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Abstract

‘Acute aortic diss;ectioﬁ (AAD) is a lif-e-threatjng disease; however, Ithere is a?most no effective
pharmacotherapy for it. An increase in c-Jun N-terminal kinase (JNK) phosphorylation énd smooth
muscle cell (SMC) apoptosfs i.s obséwed-tissues in' patients with AAD. Therefore, We hypothesized

that an acute rise in blood preséure leads to SMC death through phosphorylation of JNK or p38,

which may cause AAD. We investigated the influence of cyclic mechanical stretch, which mimics an

acute increase in blood pressure, on cultured rat aortic SMCs (RASMCs) and exa:rﬁined the changes

in JNK and p38 phosphorylation. Further, we iﬁvgstigated the effect of olmesartan, an angiotensin II

receptor blocker, on stretch-induced RASMC death. We found that mechanical stretch induced
RASMC death in a time-dependent manner, which correlated with the phosphorylation of JNK and

p38. Olmesartan inhibited RASMC death and the phosphorylation of INK and p38. JNK and p38

“inhibitors reversed stretch-induced RASMC death. These results suggest that acute mechanical

stretch causes JNK and p38 phosphorylation, which may result in SMC death leading to aortic
dissection. Olmesartan may be used for pharmacotherapy to prevent aortic dissection, independent of

its blood pressure-lowering effect, through its inhibition of JNK and p38 phosphorylation.

Keywords: stretch, c-Jun N-terminal kinase, p38, acute aortic dissection, olmesartan
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Introduction

Acute aortic dissection. (AAD) is a disease associa‘ted with high morbidity and mortality (1-3).
AAD begins with a sudden initial tear in the aortic media, an(i this tear allows pulsatile blood to
enter the media and cause sepa.ratio.n of the medigl layer along the effective length of the vessel (4-6).
However, the molecular mechanisms by whi.ch the tear occurs are poorly understoo.d (1, 7).
Hypertension is present in 75% of individuals with .aortic dissection, and is known as a primary risk
factor for cardiovascular di-s.ease (1, 2). Thus, it may be also related to the onset of AAD (8). Whén

surgical treatment is inapplicable, there is no effective treatment for AAD other than the reduction of

* blood pressure (9). Therefore, the development of nonsurgical pharmacotherapy for AAD is

required.

Mitogen-activated protein (MAP) kina'sés, including extracellular signal-regulated kinase 1/2
(.ERKUZ), c-Jun N-terminal kiﬁase (JNK), and p38, are a family of seriﬁe-'threon.ine protein kinases
that are activated in response to a variety of e_xtracellular stim_uli.(lO). ERK1/2 mediates cell
proliferation aﬂd differentiation, which 15 activated b)} various cell growth factors. On the other hand,
INK and p38 are associated with str.ess responses, cell apoptosis, and gowm suppression, which are
activated by stress or cytokines (11). It was reported that AAD tissue showed ghigh level of

phosphorylated JNK, and that apoptosis occurred in the medial smooth muscle cell (SMC) layers (12,

13). In addition, phosphorylation of p38 was induced by stretch stimuli in SMCs (12). These
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findings 1ed us to assume that epoptosis of SMCs in AAD tissue may be related to JNK and p38
phosphorylation.

Angiotensin I has been shown to induce eellqlar. hypertrephy in vascular SMCs .by acting through
the G protein-coupled AT1 reeeptor, whieh results in various card.iov.ascular diseases end activates

ERK1/2, INK, and p38 (14, ]5).. In recent years, much focus has been placed on the role of G

" protein-coupled receptors, including the angiotensin II receptor, because they can be activated:

without agoniet stimulation (16_), The angiotensin II eece.ptor' also causes initiation of .an intra-cellular
signalihg cascade in response to meehaei'ca] stretch Witﬁeet agonist stimula‘eion. A specific type of '
angiotensin II reeeetor blocker (ARB) inhibits both agonist-induced and stretch-induced eetivation
amn. Olmesaetan is known as a potent ARB and wo.rks.a.s an inverse agonist (18). We previously
reported that 01rr_iesartan inhibits SMC migration through the inhibition of .JN K activation (19).
Therefore, we hypothesized that olmesaetan may.i.nhibit streteh-induceq SMC death through the
inhibition of the JNK- or p3 8-mediated intraeell_elar,signaling e.aseat.les‘_

