RESEARCH ARTICLE PHARMACOLOGIA

DOI: 10.5567/pharmacologia.2014.12.18

Comparison of Fatty Acid-binding Protein Expression in Vascular
Smooth Muscle Cells from Stroke-prone Spontaneously Hypertensive
and Wistar Kyoto Rats

Takujpp Machida, Tomomi Hatanaka, Akina Onoguchi, Kenji lizuka and
Masahiko Hirafuji

Department of Pharmacological Sciences, School of Pharmaceutical Sciences, Health Sciences University of

Hokkaido, Ishikari-Tobetsu, Hokkaido 061-0293, Japan

ABSTRACT

Background: Fatty acid-binding proteins (FABPs) modulate intracellular lipid metabolism by regulating fatty acid
uptake and intracellular transport. Aim: This study was conducted to identify and compare FABP subtypes expressed
in aorta and cultured Vascular Smooth Muscle Cells (VSMCs) derived from Wistar Kyoto rats (WKY) and
Stroke-prone Spontanecously Hypertensive Rats (SHRSP). Methods: mRINA expressions of FABP subtypes were
determined by Reverse Transcription-polymerase Chain Reaction (RT-PCR). The uptake of radioactive fatty acid by
aorta was evaluated by a liquid scintillation counter. Results: RT-PCR analysis detected mRNA of heart FABP
(H-FABP) and epidermal FABP (E-FABP) in the aorta and VSMCs. H-FABP mRINA expression was slightly higher
in the VSMCs from SHRSP than from WKY and E-FABP mRINA expression was significantly higher in the VSMCs
from SHRSP. The uptake of radicactive ["H]-oleic acid was significantly higher in aorta isolated from SHRSP than in
that isolated from WKY. Subsequently, the effect of peroxisome proliferator-activated receptor ¢ (PPARw) activators
on FABP expression in VSMCs was investigated. Fenofibrate, but not WY-14643, significantly reduced H-FABP
mBINA expression in both WKY and SHRSP cells, whereas it increased E-FABP mRINA expression only in WKY cells.
Conclusion: These results suggest that increased FABP expression in the VSMCs from SHRSP may be relevant to the
initiation and establishment of vascular disorders and that fenofibrate may alter lipid metabolism in VSMGCs by
differentially modulating FABP expression via a mechanism that is independent of PPAR® activation.
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INTRODUCTION or production of extracellular matrix in response to local

Fatty acid-binding proteins (FABPs) are members of  environmental changes, but also by inducing the
the superfamily of lipid-binding proteins. To date, nine production of potent vasoactive mediators such as
tissue specific cytoplasmic FABPs have been identified. prostaglandin I, or nitric oxide that may primarily
FABPs are believed to be involved in intracellular lipid  compensate for the endothelial dysfunction. In view of
metabolism because they are regulators of fatty acid  the importance of VSMC function i vascular
uptake and intracellular transport (Chmurzynska, 2006).  pathophysiology, the present study was conducted to
Although abnormal lipid metabolism 1s wadely known to compare the 1sotypes of FABP that are expressed in both
be associated with cardiovascular diseases such as aorta and cultured VSMCs derived from Stroke-prone
hypertension and arteriosclerosis, the quantitative Spontaneously Hypertensive Rats (SHRSP), which
expression and the precise role of FABPs in  constitute an animal model of cardiovascular disease and
cardiovascular function is still controversial. Vascular hypertension (Okamoto et al., 1974; Aitman et al., 1997,

Smooth Muscle Cells (VSMCs) play important roles in =~ Collison et al.,, 2000), with those derived from
the development of vascular diseases and during the normotensive Wistar Kyoto rats (WKY).

