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Effects of paclitaxel intervention on pulmonary vascular
remodeling in rats with pulmonary hypertension
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Abstract. The aim of the present study was to investigate the
effects of paclitaxel (PTX), at a non-cytotoxic concentration,
on pulmonary vascular remodeling (PVR) in rats with pulmo-
nary hypertension (PAH), and to explore the mechanisms
underlying the PTX-mediated reversal of PVR in PAH. A total
of 36 rats were divided into control group (n=12), model group
(n=12) receiving a subcutaneous injection of monocrotaline
(60 mg/kg) in the back on day 7 following left pneumonec-
tomy and PTX group (n=12) with PTX (2 mg/kg) injection
via the caudal vein 3 weeks following establishing the model.
The degree of PVR among all groups, as well as the expres-
sion levels of Ki67, p27%*' and cyclin Bl, were compared.
The mean pulmonary artery pressure, right ventricular hyper-
trophy index [right ventricle/(left ventricle + septum) ratio]
and the thickness of the pulmonary arterial tunica media in
the model group were 58.34+2.01 mmHg, 0.64+0.046 and
65.3+3.3%, respectively, which were significantly higher when
compared with 23.30+1.14 mmHg, 0.32+0.028 and 16.2+1.3%
in the control group, respectively (P<0.01). The mean pulmo-
nary artery pressure, right ventricular hypertrophy index and
thickness of the pulmonary arterial tunica media in the PTX
group were 42.35+1.53 mmHg, 0.44+0.029 and 40.5+2.6%,
respectively, which were significantly lower when compared
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with the model group (P<0.01). Compared with the control
group, the expression levels of Ki67 and cyclin Bl in the model
group were significantly increased (P<0.01), while p27Xi!
expression was significantly reduced (P<0.01). Following PTX
intervention, the expression levels of Ki67 and cyclin B1 were
significantly reduced when compared with the model group
(P<0.01), while p27%!' expression was significantly increased
(P<0.01). The results of the present study suggest that PTX,
administered at a non-cytotoxic concentration, may reduce
PAH in rats, and prevent the effects of PVR in PAH. These
effects of PTX may be associated with increased expression of
p27%P! and decreased expression of cyclin BI.

Introduction

Prevalence of pulmonary hypertension (PAH) was reported
as 0.3-6% in 2014, with the left heart disease being the most
prominent, followed by pulmonary disease and chronic throm-
boembolic pulmonary hypertension (1). The proportion of all
PAH-associated emergency department visits has decreased
and so have mortality rates (2). The abnormal proliferation of
vascular smooth muscle cells (VSMCs) is a key pathological
feature of pulmonary vascular remodeling (PVR) and occlusion
in PAH (3). As our understanding of PAH increases, the drug
treatments available have improved considerably. Vasodilator
agents are the standard method of drug treatment; however,
recent strategies have focused on developing anti-proliferative
agents (4,5), which have already made some progress.

In recent years, certain antineoplastic agents have exhibited
robust inhibitory effects on angiogenesis, when administered
at low non-cytotoxic concentrations (4). These anticancer
drugs have provided novel ideas for identifying effective
treatment methods against vascular proliferative diseases. A
previous study demonstrated that, at nanoscale concentrations,
the anti-cancer drug paclitaxel (PTX) exhibited significant
inhibitory effects on the proliferation of VSMCs (6), thus
ultimately achieving the purpose of anti-proliferation. As an
anti-proliferative drug, PTX has been used in the clinical
prevention and treatment of coronary restenosis following coro-
nary heart disease or additional cardiovascular diseases (7).



1164

PTX exhibited satisfactory results in preventing drug-eluting
stent-induced restenosis, as well as its use as a drug-eluting
stent (8-10). The U.S. Food and Drug Administration have
approved a PTX-eluting stent for marketing (11). Therefore,
the clinical applications of PTX have already been extended to
vascular proliferative diseases (12); however, a limited number
of studies conducted thus far have focused on the application
of PTX in PAH, and the mechanism of anti-PVR in PAH
remains unclear.

