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T VASH2 ()2 1K ; 12 F 29 5 A e 28 1R R A MR 1) 2238 VASH2 ATt P9 IR 1 VASH2 2 1K 114 5 2038 21 it S ) BR 40
L, A5 GEAS AR R AR BT A 10 s 78 I A AR R G - R 0 A ) 5 Ak (EMIT) i A2 56 5431 S TGF-B
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flotillin-1 F&3k ¥ 21 H VASH2 3235 T 8 (P<0.05) , 752 SR R IESE VASH2 FEA7 Ik B 2577 5% 1) 2 S0 21 4L Hh A X
TC Ik I 25 55 7% (1090 2H 41 4 T 3538 (P<0.01) . AHXT T HeerEpic 4H i Fabk [ 45 A 45 % 1 2 Bia 2H 28 , VASH2 7F Ca Ski . SiHa.
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VASH2 (15 S8 40 i 'h TGF-BAY mRNA &3k 7K F-_E- i, i1 il o I VASH2 2158 1 5 850 41 g o TGF-BI) mRNA FR3ik7K
SERE(P<0.001), 4518 flotillin-1 AT REM T FIFHIZER VASH2 2 5 TGF-B(5 5 4155 EMT i B 7E (/M k75 25005 2 i
R8BS (R 2RI LT A
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Vasohibin-2 promotes proliferation and metastasis of cervical cancer cells by regulating
epithelial-mesenchymal transition
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Abstract: Objective To explore the role of vasohibin-2 (VASH?2) in regulation of proliferation and metastasis of cervical cancer
cells. Methods We analyzed the differentially expressed genes between cervical cancer cells with flotillin-1 overexpression and
knockdown by RNA-seq combined with analysis of public databases. The expression levels of VASH2 were examined in
normal cervical epithelial cells (HcerEpic), cervical cancer cell lines (HeLa, C-33A, Ca ski, SiHa and MS751) and fresh cervical
cancer tissues with different lymph node metastasis status. We further tested the effects of lentivirus-mediated overexpression
and interference of VASH2 on proliferation, migration, invasion and lymphatic vessel formation of the cervical cancer cells and
detected the expression levels of key epithelial-mesenchymal transition (EMT) markers and TGE- mRNA. Results RNA-seq
and analysis of public databases showed that VASH2 expression was significantly upregulated in cervical cancer cells
exogenously overexpressing flotillin-1 (P<0.05) and downregulated in cells with flotillin-1 knockdown (P<0.05), and was
significantly higher in cervical cancer tissues with lymph node metastasis than in those without lymph node metastasis (P<
0.01). In cervical cancer cell lines Ca Ski, SiHa, and MS751 and cervical cancer tissue specimens with lymph node metastasis,
VASH2 expression was also significantly upregulated as compared with HcerEpic cells and cervical cancer tissues without
lymph node metastasis (P<0.05). Exogenous overexpression of VASH2 significantly promoted proliferation, migration,
invasion and lymphatic vessel formation of cervical cancer cells, whereas these abilities were significantly inhibited in cells
with VASH2 knockdown (P<0.05). The cervical cancer cells overexpressing VASH2 showed significant down- regulation of
e-cadherin and up-regulation of N-cadherin, Vimentin and VEGF-C, while the reverse changes were detected in cells with

VASH2 knockdown (P<0.05). TGF-p mRNA expression

was significantly up-regulated in cervical cancer cells

overexpressing VASH2 and down-regulated in cells

YR EI#3:2021-09-19 with VASH2 knockdown (P<0.001). Conclusion

EEWA : 5 A RIS (81760469) ; TP ARFEIE455 6 Lt Flotillin-1 may participate in TGF-p signaling pathway-

I 721 (182749) ; = A BHE T RHL 0I5 H (2019FE001(-085)) ; EX#A mediated EMT through its down-stream target gene

BERIFERHL I I (CXTD201906) ; = RE 2 TR L4 VASH2 to promote the proliferation, migration,

