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Abstract

Background Smooth muscle cells proliferation and extracellular matrix
(ECM) protein deposition are key features of diabetic macroangiopathy. In
the present study, we have studied the role of endothelinA (ETA) receptor, the
predominant receptor on smooth muscle cells, in diabetes-induced vascular
hypertrophy and remodeling.

Methods Streptozotocin-induced diabetic rats were administrated a
selective ETA receptor antagonist, TBC3214, for 26 weeks. Following
treatment, aortas were harvested and subjected to gene expression and
morphometric analyses. We quantified fibronectin (FN) and plasminogen
activator inhibitor-1 (PAI-1) expression as indicators of increased ECM
protein synthesis. ET-1, ET-3, transforming growth factor-β1 (TGF-β1) and
angiotensinogen mRNA levels were measured to elucidate genes involved
in FN expression. We have investigated an embryonic splice variant of FN,
oncofetal FN, and nonmuscle myosin heavy chain (SMemb) as vascular
remodeling indicators.

Results Our results show that diabetes leads to upregulation of FN, PAI-
1, ET-1, ET-3, TGF-β1 and angiotensinogen mRNA levels in association
with increased medial thickness. Immunohistochemical analyses revealed
concurrent protein level changes. Diabetes also upregulated oncofetal FN and
SMemb mRNA levels. Treatment with TBC3214 attenuated the mRNA levels
of several genes and prevented increased medial thickness.

Conclusions These results indicate that diabetes-induced vascular hyper-
trophy and remodeling is associated with reexpression of embryonic forms
of FN and myosin heavy chain. Such changes are ET-dependent and may be
mediated via TGF-β1 and angiotensin. Copyright  2004 John Wiley & Sons,
Ltd.

Keywords macroangiopathy; endothelins; extracellular matrix; oncofetal
fibronectin; SMemb

Introduction

Large vessel disease or macroangiopathy is the leading cause of mortal-
ity in diabetic patients [1,2]. Augmented atherosclerotic process, patho-
logically manifested as arterial narrowing due to medial calcification
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and thickening, is the cardinal feature of diabetic
macroangiopathy [3]. Increased deposition of extracel-
lular matrix (ECM) protein and proliferation of vascular
smooth muscle cells are key structural and functional
components of diabetes-induced vascular hypertrophy
and remodeling. We and others have previously demon-
strated that glucose-induced increased ECM protein syn-
thesis, such as collagen 1α (IV) and fibronectin (FN),
in endothelial cells as well as in target organs of dia-
betic complications is mediated, at least in part, via an
endothelin (ET) dependent mechanism [4–10].

Fibronectin is a predominant protein in the ECM
[11,12]. FN plays important roles in various cellular
events including cell adhesion, motility, and tissue
repair. Several factors may influence augmented FN
synthesis in diabetes. Among these factors, fibrogenic
proteins like ETs, transforming growth factor-β (TGF-β1),
and angiotensin II (Ang II) have gained significant
attention because of their ability to strongly upregulate
ECM protein synthesis [8,13–16]. Mechanisms of ECM
accumulation may, however, involve increased synthesis
of FN and collagen along with decreased degradation
through upregulation of inhibitors of ECM proteases
such as plasminogen activator inhibitor-1 (PAI-1) [13].
In addition to increased synthesis, FN has been shown
to undergo alternative splicing to produce embryonic
isoforms in various pathological conditions such as
fibrotic diseases and tumorogenesis [17,18]. One such
splice variant, EDB+ oncofetal FN, has been shown to
be exclusively expressed in proliferating tissues during
embryogenesis. Upregulation of oncofetal FN, which is
absent in normal adult tissues, is potentially an important
phenomenon in tissue repair and tumor angiogenesis
[19,20]. We have previously demonstrated upregulation
of oncofetal FN in the retinas of diabetic rats via an
ET-dependent pathway [21].

In addition to upregulated ECM proteins, vascular
hypertrophy also entails cellular hypertrophy and hyper-
plasia. Smooth muscle cells are indispensable in these
pathogenic changes as these are the only cell types that
inhabit the medial layer of the vascular tissue. A key mor-
phological change observed in various models of vascular
injury is phenotypic switch of vascular smooth muscle cells
from contractile to synthetic type. This switch of smooth
muscle cells to a fibroblast-like phenotype has been asso-
ciated with reexpression of embryonic form of myosin
heavy chain (SMemb) [22,23]. Aberrant expression of
SMemb has been demonstrated in both experimental and
human atherosclerotic lesions [24,25].

