis revealed significantly higher expression of ETV4 and CDHP in PTC
tissues compared to normal thyroid tissues (P<0.001). Correlation analysis demonstrated a strong
positive association between ETV4 and CDHP expression (R*>0.5, P<0.01). In vitro assays confirmed
that both ETV4 and CDHP were upregulated in all tested PTC cell lines at the mRNA and protein levels
(all P<0.05). Knockdown of ETV4 led to marked reduction of CDHP expression (P<0.05), accompanied

by decreased cell proliferation, migration, and invasion as demonstrated by CCK-8, wound healing, and

Conclusion: ETV4 may transcriptionally upregulates CDHP to promote proliferation, migration, and

invasion of PTC cells. The ETV4/CDHP axis may serve as a novel biomarker and potential therapeutic

M
3 (CDHP/CDH3).
assays.
Transwell assays (all P<0.05).
target in PTC.
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FHOBR R LSk R 9 (papillary thyroid carcinoma,,
PTC) J&fw i WA N 0 W R GO B AE IR, 4Rk &
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METG PR 2 A ATy 2 i PRAA T Y 32 M AR, 2 e X
a3 F LAY A R T 00 A R 8112 e S AR AR T
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Gy F AT L, BRAF™™ . RAS % 9K gl F 14 K
F W 35t % 2R T AR 3 PTC Kk AR R JH, H X sk
AR AN R LLSE A R L R e S R R R AR A
JUH G “H T — T RO 17 V4R N 2%
PTC vh (g VR FI AT 155 B B ETS G015 e 5 1 i
DUTEZ R I v 2 5 A M R0 45 L B e - T) A BT
ek 5 e e R S 0, Hovh 26 B AR R S 1 AR
i 4 (E26 transformation-specific variant, 4ETV4 ) #
3l HAT A2 g 5 RO, (H AR PTC P Y 3R GA
fiE5 D REHL Y 1 A5 2 o

CDHP (CDH3) Ay 28 55 2 B 8 1 K0
B T 16q22.1, 5 CDHI AFE 3H7E 2 /b I i s
h5RZE. BB, BIEMH IR, CDHP 1Y
g SR VA 45 5 FROWL IR A% I T e LR TR KR, DA
T ok 72 40 B 6 BF S5 T RS e 00, H 7R PTC rh i &

B BURIER L LR RN R Z R4
fiff 7 2421

R, EHREBEBE: ETV4 0] G858
JEEAE A LR CDHP By 2R3k, #E 1M 34 58 PTC 244 f (Y
Hg . TS RER . WRIUEZEE, AT
% A F TCGA 5 GTEx (% i ETV4 5 CDH3 7F
PTC 1 (1 3k S AH G M 5 Bl S 78 2 Bl PTC 40 il & h
i 1F qRT-PCR 5 Western blot # l H: F2 ik 2% 5%, If
K JH siRNA #4 & ETV4 @ IR, L% N i CDH3 &
AL K X AT RE (MG . R . R9B) MR
M . & 7E % BT ETV4/CDHP #li 75 PTC i J&& v 9 4E
N PTC 43 F 43 8L . TG DAl 5 08 A0 0 ) 5 s 42
BEAK A

1 RS

1.1 BIETHSSH

M\ GTEx £l 72 F TCGA H 4k 122 43 3l 4% B 337 4~
TE & HUUR IR 40 B F1 512 4> PTC BEAS i mRNA 353515
Koo TR SR A 3 PR3 A R R G Y I
PREHE o R i B — 3, T RNA-Seq 04 3
2o BOHRTE VR, A G 25 B J0 RSO bR o A Ak B
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i 28 T 03 i 109 3% 38 s A0 5 8 AE 4R AR ) R
H A HE R R GR A B . fi ] R 15 5 Y DESeq2 £ 4] %1
PEIEATRR EAL L U8, DA BRACE IR L, JF 0
TR IR B BIRAT S 5220 M 25K o ] DESeq2 £
WATE R RN, IR ENAEEEA S EW
X R ZH 2 8] 1Y Gk 22 5 o ] geplot2 A #E AT 45 2R
my Al AAL, A EE AR R AR AR
1.2 RFIFALEE

DMEM 75 0 4 M 85 72 5 (R 4E /R AW A
BT MGA-ImE (IR MARENFE A P B2 e A
AR, HREX-BEREAGW (RMFEgE R4
WARAF); PBSZE ol (s FELE /R YA R
o) 025% A (RIUFER4E R AEY AR
A]); TRIzol & RNA 2B Gl g R 4B 9 T
BARAF); PCRIL (7% [E Eppendorf A F ) ; Q5
FEH PCR Y (% [ Eppendorf 24 5] ) ; 4% %2 B H
(TG IR AW A BR/AF ) 5 Cell Counting Kit-8
W EHERER A Y E R A D) 5 B DGR W
Bi ({8 Leica /A H) ) .
1.3 YRR RIEHEF

AW 5T T 0 40 M R LR . N IE B HUIR R
UE UL I Kz 41 B (Nthy-ori 3-1, NTHY) A PTC 4H Jifl
% : Kl. IHH-4. BCPAP TPC-1, ¥ NTHY. KI.

