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=Abstract=
The Effects of Glucose, Insulin and Angiotensin Il on Plasminogen
Activator Inhibitor-1 Expression and Growth of Aortic Vascular
Smooth Muscle Cell in Rats

Sae Young Choi, MD. *, In Kyu Lee, M.D. **, Sung Sae Han, M.D. ***, Jae Hyun Kim, M.D.*,
Chang Kwon Park, M.D.*, Kwang Sook Lee, M.D. *, Young Sun Yoo, MD.*,
Kee Sik Kim, M.D. **, Yoon Nyun Kim, M.D. **, Kwon Bae Kim, M.D. **

Background: Plasminogen activator inhibitor-1(PAI-1) is known as the primary physiological
inhibitor of tissue-type plasminogen activator(t-PA) in the plasma, and is present within the
atherosclerotic vessels. Increased plasma levels of PAI-1 are one of the major disturbances of
the hemostatic system in patients with diabetes and/or hypertension, and may have multiple
interrelations with the important risk factors in the development of atherosclerosis. This study
was performed to determine whether altered gene expression of PAI-1 occurs within the
arterial wall, and thereby potentially contributing to the increase of cardiovascular risks
associated with diabetes andfor hypertension. Material and Method: The aortic vascular
smooth muscle cells of the rat were exposed to 22 mM glucose, angiotensin II, and insulin
increased PAI-1 mRNA expression with the use of Northern blotting were examined. Also
examined were the effects of 22 mM glucose, angiotensin II and insulin on the growth of
the rat’s aortic smooth muscle cells by using MTT assay. Result: Twenty-two mM glucose
treatment increased the PAI-1 mRNA expression in a time- and dose-dependent manner. An-
jotensin II treatment synergistically increased the glucose-induced PAI-1 mRNA expression. In
contrast, addition of insulin attenuated the increase of 22 mM glucose and angiotensin II
induced PAI-1 mRNA expression. Furthermore, treatment of 22 mM glucose, angiotensin II
and insulin resulted in a significant increase in cell numbers.
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This study demonstrated that 22 mM glucose and angiotensin I have a synergistic effect
in stimulating the PAI-1 mRNA expression and in the cell growth of the rat’s aortic smooth
muscle cells. Conclusion: Elevation of glucose and angiotensin II may be important risk
factors in impairing fibrinolysis and developing atherosclerosis in diabetic patients.

(Korean J Thorac Cardiovasc Surg 1999;32:333-40)

Key word : 1. Glucose
Insulin

plasminogen activator

L

Smooth muscle relaxation

x
u

ARZ 52 w2 e} o)& &
H5e 72 FWA S (atherosclerosis)ol] 3 HAE A S
ouf HlAEAAZ Foln o5 Fnwo s U A
3 dhsE F2F PSSl

¥y, 2eledds 2 138 5x T3 A
AAERIH| o] EollAl $leIAE angiotensin 119 A5¢] 59

3
Asks 2 AN Mg Fe3 FeR Aysy itk
Angiotensin 1= 9324 RE] =(vasoactive peptide)E &
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FAstoq A3 PAAS -3 £33 angiotensin I
H FLTAE AEFET NS SIHTIAY
Fo] v)Z5 o AAPE fkehcky gk Angiotensin 1T
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e A FTIE A9 kel AP 2
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N2AAPAA E7459e] dehiz 42249 Aol A9
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Al tA] 2 BlZ A 3k F A (angiotensin  converting  enzyme: ACE)
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ol PAIL A4 THAE Zxeshsd 7)dden sl
2 A7 184, €Y Y angiotensin 117} PAL-19] A4
Y A FHFLEIAE FA vAe JFE A Yt
A NG IAZE o] 3 AR AL A3t
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A FEL 574 100 gmA 5] Spraque-Dawleys 255
ARE-84T). kA= D-glucose, angiotensin II(Sigma Chemical
Co, St. Louis, USA), Dulbecco’s
medium(Gibco, Grand Island, USA; ©]3} DMEM®]&} 3}, fetal
bovine serum(Gibco, Grand Island, USA; ©]3} FBSZ} &) %
human insulin(Lilly Co, Detroit, USA) 52 A& A}-g3}9)
o

