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In vivo treatment of rat arterial adventitia with
interleukin-1f induces intimal proliferation via
the JAK2/STAT3 signaling pathway
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Abstract. Previous studies have indicated that adventitial
inflammation is involved in the development of atheroscle-
rosis. The aim of this study was to investigate the effect
of arterial adventitia inflammation induced by interleukin
(IL)-1p on intimal proliferation and the mechanisms involved
in this process. The left common carotid artery adven-
titia of male rats in the experimental and control groups
(25 rats/group) was wrapped with agar containing or without
a sustained-release suspension of 2.5 ug IL-1p, respectively.
Five animals in each group were randomly selected for
sacrifice at 2 h, 8 h, 24 h, 48 h, and 1 week post-treatment.
Hematoxylin and eosin staining was performed for to
analyze the morphology of the adventitia. The expression
of janus kinase (JAK)2, signal transducer and activator
of transcription (STAT)3, phosphorylated (p-)JAK2 and
p-STAT3 were detected by western blot analysis or immuno-
histochemistry staining. A model of adventitial inflammation
was successfully created by wrapping IL-1f3 around the rat
carotid artery. IL-1f treatment induced vascular smooth
muscle cell proliferation and migration as well as intimal
proliferation. In addition, the expression of p-JAK2 and
p-STATS3 increased after IL-1f treatment. Furthermore,
an inhibitor of JAK2/STAT3 pathway, AG490, suppressed
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IL-1B-induced intimal proliferation and phosphorylation of
JAK?2 and STATS3. Thus, the JAK2/STAT3 signaling pathway
is involved in intimal proliferation caused by vascular adven-
titial inflammation. Inhibiting the JAK2/STAT?3 signaling
pathway may be a novel method for the clinical treatment of
artery atherosclerosis.

Introduction

Atherosclerosis is a complicated vascular disease, and is
generally recognized as a chronic inflammatory disease (1-3).
It is characterized by infiltration of various inflammatory
cells, including T cells, mast cells and macrophages, into
atherosclerotic plaques at all stages of development of
atherosclerosis (4). Atherosclerosis is initiated by subendo-
thelial retention of apolipoprotein B-containing lipoproteins
followed by adhesion and penetration of inflammatory cells
from the blood into the arterial intima (5). By secreting cyto-
kines and growth factors, these inflammatory cells, together
with resident vascular wall cells, can promote the migration
and proliferation of vascular smooth muscle cells (VSMCs),
which participate in the formation of neointima and finally
plaque formation (6-8).

In addition to intimal inflammation, numerous previous
studies have focused on the correlation between adven-
titial inflammation and atherosclerosis. Schwartz and
Mitchell (9) were the first to report that cellular infiltration
of the adventitia is associated with atheromatous plaques
in 1962. T lymphocytes and B lymphocytes, together with
a small proportion of macrophages, have been observed in
areas of adventitial inflammation (10,11). Furthermore, a
previous study demonstrated that the degree of adventitial
inflammation is positively correlated with the severity of
atherosclerotic lesion (11). Although a number of studies
support the concept that adventitial inflammation is derived
from the spread of intimal inflammation (12-14), arecent study
showed that adventitial inflammation may be responsible for
the accumulation of macrophages in the intima and involved
in atherosclerotic lesion development as an important early
event (6,15,16). Shimokawa et al (17) suggested that in vivo
chronic treatment of the coronary adventitia with interleukin
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(IL)-1p can induce intimal thickening, which is the earliest
pathological change in atherosclerosis. Subsequently, the
authors further found that treatment of the coronary adven-
titia with other key inflammatory cytokines [tumor necrosis
factor (TNF)-a and IL-1a] also induces arteriosclerosis-like
changes in the coronary intima (18). These studies strongly
indicate that adventitial inflammation can trigger the devel-
opment of atherosclerosis; however, the mechanism involved
in this process has not been clearly defined.

As mentioned, inflammation-induced VSMC prolif-
eration and migration from the media to intima are key
early events in lesion development (19). VSMCs respond
to specific extracellular stimuli secreted by inflammatory
cells or vascular wall cells to induce signal transduction
to the nucleus. This activates the expression of a series of
genes controlling VSMC proliferation and migration, thus
promoting VSMC migration from the media to the intima
as well as VSMC proliferation. Previous studies have shown
that the Janus kinase/signal transducer and activator of tran-
scription (JAK/STAT) signaling pathway is important role
in atherosclerotic lesion development (20-22). Notably, it has
been verified that the JAK2/STAT3 signaling pathway is crit-
ical in VSMC proliferation and migration (23-25). Tyrosine
phosphorylation occurs sequentially on JAK2 and STAT3,
which in turn activates downstream target gene expression
influencing VSMC proliferation and migration (26-30). In
the current study, the adventitial inflammatory process was
initiated by an wrapping agar suspension containing inter-
leukin (IL)-1p around the adventitia to determine the role of
the JAK2/STAT3 signaling pathway in mediating adventitial
inflammation-induced vascular proliferation and lesion
formation.

