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Everolimus (RADO01) inhibits the proliferation of rat vascular smooth
muscle cells by up-regulating the activity of the p27/kip1 gene promoter

Boli Ran, Minfeng Li, Yeqing Li, Yang Lin, Weimin Liu, Qiulin Luo, Yongxin Fu, Qianmei Tang, Ya Yang, Yunfei Pu

Department of Cardiology, Third People's Hospital of Chongging; Chongqing-P R. China

ABSTRACT

Objective: We investigated whether the inhibitory effect of the immunosuppressant everolimus (RAD001) on vascular smooth muscle cell (VSMC)
proliferation is mediated by p27/kip1 gene promoter activity.

Methods: In this experimental study, cultured rat VSMCs were transiently transfected with a recombinant plasmid (pXp27) containing p27/kip1
gene promoter sequence and a chloramphenicol acetyltransferase (CAT) reporter gene. After stimulation with the mitogen platelet-derived
growth factor (PDGF-BB, 10 ng/mL) in the presence or absence of RAD001 (10 nM), the promoter activity, mMRNA expression, and protein expres-
sion of p27/kip1 were examined by CAT assay, RT-PCR, and immunoblotting, respectively. Cell cycle-related changes were detected by flow
cytometry. DNA synthesis was determined using 3H-TdR incorporation.

Results: Compared with the non-stimulation group, PDGF-BB stimulation induced a significant proliferative response in the VSMCs as indicated
by decreased p27/kip1 gene promoter activity, decreased p27/kip1 mRNA and protein expression, increased S-phase and G2/M-phase cells, and
increased DNA synthesis. RAD001 intervention increased p27/kip1 gene promoter activity 3.5-fold, promoted p27/kip1 mRNA and protein expres-
sion, increased GO-phase cells, reduced DNA synthesis, and, overall, inhibited PDGF-BB-stimulated cell proliferation.

Conclusion: RAD001 inhibits PDGF-BB—stimulated proliferation of cultured VSMCs by upregulating p27/kip1 gene promoter activity and increas-

ing p27/kip1 mRNA and protein expression. (Anatol J Cardiol 2016; 16: 385-91)
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Introduction

Vascular smooth muscle cell (VSMC) proliferation and migra-
tion are important contributing factors in restenosis after percu-
taneous coronary intervention (PCI) for coronary heart disease
(1). The immunosuppressant everolimus (RAD001) significantly
inhibits VSMC proliferation and migration, which contributes to
the prevention and treatment of clinical coronary heart disease
and restenosis after PCI (2, 3). However, the underlying mecha-
nism of this inhibition is not clear.

Cyclin-dependent kinase inhibitors (CKls) are naturally occur-
ring gene products that inhibit the activity of cyclin/cyclin-depen-
dent kinase, leading to G1 arrest. p27/kip1 is a CKl that is consti-
tutively expressed in normal arteries and acts as a “molecular
switch” in cell cycle requlation (4). p27/kip1 is downregulated
after arterial injury, becomes upregulated during the later phases
of arterial repair, and is inversely correlated with VSMC prolifera-
tion (4). A deficiency of p27/kip1in mice leads to benign hyperpla-
sia in multiple organs, but it does not directly produce tumors (4).

In this study, a plasmid (pXp27) carrying the p27/kip1 gene pro-
moter was constructed and used to transfect cultured rat VSMCs.
RADO01 was then used to interfere with platelet-derived growth
factor (PDGF)-BB-stimulated proliferation of the transfected
VSMCs. By examining p27/kip1 gene promoter activity and the ex-
pression of the corresponding mRNA and protein, the mechanism
of RAD001 inhibition of VSMC proliferation was explored.