In this stuely, we ineestigated eultured _iét aortic smooth.musele cell (RASMC) death indueed.by
cyclic meehanieal stretch, which mimics an acute increase in blood preesui‘e, and examined the
effect of olmesartan on thie'event. We also investigated the changes in stretch-induced intreeellulaf

signaling including JNK and p38 and examined the effect of olmesartan on these changes.
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Materials and methods

The study design.Was approved by tht:a.animal care and use committee of Nara Medical
Uﬁiversity- bgsed on the Guidelines f@r the,l_Jsc of L'ab.orz_itory Animals of Nara Medical University
(No. 11011) and this study was conducted in ac;ordance with the Guide for the Care and LIse of

Laboratory Animals as adopted and prorulgated by the United States National Institutes of Health.

Cell culture and mechanical stretch

RASMCs {yere isolated from male Sprague-Dawley rats weighing 250-300 g according to

- previously published methods (20). The cells were grown in Dulbecco’s rr_io'diﬁed Eagle’s medium

(DMEM) supplemented with 10% fetal bovine serum (FBS, HyClone, Logan, UT) and antibiotics
(100 units/ml penicillin, 100 ug/ml streptomycin). The culture was maintained in a humidified
atmosphere containing 5% COzat 37°C. RASMCs from passage three to eight were grown t0 70%-—

80% confluence in collagen I-coated (70 pg!cmz) silicon chambers (STREX Inc., Osaka, Japan) and

then growth-arrested by incubation in serum-free DMEM for 24 h prior to use. The cells were then

subjected to mechanical stretch (60 cycles/min, 20% elongation) for a giveﬁ time period by using the
computer-controlled mechanical Strain Unit (STREX Inc, Osaka, J apan) according to previously
published methods (21). After cyclic strefch, the medium was prlaced with DMEM-containing

0.1% FBS. For western blot analysis, a portion of the RASMCs was lysed immediately-after stretch
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stimulation and lysate proteins were collected in the manner described earlier (15). Immunoreactive
bands were visualized using the enhanced chemiluminescence (ECL) plus or ECL prime systems

and were quantified using densitometry. In addition, a portion of the RASMCs were further

h incubated for 24 h to detect cell viability using a 3-[4, 5-dimethylthiazol-2-phenyl]-2,

S-diphenyl_—tetra.zolium bromide (MTT ) gssgy aﬁd gell death according to the reiease of lactate
dfahydrogenase (LDH) into the\medigm. I.n some studies, RASMCS were pre-incubated \.Jvith.
olmesartan, a. JNK inhibitor (SP600125), gnd qp38 inhib_itor (8_.3293.580) for 10 min, 20 min, and .
4 h, respe_ctively, before stimulation \With'.c)T’CH(I:. .mechg.micgl st;etc.h_; Band intensities were quantified

using the densitomeﬁy of the immuncblot with NIH Image J software.

Materffab"

Olmesartan (RNH-6270) was kindly pro_\fid_ed by TD__&}ii_(_:h_i-E‘,__a_nkyo Co.., Ltd. (Tokyo). All 'Otherl |
materials were purchased from Wéko (Kyoto) or Nak_é_l ai Tesq.ue (Kypto) unless stated otherwise.
The antib_odies used for western blot .analysis_, anti-pan- or phos..pho-.SAPKHN K (Thrl 83!’I‘yr1 85).
antibody and anti-pan- .or phospho-p38 MAP kinase (Thr180/Tyr182) .a_ntibody, were purchased

. from Cell Signaling Technolog-_yl. The ECL plus and ECL prime systems w§re p'urchased from GE
Healthcare. Collager} I was purr,;hased from Nippon Meat Packers, Inc. (Osaka). All chemical

compounds were dissolved in dimethyl sulfoxide (DMSO) at a final concentration less than 1%,
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except in the case of specific nofifications.

Statistical analyses
Data are reported as the mean + standard deviation (S.D.). We used a Student’s f-test with Fisher’s
post-hoc test for intergroup comparison. A P-value of <0.05 was considered to indicate statistical

significance.

