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Angiotensin II receptor blockers decrease serum
concentration of fatty acid-binding protein 4 in
patients with hypertension

Masato Furuhashi1, Tomohiro Mita1, Norihito Moniwa2, Kyoko Hoshina1, Shutaro Ishimura1,
Takahiro Fuseya1, Yuki Watanabe1, Hideaki Yoshida1, Kazuaki Shimamoto3 and Tetsuji Miura1

Elevated circulating fatty acid-binding protein 4 (FABP4/A-FABP/aP2), an adipokine, is associated with obesity, insulin

resistance, hypertension and cardiovascular events. However, how circulating FABP4 level is modified by pharmacological agents

remains unclear. We here examined the effects of angiotensin II receptor blockers (ARBs) on serum FABP4 level. First, essential

hypertensives were treated with ARBs: candesartan (8 mg day−1; n=7) for 2 weeks, olmesartan (20mg day−1; n=9) for

12 weeks, and valsartan (80mg day−1; n=94) or telmisartan (40mg day−1; n=91) for 8 weeks added to amlodipine

(5 mg day−1). Treatment with ARBs significantly decreased blood pressure and serum FABP4 concentrations by 8–20% without

significant changes in adiposity or lipid variables, though the M value determined by hyperinsulinemic–euglycemic glucose

clamp, a sensitive index of insulin sensitivity, was significantly increased by candesartan. Next, alterations in FABP4 secretion

from 3T3-L1 adipocytes were examined under several agents. Lipolytic stimulation of the β-adrenoceptor in 3T3-L1 adipocytes

by isoproterenol increased FABP4 secretion, and conversely, insulin suppressed FABP4 secretion. However, treatment of 3T3-L1

adipocytes with angiotensin II or ARBs for 2 h had no effect on gene expression or secretion of FABP4 regardless of β-
adrenoceptor stimulation. In conclusion, treatment with structurally different ARBs similarly decreases circulating FABP4

concentrations in hypertensive patients as a class effect of ARBs, which is not attributable to blockade of the angiotensin II

receptor in adipocytes. Reduction of FABP4 levels by ARBs might be involved in suppression of cardiovascular events.
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INTRODUCTION

Fatty acid-binding proteins (FABPs) are about 14–15-kDa predomi-
nantly cytosolic proteins that can reversibly bind hydrophobic ligands,
such as saturated and unsaturated long chain fatty acids.1,2 FABPs have
been proposed to facilitate the transport of lipids to specific compart-
ments in the cell. Among FABPs, fatty acid-binding protein 4
(FABP4), also known as adipocyte FABP (A-FABP) or aP2, is mainly
expressed in both adipocytes and macrophages and has an important
role in the development of insulin resistance and atherosclerosis.3–5

Furthermore, it has been shown that a small molecule FABP4
inhibitor could be a therapeutic strategy against diabetes mellitus and
atherosclerosis.6

Recent studies have shown that FABP4 is secreted from adipocytes
in association with lipolysis regulated by adenyl cyclase-protein kinase
A and guanylyl cyclase-protein kinase G signaling via a non-classical
secretion pathway,7–9 though there are no typical secretory signal
peptides in the sequence of FABP4.1 It has also been shown that

FABP4 acts as an adipokine for the development of hepatic insulin
resistance8 and cardiodepressant effect10 in experimental models.
Furthermore, elevated serum concentration of FABP4 has been shown
to be associated with obesity, insulin resistance, hypertension, athero-
sclerosis, cardiac dysfunction and cardiovascular events.7,11–17 How-
ever, little is known about the modulation of FABP4 concentration by
drugs, including antihypertensive agents. Here we investigated the
effects of angiotensin II receptor blockers (ARBs) on circulating
FABP4 level in hypertensive patients and secretion of FABP4 from
adipocytes with and without lipolytic stimulation, which is known to
increase secretion of FABP4 from adipocytes.8

METHODS
The present study consisted of three human studies (Studies 1–3) and one

in vitro study using 3T3-L1 adipocytes (Study 4). Human studies (Studies 1–3)

conformed to the principles outlined in the Declaration of Helsinki and were

performed with the approval of the Ethical Committee of Sapporo Medical
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University. Written informed consent was received from all of the subjects.

