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ABSTRACT. Interleukin-32 (IL-32) is an inflammatory cytokine produced mainly by T, natural killer, and epithelial
cells. Previous studies on IL-32 have primarily investigated its proinflammatory properties. The IL-32 also has been
described as an activator of the p38 mitogen-activated protein kinase (MAPK) and NF-�B, and induces several
cytokines. In this study, we hypothesized that the inflammatory regulators NF-�B, MAP kinase, STAT1, and STAT3
are associated with the expression of the IL-32 protein in human calcified aortic valve cells. This study comprised
aortic valve sclerotic patients and control group patients without calcified aortic valve. Increased IL-32 expression
in calcified aortic valvular tissue was shown by immunohistochemical staining and western blotting. There was
an increase in NF-�B p65 level, p-ERK, p-JNK, and p-p38 MAPK activation underlying IL-32 expression in the
study. The level of p-STAT3 but not p-STAT1 was found to be increased in calcified aortic valve tissue. In cultured
primary human aortic valve interstitial cells, inhibition of NF-�B or MAPK kinase pathways results in a decrease of
IL-32 expression. Treatment of recombinant IL-32 induced the levels of TNF-�, IL-6, IL-1�, and IL-8. Our findings
demonstrate that IL-32 may be an important pro-inflammatory molecule involved in calcific aortic valve disease.

K tic val

C
d
o
p
i
C
t
e
p
I
d
b
p
i
a
a
b
e
i
m

d
o

i:10.168
ey words: interleukin 32, MAPK, NF-�B, STAT3, calcific aor

alcific aortic valve disease (CAVD) is an age-related heart
isease that predominantly occurs in persons over the age
f 65 years and eventually leads to heart failure [1]. The
rogression of CAVD was thought to be “degenerative”
n the past, but the mechanisms involved remain unclear.
hronic inflammation, angiogenesis, and fibrosis are all

hought to play a role in the mechanisms of CAVD. Current
vidence suggests that CAVD involves an active disease
rocess related to chronic inflammation [2].
nterleukin-32 (IL-32), a proinflammatory cytokine, is pro-
uced mainly by T, natural killer, and epithelial cells. It has
een described as an activator of p38 mitogen-activated
rotein kinase (MAPK) and NF-�B. Furthermore, it can
nduce tumor necrosis factor (TNF)-�, IL-6, and IL-1�,
s well as chemokines such as IL-8, Th1-, and Th17-
ssociated cytokines [3-5]. In clinical settings, IL-32 has

een widely implicated in inflammatory/autoimmune dis-
ases including chronic obstructive pulmonary disease,
nflammatory bowel disease, psoriasis, allergic rhinitis,

yasthenia gravis, and its levels are directly related to dis-
ve disease

ease severity in rheumatoid arthritis [6, 7]. With regard to
the pathologic process of cardiovascular disease, IL-32 is
present in atherosclerosis of vessels [8].
The intracellular mitogen-activated protein kinase
(MAPK) signaling cascades are thought to play an
important role in the pathogenesis of cardiac and vascular
diseases. It has been shown that MAPKs extracellular
signal-regulated kinase (ERK), C-jun N-terminal kinase
(JNK), and p38 MAPK individual signaling proteins play
vital roles in the pathogenesis of various cardiovascular
diseases. Activation of ERK1/2, JNK1/2, and p38 MAPK
in vascular smooth muscle cells leads to the formation of
neointima after vascular injury [9-12]. It is also strongly
implicated in the development of atherosclerosis via
inhibition of autophagy [13].
Nuclear factor kappa B (NF-�B), a transcription factor, is

regarded as a proatherogenic factor and as a major thera-
peutic target for cardiovascular disease [14]. For example,
the lipid lowering therapeutic agent simvastatin can reduce
NF-�B activity and lead to decreased atherosclerosis [15].
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nterleukin 32 plays an essential role in human calcified aortic v

ignal transducer and activator of transcription (STAT)
roteins are a family of latent cytoplasmic transcription
actors involved in cytokine, hormone, and growth fac-
or signal transduction [16-21]. In terms of their effects
n cardiovascular pathology, all STAT proteins have been
eported to be expressed in the myocardium, and have
lso shown altered expression or regulation in various
eart diseases [22, 23]. STAT1 mediates pro-inflammatory
esponses and is essential for apoptosis in advanced
therosclerotic lesions in vivo [24, 25]. STAT3 plays a cen-
ral role in cardiac pathophysiology and is a major mediator
f pro-angiogenic signaling [26-29].

e hypothesized that the inflammatory regulators of NF-
B, MAP kinase, STAT1, and STAT3 are associated with

he expression of the IL-32 protein in the progression of
uman calcified aortic valve cells.