HH(2022J0215) invasion and lymphatic vessel formation of cervical
cancer cells in vitro.
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flotillin-1 R/ J5 B FUEA A - 22 R 3GE R &
PRIMAE I 2 -2 (VASH2) ()35 5 flotillin- 1 5 1EAH
Ko VASH2 ZIMAEIIHIZR IG5 i 4
W AR I (VEGF) G058 AR EAERT, 2 581
B WA EMT iR . AF5ERW], VASH2 5%
PN I ARG T e RS FNRZEAHOE™ . VASH2 e
S TGF-Bf 5l , 25 EMT i B 0y ek i3
55k B0 ERLge R L AR 20 A AL AR R RE S (AR
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IR, G5AHS flotillin- 1 F2AAKEAAE X, HED
HATRETEAE A flotillin- 1 25 R OCHE T ISt 73+ 7R 8y
HERIR SR T R E R . ARSI — A T
VASH2 765 S A1 Mgl 21 i Fak i Ol , - ad 4
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T20204F 10~12 J] NEEBHEERF 5 — M Jm 2= Bt
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ST EITE-80 “CHWA R, F T RS 198 1T 7E-80 °C
RNAlater {8 HHAAE, TR ZEHE BURNA ; 7EAE /R bk
[, A, B 40 (HeerEpic)
GHZRE YR A BRA R s B 30 40 (C-33A .
HeLa,SiHa,Ca Ski.MS751) (7% i# %% Procell 4 iy
FHEARA D) s KT N 40 (HLEC) (k4844
BHEARATD) , R ERC MRS —BEpe s =

AERR.
1.2 F3XA5EE

TR () M EERA ARG FRAF]) ;PBS 2%
MR R PR 2R (AL P2 S AR
DMEM = B85 3225 (Gibeo) , MEM 15 3535 (Gibeo) ; ity
ME M E R 555 K (Gibeo) ;RNA-seq () JEih
) ; VASH2RNA P sEgd A (FhESE) , VASH2 1 5%
K8 75 2K (35 W 4= 9 ) 5 FastKing RT Kit (With
gDNase)cDNA 55— A £ (KR 116 ,FastKing) ;
BCA AR 1 & G = K) s bt A VASH2 47T
{& (Abcam) , %3t \ E-cadherin N-cadherin. Vimentin.
VEGF-C(Abcam) ; —HT(LLHi5 [gG/HRP Frid, LI
PiE IgG/HRP #5ic ) (Abcam) ; ECL &k (Biosharp) ;
CCK- 8 i 5l & ([ Ak 2= 24 w1 ) 5 49 4 £ (IBIDI
80466) ; 2T (Corning ) , Transwell if77 & (Corning)
1.3 Fik
1.3.1 AR EIZ B SR AR FaR
P EE flotillin-1 &35 1Y 2 5519 SiHa 1 HeLa 2 Jifd 1)
RNA-seq 725K s 2 p0 22 LA L 383 GEO2R
T HL B0 IE % 2 22 5 5 K 7E GEO $dis 4 Hh i) Bl 48
GSE26511(HL % N+HINO Y5 S S EA ) 1 22 5738
KB I, 0 vk 5 1 - P<0.05, |log fold- change(FC)| >1.
XF TCGA ZHf i ey s AR B A5 AR 5 & ARk
SRS AT 320 B0AIE RN A-seq il 17 1 25 55 5L R 78
2 ] ) 3R 1 OO, T 28 258 < P<0.05, |log fold-change
(FC)| >1. 2153 flotillin-1 i n] e S 5 45wy %5
TR eSS RS I L VASH2,
1.3.2 Zafgssdc 1EH B L AN HeerEpic Al #1iE
ZHiJifl SiHa,HeLa Jf] DMEM /= 55 37 £ (4 10% FBS,
1% Z N5 % %= RAIPEERE %= ) , MST751 #1 C-33A JH]
MEM 55 255 (% 10% FBS . 1% & W H &R\ RIREEE
%), Ca ski iTHLEC 4ifd FH 1640 155756 (45 15%FBS
1% FEHER  RIMER ) 37 'C.50 mL/L CO, 1)
SRR R E R SR . Y A A W A RS SR Y 85% ~
90% , FHIFRHHLAEAC,
1.3.3 RNA-seq M A K AMEME I8 RN 6 Py Rk
flotillin-1 F23K (5 %95 SiHa F HeLa 2l 0 -1 T RNA-
seq M . AE SR LR RNA J5 , 2253 Horb i sk
RNA, DA RBR B2 b f B8 T AT codingRNA FlneRNA,
FRE ) RNA FEHLET Wk 58 R B, 15-LL R Wik )5 1)
RNA AR, FH7SIRFERELS |95 i cDNA B —4 ; 4
FIMAZE i . ANTPs(dUTP 0% dTTP) .RNase H il
DNA polymerase I & i cDNA % 4% , 2244 QiaQuick
PCR {57 &4l AbI-in EB 2 whii eI & A s 2. Jinuk
AT ek AR5 T UNG B e — 2%,
BENEWEEE R P VKA Tl BeR/INEE B, iME 4T PCR Y4
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B I SO Tllumina HiSeq™ 4000 1 7
1.3.4 Bmapdtde il bR K HeLa 4l
JHLF1 0.2 5%l HEI T3 B FP 22 6 F LA (5% 10°L)
M LN RE 5 45 R 7 S pg/mL VASH2 i ik 18 5
BRI FER NN #5245 HR A BE 1) T AL S8 et Rk
JREYL 48 h, SR S AR G B IR B 85% i A, A TR AN
SRR ALARE N A RS B RV R, ik 3 A0S IR 4R
AN, 432H ) . HeLa- VASH2 il HeLa- VASH2- vector,
FHRIRE ) J7 5 7E Ca ski 1 MS751 48 Jfd v 43 53] 4
VASH2 14018 955 2 2k AR 12 o 1 25 2 Ak, Hoh
VASH2 T-Het8 5 # 2k R o IR £ 3 4%, Rrdilifu e e f%
AR5 WA 4N M R4 T PCR B8IE , i 16 H v 4R B
FERY 2 S5 M2 B4, /041K : Ca ski-VASH2RNAI#1