PTX inhibits cell proliferation using a unique biological
mechanism. It effectively inhibits the G,/M cell cycle phase,
thus leading to inhibition of cell proliferation (13). Cyclin Bl
is a key regulatory protein at the G,/M checkpoint (14). In
recent decades, the cyclin-dependent protein kinase inhibitor,
p27%®! has gained increasing attention. Although the majority
of research regarding p27%"' has focused on its control of cell
proliferation and expression in tumor cells (15), its negative
regulation of the proliferation of VSMCs has gained increasing
attention (16-18).

In the current study, a rat model of PAH was generated,
and rats were administered with PTX at a dose of 2 mg/kg,
according to the literature (19). This dose was thought to
increase the plasma concentration of PTX at the nanoscale
level in vivo, and is markedly lower than that required for
cancer treatment. The results of a previous study suggest that
this concentration may inhibit the proliferation of VSMCs
without affecting the activity of normal cells (6). The PAH
model generated in the present study, was established to inves-
tigate the effects and mechanism of PTX on PVR in PAH. The
results provide experimental evidence for a novel approach to
the prevention and reversal of PVR in PAH.

Materials and methods

Animals and grouping. A total of 36 male specific-pathogen
free Sprague-Dawley rats (age, 6-8 weeks; weight, 300-350 g)
were provided by animal lab of the West China Animal Center
of Sichuan University (Chengdu, China). Rats were kept in a
conventional room at 22+2°C, a relative humidity of 55+10%
and a 12-h light/dark cycle. Rats had access to food and water
ad libitum. The rats were divided into the following three equal
groups at random: Control group, where rats received no treat-
ment; model group, where rats underwent a left pneumonectomy
plus subcutaneous injection of 60 mg/kg monocrotaline (MCT;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), a natural
ligand exhibiting dose-dependent cytotoxicity with potent
antineoplastic activity (20), at 7 days following the procedure;
PTX group, where rats underwent the same procedure as
those in the model group plus administration of 2 mg/kg PTX
(Chongqing Pharmaceutical Group Co., Ltd., Yuzhong, China)
via the caudal vein (21) daily for 1 week at 3 weeks following
injection of MCT (6). Tests were performed and samples were
collected from rats in all groups at 1 week following treatment.
Following intramuscular injection of atropine (22.5 pg/kg) and
intraperitoneal injection of chloral hydrate (10%, 400 mg/kg)
for anesthesia, the diastolic pressure and waveform of right
atrium were recorded. Left lungs were placed in 1.5 ml tube
and frozen in liquid nitrogen. Following the measurement,
right lung specimens were dissected, perfused and fixed with
4% paraformaldehyde for 48 h at room temperature. Right
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lung segments were placed in PBS and 7x7 mm? pieces were
prepared. The present study was performed in strict accordance
with the recommendations in the Guide for the Care and Use
of Laboratory Animals of the National Institutes of Health.
The animal use protocol was reviewed and approved by the
Experiment Animal Administrative Committee of Sichuan
University (Chengdu, China).

Detection of hemodynamic parameters and tissue preparation.
The mean pulmonary artery pressure (mPAP) and the right
ventricular hypertrophy index [ratio of right ventricle (RV) to
left ventricle + septum (LV+S)] were detected as previously
described (22). Right lung tissues (7x7 mm?) were subjected
to hematoxylin (0.5%; 5-10 min) and eosin (1.0%; 3-5 min)
staining at room temperature, immunohistochemistry and
elastic Van Gieson staining (0.22% Verhoeff solution; room
temperature; 15-60 min), and the percentage wall thickness
(WT) was measured as previously described (23). In addition,
the neointimal proliferation degree of the pulmonary artery
was determined as described previously (24). WT was defined
as the distance between the internal and external elastic plates.
The elastic plate diameter (ED) was defined as the average
diameter of the outer elastic plate. For quantification of elastic
Van Gieson staining of tissue slices, the following formula was
used: WT (%)=2xWT/ED) x100%. The degree of neointimal
proliferation was calculated as follows: Neointimal prolifera-
tion (%)=(number of neointimal vessels/50) x100.