In the present study, we have investigated whether
diabetes-induced vascular hypertrophy in the rat aorta
is associated with an imbalance between ECM protein
synthesis and degradation, and whether such changes
are associated with a dedifferentiated state leading to
oncofetal FN and SMemb reexpression. Furthermore, we
examined the role of ET system and its possible interaction
with TGF-β1 and Ang II in diabetes-induced vascular
remodeling.

Methods

Induction of diabetes and
administration of TBC3214

Male Sprague-Dawley rats weighing approximately 270
to 290 g were made diabetic by a single intravenous
injection of streptozotocin (60 mg/kg in 0.3 mL citrate
buffer) [7,8]. Animals were monitored with respect to
plasma glucose and glycated hemoglobin levels, body
weight, urine volume, water and food consumption, and
glucose and ketone levels. Diabetic rats with nonfasting
plasma glucose values exceeding 22.2 mmol/L and/or
with a weight loss exceeding 10% of initial body
weight were placed on low-dose insulin therapy. Ten
units/kg body weight of NPH human insulin were
administered subcutaneously, and discontinued if body
weights recovered and nonfasting plasma glucose values
remained below 22.2 mmol/L. Age- and sex-matched
rats were used as controls (CO, n = 8) and were
given equal volume of citrate buffer. Diabetic rats
were randomly divided into two groups, diabetic rats
(DM, n = 7) and diabetic rats on selective endothelinA

(ETA) receptor antagonist, TBC3214 (DM-TBC, n = 13)
(30 mg/kg/day mixed with water) [26]. TBC3214 is a
highly selective ETA receptor antagonist developed from
sitaxsetan (TBC11251) with an acyl group modification at
the 2-position of the anilide to improve the bioavailability
[27].

Rats were treated for 26 weeks. We have previously
reported cardiovascular structural changes 6 months
following onset of diabetes [6]. Rats were euthanized and
the pleural cavity aortas were obtained. Blood pressures
were measured by cannulating abdominal aorta distal to
renal arteries. Portions of tissues were frozen for RNA
extraction and remaining were fixed in 10% formalin and
embedded in paraffin for morphometric analysis.

All rats were treated and cared for in accordance with
the National Institutes of Health Guide for the Care and
Use of Laboratory Animals (National Research Council,
Washington, 1996) and in compliance with the United
States Department of Agriculture regulations, and the
American Veterinary Medicine Association’s Panel on
Euthanasia guidelines.

Measurement of medial thickness

Five micrometer sections of paraffin embedded tissues
were transferred to glass slides and subjected to elastic
trichrome-stain using routine histochemical methods.
Orthogonal intercept method was used for detecting
medial thickness [28,29]. At each point of intersection
of the overlying grid, the distance between innermost and
outermost elastic lamia was measured and the value for
each vessel was obtained using a computer-assisted image
analysis system (Mocha Image Analysis Software; Jandel
Scientific, CA, USA).
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Immunohistochemical analysis

Five micrometers sections on positively charged slides
were used for immunohistochemical analysis using anti-
bodies ET-1, ET-3 (1 : 500, polyclonal, Pennsylvania
Laboratories), TGF-β1 (1 : 500, polyclonal, Promega Cor-
poration) and FN (1 : 500, polyclonal, DAKO Diagnostics
Canada). A streptavidin–biotin peroxidase technique was
used as previously described [5,6,7]. Negative controls
included replacement of primary antibody with nonim-
mune serum. The slides were counterstained by hema-
toxylin and were analyzed in a masked fashion.

RNA isolation and cDNA synthesis

Total RNA was isolated from frozen tissue sections using
TRIzol (Invitrogen Inc. Burlington, Ontario, Canada)
reagent [4,8,28]. Following addition of chloroform,
samples were centrifuged to separate aqueous and organic
phases. RNA was recovered from the aqueous phase by
isopropyl alcohol precipitation and suspended in DEPC-
treated water. RNA was quantified by measuring UV
absorbance at 260 nm. Purity of samples was determined
by calculating ratio of absorbance at 260 nm and 280 nm.

