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Wt NPT R4
BREEREFZESERET YY1 HRERS CEMIP RiA (R #HAFEREERE

B omL N FL, T EEkmEFR L EE W, AR I TR E R WA 50 RS HEE
ERg

(HE] HMY BRI ARKHETFZ K (nuclear epidermal growth factor receptor, nEGFR) i i 5
SRR YYVIE WG S YRR 4T 515 S5 E (cell migration-inducing protein, CEMIP) LR+
KA FHLE, TR nEGFR-Y Y 1-CEMIP 15 55l 76 1T 41 fif1 98 (hepatocellular carcinoma, HCC) {228 )
HEYIEETIRE . 5 KIS IR 24 h B9 HCC 4L 100 ng/mL EGF #4740, 15 X BE 41 AU [R] s (1]
HAYEGF A HR4H | i 157 Western blot Sz [0] 32 6028 9¢ Y652 K (immunofluorescence , TF) £ EGFR 1% N 32
INFIENZE A . A nEGFR 5 YY1 AHELAE T, 1 B % R ZH e EGF AR, R HH TR W5 A% Iy g i
T80, FF38 1o H0 2 FEPTTE (co-immunoprecipitation, Co-1P) 0 HE — F = AFEAH B AEF . 38 o = a2 0
Jr$i AR (RNA sequencing, RNA-seq ) f i 40 g 3 PRI 240 5% S K - 22 57, 45 6 GO T RE & 42 43 M1 #1 JASPAR
B T TN | e 2 A e L PR CEMIP, A B UE PR MLAI A YY 1) siRNA J5 B0 EGF AR B, 43 -
Control 41 \EGFZH \siYY 14l \siYY I+EGF 4, i i Western blot f RT-qPCR A& CEMIP 2 (4 & mRNA /K-,
JEAR nEGFR/YY 1 456 CEMIP Ji3 8l -1 20 F- ML , 15 B4 IR AL AN EGF AbBRAT , >R FH Y € i S ive -
i PCR (chromatin immunoprecipitation-qPCR, ChIP-qPCR) SE 5545 CEMIP Ji5 8l X 1) & S 1 0l . i
B B4 B EGFR(EGFR-WT) M8 1 B FE 58 R (EGFR-ANLS) . YY 1 3 I8 Bk (YY 1-OF ) & BhRE B4
ZARPR(YY 1-DN) , i %€ 't 2R il 5 5 DR S 30 A U 2 P16 A8 Ak o 4 KR A A 5256 | Transwel | 52
o5 6 I 200 B Y AE B R 2B BB T, R I ELISA SC 5646 I 375 BH 5 2 (hyaluronic acid, HA) [ & & , 38 i
Western blot 5256 kil 3 57 43 J& &5 (1l (MMP2/9) B9 75 1, WAl nEGFR/Y Y 1-CEMIP 3% HCC 4 il iE#24=
ZPEEVER o a2 E R A W4 AR A5 B H 0 (National Center for Biotechnology Information, NCBI)Zy
LR FE i HCC S35 79 CEMIP 3RIK 15 , 50 1k 5 b 7 78 XU IS 7E CHK . 852 Western blot Fil IF
K0 i 7n EGF 4L PR AT 3515 'S EGFR AU 5 47, F-7E 30 min ik 24 (H (P<0. 001) . Co-IP FITF{ER] T
nEGFR A YY I fEFEAH EAE ], HAEMIAZ AL E 7 . RNA-seq /T 7~ , CEMIP Bk 25 57 i 35 S [
GO & 40 s CEMIP =225 4 T A MR (R 2855 A W= Difig . JASPAR Hilill & 81 CEMIP Ji3 3l + X £
FEYY1 B AE LS A X3 . Western blot Fll RT-qPCR 5% 56 #F — 22 4IE 52 EGF 4 B AT _F 8 CEMIP £ [ Al
mRNA 7K, i s Al YY1 00 3 3 50 il CEMIP (1 35, A TR #h 78 EGF REAS K &2 YY1 8 b3 41 i 1)
CEMIP 23k (P<0.05), ChIP-qPCR %78 nEGFR/YY 1 & & #F: 5k & 4 T CEMIP i 8 7 X 5% H. EGF
WOAT DA ik 2 3 R A5 B 5 EE (P<0. 001) o 2GR B A5 JE A 5L B IE SE nEGFR/Y Y 1 AT LA 58 CEMIP 11
Ja 8 F 1 (P<0. 01) , i EGFR-ANLS 8% YY 1-DN WU JC ALY o Dy S5 U B nEGFR/YY 1-CEMIP
Ao I A P HA 23 A IR MMP2/9 3k , B 2 158 HCC 40 iU YT #1228 A8 11 (P<0. 05) . F£F NCBI#
P 5y BT b 7R, CEMIP 7E HCC Mg 41 40 (i 2R 1K 7K OF- Wk 3 v T8 55 IE 5 41 41(P<0. 001) , H CEMIP 5
FIRM HCC B BAT B S RS (P<0.001) . 85 nEGFREIL S YY1 B KN T2 &Y
[ 3% CEMIP ZiA e ik HCCIRZE,

