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ABSTRACT

Effects of green tea catechin on proliferation of
aortic smooth muscle cell in diabetic rat

Lee Jungln

Advisor @ Prof. Lee Byoung-rai, Ph.D.
Department of Medicine,

Graduate School of Chosun University

The incidence of diabetic complication is closely related to the
vascular dysfunction. The aim of this study is to investigate the
effects of tea catechin on proliferation of vascular smooth muscle
cells(VSMC) in diabetic rats. Diabetes mellitus of SD rats was induced
by high fat diet/low-dose streptozotocin(STZ). The experimental group
was divided into 3 different groups, non-diabetes control(NC) group,
diabetes mellitus(DM) group, diabetes mellitustgreen tea catechin
(DM+GTC) group. GTC, polyphenon 60, administered with dissolved in
0.2%(W/V) dringking water. After 16 weeks of GTC administration, the
altered-angiogenesis in diabetic rats examined by aortic ring assay and
the expression of contractile and synthetic proteins in VSMC of
thoractic aorta were also examined by gPCR and wastern blot.

Fasting blood glucose level increased in the DM group compared to the
NC group. In the DM+GTC group, it decreased by 31% compared to the DC
group. The serum creatinine and blood urea nitrogen(BUN) levels were

increased in the DM group and it decreased in the DMtP60 group compared
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to the DM group. Aortic ring assay using thoractic aorta showed that
the length of cell sprout significantly increased in DM group compared
with NC group and that of the DMHGTC group was decreased compared to
the DM group.

gRT-PCR for VSMC synthetic phenotype protein, cellular retinol binding
protein 1(CRBP-1) and connexin 43, from thoratic aorta showed that
CRBP-1 expression was increased by 70% in DM group, and decreased by
70% in DOM+GTC compared to OM group. Connexin43 was not different
between DM and NC group, and decreased in DM+GTC compared to DM group.
gRT-PCR of VSMC contractile phenotype protein, Smooth muscle—-myosin
heavy chain(SM-MHC), myocardin, a-smooth muscle actin( a-SMA), were as
follows. SM-MHC was increased 160% and 170% in DM group and ODM+GTC
group respectively, myocardin was increased by 75% in DM+GTC group
compared with DM group. a-SMA was increased by 70% in DM group and
OM+GTC group by 80% compared to NC group.

The results of wetern blot of VSMC phenotype protein, ki-67, myocardin,
a-SMA, were as follows. Ki-67 was increased by 277% in DM group and
OM+GTC group decreased by 77/% compared to OM group, myocardin was
increased 240% and 540% in OM and DM+GTC group compared with NC group
and a-SMA was increased by 120% in OM group compared to NC group.
Immunohistochemical assay of thoratic aorta showed that MMP2 and Ki
were increased in dibetes mellitus and decreased GTC treatments.

This study shows that synthetic phenotype of VSMC in aorta was incresed
in diabetes mellitus and GIC administration showed a decrease in the
expression of synthetic phenotype specific protein. Dietary
supplementation with GTC could potentially contribute to nutritional

strategies for suppression of diabetic vascular complications.

Key words: Diabetes mellitus, catechin, Vascular smooth muscle cell
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| A2 polyphenonsO(P60), streptozotocin(STZ), sodium
citrate ¥ 1&gl &A kit = Sigma-Aldrich Co.(St. Louis, MO, USA)OlIlA

4>

2 AWM AtESH EF= MBS 180~200 g &= Sprague-Dawely & ==A
© =2 MEtD(Samtako, Daejeon, Korea)OllA S2OHGHOY, 12A12F ¥ D], &
20+ 2T &A=k 60+ 5% 2 SHUA AFotA1D, 45% DX Y Alol=
Et2 (Samtako, Daejeon, Korea)UlA OHGHH Ar® SIRUCH. = e
Hetw S248 el {3 &2(5e#Hs: CIACUC2015-A0003)

x 0z H

citrate buffer& =20 FAICIRICH. STZ =A E2H aEgs=2 8 &

HESE AME A2 E 22010 AIFOIYCH. STZ A 2= = Nl YA

=Xg S=2EY 300 mg/dL OlAQl S22 42z EFRoOIYULH. AEZE2

CHZ&=(none diabetic control : NC), Y= =2(diabetes mellitus : DM) &
L

on

Hi=Xt JtHI2!2 (diabetes mellitustgreen tea catechin : DM+GTC)
S 3 222 LD, A A 2o == = 5022 oM, =sXItH
2l (green tea catechin : GIC)2 P602 AFSSIRUCH. NC = 2t DM 22 Al
2 &X22 BSotULD, IMGIC 22 +=X20 PSS 0.2%(w/v) =s=28 &