Experimental procedures for Study 4 were performed with approval from the

Animal Care and Experiments Committee of Sapporo Medical University.

Study 1: Effects of candesartan on FABP4 levels
Mild-to-moderate essential hypertensive patients (n= 7; M/F: 3/4; mean age:

56.1± 6.4 years) were enrolled in Study 1 to examine the effect of candesartan

on serum FABP4 level and its relationship with insulin sensitivity. Entry criteria

were no medication for at least 2 weeks before the study and no evidence of

complications, such as endocrine or metabolic disturbances, cerebrovascular or

cardiovascular disease or renal disease. The patients were treated with 8

mg day− 1 candesartan, an ARB, for 2 weeks in hospital. Insulin sensitivity was

evaluated as the M value (metabolic clearance of glucose, mgm− 2 min− 1) by

the hyperinsulinemic–euglycemic glucose clamp technique before and after

treatment with candesartan. Before the clamp study, blood pressure was

measured, and blood samples were obtained from all of the patients.

Study 2: Effects of olmesartan on FABP4 levels
Nine essential hypertensives (M/F: 4/5; mean age: 56.6± 1.8 years) were

enrolled from clinics affiliated with the Sapporo Medical University. Entry

criteria were no treatment with antihypertensive agents, lipid-lowering agents

or anti-diabetic agents and the absence of serious hepatic disease, renal disease

or atherosclerosis. Patients were treated with 20mg day− 1 olmesartan, an ARB,

for 12 weeks in outpatient clinics. Before and after the 12-week treatment,

blood pressure was measured and blood samples were collected.

Study 3: Effects of telmisartan and valsaltan as add-on agents on
FABP4 levels
In the SPEED (Sapporo study to prove efficacies of telmisartan and valsartan

for early-morning blood pressure as add-on therapy) study

(UMIN000003922),18 designed as a PROBE trial, 414 hypertensive patients in

the age range of 40–79 years were enrolled from 36 clinical sites in a 4-week

run-in period when amlodipine (5 mg day− 1) was administered. Patients

whose home systolic blood pressure in the morning was ⩾ 135mmHg but

o160mmHg were randomized to a valsartan (80mg day− 1) group or to a

telmisartan (40mg day− 1) group for an 8-week add-on therapy. Exclusion

criteria were allergy to telmisartan or valsartan, pregnancy, severe liver

dysfunction, serum creatinine 43.0 mg dl− 1, malignant hypertension and

secondary hypertension. Patients with chronic heart failure, atrial fibrillation,

history of myocardial infarction, proteinuria, diabetes mellitus or metabolic

syndrome were also excluded from enrollment in the run-in period. A total of

258 patients (128 patients in the valsartan group and 130 patients in the

telmisartan group) contributed to the SPEED study as previously reported.18 In

the present analysis, 73 of the SPEED study subjects who had been taking any

drugs except amlodipine, valsartan and telmisartan were excluded, and data

from 185 patients (94 patients in the valsartan group and 91 patients in the

telmisartan group) were used for determining the effects of valsaratan and

telmisartan on serum FABP level.

Measurements in Studies 1–3
Body mass index (BMI) was calculated as body weight (in kilograms) divided

by the square of body height (in meters). Serum and plasma samples were

analyzed immediately or stored at − 80 °C until biochemical analyses. Serum

concentration of FABP4 was measured using a commercially available Enzyme-

Linked Immunosorbent Assay Kit for FABP4 (Biovendor R&D, Modrice, Czech

Republic). The accuracy, precision and reproducibility of the kit have been

described previously.7 As an index of renal function, estimated glomerular

filtration rate was calculated by an equation for Japanese19: estimated

glomerular filtration rate (mlmin− 1 1.73m− 2)= 194×Cr(−1.094) × age(−0.287) ×

0.739 (if female). Homeostasis model assessment ratio (HOMA-R), an index of

insulin resistance, was calculated by the previously reported formula: insulin

(μUml− 1) × glucose (mg dl− 1)/405.

