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Abstract
The Inhibition of Insulin Stimulated Proliferation of Vascular Smooth Muscle Cell by
Rosiglitazone is M ediated by the Akt-mTOR-p70S6K Pathway
Thesis supervisor: Professor Seung Yun Cho
Department of Medicine
The Graduate School, Yonsei University
Sungha Park

Thiazolidinediones are known to inhibit vascularosith muscle cell (VSMC) proliferation by
increasing the activity of p87' and retinoblastoma protein (RB). However, the na@sh
signaling mechanisms associated with this pathvease mot been elucidated. The Akt-mTOR-
p70S6K pathway is the central regulator of cellwgio and proliferation and increases cell
proliferation by inhibiting the activities of p#? and retinoblastoma protein (RB). Therefore,
in this study, we hypothesize that rosiglitazonéibits VSMC proliferation through the
inhibition of Akt-mTOR-p70S6K signaling pathway. Reortic SMCs (RAoSMCs) were treated
with 10 pM rosiglitazone 24 hours before the addition ofulits as a mitogenic stimulus.
Western blot analysis and RT-PCR were performedddgtermine the inhibitory effect of
rosiglitazone treatment on the Akt-mTOR-p70S6K algrg pathway. Carotid balloon injury
was also performed in OLETF diabetic rats that wanetreated for 1 week with 3mg/kg of
rosiglitazone. Western blot analysis demonstratggif&cant inhibition of expression and
activation of Akt, p-Akt, m-TOR, p-m-TOR, p70S6K and-p70S6K in cells treated with
rosiglitazone. RT-PCR revealed significantly deseghtranscripts of Akt, m-TOR and p70S6K
in cells treated with rosiglitazone. The inhibitiafi the expression of Akt-mTOR-p70S6K
signaling pathway was demonstratadivo in OLETF diabetic rats by immunohistochemistry.

The inhibition of the activation of thp-mTORp-p70S6K pathway seemed to be mediated



upstream by both the PI3K pathway and the MEK-ER¥mglex. In conclusion, the
inhibitory effect of rosiglitazone on RA0SMC praifationin vitro andin vivo is mediated by

the inhibition of Akti-mTOR-p70S6K pathway.

Key words: Vascular smooth muscle cell, mammalian target of Rapamycin, Insulin,

Rosiglitazone



[. Introduction

It is well known that thiazolidinediones (TZDs, e.gosiglitazone, troglitazone and
pioglitazone) are insulin-sensitizing agents thagges$n vivo anti-diabetic activities. TZDs are
ligands of peroxisome proliferator activated reoegt (PPARY), a member of a larger family
of ligand-activated nuclear receptor transcriptifattors. Recent evidence suggests that
thiazolidinediones exert potent anti-proliferatized anti-inflammatory effects on the vascular
wall with inhibitory effects on vascular smooth rolgscell proliferation, inhibition of monocyte
inflammatory cytokines, inhibition of macrophageieation, and inhibition of the expression of
cell adhesion molecules being suggested as mechaoisthese effects’ Thiazolidinediones
are known to inhibit vascular smooth muscle ceatllifgration by diminishing mitogen-induced
degradation of p2¥* thereby resulting in increased activity of retilasttoma protein (RB).
However, the upstream signaling mechanisms asedcvaith the above mentioned mechanism
has not been elucidated. The mammalian targetpafmgcin, mTOR, is an enzyme located in
the non-particulate region of the cell cytoplasmattplays an essential role in connecting
extracellular signals with intracellular pathwaysatt regulate cell cycle and proliferation.
Rapamycin eluting stents have proven to signifigaméduce the rate of coronary stent
restenosis in human clinical tridlsThrough inactivation of p70S6 kinase (p70S6K) and
eukaryocytic initiation factor 4E (elF4E), rapamyancreases the activity of p2% and Rb>™
MTOR itself is known to be activated by the phospbsitide 3—kinase (PI3K)-Akt
pathway'"*?

We used insulin as a mitogenic stimulus due tartiportant role of hyperinsulinemia in the
development of neointima hyperplasia and the knaemncomitant increase in translation

initiation factor activities, phosphorylation of BB-1 and p70S6K, and critical cell cycle



regulators downstream of mTOR. Insulin and angiitell are known to induce activation of
the PI3K/Akt/mTOR/p70S6K pathway and to phosphde/kE-BP1:>*°

In this study, we hypothesized that rosiglitazome,PPARy agonist, inhibits insulin-
stimulated vascular smooth muscle cell (VSMC) feadition through the inhibition of the Akt-
MTOR-p70S6K system and that the Akt-mTOR-p70S6Kesyss a specific, major pathway for

inhibition of VSMC proliferation.