HAIHAN A2 S50t 1652 St AF=Fot AL
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2 s=2 12A12F SMAI912 1elE EHotH EHE MFdtD E2 53|
ACCU-CHEK (Roche Diagnostics, Manheim, Germany

I
=)
0P
%
i
0%
_O'ﬂ
32
0
s

U-
A JHHIZ £0 1632 Bl = Ags=2 HHEZEZ OFAA s = =

ZUUHA EHS MAGIALH. MFE W9 2= =SA €= =Feldto
22E= ol&el SHU 0180, UHX= S1AI2I & 832 2206t 2
cilOtE! (creatine), BUN(blood urea nitrogen) ¥ ZSHXIE & AZE AIE
OIACH & ol&sele ol=el =J kit(Insulin ELISA kit) Sigma-Aidrich
Co.(St. Louis, MO, USA)OIAM 2OHGHO HMIZEAL2 2HHO [etA BESAIZI =
ELISA plate reader (TECAN. Mannedorf, Switzerland)Z S&&E =&5H0]
HototACH &€& SHEXE, BUN % creatinine &2 €% Xs=24D|
(Hitachi 7180, Tokyo, Japan)E 0|&0ot0d =&oIRUCH. ElHEH X0l
homeostasis model assessment for insulin resistance(HOMA-IR)&= Matthews

S(15)9 20l WmetAd CFS Aol 2ol H Ao L.
HOMA-IR = Insulin(y units/mL) x glucose(mmol/L)/22.5

D. Aortic ring sprouting assay

IStSCH. = EFHE Olel=z=z OHFAIZ = &5

M=o, HEE SREUHSY=S 4C =2 H2UE PBS
(phosphated buffer saline, PH7.2, Welgene, Gyeongsan-si, korea)Oll =H
ot NEXEHES HAHGHD 1nm SHZ EHoHH HsM 1DelE =Hlot)

Ct. Matrigel Matrix (growth factor reduced, Corning, N.Y., USA)S
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96wel | plateOll 50ue% SO 37°C CO. incubatoriA 302 HHZAIA =2 2

8l £, =HIE s DelE Matrigel S0 Scd=1 37CUHAM 1022+ BH
e F CIAl 22 IS el Aol 50422 Matrigel Matrix® €0 37COHAM
3022 Lol 2FCH. Matrigel S0 MIZE HHFH (10% FBS, 100 mg/mL

dE ALE00 NMEZES2 Z0IE SEotALH

E. Quantitative reverse transcription polymerase
chain reaction(gRT-PCR)

Ct. ==& ANA= 222 ZEH2 260mm0llN SZ2EE ST dEst = 1p
g2l RNAS HoHA cONA &4 kit(Prime Script 1st strand cONA synthesis
kit, TaKaRa Bio Inc, Japan)= 0|&56t0! cONAES &AHoIACH. cONA &4 bt
S X242 192 RNAZ Random 6 mers (50 uM) 1€, dNTP mixture (10mM) 1
woll 2= SFE EItol S BIESWUS 1042 ot 65CUHM 522 B+HE
A2l &, 5X Prime Script buffer 44£, RNase inhibitor (40U/u¢) 0.5u4¢ ¥
Prime Script RTase (200U/u£) 1u£E &It 30C 10=, 42C 50=, 70T
1529 =A2 XAHOZ 3G cONAE S HOIRULCH. & E cONA= SYBR
Premix Ex Tag (2X) (TaKaRa Bio Inc, Kusatsu, Japan)2t & XH(CRBP1,
Connexin43, SM-MHC, Myocardin, o-SMA) SOIZ¢Ql primer2 AFE3t0 gPCR
S GIULH. BtSZ2AHAEZ2 100ng2l cONA 146, 10 pmol2l Forward & Reverse
primer 2 2¢4£, SYBR premix 100l o0& SF{F+E It S BESAH 20
eIt E 8 = =J| denaturationg 95TOHM 152 Set BtE =,

denaturation 95T U A 30, annealing 60C OIA 30%&, extention2
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72COHA 20EE 40 cycles £=&oIULH. SAEXS LEHAETZ= housekeeping
S&XCl GAPDHE JIECZ delta—delta Ct (A Act ) &HHOZ H ASHHLCE.