Methods

Cell culture

Rat aortic VSMCs were obtained by the tissue adhesion
method reported by McMurray et al. (5). In brief, Wistar rats
were killed by cervical dislocation, and the aortas were isolated
under sterile conditions. After removal of vascular adventitia
and blunt curettage of the intima, the membrane of blood ves-
sels was shredded into 1 mm® pieces, which were transferred
to the bottom wall of a cell culture flask at a distance of app-
roximately 0.3-0.5 cm from each other. The flask was turned
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upside down and filled with 3-5-mL Dulbecco’s modified Eagle
medium (DMEM; Invitrogen, Carlshad, CA, USA) containing 20%
fetal bovine serum (FBS; Invitrogen) and cultured at 37°C in a
5% CO2 incubator for 2—4 h. After the tissue pieces dried and
adhered to the flask, the flask was slowly turned over so that the
tissue pieces were completely immersed in the tissue culture
medium. Culturing was continued for approximately 1 week for
the VSMCs to move out of the tissue blocks. The VSMCs were
purified by the differential adherence method. The purified cells
were verified by light microscopy and o-smooth muscle actin
(0-SM-actin) immunocytochemistry. VSMCs of the fifth and sixth
passages were used in the experiments. The study protocol was
approved by the Ethics Committee of our hospital.

Plasmid construction

A pMOSBIue plasmid carrying the p27/kip1 gene promoter
(GE Healthcare, Little Chalfont, United Kingdom) and a pXp1
plasmid with a chloramphenicol acetyltransferase (CAT) re-
porter gene but no promoter (Promega, Madison, WI, USA) were
digested with the Hind Il restriction endonuclease, ligated with
T4 ligase (Hua Mei), and used to transfect Escherichia coli strain
DH5¢. Positive clones were picked, plasmids from conventional
mini-preparation were digested with Hind Il restriction enzyme,
PCR identified, and further sequenced by Invitrogen Corporation
to obtain pXp27 plasmids carrying the p27/kip1 gene promoter
and the reporter.

Transient transfection

VSMCs were plated in 6-well plates at 3x105 cells each well
and cultured in 2 mL DMEM containing 10% FBS at 37°C in a
5% COz incubator for 24 h to reach 50-80% confluence. The
cells were transfected with pXp27 plasmid using 1,2-Di-(9Z-
octadecenoyl)-3-trimethylammonium propane methylsulfate
(DOTAP) transfection reagent (Roche Applied Science, India-
napolis, IN). For a negative control, the cells were transfect-
ed with 5-ug pXp1 reporter plasmid with or without promoter
activity; for a positive control, the cells were transfected with
plasmid pGL2 containing CAT (Promega); and as an internal
control, the cells were transfected with plasmid pSVAP2 with
alkaline phosphatase (ALP) expression (SINO-AMERICAN BIO-
TECHNOLOGY COMPANY, Luoyang, Henan, China). Six hours
after transfection, pXp27-transfected cells were fed 1 mL of
10% FBS culture medium,1 mL of medium with 10 ng/mL PDGF-
BB (R&D), or 1 mL of medium with 10 ng/mL PDGF-BB+10 nM
RADO001 (Novartis Pharma AG, Basel, Switzerland) and cultured
for an additional 24 h.

Experiment grouping design

After transient transfection, the cells were divided into the
following experimental groups: control group, VSMCs were
transfected with 5-pg pXp1 reporter plasmid with pXp27 promot-
er activity; negative control group, VSMCs were transfected with
5-pg pXp1 reporter plasmid without pXp27 promoter activity; pos-

itive control group, VSMCs were transfected with 5-pg pGL2CAT
expression plasmid; PDGF-BB+pXp27 group, control group cul-
tured with 10-ng/mL PDGF-BB for an additional 24 h; and PDGF-
BB+pXp27+RAD001 group: control group cultured with 10-ng/mL
PDGF-BB and 10 nM RADO01for an additional 24 h.

