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Abstract

The role of ETV2 in vascular smooth muscle cells migration

Dae Hyeon Lee
Advisor : Associate Prof. Heesang Song, Ph.D.
Department of Medical Science

Chosun University Graduate School

The ETS (E-twenty six) family of transcription factors consist of 12
subfamilies. Among the ETS factors, ETVZ is transiently expressed and known to
play a key role in angiogenesis during embryonic development. However, it is not
expressed in the adult. Recently, ETV2 has been found that damaged tissues of
the adult are expressed for improved vascular regeneration and remodeling. In this
study, the role of ETVZ2 was confirmed in the process of migration and proliferation
vascular smooth muscle cells (VSMCs), the cause of arteriosclerosis and
restenosis. First, ETV2 adenoviral vectors were constructed, VSMCs in ETV2
overexpression and inhibitor were identified, MMP9 upregulation by ETVZ2
overexpression and MMP9 downregulation by silencing were confirmed. In addition,
ETV2 overexpression shown the phenotype change in VSMCs, as the expression
level of contractile maker a—SMA, Myocd were decreased, while the expression

level of synthesis maker Connexin43 was increased, the confirming the effect of
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phenotype control of VSMCs by ETVZ2 regulation. Furthermore, the expression of
ETV2 was confirmed in rat model with balloon injury and VSMCs specificity.

In conclusion, the present result demonstrated that ETV2 activated MMP9
induce cell migration in VSMCs. Furthermore, Effect of ETV2 overexpression has

necessary to study in detail the effects on VSMCs.
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EZEE2NE HHLH A=8t DMEM (Dubecco’s Modified Eagle's
Medium)2t FBS (Fetal bovine serum), penicillin-streptomycin® trypsin—EDTA=
Capricorn At22H 7235t SMGs (selective submandibular glands)= Gibco
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SMA= Santa Cruz biotechnologyAl, Anti-B—actin® Sigma-AldrichAtZ 2 2
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0z

o

6=

o

=31 Sprague-Dawley rat (Charles River Japan, Hino, Japan)
A SRUHSHES HESIH 0.1 % penicillin streptomycing XZ&toleE DMEM
(Dubecco’s modified Eagle’s medium)lA =2 Z2&E8 L XXX HAHS
M2AHAStD 1mg/ml8l collagenase type | 3t 0.5 mg/mlel elastasedt Z& &
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cell)E 1,600 rpmez Kal=22|otd EHAIZID DA HIEZE 0.1 % penicillin
streptomycint 10 % FBSE & S8t DMEMOIA 2&HAI21 F CHAI 1,600 rpme 2

Ha2cotd 20E HEE 10 % FBS DMEMOI S &0l E4HAIZA CO2 BHZII0IA
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FACEH HHBHZFZ 0.05 % Trypsin—EDTAZ U Z Xclot( AIAGIRLH, 2
= 280 ArEE ME= AIEE XMool &AM 10 % FBSIH 2 &= DMEM, 5 %

SMGSOIAl 24A12F SO Hietet X2z St Z20A 2 &80

1
0

I ALt

0

3. ETV2 Wes Ootdl=HIoldA A A
ETV2 s OtdlHioldA = Invitrogen AL ViraPowermy
OtOI=HIOIH A ELUSHAIAEZ 0l206t0H HEBIF 20, pcDNA vector Ol ETV2 Jt

& E vector 2 pENTR1A dual selection vector € 0|&3dI(H,

I
O

Al
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1

Eoll Ef2E ETV2 E pENTR1A dual selection vector 0l &S Soif Z&H&H
28 & vector 2t OHGI=HIOIAAMZ vector 21 pAd/CMV/V5/DEST vector £

SHMAI2ZI S, LR recombination AlIZICt. HIgt &4 Pacl 2 Sol AFHAIA
XNEHEOZ ETV2 OFHIE=HIOIHA vector £ Invitrogen AF2l Lipofectamin 2000
reagent O|26t0 293A M0 22HAI2ICH. O0l= Takara A2l gPCR titration kit &

ol2std Ootdl=Hiolzd XSl MOl (multiplicity of infection) 2t =&SHC}.
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4. ETV2 Moll siRNA =&

Bd HEIEe ETV2el  £S0IHQ2 sense?  antisense  RNA
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6. Western blotting
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7. Gelatin zymography
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8. Quantitative reverse transcription—polymerase chain reaction

Total RNA= TRIzol lysis reagent &0 25t =Felg =
spectrophotometerS O0I&6t0 260 nmOlAd RNAZES =&oIRUCH. 1O = total
RNAE PrimeScript™ 1st strand cDNA Synthesis Kit (Takara)Z OI235t01 first
strand cDNAZS &43&tRLCH gPCR £rS2 RealHelix™ qPCR kitS AIZ5H0d
Rotor-Gene 3000™2 0|23t X242 95 COHAM 152, 95 C 30 sec, 62 C