F. Western blotting

EFZRH 2olE SRUSY A0 1mM protease inhibitor (PMSF)Jt I
gt lysis buffer (50 mMTris pH 7.4, 150 mM NaCl, 1% Triton X-100, 1%
NP-40, 0.1% SDS) & 3mL £ DJtot0d homogenizer (BioMasher, Tokyo,
Japan)E O0IE6I0 ZH 2= = 14,000rpm0lM 1022t FAMZE & ASH
= 4ot ANE22 AMEotU. ==&= 4dSH=2 CHHAS Bradford
protein assay kit (Bio-Rad, CA)E OIE0ot0d HotL, S HUHAZ
SDS-PAGE (sodium dodecy!| sulfate polyacrylamidegel electrophoresis)Oil
MIIFSot A E AIIEZ FZ2lst T3 Polyvinylidene fluoride
(PVOF) transfer membraneOfl transfer buffer (20 mMTrizma® base, 190 mM
glycine, 20% methanol)2t electrotransfer kitE O0l&3dt0 1AI2F 302 S¢ot
OlSAIZCH. &I 0ISE membrane= blocking buffer (5% skim milk in
TBS-T [1x Tris-bufferd saline, 0.1% tween-20])0i B*SAIH HISOIHQ &
g2 olgst S, 1X X (myocardin; Santa Cruz Biotechnology, ki-67;
Biowor Id, a-SMA; abcam)E &EIt8t £ 4TO A overnight BtS Al2l & 2Xt
&tAl(horseradish peroxidase conjugated-Ab)E &It 8 & A20M 1AI2¢
BFSAIZACE. ECL (enhanced chemiluminescence)kit (BIONOTE, korea)E 01
Ot HHEdAo] I HEE X-rayd0lAM BHES] 3JI2 =QIGHALCH. BHEQ)

A2 Image J ZE2]HE AIEotH Z46HRULEH.

=

T 0

G. Immunohistochemistry

BlFZEH =22 ES2dsds 0. cm  Z0I2 EHHoSI  10%

paraformaldehyde EH0UHA LDEAZI = =032 HXHM Lt ZZ0K

(embedding)8t = 6umel 2Oz Zel £20/E 2t Ao 0 mhetE
- 6 -
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£ HMXote HE(xylene |, 11, 1ll— 100% EtoH | , Il — 95% EtoH I , Il = 90%

EtoH—80% EtoH— 70% EtoH ,2t 102&)2 XESIRUCE. SF 0 5228 A=A

(washing)ole S¢+ 0l2l &EHIGH =2 retrieval solution(sodium citrate

buffer : stock A-O.IM citric acid 9ml, stock B-0.1M sodium citrate

dehydrate 41mL ; total of 500mL D.W, pH 6.0)S BIOIH0M O microwave

E 0|83 =&MMEZS €10 F 202 WZ IJtEatH =80 sHE SRS
A

sl=5ts DS NS OS MSUHAM 1A BE YAACHL 0% 0.
6 C|

QL
=
3
=t
>0
[a8)
>3
=4
==
N
(&)]
HI
s
o0
J
-
e
X
e
D
o
=
o
QO
n
D
l
>
L
_O'j
S

i
\‘
ML

b2

SE+2 23, IX PBSZ 23], & MONE =, =201& ZetAS TH
L0l normal serumE &=0 EUHEH 20 M 1AIZES2H EXIGHRICH. =
0l 22t22 ZA<0l 1xb M (PCNA 1:1000 dilution-Cell Signaling,
Ki-67 1:100 dilution, MMP2 1:200 dilution-abcam)E& XI5t 4COHAM
overnight Al2l & 1X PBSZ 724 43 MIEGIACH 22X+ &HM(1:200 in 1X
PBS)E &EItot0d 3022t Meldtl 1X PBSZ 724 33 MEGt=e S92 302
0l OI2l Z&AI2] ABC reagentE 50272t XMclot) 1X PBSE 724
DAB(diamino benzidine, 0.2mg DAB , 3% H.0. 10u X P =
Heloto] ZAo] HM AMEIE SQIotHA BISE AEAIZI & S8
1022t HI=otD hematoxylinOl 122t HXHME & E+0A (70% EtoH—
80% EtoH— 90% EtoH— 95% EtoH I, II— 100% Etol S