(R | BRRAERNE T2 YY1 4T R 8 O A4 ; g (228
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Nuclear EGFR cooperates with YY1 to drive CEMIP expression and enhance

hepatocellular carcinoma invasion
TU Li, LIU Yang, YU Ying, OUYANG Shiqi, WANG Zengli, TANG Xiaolong Department of Biochemistry and
Molecular Biology, School of Medicine, Anhui University of Science and Technology, Huainan, Anhui, China

[Abstract] Objective To reveal the molecular mechanism by which nuclear epidermal growth factor
receptor (NEGFR) synergistically regulates the expression of cell migration-inducing protein (CEMIP) by
forming a complex with the transcription factor Yin Yang 1 (YY1), and to investigate the biological functions of
the nEGFR-YY1-CEMIP signaling axis in invasion of hepatocellular carcinoma (HCC). Methods After
HCC cells were serum-starved for 24 h, the cells were treated with 100 ng/mL. EGF. Thus, the cells were
divided into a control group and EGF-treated groups at different time points. Nuclear expression and
localization changes of EGFR were detected by Western blotting and immunofluorescence (IF). To investigate
the interaction between nEGFR and YY1, their nuclear colocalization and interaction were examined by IF
and co-immunoprecipitation (Co-IP), respectively. Transcriptional profiling was performed using RNA
sequencing (RNA-seq) to identify differentially expressed genes at the genome-wide level. Combined with
Gene Ontology (GO) functional enrichment analysis and transcription factor binding profiles via using the
JASPAR database, CEMIP was identified as a candidate target gene. To validate the regulatory mechanism,
the following experimental groups were established, Control, EGF, siYY1, and siYY1+EGF. The expression of
CEMIP at protein and mRNA levels was detected by Western blotting and RT-qPCR. To elucidate the
molecular mechanism of nEGFR/YY1 binding to the CEMIP promoter, the control and EGF-treated groups
were established. Chromatin immunoprecipitation followed by quantitative PCR (ChIP-qPCR) was performed
to assess the enrichment of nEGFR/YY1 at the CEMIP promoter region. Luciferase reporter assay was
conducted following transfection with either wild-type EGFR (EGFR-WT), nuclear localization-deficient
mutant (EGFR-dNLS), YY1 overexpression plasmid (YY1-OE), or dominant-negative YY1 mutant (YY1-DN)
to evaluate changes in promoter activity. Subsequently, cell migration and invasion capabilities were
evaluated using scratch wound healing assay and Transwell assay, while hyaluronic acid (HA) level was
quantified by ELISA. The expression of matrix metalloproteinases (MMP2/9) was analyzed via Western
blotting to assess the regulatory role of the nEGFR/YY1-CEMIP axis in the migration and invasion of HCC
cells. By analyzing the CEMIP expression profiles in HCC patients from National Center for Biotechnology
Information (NCBI) public databases, its potential association with tumor metastasis risk was validated.
Results Western blotting and IF demonstrated that EGF treatment significantly induced nuclear
translocation of EGFR, peaking at 30 min (P<0. 001). Co-IP and IF assays indicated both physical interaction
and nuclear co-localization between nEGFR and YY1. RNA-seq analysis identified CEMIP as a significantly
differentially expressed gene. GO enrichment analysis revealed that CEMIP was significantly enriched in
biological processes related to cell invasion promotion. JASPAR prediction identified conserved YY1
potential binding region within the CEMIP promoter region. Western blot and RT-qPCR analyses confirmed
that EGF treatment up-regulated CEMIP at both protein and mRNA levels (P<0.05). Notably, YY1
knockdown significantly suppressed CEMIP expression, while exogenous EGFE supplementation restored
CEMIP level in YY 1-deficient cells (P<0. 05). ChIP-qPCR analysis demonstrated specific enrichment of the
nEGFR/YY1 complex at the CEMIP promoter region, with EGF stimulation significantly enhancing its
binding affinity (P<0.001). Luciferase reporter assay confirmed that nEGFR/YY1 robustly enhanced CEMIP
promoter activity (P<0.01), while either the EGFR-ANLS or the YY1-DN substantially attenuated this
transcriptional activation. Functional phenotyping showed that the nEGFR/YY1-CEMIP axis significantly
enhanced the migration and invasion of HCC cells by promoting HA catabolism and up-regulating MMP2/9
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expression (P<0.05). Analysis of NCBI datasets revealed that CEMIP expression was significantly up-