repair of injury, by not only regulating their phenotypes There is a strict correlation between activation of
and properties such as proliferation, migration, apoptosis, Peroxisome Proliferator-activated Receptor (PPAR) and
intracellular concentrations of FABP (Wolfrum ef al.,
Corresponding Author: Takuji Machida, Department of Pharmacological 1999). Expression of heart FABP (H-FABP) mRINA is
Sciences, School of Pharmaceutical Sciences, Health Sciences University regulated by long_chain fatty acids which activate PPAR

f Hokkaid Ishikari-Tob Hokkaido 061-0293 Tel and . B
;HX: +081—?3??—,23—;8;2 ri-tobetsu, Hoksaido »Japan Telan in rat myoblasts and cardiomyocytes (Chang et ol., 2001).
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The aim of the present study was to clarify (1) if the
amount of FABP expression in vascular walls relates the
initiation and establishment of vascular disorders and
(2) if the FABP expression in vascular walls is modulated
by PPAR activation.

MATERIALS AND METHODS

Materials: Fetal calf serum and culture medium were
obtained from Life Technologies (Grand Island, INY,
USA). [9, 10-°H]-oleic acid was purchased from
PerkinElmer  (Waltham, MA, USA). 2-[4-(4-
chlorobenzoyl)phenoxy]-2-methylpropanoic acid
isopropyl ester (fenofibrate), (4-chloro-6-(2 3-xyhdino)-
2-pyrimidinyl-thio)acetic  acid  (WY-14643)  were
purchased from Sigma-Aldrich (St. Louis, MO, USA).

Animals, organ harvesting and cell culture: This
study was conducted in accordance with the Care and
Use of Laboratory Animals of the Amimal Research
Committee of Health Sciences University of Hokkaido.
Male WKY and SHRSP (6 to 7 weeks old) were
sacrificed using ether anesthesia. The blood pressure but
not heart rate, of the 6- to 7-week-old SHRSP was
slightly but significantly higher than that of age-matched
WKY (Table 1). The harvested organs were immediately
used for analysis of fatty acid uptake or were frozen in
liquid nitrogen and stored at -80°C until required for
RINA analysis. VSMCs were enzymatically isolated from
fresh aortic media using collagenase and elastase and
cultured in Dulbecco’s modified Eagle’s medium
containing 10% fetal calf serum, as previously described
(Hirafuji et al., 2002). Primary cells were used throughout
the experiments. After 5-6 days of culture, the cells were
incubated for 1-3 days with PPARg activators.

RNA extraction and reverse transcription-
polymerase chain reaction: FABP isotypes that are
expressed in both aorta and cultured VSMCs were
identified by qualitative reverse transcription-polymerase
chain reaction (RT-PCR). Total RNA in isolated tissue
and cultured VSMCs was extracted using TRI reagent®
(Sigma-Aldrich) according the
instructions. cDINA was synthesized from 2 ug of
each RNA sample using 0.5 mg oligo (dT);
(Life Technologies, Invitrogen, Carlsbad, CA, USA) and
100 U reverse transcriptase (Invitrogen) at 42°C for

to manufacturer’s

Table 1: Basal parameters of the male 6-7 week old WEKY and same aged

SHRSP
Parameters WEKY (n = 10) SHRSP (n =§)
Body weight {g) 127606240 11550311
Heart rate (bpm) 451.41+32.75 440.84+6.29
Systolic blood pressure (mmHg) 125.13+2.450 127.68+432%
Mean blood pressure (mmHg) 90.17+3.370 105.00+3.48%
Diastolic blood pressure (mmHg) 72.75+4.020 88.80+4.07*

WEKY: Wistar Kyoto rat, SHRSP: Stroke-prone spontaneously hypertensive
rat. Values are Mean+ SEM. Values are statistically significant at *p<0.05 vs.
WEKY

60 min. For PCR, 042 1T Taq polymerase
(Roche Diagnostics GmbH, Mannheim, Germany) and
0.24 yuL 10 pM primer were added to 12 ul. 1XPCR
buffer (Hirafwji et al., 2002). The thermo cycling program
consisted of 3 min at 95°C, 40 cycles of 1 min at 94°C,
1 minat54°Cand 1 min at 72°C and afinal extension for
7 min at 72°C in a thermal cycler (Takara PCR thermal
cycler Dice, Takara Bio, Shiga, Japan). The specific
primers for FABP and Glyceraldehyde 3-phosphate
Dechydrogenase (GAPDH) were as described by
Guthmann et al. (1998) and Hirafuji et al. (2002),
respectively. The RT-PCR products were separated and
visualized on an ethidium bromide stained 1.0% agarose
gel. Semi-quantitative analysis of cach product was
performed by densitometry using Image J software and
concentrations were calculated relative to GAPDH.

