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Figure 5. (A) Results of 10-min feedback

HES
()
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control of arterial pressure (AP) by hind-limb
. electrical stimulation (HES) obtained from 2

cats. In each cat, the target AP was set at
20mmHg below the baseline AP value. The
current and frequency of HES were automati-

cally adjusted to keep the AP at the target level.
(B) HES command and the error signal between

the target AP and measured AP averaged from

8 cats. The thick and thin lines indicate mean+
SE values, respectively.

Figure 6. (A) Effects of electrical stimulation

of the triceps surae muscle (MS) in comparison
to hind-limb electrical stimulation (HES).
Although muscle twitching was observed, there
was no change in arterial pressure (AP) during
MS. (B) Effects of sectioning the ipsilateral
sciatic nerve on the HES-induced changes in
AP. After the severance of the ipsilateral sciatic
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from 1 to 7min of the 10-min regulation. In this time period,
the HES command altered the stimulus frequency rather
than the stimulus current.

Mean and mean+SE values of the HES command aver-
aged from 8 animals are shown in the top panel of Figure

10 nerve, HES no longer produced significant
hypotension.

5B. There was a large variance in the HES command among
the animals, suggesting inter-individual differences in the
responsiveness to HES. The target AP was 102.5£5.6 mmHg
across the animals. The error signal between the target AP
and measured AP disappeared in less than 1 min (Figure 5B,
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Inhibition of Tumor Necrosis Factor-a—Induced
Interleukin-6 Expression by Telmisartan Through
Cross-Talk of Peroxisome Proliferator-Activated
Receptor-y With Nuclear Factor kB and
CCAAT/Enhancer-Binding Protein-_3

Qingping Tian, Ryohei Miyazaki, Toshihiro Ichiki, Ikuyo Imayama, Keita Inanaga, Hideki Ohtsubo,
Kotaro Yano, Kotaro Takeda, Kenji Sunagawa

Abstract—Telmisartan, an angiotensin II type 1 receptor antagonist, was reported to be a partial agonist of peroxisome
proliferator-activated receptor-y. Although peroxisome proliferator-activated receptor-vy activators have been shown to
have an anti-inflammatory effect, such as inhibition of cytokine production, it has not been determined whether
telmisartan has such effects. We examined whether telmisartan inhibits expression of interleukin-6 (IL-6), a
proinflammatory cytokine, in vascular smooth muscle cells. Telmisartan, but not valsartan, attenuated IL-6 mRNA
expression induced by tumor necrosis factor-a (TNF-«). Telmisartan decreased TNF-a—induced IL-6 mRNA and
protein expression in a dose-dependent manner. Because suppression of IL-6 mRNA expression was prevented by
pretreatment with GW9662, a specific peroxisome proliferator-activated receptor-y antagonist, peroxisome proliferator-
activated receptor-y may be involved in the process. Telmisartan suppressed IL-6 gene promoter activity induced by
TNF-a. Deletion analysis suggested that the DNA segment between —150 bp and —27 bp of the IL-6 gene promoter
that contains nuclear factor kB and CCAAT/enhancer-binding protein-f sites was responsible for telmisartan
suppression. Telmisartan attenuated TNF-a—induced nuclear factor kB— and CCAAT/enhancer-binding protein-f3-
dependent gene transcription and DNA binding. Telmisartan also attenuated serum IL-6 level in TNF-a—infused mice
and IL-6 production from rat aorta stimulated with TNF-« ex vivo. These data suggest that telmisartan may attenuate
inflammatory process induced by TNF-« in addition to the blockade of angiotensin II type 1 receptor. Because both
TNF-« and angiotensin II play important roles in atherogenesis through enhancement of vascular inflammation, telmisartan
may be beneficial for treatment of not only hypertension but also vascular inflammatory change. (Hypertension. 2009;53:
798-804.)

Key Words: interleukin-6 m TNF-a m PPARy m NF-«kB m C/EBPJ

Angiolensin IT (Ang II) is a main final effecter molecule
of the renin—angiotensin system. Physiologically, Ang II
plays an important role in the regulation of blood pressure,
fluid volume, and electrolyte balance.! However, Ang II is
also involved in the pathological processes, such as cardio-
vascular diseases, renal insufficiency, and metabolic disor-
ders.? Indeed, inhibition of the renin—angiotensin system by
Ang II type 1 receptor (AT1R) antagonists has been proven
beneficial for treatment of heart failure,® chronic kidney
diseases,* and myocardial infarction.” AT1R antagonists also
showed favorable effects on prevention of new onset of
diabetes mellitus and atrial fibrillation.®?