Hyperinsulinemic–euglycemic glucose clamp in Study 1
In Study 1, a 2-h hyperinsulinemic–euglycemic glucose clamp was performed
according to the method previously described.20,21 The mean rate of glucose
infusion for the last 30min of the clamp was used as an index of insulin
sensitivity (M value). The M value was expressed as milligrams of glucose per
square meter of body surface area.

Study 4: Effects of ARBs on FABP4 secretion from 3T3-L1
adipocytes
All biochemical reagents were purchased from Sigma-Aldrich (St Louis, MO,
USA) unless otherwise indicated. Preadipocyte 3T3-L1 cells were obtained from
Health Science Research Resources Bank (Osaka, Japan). Differentiation of
3T3-L1 cells was performed as previously described.9 After overnight serum
depletion by 0.5% bovine serum albumin in Dulbecco’s modified Eagle’s
medium, the differentiated 3T3-L1 adipocytes were stimulated for 2 or 24 h
with 1–10 μM angiotensin II, 0.5 μg ml− 1 insulin, 10 μM ARB (olmesartan
(Daiichi Sankyo, Tokyo, Japan), valsartan or telmisartan) or 10 μM troglitazone
in the presence and absence of 10 μM isoproterenol in Dulbecco’s modified
Eagle’s medium supplemented with 0.5% bovine serum albumin. The doses of
reagents and incubation periods varied according to the experimental protocol.
Each experiment was done in at least triplicate.

Quantitative real-time PCR
Total RNA was isolated using Trizol Reagent (Invitrogen, Carlsbad, CA, USA).
One microgram of total RNA was reverse-transcribed by using the high-
capacity cDNA Archive Kit (Applied Biosystems, Foster City, CA, USA).
Quantitative real-time PCR analysis was performed using SYBR Green in the
real-time PCR system (Applied Biosystems). The thermal cycling program was
10min at 95 °C for enzyme activation and 40 cycles of denaturation for 15 s at
95 °C, 30-s annealing at 58 °C and 30-s extension at 72 °C. Two pairs of specific
primers used are as follows: 5′-AAGGTGAAGAGCATCATAACCCT-3′ and
5′-TCACGCCTTTCATAACACATTCC-3′ for FABP4 and 5′-AGTCCCTG
CCCTTTGTACACA-3′ and 5′-CGATCCGAGGGCCTCACTA-3′ for 18S
rRNA as an internal control gene.

Western blotting analysis
The conditioned medium (CM) from adipocytes was filtered to obtain
10–50-kDa fractions of proteins using the Amicon Ultra 10 and 50K devices
(Millipore, Billerica, MA, USA). Total protein content of the cell lysate (CL) was
assessed by a microplate protein assay (Bio-Rad, Hercules, CA, USA). Western
blotting analysis using primary antibodies for FABP4 (Abcam, Tokyo, Japan) and
GAPDH (glyceraldehyde 3-phosphate dehydrogenase; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) was performed as previously described.9 Densitometry
was performed using the ImageJ software (http://imagej.nih.gov/ij/).

Statistical analysis
Numeric variables are expressed as means± s.e.m. or medians (interquartile
ranges). The distribution of each parameter was tested for its normality using
Shapiro–Wilk W test, and non-normally distributed parameters were logarith-
mically transformed for regression analyses. The correlation between two
variables was evaluated using Pearson’s correlation coefficient. Comparison
between two groups was done with Wilcoxon signed-rank test for paired
samples and Mann–Whitney’s U test for unpaired samples. A P-value ofo0.05
was considered statistically significant. All data were analyzed by using JMP 9
for Macintosh (SAS Institute, Cary, NC, USA).