regulated in HCC tumor tissues than adjacent normal tissues (P<0.001). Moreover, HCC patients with

elevated CEMIP expression exhibited higher risk of metastasis (P<0. 001). Conclusion

nEGFR promotes

HCC invasion by forming a transcriptional complex with YY1 to cooperatively activate CEMIP expression.

[ Key words |

nuclear epidermal growth factor receptor; Yin Yang 1; cell migration-inducing protein;

hepatocellular carcinoma; tumor invasion
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H?éﬂf]ﬂ@ﬁ(hepatocellular carcinoma, HCC) J& & &
LB SRR AT R S L, G v 0 38 0 v g T 30 4 3k
N A BREA R0 R B o S T A 2 2L B
HCC J& 2 BREIE A G FE T 55 — R IR, R 2 7
B HIX SR b

TR AR %%ﬁi(epidermal growth factor receptor,
EGFR) J&:— Fh 5 IR 7 (R G R WL U, 25 A ) 8
G GER AT R A £ o AL EGFR
ST AR AR R DGR 8 5 B AR R
PIRIAT A 5 AR A TR MR T 25 AT
A WS R IR AEAN R IR REAS TR BEASHIN 2]
1 32 Bz A2 K I 7 3Z 4K (nuclear epidermal growth factor
receptor, nEGFR) 1Y 5 % 35 , 645 FL MR i e s
Wil 85 45 L 4% EGFR 7 41 B p A2 A2 . F AT
nEGFRIIIREC ) 7S, AR R E S S5 %
5 DNABEE A AR PN 24555, )48 EGFR & A e =X
WG S5, (F 2 5= DNA S5 5 25H 50, nEGFR I AT
P SRR R 3 7455 M2 is T 5 DNA 456 5% 5%
TR FAR T FRR T H SR IN A B A ST
J B, nEGFR A DL 5% ] F STAT3 | STATS Al E2F 1
SERH VR I AR T IR K 9635 nEGFR B A1
U N A - SR — AR A EEGNOS)
S0 ZE 1 D1 (eyelinD1) ™ 54 BT (B-Myb) ™ |
AR A -2(COX-2)" O A (aurora-A) ™™ 55
AT (C-Mye) 45 | JE T A [ i 16 4 42 2y
AE A4 A2, 7 i 96 200 P 1Y) 4 22 1 B BB 1 1S 5 L AR T
nEGFR WM et 5 AN [R) 5% s R 7~ B ) , LA R HAE
FEWLIE AL P4 b i BARAE A A Rk 1

ITAESR 41 #5175 5 25 1 (cell migration-inducing
protein, CEMIP)#% % Bl 7F Z F [l i 22 9l 5 58, OF
55 i ik R AU LTS AHOG . 98 B CEMIP B9 F5E K
543 8 R i JRE 27 4088 CEMITP B3l 5 5 i3 400 it 346 51
FITERS (8047 520 HL CEMIP WA g it Fihogg 12 22
FRE RS b i B R UK RS . A A
ZMEE S, S 5 AT R E LA NF-B,