Measurement of p27/kip1 gene promoter activity

p27/kip1 gene promoter activity was measured by CAT activity
assay (Beyotime Biotechnology, Shanghai, China). Cultured cells
were washed three times with phosphate-buffered saline (PBS)
pre-cooled onice and lysed with lysis buffer. Protein concentra-
tion (Bradford method), ALP activity (ALP kit), and CAT expres-
sion (CAT-ELISA; Promega) were determined. Each experiment
was performed in duplicate and repeated three times. CAT ex-
pression and ALP activity were normalized to the protein content
inthe corresponding sample. The p27/kip1 gene promoter activity
data were expressed as multiples of the pGL2 group.

RT-PCR

VSMCs in six-well plates were cultured to 50-80% conflu-
ence in DMEM containing 10% FBS and then switched to fresh
medium alone, fresh medium with PDGF-BB, or fresh medium
with PDGF-BB and RAD001 and cultured for an additional 24
h before collecting cells. Total RNA was extracted using a
TriPure kit (Roche; Invitrogen), and p27/kip1 mRNA expres-
sion was detected using an RT-PCR Kit (TaKaRa Biotechnol-
ogy Co. Ltd, Dalian, China). PCR products were subjected to
electrophoresis, and the optical densities of the relevant bands
were quantified and normalized to that of the internal refer-
ence 3-glyceraldehyde phosphate dehydrogenase (GAPDH).
The P27/kip1 primers (Shanghai GeneCore BioTechnologies
Co., Ltd., Shanghai, China) were: forward 5"-CGT GCG AGT GTC
TAA CGG-3, reverse 5’-CGG ATC AGT CTT TGG GTC-3’; ampli-
con size 453 bp. GAPDH PCR was used as an internal reference
(amplicon size 254 bp) (5).

Western blotting

VSMCs were rinsed twice with ice-cold PBS and lysed
with 300-pL pre-cooled cell lysis buffer. The scraped cells
were collected in 1.5-mL centrifuge tubes, incubated onice for
20 min, and centrifuged at 12.000 xg at 4°C for 15 min. The su-
pernatant was collected and protein content was determined
using a nucleic acid/protein analyzer. Protein samples were
mixed with 2x sample buffer, boiled for 5 min, separated on a
10% SDS-polyacrylamide gel with 100-pg protein in each well
and transferred to a nitrocellulose membrane. The membrane
was first blocked with tris-buffered saline—-Tween (TBST) with
5% skim milk powder at room temperature for 2 h and then
incubated in primary antibody (mouse anti-rat p27/kip1 mono-
clonal antibody, 1: 200 in TBST) at room temperature for 2 h.
After three washes in TBST, the membrane was incubated
with secondary antibody solution at room temperature for 2 h,
developed with ECL reagent, and exposed on film. The data of
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the PDGF-BB and PDGF-BB+RADO001 groups were expressed
as multiples of the control group.

Flow cytometry

Flow cytometry was used to determine the percentage of
cellsin each cell cycle phase. VSMCs were cultured to 80% con-
fluence in DMEM containing 10% FBS, switched to serum-free
medium (DMEM) for 24 h, and then switched back to fresh 10%
FBS containing medium alone, or fresh medium with PDGF-BB,
or fresh medium with PDGF-BB and RADO001, and cultured for
an additional 24 h. The cells were collected and prepared as a
single cell suspension, fixed in 70% ethanol, stained with P, and
analyzed in a flow cytometer with an excitation wavelength of
488 nm. Fractions of the cell population in the G0/G1 and S/G2/M
cell cycle phases were evaluated and expressed in percentages.

3H-TdR incorporation

3H-TdR incorporation methodology was used to determine
DNA synthesis. The experimental grouping and treatments were
the same as for the flow cytometry above. VSMCs were plated
in 24-well plates with 1x10° cells per well; three wells were set
up for each experimental condition. The cells were cultured at
37°Cin a 5% CO2 incubator for 24 h, in serum-free medium for 24
h, and then transfected and given intervention factors for 24 h.
Then, 3H-TdR was added at a final concentration of 3.7x10* Bg/
mL, and the culture continued for 16 more hours. The cells were
collected after conventional digestion, vacuum filtered through
a microporous membrane, and the cell membranes were bro-
ken with 10% trichloroacetic acid. The microporous membrane
was dried and placed in a scintillation bottle with scintillation
fluid; the radioactivity was measured with a liquid scintillation
counter.