Materials and methods

Animals. A total of 15, ten-week old, male Sprague-Dawley
(SD) rats (weight, 180-200 g) were obtained from the Vital
River Laboratories, Co., Ltd. (Beijing, China). All rats were
housed at 22°C with a 12:12-h light-dark cycle and free
access to standard rodent chow and tap water in a rodent
facility. Animal experiments were approved by the Animal
Research Committee of the 101st Hospital of PLA (Wuxi,
China). All procedures were performed in accordance with
the guidelines of the Animal Research Committee of the
101st Hospital.

Preparation of IL-1f sustained-release agar suspension. A
100-mg slurry of CNBr-activated Sepharose 4B (45-165 ym
diameter; Sigma-Aldrich, St. Louis, MO, USA) was washed
with 1 mM HCI by vortexing and centrifugation (328 x g for
5 min) four times. The slurry was then washed three times
with a solution containing 0.5 M NaCl and 1 M NaHCO;,
followed by centrifugation (328 x g for 5 min). Then, 100 ug
IL-1p (Beijing Sino Biological Technology Co., Ltd., Beijing,
China) was added to the slurry precipitation and mixed thor-
oughly. This mixture was incubated at room temperature for
1 h followed by incubation at 4°C overnight. The following
day, the sample was centrifuged briefly for 5 min at 328 x g
and the liquid was discarded. The remaining solid phase was
suspended in 1 M Tris-HCl to form a slurry, and the mixture
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was incubated at room temperature for 1 h, it was then centri-
fuged and the liquid was removed. Saline was added and the
beads were washed 3 times and resuspended in 2 ml saline.
The final concentration of IL-1f was 50 mg/ml.

Tyrosine kinase (JAK2) inhibitor AG490 sustained-release
gel preparation. P-F127 (0.3 g; Sigma-Aldrich) was
dissolved in 1 ml phosphate-buffered saline (PBS), and then
30 ug AG490 (Sigma-Aldrich) was added. This mixture was
vortexed and incubated at 4°C overnight. The final concentra-
tion of AG490 was 100 xM.

Construction of the adventitial inflammation-induced
intimal proliferation rat model. Fifty SD male rats were
randomly divided into an experimental group and a control
group (n=25). Prior to surgery, rats were anesthetized
by intraperitoneal injection of 2% sodium pentobarbital
(50 mg/kg body weight; Sigma-Aldrich). The animals were
supine-fixed on a surgical board. Following removing the
neck hair using a razor and routinely disinfecting the skin
using iodophor disinfection solution, a 3-cm longitudinal
incision was made along the midline to expose 2 to 3 cm of the
left common carotid artery. Gauze (2x0.5 cm; Medicom Inc.,
Ltd., Shanghai, China) was placed beneath the artery. For the
experimental group, 50 ul agar suspensions with IL-1f was
placed on the gauze, and for the control group, 50 ul of the
agar suspension without IL-1p3 was placed on the gauze. The
gauze was wrapped around the blood vessel using surgical
cord (Medicom Inc., Ltd.) and sutures were used to close
the incision. Sodium penicillin (100 kIU; Shandong Lukang
Pharmaceutical Co., Ltd., Jining, China) was injected intra-
muscularly once every three days to prevent infection. The
animals were given free access to standard rodent chow and
tap water, and five animals from each group were sacrificed
at 2 h, 8 h,24 h,48 h and 1 week post-surgery. Target blood
vessels were excised (~4 mm) and fixed in 4% paraformalde-
hyde (Beyotime Institute of Biotechnology, Shanghai, China)
and the remaining tissue was frozen in liquid nitrogen. For
AG490 treatment, both sides of the carotid artery of SD male
rats (n=15) were surgically separated, and an experimental
side and a control side were assigned. For experimental sides,
150 pul AG490 sustained release P-F127 gel was applied, and
for control sides, 150 ul gel with blank solution was applied.
Subsequently, 50 ul agar suspension with IL-1§ was applied
to both sides, and surgery was completed as described above.
Five animals were randomly selected for sacrifice at 8 h,
48 h, and 1 week post-surgery, and samples were obtained as
described above.

