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High glucose enhances mitogenic response to endothelin-1
in rabbit vascular smooth muscle cells
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ABSTRACT

ATM: To examine the effects of high glucose on the
mitogenic regponse of rabbit aortic vascular smooth
muscle cells ( VSMC )} to endothelin-1 { ET-1).
METHODS: VSMC were cultured in normal glucose
(5.5 mmol-L~"), high glucose (25 mmol-L"') or
high osmolality ( glicose 5.5 mmol * L~!, plus
mannitol 19.5 mmol * L="). DNA synthesis was
measured by [*H|thymidine incorporation.  The
expression of phospho-p44/42 MAPK was detenmined
by Western blot. RESULTS: At a concentration
range from 107 to 107% mol- L=}, ET-1 stimulated

(*H]thymidine incorporation and phospho-pdd/42
MAPK expression in VSMC in a concentration-
dependent manner. From 10~ to 10~ % mol L "1, the

mitogenic effect of ET-1 was higher in VSMC cultured
in high glucose at equivalent concentration than cells
cultured in normal glucose or high osmolality ( P <
0.05 or P <0.01), but no marked difference was
observed in the growth response between cells cultured
under the latter two conditions.  Similarly, ET-1
increased expression of phospho-pdd/42 MAPK by
o) % — 65 % in VSMC cultured in high glucose.
compared with cells in nommal glucose or high
osmolality. CONCLUSION; VSMC cultured in high
glucose exhibited increased mitogenic response to ET-
1, which seemed to be related to the enhanced
expression of phospho-pid 42 MAPK,
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INTRODUCTION

Diabetes mellitos is associated with an increased
prevalence of atherosclerotic disease''!.  Excessive
vascular smooth muscle cell { VSMC) proliferation 15
considered to be a key feature in the development of
diabetes-associated atherosclerosis>'.  However, the
mechanism underlying this pathologic process is poorly
understood at present. Hyperglycemia in diabetes has
been suggested to be a contributing factor to its vascular
complications, partially due to its mitogenic effects on
VSMC').  Elevated circulating endothelin-1 { ET-1}
levels were observed in patients with non-insulin-
dependent diabetes mellitus ( NIDDM)'®'.  Being an
endothelium-derived vasvactive peptide with mitogen
properties, it is rational to speculate that elevated ET-1
levels might play a role in the pathogenesis of vascular
disotders in diabetes mellitus. Up to date, no reports
have been available in studying the effects of glucose on
growth response of VSMC to ET-1.

The mitogen-activated protein kinases ( MAPK )
are a family of serine/threonine protein kinases thought
to play a central mle in cell proliferation and
differentiation. Two isoforms of MAPK., the p42
MAPK (Erk2) and pid MAPK (Erkl) are expressed in
most cell types and activated by many extracellular
growth stimuli through phosphorylation of its threonine
and tyrosine ( Thr202/Tyr204)-3'. MAPK activity
could be detected by Westem Dlotting using
phosphospecific anti-MAPK monoclonal antibody, and
best of all, radioactivity is totally eliminated from the
assay.

The aim of this study was to study the effect of
high glucose on growth response to ET-1 in VSMC
cultured in high glucose conditions mimicking diabetic
hyperglycemia, and to study its possible molecular
mechanism via examining the expression of phospho-
pld/42 MAFK in above event.
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MATERIALS AND METHODS

Reagents ET-1 and mediom 199 were
purchased from Sigma Chemical Co. Phospho-pd4./42
MAPK { Thr202/Tyr204 ) monoclonal antibody. HRP-
conjugated anti-rabbit secondary amtibody, Phototope-
HRP Western Detection kit were purchased from New
England Biolabs Inc. D-glucose was the product of
the Chemical Reagent Factory of Hu-pan Normal
University. _*H_Thymidine was from China Institute
of Aromic Energy. Beijing.