STAT3 . HIF-1a %5, {H CEMIP Ji3 3 F X 3 5k = STAT3
G WL RS I S IR IO 25 A0 HIV R B S
TG R (R 7 SR G | 78 A7 A e e 30 1) A L AR 5 S ]
P . HITHAWTSE &I, EGFR 5 CEMIP 7 C i E 1)
96 200 M R A A — s A DG, LS R A i ) i B 1R
BURERIEARE,

YY1 R—FhZIRess N1 AT S 55 M4
PR (SR E ARG A ik . DNA &5 Fn 4 i
PAT) YD S5k P S A T BRI F YY L
JZ AT A A T, e S TS S5 e 38 SR 41D
1 35 A 4R, TV R 445 0 8 R DNA 485 45 5 A a2 7, I
I 25 AR E DNA TSI 45 SE R 5%

BT, AW £ T % Hr nEGFR-YY1-CEMIP
W 7E HCC A2 22 h 1 3 F ML, 3 i /% H1 nEGFR 5
YY1 B AHEAE P B R CEMIP (%% S0 78, 4k
nEGFR #E HCC FR M5t (& 845 i i TA N 25 11, R by
ST VR4S DO 48 SR AL UL AR . AT ST AN B b T Y Y L
YE 0 nEGFR 43 B S AR fF |, o] B H2000% CEMIP 3%
KB TR, 280 T nEGFR AN AR i 25 i 55 A 7
(4 STAT3) i 4aE K, S B HCC IR YT SR ms i ik
FEBEER BRI

1 #PR5EFE

1.1 i

Huh-7 FHEAIIEAN H TR F] SNU-387,
Hep3B JIF 40 2 LA K Li-7 41 2 0 | i Fe 4 oK Ak
PR PR A o BT AT 240 i 22 22 0 A B T B2 P 1)
€ (short tandem repeat, STR) % %E i I\ Jo 38 L i5 4% .
K AR AEANFEAT 109% JIG2F 03 O N B A R
PR W] B RPMI 1640 35 5% 5k CHit VL7 3 AR W) RHCA R
A ED R PR AIME T 37 °C.5%CO, MG FRAf
1.2 HARFe X Al

EGFRHLIE \P-EGFRHLIA YY1 HLA  Lamin B1 3T
&I H 32 [ Cell Signaling Technology 2y 7] ; GAPDH 3t
TR0 [ iR R A YR A PR R MMP9 HiT 4
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MMP2 Hi 4K Iy H 3 [ Abcam 23 &) 5 A3 f 4B KT
EGF J 0 W 1 b 5 SO AN B2 i 6y A RS A 5
impotazole I [ 1] MCE 23 7] ; EGFR FR$tIl [ v [ 4
LR A BRZS F 5 Alexa Fluor® 555 5104 U 1eG
ZHU M Alexa Fluor® 488 #7ic FLIE IgG — 4l A 3
Cell Signaling Technology 2~ F ; JIF A 9 B 28 A4 F1 kL
(4 N EGFR T {1295 2 (EGFR-shRNA1.2.3) .
AN YY1 HEPH  RIK 18568 (YY1-OE) . A CEMIP £& [
T4 A 12 995 B (CEMIP-shRNA1.2.3) . A CEMIP 3
[H 1 2 3518 9% 2 (CEMIP-OE) | B4 %} B 23 JFokz (NC)
% TE /N THERNA(siYY 1 siEGFR) ] r FHZE G K il
LR R G0 A e 18 TORL (A0 5 87 4= A EGFR B
P55 B B EGFR-ANLS \ YY1 33 # ik 84K YY1-OF
KRB 575K YY 1-DN) ¥ i1 13 A2 T A BR S 7
P IF AL 5 L RNA SR BGA R A LA TAHRA
| ;PrimeScriptTM RT Master Mix #1 TB Green Premix Ex
Taqm 11572490 F H A< TaKaRa 22 A