Histopathological examination. Conventional methods were
used to fix and dehydrate the vascular tissue, and embed
the tissues in paraffin (Chuandong Chemical Co., Ltd.,
Chongqing, China). The paraffin-embedded tissues were cut
into 4-um slices, and sections were stained using hematox-
ylin and eosin (H&E; Beyotime Institute of Biotechnology).
Changes in blood vessel layers were observed using a micro-
scope (BX51; Olympus, Tokyo, Japan). Image-Pro Plus 6.0
software (Media Cybernetics, Rockville, MD, USA) was
used to measure layer areas and calculate the intima/media
ratio (IMR).
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Western blot analysis. Proteins were extracted from the
frozen vascular tissues by homogenization using E.Z.N.A
DNA/RNA/Protein Isolation kit (Omega Bio-Tek, Inc.,
Norcross, GA, USA) and quantified using the bicinchoninic
acid assay (Beyotime Institute of Biotechnology). In total,
15 ug (to detect total JAK2 and STATS3 proteins) or 30 ug (to
detect phosphorylated proteins) protein were resolved using
8% sodium dodecyl sulfate-polyacrylamide gel electropho-
resis and transferred to polyvinylidene fluoride membranes
(Merck Millipore, Billerica, MA, USA). Membranes were
blocked with 5% bovine serum albumin (Sigma-Aldrich)
for 1 h at room temperature, and then incubated with rabbit
polyclonal anti-rat STAT3 antibody (1:400; cat. no. sc-7179;
Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA),
rabbit polyclonal anti-rat JAK2 antibody (1:1,000, cat.
no. ab39636; Epitomics, Burlingame, CA, USA), rabbit
polyclonal anti-rat phosphorylated JAK2 (p-JAK?2) antibody
(1:1,000; cat. no. ab68268; Epitomics), and rabbit anti-rat
phosphorylated STAT3 (p-STAT?3) antibodies (1:1,000; cat.
no. ab76315; Epitomics) overnight at 4°C overnight. Rabbit
anti-glyceraldehyde-3-phosphate dehydrogenase antibody
(1:1,000; cat. no. sc-25778; Santa Cruz Biotechnology, Inc.)
was used as a loading control for normalization. Membranes
were washed and incubated with goat anti-rabbit horseradish
peroxidase-conjugated secondary antibody (1:5,000; cat.
no. zb-2301; Beijing Zhongshan Jingiao Biotechnology Co.,
Ltd., Beijing, China) at 37°C for 1 h. Chemiluminescence was
detected using an enhanced chemiluminescence reagent, and
Quantity One software (version 4.6.2; Bio-Rad Laboratories,
Inc., Hercules, CA, USA) was used to measure band intensity.

Immunohistochemical staining. Deparaffinized and rehydrated
tissue sections were placed in a microwavable vessel with
antigen retrieval buffer (citric acid-sodium citrate buffer, pH 6.0)
and exposed to microwaves for 15 min in a microwave oven at
750 W. Using an Envision immunohistochemical staining kit
(Dako, Carpinteria, CA, USA), paraffin sections were subse-
quently stained with rabbit anti-rat a-actin polyclonal antibody
(1:100; cat. no. sc-53142; Santa Cruz Biotechnology, Inc.), rabbit
polyclonal anti-rat proliferating cell nuclear antigen (PCNA;
1:100; cat. no. sc-7907; Santa Cruz Biotechnology, Inc.), rabbit
polyclonal anti-rat embryonic smooth muscle myosin heavy
chain (SM-emb) antibody (1:100; cat. no. sc-65734; Santa Cruz
Biotechnology, Inc.), rabbit polyclonal anti-rat p-JAK2 (1:100;
cat. no. kgl1151; Nanjing KeyGen Biotech. Co., Ltd., Nanjing,
China), rabbit polyclonal anti-rat p-STAT3 (1:100; cat. no.
kg11045-1; Nanjing KeyGen Biotech. Co., Ltd.) to determine
the corresponding proteins in tissues.