RESULTS

Study 1
Characteristics of the patients in Study 1 are shown in Table 1. There
were no significant differences in BMI, pulse rate or levels of fasting
plasma glucose, total cholesterol, HDL cholesterol, LDL cholesterol or
triglycerides before and after treatment with candesartan for 2 weeks.
Treatment with candesartan significantly decreased mean blood
pressure (101.9± 4.8 vs. 91.2± 5.0 mmHg, P= 0.004) and increased
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the M value (157.6± 9.8 vs. 216.2± 25.5mgm− 2 min− 1, P= 0.043).
Fasting insulin level (4.9± 0.6 vs. 3.2± 0.2 μUml− 1, P= 0.052) and
HOMA-R (1.01± 0.14 vs. 0.65± 0.03, P= 0.064) tended to decrease
after treatment with candesartan. Candesartan significantly
decreased serum FABP4 concentration by 14.5% (23.3± 2.7 vs.
19.9± 1.8 ngml− 1, Po0.05) (Figure 1a). Change in FABP4 level
was not significantly correlated with change in the M value (r= 0.234,
P= 0.613) or mean blood pressure (r= 0.547, P= 0.204).

Study 2
Characteristics of the patients in Study 2 are shown in Table 2.
Treatment with olmesartan for 12 weeks significantly decreased
systolic blood pressure (162.9± 4.3 vs. 141.7± 6.8 mmHg,
P= 0.007) and diastolic blood pressure (97.8± 3.9 vs. 79.3± 3.0
mmHg, P= 0.003), but no significant differences were found before
and after treatment in BMI, waist circumference, pulse rate or levels of
total cholesterol, HDL cholesterol, LDL cholesterol, triglycerides,

fasting plasma glucose, insulin or HOMA-R. Olmesartan significantly
decreased serum FABP4 level by 19.9% (13.8± 1.5 vs. 11.1± 1.3
ngml− 1, P= 0.012; Figure 1b). Change in FABP4 level was not
significantly correlated with change in systolic blood pressure
(r= 0.653, P= 0.071), diastolic blood pressure (r= 0.643, P= 0.062)
or other variables.

Study 3
Characteristics of the patients in Study 3 are shown in Table 3. There
was no significant difference in BMI, waist circumference, blood
pressure or pulse rate at baseline between the valsartan and telmisartan
groups. Treatment with valsartan or telmisartan for 8 weeks added to
amlodipine therapy significantly decreased systolic blood pressure
(143.9± 1.1 vs. 130.9± 1.9mmHg, Po0.001 and 143.8± 1.3 vs.
133.8± 1.7 mmHg, Po0.001, respectively) and diastolic blood pres-
sure (83.1± 0.9 vs. 75.9± 1.4mmHg, Po0.001 and 84.2± 1.0 vs.

Table 1 Characteristics of the patients (Study 1: Candesartan,

2 weeks)

Pretreatment Posttreatment

n (M/F) 7 (3/4)

Age (years) 56.1±6.4

Body mass index (kgm−2) 23.5±1.2 23.5±1.0

Mean arterial pressure (mmHg) 101.9±4.8 91.2±5.0a

Pulse rate (beats min−1) 72.0±3.1 71.6±2.8

Biochemical data
Total cholesterol (mg dl−1) 181.7±15.8 177.0±18.0

HDL cholesterol (mg dl−1) 37.1±2.8 41.5±3.7

LDL cholesterol (mg dl−1) 121.7±14.5 120.3±18.2

Triglycerides (mg dl−1) 102 (56–193) 58 (42–129)

Glucose (mg dl−1) 82.7±2.8 84.9±3.2

Insulin (μUml−1) 4.4 (3.0–6.9) 3.0 (2.0–4.2)

HOMA-R 0.92 (0.63–1.39) 0.63 (0.58–0.70)

M value (mgm−2min−1) 157.6±9.8 216.2±25.5a

Abbreviations: F, female; HDL, high-density lipoprotein; HOMA-R, homeostasis model
assessment ratio; LDL, low-density lipoprotein; M, male. Variables are expressed as n,
means± s.e.m. or medians (interquartile ranges).
aPo0.05 vs. pretreatment.