Determination of cell viahility

Cell viability was determined by 3-(4,5-dimethylthiazol-2-yl)
-2,5-diphenyl tetrazolium bromide (MTT) assay. The experimen-
tal grouping and treatments were the same as for the flow cy-
tometry. VSMCs were seeded in a 96-well plate at 3x10° per well;
three wells were set up for each experimental condition. After
adherence, the cells were cultured in serum-free medium for
24 h and then transfected with reporter plasmids, and the final
volume of each well was 200 pL. Upon detection, 20 pL of MTT
solution (5 mg/mL) was added to each well, and the cells were
incubated at 37°C for 4 h. The culture supernatant was removed,
and 150 pL of DMSO was added. The plate was shaken for 10
min to completely dissolve the crystals, and then the absorbance
value (0D value) at 490 nm was determined using a plate reader.

Statistical analysis

All data are expressed as the mean+SD. Statistical analysis
was performed using SPSS 19.0 software. The independent sam-
ples t test was used with p <0.05 set as a significant difference
and p <0.01 as a very significant difference.

Results

RADO001 increased p27/kip1 gene promoter activity

in VSMCs stimulated with PDGF-BB

VSMCs were transfected with 5-ug pXp1 reporter plasmid
with or without promoter activity (negative control), or with 5-ug
pGL2 CAT expression plasmid (positive control). Six hours after
transfection, the pXp27-transfected cells were fed 1 mL of fresh
10% FBS culture medium alone, medium containing 10 ng/mL
PDGF-BB, or medium containing 10-ng/mL PDGF-BB + 10 nM
RADO001 and cultured for 24 h. p27/kip1 gene promoter activity
was expressed as the relative CAT expression level normalized
to protein concentration and ALP activity.

CAT expression in the untreated pXp27 transfection group
(pXp27 group) significantly increased compared with the nega-
tive control group (pXp1) (p<0.01). CAT expression significantly
decreased by 2/3 in the PDGF-BB-stimulated VSMCs compared
with the pXp27 group (p<0.01). CAT expression increased 2.5-
fold from RADOO1 intervention in PDGF-BB—stimulated VSMCs
(p<0.01) (Fig. 1 and Table 1).

RADO001 increased p27/kip1 mRNA expression in VSMCs

stimulated by PDGF-BB

As shown in Figure 2, the p27/kip1 gene mRNA expression
level in the pXp27 group was 0.81; the expression was signifi-
cantly decreased to 0.16 after stimulation with 10 ng/mL PDGF-
BB; intervention with 10 nM RADOO1 reversed the decrease and
restored the expression level to 0.56.

2.0
S [ #
w
2 15 [
o
=3
[} I
o 1.0
©
2 451 [
g : *%
00 - = = 3 =
3 g g 3 2
2 2 g 2 S
+ o
[aa] ~
@ =
(N
] -
o -+
[+ [aa]
0
[N
(ds]
o
o

Figure 1. Effect of RAD001 onp27/kip1 gene promoter activity in VSMCs
stimulated with PDGF-BB. N=6 in each group. **P<0.01 vs. pXp27,
#P<0.01 vs. PDGF-BB+pXp27. pXp27: VSMCs were transfected with
5-ug pXp1 reporter plasmid with pXp27 promoter activity; PDGF-
BB+pXp27:pXp27group cultured with 10 ng/mL PDGF-BB for additional
24 h; PDGF-BB+pXp27+RAD001: pXp27group cultured with 10 ng/mL
PDGF-BB and 10 nM RADO001for additional 24 h; pGL2: VSMCs were
transfected with 5-pg pGL2 CAT expression plasmid; pXp1: VSMCs
were transfected with 5-pg pXp1 reporter plasmid without pXp27
promoter activity
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Table 1. Baseline characteristics results of experimental units and statistical test result