II. Materials and M ethods
1. Materials and experimental animals
Experimental materials

Rosiglitazone was a generous gift from GlaxoSmigIKorea (Seoul, Korea). All other

materials were purchased from commercial suppliers.
Experimental animals

Spontaneous diabetic OLETF rats were kindly sudply the Tokushima Research
Institute, Otsuka Pharmaceutical, Tokushima, Japaar weeks old male Otsuka Long-Evans
Tokushima Fatty (OLETF) rats (70-80 g initial weligivere housed in a temperature-controlled
environment under a 12-hour light/dark cycle andewngiven standard chow and watat
libitum. Animals were handled in compliance with Beiding Principles in the Care and Use
of Animals.*® All rats were fed standard rat chow until they &8 weeks of age. Rosiglitazone,
3 mg/kg, was mixed with pulverized standard chow final concentration of 0.015% (wt/wt),
and rats were treated for 1 week. After 1 weekottrartery balloon injury was performed.

After 3 weeks of treatment, the rats were sacuifice analysis.



2. Methods
Primary culture of RAoSMCs

Rat aortic smooth muscle cells (RA0SMCs) were tedaandpurified by previously
described methods. The thoracic aortas from 6- to 8-week-old SpraDaedey rats were
removed and transferred to serum-free Dulbeccotifirad Eagle medium (DMEM; Invitrogen
Co, Carlsbad, CA, USA) containing 100 units/ml péhin and 100 g/ml streptomycin. The
aorta was freed from connective tissue, transfeméal a Petri dish containing 5 ml of an
enzyme dissociation mixture containing DMEM withmig/ml collagenase type | (Sigma, St.
Louis, MO, USA) and 0.5ug/ml elastase (USB Bioscience, Cleveland, OH, USa&)d
incubated for 30 min at 37 °C. The aorta was thensferred into DMEM and the adventitia
was stripped off with forceps under a binocular nescope. The aorta was transferred into a
plastic tube containing 5 ml of the enzyme disstmiamixture and incubated for 2 h at 37°C.
The suspension was centrifuged (1,500 rpm for 16) rand the pellet was resuspended in
DMEM with 10% fetal bovine serum (FBS). RA0SMCs weultured in DMEM supplemented
with 10% FBS, 100 IU/ml penicillin, and 100 g/mtegttomycin in 75-ctflasks at 37°C in a

humidified atmosphere of 95% air and 5% Borma Scientific, Inc., Marjetta, OH, USA.).

Proliferation assay

RA0SMCs were plated iniplicate in wells of 96-well plates at a densitfy1 x 1d per well,
and treated with rosiglitazone prior to insulimuilation. Cell viability was determined by the
MTT assay. After the incubation perid(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazofiu
bromide (MTT)solution (Sigma, St. Louis, MO, USA) was added &zlewell to a final
concentratiomf 0.5 mg/mL and was incubated at'@7 for 3 hr tovalMTT reductionThe

formazan crystals were dissolved by adding dimsthifdxide (DMSO) and absorbance was



measureat 570 nm with a spectrophotometer.

Immunoblot analysis
Protein-treated cells were washed once in PBS ys®lllin a lysis buffer (Cell signaling,

Beverly, MA, USA) containing 20 mM Tris (pH 7.5)5@ mM NaCl, 1 mM Na&EDTA, 1 mM
EGTA, 1% Triton, 2.5 mM sodium pyrophosphate, 1 figlycerophosphate, 1 mM MO, 1
mg/ml leupeptin, and 1 mM PMSF. Protein concerdretiwere determined using the Bradford
protein assay kit (BioRad, Hercules, CA, USA). Bt were separated in a 12% SDS-
polyacrylamide gel and transferred to PVDF membr@i#lipore Co, Bedford, MA, USA).
After blocking the membrane with Tris-buffered malitween 20 (TBS-T, 0.1% tween 20)
containing 5% non-fat dried milk for 1 hr at rooemtperature, the membrane was washed twice
with TBS-T and incubated with primary antibody foihr at room temperature or overnight at
4°C. The membrane was washed three times with TBS8-TO0 min and then incubated for 1 hr
at room temperature with horseradish peroxidaseP(HRnjugated secondary antibodies. After
extensive washing, the bands were detected by eatlachemiluminescence (ECL) reagent
(Santa Cruz Biotechnology, Santa Cruz, CA, USA) Band intensities were quantified using
the Photo-Image System (Molecular Dynamics, Uppsalgeden)For treatment with PPAR-
ligand, sub-confluent RAOSMCs (passage 4 and 8gweade quiescent by serum starvation
(0.1% FBS) for 3 days. The cells were treated watsiglitazone at 1GM/L 24 hr before the
addition of insulin (M). Independent preparations of VSMCs were use@&ah experiment.
Perfusion of vesselsand H& E staining.