20 sec, 70 T 20 sec Z 40 cycleE =2otAUCt. gPCRUl AtE8t primer ME2
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9. Immunohistochemistry
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Table 1. Primer sequences for gPCR analysis

Gene Primer sequence

GAPDH Sence: 5'~-CAGTGCCAGCCTCGTCTCAT-3’

Antisense: 5'-TGGTAACCAGGCGTCCGATA-3’

hER71 Sence: 5'~-CGAGTTGAACCTTCCCACAA-3’

Antisense: 5'~AGGAGATGAGGTAGCCGATGAA-3’

MMP2 Sence: 5'-CATCCTGAACCCTCACATCCA-3’

Antisense:5'-CCGCATCCAGGTACTGAGAGTGAT-3’

MMP9 Sence: 5'-CAAACAGGGCAGAAGACACC-3’

Antisense: 5'-CTCTGAGGGTGCTCCACCT-3’

MMP13 Sence: 5'~AGCAAGGCGGCTTCTCTTTT-3’

Antisense: 5'-GCTGGTCTGTCTCCTTCATGT-3’

a—SMA Sence: 5'~-CACTACGAGGATGCTTGTGG-3’

Antisense: 5'=CCTTCTTCTCATACTCTTCGT-3'

vWF Sence: 5'-CAAACAGGGCAGAAGACACC-3’

Antisense: 5'-CTCTGAGGGTGCTCCACCT-3’

cD31 Sence: 5'~AGCAAGGCGGCTTCTCTTTT-3'

Antisense: 5'-GCTGGTCTGTCTCCTTCATGT-3'

CD34 Sence: 5'~-CACTACGAGGATGCTTGTGG-3’

Antisense: 5'=CCTTCTTCTCATACTCTTCGT-3'
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1. Adenovirial ETV2 HIZ %L ETV2-siRNA &

S D} IE
— O

Hl

ZHES SA L 0ISUHA ETV2S &S #EOI| ?IoHA Flag

e

o

Jb tagging=l ETV2 adenovirusE HMIZotSCH Figure T1ANA ETV2D} target=
plasmid vector0l adenovirusE 82t== plasmid vector®! pAd/CMV/V5-DEST

I A2 Mot XE = target = ETV2E ligation

]
fol

vectorOl ETV2E &S 9
A0 2ol &St TransformationAl2ICH 21 = Pac | 2& digestion AlZ2! =,
22 pelletS 293A M0 2 S AIA, adenovirusE M & GHRACEH
Figure 1B= EZEEIZMENAM LTI 2= ETV2IL adenovirusE =& 9
EHOZ HelgdaM HEE THUSS anti-FlagE OIE &t western blottingS S
ol 2OIBHACH L& silentFect’™ Lipid ReagentE O0I5I01 ETV2E 4B Ho2

=2

silencing2 AlZ 2 =t0IGHCE.
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pcDNAG6.1-Flag-ETV2

l

Ligation products

|

"PENTR™A

£
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Dual Selection Vector DEST" E
36.7 Kb
Uy g
l )
Pacl Pacl
BarHl  ETv2 Xhol
) \ Adenovirus gene ¥
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l

Transfection into 293A
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ETV2 Ad.
c 4 7 14 (MOI)

300F u 15 z
[
£ P
§A240- g 12+
S S2
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wg ==
2 3 1201 °3
22 . o 6
[ =1
ko) * o
(i 601 & 3+ *k
c 4 7 14 (MOI) c  ETv2 SIiETV2

+ETV2

Figure 1. Construction of ETVZ2 adenoviral vector and ETV?2 silencing using siRNA.
(A) The ETV2 overexpression adenovirus was generated using a
ViraPower™ adenovirus expression. ETV2 in the pcDNA construct was kindly
provided by Dr.Changwon Park, which was cloned in the pENTR1A dual selection
vector. An adenoviral vector expressing LacZ—pB—galactosidase was used as the
control and was named LacZ Ad. The construction were generate an adenoviral
expression clone. Then, the constructed adenoviral vector was transfected into

293A cells using Lipofectamin 2000 reagent after digesting with the
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Pac | restriction enzyme. Adenovirial particles were tittered at a multiplicity of
infection (MOI) using the Adeno—X"™ gPCR titration kit. VSMCs were infected with
adenoviruses at MOl of 4 and 14 for 48h. VSMCs viability was measured using the
Western blot. (xp<0.05) (B) VSMCs were treated with 40nM ETV2-siRNA at the
indicated concentrations for 72h. VSMCs viability was measured using the Western
blot. *p<0.05 cells treated with transfected with ETV2 adenovirus. *xp<0.05 cells

treated with transfected with siETV?2.
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Figure 2. Effects of ETV2 overexpression on VSMCs.