IHH-4 1 BCPAP 14 T Hh g R 27 g 45 BF 5% v A W) 4
fiiE; TPC-1 W F R AL EY R AR AR
JIT A 40 34 28 S SRR AR I B 1, R AE TR 1 10%
DMSO [ JC L5 HRAF I, =70 CUKFEPRAF o

1.4 KWHE

1.4.1 @miasddc A5 A 4 M3 H DMEM £
FEPEATET NA10% M4 i . 1% 55 % -
HERRERWPL), HE T 5% CO, M 37 °C 40 ks 37
R TR AR

1.4.2 Transwell 12 & 52 3 1 S5 300 weg/mL % 5
JKE B T Transwell %, J5 05 25 20 %% U 48 h i (1) 20 it
MR R BIEA N1 x 10N /mL A E%, FE=
A 150 WL 7% 1x 10° /S 4 i 0 JC il v 85 92 3%, F
ZE A 20% FBS () ILIE 55 58 4, A 37 C Ui
RRMPRIE 12~24 ho BUL b5, #EATWEVE.
LY BB RO . R, B4Rk
B34 REAL.

1.4.3 gRT-PCR % ¥ TRIzol X 7| 2 B 40 fg &
RNA, U2 pg & RNA #F 17 3% 5% 5% o {#i H Bio-Rad
CFX96 &Gt i 47505, 715 mRNA K3k, B-actin
FRAEALECHE , JF o AACHEIEAS XT3k . B9
WL, AL A BiEE T A A RAE.

=1 5|95
Table 1 Primer sequences
[ 1E ] |
ETV4 GAA CAG ACG GACTTC GCCTAC G CTG GGA ATG GTC GCA GAG GTT TC
CDHP TGT CCT GGC TCT GCT GTT CCT C GTT GTC ACG GGT GTC ATC TTC TGG
B-actin CCT GGC ACC CAG CAC AAT GGG CCG GACTCG TCA TAC

1.4.4 Western blot 2% 545 [ F SDS A 5 28 ik
i, EAWE @S BCATEA R ®ENE . &
1 RE 5 3 3 8%~12% 1) SDS— 38 TN 4 it Jiie 55 JIe 0F 47
LUk B, G B R 8 L% (PVDF) &
F (Millipore, EE) . 55, H 5% 091 AS 5 %3
M 1h, W5 —PWELR (4C), ZPEER
TIERE 1 ho R AR IR O R R T YRk &
IR OISR 1 R IAME L . GAPDHAE NS -
A5 AE A 32 2 UK B 4SBT ETV4 (101 0005
PB0778) . $T CDHP (1: 1 000; A03353) Al $i
GAPDH (1:2000; BM3874), i 1A& ¥ F 18 + 7
N, T Western blot 55 56 /P ¥4 61 & 43 T B b id
YE RS % .
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1.4.5 CCK-8 %% R ] CCK-8 i 7] & A6 I 20 g 33
Bl o K21 500 /e Gy 4 I w42 R AR 96 FL AR 1Y B A
fLrf, BHKREANEL, HFE37 €. 5% CO, M
WE N R 3R, BEFE24 h, 766 L a4l
A 10 wL CCK-8 i 7 I 9% & 2 ho #R )5 ffi FH Bio-
Tek EPOCH2 BbR AL (3 E W52 FF M ) 7E 450 nm 4k
WG SR 3

1.4.6 Zmfa X)X S Y5 Al MR T 6 fL Ak,
il A B 18 90% B, FH 200 WL JG B A6 Sk 76 £L A A
RIEEIE (ALY 2 &5 FAT HZ) . PBSIEME3 IR
FEREEVEANML, T EEEE SR R TRR S
0 h F1 24 h 78 1 f088 [ & O B 4 R (< 100) .
i FH Tmage] 14 D 2 40 R 58 B2 . R AL B AIL 3% B 6 1>
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P, THECEYSEE . AT R R LR AT
B EBR= (RIGHEE-24 hiFE) /R ] x
100% .