Cell culture VSMC were isolated by outgrowth
from explants of thoracic acrta of New Zealand rabbit
{1.5-2 kg), {supplied by the Animal Center of the
Second Affilisted Hospital of Hu-nan Medical
University?, and cultured in M199 medium with 10%
heat-inactivated fetal bovine serum ( FBS ). benzyl-
penicillin 100 kU-L"!, and streptomycin 100 mg -
L-!.  After confluence, VSMC were randomly
assigned o three different groups and subcultured in
three different conditions at a ratio of 1:3 with 0.1 %
trypsin; normal glucose (5.5 mmol - L™, NG-
VSMC), high osmolality { glucose 5.5 mmol- L' +
mannite]l 19.5 mmel - L', Mam-VSMC), high
glucose { glucose 25 mmol-L~, HG-VSMC). Cells
were characterized as VSMC by morphologic
appearance of “wvalley and hill “ and by immuno-
histochemical staining with monoclonal antibody to o
actin. Experiments were performed with these three
different strains of VSMC from passage 4 - 10.

DNA synthesis DNA gynthesis in VSMC was
evaluated by incorporation of [*H]thymidine. After
80 % confluence, VSMC cultured in 24-well culture
plates with differential M199 ( high-glucose, high-
osmolality, and normal-glucose conditions) were made
quiescent for 24 h in MI99 with 0.4 % FBS, then
were stimulated with various concentrations of ET-1 for
another 24 h, [*H]thymidine 37 kBq-L~! was added
during the last 6 h. Cells were washed 3 times with
cold phosphate buffered saline (PBS), detached with
0.1 % trypsin and (.02 % edetic acid. then collected
on GF/C filters, fixed with 10 % trichloroacetic acid
{TCA). The TCA-precipitable material was dissolved
in NaOH 0.2 mol - L™'. Filter was dried and
radioactivity was measured by a liquid scintillation
counter { Beckrnan LS 3801, USAJ.

Preparation of lysates For MAPK detection,

cells were seeded onto 12-well culture plates with NG-,
Manr or HG- MI99 containing 10 % FBS. After
BO % confluence, cells were cultured umder the low
serum (0.4 9% FBS] condition for 24 h, then all the
culture mediums were changed to the NG-M199 without
serum, and various concentrations of ET-1 were added .
The treating time was chosen to be 10 min, since a
peak  expression of phospho-pdd/42 MAPK was
obtained at this time point in our experimental
conditions. Afier being washed with ice-cold PBS for
three times, cells were lysed with 60 pl of ice-cold
lysis buffer containing { mmol-L ') NaCl 50, NasVQ,
2, phenylmethylsulfonyl flueride 0.5, and HEPES 10
ar pH 7.4, along with 0.01 % Triton X-100 and
leupeptin 10 mg-L~! was added. The lysates were
obtained by centrifugation at 18 000 x g at 4 C for 15
min. Total cell protein was determined by the dye
method ™).

Western blot  SDS sample buffer containing
Tris HCl 0.33 mol - L™', SDS 10 % ( wt/vol ),
glycerol 40 % { vol/vol), and dithiothreitol 20 %
{ vol/vol)} containing bromophenol blue 0.4 % of 1/4
volume were added to cell lysates.  After being boiled
for 5 min, the extracted protein 10 pg was electro-
phoresed on 10 % SDS-polyacrylamide gel ( SDS-
PAGE). Then the proiein were transfered to
nitrocellulose membrane, which was then blocked for 1
h at room femperatre with 5 % BSA in PBST
{ Na,HPO, 80. NaH,PQ, 20, and NaCl 100 mmol-L™’
containing 0.05 % Tween-20). The blots were
incubated at 25 T with the primary antibodies against
phospho-p44./42 MAPK at a 1:10 000 dilution for 1 h,
followed by incubation for 1 h with secondary antibody
{ horseradish peroxidase conjugated ) at a 1:.1000
dilution. Immunoreactive signals were visualized by
the Phototope Western Detection System. Bands of
phospho-p44./42 MAPK were quantitatively determined
by thin-layer chromatography with Shimadzu Dual-
Wavelength Chromato-Scanner { Japan, Model CS-
930) .

Statistical analysis Values were expressed as
X * 5, and assessed by one-way ANOVA and Newman-
Keuls test.