Ad upie ox 3z o EHEZH E(aortic smooth
muscle cell)?] woFS 93 AF) FH& FAAstn FH
EWE 33}l 4°C phosphate buffered saline(PBS, Sigma, St.
Louis, USA) &8¢l Wgich PBS & A] Fioga 54
9 AAzA W FH e ATE AA Zejz AA
shod AEHE BE 2 mn® 2712 A WolA 10 e o)
F HAlel B4tk 28T 100 mydle] TEwo] TdhH
DMEMe]l 10%2] FBSE ¥ wfkdE ¥ £ wjksisick
Aoz 4~8xk2] Ao AEE AMEslgion AXE
A del7bA] wloFEk 3 2%9) FBS7F £ DMEM Wi oFf ol 4]
7t o] A% Fol AR

Ay 2712 T2 angiotensin 1o 23 PAI-1

minimum  essential

o
mRNAS] L 3] folel 35 mesk 2 vl g
2715 okl A angiotensin 1I 100 nM& 3 1417k
427k, 6X)7F %?_ vjjoFsl i) Anglotensm I 5= &
PAI-1 mRNA H38E ¥7] $I3l9 55 mMI 22 mM9] £%
Fol & vk °—‘,4°ﬂ/‘1 2718t angiotensin 119 F%E 0, 10,
100, 200 nME 3} 617k wiokslgic). =3 insulind angio-
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tensin I ¥ 3 PAI-l mRNAS] #&E& 27 4314 55
mM#} 22 mMe] Exgo] & ujjokellol angiotensin 11 100 nM
< w502 BosbAY insulin 100 nME A7Vt 12417F
¥joF3t 5] PALl mRNA 4&E #3311tk PAIL mRNA &
& st e o3 2o

_;]_7'-,]_0,] PAL-1 cDNA =32 wjjoks] q]iuﬂrxﬂil-:lxﬂg_q]/ﬂ
323l oko] RNAS -3} reverse transcription polymerase
chain reaction(RT-PCR) #-& ol&3lo] A=sigict. 24
PAI-1 coding sequence®l] @&} F 7] oligonucleotide primers
Z At on] 2 opimerd] 97] A9 77t

5°-ATAGAATTCAACGAGTACGACATCCTGGAACTGC-3° %t
5’-ATAGGATCCCCCTCTGAGGTCCACTTCAGTCTCC-3’ 3t}

RT-PCR -2 02 pg RNA® 1.0 mM<| primerE ¥ 20
mM dNTP(deoxynucleotide triphosphate)2}+ 10 mM dithiothreitol,
50 mM Tris(pH 8.3), 75 mM KCl, 3 mM MgCL%} reverse
transcriptase(Perkin-Elmer Cetus, Norwalk, USA)E €31 37Cell
A 1A)7F viekstglch 1.0 mMe) ZF primers} 10%2] RTEF
2, 10 mM Tris(pH 8.3), 50 mM KCl, 2.0 mM MgCI2, 0.001%
gelatin, 2.0 mM dNTPS} 0.05 yg/pl®] Amplitag(Perkin-Elmer
Cetus, Norwalk, USA)S 931 94°C 30%, 59°C 2+, 72T 302
9] =702 403] PCRS A)3¥8}3r}. Agarose gel® PCR At
E-& 3]43}¢] Bluescript KS(Stratagene Inc, La Jolla, USA)E
©]-§-3t Eco RI I
AHg-3t ik