pXp27 PDGF-BB+pXp27 PDGF-BB+pXp27+RAD001 pGL2 pXp1 P
CAT relative expression 1.69+0.21 0.57+0.19%* 1.43+0.18% 1.00+0.21 0.10+0.16** <0.01
p27/kip1 protein expression 1.00+0.20 0.07+0.22** 0.86+0.20% <0.01
Percent of cells in G0-G1, % 83.01+8.66 55.92+5.05%* 75.02+7.53% <0.01
Percent of cells in S/G2/M, % 15.99+1.34 44.08+4.95%* 24.98+2.47% <0.01
3H-TdR incorporation, cpm 5616+478 16819+728** 8816+502* <0.01
Absorbance (0D value) 0.23+0.09 0.68+0.03** 0.46+0.12* <0.01
N=6 in each group. **P<0.01 vs. pXp27; #P<0.01 vs. PDGF - BB+pXp27. pXp27 - VSMCs were transfected with 5 pg reporter plasmids pXp1 with pXp27 promoter activity; PDGF -
BB+pXp27-group pXp27 cultured with 10 ng/mL PDGF-BB for additional 24 h; PDGF-BB+pXp27+RADO001 - group pXp27 cultured with 10 ng/mL PDGF - BB and 10 nM RADO001 for ad-
ditional 24 h; pGL2-VSMCs were transfected with 5 ug CAT expression pGL2 plasmid; pXp1-VSMCs were transfected with 5 pg reporter plasmids pXp1 without pXp27 promoter activity

RADO01 increased the protein expression of p27/kip1

in VSMCs stimulated by PDGF-BB

RADO01 affected p27/kip1 protein expression in VSMCs
stimulated by PDGF-BB similarly to p27/kip1 mRNA expression.
Compared with the normal pXp27 group, PDGF-BB stimulated
a significant reduction in p27/kip1 protein expression, while
RADO01 intervention increased p27/kip1 protein expression
(Fig. 3 and Table 1).

RADO001 induced cell cycle changes in

PDGF-BB-stimulated VSMCs

Inthe pXp27 group, VSMCs were mainly in GO/G1 phase. Upon
PDGF-BB stimulation, cells in GO/G1 phase were significantly
fewer (p<0.01), while the fractions of cells in G2/M phase and
S phase were significantly greater (p<0.01); RAD001 interven-
tion significantly increased the fraction of cells in GO/G1 phase
and decreased the fractions of cells in G2/M phase and S phase
compared with the PDGF-BB+pXp27 group (Fig. 4 and Table 1).

RADO001 decreased DNA synthesis

by PDGF-BB-stimulated VSMCs

DNA synthesis was estimated by measuring *H-TdR incorpo-
ration and absorbance (Fig. 5 and Table 1). After PDGF-BB stimu-
lation, the *H-TdR incorporation and absorbance values signifi-
cantly increased about three-fold (p<0.01), indicating remarkably
increased DNA synthesis. RAD001 intervention significantly re-
duced ®H-TdR incorporation and absorbance (p<0.01).

Discussion

In this study, the plasmid pXp27 carrying the p27/kip1 gene
promoter was constructed and used to transiently transfect
rat VSMCs using liposomes. The VSMCs were stimulated with
PDGF-BB to induce proliferation and then treated with RAD0O1.
The results showed that PDGF-BB stimulation significantly de-
creased p27/kip1 gene promoter activity compared with the
normal control group and significantly decreased p27/kip1 gene
mRNA and protein expression levels; PDGF-BB stimulation sig-
nificantly decreased the cell fraction in GO/G1 phase while signif-
icantly increasing the fractions in G2/M phase and S phase, and
it increased DNA synthesis. The results suggest that PDGF-BB
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Figure 2. Effect of RAD001 on the RNA expression of p27 mRNA in
VSMCs stimulated with PDGF-BB. pXp27: VSMCs were transfected
with 5-pg pXp1 reporter plasmid with pXp27 promoter activity; PDGF-
BB+pXp27:group pXp27 cultured with 10-ng/mL PDGF-BB for additional
24 h; PDGF-BB+pXp27+RAD001: group pXp27 cultured with 10-ng/mL
PDGF-BB and 10 nM RADO001for additional 24 h