Results
Cyclic mechanical stretch-induced RASMC death evqluated using M i"T reduction and LDH
release

The effect of cj»’clic mechanical.stretch_ oﬁ RASMC death was e);a_minec_:l_ by measuriﬁg the MTT
reduction and LDH release from the cells. Figs. 1A and 1B S_:hDW the vigbility and death rate of
RASMCs subject to cyclic mechanical stretch by 20% elongation for 0-4 h, respectively. It was
observed that the cell viability was decreased by stretch in a time-dependent manner and 35% of -
cells were déad at 4 h, evaluate.d_based on the MTT reduction (Fig. 1A)f in accordance with these
results, the LDH release from RASMCs was increased by stretch in a ﬁme-dépendem manner up to

4 h (Fig. 1B). These results suggest that éycﬁc mechanical stretch induced death in the RASMCs.
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Olmesartan inhibits cyclic meckaniéai’ stretch-induced cell death in RASMCs
Next; we examined the effect of olmesartan on cyblié mechanical stretch-induced death in
RASMCs. As shown in Fig. 2, it was obvious that cell viability was Signiﬁcantly recovered with

olmesartan treatment in a concentration-dependent manner.

Cyclic 'm-ech anic_ﬁl stfetck causes gctivaﬁon .of JNK and p.38 in RASMCs

" The eff@ts of cyclic mechanical stretch 0; thle'acti\'fati_o.n of JNK and p38 were assessed using
western blof anaiysi§ with phoépho-spgciﬁc anftib_odi.es. RASMCS wer_e.expose_d to cyclic mechanical
stretch w1th a 20% elongation for differep; p_erioc:is of .time and .the phosphorylation of JNK and p38
was measured. As shown in Fig;. 3A and 3B, both JNK and p38 were activated by cyglic mechanical
stretch. Pﬁr both INK and p38, the extent of activation incréased with.the increase in stretch time,

reached a peak at 5-30 min, and then decreased to basal level at 60 min. '

Olmesartan inhibits cyclic mechanical stretch-induced JNK and P38 activation in RASMCs-
To investigate whether stretch-induced JNK and p38 activation are influenced by olmesartan

treatment, we examined the effect of olmesartan on cyclic mechanical stretch-induced activation of

- INK and p38 in RASMCs. As shown in Figs. 4A and 4B, it was found that stretch-induced JNK and

p38 activation ‘were significantly attenuated by olmesartan in a dose-dependent manner.
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Olmesartan and JNK and p38 inhibitors inhibit cyclic mechanical stretch-induced RASMC a'eatﬁ

To further investigate the role of JNK and p38 activation in stretch-induced RASMC death, we next

examined the effects of INK and p38 inhibitors 0:n stretch-induced RASMC death in comparison
with the effect of olmesartan.. Fig. SA comparés.the relative cell viability of RASMCs after 4 h
stretch with or without olmesartan, or JNK and p38 i-ni}ibitors. It was found.that olmesartaﬁ, Ithe JNK
inhibitor (SP600125), and the p38 inhibit()r. (SBQOSS.SO). all signiﬁcaﬁtly recovered the viability. of
the RASMCS. Fig. 5B compares the LDH relgasg from tl.le. RA SMCS after 4 h stretch with or Wfifhogt
01mes’art;n, or .T].\IK.and p38 inhibi.t.q_rs..(.ﬁlompa.tr.ed w1th the positive control, olmesartan, SP600125,

and SB203580 significantly reduced the death rate of RASMCs after 4 h stretch. These results

- indicate that olmesértan, and JNK and p38 inhibitors potentially inhibit RASMC death induced by

cyclic mechanical stretch.

Discussion

Hypertension is known as a primarjf risk factor for AAD, and mechani;:al stretch is known to be
one of the triggers for the onset of cgrc_iiovascul_ar diseases (2, 6). Howeyer, the mechanism of '
mechanical stress transmitting .Signals to induce the onset of AAD is poorly understood. In the
present study, we investigated the influence of acute mechanical stretch, which fnimics an acute

increase in blood pressure, on the viability of aortic SMCs, which are the main constituent cells of
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the medigl layer of the aorta‘ As shown in l;“ig.. 1A, it was obgervgd that acufe cyclic mechénical
stretch induced the death of RASMCs.'in a time-dépendent mamer, up ’Fo 4 h..These results are also
supported by the ﬁndings that LDH release from RASMC; was increased.- c._ontinually up to 4 h (Fig.
1B). Taken .tog_ether; it can be goncluded that acute mecﬁapicaI_ stretch causes SMC death, which
may be a pc’rséibie cause of the oﬁs;.e.t of AAD Ou_r findings are consistent with other reports that
mechﬁnicai stretch causes smooth muscleT cell death (?2, 23). On the other hand, some other
researchers ha\{e .reported that cyclic r'nechgn.ical_stretch r.esuﬁs in cell proliferation (22). We also

observed such a phenomenon when we exposed RASMCs.to 24 h of stretch (data not shown). From

these findings, we thought that cell death might occur from the start of acute stretch stimulation up to

4 h after which surviving cells _éntered a proliferation cycle, resulting in a gradual increase in cell -

numbers that might be higher than that of the initial control cell numbers at the end of 24 h.