ETHODS

atient profile

his cross-sectional study comprised patients with aortic
alve sclerosis, who were admitted to the Cardiovas-
ular Division of Taichung Veterans General Hospital
TCVGH), which is affiliated with the Department of

edical Laboratory Science and Biotechnology of China
edical University in Taichung, Taiwan. Between January

013 and April 2017, aortic valve leaflets were collected
rom patients who underwent valve surgery at cardiovas-
ular center, TCVGH, Taiwan. This study includes 58
atients with calcified aortic valve leaflets with functional
tenosis (case group) and 29 patients with pure functional
ortic valve regurgitation (control group). This study was
pproved by the China Medical University and Hospital
esearch Ethics committee, and informed consent was
btained from all individual participants included in the
tudy.

istology and immunohistochemistry

he tissues were fixed in 10% formalin and embedded
n paraffin. Blocks were sectioned at 4 �m for each tis-
ue. Calcium accumulation was analyzed histologically
sing Alizarin-Red Staining Solution (EMD Millipore).
or immunohistochemistry, three sequential pieces of each
pecimen were stained in 1 batch, including one without
nd two with phosphorylation according to the standard
rotocol (Cell Signaling Technology, Inc., 3 Trask Lane,
anvers, MA). The immunostaining was assessed quanti-

atively by counting the total number of positively stained
ytoplasma and nuclei of tissue per 10 high-power fields
×400 magnifications) microscopically from each spec-
men. A positive immunostain was defined as staining
f �10% nuclei or cytoplasma of human aortic valve
nterstitial cells. The immunoreactivity expression was cat-
gorized as Level I (mean <10% nuclei or cytoplasma

f human aortic valve interstitial cells stained), II (mean
10% to <25% nuclei or cytoplasma of human aortic

alve interstitial cells), or III (mean �25% nuclei or cyto-
lasma of human aortic valve interstitial cells stained).
lls 37

SYBR Green Real-Time PCR

IL-32 expression was analyzed by real-time quanti-
tative reverse transcription polymerase chain reaction
(RT–PCR). Total RNA was purified using the Trizol
reagent (Invitrogen Life Technologies, Grand Island,
NY, USA) according to the manufacturer’s instruc-
tions. Total RNA (5 �g) was reverse-transcribed with
Superscript II RNase H reverse transcriptase (Invitrogen
Life Technologies) and an oligo (dT) primer. Synthe-
sized cDNA was stored at -20◦C until it was used. In
brief, cDNA (2 �L) was subjected to real-time quanti-
tative RT–PCR using the Opticon system with SYBR
green I (Molecular Probes, Eugene, OR, USA) as a
fluorescent reporter. IL-32 and �-actin cDNAs were ampli-
fied in separate reactions. The primers used for IL-32
were 5′-CGACTTCAAAGAGGGCTACC (forward) and
5′-GAGTGAGCTCTGGGTGCTG (reverse). The thresh-
old cycle number of duplicate reactions was determined
using the Opticon software, and levels of IL-32 mRNA
expression were normalized to �-actin levels using the for-
mula 2 (Rt–Et), where Rt is the mean threshold cycle for
the reference gene (b-actin), and Et is the mean thresh-
old cycle for the experimental gene. Data are expressed in
arbitrary units. P values of less than 0.05 were considered
significant.

Heart valve tissue protein extraction

Protein from heart valve tissue was extracted using T-PER
Tissue Protein Extraction Reagent (Thermo Scientific),
and protease inhibitors were added just before use. The
tissue samples were weighed and a ratio of 1g of tissue to
20 mL T-PER Reagent was used. An appropriate amount of
T-PER Reagent was added to the tissue sample and homog-
enized. The sample was centrifuged at 10,000 g for 5 min
to form a pellet of cell/tissue debris, and the supernatant
was then collected.