RNA #2 9 Northen blot ¥4 RNA zol B £
(Biotech, Houston, USA) 2.2 M| Z o] A total RNAE £2]8}3L
20 189 total RNAS 20 mM 3-[N-morpholino]propane sulfonic
acid(MOPS)2} PH 7.0, 5 mM NaOAc7} = 1%(wtfvol) agarose
geloll A A719 %8l zAEHoYPHO S Biotransmem-
brane(ICN pharmaceuticals, Irvine, USA)ell Ao]A1Z1 & UV
cross linkings A A8gth Agarose geloll Al 23 $ellA]
"= PALl cDNA probe® multiprime kit(Amersham Co,
Arlington Heights, USA)E ©]4-3}%] labellinggt ¥ NAP-5
column(Pharmacia, Piscataway, USA)2Z ZA|3le} hybridi-
zation®)] AF&3}4gich Blot2 50 mM Pipes, 100 mM NaCl, 50
mM NaPO4, 1 mM ethylenediaminetetraacetic acid(EDTA),
0.1% Salmon Sperm DNA(Sigma Chemical Co, St. Louis, USA)
4 5% sodium dodesyl sulfate(SDS)-&-4ol| probeE 41l 65C
|4 1247} A% hybridizationg AA3FSAT). 65 COM 0.5x
standard saline citrate(SSC)$} 5% SDSE AAE F Xray 2
el(Kodak Co, USA)el 48A17F oA} =& A7 F 18s bandﬁl—
A v EAskgich

Bam HI restriction site®l] cloning3}<]

A4 =

3 o SULEIATe PA-1 B 2 HF

AEZAe] o3 G 7] Aske] 27 55 mMI 22
mMe] Exwel] lgdE 0, 1, 10 B 100 nM A 7tz A7}
g 3 a.ngiotensin E 1, 10, 100 M%) 2718k £ 22 W
o] #Ae}A T, 5.5 mM Txol| glE# oy angiotensin 117}
A7} A ?%{— Aejel A e AEALE vzge® skl
A EZA ] ape g ENFIIAEE 96 well plateo]] 2
106 cellswelle] €A & ¥ 37T, 5% CO, ®i¥7|lA
subconfluent state7FA] B|oFsliz A 2% FBS7F & DMEM
ool o] AFFER =& Fo] 34z kst
7)o 10  3-4,5-Dimethyle  thiazol-2-yl)-2,5-diphenyl
tetrazolium bromide(MTT) labelling &-°8-& 2. 4417} kgt
3 golubilization £94& o] &4zl HE7TC, 12417h
enzyme-linked immunosorbent assay(ELISA) reader® F3=%
ZAste] AE2AAE vastgict

APATE AP EEANR FASGG Al T o]
B One-way ANOVA test(Scheffe test® %)% AET7H
o Aol wimstglon o4 HAAL P<0.05d HFE 3
Ak

-

4

PAL-1 cDNA & Ak 317 e HFETATAA £
2]3F RNAS AE3}4 reverse transcription(RT)S 438
A AL (Gene Bank)oll R ®A PAI-1 F71Adel| 3
2ol primerZ ©|-&3}9] RT-PCRE Al&3kgich 2 ZA#
PAI-1 ¢cDNA®] #j@sl= 198 bpe] EU3t V| dS Ad
PCR 4H2& d¢lor, o]& TA vector®ll cloningdl| 255 bp
A9 AHE-E AAriFg. 1.

2533} angiotensin 1o 9|3k PAI-1 mRNA #3
mM3} 22 mMe] EEgo] ZHzk A7 wie
angiotensin 11 100 nMS Fols} 1417} 447k 647kt
vljokslelS W) L= 559} angiotensin 11 oA Zhel] whE
PAI-l mRNA 8 AEE v|wslgdch 22 mMe] T5E ¥
ok njjofalle)) wiekslglS W) PAI-l1 mRNA 2] 55 mM
oA B} £7}181% 0 angiotensin T 7} Aldll= Fo ¥
4A17¢ll PAI-L mRNA H&e] Hax]e @3tgler 62217}
2] A<= AchFig. 2).