&1 &3R5

Tab.1 Sequence of primers

Ca ski-VASH2RNAi#2 . Ca ski-VASH2RNAi-vector L)
K MS751-VASH2RNAi#1, MS751-VASH2RNAi#2
MS751-VASH2RNAi-vector.

1.3.5 RT-qPCR # | &£ 2 L Fo 20 22 F 69 mRNA &k
KF Trizol IR S HIBRHUA ZH AN Ey SR ZH 2L
SLRNAHUT pug RNA i 5% 58 1) cDNA, iz H] RT-qPCR
K VASH2 . TGF-BA1 GAPDH ) mRNA 26k /K3, DA
GAPDH JNZ ., # MR Gt kA 7 S e s g
HOSEE 26 HFR mRNA PZRIA7KF-EA 7
i, AACE=(Ct, HFR—Ct, WS T (-Ct, HAx—Ct,
WESROXIRAL, 519750 (R 1) s h & A R T4k
JFA(F2).

Name Forward primer (5'—3") Reverse primer (5'—3")
VASH2 CCCAGTTCTTTGAAATTAGGA TGATAGGCAAGGACTCTC
TGF-B CGTGCTAATGGTGGAAAC GCTCTGATGTGTTGAAGAAC
GAPDH AAAGGGTCATCATCTCTG GCTGTTGTCATACTTCTC
&2 BT
Tab.2 Sequence of shRNA
shRNA Sequence of loop Sequence of sShRNA (5'—3")
VASH2RNAi#1 CTCGAG GCCACATGTATTCAGATGTTT
VASH2RNA{#2 CTCGAG GCAGGCTTTGATTCTTCTGAA
VASH2RNAI#3 CTCGAG CAGGGACATGAGAATGAAGA

1.3.6 Western blot 4| A28 2m fiL e 20 27 o 64 & & &k
AR USRS LH AR R A SR AR SR A i B
T, BCA VARSI F e i RN AR 1 10%
i SDS-PAGE I FEG iR 28 25 M 1 mg/mL, 3F
A R H SDS RN UK B A e 4
P AE 3 (210 mA) ¥ #7385 J5 1985 H 5 2 PVDF fI
o 5%IBSA37 CEIA2 him /- nA—di 4 CiFa it
% (VASH2/E-cadherin/N-cadherin/Vimentin/VEGF-C,
1: 1000 % B ) . TBST ¥ 1% L:0iiF B Hidd, 23 il A
HRPAMCH AR 1gG(1:5000 ks ) B HRPFRiCH)
LR/ 1gG(1:5000 8% ) ,37 CHFE 1 h, IXTBST
PERE 10 minx3 J5 H ECLAb2A A G B (.