H-FABP and epidermal FABP (E-FABP) expression
in VSMCs were quantified by real-time RT-PCR using
a 7500 Fast Real-Time PCR system (Life Technologies,
Applied Biosystems, Foster City, CA, USA) and SYBR
Green Real-Time PCR Master Mix (Toyobo, Osaka,
Japan). The sense primer for H-FABP was 5
ACGCCTTTGTCGGTACCTGGA 3’ and the antisense
primer was 5° GGTCATGCTAGCGACCTGTCT 3°.
The sense primer for E-FABP was 5
AGTGGGAAGGGAAAGAAAG 3 and the antisense
primer was 5 GAGTTAGCCAGTCCTCATTG 3. The
serse primer for GAPDH was 5
ATGACTCTACCCACGGCAAG 3 and the antisense
primer was 5 TCCACGACATACTCAGCACC 3.
H-FABP and E-FABP products was calculated relative to
GAPDH.

Uptake of [*H]-oleic acid by aorta: After the aortic
segments were weighed, they were incubated with 1 ml
Hepes buffer contaiming 0.75 uCi ['H]-oleic acid at 37°C,
for 1 h in a shaking waterbath. After discarding the Hepes
buffer, the segments were washed three times with
phosphate-buffered saline followed by washing twice
with 0.9% NaCl. H]-oleic acid incorporation was
estimated using a liquid scintillation counter

(Hitachi Aloka Medical, Tokyo, Japan).

Statistical analysis: All values are given as Mean=SEM
Statistical analysis of the results was performed using
Student’s t-test or the Mann-Whitney U test for unpaired
data and analysis of variance, followed by a Fisher’s test
for multiple comparisons. Significance was established

at the p=<0.05 level.

RESULTS

FABP expression profiles and fatty acid
incorporation: The expression profiles of FABP
mRINA in rat aorta and cultured VSMCs were examined
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1(a-d): FABP mRINA expression in aortic tissue and cultured VSMCs 1solated from WKY and SHRSP.
indicated (a) FABP

expression in aortic tissue and

(b) Cultured VSMC:s isolated from WKY. FABP mRINA expression was determined by RT-PCR.
mRINA extracted from heart, liver, intestine and epidermis was used as the positive control to identify the
expression of FABP subtypes with primers for heart (H-FABP), liver (L-FABP), intestinal
(I-FABP) and epidermal FABP  (E-FABP), respectively. Comparison of (¢c) H-FABP and
(d) E-FABP mRNA expression in cultured VSMCs from WKY and SHRSP. FABP mRINA
expression was determined by real-time RT-PCR. Each column represents the Mean®SEM of

6 experiments. **p<<0.01 vs. WKY

by RT-PCR. PCR amplification was performed for
40 cycles in order to reach saturation. mRINA of H-FABP
and E-FABP were clearly detected in aorta isolated from
WKY, whereas liver FABP (L-FABP) or intestinal FABP
(I-FABP) mBRINA were barely detectable (Fig, 1a).
Similar results were found for the cultured VSMCs
isolated from WKY (Fig. 1b) and for aorta and VSMCs
isolated from SHRSP.

The mRNA expression levels of H-FABP and
E-FABP cultured VSMCs from WKY and
SHRSP was then compared. Asshown in Fig, 1c and
d, mRINA expression of H-FABP was slightly
higher and that of E-FABP was significantly higher
in VSMCs from SHRSP compared with that from
WKY (128.9+8.82 319.3£0.33%,
WEKYs).

n

and versus
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Fig. 2: Uptake of fatty acid by aorta isolated from WKY
and SHRSP. Fatty acid incorporation was
determined by radicactivity of ["H]-oleic acid.
Each column represents the Mean®=SEM of
11 experiments. **p<0.01 vs. WKY

The aortic uptake of fatty acid was next compared
between WKY and SHRSP. As shown in Fig, 2, ['H]-
oleic acid incorporation was significantly higher in aorta
isolated from SHRSP than in that isolated from WKY.