2% 52M)S )E = S0IZBOZ BB,

2o

T
l
>
)
>
@

H. SAIAcZC

RNA-seqE HMIQEt RE =H Zle= B+ HEFH I (mean+SD)2 HAIGHA
1, AlgZNt= SPSS (Statistical Package for the Social Science, Ver.
12.0. SPSS Inc., Chicago, IL, USA) SH Z=)&HE 0I25t0 24&EA
(ANOVA)S &AAIGHRAD, AME 2t |2/42 Duncan's multiple range testOll

Sl Al P<0.05 ==0IlA HSotALH

Uy
rr
0&
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278.5+ 16.2 g, DM =2 MES2 263.4+ 14.3 g 22 NC =& 1t

O =28t Xt0IJF A1, A0olgFHE2 NC = 13.2+ 3.2 g/24 h, DM =2

22.8+ 6.6 g/24 h2 DM =20l NC ZECH 72%0t SIHEIJUCH. 3=

scte DM

OA 24.2+ 2.1 mmol/L2 NC =2 4.7+ 0.8 mmol/LOIl HISIX < 4HHDt

C =& 7.6+ 0.7 pU/L, DM = 8.2+

0.7 pU/L

N
S 2H0l XtOIJF MM, HOMA-IREZ NC ==2Ch DM Z0llA 2F 3.881 =

A UHEISDH S22 M Z0lA NC 20lAM 78.2+ 7.5 mg/dL, DM =2 Ofl
8

A 168.2+ 17.9 mg/dL2 OM ZOIA 2 1.18H0F ZIb EIRACH.

B. =Xt JtHIZI &0 =8 &F2 Ay 4A

S JEZ S0 B0l 0IXE e 2EED| A PO0S LY S
FOI 16F2 S0 = REE ALY, S+Y, WE L gurHe
Table 31 ZCH AlOIMF S NC 2 22.7+ 3.6 g/24 h, OM 2 31.7% 6.5
g/24 h, DIHGTC = 28.7+ 5.6 g/24 hE 2t2t LIEFHAL NC Z0il HIGHO OM
20 DMGTC 22 3% 2F 26% Jb 22t SIIEA2LE OM 21t DHGTC 2 A0l
of AlolEF 2ol X0le AUCH SH#2 NC 2, DN 2T DHGTC ZO0IA

7.8+ 3.5 mL/24 h, 42.1£ 7.3 mL/24 h & 33.5+ 6.5 mL/24 hE 2= U

EFHLHA NC 201 Hlotod DM ZO0IA 136 %It SItEIALD, DMGTC =2
2 DM 20l dHiote 20% E2&= 2ALZUCH. 25 €22 NC 2,

DWMGTC ZO0IM 4.8+ 0.7 mmol/L, 25.2+ 2.6 mmol/L & 17.2+ 2.
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£ 22 LIEtWA NC =0l HIotod DM @2 425%0F SIOHEIR”L), DMGTC =2
=222 M 20l Blote 31% JF ZAE0H =S80 =X JtHZ! FH2
SSEE A0t LEtgE &€ = UAACH. €3 2sel 2 N6 =2, oM =
2t DMHGTC = AROION =2l8t XHOIDJF 204, HOMA-IR2 NC = 1.8+ 0.3, DM
o 8.7t 0.9, DMGTC =& 6.1+ 0.6 22 22} LIEtLIA NC =20l HIGHK OM

20N FoGHA SOt} LD, DMHGTC 22 HOMA-IR Xl== OM =20l HIGtH
29% It ZAEUC. €F SLEXNEHE2 NC =2, M =20t DMGTC Z0lA
79.4+ 11.9 mg/dL, 182.2+ 15.8 mg/dL & 141.2+ 14.2 mg/dLE 2r2f LIEt
LHA NC 220l HIotd DM 220l A 130%IF SItEI A D, DMGTC =22 S& X