1.3.7 %z n22405 (IHC)Am 4822 VASH2 9% &
FakAKE AR E SRS R U B R
LIERZIBAOKAL ¥ EIRER LR ik (pH=6.0) AL B 3k
PAEE R, 5% F 1034 25 °C 1 hBHHLLRE, —FHi 4 Ch

HRR (15 h), ZHUA S ILBOR R (DAB) 44, 75K
REY UK B TP A BT (x200) T
8L RPERN (IRS) P43 : B 2 P B & R0 e fn
S 0~3 0 ARUCKH I R PR RAE L B
B 0~4 53 KUK A 0~25% .26%~50% .51%~75% . 76%
~100%. BN o= (s B PP B L
1.3.8 CCK-83§74 55 HA- 2l 4uffidfh = 96 f LR,
201 3000/fL , 553% 0.24.48.72.96 h )5 , il A CCK-8 3
A, B E 3N E AL IR A O SRS 5% 2 h e
TR SRGIN 450 nm A 25 FLARAEE 2 FE Ausonn, 2371
2R, ST E LIS F1=(A s )/ (A s A 0 ¥ 100%
1.3.9 XIEAA L H0.25% BN L4, LA
2000/-LEEFP 2 Toidi RIRAHE R, 22 41 i fil & B 3k 2]
95% T B BRAm 14, K 7R B0 3 U0, LA 500 pnLALIERR:
FEHEST T 0.12.24 h i [a] 24 2H 20 AAH R 7 40 R
Hi%E 3 MESL. @i imagine J Pro#if443470.12.24 h
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AN 2 B R B AR, A GRS 1 50%=0 h -
PIHIF-24 h A0 h P4 X 100%.
1.3.10 Transwell4Z% 523 Matrigel 7 4 “CBR KRk,
#3k | Transwell /NZE 24 FLARIERT & T 4 CHiIZ . HL
50 pL @ fL4s () Matrigel il A %] Transwell /N i, i
Matrigel 2 5] 48 7F Transwell J% |+, 37 °*C+ i 30 min,
0.25% R ALY LA AN, 15, K A e 32 1 5
A 1x10°/mL, 3270 100 pL 2 il 2 2 Transwell-matri-
gel/ NEWN 3 fUHE L FEFRAANIEFR 24 he BlFEEUH
INEF AN 1 mL 4% H @R FLIN /N0
WA AT B3NN 200 UL 4% B E T, 2
T T 30 min; MR W, 452 2% Matrigel i, #E/ VATl
ANIA 500 pL 45 S 0L i L, Z G4 (5 15 min,
Yetaf5 PBSTETE 3K, TR M USSR, ] imagine
T Pro 8543 M 48 4H 258 Transwel L IER AR H -
1.3.11 #BEHm £ Matrigel 7E 4 “ChERRIL A
3k Transwell /NE 24 fLHREERTE T4 CHiR . 4 °CTil
%96 LA, A 50 WL ALFEFTIE , 553746 PICE 30 min
HHEER . 0.25% BRI fLIHE HLEC 40, ff 441
Y L5 SR I o i PR R B AR B 2.5 10 mL, FE & A1
Matrigel (IFLFFAIA 100 uL FOZRMTER, B FRAA S35
4 h R B WA N S IR BT A R, B Lk
AR 3[R AR/ IO o U 2 A TR i
1.4 %itapatse

K FH SPSS 20.0 4834k Fll GraphPad prism7 41t
A TEAE AT A B ARG . B
Bl 22 I ST AL R) FLHER FHAR B XU 46
55 AP LEBER F 2203007, LA P<0.05 W2 R4 50

TR

2 R
2.1 VASH2 /£ & #1 J& #a fie, ¥ 49 & A 5 flotillin-1 2 iE
Ha %

ABIFFEAEA NG 15 R A 9 PR flotillin-1 32
LMY SiHa FlHeLa 40 1 T RNA-seq il 77, 45 R
flotillin-1 AL — R TR A RIE (K 1A B),
454 flotillin-1 F iR SE R A TCGA K GEO ¥ 2
PR R [ 25 5 B R B S0 K L 25 AR R b AR T 1)
FEIRTEM , K IR VASH2 7 flotillin- 1 35 1F 45
HAE TCGA F GEO Bdlii v & R, AHXS T ICik L 455
PR B FRA L, HAEA R SR B P 40 3k
iR EE(E1C.D).

2.2 VASH2 28 3t JeL A Rk L 45 3545 049 '8 2 4
gp Rk B HiR

iz JH RT-qPCR , Western blotting Fl 472 2H 414k 2%

(IHC) K&l VASH2 (1) mRNA Fl#E 13635 K -, 45 5 i
71 AEXSFIEH B 80 2 HeerEpic 1), VASH2 7F & i
JE4NM Ca ski. SiHa FIMS751 Y34 FiH (P<0.05,
KI2A.C) , MiAHXT T oIk 00 25 5 B8 1) 'y S 4 21
VASH2 TEA LA A4 1 B St A1 2 b i bt iR
(P<0.05,12B.D~G).