Telmisartan, one of the ATIR antagonists, was reported to
be a partial agonist of peroxisome proliferator-activated

receptor-y (PPARY).5? PPARvy is a nuclear receptor tran-
scription factor,'? and the target genes of PPARy are involved
in the regulation of lipid and glucose metabolism and adipo-
cyte differentiation. In addition, it is reported that thiazo-
lidinediones (TZDs), synthetic PPARy ligands, have an
anti-inflammatory effect and inhibit atherogenesis.!' The
anti-inflammatory effect of TZDs involves inhibition of the
function of nuclear factor kB (NF-«B), which plays an
important role in the expression of many genes mediating an
inflammatory process.'?

Interleukin-6 (IL-6) is one of the proinflammatory cyto-
kines and is induced by tumor necrosis factor-a (TNF-a),'?
Ang IL'* and other stimuli in vascular smooth muscle cells
(VSMCs), endothelial cells, and macrophages. IL-6 plays an

Received November 17, 2008; first decision November 24, 2008: revision accepted February 23, 2009.
From the Departments of Cardiovascular Medicine (Q.T., RM., T.I., LL, K.I., H.O., K.Y., K.T., K.S.) and Advanced Therapeutics for Cardiovascular
Diseases (T.I., K.T.), Kyushu University Graduate School of Medical Sciences, and Peking University First Hospital (Q.T.), Fukuoka, Japan.

Q.T.. R.M., and LI contributed equally to this work.

Correspondence to Toshihiro Ichiki, MD, PhD, Department of Cardiovascular Medicine, Kyushu University Graduate School of Medical Sciences,
3-1-1 Maidashi, Higashi-ku, 812-8582 Fukuoka, Japan. E-mail ichiki @cardiol.med kyushu-u.ac.jp

© 2009 American Heart Association, Inc.

Hypertension is available at http://hyper.ahajournals.org

DOI: 10.1161/HYPERTENSIONAHA.108.126656



Tian et al

important role in vascular remodeling and was reported to be
a useful biomarker in predicting future cardiovascular
events.'s

Telmisartan has been shown to induce differentiation of
adipocytes through activation of PPARYy. A recent study
showed that telmisartan attenuated hepatic steatosis, inflam-
mation, and fibrosis in a rat model of nonalcoholic steato-
hepatitis.'® It was also reported that telmisartan treatment of
patients with hypertension and coronary heart disease de-
creased B2-integrin MAC-1 expression in peripheral lympho-
cytes independent of Ang IL.'7 These data suggest that
telmisartan has an anti-inflammatory effect independently of
ATIR blocking effect. However, an anti-inflammatory effect
of telmisartan on blood vessel is incompletely characterized.
Therefore, we tested whether telmisartan inhibits TNF-a—
induced IL-6 expression through PPARy in VSMCs.

Materials and Methods

DMEM was purchased from GIBCO/BRL. FBS was from JRH
Biosciences. Recombinant TNF-a was a generous gift from
Dainippon-Sumitomo Pharmaceutical Co (Osaka, Japan). Telmisar-
tan was a generous gift from Boehringer Ingelheim (Ingelheim,
Germany). Valsartan was purchased from US Pharmacopeia. BSA
and GW9662 were purchased from Sigma. Pioglitazone was pur-
chased from LKT Laboratories. [a-*P] dCTP and [y-"*PJATP were
purchased from Perkin-Elmer Life Sciences. Antibodies against
extracellular signal-regulated protein kinase (ERK), p38 mitogen-ac-
tivated protein kinase (MAPK), c-Jun N-terminal kinase (JNK), and
their phosphorylated forms were purchased from Cell Signaling
Technology. Other reagents were purchased from Wako Pure Chem-
icals unless otherwise mentioned specifically. TNF-a was dissolved
in DMEM with 0.1% BSA, and Ang II was suspended in sterile
water. Other reagents that added to culture medium were dissolved in
dimethyl sulfoxide at a final concentration of 0.1%, which did not
show any effect on IL-6 induction.