Statistical analysis. SPSS17.0 software (SPSS Software, Inc.,
Chicago, IL, USA) was used to perform statistical analysis.
Experimental data were collected from multiple animals
under each experimental condition (n=5) and are presented as
the mean + standard deviation. One-way analysis of variance
was conducted to compare means of three or more groups.
The Student-Newman-Keuls (SNK) method was used for
pairwise comparisons. A t-test was used to compare vascular
protein intensity from the left and right sides of the same rat.
P<0.05, was considered to indicate a statistically significant
difference.
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Figure 1. Adventitial inflammation was triggered by treatment with
interleukin-1f. Vascular tissue pathology of a rat from (A) the control group
and (B) the experimental group 2 h post-surgery was examined by light
microscopy and hematoxylin and eosin staining (magnification, x400).

Results

Adventitial administration of IL-1f induces smooth muscle
cell proliferation, migration, and neointimal formation. The
model of adventitial inflammation induced by treatment with
IL-1B has been well documented in previous study (17). In
the present study, the results of H&E staining demonstrated
leucocyte, including numerous neutrophils, infiltration into the
vascular adventitia 2 h after surgery (Fig. 1), which indicated
that adventitial inflammation was triggered and the model was
successfully established.

Atall the time points, the vascular morphology of the control
group was normal and no intimal proliferation responses were
observed (Fig. 2A). After surgery (2 h), cell proliferation and
migration towards the lumen were visible in the experimental
group (Fig. 2B). At 8 h, intimal proliferation and luminal
narrowing of the blood vessels was observed, which was shown
by H&E staining (Fig. 2C) and immunohistochemical staining
with anti-rat PCNA antibody (Fig. 2D), respectively. Further
immunohistochemical staining with the anti-rat a-actin anti-
body (Fig. 2E) and anti-rat SM-emb antibody (Fig. 2F) showed
positive staining in the majority of neointimal cells, indicating
that the cells that has proliferated and migrated towards the
lumen were VSMCs. Statistical analysis of IMR results from
different time points revealed significant differences in intima
proliferation over time (P<0.05). As early as 8 h post-surgery,
the IMR of mice in the experimental group was significantly
higher than that in the control group (P<0.05; Fig. 2G).

Adventitial administration of IL-1 activates the JAK2/STAT3
pathway in vascular tissue. After the adventitial inflamma-
tory response was induced by treatment with IL-1f3, protein
expression of members of the JAK2/STAT3 pathway were
evaluated using western blotting. As shown in Fig. 3A and B,
the vascular expression of total JAK2 and STAT3 was compa-
rable between the experimental group and the control group at
all the examined time points. However, treatment with IL-1
resulted in a gradual and progressive increase in vascular
p-JAK2 which peaked at 8 h post-treatment, and then gradually
decreased to normal levels. Similarly, after IL-1f} treatment,
the p-STAT3 level increased at 2 h post-treatment, peaked at
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Figure 2. Adventitial administration of interleukin-1f induced smooth muscle cell proliferation, migration and neointima formation. Vascular tissue pathology
of rats from (A) the control group, and the experimental group (B) 2 h and (C) 8 h post-surgery was examined by light microscopy and hematoxylin and eosin
staining (magnification, x200). Arrows in B indicate cell proliferation and migration. Immunohistochemical staining was performed to detect the expression of
(D) proliferating cell nuclear antigen, (E) a-actin and (F) embryonic smooth muscle myosin heavy chain in the vascular tissue derived from the experimental
group 8 h post-surgery (magnification, x400). (G) Statistical analysis of the intima/media ratio. The results are expressed as the mean + standard deviation
(n=5). *P<0.05 vs. control.

A control 2h 8h 24h 48h 1week B 2.5+
JAK2 (130 kDa)

2.0 2
: 1.54
GAPDI (36 kD) ——
- = 1.0
control 2h 8h 24h 48h 1week -
' e p-JAK2

(Arbitrary unit)

- s

p-JAK2 (131 kDa) ' o —

Protein expression levels

NN
oA

p-STAT3 (92 kDa) JAK2 STAT3  p-

Figure 3. Adventitial administration of interleukin-1f} activated the JAK2/STAT3 pathway in the vascular tissue. (A) Protein expression levels of JAK2, STAT3,
p-JAK2 and p-STAT3 in vascular tissue analyzed by western blot analysis. (B) Gray scale analysis of JAK2, STAT3, p-JAK2 and p-STAT3 protein expression
levels. The results are expressed as the mean + standard deviation (n=5). “P<0.05 vs. the control. Immunohistochemical staining was conducted to detect the
expression of (C) p-JAK2 and (D) p-STATS3 in the vascular tissue derived from experimental group 8 h post-surgery (magnification, x400). JAK, janus kinase;
STAT, signal transducer and activator of transcription; p-, phosphorylated; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.
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Figure 4. AG490 inhibits intimal proliferation, and p-JAK?2 and p-STAT3 protein expression. After surgery (8 h), vascular tissue pathology of (A) experimental
side (treated with AG490 and IL-1f) and (B) control side (treated with IL-1p only) tissue was examined by light microscopy and hematoxylin and eosin
staining (magnification, x200). (C) Statistical analysis of the intima/media ratio. (D) Protein expression levels of p-JAK2 and p-STAT3 in vascular tissue by
western blot analysis. (E) Gray scale analysis of p-JAK2, and p-STAT3 protein expression levels. The results are expressed as the mean = SD (n=5). “P<0.05
vs. the control side. IL, interleukin; p-, phosphorylated; JAK, janus kinase; STAT, signal transducer and activator of transcription; GAPDH, glyceraldehyde