Immunohistochemistry. Left lung samples (4 ym) were
washed in water for 15 min following dewaxing (xylene for
5 min; xylene and ethanol (1:5) for 5 min; xylene and ethanol
(1:1) for 5 min) and incubated with 3% H,0, for 10 min all
at room temperature. Following the antigen was repaired at
95°C for 20 min and the slices were blocked by 0.1% goat
serum (Beijing Solarbio Science & Technology Co., Ltd.,
Beijing, China) at room temperature for 15 min. Sections were
subsequently incubated with primary antibodies against Ki67
(ab15580, 1:100), p27%"! (ab7961, 1:100) and cyclin B1 (ab2949,
1:100; all provided by Abcam, Cambridge, MA, USA) at 4°C
overnight, followed by incubation with second antibody (1%
biotin-labeled goat anti-mouse IgG; ab47844; Abcam) at 37°C
for 15 min. This was followed by incubation with horseradish
peroxidase-labeled streptomyces ovalbumin at 37°C for 15 min
and staining with diaminobenzidine (DAB) for 10-30 min
at room temperature. The immunohistochemical results
were analyzed using Image-Pro Plus software 6.0 (Media
Cybernetics, Inc., Rockville, MD, USA) and semi-quantified
to obtain integrated optical density (IOD) values. For each
animal, 20 random visual fields of view were observed using
an optical microscope (magnification, x400) and an average
IOD value calculated.

Western blot analysis. Total protein was extracted from
100 mg lung tissue following lysis using TRIzol (Thermo
Fisher Scientific, Inc., Waltham, MA, USA). The total protein
concentration was determined using a bicinchoninic acid
assay. A total of 100 ug total protein was subjected to 10%
SDS-PAGE, and then transferred onto a polyvinylidene difluo-
ride membrane. Membranes were incubated with rabbit anti-rat
p27%P! (ab7961; 1:2,000; Abcam) and mouse anti-rat cyclin Bl
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Table I. Comparison of mPAP, RV/(LV+S) ratio, WT and degree of neointimal proliferation.

Group n mPAP, mmHg RV/(LV+S) WT, % Neointimal proliferation, %
Control 12 23.30+1.14 0.32+0.03 16.2+1.3 0

Model 7 58.34+2.01* 0.64+0.05* 65.3+3.3% 85.64+6.23
Paclitaxel 10 42.35+1.53%0 0.44+0.03> 40.5+2.6% 58.45+7.84°

iP<0.01 vs. control group; °P<0.01 vs. model group. mPAP, mean pulmonary artery pressure; RV, right ventricle; LV, left ventricle; S, septum;

WT, wall thickness.

Figure 1. Elastic Van Gieson staining of lung vessels in rats from each experimental group (magnification, x400). (A) Control group. (B) Model group.

(C) Paclitaxel group.

(ab2949; 1:1,000; Abcam) in 0.05% Tris-buffered saline and
Tween 20 (TTBS) and 1% nonfat dry milk at 4°C overnight.
The internal control was GAPDH mouse monoclonal anti-
body (AF0006; 1:1,000; Beyotime Institute of Biotechnology,
Haimen, China). The membrane was then thoroughly washed
with TTBS and subsequently incubated with the horseradish
peroxidase-conjugated goat anti-rabbit IgG (ab6795; 1:3,000;
Abcam) and goat anti-mouse (ab102454; 1:1,000; Abcam)
secondary antibody (ab47844; 1:3,000; Abcam) at room
temperature for 1 h. This was followed by incubation with 5%
nonfat dry milk-containing TTBS buffer at room tempera-
ture for 1 h. The protein-antibody complex was detected by
enhanced chemiluminescence (BeyoECL Star; Beyotime
Institute of Biotechnology). The protein bands were visualized
and their expression intensities were measured using Intas Gel
IX 2.0 (Bio Olympics Ltd.; Beverly Hills, CA, USA). p27%i!
and cyclin Bl expression were normalized to GAPDH. The
experiment was performed in triplicate.