Western blot

Western blot analysis was performed according to a pre-
viously described method [30]. The process involved
washing tissue cells with ice-cold PBS, followed by scrap-
ing and briefly centrifuging them. The cell pellet was
then re-suspended in a hypotonic lysis buffer containing
10 mM of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic
acid (HEPES), 1.5 mM MgCl2, 0.5 mM dithiothre-
itol (DTT), 0.5 �g/mL leupeptin, and 6.4% Nonidet
P-40, followed by incubation on ice for 15 min. After
another brief centrifugation, the nuclear pellet was gath-
ered and suspended in a nuclear extraction buffer with
20 mM EDTA, 25% glycerol, 0.5mM DTT, 0.5 mM 4-(2-
aminoethyl) benzenesulfonylfluoride, 5 �g/mL pepstatin
A, and 5 �g/mL leupeptin. Following 30 min of incubation
on ice, the nuclear extract was again gathered, boiled with
3 × sodiumdodecyl sulfate (SDS) sample buffer, and then
subjected to SDS electrophoresis. A DC Protein Assay kit
(Bio-Rad Laboratories) was used to evaluate the concentra-
tion of protein in the samples containing the p65. Sodium
dodecyl sulfate/polyacrylamide gel electrophoresis was

then used to size-fractionate equivalent quantities of pro-
tein before moving them onto a polyvinylidene difluoride
membrane. Non-fat dry milk (5%) in Tris-buffered saline
with 0.5% Tween-20 (TBST) was used to block the blot
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Figure 1
Increased IL-32 expression in human calcified aortic valve tissue. (A) Alizarin red staining of aortic valve tissue slides. Bright red staining
s otein st
e fied ao
S data a

o
b
w
p
t
j
r
(
l
r
i
w
o

H
c

T
l
V
t

hows calcification in calcified aortic valve cells. (10×) (B) IL-32 pr
xpression level of IL-32 mRNA was significantly enhanced in calci
EM and quantified 4.79-fold change compared to control group. The

vernight, which was then incubated with primary anti-
odies on a rocking platform at 4 ◦C for 24 h. The blots
ere washed in TBST and incubated with horseradish
eroxidase-conjugated secondary antibody for 1 h at room
emperature. After another wash, the membrane was sub-
ected to film that had undergone chemiluminescence
eagent treatment with ECL plus Western blotting reagents
Amersham). A densitometry method was used to calcu-
ate the bands. Afterwards, each blot was stripped and
e-probed with anti-� actin antibodies to allow the normal-
zation of expression between samples. This experiment
as replicated 3 times in order to corroborate the results
f this assay.

uman aortic valve interstitial cell isolation and
ulture
he human aortic valve interstitial cells were isolated fol-
owing a modified method described elsewhere [31, 32].
alve leaflets were rinsed in Earle’s balanced salt solu-

ion (EBSS) and then digested in collagenase (2.5 mg/mL
aining by immunohistochemistry in aortic valve tissue. (C) Relative
rtic valve tissue. The results are shown as mean relative abundance.
re expressed as mean ± SD. *P < 0.05 compared with control; n = 8.

in M199 medium) for 30 mins at 37◦C. After remov-
ing endothelial cells by vortex, the leaflets were further
digested with a milder solution of collagenase medium
(0.8 mg/mL) for 3 h at 37 ◦C. After vortexing and aspirating
repeatedly to break up the tissue mass, the cell suspension
was spun at 500 g for 2 mins to remove any remaining
tissue. The supernatant was transferred into a fresh tube
and spun again at 1100 g for 8 min at 4 ◦C. The cells
were resuspended in full medium (M199 with penicillin
G, streptomycin, amphotericin B, and 10% FBS), plated
onto a 75-cm2 flask, and cultured in a cell culture incubator
supplied with 5% CO2. When the cells reached 70–90%
confluence, they were subcultured on plates and cham-
ber slides. Cells from passages 4-6 were used for these
experiments.

Enzyme-linked immunosorbent assay (ELISA)
RayBio® ELISA KIT was used to measure levels of
cytokines (IL-8, IL-32, IL-6, TNF-�, and IL-1�). Capture
antibodies of target cytokines were coated onto the wells
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Figure 2
Increased MAPK pathway activity in calcified aortic valve tissue. (A) Immunohistochemical (IHC) staining of ERK, JNK, p38 and their
phosphorylated forms in aortic valve tissue (400×); the quantification results are presented graphically. *P < 0.05, ***P < 0.001; n = 12 (B)
Western blotting of IL-32, ERK, JNK, p38 and their phosphorylated forms in aortic valve tissue. Quantification of protein levels was done by
ImageJ, with the levels of each phosphor protein normalized to the relevant total protein and the level of IL-32 normalized to �-actin. *P < 0.05;
**P < 0.01 and ***P < 0.001; n = 12 (C) Immunohistochemical staining of NF-�B p65 in aortic valve tissue (400×); the quantification results
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re presented graphically; n = 10 (D) Western blotting of NF-�B p65