These results suggest that the higher FABP
expression in VSMCs could be one reason for the
accelerated fatty acid incorporation by aorta in SHRSP.

Fenofibrate modulates FABP mRNA expression:
There 1s a strict correlation between activation of PPAR
and intracellular concentrations of FABP (Wolfrum et al.,
1999). Several studies have demonstrated that the
expression of FABP is regulated by PPAR activators, such
as fibrates or fatty acids. Therefore, the effects of PPAR«
activators on FABP mRNA expression in VSMCs was
next investigated. As shown in Fig, 3a, treatment with
fenofibrate (30 uM), a  PPARa-specific  fibrate
(Brown ef al., 1999), for 1-3 days significantly reduced
H-FABP mRINA expression in VSMCs from both WKY
and SHRSP. By contrast, fenofibrate significantly
increased E-FABP mRINA expression in VSMCS from
WKY (Fig. 3b). However, fenofibrate had no effect on
E-FABP mRINA expression in VSMCs from SHRSP
(Fig. 3b). The synthetic PPARE activator, WY-14643
(30 uM; Fig. 3¢ and d) had no such sigmficant effect.

These results suggest that fenofibrate treatment may
affect intracellular lipid metabolism in VSMCs by
differentially modulating FABP via a mechanism that is
independent of PPARe activation.

DISCUSSION

The present study revealed that mRINA of H-FABP
and E-FABP but not of L-FABP or I-FABP are
co-expressed in rat aorta and VSMCs. However, Western
blot these
expressions, as they could barely be detected by the
commercially available antibodies to H-FABP and
E-FABP used in this study. Although several studies have
shown the presence of H-FABP in VSMCs (Sakai et al.,
1995; Antohe e al., 1998), the results of the present study
indicate that VSMCs co-express H-FABP and E-FABP
mBRINA. In contrast with our results, Masouye et al. (1997)
were not able to detect E-FABP expression in larger
blood vessels with muscular walls, although they were
able to detect it in endothelial cells of the human
microvasculature using immunohistochemistry, At

analyses could not confirm protein

present, we have no clear explanation for this
discrepancy, but it may be due to differences in the
species or experimental methods used.

Sarzani ef al. (1988) showed, for the first time, that a
quantitative change m H-FABP is related to the
pathogenesis of cardiovascular disease. They found
reduced aortic H-FABP protein and mRINA expression
three hypertensive
deoxycorticosterone and salt-treated hypertensive rats,

in experimental rat models:
Goldblatt two kidney one clip renal hypertensive rats and
angiotensin I-infused hypertensive rats. Reduced H-
FABP mRINA expression has also been found in aorta
isolated from streptozotocin-induced diabetic rats
(Sakaief al., 1995). By contrast, Fujii et al. (1988) reported
that FABP concentration is significantly higher in renal
medulla of SHRSP more than 10 weeks old than in that
of aged matched WKY and that antihypertensive
treatment of 24 week old SHRSP caused a sigmficant
decrease in medullary FABP levels. They suggested that
a higher FABP concentration might reflect accelerated
fatty acid metabolism in renal medulla in SHRSP
(Kawaguchi et al., 1987). In the present study, mRINA
expression of H-FABP tended to increase in VSMCs
from SHRSP compared to that in VSMCs from WKY and
that E-FABP mRINA expression significantly increased
in VSMCs from SHRSP compared to that in VSMCs
from WKY. Furthermore, the uptake of fatty acid in aorta
isolated from SHRSP was higher than that isolated from
WEKY. These results suggest the higher FABP expression
in VSMCs could be one reason for the accelerated fatty
acid incorporation by aorta in SHRSP. The VSMCs used
in the present study were isolated from 6-7 week old
SHRSP, which were at a very early stage of development
of hypertension (Minami e al., 1997). In fact, the blood
pressure but not heart rate, of the 6-7 week old SHRSP
was slightly but significantly higher than that of
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Fig. 3(a-d): Effect of fenofibrate and WY-14643 on mRINA expression of H-FABP and E-FABP in VSMCs isolated
from WKY and SHRSP. FABP mRINA expression was determined by real-time RT-PCR. Cells were
treated with either fenofibrate (30 puM) or WY-14643 (30 uM) for the indicated time periods.
(aand c)H-FABP and (b and d) E-FABP mRINA expression was expressed relative to day 0. Each column
represents the Mean® SEM of 6 experiments for WKY of a and b, 5 experiments for SHRSP of a and b and
3 experiments for ¢ and d, respectively. *p<<0.05, **p<<0.01 vs. corresponding day 0