Statistical analysis. Experimental results are expressed as the
mean + standard deviation. Statistical analysis was performed
using one-way analysis of variance. For group comparisons,
the least significant difference post hoc test was employed. The
SPSS software program (version, 16.0; SPSS, Inc., Chicago, IL,
USA) was used for statistical analysis. P<0.05 was considered
to indicate a statistically significant difference.

Results

Comparison of hemodynamic parameters. At day 35 following
the left pneumonectomy procedure, 5 rats in the model group
and 2 rats in the PTX group died, due to PAH symptoms on
days 17 in the model group and on days 26 and 29 in the PTX
group. The mPAP in the model group was significantly higher
compared with the control group (P<0.01), whereas mPAP in

the PTX group was significantly decreased when compared
with the model group (P<0.01; Table I). These results suggest
that PTX may significantly reduce mPAP in rats with PAH.

Comparison of RV/(LV+S) ratio and WT. The RV/(LV+S) ratio
and WT in the model group was 0.64+0.046 and 65.3+3.3%,
respectively, which was significantly higher when compared
with 0.32+0.028 and 16.2+1.3% in the control group, respec-
tively (P<0.01; Table I). The RV/(LV+S) and WT in the PTX
group was 0.44+0.029 and 40.5+2.6%, respectively, which
was significantly lower when compared with the model group
(P<0.01; Table I). This suggested that PTX significantly allevi-
ated right ventricular thickening and pulmonary arterial tunica
media thickening induced by pneumonectomy and MCT.

Comparison of neointimal proliferation degrees. Elastic
Van Gieson staining was performed to observe the rate of
neointimal proliferation in rats from each experimental group.
The staining revealed the blood vessel wall, lumen, internal
and external elastic plates (with lace-like structures), and the
neointima inside the internal elastic plate of small lung blood
vessels. The results indicated that no neointimal formation
had occurred in rats from the control group, whereas rats in
the model group exhibited a marked increase in neointimal
formation, with the small vascular lumen almost completely
obstructed in severe cases (Table I; Fig. 1). PTX intervention
significantly reduced the rate of neointimal proliferation when
compared with the model group (P<0.01; Table I; Fig. 1).

Comparison of lung VSMC proliferation. Ki67 expression was
primarily distributed in the pulmonary artery wall, periph-
eral vascular wall and tracheal epithelial cells, as indicated
by brown positively-stained cells in immunohistochemical
tissue sections (magnification, x200; Fig. 2), which were used
to determine the extent of lung VSMC proliferation. The
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Table II. Expression of Ki67, p27%!" and cyclin B1 in lung vascular smooth muscle cells.

Relative expression (integrated optical density)

Group n Ki67 p27%! Cyclin B1
Control 12 23.5+2.1 1,417.5+255.5 423.5+81.7
Model 7 426.7£70 4* 256.4+62.6" 1,796.2+206.8"
Paclitaxel 10 178.6+26.0*° 922.3£234 .20 905.8+154.7*°

“P<0.01 vs. control group; "P<0.01 vs. model group.

Figure 2. Comparison of Ki67 expression in lung vascular smooth muscle cells from each group (magnification, x200). (A) Control group, with arrows

indicating Ki67 expressing cells. (B) Model group. (C) Paclitaxel group.

semi-quantitative analysis of Ki67 expression was achieved by
calculating the IOD values, which indicated that Ki67 expres-
sion in the model group, was significantly increased when
compared with the control group (P<0.01; Table II; Fig. 2).
By contrast, Ki67 expression in the PTX group was decreased
significantly when compared with the model group (P<0.01;
Table II; Fig. 2). The results suggest that PTX may inhibit the
proliferation of lung VSMCs in rats with PAH.

Immunohistochemical analysis. p27%"'- and cyclin Bl-positive
cells were characterized by brown or tan particles in the nuclei
and cytoplasm of lung VSMCs (Fig. 3). The semi-quantitative
analysis of p27¥® and cyclin Bl expression was achieved by
determining the IOD values. The results revealed that the
expression of p27%"?! protein in the model group was signifi-
cantly reduced when compared with the control group (P<0.01),
whereas p27%"! expression in the PTX group was significantly
decreased when compared with the model group (P<0.01;
Table II; Fig. 3). The expression of cyclin Bl protein in the
model group was significantly increased compared with the
control group (P<0.01; Table II; Fig. 3). By contrast, cyclin Bl
expression in the PTX group was significantly reduced when
compared with the model group (P<0.01; Table II; Fig. 3).