Four micrograms of total RNA was used for cDNA
synthesis using the Superscript-II system (Invitrogen

Inc.). Briefly, RNA was added to Oligo (dT) primers and
denatured at 70 ◦C for 10 min. Reverse transcription was
carried out by addition of MMLV reverse transcriptase and
incubation of samples at 42 ◦C for 55 min. The resulting
cDNA products were stored at −20 ◦C.

Real-time RT-PCR

Real-time RT-PCR was carried out in the LightCycler

(Roche Diagnostics Canada, PQ, Canada) using SYBR
Green I [30]. PCR reactions were performed in
microcapillary tubes (Roche Diagnostics Canada) with
a final volume of 20 µL. The reaction mixture consisted
of 2.5 µL of 10X PCR buffer (Invitrogen Inc.), 1.25 µL
of 5 mmol/L dNTP, 1.2 µL of 50 mmol/L MgCl2 (1.6 µL
for ET-1), 1 µL of each forward and reverse 10 µmol/L
primers, 0.5 µL of 5 units/µL Platinum Taq polymerase,
0.75 µL of 10X SYBR Green I (Molecular Probes, Eugene,
OR, USA), 10.8 µL H2O and 1 µL cDNA template.

Primers for all genes were designed in accordance with
LightCycler guidelines (Table 1; Ref. 31). Primers for total
FN were designed to include all possible splice variants
of FN. In addition, because of the small product size of
Ang II, primers were designed to amplify and quantitate
angiotensinogen, precursor of Ang II, for the assessment
of Ang II expression. During PCR reactions, an additional
step (signal acquisition phase) was incorporated following

Table 1. Primer sequences and temperature profiles for real-time RT-PCR

Primer sequences
(5′ → 3′)

PCR parameters
temperature – time (temperature ramp ratea)

Total FN Annealing 60 ◦C – 5 s
CCAGGCACTGACTACAAGAT Extension 72 ◦C – 17 s
CATGATACCAGCAAGGACTT Signal 84 ◦C – 1 s

Oncofetal FN Annealing 55 ◦C – 5 s
CCGCCATTAATGAGAGTGAT Extension 72 ◦C – 8 s
AGTTAGTTGCGGCAGGAGAAG Signal 81 ◦C – 1 s

Smemb Annealing 55 ◦C – 5 s
CAGGAGTTCAGACAGAGATA Extension 72 ◦C – 10 s
CTCTTTCTTCCTCTAAGTGC Signal 82 ◦C – 1 s

ET-1 Annealing 58 ◦C – 5 s
GCTCCTGCTCCTCCTTGATG Extension 72 ◦C – 20 s
CTCGCTCTATGTAAGTCATGG Signal 84 ◦C – 1 s

ET-3 Annealing 45 ◦C – 5 s
GCACTTGCTTCACTTATAAGG Extension 72 ◦C – 17 s (4 ◦C/s)
ACAGAAGCAAGAAGCATCAGTTG Signal 84 ◦C - 1 s

TGF-β131 Annealing 59 ◦C – 5 s
GTAGCTCTTGCCATCGGG Extension 72 ◦C – 12 s
GAACGTCCCGTCAACTCG Signal 85 ◦C – 1 s

Angiotensinogen Annealing 50 ◦C - 5 s
ATCTTCTGCATCCTGACCT Extension 72 ◦C – 10 s (5 ◦C/s)
GCACAGGCTCAAAGGTT Signal 85 ◦C – 1 s

PAI-1 Annealing 58 ◦C – 5 s
TCCACAAGTCTGATGGTAGC Extension 72 ◦C – 9 s
GTTGCTCTTCCATTGTCTGA Signal 84 ◦C – 1 s

β actin Annealing 58 ◦C – 5 s
CCTCTATGCCAACACAGTGC Extension 72 ◦C – 8 s
CATCGTACTCCTGCTTGCTG Signal 83 ◦C – 1 s

Initial denaturation period was 1 min at 95 ◦C.
aRamp rate was 20 ◦C/s unless otherwise mentioned.
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Figure 1. Clinical monitoring of animals. Biophysical parameters of animals showing, (A) fasting plasma glucose, (B) glycated
hemoglobin levels, (C) body weight gain, and (D) mean aortic blood pressure. Poorly controlled diabetic rats (DM) demonstrated
hyperglycemia, increased glycated hemoglobin levels and reduced body weight gain compared to controls (CO). TBC3214 treatment
(DM-TBC) had no effect on these parameters. Mean aortic blood pressure showed no alterations in any of the groups (∗ = significantly
(p < 0.05) different as compared to CO)

the extension phase to minimize interference from
nonspecific signals [32]. Temperature profiles used for
RT-PCR are given in Table 1. mRNA levels were quantified
using standard curve method. Standard curves were
constructed using serially diluted standard template.
Cp value (crossing point; log-linear phase) was used
to compute mRNA levels from the standard curves.
mRNA levels were normalized to β-actin to account
for differences in reverse transcription efficiencies and
amount of cDNA in reaction mixtures. Oncofetal FN was
normalized to total FN to determine relative change in
expression of oncofetal FN.