(A) Two—dimensional assays were performed 24h or 48h later in LacZ Ad.
or ETV2 Ad. treated to 24h wound healing. The cells migrating to the surface of
membrane were examined original magnification X200. Two different areas of
migrated cells were counted for each data point. The asterisk indicates a
significant difference (xp<0.05). (B) Three—dimensional assay were performed
24h later VSMCs in LacZ and ETV2 adenovirus, after chemotaxis chamber for
24h with polycarbonate membrane coated with DMEM (containing 1% FBS ,1%
SMGS) and designated concentrations of conditioned medium in the lower well.
The cells migrating to the lower surface of the membrane were examined original
magnification X200. Two different areas of migrated cells were counted for each
data point. The asterisk indicates a significant difference (*p<0.05). (C) The
VSMCs were treated LacZ and ETVZ2 adenovirus for 24h later proliferation assay

was performed.
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Figure 3. Altered protein levels of MMPs by ETV2 overexpression.

(A) The overexpression ETV2 of MMP2 and MMP9 activity were measured
using the Western blot. The band density was normalized with B-actin (internal
controls). The total protein loaded per lane was 50ug: detection of ETV2 and
loaded per lane was 50ug: detection MMP2 and loaded per lane was 60ug:
detection MMP9 and loaded per lane was 5ug: detection B-actin. Histogram
showing average data for MMP2, MMP9 protein in the control, positive control and
the treated each sample (ETV2) in dose—dependent. Densitometry analysis of three
independent western blot shows quantitation of MMP2, MMP9 levels (n=4.7,14MOQlI)

*p<0.05 versus the control. (B) The LacZ or overexpression ETV2 media were
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prepared and used for gelatin zymography. Histogram showing average date for
MMP2, MMP9 activity in the control, the treated each sample (LacZ, ETV2) in dose
(n=4 MOQI). Densitometry analysis of three independent zymography shows

quantitation of MMP2, MMP9 level. *p<0.05 versus the control.
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Figure 4. Altered mRNA levels of MMPs by ETV2 overexpression.

(A) MMP2, MMP9, MMP13 mRNA levels were measured by guantitative real
time PCR. Rat VSMCs were treated for 24, 72h with ETV2. The mRNA levels were
normalized to GAPDH. The mRNA levels of MMP9, MMP13 were increased in
VSMCs treated ETV2. Values are presented as mean = S.D. *p<0.05 versus the
control. (B) Analysis of human MMP9, rat MMP9 promoter activity using the dual

luciferase assay. Values are presented as mean = S.D. *p<0.05 versus the control.
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Figure 5. Altered protein levels of MMP9 by ETV2 silencing.

Silencing ETV2 after overexpression ETV2 of MMP2 and MMP9 activity were
measured by western blot. The band density was normalized with B—actin (internal
controls). The total protein loaded per lane was 50ug: detection of ETV2 and
loaded per lane was 50ug: detection MMP2 and loaded per lane was 60ug:
detection MMP9 and loaded per lane was 5ug: detection B-actin. Histogram
showing average data for MMP9 protein in the control, positive control and the
treated each sample (ETV2, silencing ETV2) in dose. Densitometry analysis of three
independent western blot shows quantitation of MMP9 level (n=4.7,14MOQI)
*p<0.05 versus the control. The protein levels of MMP9 were decreased in VSMCs

treated silencing ETVZ2 with ETV2 overexpression.
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Figure 6. Alteration of phenotypic makers in ETV2—overexpressed VSMCs.

a—-SMA, Myocardin, PDGF-A, Connexin43, KLF4 mRNA levels were
measured by quantitative real time PCR. Rat VSMCs were treated for 12h with ETV2.
The mRNA levels were normalized to GAPDH. The mRNA levels of PDGF-A,
Connexind3, KLF4 were increased in VSMCs treated ETV2. *p<0.05 versus the

control
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(8)

Bl(Balloon Injured)

Figure 7. Expression levels of ETVZ2 in balloon—injured rat carotid artery.

(A) Relative comparison of the rat aorta. Left: sham Right: balloon injury
model, Carotid artery tissues. Hematoxylin and eosin stain. Intima thickness sham
17 um, balloon injury model 54 um (B) Immunohistochemistry staining of ETV2
expression in Carotid artery tissues. VSMCs were exposed to control and Balloon

injury model.
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