Western blot analysis. Western blot analysis was performed to
determine the protein expression levels of p27%P! and cyclin
B1, with GAPDH as the internal control. Compared with the
control group, the expression of p27%"! protein in the model
group was significantly lower when compared with the control
group (P<0.01), whereas its expression in the PTX group was
significantly increased when compared with the model group
(P<0.01; Fig. 4). The expression of cyclin Bl protein in the
model group was significantly increased compared with the
control group (P<0.01; Fig. 4). By contrast, cyclin Bl expression

was significantly decreased in the PTX group when compared
with the model group (P<0.01; Fig. 4).

Discussion

PAH is a disease primarily characterized by PVR (25).
Pathological studies have indicated that VSMCs serve a key
role in the development of PAH, and may therefore present a
therapeutic target for PAH in the future. PTX is a commonly
used anticancer drug with applications as chemotherapy drug
in in breast cancer, ovarian cancer, head and neck cancer,
esophageal cancer, lung cancer and others (26), applications
in skin disorders, renal and hepatic fibrosis, inflammation,
axon regeneration, limb salvage, and coronary artery reste-
nosis (27). The effective therapeutic concentration of PTX
ranges from 1 nmol/l to 100 ymol/l. The highest concentration
primarily exhibits cytotoxic effects, whereas lower concentra-
tions (1-200 nmol/l) primarily inhibit the proliferation of cells,
thereby inhibiting cell proliferation, migration, intercellular
transportation and transmembrane signal transduction, as
well as inhibiting subsequent neointimal proliferation (28,29).
Previous studies have demonstrated that PTX inhibits the
proliferation of VSMCs in a dose-dependent manner in vitro
and in vivo (30-33). In addition, PTX has been observed to
inhibit angiogenesis in a notable dose-dependent manner
within the 3.5-14 nmol/l concentration range in a chick
embryo chorioallantoic membrane model (34,35). The current
study applied PTX to a rat model of PAH, and investigated the
effects of PTX on PVR and the proliferation of VSMCs.

In the present study, a left pneumonectomy was performed
with MCT treatment to establish a rat model of PAH, which
was characterized by a significant increase in mPAP, hyper-
trophy of the RV and pulmonary arterial tunica media and
severe neointimal formation and luminal occlusion. Following
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Figure 3. Comparison of p27%"®' and cyclin Bl expression in lung vascular smooth muscle cells from rats in each experimental group (magnification, x200).

(A) Control group. (B) Model group. (C) Paclitaxel group.
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Figure 4. Expression of p27¥""! and cyclin BI in lung tissues from rats in the control, model and PTX groups. (A) Western blot analysis of protein expression.
Densitometric analysis of (B) cyclin Bl and (C) p27%""' expression. "P<0.01 vs. control group; “P<0.01 vs. model group. PTX, paclitaxel.

PTX intervention, the above indexes were decreased to various
degrees when compared with the model group. Abnormal
proliferation of lung VSMCs is a key factor in PAH (36).
Once PAH develops, blood collides with the vascular walls,
damaging endothelial cells and leading to their dissociation.
Due to the action of numerous cytokines, VSMCs then migrate
towards the theca interna and enter mitosis following induc-
tion by various types of growth factors present at this site (37).
This results in the marked proliferation of VSMCs to form
the neointima, which leads to stenosis of the vascular lumen.
The proliferating cell nuclear antigen, Ki67, is considered to
be an ideal indicator for detecting cell proliferation (38). In
the present study, PTX intervention was associated with a
significant decrease in expression of Ki67, and its expression
was decreased when compared with the model group. This
suggests that 2 mg/kg PTX may inhibit the proliferation of
lung VSMCs in a rat model of PAH. In addition, PTX has been
demonstrated to significantly inhibit the migration and prolif-
eration of VSMCs, which has been verified in animal models
and clinical trials (39). In addition, Axel et al (32) demonstrated
that the local application of PTX in a rabbit model of balloon
angioplasty-induced carotid artery restenosis significantly
reduced the proliferation of VSMCs in vivo. This was further
confirmed by Signore et al (19), whereby the continuous appli-
cation of PTX in a murine model of carotid artery balloon
injury almost completely inhibited intimal hyperplasia. In
the present study, a left pneumonectomy was performed with
MCT induction to establish a rat model of severe PAH. The
results indicated that mPAP was increased significantly, the