1.3 Western blot £ &

FBREE IR ML B 55 IR0, FHFve PBS YR 31K .
15 3 0L I A 240 2R ik Y0 RITAR 1 l F f ) Ac 4E I
ZU A 20 M, A (5%) Loading Buffer J5 & - 100 ‘CH{/K
TN 30 min 753 20 8 I . L 10%SDS-PAGE
3 B ISRV 0 G, 4 B R i RN T R 1 AR AL
231 SDS-PAGE HLIK J5 ¥ 7% 3| PVDF i, 4% PVDF JIEi%
A 5% WRg 4= Wy, ZEFE R 2B 1 h, B 5
—$0(1:1000)7E 4 Cit W F . K H A TBST ¥k %
3WJE =P (1:3000)FE % NI#EE 1 h, £ H TBST
YE3 WK, A A BB SR B RS AT R, IR
JH Image J B 250 AT IR BE AR 2047
1.4 T84 %.9% % % £ % (immunofluoroscence , [F)

V5 A0 M T P S T B A ) 24 LR, Rl
FRLVUE B F=5 V8 1 4% 22 5% P 11 5 402 10 min, FH PBS
B3, ARIGE NN 0. 5% Triton X-100 % i 38 175 20 min,
FHPBSIHBE 3K NN 5% AR W31 10~15 min, 54
JEIMA—$14 CHIFF . K H A Alexa Fluor® 488
F1 Alexa Fluor®555 #7510 (19 — $1 2 J6. 9 & 30 min.
DAPI k6 G4 10 min J5 FH PBS 15 18 3 Uk, fifi HIL R £
B SUBE RR R S
1.5 %EERE ?L\-Eﬁ‘(co—immunoprecipitation ,Co-1P)

20 L @ 2R 2 1 5048, A TBS (1x) H
B R T R R, B TRESI R L/ 10 s, 25
i 3, VR 3K K TBS PRI A REER In AP IR T
EMh ER G A= MR A EWEE 1 h, LZERbT
T, I TBS YRR 3K . KR FIFE S INAZE & T hiik

Aol 1E 5 1eG Y ProteinA+G R 2R , & T e % IR & 1X I
FIEF2ha 4 CHEFLR. WHETEE TR
FAYES 10,3 BiE . A0, 5 mL S0 0S40, 1)
BT E R, BT IR 25 10s,
Fr i SRR AR 3K [l SDS-PAGE
b RE LR R B, A 100w SDS-PAGE Sample
Loading Buffer (1x),95 CIN#4 5 min, & T/ J1 %2 I
10 s, B FIE AT Western blot &)
1.6 1Emaiti

PR RAF I AR T 12 L0, 2 5 A 10% )i
A= I35 1Y) RPMI 1640 3557 b 55 5% 24 h YL RTHUH
9 FE AR VK E Rl AR H5 0 7 19 MOLEL R FEAH , 1155
T R R AR . T e R B A5 A TR Y e Y
JEHEA 37 “CHI5%CO, s FeF rh 4k 22 1595 72 h, Bl S
2 A D 5 1A RE i i Western blot 2505 B A6 I H 1)
AR FRIBIKOT, i RO AR i M T 5
1.7 RNATiL %5

RS RAF A 40 M 370 F 6 FLAR , IR FE & A 10%
5 4 I3 ) RPMI 1640 35 37 56 bk 47 8% 57 |, fifi oA
24 h AR AIC A B2 35 B 609%~70% . #E#% 21 DEPC
Ab B SO A3 I A TG I ) DMEM 85 772 5%, B
A3 siRNA BE (FRic R A %) I RNATransMate
(bR BE) , RRIRAL AT S BEIRARRIE
5], IR FUE 10 min J5 B A siRNA/RNATransMate & &
Y. ¥ siRNA/RNATransMate & & ¥ i 18 B A4 4 e e
FEMA A Ay 6 fLAk 78 37 “CHI 5%CO, 15 57
FETH G SR 6~8 h, LA AH M iz YL I 100, T 6 50 4 4 A 3
PREERE SR 18~24 ho, HREHUAN AL 138 i Western blot 45
Rz RIS RN AR N Ay &
1.8 RT-qPCR %%