Figure 1 Effects of candesartan and olmesartan on FABP4 levels (Studies 1 and 2). (a and b) Treatment with candesartan (8mg day−1; n=7; M/F: 3/4) for
2 weeks (a) or olmesartan (20mg day−1; n=9; M/F: 4/5) for 12 weeks (b) significantly decreased FABP4 levels in hypertensive patients. Open circle: male,
closed circle: female. *Po0.05.

Table 2 Characteristics of the patients (Study 2: Olmesartan,

12 weeks)

Pretreatment Posttreatment

n (M/F) 9 (4/5)

Age (years) 56.6±1.8

Body mass index (kgm−2) 25.0±0.4 24.4±0.7

Waist circumference (cm) 84.8±2.2 83.9±2.7

Systolic blood pressure (mmHg) 162.9±4.3 141.7±6.8a

Diastolic blood pressure (mmHg) 97.8±3.9 79.3±3.0a

Pulse rate (beatsmin−1) 74.0±3.7 71.6±3.7

Biochemical data
Total cholesterol (mg dl−1) 196.4±9.5 208.3±11.3

HDL cholesterol (mg dl−1) 50.7±3.5 52.4±4.0

LDL cholesterol (mg dl−1) 128.1±8.5 132.8±10.7

Triglycerides (mg dl−1) 82 (71–112) 97 (75–118)

Glucose (mg dl−1) 97.9±2.3 98.0±2.3

Insulin (μUml−1) 4.9 (3.4–5.1) 5.0 (2.9–6.3)

HOMA-R 1.11 (0.86–1.24) 1.17 (0.73–1.40)

Abbreviations: F, female; HDL, high-density lipoprotein; HOMA-R, homeostasis model
assessment ratio; LDL, low-density lipoprotein; M, male. Variables are expressed as n, means±
s.e.m. or medians (interquartile ranges).
aPo0.05 vs. pretreatment.
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77.9± 1.1 mmHg, Po0.001, respectively). However, no significant
difference in the blood pressure level was observed between
the valsartan and telmisartan groups before or after the
add-on therapy. There was no significant difference in change in
pulse rate or biochemical variables, including glucose and lipid
metabolism or renal function, with valsartan or telmisartan treatment
(Table 3).
When baseline data from all patients were pooled, logarithmically

transformed FABP4 (log FABP4) level was positively correlated with
BMI (r= 0.451, Po0.001) and waist circumference (r= 0.359,
Po0.001) and was negatively correlated with estimated glomerular
filtration rate (r=− 0.374, Po0.001) as previously reported.7,14 There
were no significant correlations between log FABP4 and blood
pressure, pulse rate, plasma glucose or lipid variables.
In the combined data from male and female subjects, serum FABP4

levels were significantly decreased by treatment with valsartan by
14.6% (15.8± 0.6 vs. 13.5± 0.6 ngml− 1, Po0.001) and by treatment
with telmisartan by 8.4% (16.5± 0.7 vs. 15.1± 0.7 ngml− 1, Po0.001)
(Figure 2a). However, no significant difference in change in FABP4
levels was found between the valsartan and telmisartan groups
(Figure 2b). When divided into male and female subjects, reduction
in FABP4 levels by valsartan and telmisartan was similarly observed
(Figures 2c and d). However, change in FABP4 level in male subjects
(Figure 2e), but not in female subjects (Figure 2f), was significantly
greater in the valsartan group than in the telmisartan group. Change in
FABP4 level was not significantly correlated with change in blood
pressures or other variables.