f microplates. Samples, including standard (IL-32, IL-
, TNF-� and IL-1�), control specimens, and unknowns,
ere pipetted into these wells. During the first incubation,

he protein antigen was bound to the capture antibody.
fter washing, a detection antibody was added to the
ells and bound to the immobilized protein captured dur-

ng the first incubation. After removal of excess detection
ntibody, an HRP conjugate (secondary antibody or strep-
avidin) was added. After a third incubation and washing
o remove the excess HRP conjugate, a substrate solution

as added and was converted by the enzyme to a detectable

orm (color signal). The intensity of this colored product
as directly proportional to the concentration of antigen
resent in the original specimen.
lear extracts of aortic valve tissue.

Reagents and antibodies

SP600125, PD98059, and SB203580 as well as NF-kB
activation inhibitor and IKK- inhibitor IV were purchased
from EMD Chemicals (Gibbstown, NJ). Recombinant
cytokine IL-32 was obtained from Peprotech (Rocky
Hill, NJ). p38, JNK, ERK, phospho-p38, phospho-JNK,
phospho-ERK, IL-32, NF-�B, and p65 antibodies were
acquired from Cell Signaling (Beverly, MA).
Statistical analysis

Data are tested to determine whether it is normally dis-
tributed by Shipiro-Wilk test, then if there is homogeneity
of variance by Levene’s test to validate use of a parametric



Journal Identification = ECN Article Identification = 0407 Date: May 4, 2018 Time: 1:48 pm

40 C.-L. Tsai, et al.

pERK

ERK

p-p38

p38

p-JNK

JNK

β-actin

Control

IL-32

B

p-ERK

∗ ∗

∗ ∗

∗ ∗ ∗∗ ∗

Con
tro

l
Case

Con
tro

l
Case

Con
tro

l

Con
tro

l
CaseCase

0.0

0.5

1.0

1.5

0.0

0.5

1.0

1.5

p-JNK

p-p38

0.0

0.5

1.0

1.5

IL-32

0.0

0.2

0.4

0.6

IL
-3

2/
β-

ac
tin

 F
ol

ds
  

Ip
-J

N
K

/β
-a

ct
in

 F
ol

ds
  

p-
p3

8/
β-

ac
tin

 F
ol

ds
 

p-
ER

K
/β

-a
ct

in
 F

ol
ds

 
 

Case

igure 2
(

o
t
e
w
m
D
A
[
d
e

R

I
v

H
(
(

F
Continued)

r non-parametric test. Both patient data and immunohis-
ochemistry data are use of a non-parametric test. Each
xperiment was performed in duplicate, and its average
as used in the quantification. Data are expressed as the
ean ± SD of averages from at least three experiments.
ifferences in means were assessed by the Student’s t-test.
P value of <0.05 was considered statistically significant

33]. GraphPad Prism 6 statistical software was used for
ata analysis, and P values of less than 0.05 were consid-
red significant.

ESULTS

ncreased IL-32 expression in human calcified aortic

alve tissue

uman aortic valve specimens, calcified aortic valve tissue
case group) and non-calcified human aortic valve tissue
control group), were used for experiments throughout this
study. As shown in figure 1A, the case group samples exhib-
ited bright red staining, indicating calcium deposits. From
tissue of 8 patients of each group, we analyzed expres-
sion of IL-32. Expression of IL-32 protein was detected by
immunohistochemical staining using mAb raised against
human IL-32. As shown in figure 1B, increased IL-32
expression was observed in interstitial cells of the case
group as compared with the control group. Real-time PCR
was applied to examine the expression level of IL-32
mRNA. In figure 1C, there was a 4.79-fold increase in
IL-32 abundance in the case group as compared with the
control group. These results suggest that IL-32 expression
was upregulated in human calcified aortic valve tissue.