significantly inhibited p27/kip1 gene promoter activity, leading to
VSMC proliferation. RAD001 intervention significantly increased
p27/kip1 gene promoter activity, although it was still lower than
normal levels. RAD001 intervention significantly increased p27/
kip1 gene mRNA and protein expression, decreased DNA syn-
thesis, and significantly inhibited VSMC proliferation compared
with the PDGF-BB stimulation group.

Rapamycin and its derivatives, including everolimus (RAD001),
are inhibitors of the mammalian target of rapamycin (mTOR) and
are effective at suppressing cell growth and inhibiting mTOR ki-
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Figure 3. Effect of RAD001 on the protein expression of p27/kip1 in
VSMCs stimulated with PDGF-BB. N=6 in each group. **P<0.01 vs.
pXp27, #P<0.01 vs. PDGF-BB+pXp27. pXp27: VSMCs were transfected
with 5-pg pXp1 reporter plasmid with pXp27 promoter activity; PDGF-
BB+pXp27: group pXp27 cultured with 10 ng/mL PDGF-BB for additional
24 h; PDGF-BB+pXp27+RAD001: group pXp27 cultured with 10 ng/mL
PDGF-BB and 10 nM RAD001for additional 24 h

nase activity. RAD0O1 is less toxic for humans than are other an-
ti-VEGFR inhibitors and has been used as an immunosuppressive
agent. RAD001 is widely used in anti-tumor therapies for cancers
such as liver cancer (6) and ovarian cancer (7), as well as to
prevent transplant rejection (8) and to induce endothelial cell
senescence (9), among other uses. Currently, RAD001 has been
increasingly used in the treatment of cardiovascular diseases
(10). Studies have shown that rapamycin and its derivatives can
stimulate increased expression of the cell cycle protein p27/kip1,
reduce mitogen stimulation-induced p27/kip1 expression, and in-
hibit VSMC proliferation and migration in culture and in vivo (11).
The p27/kip1 gene promoter is critical for p27/kip1 mRNA and
protein expression. Therefore, we hypothesized that RAD0O1 in-
hibits VSMC proliferation and migration by affecting the activity
of the p27/kip1 gene promoter.

PDGF-BB inhibition of p27/kip1 gene promoter activity may in-
volve specific cell signal transduction. It was reported that p27/
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Figure 4. Effect of RAD001 on cell cycle-related changes in VSMCs
stimulated with PDGF-BB. (a) pXp27; (b) PDGF-BB+pXp27; (c) PDGF-
BB+pXp27+RAD001. Fractions of the cell population in the G0/G1 and S/
G2/M cell cycle phases were evaluated and expressed in percentages
(%). N=6 in each group. **P< 0.01 vs. pXp27, #P<0.01 vs. PDGF-BB+pXp27.
pXp27: VSMCs were transfected with 5-pg pXp1 reporter plasmid with
pXp27 promoter activity, PDGF-BB+pXp27: pXp27 group cultured with 10
ng/mL PDGF-BB for additional 24 h; PDGF-BB+pXp27+RAD001: pXp27 group
cultured with 10 ng/mL PDGF-BB and 10 nM RAD001for additional 24 h
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Figure 5. RAD001 decreased DNA synthesis by PDGF-BB-stimulated
VSMCs. N=6 in each group. **P<0.01 vs. pXp27; #P<0.01 vs. PDGF-
BB+pXp27. pXp27: VSMCs were transfected with 5-pg pXp1 reporter
plasmid with pXp27 promoter activity; PDGF-BB+pXp27: pXp27
group cultured with 10 ng/mL PDGF-BB for additional 24 h; PDGF-
BB+pXp27+RAD001: pXp27 group cultured with 10 ng/mL PDGF-BB and
10 nM RADO001for additional 24 h