2% R 5 57 L rh B 85 35 W, A iV 1Y) PBS Pk ¢
3R ZEREFR LA A RNA B2 EGR ) , A R 20 it B
i RNA, A S R B0 32 5 15 s %R J3CE 3~5 min,
Pl 4 °C .12 000 t/min B> 15 min, W E 2 W AR ZFH T
B IS T B TR AT 5 vk BB DUTE AR .
L4 °C.12 000 r/min &.0> 10 min, 3+48 F35, A 75%
LR BUTHE, A4 °C 12 000 r/min B5.0> 5 min, B UTHE
KT, A JE R /K 7 % RNA. fd ] PrimeScript' ™ RT
Master Mix J= 5% 5 4= 056 — 4% cDNA, 3% , i/ TB
Green Premix Ex Taq' " 115 FHPH 52 PCR R 48
PATY 1 . A EdE R FH N R XS B GAPDH #4709 —
b1 mRNA A% K
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1.9 e i 4 9% PLIE - % & PCR (chromatin immuno-
precipitation-qPCR, ChIP-qPCR) % %

140 19 S AE %5 R T 283K 10 min, DA
HF-DNA K 54, I H &R 24 T 52 Bk I 0y, Ak 3
5 min, FHFUA ) PBS YR AIAE 2 VR, WCAE 41 B F 550
B, L4 °CL1 500 r/min #5005 min, 7% 1 A
TUVE o FH 2 2 1 it 00 0 700 7 4 5 e 22 b vk 1 9
B 10 min, WHEAMIZDINE . 205 , (0 75 i
ASCRF G 45, 5 55 7] 28 200~1 000 bp Bt . SR )5 BEAT900%
TUVE , BE 23 M A (Input) 4 R4 2 U0VE (IP) 41, TP
M A SRR (U0 nEGFR YY1 04K ) 85 TG % 1
YUK, 4 “CHERL I & 38, A Protein A/G REERFH 3R PT
-Ye i G . S UEFT DNA YEE A alifb 45 3%
¥ DNA 70 & Fn g fb b ok o i), 38 3 qPCR K
CEMIP A 5 2l X5l & ARG 0L, R S0 50 2 /0
23R,

1.10  #mfets & & hid

V48 W B 7 200 JELFH PBS T U 3 Uk, FH 40 ) - R
M. LA4 °C .12 000 r/min B5.0> 5 min YA 40, )R
LV B TR TIRE R . IAE I T PMSF (41 i
BN A e R ZLR ER T 5 s, VKA 10~
15 min, AIAGH I 320 B(10 wL) | 55 il
FZURBEIR % 5 s, VKB 1 min, LA 4 °C .12 000 r/min &5
05 minoe 7 BRI ER B3 2 W i T oqs T 15 8
H AR A . X T ULE , A 50 pLE N T PMSF
() 240 A 2R AR e ORI 2R TR % 15~30 s,
TR BB 1~2 3B BCGT #ET 15~30 s 19 5 i i
I ZLRTENR 7, 222 30 min, L 4 °C 12 000 r/min
250> 10 min, 37 B HR I 2 100 0 T 048 T B
MR 1, AT A 80 “CrKAAfitif7 45 H
111 XREEEE

B M e FrE 12400, 3532 24 h BIL AL R
WA 5 40 M FH PBS Y VR4 i JE 1B Uk 3 1K, B 4
TC LT R F2 W, A 100 ng/mL EGF BEAT25 8 kb33
S AITERIIR O h F 24 hA 48 & R, 38 3 S0l R SER I Y 1
50 H T 40 A K R RE T, BT OB T OO T A R
EEE
1.12 Transwell £ %

V5 200 B R i 6 9 A IS A8 TG il T ) 4 e B
W o 7E Transwell /NZE (24 LA, FLAE 8 wm) 19 R 200
A 600 wL A8 MG BE IR, 76 )2 A 100 WL A4 4 it
B, 37 CHEFE 48 ho FH 4% Z R W [ 2 T )= 41 i
15 min, I PBSTHVE3 K. HFHH 0. 5% 45 i 556 T )2 41
MI%e (5 10 min, PBS T ¥E3 UK. BT/, B T Wil

TR R R
1.13 ELISA #m]