3-phosphate dehydrogenase.

24 h post-treatment, was maintained until 48 h post-treatment,
and then gradually decreased. Immunohistochemical staining
revealed that p-JAK?2 and p-STAT3 were expressed in VSMCs,
particularly in proliferating cells and migrating cells within
the lumen and near the neointima (Fig. 3C and D).

AG490 administration inhibits IL-18-induced intimal prolif-
eration and phosphorylation of JAK2 and STAT3. Compared
with the control group, VSMC proliferation and migration, and
intimal proliferation in the experimental group administered
the JAK?2 inhibitor (AG490) were significantly suppressed
(Fig. 4A and B). IMR measurements and statistical analysis
showed that the arterial IMR of rats in the AG490-treated
group was significantly decreased compared that in the group
without AG490 treatment at all the examined time points
(Fig. 40).

The effect of AG490 administration on the IL-1f3-increased
expression of p-JAK2 and p-STAT3 was also investigated
by western blot analysis. As shown in Fig. 4D and E, The
IL-1B-increased expression of p-JAK2 was significantly
inhibited by AG490 administration at the 8 and 48 h time
points. One week after treatment, although the expression of
p-JAK?2 in the artery of experimental side was lower than that

of control side, there was no significant difference between
the two values. Similarly, the increase of p-STAT3 induced by
IL-1B was also suppressed by AG490 treatment at 8 and 48 h
time points, and no significant difference in the expression of
p-STAT3 was observed between the two groups at 1 week.

Discussion

Studies have demonstrated that artery adventitial inflammation
is involved in the initiation and development of atherosclerosis.
Chemical cues, such as endotoxin, lipopolysaccharide and
interleukins, have been used to induce adventitial inflamma-
tion (31). In the present study, an adventitial inflammation
model was successfully created by wrapping IL-1f around the
rat carotid. In this model, adventitial inflammation induced
VSMC proliferation and migration as well as intimal prolif-
eration. In addition, the expression of p-JAK2 and p-STAT3
increased following IL-1p treatment. Furthermore, an inhibitor
of JAK2/STAT3 pathway, AG490, suppressed IL-1p3-induced
intimal proliferation and phosphorylation of JAK?2 and STAT3.

Neointimal formation, which is considered to be a marker
for early atherosclerosis, is the main pathological process of
atherosclerosis (32,33). It has been reported that the excessive
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proliferation and migration of VSMCs from the arterial media
into the intima under the stimulation of cytokines and
growth factors participates in neointimal formation during
the development of atherosclerosis (6-8) or restenosis after
percutaneous transluminal coronary angioplasty (34). In the
current study, the results showed that adventitial treatment
with IL-1p resulted in neointimal formation. Furthermore,
immunohistochemical staining with antibody against rat
a-actin and SM-emb, markers of VSMCs, indicated that
VSMCs had migrated into the neointima, and were the main
cellular component of the neointima, confirming their role in
neointima formation. These results suggested that the initial
step in atherosclerosis had been triggered by adventitial
inflammation induced by treatment with IL-1f, which was
consistent with the results of a previous study (17).