Cell Culture

VSMCs were isolated from the thoracic aorta of Sprague-Dawley rats
and cultured in a humidified atmosphere of 95% air/5% CO, at 37°C in
DMEM as described previously.'* Cells were grown to confluence and
growth-arrested in DMEM with 0.1% BSA for 2 days before use.
Passages between 5 and 13 were used for the experiments.

Northern Blotting

Total RNA was prepared according to the acid guanidinium
thiocyanate-phenol-chloroform extraction method. Northern blot
analysis of IL-6 mRNA and 18S ribosomal RNA (rRNA) was
performed as described previously.'* The radioactivity of hybridized
bands of IL-6 mRNA and rRNA was quantified with a MacBAS
Bioimage Analyzer (Fuji Photo Film). It was reported that 2 species
of IL-6 mRNA were generated by an alternative polyadenylation.’®
The intensity of both bands was taken into account for quantification.

Quantification of Rat IL-6 by Sandwich ELISA
VSMCs were stimulated with TNF-a (10 ng/mL) or Ang II (100
nmol/L) for 24 hours in the presence or absence of telmisartan (1 to
20 pmol/L). Then the medium of VSMCs was collected and centrifuged
at 12 000 rpm for 1 minute. The supernatant was stored at —70°C until
used for the assay. ELISA for rat IL-6 was performed with a Cytoscreen
ELISA kit (BioSource International) according to manufacturer instruc-
tions. The measurement was performed in duplicate.

Transfection of IL-6 Promoter-Luciferase Fusion
DNA Construct to VSMCs

The IL-6 gene promoter—luciferase fusion DNA constructs and
luciferase assay were described previously.'* Detailed protocols
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can be found in an online data supplement available at
http://hyper.ahajournals.org.

Plasmids of NF-kB-luciferase and CCAAT/enhancer-binding
protein-f3 (C/EBPB)-luciferase were purchased from Stratagene Co.
Five copies of NF-kB consensus sequence or 3 copies of C/EBPS
consensus sequence were ligated to minimal promoter followed by
luciferase gene.

Gel Mobility Shift Assay

Gel mobility shift assay was performed as described previously '™
using synthetic NF-«B and C/EBP3 DNA probe (NF-kB: CAT GTG
GGA TTT TCC CAT GA:; C/EBPB: CAC ATT GCA CAA TCT
TAA). Detailed protocols are indicated in the online supplement.

Effect of Telmisartan on Ang II- and
TNF-a-Induced IL-6 Production In Vivo

All procedures were approved by the institutional animal use and care
committee and were conducted in conformity with institutional guide-
lines of Kyushu University. Ang II (490 ng/kg per minute) or TNF-o
(80 ng/kg per minute) was administered subcutaneously to 9-week-old
C57/BL6 mice (Kyudo Co; Saga, Japan) by osmotic mini-pump (Alzet)
for 1 week. Doses of TNF-a and Ang II were determined in a
preliminary experiment to detect a significant increase in the serum IL-6
level. Telmisartan was dissolved in water (10 pg/mL) and administered
ad libitum. The estimated dose of orally ingested telmisartan was 2
mg/kg per day. Blood pressure and heart rate were measured using
tail-cuff method (UR-5000; UEDA). After 1 week, mice were eutha-
nized under pentobarbital anesthesia, and peripheral blood was collected
from inferior vena cava. The serum concentration of IL-6 was measured
using ELISA kit (R&D Systems). No significant differences in body
weight were observed among the treatment groups (data not shown).

Ex Vivo Stimulation of Rat Aorta

Nine-week-old Sprague-Dawley rats were purchased from Kyudo
Co. Rats were euthanized under deep pentobarbital anesthesia. The
aorta was excised and adventitia was removed. The aorta was cut
into 6 pieces and stimulated with TNF-a (50 ng/mL) or Ang II
(I pmol/L) in the absence or presence of telmisartan (10 pmol/L) in
500 pL of DMEM supplemented with 0.19% BSA for 48 hours.
Concentrations of Ang II and TNF-a were determined in a prelim-
inary experiment to detect a significant increase in the production of
IL-6 in the supernatant of ex vivo-cultured aortic segments. The
supernatant was subjected to ELISA to measure IL-6 production.
The IL-6 concentration in the supernatant was normalized with the
wet weight of the aortic segment.