2.3 VASH2 EARIMEDR T H R ta fL ey ¥ 78 45 12 4
Fobk € TH R,

HRAE 134 VASH2 75 5 S A H g 85 0, R
AT 20 12 5 B AR IR AR A T AN i R A
VASH2 i HeLa 4 fifl (HeLa-VASH2 ) Fllish ik 45 1
A 1 X6 BE 40 i (HeLa- VASH2-vector, €] 3A~C) , LA}
i VR P VASH2 235 1) Ca ski, MS751 4l il (Ca
Ski-VASH2RNAI#1 ., Ca Ski-VASH2RNAi#2; MS751-
VASH2RNAi#1 .MS751-VASH2RNAi#2 ) FUAH 1 () %t
W 401 Jfi (Ca Ski-VASH2RNAi-vector, MS751-
VASH2RNAi-vector, Kl 4A~C) .

TE IR GHA i A CCK-8 5250 b , AHx -5t R
AR, SRR 335 VASH2 11 HeLa 41 fud 5 E /734
58 (P<0.05, &1 3D) , T4 i 4 i VASH2 351 Ca
Ski 1 MS751 4 it 1% 78 fig 77 0 B 5 9s 55 (P<0.01, [&]
4D) ., XIJEALE S5 F Transwel IR 282556 s AT
X HRAH M, FMEVE IS #3K VASH2 Jii HeLa 400 91T 4%
(P<0.01, ¥ 3E..F) Fl{Z 2868 71 (P<0.001, K1 3G . H) 3§
S, TAERRHI PR VASH2 3645, Ca Ski FIMS 751 4
BAYIEFE (P<0.001, K 4E . F) fl1ZZ8HE 71 (P<0.001, &
4G H)IES o REVETE g o A T X AR 2 A,
113K VASH2 & HeLa 4B sip AR ik ELAS I i e
A N, KRR S (P<0.01, IR 31.T) , i3] Py I
P VASH2 ik 5 , Ca Ski AIMS75 1 4RI AHr A= ik
BRI s D A B8 (P<0.001, [#141.0)
2.4 VASH2 7T 4t it if4x EMT 2 /248 3 ' 2055 4m BLed
A5

WG SR T AN 963K VASH2 i HeLa 2
i AR X 200 i LA R 0 ] P A VASH2 34 1) Ca
ski MS751 i FIHXT AR AL (P<0.01, K1 SA \B) , P
1 Western blot Kiill] EMT 35348 Sl 43—t 8 FH kK
T (B SC) 255 s A MNEME 335 VASH2 )5, b 241
Huf bR C E-cadherin %A FIH(P<0.01,/E5C.D),
T 5] J5 410 0 1) 22 T B N-cadherin #11 Vimentin i) 2615
3#(P<0.05, E 5C \E.F), [FIH 5 A= il 45T i i) o
53T VEGF-C ikt Fi(P<0.001,185C.G) . #
il NV VASH2 2355 , E-cadherin (1) #3150 B K&
(P<0.001, ¥ 5C.D) ,N-cadherin. Vimentin fil VEGF-C
(2R F I (P<0.05, 8 5C . E~G) . Milt—A T HnAl
RERYZ>T-HLH , 3 RT-qPCR KGN L I 20 oA 750 vl
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Fig.1 Flotillin-1 positively regulates VASH2 expression in cervical cancer cells. A: Heatmap of RNA seq performed in SiHa cells

with exogenous overexpression and inhibition of endogenous flotillin-1 expression. B: Heatmap of RNA seq performed in HeLa
cells with flotillin- 1 overexpression and knockdown. C, D: Expression of N+ and NO of VASH2 in TCGA database and GEO
database. M1 (shctrl): Control cells transfected with the blank vector; M2 (flot-sh-1): Cells transfected with interference sequence 1
of flotillin-1; m3 (flot-sh-2): Cells transfected with interference sequence 2 of flotillin-1; M4 (ovctrl): Control cells transfected with
blank vector; M5 (flot OV): Cells transfected with flotillin-1 overexpression vector; N+: Fresh cervical cancer tissues with lymph
node metastasis; NO: Fresh cervical cancer tissues without lymph node metastasis.