Study 4
Treatment with several ARBs at the dose of 10 μM, including
candesartan, olmesartan, valsartan and telmisartan, as well as 10 μM
troglitazone, a peroxisome proliferator-activated receptor γ (PPARγ)
agonist, for 2 h did not change gene expression of FABP4 in
differentiated 3T3-L1 adipocytes (Figure 3a). However, when

treatment was continued for 24 h, a significant increase in gene
expression of FABP4, a target of PPARγ,1 was detected for telmisartan,
an ARB with an action of a partial PPARγ agonist,22,23 and
troglitazone (Figure 3b).
To assess secretion of FABP4 from differentiated 3T3-L1 adipocytes,

the cells were treated with test agents for 2 h, and the levels of FAPB4
in CL and CM were determined. Western blotting analysis showed
that FABP4 was present in both the CL and CM of 3T3-L1 adipocytes
and that GAPDH, a non-secretory protein, was present in the CL but
not in the CM (Figure 3c), indicating that FABP4 is indeed secreted
from adipocytes with intact cell membranes. FABP4 secretion was
induced by lipolytic stimulation with 10 μM isoproterenol, a pan-β-
adrenergic agonist, and the increased FABP4 secretion was inhibited
by 0.5 μgml− 1 insulin (Figure 3c), as previously reported.8,9 Treat-
ment with ARBs or troglitazone did not affect FABP4 secretion from
adipocytes in the absence (Figure 3d) or presence (Figure 3e) of 10 μM
isoproterenol.
Angiotensin II at the dose of 1–10 μM did not induce FABP4

secretion from 3T3-L1 adipocytes with or without stimulation of
10 μM isoproterenol (Figure 3f). No significant modulation in the level
of FABP secretion was observed by treatment with olmesartan upon
isoproterenol and/or angiotensin II stimulation (Figure 3g).

DISCUSSION

The present study showed that treatment with structurally different
and popular ARBs, including candesartan, olmesartan, valsartan and
telmisartan, for 2–12 weeks similarly decreased serum FABP4 con-
centrations in hypertensive subjects, indicating a class effect of ARBs
on circulating FABP4 levels. Our findings are consistent with the
results of a previous study showing that longer treatment with
olmesartan for 6 months decreased serum FABP4 levels in 30 patients
with essential hypertension.24 In the present study, in vitro experi-
ments showed that treatment with ARBs or angiotensin II for 2 h did
not directly modulate FABP4 secretion from 3T3-L1 adipocytes under

Table 3 Characteristics of the patients (Study 3: Valsartan vs. Telmisartan, 8 weeks)

Valsartan Telmisartan

Pretreatment Posttreatment Pretreatment Posttreatment

n (M/F) 94 (49/45) 91 (46/45)

Age (years) 60.7±1.1 61.0±1.1

Body mass index (kgm−2) 24.2±0.4 24.6±0.3

Waist circumference (cm) 83.6±1.1 85.7±1.1

Systolic blood pressure (mmHg) 143.9±1.1 130.9±1.9a 143.8±1.3 133.8±1.7a

Diastolic blood pressure (mmHg) 83.1±0.9 75.9±1.4a 84.2±1.0 77.9±1.1a

Pulse rate (beatsmin−1) 70.5±1.0 71.2±1.0 71.9±0.9 72.6±1.1

Biochemical data
Total cholesterol (mg dl−1) 210.0±3.8 205.9±3.6 214.7±3.3 213.0±3.4

HDL cholesterol (mg dl−1) 62.6±1.8 60.4±1.8 60.6±1.7 58.3±1.8

LDL cholesterol (mg dl−1dl) 121.5±3.4 118.4±3.1 127.1±3.2 127.0±3.3

Triglycerides (mg dl−1) 112 (69–171) 103 (76–165) 114 (85–173) 115 (86–164)

Glucose (mg dl−1) 93.3±1.5 94.6±1.6 93.3±1.5 91.2±1.6

Insulin (μUml−1) 5.5 (3.7–14.3) 7.4 (3.9–23.1) 7.4 (4.2–14.2) 6.9 (4.3–15.1)

HOMA-R 1.05 (0.70–1.72) 1.11 (0.72–1.93) 1.21 (0.80–1.94) 1.06 (0.79–1.73)