1.4.7 MRt 4 B o4 ETV4 siRNA W SE F 38 4
Y (L) BmAaRAR, BARpsimnE2. bk
HARL B (D) M40 0 K & 60%~80% L. A B it
YL, (2) ffi ] 5.0 wL siRNA 5 35 L ReagentA .

10 wL ReagentB i &5, JE W & 5 min; (3) I A
150 WL 40 L 55 F2 W AE 58 70 1R 20 5 (4) 4 10 B 4 1 VR
BWWMA 6 fLak 5 L4 il 37 °C i E 40 i 2~
4.d, SRIG 5B O A .k HUP Al PTC 40 i & -
TPC. IHH-4; 4341 : ETV4-BI%EXF 87 5] (NC) |

ETV4-siRNA1, ETV4-siRNA2,

%2 siRNAFF!
Table 2 siRNA sequences

siRNA 1E[7] S Ir]
ETV4-siRNA1 CUG CGU UGU CCC UGA GAA ATT UUU CUC AGG GAC AAC GCA GTT
ETV4-siRNA2 GAA UGG AGU UCA AGC UCA UTT AUG AGC UUG AAC UCC AUU CTT
ETV4-NC UUC UCC GAA CGU GUC ACG UTT

1.5 SitFabiE

K JH SPSS 21.0 5 GraphPad Prism 8 4t it 2% & 4
SR ECEE, BPELAIE + bR iEE (R xs) EBR,
Z 4 8] AR FH B IR 2 07 22 0, AL R PR R EL A
K LSD-t K5 56, P<0.05 2= S A G i3 X,
2 # B
21 E£WMEEFHIHETV4A 5 CDHP &£ PTC /)

Fik

T 3 TCGA %54k 2 v 1E & HUR R F PTC 1) 7 5%
HBHE , T R K DESeq2 40 #E 17 25 FPE 43 b
BEE B H . P<0.05, [log2FCI>2 i ¥k 25 F % 3k Jt
B, I3 2o ggplot2 3 6 Hon] Ak b B (1] 1A- B)
T 4 GTEx £ 96 J2 1E & IR i 4 sk dl B dl, JOF T
TCGA 85 A F, Ml AFEAMEN A, 7TLLE
#| ETV4 J CDHP ¥ m ik (P<0.05) (14 1C-D).
FH TCGA B ¥ B v 48 X3 5 98 57 E AT LU, ETV4
M CDHPTETPC Hh¥5 s Kik (P<0.001) (K 1E-F).
2.2 ETV4.CDHP ¥ PTC ffarh Rk

X NTHY & PTC 4 % (K1, IHH-4, BCPAP,
TPC-1) 4T qRT-PCR £ (&1 2A-B), #] Ul pd Ff

PTC 41 s & ' ETV4 . CDHP ¥ M5 #35 (P<0.05) .
Jf # 4T Western blot 52 % , 45 Sl F 52 ETV4 K&
CDHP 7£ PTC 40 M & h R ik B8 (¥ P<0.05)
(Kl 2¢-D).
2.3 CDHP5ETV4HIX RN

W TCCA B P2 Hp 1 5 S5 20 85040 20 17 A0 56 1 43
Mr, ATUWLETV4 5 CDHP 2 IEMH KGR (R>05, P<
0.01) (& 3A); R4 JASPAR M ¥4 ETV4 1Y motif 15
B, T CDHP A] GE ETV4 F 40 58 (& 3B) .
Bfi 7, JH siRNA @ fik IHH-4 1 TPC-1 () ETV4, Jf
H qRT-PCR #4755 UE , ] UL7#E mRNA 7K °F- CDHP fifi
& ETV4A T R~ R (3% P<0.05) (&13C-D).
2.4 ETV43tPTC {ARETHAEHI SN

CCK-8 ¥ & I 25 £ 1 /R, ETV4-siRNAL 41 il
ETV4-siRNA2 4 PTC 4 fitd i) 3% 5 5 34 5 ETV4-NC 41
B RN (3 P<0.05) (E14A) . 4 i X IR A 50 25
HBWoR, fEM 24 h )5, ETV4-siRNA1 4 fil ETV4-
siRNA2 20 PTC #fi Jifd 40 it iF 7% ¢ 4 3 ETV4-NC 41 W]
AR (34 P<0.05) (E14B) . Transwell 5256 45 5
~, YEF24 h)5, ETV4-siRNA1ZH 1 ETV4-siRNA2 2H
PTC #0 it 3T #% & & ETV4A-NC 20 W W FE AR (33 P<
0.05) (l4C).
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E1 ZFERMFEMBIE A TCGA R EE I R RIEIEN; B: TCCA B F 50 MEAPE— 2 73 R kKK 5
C: IEWMRSGME MR ETVA RIAZ 57 LG D IEH MK SR K CDHP 235 22 5 LG E: 48 X 59 55 241
ETV4 mRNA KRR LS Foo 48 X1 5955241 CDHP mRNA kK- HAR