A E K A FB(TGF-B) 1 mRNA RIAE A, &SP
TEE st #ik VASH2 Ji , TGF-BIIZEiA 3 (P<0.0001,
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0 flotillin-1 7] HEJ2 18 i VASH2 J45 2 S0 1 7k L0 45
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P P TEM: VASH2 FRIK 1Y B S0 20 ST 2 — 263 fk
ANSEI WIHAIESE T VASH2 75 7] G I P45 EMT itk
MRS MR AL

B AT R A A 2 I A A AR PR
A AT PR [0 SRy s P PO 4 1, I 7
A= TR e B AN T B AR LA I B RIS R,
VASH2 534: A8 T R 58 A 2 UIAH
VASH2 i A] DL ik 45 N K ARMIE A A g A= i A8 T
JSCHE TS M R VR B SR 9 4 A R RN s R ™ . S AF
5%t RT-qPCR . Western blot 1l IHC ¥l VASH2 (1
B SR AN AS R L 25 RS 1 S Al 2 Y
FEIRAKOF, K IR VASH2 765 30 21 il HeLa , Ca ski il
MS751 Hg IR K- 28 T8 BE R L B A,
AR S SR ARSI AN Ca ski Rk EL 45562 5k
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Fig.2 VASH?2 is highly expressed in cervical cancer cells and cervical cancer tissues with lymph node metastasis. A: VASH2 mRNA
expression levels in normal cervical epithelial cells and 5 cervical cancer cell lines detected by RT-qPCR. B: VASH2 mRNA
expression in N + and NO cervical cancer tissues detected by RT-qPCR. C: VASH2 protein expression in normal cervical epithelial

cells and 5 cervical cancer cell lines detected by Western blotting.

D: VASH2 protein expression in cervical cancer tissues with

different lymph node metastasis status detected by Western blotting. E: Quantitative analysis of VASH2 protein expression levels in
cervical cancer tissues; F: Imnmunohistochemical detection of VASH2 in cervical cancer tissues with different lymph node metastasis
status. G: Immunoreactivity (IHC) scoring of VASH2 in cervical cancer tissues. N+: Fresh cervical cancer tissues with lymph node
metastasis; NO: Fresh cervical cancer tissues without lymph node metastasis; IOD: Average optical density. **P<0.01, ****P<0.0001.
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Fig.3 Overexpression of VASH2 promotes cell proliferation, mobility, invasion and lymphatic vessel formation in cervical cancer
HelLa cells. A-C: VASH2 mRNA and protein expression in cells overexpressing VASH2 and control cells detected by RT-qPCR and
Western blotting and quantitative analysis Western blotting results. D: Viability of cells overexpressing VASH?2 at 48 h assessed
using CCK-8 assay. E, F: Migration of VASH2-overexpressing cells determined by wound-healing assay. G, H: Invasion ability of
VASH2-overexpressing cells determined by Transwell invasion assay. I, J: Lymphatic vessel formation in VASH2-overexpressing
cells quantified by lymph angiogenesis assay. VASH2: cells overexpressing VASH2. VASH2-vector: Control cells transfected with a
blank vector. Cell migration rate: percentage of cell migration; Invasion cells per field: number of cells invaded per plate; Relative
number of tubes: total length of nascent lymphatic vessels. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.
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Fig.4 Interference of VASH2 expression suppresses cervical cancer cell proliferation, migration, invasion and lymphatic vessel
formation. A-C: VASH2 mRNA and protein expressions in cells with VASH2 knockdown detected by RT-qPCR and Western blotting. D:
Viability of cells with VASH2 knockdown assessed with CCK-8 assay at 48 h. E, F: Migration of the cells assessed with wound-healing
assay. G, H: Invasion ability of the cells quantified by Transwell invasion assay. I, J: Lymphatic vessel formation in the cells quantified by
lymph angiogenesis assay. VASH2RNAIi#1: cells stably expressing interfering sequence 1 of VASH2; VASH2RNAi#2: cells stably
expressing VASH2 interference sequence 2; VASH2-RNAi-vector: Control cells transfected with blank vector. *P<0.05, **P<0.01, ***P<
0.001, ****P<0.0001.
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Fig.5 VASH2 induces EMT and positively regulates TGF-3 mRNA expression in cervical cancer cells. A, B: VASH2 mRNA expression
levels in cells with VASH?2 overexpression and knockdown determined by RT-qPCR. C-G: Western blotting results of protein expression
levels of E-cadherin, N-cadherin, vimentin and VEGF-C in cells with VASH2 overexpression and knockdown. H, I: Detection of TGF-3
mRNA expression in cells with VASH2 overexpression and knockdown by-RT qPCR. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