OLETF rats treated with carotid balloon injury wesacrificed 3 weeks after the balloon
injury, and their carotid artery was excised. Thearh was perfused with Krebs-Ringer

Bicarbonate Buffer (KRBB : 120 mM NacCl, 28 NaHCQ, 5 mM KCl, 1.2 mM KHPGQ,, 1.2



mM MgSQ,, 2.5 mM CacCJ, and 20 mM MOPS) for 10 min to wash out the bleodl then
fixed with 10% formalin. The carotid artery wascslil transversely. Within 24 hr of fixation,
each section was embedded in paraffin. Senah Zarotid artery sections were cut with a
microtome and mounted on siliconized slides. Paraictions were stained with hematoxylin
and eosin (HE) and evaluated with light microsctpyassess the histological effects. Normal

and neointimal areas were measured with NIH Image.

Histology and | mmunohistochemistry

OLETF rats treated with balloon injury were killethd their carotid artery excised. The
vessels were perfusion-fixed with 10% (v/v) neuttalffered formaldehyde for 24 hr,
transversely sectioned into serial thick secti@ms embedded in paraffin by routine methods.
Sections 2um in thickness were mounted on gelatin-coated gilises to ensure different
stains could be used on successive sections oét@g through the areas of ballon injury. After
de-paraffinization and rehydration, the sectionsenanalyzed with rabbit anti-mTOR obtained
from Cell Signaling Technology (MA, USA). Texas Reohjugated goat anti-rabbit IgG from
Jackson ImmunoResearch Lab (PA, USA) was used amdary antibody. All images were
made by using an excitation filter under refledigtit fluorescence microscopy and transferred
to a computer equipped with MetaMorph software V6 4Universal Imaging Corp,

Downingtown, PA, USA).

Induction of neointima formation after Balloon denudation
Balloon denudation of the common carotid arteryoginelium was evoked in OLETF rats.
Under IM ketamine (10mg/kg, Yuhan, Seoul, Koreall afylazine (5mg/kg, Bayer Korea,

Seoul, Korea) anesthesia, a neck midline incisi@s wade and, after exposure of the left



carotid artery, a 2F Fogarty balloon catheter (Edwd ifesciences, Mississauga, ON) was
inserted into the external carotid branch to theti@acarch, insufflated to produce slight
resistance, and withdrawn three times. They werapemed with sham-operated controls in
which the same procedure was performed with theptian of the balloon insertion. Animal
housing and experimentation in accordance with AhilBare and NIH guidelines were

approved by the local animal care committee.

RT-PCR analysis

The expression levels of various proteins were yaeal by the reverse transcription
polymerase chain reaction (RT-PCR) technique. FbARpreparation confluent rat aortic
smooth muscle cells were cultured for 48 h in seftgaa-MEM. Total RNA was prepared by
the UltraspectTM-II RNA system (Biotecx Laboratariénc., USA) and single-stranded cDNA
was then synthesized from isolated total RNA byafvMyeloblastosis virus (AMV) reverse
transcriptase. A 20 pl reverse transcription reacthixture containing g of total RNA, 1X
reverse transcription buffer (10 mM Tris-HCI, pHp950 mM KCl, 0.1% Triton X-100), 1 mM
deoxynucleoside triphosphates (dNTPs) 0.5 unitda$e inhibitor, 0.pg of oligo(dT)15, and
15 units of AMV reverse transcriptase was incubaedZC for 15 min, heated to 89 for 5
min, and then incubated at 05 for 5 min. P@RBctions were performed for 35 cycles with 3'
and 5 primers based on the sequences of variouesgeThe actin primers (5'-
catcacatactcacaacgctcaac-3' and 5'-catagcacgatigtcgt-3) were used as the internal
standard. The signal intensity of the amplificatoduct was normalized to its respective actin

signal intensity.