Therefore, it w_gs; suggested that the extent and duration o.f mechanical sltretch may determine the
cellular fate, such as dea‘;h or prolifer_ation. bu; exﬁcrimenta_l ﬁﬁdings show that acute mechanical -
stre;cch for 4 h causes continuoﬁs RASMC de;ath. -The_sé findings may imply that an acute rise in
blood pressure leads to the df:ath of .SMCS,. a'main co.mponent of the ao;tic medial ]aycr. However,
further studies using in vivo experimental conditions afe fequired to elucidate whether an a_cute; rise
in blood pressure directly causes SMC death.

Next, stretch-induced changes in the intracellular signaling of RASMCs were examined. It was

10
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reported that a high level of phosphorylated JNK was observed in AAD tissues, and that

degeneration and tear of the aortic media had occurred in the AAD lesion. (2, 13). In addition, it was

réported that inhibition of the phosphorylation of JNK lead to.r.egression of AAD-'(24). In the present
study, we foﬁnd th‘;clt acute 'mec;hani.cal stretch causes rapid phoépho;'ylation of INK and p38 (Figs.
3A and'BB), which may leéd fo SMC dea’th; Ig‘ fac‘;, We also observed that SP600.1 25,a Ji\JK
in.hibitor, gnd SB2G3580, ap38 inhibitor_, both recdvgred stretch~ir1du§ed RASMC death evaluatgd

based on the MTT reduction and LDH release from the cells (Figs. 5A and 5B). Altough we also

found that ERK1/2 is phosphorylated by mechanical stretch, ERK inhibitors failed to inhibit

st.ré'-tcll-.inducéd_RASMC death (dgtg not shgv.vn)'. Taking thesg observat_ioris togeth_ér, .mechanical :
stretéh c_auses' ph.osphoryléfcion_ of INK ﬁnd p3 8,.Which may result in SMC death that may ultimately
lead to thé onset of _AAIS. On the. other .han_d,_ a p_r.ev;ious sfudy showed that angioteﬁsin 11 acted as an
agonist for a.potent inducer of AAD (1). In contrast to these ﬁ_ndings, mechanical stretch itself,
which is independent of angiotjensin I1 __S.ﬁmﬁlatior_l,-':phospho_ry.]at_ed, JNK and p38, and induced SMC
death in ouf experiments. Although we did not measur.ed the ainount of angiotensisn I1 in the

medium, angiotensin 11 itself will not be invol.ved in JNK and'p38 phosphorylation because

stretch-induced AT1 receptor activation was also observed in the mesenteric and renal arteries from

angiotensinogen knockout mouse (25). Therefore, it is conceivable that not only agonist stimulation,

but also mechanical stretch could have an important role in {riggering the occurrence of AAD.

11
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“ ARBs are used all over the world for the treatment of patients with hypertension (26). Olmesartan,
one of the ARBs, is known as an inverse agonist, which inhibits basic and stretch-induced activation
of the AT1 receptor (17, 27). In our present study, we found that olmesartan inhibited

phosphorylation of INK and p38 (Figs. 4A and 4B), and SMC cell death (Fig. 2) induced by acute

‘mechanical stretch. These results suggest that olmesartan inhibits stretch-induced SMC death by

suppression of phosphorylation of JINK an:d p38. Therefore, it is assumed th-a.t inhibition of
phosphofylétion of INK and p38 by each_iﬁhibitdr causes a reduction of stretch-induced SMC death.
.This notion is éupported by the findings that SPGQQ]ZS and SB203580, as well as olmesartan, all
recovefed stretch-induced RASMC dea‘.ch.(Figs. 5A and.SB). We p;'eviolu's-.l'y reported that
gzelnid_ipine, a calcium channel hlocl;cr, alsq inhibits s_tre_tch-induce;d RASMC death (21). Since
az.elnidip.ipe aJso. inhibited strélcﬁ«iﬁg uced JNK and p38 phosphorylation and SMC .cell .dearh,
suppréssion of phosphorylation SI’JNK gnd p38 woula b_e important to i'nhibit SMC death iﬁduceci _
by acute mechanical stretch (21). Consistent_with ;)__ur_r_e_s_ults, it w.as_. _relported thét stretCh-indUCed; :
cardiac hypertrophy was inhibited by caﬁdesartan, another known inverse agonist.of. the AT1
receptor (17). Therefo re, further stt@ies should be performed in the futL;re .using ARBs other than
olmesartan with an aim of comparing their effects on stretch-induced death of RASMCs.