15 20 ML LA 80%~90% 1 %% B2 42 T 96 FLAR , A
37 CHI5%CO, EFRAA TR o« ISR FIBGRE 25
JoT , WU A R 240 ), K T AL TN 2% %22 DEAE Sephacel
F, FMEER S i e 4%, FH Na e B iR (hyaluronic
acid, HA) o HRA5 38 Fvd B A5, 3500 1) 25 50z L A AR
TN 50 wWLARER W SR A, BE S TN 100 L 285
R i SR A W 8 (horseradish peroxidase , HRP)Fric BY$T
R TAEW, BT 37 CHEIRAKE 3 PR 60 min, PEHR
Jei 45 1) AL RT3 A I 68 IG5 9 A FTB 45 50 L,
WG N IR A 15 ming @2 F B ERT I
AL A8 FHBEFRAAE 450 nm 33K T 5E 45 FL I
JEEELOD(450) M, b2, TR .
114 RAEZEERELRRE L8

B CEMIP 3 [ 5 35+ X 7 B & pGL3-Basic 2¢
RMGEL 1 A5 A b py 2 A ok, A g
N2 TR LA RE T B e R0 T A T 1 22 7 o R
JER ARG Yol TR R T B AR AR | [R5 s
AR MR 2 S S A HA . A YL S B SR 24~48 h IR
LA ML I (1) R 28 v R 247 15 min, 2500 E
TR AR A, Ha R S U] R R A H
N K AR BRI B T 9OC R TIE) , 4 ik
WP RSG5 R . TR K RTOER RS
T B 9 B WS PR B U AR, DABR HEAR e Yoo 25 5
TS EE 3R,
1.15 %t 54

JIEA 5258 2 /0 E G 3K B DL xxs 2w, IFAH
GraphPad Prism 8. 0 #E47 4t 113 Hr o 2 2H 44 ] 3 it
fie X} student’s ¢t KG IS HEAT HL A5 HH 22 57 M 34 M £
2H ) 2 8] 1) K a2 S At T B PR 32 05 22 70 B (ANOVA)
HL#R , 22 41 (B 34 FL R FH Tukey K556 . P<0. 05 422
SHEAGERE L

2 H#HR

2.1 EGF i@ it if % 3h & 8 ¥ 42 3t EGFR &1L & #

HAs

55 E EGF % EGFR [ 3% 3% /E H | 38 . Western
blot FI 4028 98 Y6 52 B 46 EGF Kb FH 5 EGFR 1 R 1L
7K. Western blot 437 27K , 100 ng/mL EGF &b 5
Al i 2 1458 SNU-387 1 Hep3B 41 il ' EGFR Tyr1086
B B IR ALK (P<0. 01, 81 TA) , %45 5 38 3o fo s
PG MEEE] P-EGFR (Tyr1086 ) & 1A 50 & 14 i £5 2] ik —
AAE (K 1B) . NEIT EGF 7Ef A &F F {2 EGFR
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A, BT 3 SCRk R R R A A T T AR B T
100 ng/mL EGF 1% 5 EGFR ¥ 5 L () Fe A1k S, S

JOLRER TR, # IR EGFR F25E 7 T4
WLIBE T EGF T3 30 min J5 % P4 56O 38 2 % 71 75

04% 2 S B B ZSHRE , 3 1T Western blot A1 R85 G55 (F1D) . XL RGUFSE T EGF #4155 EGFR
'I}A }'*ITTHHJ ETL “E/JEGFR*%EJLL"H%O Western blot %M’ﬂﬁ*ﬂﬂj 5[’1‘)[ [‘i?[ié EJLL
ZE SR EGFR B 5 o7 5 B0 LAY ) s (I ARa ME Rp AiE 2.2 nEGFR i it 47 3533 4R #ibk 25 R 424 8 HCC 28
¥ EGFR 7K -1 20 min J5 715 535 L 2L, 30 min iREE 3
IR BN UEE, 40 min J5 BRI (P<0. 001, B 1C) 5 S 4 W nEGFR 9 4= )%= T g , & H importin B Y
SNU-387 Hep3B SNU-387 Hep3B
EGF 72t — s - 2 *] b mm Control
P-EGFR(175%10%)— - . 2 = EGF
(Tyr1086) % 2.
2 a
— 2 1]
GAPDH(36x%10%)— ! . 2
o
04
P-EGFR EGFR P-EGFR EGFR A
SNU-387 Hep3B
DAPI P-EGFR Merge DAPI P-EGFR