RT-PCR and Western Blot Analysis

Detailed protocols are indicated in the online supplement.

Statistical Analysis

Statistical analysis was performed with 1-way ANOVA and Fisher’s
test if appropriate. A P value <0.05 was considered statistically
significant. Values are expressed as mean=SEM.

Results

Telmisartan Attenuated TNF-a-Induced

IL-6 Expression

VSMCs were incubated with or without telmisartan
(10 pmol/L) for 60 minutes. Then the cells were stimulated
with TNF-a (10 ng/mL) for 30 minutes. Northern blot
analysis revealed attenuation of TNF-a—induced IL-6 mRNA
expression by telmisartan (Figure 1A). However, valsartan
(10 wmol/L), another ATIR antagonist, failed to suppress
TNF-a—induced IL-6 mRNA expression (Figure 1B). Telm-
isartan (1 to 20 wmol/L) dose-dependently suppressed TNF-
a—induced IL-6 mRNA expression (Figure 1C). The concen-
tration range of telmisartan was chosen based on a previous
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Figure 1. Suppression of TNF-a-induced IL-6 mRNA expression by telmisartan (Tel). VSMCs were preincubated with Tel (10 pmol/L;
A), valsartan (Val; 10 umol/L; B), or various concentrations (1 to 20 pmol/L; C) of telmisartan for 60 minutes and stimulated with TNF-a
(10 ng/mL) for 30 minutes. Total RNA was isolated, and expression of IL-6 mRNA and 18S rRNA was determined by Northern blot
analysis. Radioactivity of IL-6 mRNA was measured with an imaging analyzer and was normalized by radioactivity of rRNA. Values
(mean=SEM) are expressed as percentage of control culture in a bar graph (100%; No. of independent experiments was 5). *P<0.05;

**P<0.01 vs control; #°<0.05; ##P<0.01 vs TNF-a.

clinical study'® that showed that the steady-state serum level
of telmisartan was 1 to 5 pmol/L when 80 to 160 mg per day
of telmisartan was given for 7 days to patients with essential
hypertension. And it was reported that telmisartan at concentra-
tions >25 pmol/L stimulated PPAR«.® Therefore, we did not
use telmisartan at concentrations =20 pmol/L in this study.

The protein level of IL-6 in the supernatant of VSMCs was
measured after 24 hours of stimulation with TNF-e (10 ng/mL)
with or without preincubation with telmisartan (1 to 20 wmol/L).
TNF-a—induced IL-6 protein expression was also dose-
dependently attenuated by telmisartan (Figure 2A). Ang II (100
nmol/L)-induced IL-6 production was inhibited completely by
telmisartan at lower concentrations (Figure 2B); thus, we con-
firmed that telmisartan is an effective ATIR antagonist.

We next examined whether telmisartan affected TNF
receptor expression. Semiquantitative RT-PCR analysis
showed that telmisartan did not affect TNF type 1 receptor
mRNA expression (supplemental Figure IB). We could not
detect TNF type 2 receptor mRNA in our VSMCs. We also
examined the effect of telmisartan on TNF-a—induced MAPK
activation (supplemental Figure IT). Telmisartan did not affect
TNF-a-induced activation of ERK, p38MAPK, or JNK.
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Telmisartan Inhibition of TNF-a-Induced IL-6
Expression Was Dependent on PPARy

To clarify the role of PPAR+y in telmisartan inhibition of
TNF-a—induced IL-6 expression, the effect of GW9662, a
PPARvy-specific antagonist, was examined. Although
GW9662 itself did not affect IL-6 mRNA expression, prein-
cubation with GW9662 (10 umol/L; 3 hours) blocked telm-
isartan inhibition of TNF-a~induced IL-6 expression (Figure
3A). Pioglitazone (10 pmol/L; preincubation for 1 hour), a
full PPARy agonist, also suppressed the TNF-a-induced 1L-6
mRNA expression (Figure 3B).