Statistical analysis

The data are expressed as mean ± SEM and were analyzed
by ANOVA followed by Tukey’s post-hoc test. Differences
were considered significant at values of p < 0.05.

Results

Clinical monitoring of animals

Diabetes was confirmed by blood glucose estimation.
Poorly controlled diabetic animals demonstrated hyper-
glycemia and increased glycated hemoglobin levels, and
reduced body weight gain (Figure 1). Both diabetic
groups showed increased urinary output (CO 16 ± 8
mL/day, DM ∗196 ± 48 mL/day, DM-TBC ∗204 ± 39

mL/day, ∗p < 0.05), increased food (CO 23 ± 3 mg/day,
DM ∗44 ± 9 mg/day, DM-TBC ∗52 ± 6 mg/day, ∗p <

0.05) and water consumption (CO 44 ± 14 mL/day,
DM ∗269 ± 33 mL/day, DM-TBC ∗256 ± 49 mL/day,
∗p < 0.05) compared to control rats. These data are
indicative of diabetic dysmetabolism in these animals.
TBC3214 treatment of the diabetic rats had no effects on
these parameters. We monitored the animals daily and
treated them with low-dose insulin as necessary to pre-
vent excessive body weight loss and ketosis. Although the
possibility of mild ketosis affecting the observed changes
cannot be excluded, we believe that such changes are
minimal. Mean aortic blood pressure, measured by cannu-
lating abdominal aorta, showed no significant alterations
in any of the groups, although it tended to be slightly
lower in diabetic animals (Figure 1).

Diabetes-induced increased expression
of FN and PAI-1 in aortas

One of the key structural components of increased
vascular medial thickness is ECM protein deposition.
ECM accumulation results from upregulated expression
and decreased degradation of proteins [13]. Therefore,
we have quantified mRNA levels of FN, a key ECM protein,
and PAI-1, a predominant inhibitor of ECM protein
degradation. It should be noted, however, that an implicit
assumption is that the level of an mRNA is a reliable
indicator of the level of its protein product. We have
previously demonstrated that mRNA alteration parallels
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Figure 2. mRNA expression of total FN and PAI-1. Quantitative mRNA expression of (A) total FN, and (B) PAI-1, using real-time
RT-PCR showing significant increase of these transcripts in the aorta of diabetic (DM) rats compared to controls (CO) and diabetic
rats on TBC3214 (DM-TBC). († = significantly different as compared to CO and DM-TBC; p < 0.05)
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Figure 3. Medial thickness of rat aortas. Representative elastic trichrome stained aortic sections from (A) control rats, (B) diabetic
rats, and (C) diabetic rats on TBC3214 (Vertical bar represents area measured for quantitative analysis). (D) quantitative
measurement of medial thickness of diabetic (DM) rats compared to controls (CO) and diabetic rats on TBC3214 (DM-TBC).
(Scale bar represents 0.1 mm, † = significantly different as compared to CO and DM-TBC; p < 0.05)

protein expression [21]. Our results indicate increased
expression of FN in aortas of diabetic rats as compared
to controls (Figure 2A). Treatment with ETA receptor
antagonist normalized the levels of total FN in diabetic
rats. In addition, PAI-1 mRNA levels were found to be
increased in aortas of diabetic rats (Figure 2B). TBC3214
reduced the levels of PAI-1 indicating an important
role of ET signaling in increased ECM production
and decreased degradation in diabetes-induced vascular
hypertrophy.