%Eﬁ%%@i , ijﬁ‘éf ﬁgﬁl\ﬁﬂfg éﬁiﬁjgﬁ}ﬂ@ﬂ@iﬁﬁ ar [2] Arbyn M, Weiderpass E, Bruni L, et al. Estimates of incidence and
% \@%*ﬂ{/ﬁ‘ E%’Sﬁﬁﬁi,,\ﬂﬁ%ﬂ—f %TGF-B@%%% mortality of cervical cancer in 2018: a worldwide analysis [J].
El/‘J EMT ﬁﬁéﬁﬂ\é ’ Efﬁla’ﬁzj‘:] flotillin-1 ﬁﬁﬁ%ﬁ%ﬁ?{/ﬁi i Lancet Glob Health, 2020, 8(2): €191-203.

o RO, N . [3] Benedetti Panici P, Basile S, Angioli R. Pelvic and aortic
G5B R UFIRAL , RIS A M UESE VASH2 vl oS

lymphadenectomy in cervical cancer: the standardization of surgical

IJ\E;mkE 3’??*2 Eﬁ{ﬁﬁﬁ?/ﬁfhﬁﬁm ]‘«/Z\Héﬁ' ﬁ?‘*f_ﬁ;&i procedure and its clinical impact[J]. Gynecol Oncol, 2009, 113(2):
YA TR 284-90.

[4] Li Z, Yang Y, Gao Y, et al. Elevated expression of flotillin-1 is

associated with lymph node metastasis and poor prognosis in early-

> k-

SE 30 stage cervical cancer[J]. Am J Cancer Res, 2015, 6(1): 38-50.

[1] Sung H, Ferlay J, Siegel RL, et al. Global cancer statistics 2020: (5] Hu XN, Ni Y, Luan J, et al. A review on vasohibin and ocular
GLOBOCAN estimates of incidence and mortality worldwide for 36 neovascularization[J . Int J Ophthalmol, 2020, 13(6):1004-8
cancers in 185 countries[J]. CA A Cancer J Clin, 2021, 71(3): 209-49. (6] Kang Z, Ji Y, Zhang G, et al. Ponatinib attenuates experimental



http://www.j-smu.com

J South Med Univ, 2022, 42(7): 966-975

+ 975 -

pulmonary arterial hypertension by modulating Wnt signaling and
vasohibin-2/vasohibin-1[J]. Life Sci,2016, 148:1-8.

[7] Sato Y. The vasohibin family: a novel family for angiogenesis
regulation[J]. J Biochem, 2013, 153(1): 5-11.

[8] Yamamoto M, Ozawa S, Ninomiya Y, et al. Plasma vasohibin-1 and
vasohibin-2 are useful biomarkers in patients with esophageal
squamous cell carcinomalJ |. Esophagus, 2020, 17(3): 289-97.

[9] Kitahara S, Suzuki Y, Morishima M, et al. Vasohibin-2 modulates
tumor onset in the gastrointestinal tract by normalizing tumor
angiogenesis[ J]. Mol Cancer, 2014, 13: 99-108.

[10] Norita R, Suzuki Y, Furutani Y, et al. Vasohibin-2 is required for
epithelial-mesenchymal transition of ovarian cancer cells by
modulating transforming growth factor-p signaling [J]. Cancer Sci,
2017,108(3): 419-26.

[11] Tu M, Li Z, Liu X, et al. Vasohibin 2 promotes epithelial-
mesenchymal transition in human breast cancer via activation of
transforming growth factor beta 1 and hypoxia dependent repression
of GATA-binding factor 3[J]. Cancer Lett, 2017, 388:187-97.

[12] Yokoyama H, Matsui I. The lipid raft markers stomatin, prohibitin,
flotillin, and HfIK/C (SPFH)-domain proteins form an operon with
NfeD proteins and function with apolar polyisoprenoid lipids [J].
Crit Rev Microbiol, 2020, 46(1): 38-48.

[13] Gauthier-Rouviére C, Bodin S, Comunale F, et al. Flotillin
membrane domains in cancer[J]. Cancer Metastasis Rev, 2020, 39
(2):361-74.

[14] Zhao F, Zhang J, Liu YS, et al. Research advances on flotillins [J].
Virol J, 2011, 8: 479-86.