Telmisartan-Inhibited IL-6 Gene

Promoter Activity

Next, the effect of telmisartan on IL-6 gene promoter activity
was examined. TNF-a (10 ng/mL) increased IL-6 gene
promoter activity by 2-fold. Preincubation with telmisartan
(10 pwmol/L) significantly inhibited IL-6 gene promoter
activity (Figure 4). Deletion analysis of the IL-6 gene
promoter suggested that the DNA segment between —150
bp and —27 bp was responsible for the downregulation by
telmisartan (Figure 4A) because telmisartan inhibited the
luciferase activity in the —150-bp construct, but the —27-bp
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Figure 2. Suppression of TNF-a- and Ang ll-induced IL-6 protein production by telmisartan (Tel). A, VSMCs were preincubated with
Tel (10 wmol/L) at various concentrations for 60 minutes and stimulated with TNF-« (10 ng/mL) for 24 hours. B, VSMCs were incubated
with Tel at 1 or 5 umol/L and stimulated with Ang Il (100 nmol/L) for 24 hours. IL-6 protein production in the supernatant of VSMCs
was measured by ELISA. *P<0.05 vs control; **P<0.01 vs control; #7<0.05 vs TNF-q; ##P<0.01 vs TNF-« or Ang Il (No. of indepen-

dent experiment was 6 in duplicate).
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Bl . Figure 3. Effect of GW9662 on telmisartan
(Tel) inhibition of TNF-a~induced IL-6
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construct no longer responded to TNF-« or telmisartan. The
DNA segment between —150 bp and —27 bp contains NF-«B
and C/EBPS as consensus cis DNA elements.2* We therefore
examined whether telmisartan inhibited NF-kB- and
C/EBPB-dependent gene transcription activated by TNF-c.
As shown in Figure 4B, telmisartan inhibited TNF-a—induced
activation of luciferase activity, which is solely dependent on
NF-kB or C/EBPS.

The gel mobility shift assay showed that telmisartan
inhibited TNF-a—induced NF-kB DNA binding activity (Fig-
ure 5A). Telmisartan also attenuated TNF-a—induced
C/EBPS DNA binding activity to a lesser extent (Figure 5B).

VSMCs were stimulated with TNF-« (10
ng/mL) for 30 minutes. B, VSMCs were
preincubated with pioglitazone (10 pwmol/L)
for 60 minutes, then stimulated with
TNF-a (10 ng/mL) for 30 minutes. North-
ern blot analysis of IL-6 mRNA was per-
formed as described in Figure 1 legend.
**P<0.01 vs control; #°<0.05 vs TNF-q;
## P<0.01 vs TNF-a; $P<0.05 vs
Tel+TNF-a (No. of independent experi-
ments was 4).

Telmisartan Attenuated IL-6 Production In Vivo
and Ex Vivo

To confirm that telmisartan inhibits IL-6 production in vivo,
Ang II (490 ng/kg per minute) or TNF-a (80 ng/kg per
minute) was administered to mice with or without telmisartan
(2 mg/kg per day) for 1 week. Ang II but not TNF-a
increased blood pressure level (Table). Ang II-induced high
blood pressure was inhibited by telmisartan. Heart rate was
not significantly different among the treatment groups. Ang
II-induced increase in serum IL-6 level was almost com-
pletely inhibited by telmisartan, and telmisartan significantly
attenuated TNF-a—induced IL-6 production (Figure 6A). To

[ Control [l TNFa [T Tel = Tel+TNFa

Figure 4. Suppression of IL-6 gene pro-
moter activity by telmisartan (Tel). A,
After transfection of IL-6 gene promoter/
luciferase (Luc) fusion DNA (5 ug),
VSMCs were preincubated with or with-
out Tel (10 wmol/L; 60 minutes) and
stimulated with TNF-« (10 ng/mL) for 24
hours. AP-1 indicates activator protein-1.
B, NF-kB-Luc or C/EBPf-Luc was intro-
duced to VSMCs. VSMCs were preincu-
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minutes) and stimulated with TNF-a (10
ng/mL) for 24 hours. Luc activity was
normalized with B-galactosidase activity.
The relative promoter activity without
stimulation (control) was set as 100%.
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Figure 5. Telmisartan (Tel) attenuated TNF-a-induced NF-«xB and C/EBPf binding. A, Binding activity of NF-«xB sequence of IL-6 gene