RV exhibited hypertrophy, neointimal formation occurred,
and stereological indexes, including pulmonary artery thick-
ness, non-muscular musculinization of lung small arteries
and neointimal proliferation were increased significantly in
the model group when compared with the control group. PTX
intervention decreased the above indexes, suggesting that PTX,
at a non-cytotoxic concentration, may reduce mPAP in rats
and improve PVR in PAH. These preliminary results require
further confirmation in future studies that aim to investigate
whether the same effects of PTX would be observed in severe
cases of PAH that are accompanied by neointimal formation.
Abnormal proliferation of lung VSMCs is the key
pathological feature of PAH (40). Similar to other cells, the
proliferation of VSMCs involves the cyclical activity of DNA
replication and mitosis. The final common pathway of cell
proliferation signal transduction is the cell cycle; therefore
inhibiting or interrupting the cell cycle is considered to be an
effective strategy to inhibit the over-proliferation of VSMCs,
and to prevent vascular proliferative diseases (41). The prolifer-
ation of VSMCs is regulated by a variety of signal transduction
pathways; the most studied of which is the mitogen-activated
protein kinase (MAPK) cascade pathway (42). Two key regula-
tory checkpoints exist in the MAPK cascade pathway at the
G,/S phase and G,/M phases. The G,/S regulatory checkpoint
involves a reduction in the expression of the cyclin-dependent
kinase (CDK) inhibitor, p27%' (17,43), which promotes the
proliferation of VSMCs. As a positive regulatory factor of
the G,/M phase in the cell cycle, cyclin Bl combines with
CDK1, which leads to cell cycle progression from the G,/S
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phase to the G,/M phase and promotes karyomitosis (44).
High levels of cyclin Bl expression enables cells to progress
through the G,/M phase checkpoint, which leads to alterations
in the structure of important nuclear proteins, progression to
M phase and the subsequent promotion of cell growth and
proliferation (14). p27%®! protein is a negative regulator of the
cell cycle by inhibiting the kinase activity of all cyclin/CDK
complexes (45). Through its 69-amino acid N-terminal region,
p27%P! binds cyclin/CDK complexes, thus preventing transfor-
mation of CDKs into their active states and inhibiting kinase
function (46). It has been reported that p27%*' serves a key role
in regulating the proliferation of pulmonary VSMCs, and the
reduced expression of p27%P' may be a key factor underlying
PVR in PAH (47). Tanner et al (18) identified VSMC prolifera-
tion and neointimal formation in the arterial injury phase in a
porcine model of arterial injury, and observed low expression
levels of p27%*!, By contrast, increased expression of p27¥®! in
the vascular intima in the arterial injury phase was associated
with inhibited proliferation of VSMCs and reduced neointimal
formation. Song et al (48) confirmed this phenomenon in a
neointimal experiment involving VSMCs. Over expression
of p27%®! protein inhibited the cell cycle in G, phase, and
reduced VSMC proliferation and neointimal formation (49).
Down regulation of p27%"?! has been demonstrated to increase
neointimal formation and cell aggregation following inflam-
matory mechanical vascular injury (40,50,51), indicating that
VSMC proliferation is associated with the expression levels of
p27%®! which may therefore serve a key function in the repair
and remodeling process following arterial injury. Thus, p27%!
may present a potential therapeutic target for the treatment of
vascular proliferative diseases.