In tﬁg present study, we found t};at olrﬁesartan -inlﬁbited acute mechanical s&etch-induced

RASMC death through the inhibition of INK and p38 phosphorylation. Although future studies

12
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using in vivo animal models are required to confirm whether olmesartan also inhibits the onset of
AAD without affecting the blood pressure, our present study may shed light on the development of a

new pharmacotherapy for the prevention of AAD.

Conclusion

In this study, we found that acufe mechani_c.z.il Stfetch causes IN K gnd p3.8 phosphorylation,
resglting in the death o_f cultured RA_SMCS. It was su_ggested that olmesartan inhibited
stretch-induced RASMC death tﬁrough the inhibition of JNK %nd p_3 S-mediated intracellular

signaling pathways. Olmesartan is a potential candidate for the prevention of AAD, independent of

(its bléod’pressure lowering effect. Our findings may provide new insights into alternative

pharmacotherapy for patients with acute AAD.
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IFigure Legends

F? g. 1. Time course for the effects of cyclic mechanicai stretch (20% elongation) on cell viability (A)
(evaluated by 3-[4, 5-dimethylthiazol -.2-phen3.fl]-2; S-diphgny]—fetrazolium br.omide (MTT) assay)

and cell death (B) (eval.uated by lactate deﬁyd’rogenase (LDH) release) in rat aortic smooth muscle .
cg:lls (RASMCs) uﬁ to 4 h. Colorimetric analysis of each value was normalized by arbitrarily setting '
the colori.metric value of the non-stimulated contrqliceﬂs to. 1. .Each value represents the Iﬁean +
standard deviation (-S.D.; n=3)(*P < '0‘0_5, compared with conp-él. *%P <0.01, compared with

control).

Fig. 2. Inhibitory effect of olmesartan at different conéentratio_ns on stretch-induced cell death in rat.

aortic smooth muscle cells (RASMCS). lec,s_artan is abbreviated as Olm. Colorimetric analysis of

- each value was normalized by arbitrarily setting the colofimet_ric_ value Qfl the control cells without

stretch to 1. (*P < 0.05)

Fig. 3. Time courses for the effects of cyclic mechanical stretch (20% elongation) on the activation
of c-Jun N-terminal kinase (JNK) (A) and p38 (B) in rat aortic smooth muscle cells (RASMCs).
Olmesartan is abbreviated as Olm. Densitometric analysis of each value was normalized By

arbitrarily setting the densitometric value of the control cells without stretch to 1. Each value
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represent the mean = S.D. (n = 3). (*P < 0.05 compared with control without stretch)

Fig. 4. Effects of different concentratidns of olme’sart.an' on the activation of .c—J un N-terminal kinase
(J’N K) (A) and p38 (B) induced by cyclic mechanical stretch in rat aortic smooth muscle cells
(RASMCSI)._ Olmesartan is abbreviated as Olm. Dtlansitometric analysis of each value was normalized
by arbitrarily setting the den.sitor.netric value of the control cells without. stretch to 1. Each value
represents the mean + standard deviation (S.D.;n=6). (.*P <0.05 compared with control without -
sﬁetch, #P <0.05 c;)mpared with 20 min'stretgh'without ;)lmesartan, ## P <0.01 compared with

stretch 20 min. without olmesartan.).

-Fig. 5. Comparisbn of the cell viability (A)_ and lactate dehydrogenase (LDH) release (B) induced by

cyclic mechanical stretch in rat aortic smooth muscle cells (RASMCs) with or without olmesartan or

- mitogen-activated protein (MAP) kinase inhibitors. Olmesartan, SP600] 25, and SB203580 are -

abbreviated as Olm, SP, and SB, respectively. Colorimetric analysis of each value was normalized
by arbitrarily setting of the colorimetric value of the control (Ctrl.) cells without stretch to 1. Each
value represents the mean + standard deviation (S.D.; n=11). (*P < 0.05 compared with control

w'ith_out stretch,' #P <0.05 compared with stretch only).
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