promoter to nuclear extracts from unstimulated (C), TNF-a—stimulated,

Tel-stimulated, and Tel- and TNF-a-stimulated VSMCs were

examined by gel mobility shift assay. B, Binding activity of C/EBPS sequence of IL-6 gene promoter to nuclear extracts from unstimu-
lated, Tel-stimulated, TNF-a-stimulated, and Tel- and TNF-a-stimulated VSMCs were examined by gel mobility shift assay. Fifty times
molar excess of unlabeled oligonucleotide (oligo) was added to the reaction mixture in the left lane (Cold DNA+). The same results
were obtained in other independent experiments (No. of independent experiment was 3).

confirm that IL-6 is produced from blood vessel, a segment of
rat aorta without adventitia was stimulated ex vivo with Ang
II (I pmol/L) or TNF-a (50 ng/mL) in the presence or
absence of telmisartan (10 wmol/L) for 48 hours. Production
of IL-6 induced by TNF-« in the supernatant was signifi-
cantly attenuated by coincubation with telmisartan (Figure
6B). Ang Il-induced production of IL-6 was completely
inhibited by telmisartan. These results were consistent with
those obtained during in vitro experiments.

Discussion
In the present study, we demonstrated that telmisartan but not
valsartan suppressed TNF-a—induced IL-6 expression
through a PPARvy-dependent manner. Inhibition of NF-xkB
and C/EBPB DNA binding activity by telmisartan may be
responsible for attenuation of TNF-a—induced IL-6 expres-
sion. This is the first study demonstrating that telmisartan
modulates cytokine production induced by non-Ang II stim-
ulus. The in vivo and ex vivo results were consistent with
those obtained from the in vitro study. The in vivo study
showed that telmisartan had an anti-inflammatory effect in
mice, and the ex vivo study indicated that IL-6 was produced
from blood vessel in response to TNF-« stimulation, and
telmisartan attenuated the induction.

On activation by ligands, PPAR+y regulates expression of
several genes involved in lipid and carbohydrate metabolism
and inflammatory responses.?! PPARy regulates gene expres-
sion through 2 different transcriptional regulatory mecha-

nisms: transactivation and transrepression. Transactivation
depends on PPARy response element. On activation, PPARy
forms a heterodimer with retinoid X receptor and binds to
PPAR v response element in the promoter region of the target
genes.?? In contrast, transrepression involves an interference
with other transcription factors such as NF-«kB and activator
protein 1.22 Although telmisartan was reported to be a partial
agonist of PPARvy, it has not been determined whether
telmisartan regulates gene expression through transrepression
mechanism. Our data suggest that telmisartan may have a
transrepression effect on gene expression in addition to ATIR
blockade.

The mechanism of transrepression by PPARy activators is
less well known. A recent study showed that PPARy activa-
tion by TZD induced sumoylation of PPAR, resulting in
retention of nuclear receptor corepressor/histone deacetylase
complex to the promoter and suppression of gene transcrip-
tion.'? Troglitazone, another TZD, inhibited TNF-a-induced
and NF-kB—dependent gene transcription without affecting
NF-kB nuclear translocation or DNA binding in adipocytes,??
which may support the above-mentioned model. However, a
previous study showed that TZDs inhibited IL-1B3-activated
NF-kB and C/EBPS DNA binding to the IL-6 gene promot-
er.2* It was also reported that troglitazone inhibited TNF-a—
induced IL-6 expression in multiple myeloma cells by inhib-
iting NF-«kB and C/EBPB DNA binding.>® In this study,
activated PPAR+y competed for PPAR+y coactivator-1, a
transcription coactivator, with NF-«B, resulting in attenua-

Table. Heart Rate and Blood Pressure of Ang Il- and TNF-«~Treated Mice

Variable Control Tel Ang Il Tel+Ang |l TNF-a Tel+TNF-a
HR (bpm) 57624 59821 599=18 60827 61147 586x22