Satistical analysis



Results are expressed as mean + SEM. Statistiablssswas performed by Student’s t-test.

Relationships were considered statistically sigaifit when th@ value was less than 0.05.

[11. Results

1. Antiproliferative effect of rosiglitazone in insulin-stimulated RAoSMC

In order to investigate whether rosiglitazone adRAoSMC proliferation upon insulin
treatment, RAOSMCs were treated witliM insulin in the presence or absence of rosiglit@zo
and a cell proliferation assay was performed. Fglrshows that cell proliferation gradually
increased upon treatment with insulin within 3 dayst 1M of rosiglitazone inhibited the
augmentation of cell proliferation upon insulinai@ment, suggesting that rosiglitazone affects

cell proliferation due to insulin treatment.

2. Inhibitory effects of rosiglitazone on expression of mTOR in insulin-stimulated RAoSMC

To confirm the inhibitory effect of various conceitons of rosiglitazone on mTOR, the
changes in mTOR levels were estimated by immunabiatysis. RAOSMCs at 70% confluence
were made quiescent by serum starvation with 0.B% fér three days. Cells were treated with
various concentrations of rosiglitazone before aM insulin stimulus. The expression of
MTOR upon insulin stimulus was significantly inttdd by rosiglitazone in a dose-dependent
manner (Figure 2). Compared to cells treated wislulin alone, cells treated with rosiglitazone

before insulin stimulus demonstrated significamhilition of mMTOR.

3. Inhibitory effects of rosiglitazone on mTOR expression in balloon-injured OLETF rats

We then performed immunohistochemistry to determtime expression of mMTOR during



neointima expansion in OLETF rats. The inhibitoffeet of rosiglitazone was detected not only
in vitro but alsoin vivo. As shown in Figure 3, there was no immunoredagtifor mTOR in
normal uninjured OLETF rats. In response to vascutgury, expression of mTOR was
increased after balloon injury due to proliferatioh RAoSMCs. However, the intensity of
MTOR immunostaining was markedly decreased in OLESI§ treated with rosiglitazone after

balloon injury compared with balloon-injured OLET#& treated without rosiglitazone.

D Control P 003

. Rosiglitazone
4 P <005
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Figure 1. Effect of rosiglitazone on the proliféoat of insulin-induced
RA0SMCs. Quiescent RA0SMCs (0.5 x*Ills per well) were stimulated with

1uM of insulin. After three days in culture in the saimce or presence of

rosiglitazone cell viability was determined by @ T assay.
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Figure 2. Effect of rosiglitazone on the expressad mTOR in RAOSMCs.
Western blot analysis of mTOR in RA0OSMCs exposetiGdV rosiglitazone for
thee days in DMEM with 0.5% FBS. Each signal waangified by scanning
densitometry and the figure shows the levels ohemtivity as the relative value

of the maximal level of MTOR. Each western blot wegseated three times.

4. Akt-mTOR-p70S6K Signaling pathway in RA0SMC treated with rosiglitazone

Binding of insulin to its receptor activates theaptor tyrosine kinase which phophorylates
the insulin receptor substrate. Insulin promotesinteana hyperplasia and stimulates
proliferation-related signaling pathways such ag tAkt-mTOR-p70S6K pathway. The
expression and activation of the Akt-mTOR-p70S6khpay was significantly increased after
treatment with &M of insulin for 15 min. The expression of MTORRA0OSMCs treated with
insulin was significantly inhibited by rosiglitazen As Figure 4 shows, compared to cells
treated with insulin alone, cells treated with glishizone before insulin stimulus demonstrated a

significant inhibitory effect on proteins upstreaAkt, and downstream, p70S6&f mTOR.



This suggests that rosiglitazone significantly bitsi both the expression and activation of the

Akt-mTOR-p70S6K system.