2 DM 20l HISte 22% JF 2A% 0 =X 2 F0HZ =9 2F9
SAXNESE 240 LHEIEES & = QUL BUN NC M
OM+GTC Ul A 27.5+ 5.5 mg/dL, 81.4+ 11.8 mg/dL & 65.1+ 10.1 mg/dL
£ 212 L4EHWHAM NC =20l Blotd DM 20l A 196%IF SItEI D, DWGTC
O BUN &2 DM =20l BIGHH 20% It 245 SXIHHEIZI SHZ2 =9
Fo €& BN & 20t LietgES € = UL €& creatinine g2
=, OM =21 DWGTC =ZO0lA 0.31+ 0.08 mg/dL, 1.25+ 0.14 mg/dL
5+ 0.11 mg/dLE 22t LIEtLHA NC =20l HIGHH DM = 0lA 303%2F SOt
1, DWMGTC =22 BUN & DM =20l HIGHH 32% Jt ZAE0 =XIHHIZ!

2 Y59 3FO EA creatinine & 2401 LIEIYES & &= UL,

A
04 oM

t2t

m

Moo
[

A

ur
]
o
ro

R
o

s
MJ

o

=
D

o

(0]
H+
bl

n <
2

=
-

C. =Xt JMEHIZ! S0 QLY SFO HSH MMED S

g0l 0IXl= &

=Xt JHHIZI0N €8 EF 9 s Adga FHs80 0IXlse s
2HEGHI] 2ot EiaHol sgE SF0l =Xt JtE2! 0.2%(W/\V) BHE 16
> SO0 B E0st & EFE SIMAIHAAN EF UHSHS MO 2F 1mm
A& FHE BHOI0 s Del(aortic ring)E 2HSRUCH. HSY Del=
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Table 1. The primers sequence for gRT-PCR

Gene Forward primer sequence Reverse primer sequence
GAPDH 5'-CAGTGCCAGCCTCGTCTCAT-3" 5'-TGGTAACCAGGCGTCCGATA-3'
CRBP1 5'-CACCATGCCTGTGGACTTCA-3' 5'-TCAGTGTACTTTCTTGAACAC-3'
Connexin43 | 5'-GGCCTTCCTGCTCATCCA-3' 5'-GGGATCTCTCTTGCAGGTGTAGA-3’

SM-MHC 5'-ATGGAGACAAATGCTAATCAGCC-3' 5'-CAGTTGGACACTATGTCAGGGAAA-3'

Myocardin 5'-CAGAAAGTGACAAGAACCATACAG-3" | 5'-TGAAGCAGCCGAGCATAGG-3'

a-SMA 5'-AACTGGTATTGTGCTGGACTCTGG-3' 5'-CACGGACGATCTCACGCTCAG-3'

GAPDH: glyceraldehyde 3-phosphate dehydrogenase
CRBP-1 : cellular retinol binding protein 1
SM-MHC : smooth muscle—-myosin heavy chain

o—SMA :© a-smooth muscle actin

_24_

Collection @ chosun



Table 2. Physical and biochemical parameters of experimental animals

Parameter NG OM?’
Food intake(g/24h) 13.2+ 3.2 22.8+ 6.6
Body weight(g) 278.5+ 16.2 263.4+ 14.3
FBG*' (mmol /L) 4.7+ 0.8 24.2+ 2.1
Plasma insulin(uU/mL) 7.6+ 0.7 8.2+ 0.7
HOMA- IR" 1.7£ 0.2 8.2+ 0.7
Triglyceride(mg/dL) 78.2+ 7.5 168.2+ 17.9°

NC: None diabetic control.

?DM: Diabetes mellitus.

FBG: fasting blood glucose.

“HOMA-IR: homeostasis mode! assessment of insulin resistance.
Values are mean® SD(n=5). * p< 0.05 compared to the NC.
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Table 3. Effect of green tea catechin on physical and biochemical

parameters in diabetic rats

Parameter NC DM DMHGTC
Food intake . .
+ + +
(a/240) 207+ 3.6 31.7+ 6.5 28.7+ 5.6
Fluid intake . o
+ + +
(24} 17.8+ 3.5 421+ 7.3 33.5+ 6.5
Body weight(g) | 372.4+ 24.3 | 356.24 21.2 345.1+ 16.1
FBG(mmol /L) 4.8+ 0.7 052+ 2.6 7.2+ 2.1
Plasma insulin
+ + +
L /L) 8.3+ 0.9 7.8+ 0.8 7.9 0.9
HOMA- 1R 1.8+ 0.3 8.7+ 0.9 6.1+ 0.6
Triglyceride 79.4+ 11.9 182.2+ 15.8" 141,24 14.2%
(mg/dL)
BUN?! 27.5+ 5.5 81.4+ 11.8 65.1+ 10.1*
Creatinine 0.31+ 0.08 1.5+ 0.14" 0.85+ 0.11%
(mg/dL)