BP (mm Hg) 95.3=1.3 94028 109.6:4.7* 102.2x1.81 97.3+0.9 95.5+1.4

HR indicates heart rate; BP, blood pressure.
*P<(.05 vs control; TP<0.05 vs Ang II; n=5.
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Figure 6. Telmisartan attenuated IL-6 production in vivo and ex
vivo. A, Serum concentration of IL-6 was measured in mice
injected with Ang Il (490 ng/kg per minute) or TNF-« (80 ng/kg
per minute) in the presence or absence of telmisartan (Tel; 2
mg/kg per day) administration for 1 week (No. of independent
experiments was 5). *P<0.05; **P<0.01 vs control (no treat-
ment); #P<0.05 vs Ang Il; $$P<0.01 vs TNF-«. UD indicates
undetectable. B, An aortic segment was stimulated ex vivo with
Ang Il (1 pmol/L) or TNF-a (50 ng/mL)} in the presence or
absence of Tel (10 umol/L) in DMEM supplemented with 0.1%
BSA for 48 hours. The concentration of IL-6 in the supernatant
was measured and normalized with wet weight of the aortic
segment (No. of independent experiment was 4 in duplicate).
**P<0.01 vs control; #7<0.05 vs Ang Il; 1P<0.05 vs TNF-a.

tion of TNF-a—induced NF-kB DNA binding. In contrast,
activated PPARYy physically interacted with C/EBPS, sug-
gesting that this protein—protein interaction attenuates the
DNA binding of C/EBPp. Although the precise mechanisms
are not clear at this point, it may be possible that telmisartan
inhibits NF-kB and C/EBP3 DNA binding activity through
the same mechanism.

Inflammation plays a crucial role in the initiation and
progression of atherosclerosis.2® IL-6 enhanced VSMC
growth induced by platelet-derived growth factor.?” IL-6 also
increased both monocyte chemoattractant protein-1 produc-
tion and DNA synthesis of VSMCs, which may coordinate
inflammatory and proliferative responses.?® IL-6 is also a
useful biomarker predicting future cardiovascular events.??
TNF-« also enhances vascular inflammation. Blockade of
TNF-« activity by soluble TNF-a receptor suppressed coro-
nary artery neointimal formation after cardiac transplantation
in rabbits.?® Therefore, telmisartan inhibition of TNF-a-
induced IL-6 expression, which was not observed by valsar-
tan, may attenuate vascular inflammation.

A recent report showed that C/EBPJ was involved in
IL-17-induced C-reactive protein expression in VSMCs.?!
Another report showed that C/EBPS regulated monocyte

Telmisartan Inhibits IL-6 Expression 803

chemoattractant protein-1 expression in the aorta of hyperin-
sulinemic rats.? These studies suggest that C/EBPJ is also
involved in vascular inflammation. Because NF-«kB is well
known to regulate gene expression of various inflammatory
molecules,® telmisartan inhibition of NF-kB and C/EBPJ
may contribute to attenuation of a broad range of inflamma-
tory responses of blood vessel. However, it is not clear at this
point whether telmisartan modulates gene expression induced
by TNF-a other than IL-6 induction.

TZDs were constantly reported to inhibit atherogenesis in
various models. Rosiglitazone inhibited development of ath-
erosclerosis in LDL receptor—deficient mice.'! Rosiglitazone
was also shown to have additive effects on plaque regression
in the combination treatment with simvastatin in an athero-
sclerotic rabbit model.** AT1R antagonists were also reported
to suppress atherogenesis. Strawn et al demonstrated that
losartan attenuated atherogenesis in monkeys with hypercho-
lesterolemia.®> Based on these studies and our results, telm-
isartan may be more protective against vascular lesion for-
mation attributable to PPAR+y activation and ATIR
antagonism.

Perspective

In the present study, we showed that telmisartan inhibited
Ang II- as well as TNF-a-induced IL-6 expression in
VSMCs, rat aorta, and mice. Inhibition of TNF-a—induced
IL-6 expression was mediated by PPARYy. And inhibition of
NF-kB and C/EBPB DNA binding by telmisartan may be
responsible for suppression of TNF-a-induced IL-6 expres-
sion. The dual inhibition (Ang II- and TNF-a-induced IL-6
expression) of the inflammatory cytokine production by
telmisartan may be beneficial for treatment of not only
hypertension but also atherosclerotic cardiovascular diseases.
However, large clinical trials are needed to determine
whether these unique properties of telmisartan cause better
clinical outcome in cardiovascular disease prevention.
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