%o ufZ PAI-] mRNA 232 55 mMZ}
22 mMe] Zxgto] B Zhzke] wlokelolA 0, 10, 100, 200
M5 59 angiotensin 15 A7} & 6417 wioFstgls o,
PAI-1 mRNA®| %F&-2- angiotensin 112} Fxol we} Z7}s}

o 22 mM E59 ejjokalo] WH e =77} oS =4
3 thFig. 3).

55 mM3} 22 mMe] E5wo] & ujek

Angiotensin II
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Fig. 1. Cloned plasminogen activator inhibitor-1(PAI-1)
polymerase chain reaction (PCR) insert(255bp) was isolated
from TA vector by digestion with Bam HI and Hind Ill, and
was separated in a 1.5% agarose gel. PCR products were
positioned above 246 molecular weight markers.

PAL-1 mRNA

18S mRNA

PG HG PG HG PG HG PG HG

0 0 1 1 4 4 6 6 hour

Fig. 2. Time course of angiotensin ll-stimulated plasmino-
gen activator inhibitor-1(PAI-1) mRNA expression in rat
aortic smooth muscle cell.  An increase in PAI-1 mRNA
expression was observed after 1 hour of angiotensin |l
stimulation, and reached a maximum density after 4 hour
which persisted for 6 hour in 22 mM glucose concentration.
The 18S mRNA expression was shown as an internal
standard. (PG; physiologic glucose, 55 mM glucose: HG;
high glucose, 22 mM glucose).

nMZ} angiotensin 11 100 nM& Z+7} %o
wieFsle] PAI-1 mRNAS] W3S #} angiotensin 1I
W50 Fde A% e nming A7 A
Z+48} ‘ﬂE]—(Flg 4).
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0 10 100 200 [ 10 100 200 Angiotensin 11
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Fig. 3. Change of PAl-1 mRNA expression depending on
angiotensin Il concentrations in rat aortic smooth muscle
cell. Angiotensin ll-stimulated PAI-1 mRNA expression
increased significantly in 22 mM glucose(HG) concentration
compared to in 55 mM glucose(PG) concentration in a
dose dependent manner.

PAI-t mRNA

188 mRNA

PG HG PG HG PG HG

- - + + +
- - - - +

-4 Aungiotensin [1(100 nM)
—+ Insulin(100 nM)

Fig. 4. Effect of insulin on angiotensin [ll-stimulated
plasminogen activator inhibitor-1(PAI-1) mRNA expression in
rat aortic smooth muscle cell. Angiotensin | stimulated
PAI-1 mBNA expression increased in 22 mM glucose(HG)
concentration, but addition of insulin attenuated the increase
of PAI-1 mRNA expression. (PG, 5.5 mM glucose)

Mol Hrt 22 mMe] £&
A Ze] o] F7bE QI (P<0.05), insulin 32 angiotensin
IS 713 A9l H7bshA| ob& Sl vlslA o] £
7}5] 91 © ™ (P<0.05), insulin#} angiotensin 11¢] £ %7} & 4
E Mz AAFo] B o]

oo £ Wikl HhEUYY

°

%7} QI ehP<0.01)(Fig. 5).
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PAI-1 d#Y $2 plasminogen ZAEA  tissue
plasminogen activator(t-PA) & AA|AZA AHigs e =4
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Fig. 5. Effects of glucose, insulin, and angiotensin il on
growth of rat aortic smooth muscle cells. Cells were treated
with 1% FBS, glucose(5.5 mM and 22 mM), insulin(@, 1, 10
and 100 nM) and angiotensin (1, 10 and 100 nM).
Treatment with 22 mM glucose concentration, insulin and
angiotensin 11 resulted in a significant increase in cell
numbers.
« P< 0.001 vs. control(glucose 5.5 mM, insulin 0 nM)

# P< 0.05 vs. control(glucose 22mM, insulin 0 nM)
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