Cr (mg dl−1) 0.65±0.01 0.66±0.01 0.66±0.01 0.67±0.01

Estimated GFR (mlmin−1 1.73m−2) 86.3±1.5 85.6±1.6 83.9±1.7 82.1±1.6

Abbreviations: Cr, creatinine; F, female; GFR, glomerular filtration rate; HDL, high-density lipoprotein; HOMA-R, homeostasis model assessment ratio; LDL, low-density lipoprotein; M, male.
Variables are expressed as n, means± s.e.m. or medians (interquartile ranges).
aPo0.05 vs. pretreatment.
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basal or isoproterenol-induced lipolytic conditions. The findings in
adipocytes in vitro suggest that decline in serum FABP4 levels after
ARB treatment is not a result of direct inhibition of FABP4 secretion
from adipose tissue.
The precise mechanisms by which ARBs lead to a decrease in

circulating FABP4 levels are unclear, but there are a few possibilities.
First, suppression of sympathetic nerve activity and/or inflammatory
cytokines by ARBs may indirectly suppress FABP4 release from
adipose tissue. ARBs have been shown to reduce sympathetic nerve
activation25 and inflammatory cytokines,26,27 such as tumor necrosis
factor-α, which are known to increase lipolysis in adipocytes.28 As
FABP4 secretion is associated with lipolysis,8,9 reduction of sympa-
thetic tone possibly reduces FABP secretion. In that respect, the
efficacy of FABP4 reduction by ARBs may be more effective in
hypertensive patients with obesity who may have high sympathetic
nerve activation. Second, improvement of insulin sensitivity by ARBs
might be responsible for reduction in serum FABP4 level. As shown in

Table 1, candesartan increased the M value, a sensitive index of insulin
sensitivity as previously reported for several ARBs,21,29–31 though
HOMA-R, a less sensitive index of insulin sensitivity, was not
significantly changed by ARBs used in the present study. Modest
improvement in insulin sensitivity by ARBs may decrease
FABP4 secretion from adipocytes via anti-lipolytic action of insulin.
Finally, increase in small insulin-sensitive adipocytes by ARB treat-
ment may result in decreased expression and secretion of FABP4. It
has been hypothesized by Sharma et al.32 that blockade of the renin–
angiotensin system promotes the recruitment and differentiation of
preadipocytes and that increased formation of small insulin-sensitive
adipocytes produce more adiponectin, a cell-protective adipokine, and
less tumor necrosis factor-α, thereby improving insulin sensitivity. In
fact, it has been reported that renin–angiotensin system blockade
decreases adipocyte size in hypertensive and insulin-resistant rats33

and increases insulin sensitivity and serum levels of adiponectin in
patients with essential hypertension.21