UDMHGTC: diabetic rats treated with green tea catechin(0.1% Polyphenon
60 in drinking water) for 16 weeks.

YBUN: blood urea nitrogen.

Values are meant SD (n=5). > p< 0.05 compared to the NC, # p < 0.05
compared to the DM group.
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Fig. 1. Effects of green tea catechin on endothelial cell(EC) sprouting
from aortic ring of diabetic rats. Type || diabetes of SD rats were
induced by high fat diet and low dose STZ (35 mg/kg). 16 weeks after
diabetes induction, thoracic aortas from control animal and diabetic
animal were explanted and dissected to make ~1mm length aortic rings.
The aortic rings were embedded in Matrigel in a 96 well plate (one
aortic ring per well). Embedded aortic rings were cultured for up to 7
days. EC sprouting was monitored on a daily basis. Arrow indicates EC
sprouting from aortic ring. Scale bar=1mm.
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Fig. 2. Green tea catechin decrease EC sprouting from aortic ring of

diabetic rats. 7 days after aortic rings cultured, EC sprouting was
monitored and evaluated by Image J system. Arrow indicates EC sprouting
from aortic ring. Scale bar=1mm. The data represent the means + SD of
three independent experiments. >p < 0.05 compared to the NC, # p <
0.05 compared to the DM group.

_28_

{“ICollection @ chosun



m NC
DM
» DM+GTC
2
1 o
0 -

CRBP1 Connexind3

Fig. 3. Effect of green tea catechin on proliferating proteins
expression in VSMC of thoratic aorta of diabetic rats. Total RNA was
extracted from thoratic aorta and subjected to RT-PCR using protein
specific primers. CRBP-1 : cellular retinol binding protein 1. The data
represent the means = SD of three independent experiments.*p < 0.05
compared to the NC, # p < 0.05 compared to the DM group.
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Fig. 4. Effect of green tea catechin on contractile proteins expression
in VSMC of thoratic aorta of diabetic rats. Total RNA was extracted
from thoratic aorta and subjected to gRT-PCR using protein specific
primers. SM-MHC : smooth muscle-myosin heavy chain, a-SMA : o -smooth
muscle actin. The data represent the means + SD of three independent
experiments. xp < 0.05 compared to the NC, # p < 0.05 compared to the
DM group.
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Fig. 5. Effects of green tea catechin on Ki—67 level in VMC of
thoratic aorta of diabetic rats. Rats aorta collected and subjected to
Western blot using Ki-67 specific antibody. The data represent the
means = SD of three independent experiments. *p < 0.05 compared to
the NC, # p < 0.05 compared to the DM group.
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Fig. 6. Effects of green tea catechin on a—-SMA level in VSMC of
thoratic aorta of diabetic rats. Rats aorta collected and subjected to
Western blot using o—-SMA specific antibody. The data represent the
means = SEM of three independent experiments. *p < 0.05 compared to

the NC group.

_32_

{“/Collection @ chosun



i

o

o
J

NC DM DM+GTC
Myocardin

03]
o
1

iy (0]
o o
1 1

*

Relative density vs B-actin(%)
rJ
O

NC DM DM+GTC

Fig. 7. Effects of green tea catechin on myocardin level in VSMC of
thoratic aorta of diabetic rats. Rats aorta collected and subjected to
Western blot using myocardin specific antibody. The data represent the
means = SEM of three independent experiments. *p < 0.05 compared to
the NC, # p < 0.05 compared to the DM group.
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Fig. 8. Immunohitochemical assay of thoratic aorta from green tea
catechin treated diabetic rats. Thoratic aorta of rats were collected
and subjected to immunohistochemical examination using specific
antibody. MMP2 : matrix metalloproteinase 2. PCNA : proliferating cell
nuclear antigen.
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