[15] Banning A, Tomasovic A, Tikkanen R. Functional aspects of
membrane association of reggie/flotillin proteins [J]. Curr Protein
Pept Sci, 2011, 12(8): 725-35.

[16] Parmar D, Apte M. Angiopoietin inhibitors: a review on targeting
tumor angiogenesis| J]. Eur J Pharmacol, 2021, 899: 174021-30.

[17] Bergers G, Benjamin LE. Tumorigenesis and the angiogenic switch
[J]. Nat Rev Cancer, 2003, 3(6): 401-10.

[18] Tu M, Liu X, Han B, et al. Vasohibin-2 promotes proliferation in
human breast cancer cells via upregulation of fibroblast growth
factor-2 and growth/differentiation factor-15 expression [J]. Mol
Med Rep, 2014, 10(2): 663-9.

[19] Takahashi Y, Koyanagi T, Suzuki Y, et al. Vasohibin-2 expressed in
human serous ovarian adenocarcinoma accelerates tumor growth by
promoting angiogenesis[J]. Mol Cancer Res, 2012, 10(9): 1135-46.

[20] Lechler T, Mapelli M. Spindle positioning and its impact on
vertebrate tissue architecture and cell fate[ J]. Nat Rev Mol Cell Biol,

2021, 22(10): 691-708.

[21] Li FX, Hu YJ, Qi ST, et al. Structural basis of tubulin detyrosination
by vasohibins[J]. Nat Struct Mol Biol, 2019, 26(7): 583-91.

[22] van der Laan S, Leveque MF, Marcellin G, et al. Evolutionary
divergence of enzymatic mechanisms for tubulin detyrosination[J].
CellRep, 2019,29(12): 4159-71.

[23] Nieuwenhuis J, Adamopoulos A, Bleijerveld OB, et al. Vasohibins
encode tubulin detyrosinating activity[J]. Science, 2017, 358(6369):
1453-6.

[24] Beuran M, Negoi I, Paun S, et al. The epithelial to mesenchymal
transition in pancreatic cancer: A systematic review [J].
Pancreatology, 2015, 15(3):217-25.

[25] Sun X, Lin F, Sun W, et al. Exosome-transmitted miRNA-335-5p
promotes colorectal cancer invasion and metastasis by facilitating
EMT via targeting RASA1[J]. Mol Ther Nucleic Acids, 2021, 24:
164-74.

[26] Wang SJ, Tong X, Li C, et al. Quaking 5 suppresses TGF-p-induced
EMT and cell invasion in lung adenocarcinoma [J]. EMBO Rep,
2021,22(6): 52079-83.

[27] Bai YP, Sha JJ, Kanno T. The role of carcinogenesis-related
biomarkers in the Wnt pathway and their effects on epithelial-
mesenchymal transition (EMT) in oral squamous cell carcinomalJ].
Cancers, 2020, 12(3): 555-62.

[28] Derycke LDM, Bracke ME. N-cadherin in the spotlight of cell-cell
adhesion, differentiation, embryogenesis, invasion and signalling[J].
Int J Dev Biol, 2004, 48(5/6): 463-76.

[29] Wei T, Zhang XY, Zhang Q, et al. Vimentin-positive circulating
tumor cells as a biomarker for diagnosis and treatment monitoring in
patients with pancreatic cancer[J]. Cancer Lett, 2019, 452: 237-43.

[30] Zhang Y, Xue XF, Zhao XQ, et al. Vasohibin 2 promotes malignant
behaviors of pancreatic cancer cells by inducing epithelial-
mesenchymal transition via Hedgehog signaling pathway[J]. Cancer
Med, 2018, 7(11): 5567-76.

[31] Xue XF, Zhang Y, Zhi QM, et al. MiR200-upregulated Vasohibin 2
promotes the malignant transformation of tumors by inducing
epithelial-mesenchymal transition in hepatocellular carcinoma [J].
Cell Commun Signal, 2014, 12: 62-9.

[32] Katsuno Y, Derynck R. Epithelial plasticity, epithelial-mesenchymal
transition, and the TGF-B family[J]. Dev Cell, 2021, 56(6): 726-46.

[33] Liu P, Zhang CY, Liao YD, et al. High expression of PTPRM predicts
poor prognosis and promotes tumor growth and lymph node metasta-
sis in cervical cancer{ J]. Cell Death Dis, 2020, 11: 687-96.

(% bR )