RESULTS

DNA synthesis At concentrations of 1074 to
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107% mol * L™', ET-1 stimulated [*H]thymidine
incorporation into DNA in a concentration-dependent
manner. A pgreater rate of DNA synthesis was
observed in VSMC cultured in high glucose, compared
with NG-or mann-VSMC. No significant difference
was observed in | *Hthymidine incorporation between
cells cultured in normal glucose and high osmolality
{Fig 1.
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Figl. [*H]Thymidine incorporation in NG-, Mann-,
or HG-VSMC stimulated by ET-1. n = 4 experi-
ments.  Aversge of wiplicates contributes one
determination. X% x s. P < 0.05, P < 0.01 us
NG-VSMC. °P <0.05, ‘P <0.01 vs Marm-VSMC,

MAPK expression ET-I, at a concentration
range of 10°% to 107% mol * L™!, stimulated the
expression  of phospho-pdd/42 MAPK in  a
concentration-dependent manner in NG-. HG-, ad
Mann-VSMC. The maximal effect was observed ar a
concentration of 10™% mol-L~!. A higher expression
of phospho-pd4./42 MAPK was observed in HG-VSMC
at equivalent concentrations of ET-1, compared with
cells in NG- or Mann-VSMC, but no difference was
examined in the expression of phospho-pd4/42 MAPK
between cells in NG- and Mann-VSMC ( Tab 1,
Fig 2).

DISCUSSION

The mitogenic response of VSMC to ET-1 was
increased when the cells were cultured under a high
glucose condition.  In order to more closely simulate

Tab 1. Effect of ET-1 on expression of phospho-pdd/42
MAPK in NG-, HG-, and Mann-VSMC. =n = 5
experiments. Average of duplicates consttutes one
determination. x+ 3.

P 5 0.05, %P <1).05, P <0.01 vs NG-VSMC.

%P >0.05, P <0.05, 'P<0.01 vs Mann-VSMC.

10~ " x Endo- 1077 x Ahsolute peak area/mer
thelin-1/mol*L~! NG-VSMC  HG-VSMC  Mann-VSMC
Control 2+3 93 4 24 24+ 4*
0.4 556 638+ 4 57+ 7
u.l BT 211 + BI¥ 9T
1 113+ 18 288 + 26 116 + 16
10 154+ 29 416 + 23% 159+ 15°
100 147 + 14 411 + 17 145+ 11°
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Fig 2. Effect of ET-1 on expression of HG-VSMC,
NG-VSMC, and Mann- VSMC phospho-pd4/42 MAPK
proteins by Western blot.

chronic hyperglycemia, VSMC were subcultured in
high glucose for at least 4 passages rather than high
glucose added acutely. The increased growth
responsiveness in high glucose was not due to changes
in osmolality since cells cultured in high mannitol grew
as fast as those in pommal glucose. These results
suggested that hyperglycemia might be directly linked to
accelerated vascular complications in diabetes mellitus
by increasing the growth response of VSMC.. Similar
results were obtained in the previous study on porcine
aortic VSMC treated with FCS(™ .

Recently, Muniyappa et a!'® reported that
interfeukin-1-induced NO release and NO synthase
expression were inhibited by high glucose in VSMC,
Since NO has been known to inhibit VSMC tone,
migration and proliferation, inhibition of NO was
postulated to be one of the potential mechanisms for the
growth-stimulating  effect of high glucose.  Recent
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evidence indicated that pdd/42 MAPK were activated
by many stimuli involved in cell growth and known as
the common pathway (o transmit extracellular signals
into the mucleus regulating cell proliferationm]. In the
present study. we found that expression of phospho-
pd/42 MAPK induced by ET-1 was higher in VSMC
cultured in high glucose than that in normal glucose or
in high osmolality, and it might be one of molecular
mechanisms underlying the enhanced growth response in
high glucose.

ET-1 is an endothelium-derived vasoactive peptide
with mitogen properties and a potent vasoconstrictor.
Elevated plasma ET-1 levels had been reported in
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Vascular smooth muscle cells exhibit increased growth in
response to elevated plucose.
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patients with diabetes mellitus, which supgested t0Gz{ -G %

constitute one of the mechamsms involved in diabetic
hypertension QU study, ET-1 stimulated DINA
synthesis in VSMC in a concentration-dependent
Under diabetic conditions, elevated ET-1
levels, together with increased mitogenic response of
VSMC, suggested an important role in excessive VSMC
proliferation and could contribute one of the
mechamsms  jnvolved in the high prevalence of
atherosclerosis in diabetic patients.

In conclusion. the mitogenic response o ET-1 was
increased in VSMC cultured in high glucose, which was
not due to high osmolality. Enhanced expression of
phospho-pid/42 MAPK by high glucose might be
responsible for the changes in growth response.

Manner.
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