5. MRNA levels of Akt, mTOR and p70S6K in RAoSMC treated with rosiglitazone

The inhibition of expression of the Akt-mTOR-p70S&igstem at the mRNA level was
demonstrated by RT-PCR. The treatment of RAoSMCt vli UM insulin resulted in
dramatically increased expression levels of Akt-rRF@¥0S6K that was reduced by treatment
of 10 uM rosiglitazone (Figure 5). The results aaded that rosiglitazone has an effect on the

protein expression levels of Akt-mTOR-p70S6K.

v

Balloon
injury
Baseline Control

Rosiglitazone

Figure 3. Effect of rosiglitazone on expressionnofOR in balloon-injured
OLETF rats. After exposure of the left carotid gyt a 2F Fogarty balloon
catheter, the expresson of mMTOR was detected thrémgnunostaining of
sections of tissue cut through the areas of baliojury after treatment of 3
mg/kg of rosiglitazone. The immunostain was vigedi with Texas Red-

conjugated goat anti-rabbit IgG secondary antibody.
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Figure 4. Effect of rosiglitazone on the phosphatigih and expression of Akt,
MTOR, and p70S6K in RAoSMCs with AW rosiglitazone. (A) Equivalent
amounts of protein lysate from RA0SMCs were sukjgcto SDS-PAGE,
transferred to a PVDF membrane, and incubated wétitibody. The

immunoreactive protein was visualized by use of akaline phosphatase

detection system.
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Figure 5. Effect of rosiglitazone on the mRNA e)xg®mien of Akt, mTOR and
p70S6K in RA0OSMCs treated with 1Bl rosiglitazone. The expressions of genes
were analyzed by RT-PCR. Amplication products wssparated by agarose gel

electrophoresis and visualized by ethidium bronsidéning.

6. Akt-mTOR-p70S6K expression and neointima formation by rosiglitazone in balloon-injury

of OLETF rats

To test the role of rosiglitazone in neointima se after balloon injury, a daily dose of
3mg/kg of rosiglitazone was administered to the fat one week before the balloon injury and
for three weeks after the balloon injury. Withdrawhthe inflated balloon resulted in vascular
injury leading to neointima formation. In the presstudy, neointima formation in balloon-
injured arteries was confirmed by histology. Fig@reshows that the density of neointima
formation after balloon injury was much thicker then the sham-treated rats. However, no
further neointimal growth was observed in OLEFTs faieated with rosiglitazone after balloon
injury. At the time of analysis, the neointima oLEFT rats treated with rosiglitazone was

thinner than that of controls.
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7. Effect of PI3K or MEK inhibitor on Akt-mTOR-p70S6K in RA0OSMC treated with
rosiglitazone

It was shown that rosiglitazone inhibits not onkpeession but also phosphorylation of Akt-
MTOR-p70S6K system in RA0SMCs stimulated with imsulfo determine whether factors
upstream of the Akt-mTOR-p70S6K system regulatesphorylation of this system, inhibitors
of upstream molecules were added to cells prigre@atment with insulin. PI3K and MAPK are
upstream molecules and related to the insulin nedlisignaling pathway. Insulin can activate
PI3K through the phosphorylation of IRS1/2 or MARK Ras-GTP. It is known that
wortmannin is a PI3K inhibitor and U0126 inhibitsEM1/2 activation. Figure 7 shows the
effect of inhibition of the MEK/ERK and PI3K pathwson the effect of rosiglitazone treatment.
The expression gb-p70S6K after rosiglitazone administration was sssd before and after
treatment with the MEK inhibitor U0126 (M) and the PI3K inhibitor wortmannin ().
Both MEK inhibition and PI3K inhibition resulted imartial reduction of pp70S6K expression
that was associated with additional inhibition. Theults show that both the MAPK and PI3K

pathways have an effect on the activation of therAKOR-p70S6K system.
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Figure 6. Effect of rosiglitazone on neointima faton in carotid balloon-

injured OLETF rats. Injured and uninjured (intacérotid arteries were excised
at 7 days after injury. 3 mg/kg of rosiglitazoneswadministered for 7 days
before the balloon injury and 21 days after thdéoal injury. The sections were
stained with H&E, and neointima formation was ewaddd. Representative
photographs of H&E staining was upper and bar ggaphow neointima

guantified by Imagescope 2.5. Data are expressateass + SEM (control n= 5,

rosiglitazone group: n = 8).
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Figure 7. Effect of rosiglitazone on phosphorylataf p70S6K after treatment
with U0126 or wortmannin in insulin-stimulated R&6Ss. Equivalent amounts
of protein lysate from RaoSMCs were subjected t&HAGE, transferred to a
PVDF membrane, and incubated with antibody. Theumoneactive protein was

visualized by use of an alkaline phosphatase detesystem.
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IV. DISCUSSION