Figure 2 Effects of valsartan and telmisartan on FABP4 levels (Study 3). (a) Serum FABP4 levels before and after treatment with valsartan (80mg day−1;
n=94; M/F: 49/45) or telmisartan (40mg day−1; n=91; M/F: 46/45) for 8 weeks in addition to treatment with amlodipine (5mg day−1) in hypertensive
patients. (b) Change in FABP4 levels with valsartan and telmisartan treatment in all patients. (c and d) Serum FABP4 levels before and after treatment with
valsartan and telmisartan in addition to treatment with amlodipine in male (c) and female (d) patients. (e and f) Change in FABP4 levels with valsartan and
telmisartan treatment in male (e) and female (f) patients. Open circle and bar: valsartan group, closed circle and bar: telmisartan group. *Po0.05,
**Po0.01 vs. Pretreatment.
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Figure 3 Gene expression and secretion of FABP4 in 3T3-L1 adipocytes treated with ARBs (Study 4). (a and b) Gene expression of FABP4 was determined
by quantitative real-time PCR in differentiated 3T3-L1 adipocytes treated with DMSO alone as a control (Con), 10 μM angiotensin II receptor blockers (ARBs),
including candesartan (Can), olmesartan (Olm), valsartan (Val) and telmisartan (Tel), and 10 μM troglitazone (Tro) for 2 h (a) and 24 h (b) (n=3 each group).
*Po0.01 vs. Con. (c–g) Western blotting analysis of FABP4 and GAPDH using the cell lysate (CL) and conditioned medium (CM) of 3T3-L1 adipocytes
treated with several agents for 2 h (n=3 each group): (c) 10 μM isoproterenol (Iso) and 0.5 μgml−1 insulin; (d) 10 μM Can, Olm, Val, Tel and Tro in the
absence of Iso; (e) 10 μM Can, Olm, Val, Tel and Tro in the presence of 10 μM Iso; (f) 0–10 μM angiotensin II (Ang II) in the absence and presence of 10 μM
Iso; and (g) 1 μM Ang II and 10 μM Olm in the absence and presence of 10 μM Iso. FABP4 secretion was relatively expressed as densitometry of FABP4 in the
CM divided by those of FABP4 in the CL and GAPDH in the CL. AU, arbitrary unit. M, Marker of molecular weight. Error bars show s.e.m. in the graphs.
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Telmisartan has been reported to have an action of a partial
agonist of PPARγ.22,23 In fact, gene expression of FABP4, a target
of PPARγ,1 was increased by chronic (24 h), but not short-term
(2 h), treatment with telmisartan as well as troglitazone, a PPARγ
agonist, in 3T3-L1 adipocytes (Figures 3a and b). It has been
reported that thiazolidinediones, PPARγ agonists, increase
circulating FABP4 concentrations.34 Relatively small reduction in
FABP4 level by telmisartan compared with that by valsartan
(Figure 2a) might reflect increased FABP4 expression by telmisartan
in adipocytes, which partly cancelled ARB-induced reduction in serum
FABP4 levels.
Although ARBs reduced serum FABP4 level in both genders,

valsartan-induced reduction in FABP4 level was significantly larger
than the reduction by telmisartan in male subjects (Figure 2e) but not
in female subjects (Figure 2f). It is also notable that baseline FABP4
level was higher in females than in males and that its level tended to be
higher in the female telmisartan group than in the female valsartan
group. Thus it is not clear whether gender difference in the baseline
level of serum FABP4 or in response to each ARB underlies the finding
that valsartan had a greater impact on serum FABP4 level than did
telmisartan in males but not in females.
Recent clinical trials suggest that ARBs substantially lower the risk

for type 2 diabetes and decrease cardiovascular events.35 Together
with accumulating evidence indicating a significant role of FABP4 in
insulin resistance and atherosclerosis, results of the present study
support the notion that suppression of circulating FABP4 level is one
of the important mechanisms by which ARBs prevent diabetes in
high-risk hypertensive patients and the development of cardiovascular
events.
The present study has some limitations. The number of subjects

enrolled in Study 1 and Study 2 was small, and the possibility of type 1
error in statistical tests cannot be excluded. In Study 3, amlodipine
taken before starting treatment with ARBs might have modulated the
expression and secretion of FABP4, though there were no previous
reports about such an effect. Additionally, the present study lacked a
placebo control group. Interventional studies using larger number of
subjects and a placebo-control design are necessary for determining
the impact of ARB therapy on circulating FABP4 level and the
relationship between change in FABP4 level and clinical benefit of
ARBs. Finally, we performed in vitro experiments using mouse
3T3-L1 adipocytes, a well-used cell line of adipocytes, but there
might be a difference between mouse and human in regulation of
FABP4 secretion by ARBs.
In conclusion, ARBs decrease serum FABP4 concentrations in

hypertensive patients as a class effect of ARBs, which is not attributable
to blockade of the angiotensin II receptor in adipocytes. Reduction of
FABP4 levels might contribute to the suppression of cardiovascular
events as a pleiotropic effect of ARBs. Further understanding of drug-
induced modulation of FABP4 secretion from adipocytes will enable
the development of new therapeutic strategies for cardiovascular and
metabolic diseases.
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