kip1 is a target gene in ¢-myc transcription inhibition. When using
p27/kip1 gene promoter and c-myc expression vectors to co-trans-
fect WEHI 231 cells, p27/kip1 gene promoter activity was found to
be significantly inhibited (12). In rat VSMCs, c-myc inhibition of the
activity of a p27/kip1 promoter lacking the TATA box has also been
observed. Additionally, the sequence mediating P27/kip1 gene tran-
scription activity and c-myc inhibition was positioned —20 to +20 bp
of the p27/kip1 gene. PDGF induces c-myc transcription by tran-
scriptional and post-transcriptional mechanisms and decreases
p27/kip1 gene transcription and accumulation of the correspond-
ing p27/kip1 mRNA (13). Therefore, we speculate that PDGF, by pro-
motion of c-myc gene transcription, affects the sequence related
to c-myc gene transcriptional inhibition of the p27/kip1 gene, thus
inhibiting p27/kip1 gene promoter activity and leading to reduced
p27/kip1 gene mRNA and protein levels.

RADO01 can significantly increase p27/kip1 gene promoter
activity, and the mechanism is closely related to the transcrip-

tion factor SP1. Existing studies have shown that the sequences
GGGCGG (—545 to —539 bp) and CCAAT (525 to —520 bp) are re-
quired for the induction of p27/kip1 gene expression (14). SP1
binds to the sequence GGGCGG (15), demonstrating a clear link
between p27/kip1 gene expression and SP1. In VSMC culture,
mutations at the SP1 binding site of the p27/kip1 gene greatly
reduce p27/kip1 gene promoter activity, demonstrating that SP1
is required for effective p27/kip1 gene transcription (16). Using
gene knockout technology, it was found that the start codon cor-
responding to the region —774 to —435 bp in the p27/kip1 gene may
contain a basic transcription factor binding site (17), and the re-
gion 170 bp upstream of the start site of p27/kip1 gene promoter
transcription is sufficient to ensure the maximal p27/kip1 gene
promoter transcriptional activity. Sequence analysis of this 170
bp region showed that several GC-rich regions are clearly SP1
binding sites. By anchoring one or two GC-rich regions, SP1 acti-
vates the p27/kip1 domain (18, 19). Therefore, we speculate that
RADO0O01 binds to its intracellular receptor FKBP-12, inhibits the
P70 (S6) kinase, interferes with p27/kip1 gene promoter signal
transduction pathways, promotes the expression of transcrip-
tion factor SP1(20), and thus affects the SP1 binding sites in the
p27/kip1 gene promoter and facilitates p27/kip1 gene promoter
activity. Our study and recent studies reported an antiprolifera-
tive effect of everolimus through upregulation p27Kip1 (3, 21, 22),
although Ferri’s article previously suggested that p27Kip1 was
not altered by everolimus alone (23). Therefore, more studies
may be needed to identify the mechanism.

Study limitations

Because of limitations of research grant and methods, we
did not give an inhibitor of everolimus to demonstrate other in-
fluencing factors in the study. Further studies should be done
to uncover the mechanisms underlying the inhibitory effect of
everolimus on proliferation of rat VSMCs.

Conclusion

In summary, this study showed that RAD001 significantly in-
hibits PDGF-BB—induced VSMC proliferation, and this inhibition
is closely related to an increase in p27/kip1 gene promoter activ-
ity. The result provides a theoretical basis for clinical applica-
tions to interfere with the p27/kip1 gene for therapy of coronary
heart disease and restenosis after PCI.
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