age matched WKY (Table 1). Thus, it is unlikely that high
blood pressure and increased shear stress after the
establishment of hypertension leads to changes in FABP
mBRNA expression. Although the main reason for the
increased induction of FABP mRINA expression in the
VSMCs of SHRSP is unclear, our results suggest that
altered FABP expression may be relevant to the initiation
and establishment of cardiovascular disorders in SHRSP.

PPAR¢ plays an important role in the regulation of
energy lipid metabolism and thus in the
pathophysiology of cardiovascular disease (Schiffrin et 4i.,
2003). Furthermore, PPARq activators decrease the
inflammatory response by negatively regulating nuclear
factor-kB transcription activity in VSMGCs (Staels ef al.,
1998). Several studies have demonstrated that the
expression of FABP is regulated by PPAR activators, such
as fibrates or fatty acids. Daoud ef af. {(2005) reported that
the non-selective PPAR agonists bezafibrate and linoleic

and

acid reduce H-FABP and L-FABP expression in human
trophoblast cells. It has also been reported that WY-14643
induces L-FABP expression in rat hepatoma cells
(Landrier e al., 2004). However, whether PPAR
activators affect FABP expression in vascular cells
remains unclear. As both PPARax and PPARg are
expressed in the cardiovascular system (Bishop-Bailey,
2000), in endothelial cells (Inoue et al., 1998; Satoh et al.,
1999) and in VSMCs(Staels ef al., 1998), it is possible that
PPAR¢ activators influence FABP function by affecting
the levels of FABP expression. In the present study,
fenofibrate significantly reduced H-FABP mRNA
expression in VSMCs derived from SHRSP and WKY.
On the other hand, fenofibrate significantly increased
E-FABP mRNA expression in VSMGCs from WKY but
not in those from SHRSP. These effects were observed
at 30 M fenofibrate, which is approximately the plasma
concentration of its active metabolite fenofibric acid
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found in humans following admimstration of the drug
(Adkins and Faulds, 1997). Therefore, our results suggest
that fenofibrate treatment may affect intracellular lipid
metabolism in VSMCs by differentially modulating
FABP expression. These effects were not observed with
another selective PPARg activators WY-14643 even
though 1t has been reported that WY-14643 mduces
H-FABP i liver and skeletal muscle 1in  mice
(Motojima, 2000). Thus, the effects of fenofibrate on
FABP mRINA expression seem to be independent of
PPAR¢ activation. Further studies are required to
determine the mechanism by which fenofibrate
modulates E-FABP expression.

In conclusion, the results of the presemt study
demonstrate that mRNA expression of H-FABP and
E-FABP is increased in VSMCs 1solated from SHRSP.
This increase may be relevant to the initiation and
establishment of wvascular disorders in SHRSP.
Furthermore, fenofibrate and an anti-hyperlipidemnic
agent may affect lipid metabolism by differentially
modulating FABP expression in the vascular walls via a
mechanism that is independent of PPARe activation.
Further studies are required to clarify the precise roles of
FABPs in the pathophysiology of vascular diseases and
the mechanism by which fenofibrate regulates FABP

€Xpression.
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