Prevention of medial thickening by ETA
antagonism

Increased production and decreased degradation of ECM
proteins should lead to thickening of the vessel walls.
Hence, we performed morphometric analysis, which
demonstrated significant thickening of medial layer of
the diabetic rat aortas as compared to control (Figure 3A
and B). Treatment with ETA receptor selective antagonist,
TBC3214, significantly reduced medial wall thickness to
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Figure 4. mRNA expression of oncofetal FN and Smemb. Quantitative mRNA expression of, (A) oncofetal FN, and (B) SMemb
showing significant increase of transcripts in the aorta from diabetic (DM) rats compared to controls (CO) and diabetic rats on
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3.5

3

2.5

2

1.5

1

0.5

0

E
T

-1
 : 

β-
ac

tin

CO DM DM-TBC

(A)

1
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0

T
G

F
-β

1 
: β

-a
ct

in

CO DM DM-TBC

(C)

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

E
T

-3
 : 

β-
ac

tin

CO DM DM-TBC

(B)

1.6

1.4

1.2

1

0.2

0.4

0.6

0.8

0

A
ng

io
te

ns
in

og
en

 : 
β-

ac
tin

CO DM DM-TBC

(D)

Figure 5. mRNA expression of ET-1, ET-3, TGF-β1 and angiotensinogen. Quantitative mRNA expression of (A) ET-1, (B) ET-3,
(C) TGF-β1 and (D) angiotensinogen using real-time RT-PCR, showing significant increase of all transcripts in the aorta from
diabetic (DM) rats compared to controls (CO). († = significantly different as compared to CO and DM-TBC, ∗ = significantly
different as compared to CO; p < 0.05)

levels approaching those in control rats (Figure 3). These
data are indicative of a potential role of ETA receptor
signaling in diabetes-induced vascular hypertrophy.

ETA signaling in aberrant reexpression
of embryonic forms of FN and myosin
heavy chain

Expression of embryonic isoforms of various proteins
may be important in remodeling. In the context
of vascular tissue remodeling, the important proteins
exhibiting embryonic form are cytoskeletal and ECM
proteins [21–23,33]. We have evaluated oncofetal FN,
an embryonic splice variant of FN believed to be involved
in tissue repair, and SMemb, a key cytoskeletal protein

representative of smooth muscle phenotypic change
[22,23]. Our data indicates that both of these fetal forms
are upregulated in aortas of diabetic rats (Figure 4A and
B). TBC 3214 significantly decreased the levels of these
embryonic forms to levels similar to control. Our data
strongly suggests that ET receptor mediated signaling
may be involved in reexpression of embryonic forms of
these proteins, which could regulate the proliferative and
migratory behavior of cells.

Diabetes-induced upregulation of ETs,
TGF-β1 and angiotensinogen

We have previously demonstrated that hyperhexosemia-
induced ET expression is an important mediator of
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Figure 6. Immunohistochemical analysis of ET-1 and FN. Immunohistochemical analysis of ET-1 (A–C) and FN (D–F) in the rat
aorta from (A) and (D) control animals (CO), (B) and (E) diabetic animals (DM) and (C) and (F) diabetic animals on TBC3214
(DM-TBC). An increase in immunostaining was observed in DM and was decreased to normal levels in DM-TBC. Please note
that a similar pattern was observed with ET-3 and TGF-β1 staining (data not shown). (Original magnification ×400, slides were
counterstained with hematoxylin)

increased ECM protein production in diabetes [7,8]. In
order to elucidate the signaling pathways involved in ECM
accumulation and oncofetal FN and SMemb expression,
we have studied the expression of potential mediators
involved in vascular hypertrophy and remodeling.
Diabetes caused a significant increase in ET-1 mRNA
expression in aortas of rats (Figure 5A). ET-3 also
exhibited a similar increase in diabetes (Figure 5B).
TBC3214 treatment reduced ET-1 expression but not ET-3
expression in aortas of diabetic rats in accordance with
previous findings [34], suggesting that ETA receptors have
higher affinity for ET-1 compared to ET-3. TGF-β1 and
angiotensinogen mRNA levels showed a similar increase
as ET-1 in diabetic rats (Figure 5C and D). Treatment
with TBC3214 reduced mRNA levels of both TGF-β1
and angiotensinogen, indicating a significant role of ET
signaling in upregulation of these fibrogenic genes.

In parallel to the increasing mRNA expression levels,
immunohistochemical analysis demonstrated increased
staining of the peptides in the aorta, which were reduced
by TBC3214 treatment (Figure 6).