Thiazolidinediones are insulin sensitizing agetiat tare used to treat hyperglycemia by
reduction of insulin resistance in type 2 diabaiatients: In addition to improvements in
insulin sensitivity, studies have shown significaiti-inflammatory and anti-proliferative
effects on the vascular tissues bithvitro andin vivo.>** However, the molecular mechanisms
underlying the anti-proliferative effect have naeh fully elucidated. In general, diabetes and
hyperglycemia alone have not been associated Wélptocess of cell cycle regulation, but it
has been known that insulin is a key player in girosynthesis, a factor important in cell
proliferation. Insulin induces increased expressioh translation initiation factors and
phosphorylation of 4EBP-1 and S6K, critical celtleyregulators downstream of mTOR. The
mammalian target of rapamycin (mTOR) is a key reguly kinase that plays a major role in the
mammalian cell cycle and is a member of a majohyeay in the pathogenesis of neointima
hyperplasia and stent restenosis. Previous stuwe® revealed that mTOR signaling is
important in cell and organism growth, in the cejicle and proliferation, in aspects of
metabolism, as well as for modulating gene traption and transcriptional regulators. By
inactivating p70S6K and eukaryocytic initiation fac 4E (elF4E), rapamycin increases the
activity of p27** and Rb resulting in subsequent inhibition of véscsmooth muscle cell
proliferation. Because mTOR itself is known to lotiveated by the phosphoinositide-3-kinase
(PI3Ks)-Akt pathway, we wanted to determine whetlusiglitazone inhibits vascular smooth
muscle cell proliferation through inhibition of th&t-mTOR-p70S6K pathway and whether the
Akt-mTOR-p70S6K pathway system is a specific, mgpathway for VSMC proliferation
inhibition. This hypothesis was derived from thetftnat the Akt-mTOR-p70S6K pathway may
be the upstream mechanism that increases thetpaifyp27°** and Rb with administration of

PPARy agonists. The results from this study demonsttze cells treated with rosiglitazone

16



before insulin stimulus demonstrate significantilition of mTOR, p-mTOR, Akt, p-Akt,
p70S6K, p-p70S6K, suggestive of significant inhdritof both the expression and activation of
the Akt-mTOR-p70S6K system.

The inhibition of the expression of these vasiquoteins is most likely mediated by
regulation of transcriptional levels of the Akt-mR&p70S6K pathway proteins, which was
supported by the mRNA transcript levels of Akt, mfR@nd p70S6K that were detected by RT-
PCR. However, there may also be a PRARidependent effect that inhibits the enzyme
activity of this pathway, which is shown by the wedd levels of the phosphorylated forms of
the pathway. Because the mTOR pathway memberscéiratad not only by the PI3K-Akt
pathway but also the mitogen activated protein deénpathway”>?° the inhibitory effect of
rosiglitazone on the Akt-mTOR-p70S6 kinase pathvsyegulated by both the PI3K-Akt
pathway and the mitogen activated protein kinaslevyay.

Previous studies have demonstrated that PPARtvation reduces mitogen-induced VSMC
growth by inhibition of Akt activity and increas@tiosphorylated forms of 4E-BP1. It had been
demonstrated that the sequence of events betwemmadtivation of Akt and increased
phosphorylation of 4E-BP1 involves the activatioh mTOR signaling. However, studies
regarding the role of PPARRagonists in modulating the activity of mTOR hawe been done.
This study demonstrates that the inhibition ofdbtvity of mMTOR-p70S6K pathway may be an
important mechanism in modulating the effects ofores downstream signaling factorssuch as
the 4E-BP1 and CDK/CK complexes.

The interruption of blood flow caused by ligatiohtbe common carotid artery induces the
migration and proliferation of SMCs from the med@ the intima, with the concomitant
infiltration and activation of circulating leuko®@sg, leading to neointima formation. OLETF rats

characteristically begin to gain weight rapidlyrfrd weeks of age, show insulin resistance at 8

17



to 9 weeks, and finally develop obese type 2 debhefhe cumulative incidence of diabetes in
male OLETF rats over age 23 weeks is 86%. In OLEAIE treated with rosiglitazone after
balloon injury, the intensity of neointima formaticand immunoreactivity of mTOR was
markedly decreased.

In conclusion, rosiglitazone inhibits neointima Pkyplasia after carotid balloon injury
because it blocks the Akt-mTOR-p70S6K pathway tegulin inhibition of vascular smooth
muscle cell proliferation. The inhibitory effect obsiglitazone on the activity of the Akt-

MTOR-p70S6K pathway may be mediated by the MAPKRISK pathway.
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