During progression through the G,/M phase, cyclin
B1/CDKI1 serves a key role in promoting cells to convert from
DNA synthesis to mitosis (52-54). Granada et al (55) cultured
rat aortic smooth muscle cells in vitro, and demonstrated that
a high concentration of mitomycin C (MMC) inhibited the
proliferation of smooth muscle cells at the G,/M phase, thus
leading to apoptosis of VSMCs. Low concentrations of MMC
inhibited the proliferation of VSMCs, which was demonstrated
to be associated with the reduced activity of cyclin BI/CDKI.
In addition, MMC significantly inhibited neointimal formation
in a rat model of carotid artery balloon-induced injury (56).
The current study demonstrated that PTX inhibited the prolif-
eration of lung VSMCs in a rat model of PAH. The results
of immunohistochemistry and western blot analyses indicated
that the expression of p27%P' was significantly higher in the
PTX group when compared with the model group, while the
expression of cyclin Bl was significantly lower compared with
the model group. Therefore, the results of the present study
suggest that the expression of p27%?! and cyclin Bl in rats from
each experimental group were negatively correlated. This may
be due to the persistent expression of p27%"! throughout the
cell cycle. Upon stimulation of VSMCs by the proliferation
signal, p27¥"! is rapidly degraded by protein ubiquitina-
tion (57), which leads to increased expression of cyclin Bl,
thus promoting progression through the G,/M phase and
accelerating cell proliferation. These alterations in p27%*' and
cyclin Bl expression were observed in the model group when
compared with the control group. Following intervention with
PTX, the expression of these factors was significantly reversed,
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resulting in reduced cyclin Bl expression and inhibiting the
proliferation of VSMCs. Based on these observations, the
authors of the present study hypothesize that the mechanism
by which PTX inhibits the proliferation of lung VSMCs in a
rat model of PAH, may involve the increased expression of
p27%*! and the decreased expression of cyclin Bl.

The proliferation and migration of VSMCs is associated
with a number of signal transduction pathways, including
the MAPK, Ras-phosphoinositide 3-kinase-Akt, Janus
kinase/signal transducers and activators of transcription and
the nuclear factor-kB signaling pathways (58). A wide-range
of complex mechanisms exist among these pathways, these
signaling pathways have a number of common factors that
link the networks together to form a complex signaling
network (59). The current study demonstrated that treatment
with PTX at a non-cytotoxic concentration may inhibit the
proliferation of lung VSMCs, thus improving PVR in a rat
model of PAH. In addition, the results suggest that this effect
may be associated with the increased expression of the cell
cycle inhibitory factor, p27¥?" and the decreased expression of
cyclin B1. However, in order to identify the signal transduction
pathways and possible mechanisms by which PTX inhibits the
proliferation of VSMCs, further studies will be required.

The proliferation of VSMCs has been considered to be
the most important characteristic of vascular proliferative
disease (60). Molecular studies investigating vascular prolif-
erative disease have revealed that its mechanisms are very
complex, and involve a large number of cytokines and phys-
iochemical factors (61). Therefore, it would be ineffective and
impossible to target and reverse each risk factor; however,
these factors ultimately lead to chronic vascular remodeling.
Identifying a strategy to inhibit the proliferation of VSMCs at
the cellular level is therefore critical. At nanoscale concentra-
tions, PTX exhibited inhibitory effects on the proliferation of
VSMCs in the current study. The results of previous studies
suggest that PTX may be used to treat PAH; however the solu-
bility of commercial PTX formulations leads to an increased
number of side effects (62). Therefore, a safe and effective
drug-transport system is required, whereby the efficacy of PTX
is increased, and the ability of PTX to enter cells is enhanced,
thus improving anti-proliferative effects while ensuring the
safest conditions. The selection of an appropriate drug concen-
tration and the development of novel PTX formulations may
achieve these aims when applying PTX for the treatment of
vascular proliferative diseases such as PAH, while reducing
its toxicity.

There were some notable limitations of the current study.
Firstly, only a single dose of PTX was used, and the effects
of different PTX doses within a low-concentration range
were not investigated in the rat model of PAH. Secondly, this
study did not assess the preventative effect of PTX on PAH.
Thirdly, this study performed a preliminary investigation of
the mechanisms underlying the inhibitory effects of PTX on
VSMCs. Therefore, the precise signal transduction pathways
and mechanisms involved will require further investigation in
future studies.
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