Discussion

In the present study, we have, for the first time,
demonstrated that diabetes-induced medial thickening
of the aorta is associated with reexpression of two
embryonic genes, namely, oncofetal FN and SMemb
along with increased total FN mRNA expression. We
have further demonstrated that ETs may arbitrate such

alterations via regulation of potent fibrogenic factors such
as TGF-β1, angiotensinogen and PAI-1. We have carried
out these studies in streptozotocin-induced diabetic rat,
which is a well-studied model of diabetic complications
[5–7]. The characteristic vascular hypertrophic changes
in diabetes have previously been demonstrated in this
model [35].

This study demonstrated upregulation of EDB+ oncofe-
tal FN, alongside total FN, in aortas of diabetic rats.
Oncofetal FN is normally absent in mature adult tissues.
However, oncofetal FN has been shown to be reexpressed
in tissues during remodeling as well as during tumor
angiogenesis [17–20]. This isoform has also been associ-
ated with higher proliferative index of vascular endothe-
lial cells [36]. The role of this aberrant FN isoform in the
pathogenic changes of diabetic complications is obscure.
However, evidence from nondiabetic situations suggests
that oncofetal FN may be important in increasing cellular
proliferation and migration [36,37]. Indeed, oncofetal FN
has been shown to promote cell adhesion,which could
facilitate cell proliferation and migration [37]. We have
previously demonstrated that oncofetal FN may regulate
vascular endothelial cell proliferation [21]. In accordance
with the findings of the present study, previous data
from our laboratory show that diabetes-induced oncofetal
FN production in the retina is regulated by ETs [21].
The current findings in large vessel would suggest that
oncofetal FN and SMemb production may play a part in
diabetic vasculopathy. It is of interest to note that both
diabetic animals tended to show a nonsignificant lowering
of blood pressure compared to control animals. Hence,

Copyright  2004 John Wiley & Sons, Ltd. Diabetes Metab Res Rev 2005; 21: 367–375.
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in the present study the effect of ET antagonism were
possibly not medicated via reduction of blood pressure.

The role of ETs in vascular hypertrophy was initially
suggested by experimental evidence of increased synthe-
sis and release of ETs from mesenteric vessels of diabetic
rats [38]. We and others have demonstrated increased ET
production in several target organs of diabetic complica-
tions [5,6,8,39]. Recent studies have further confirmed
increased ET expression in intimal and adventitial layers
of mesenteric arteries [40]. This increase has been asso-
ciated with ECM protein accumulation and upregulation
of other fibrogenic proteins like TGF-β1 [41]. In addi-
tion, in vitro studies indicate that Ang II-induced vascular
hypertrophy can be attenuated by ET receptor antago-
nism [40]. It has also been demonstrated that Ang II
can promote prepro-ET expression as well as processing
[42]. Treatment of diabetic rats with ACE inhibitors or
Ang II receptor antagonists attenuate diabetes-induced
mesenteric vascular hypertrophy [43,44]. These findings
suggest an intricate interrelationship between these fibro-
genic proteins in mediating diabetes-induced vascular
remodeling. Our data confirms such an interaction by
which blockade of ETA receptor mediated signaling lead
to normalization of TGF-β1 and angiotensinogen.

ETs and Ang II have also been shown to be involved
in vascular remodeling through their mitogenic actions
on smooth muscle cell [45–49]. The role of ET signaling
in vascular smooth muscle cell proliferation has been
confirmed in studies that show ability of ETA receptor
antagonists to prevent smooth muscle cell proliferation in
restenosis and atherosclerosis, mesangial cell proliferation
in glomerulonephritis, and fibrosis in cardiac failure
[44–49]. This higher proliferative index of smooth muscle
cells is represented by phenotypic switch from contractile
to synthetic type. An important molecular marker of such
a change is increased reexpression of SMemb. SMemb has
been shown to be upregulated in myocardium in diabetes
[50] and also by hyperglycemia in rat mesangial cells [51].
In keeping with such findings, we have demonstrated that
upregulation of SMemb expression in aortas of diabetic
rats is dependent on ET receptor mediated signaling.

In summary, we have demonstrated that diabetes-
induced aortic medial hypertrophy is associated with
a state of relative dedifferentiation as evidenced by
increased mRNA expression of oncofetal FN and SMemb.
We have further demonstrated that these changes are
mediated by ET, which may stimulate a remodeling
phenomenon by increasing fibrogenic molecules, TGF-β1
and angiotensinogen and production of total FN. Further
studies are necessary to examine whether increased
oncofetal FN may provide a potential molecular target
for adjuvant therapy.
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