Control

EGF

SNU-387

Merge

\‘0 ((\\(\ ((\\(\ ((\\ 6 ((\\(\ ((\\(\ ,\&0 ‘(\\Qc_) @0 ((\\(\6 ((\\(\ <(\\(\

EGF & o© SN
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a: P<0.05, b: P<0.01, ¢: P<0.001, in comparison with Control group

A: Western blot quantification of EGF-induced phosphorylation of EGFR at Tyr1086; B: IF assay showing enhanced

p-EGFR (green) expression upon EGF stimulation, with DAPI staining nuclei (blue) ; C: Western blotting of the peak

time of EGFR nuclear translocation
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Figure 1 Temporal and spatial dynamics of EGF regulation for EGFR activation and nuclear translocation
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D: Quantitative analysis of nuclear translocation efficiency by IF
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Figure 1(continued) Temporal and spatial dynamics of EGF regulation for EGFR activation and nuclear translocation
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a: P<0.05, in comparison with Control group; b: P<0.01, in comparison with EGF group

A: Confocal microscopy analysis of the inhibitory effect of importazole on EGFR nuclear translocation; B: Scratch

healing assay showing that importazole significantly inhibits EGF-induced cell migration; C: Transwell assay

indicating that importazole pretreatment significantly inhibits EGF-induced HCC cell invasion
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Figure 2 Promoting effect of nEGFR nuclear translocation on HCC cell invasion
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A: Confocal microscopy showing of EGF-induced nuclear co-localization between EGFR (green) and YY1 (red), with DAPI-

stained nuclei (blue); B: Co-IP demonstrating EGF-enhanced EGFR-YY1 interaction
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Figure 3 Formation of nEGFR-YY1 transcriptional complex
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with the X-axis showing Log, FC between treatment and control groups, and

the Y-axis representing —Log10 (P-value) for statistical significance of expression differences; B: GO enrichment bubble plot

displaying biological functions associated with CEMIP gene; C: JASPAR database prediction of transcription factor binding

sites in promoter regions
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Figure 4 Cooperative regulation of CEMIP gene expression by the nEGFR/YY1 transcriptional complex
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a: P<0.05, b: P<0.01, in comparison with Control group; c¢: P<0.01, in comparison with EGF group; d: P<0.01, e: P<

0.001, in comparison with IgG group; f: P<0. 01, in comparison with untreated EGF group; g: P<0. 01, in comparison with

single transfection group

D~F: Western blot and RT-qPCR analyses showing EGF-induced up-regulation of CEMIP expression, which is partially
inhibited by siYY1; G: ChIP-qPCR demonstrating enrichment of nEGFR/YY1 complex at the S1 region of CEMIP promoter;

H~J: Luciferase reporter assay validating cooperative activation of CEMIP promoter by EGFR/YY 1
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Figure 4(continued )
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A': Wound healing assay showing the effect of EGFR knockdown on HCC cell migration; B: Wound healing assay demonstrating

YY1 expression level-dependent regulation of HCC cell migration

5 EGFR/YY13f HCC 4R fE Z 5 1A
Figure 5 EGFR/YY1 regulates the migration and invasion of HCC cells
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C: Transwell assay analyzing EGFR signaling-mediated regulation of cell invasion; D: Transwell assay evaluating the

correlation between YY1 expression levels and invasive capacity
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Figure 5(continued)
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A': Rescue effect of CEMIP overexpression on migration inhibition induced by EGFR silencing; B: Reversing effect of CEMIP

overexpression on migration suppression caused by YY1 knockdown
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Figure 6 Restorative effect of CEMIP on the attenuation of migration and invasion of HCC cells induced by EGFR/YY 1 deletion
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C and D: Validation of CEMIP restoration experiment in invasive phenotypes
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Figure 6(continued) Restorative effect of CEMIP on the attenuation of migration and invasion of HCC cells induced

by EGFR/YY1 deletion
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Figure 7 Pro-invasive role of CEMIP-mediated matrix remodeling in HCC cells
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Figure 8 Clinical relevance analysis of CEMIP in HCC
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