The JAK2/STAT3 pathway can be triggered when a growth
factor or cytokine binds to its receptor which then phos-
phorylates JAK2. The phosphorylated JAK2 subsequently
phosphorylates STAT3, which results in the dimerization
and translocation of STAT3 to the nucleus. Finally, STAT3
in the nucleus binds to the promoter region of its target
genes to regulate the biological behavior of cells (35). The
JAK?2/STAT3 pathway is involved in numerous critical func-
tions in normal and malignant cells, such as differentiation,
proliferation, survival and angiogenesis (36,37). During the
development of atherosclerosis, activation of the JAK/STAT
pathway, including the JAK2/STAT3 pathway have been
observed in atherosclerotic lesions (38,39). Moreover,
the JAK2/STAT3 pathway mediates the proliferation and
migration of VSMCs (25). In the current study, expres-
sion of JAK2 and STAT3 was analyzed to determine the
time course of induction by IL-1f. Immunohistochemistry
revealed that following stimulation, the phosphorylation of
JAK?2 and STAT3 occurred primarily in proliferating and
migrating VSMCs, indicating that VSMCs migrate and
proliferate following autophosphorylation rather than indi-
rect activation via other cells. The results of western blot
analysis demonstrated that following IL-1f administration,
JAK?2 phosphorylation occurred at 2 h and peaked at 8 h;
and STAT3 phosphorylation was initiated at 2 h and peaked
at 24 h, remaining elevated for up to a week. These results
indicated that the JAK2/STAT3 pathway was activated at the
early stages of IL-1{ treatment. In a rat carotid artery balloon
injury experiment, JAK2 and STAT3 tyrosine phosphoryla-
tion levels peaked after 1 week, and VSMC proliferation and
migration appeared 96 h post-surgery (40). In the present
study, neointimal changes were observed as early as 8§ h
post-surgery, and phosphorylation levels of the two proteins
peaked relatively earlier, indicating that JAK2 and STAT?3
phosphorylation levels are correlated with VSMC prolifera-
tion and migration.

Numerous studies have shown that AG490 is a JAK2
inhibitor, which competes for binding with tyrosine kinases,
thus inhibiting JAK2 phosphorylation. In the present study,
8 and 48 h post-AG490 treatment, p-JAK, levels were lower
than the detection range of western blot analysis. Although
minimal levels of p-JAK, could be detected 1 week
post-AG490 treatment, this may have resulted from the
reduction in AG490 effectiveness due to dose elimination
by degradation. It can be inferred from this experiment that

WANG et al: JAK2/STAT3-MEDIATED INTIMAL PROLIFERATION INDUCED BY IL-18

AG490 administration inhibits the IL-1B-induced activation
of the JAK2/STAT3 pathway. Notably, IL-1f-induced VSMC
proliferation and migration and neointimal formation was
also significantly suppressed following AG490 administra-
tion, which suggested that VSMC proliferation and migration,
and neointimal formation induced by IL-1{ is dependent on
the JAK2/STAT3 signal transduction pathway. This result
was similar to that of several previous studies that demon-
strated that AG490 effectively inhibits VSMC proliferation
and migration by inhibiting JAK?2 phosphorylation (41-43).
However, the downstream molecules of the JAK2/STAT3
signaling pathway regulating the final intimal proliferation
process remain unclear. A previous study demonstrated that
metalloproteinases (MMPs) regulate the migration, prolif-
eration, and death of VSMCs (44). Furthermore, members
of MMPs family have been reported to be regulated by
STAT3 (45,46). These results imply that MMPs may act
downstream of the JAK2/STAT3 signaling pathway and
therefore functionally regulate the final intimal proliferation
process induced by IL-1p. This hypothesis requires further
investigation.

In this study, IL-1f3 administration to the vascular adventitia
was used as a model of adventitial inflammation, rat carotid
artery VSMC proliferation, migration, and neointima forma-
tion were induced, which confirmed the role of adventitial
inflammation in the development of atherosclerosis and was
consistent with the results of a previous study (17), however the
mechanisms underlying this remain unclear. The present study
found that the JAK2/STATS3 signaling pathway was activated
by adventitial inflammation, and administration of AG490
inhibited JAK2/STAT?3 signaling accompanied by decreases
in VSMC proliferation, migration, and neointima forma-
tion. These results indicate that the JAK2/STAT3 pathway
is important in neointimal formation induced by adventitial
inflammation and may be a potential therapeutic target for
the clinical treatment of arterial atherosclerosis and reste-
nosis following vascular injury. Notably, an oral JAK1/JAK?2
inhibitor, ruxolitinib, has been approved to use in the treatment
of myelofibrosis by the FDA (47), which indicates that agents
blocking the JAK2/STATS3 signaling pathway are available in
the clinic besides being feasible in theory.

Numerous major inflammatory cytokines have been
demonstrated to induce arteriosclerosis-like changes in
the coronary intima in various studies (17,18). The current
study, however, only investigated the mechanisms involved
in IL-1pB-induced intimal proliferation. Further studies are
required to explore whether the JAK2/STAT3 signaling
pathway universally mediates intimal proliferation induced by
these inflammatory cytokines.
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