Figure 1 Screening and validation of differentially expressed genes A: Identification of highly expressed genes from the

TCGA database; B: Further analysis of expression levels in 50 TCGA samples; C: Comparison of ETV4 expression
between normal and tumor tissues; D: Comparison of CDHP expression between normal and tumor tissues; E: Comparison
of ETV4 mRNA expression levels between 48 paired tumor and adjacent normal tissues; F: Comparison of CDHP mRNA

expression levels between 48 paired tumor and adjacent normal tissues
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P<0.001

THH-4 TPC-1 BCPAP NTHY K1 THH-4 TPC-1 BCPAP NTHY KI

128 kD

2 YARKFIRIEETV4 R CDHPRIX  A: ETV4 mRNA#IAKF; B: CDHP mRNA f#A/KF-; C: ETV4AEHRIE
JKF; D: CDHP#& 1% IEKF-
Figure 2 Validation of ETV4 and CDHP expression at the cellular level A: Expression level of ETV4 mRNA; B: Expression
level of CDHP mRNA; C: Expression level of ETV4 protein; D: Expression level of CDHP protein

El3 ETV45CDHPHEEXHR  A: ETV45 CDHP MAISEHEMT; B: ETVARY motif 7515 C: i ETVA RRAALS
mRNA 357K F; D: CDHP £ ETV4 il ip 1y ik
Figure 3 Regulatory relationship between ETV4 and CDHP A: Correlation analysis between ETV4 and CDHP; B: Motif

sequence of ETV4; C: mRNA expression levels after constructing the ETV4 knockdown model; D: CDHP expression in the
ETV4 knockdown mode
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IHH-4

TPC-1
si-NC si-RNA1 si-RNA2

El4 ETV43IPTC ML, 2. i %zﬂ’J S A nﬂf& ETV4X]‘PTC AUAIGTERIRE R B: IR ETVAXE PTC 4T RS
(EEN (x40); C: FEARETVAXHPTCAUMIZZEMFEM (%100)
Figure 4 Effects of ETV4 on proliferation, invasion, and migration of PTC cells A: Effect of ETV4 knockdown on PTC cell
proliferation; B: Effect of ETV4 knockdown on PTC cell migration (x40); C: Effect of ETV4 knockdown on PTC cell
invasion (x100)
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3 it g 5% ik

AW 5% 45 4 TCGA FI GTEx 5 & 43 A1 K 48 Jfd
SCYS, GRS TSI 7 ETV4 K BB 2 11 CDHP #£
PTC W 5 23k, JF & BLETVA AT 8 8 o % 5% Pk
5 B JH CDHP, M ifif 36 58 PTC 41 Jig /9 38 5 . 3 F8 AN
1RZ8He J1 . %45 R ETVA/CDHP B 76 PTC (1 ik
JEh R EEEAEH .

REAEAF 9T B, ETVALE R ETS KGR 5, 7]
L PR R R R R e LR g R T
FP IR 2 R R I R A R R . AR — 2
J'& T ETVA A HUIR B g th g /E L 8 s s L AT g
i of B4 S CDHP % SR A2 F PTC OB R A . 255
C A CHk, CDHP7E B . Bl . BmE2f -
BV th SR R E YA O, AR
PR HAE PTC R A KBl 6

BEAb, ETS i 55 PR 7 i3 S 28 FAR B0 15 8 42
s B R S B AR UYL, R ORE R A R
K ETVACDHP 4l & 5 2 5 PTC 1 e % 1k i 5% 10 45 4=
B R, TS R . EAR RN, W
il ETS S5 1 51 149 265 1) 1E 76 358 43 Bl ofgg 36 97 Hh s
W1, BEREEXT ETVA /9 88 ) T 3R] BE ALk PTC 37
HIIE T 5 Wl

MR, RWFFRANE R H—, Mok
ChIP 52 56 1 #: 363IF ETV4 5 CDH3 i 3 T 1 45 4
=, Bz R 0N B AR R 5 R R AR i — 25
WE. B, Rk NS5 A 4 F AL AT 58 5 i R B 41
0T, A B W] ETV4/CDHP % 75 PTC iy 4 ) 2
T he FN % A6 ; F A1
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