Increased IL-32 expression was associated with the

MAPK pathway in calcified aortic valve tissue

We evaluated the MAPK pathway by immunohistochemi-
cal staining of ERK, p38, p-JNK, and their phosphorylated
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Figure 3
IL-32 is mainly induced via the MAPkinases/NF-�B Pathway. (A) Cell culture of human aortic valve interstitial cells in 10% FBS M199 medium,
(100×, 400×) (B) IL-32 level determined by ELISA in primary cultured aortic valve interstitial cells; n = 8 (C) Effect of inhibitors of NF-�B,
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orms in calcified aortic valve tissue. Valve tissue from
2 patients of each group was analyzed. As shown in
gure 2A, staining of these proteins increased in the study
roup as compared with the control group. Increased levels
f phosphorylated ERK, phosphorylated p38, phosphory-
ated JNK, and IL-32 in the study group as compared with
he control group were also shown by Western blotting of
hese proteins (figure 2B). These results suggest that upreg-
lation of IL-32 in calcified aortic valve tissue is associated
ith the activation of the MAPK pathway.

F-�B activity was increased in human calcified
ortic valve tissue

ext, we assessed NF-�B activity in calcified aortic valve
issue by immunohistochemical staining and Western blot-
ing of nuclear extracts. Tissue from 10 patients from each
roup was analyzed. Results show that in the case group,
resence of p65 in the nucleus is increased (figure 2C, D),
uggesting that NF-kB pathway is more active in the cal-
ified aortic valve tissue.

ncreased IL-32 levels in cultured valvular
nterstitial cells
uman aortic valve interstitial cells isolation and culture
re shown in (figure 3A). We analyzed cytokine levels in
rimary calcified aortic valve tissue cell cultures from 8
atients of each group by ELISA. Level of IL-32 was sig-
nificantly increased in primary cultured valvular interstitial
cells from human calcified aortic valve tissue with a fold
change of 4.07 as compared with control (figure 3B).

IL-32 was mainly induced via the
MAPkinases/NF-�B Pathway

To elucidate whether these pathways were involved in the
induction of IL-32 in human calcified aortic valve inter-
stitial cells, human calcified aortic valve interstitial cells
cultures from 4 patients of each group were preincubated
with inhibitors of NF-�B, JNK, ERK, and p38. For each
inhibitor, we used a concentration close to its IC50. As
shown in figure 3C, IL-32 production was reduced by
82.6% in the presence of inhibitor of NF-�B. Whereas
the JNK and the p38 MAPK inhibitors also inhibit IL-32
(reduced by 60.1% and 63.7%, respectively), there was a
moderate but significant effect when the ERK inhibitor was
applied (reduced by 49.5%).

Tissue phospho-activator of transcription 3
(p-STAT3) activity increased and was correlated with
serum IL-32 expression in human calcified aortic
valve tissue

Immunohistochemical staining of calcified and control

aortic valve tissue revealed that while there was no dif-
ference in expression of p-STAT1, expression of p-STAT3
was increased in calcified aortic valve tissue (figure 4A).
This suggests activation of the p-STAT3 pathway rather
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issue. From 5 patients of each group, immunoreactivity
evels were determined by immunohistochemical staining
level 1: mean <10% nuclei or cytoplasma of human aortic
alve interstitial cells stained, and level 2: mean �10% to
25% nuclei or cytoplasma of human aortic valve intersti-

ial cells). Immunoreactivity levels of the control group for
oth p-STAT1 and p-STAT3 showed no correlation with
verexpression of IL-32 (p-STAT1: r = 0.099, P = 0.084)
p-STAT3: r = 0.0006, P = 0.902) (figure 4B). However,

xpression of p-STAT3 in the study group showed a
ositive correlation with over-expression of IL-32 (p-
TAT1: r = 0.01953, P = 0.04455) (p-STAT3: r = 0.4083,
= 0.0001*) (figure 4C).
ortic valve interstitial cells); n = 5 (C) Immunoreactivity of p-STAT1
tissue (level 1: mean <10% nuclei or cytoplasma of human aortic

ytoplasma of human aortic valve interstitial cells); n = 5 (*P < 0.05).

Cultured valve cells treated with recombinant IL-32
induced downstream pro-inflammatory cytokines
(TNF-�, IL-6, and IL-1�) and chemokine IL-8
expression
We further analyzed cytokines and chemokine levels in
primary aortic valve tissue cell culture with recombinant
IL-32 by ELISA. Cultures from 12 patients of each group
were treated with recombinant IL-32 and those without
treatment served as control. Levels of TNF-�, IL-6, IL-1�,
and IL-8 were significantly increased in primary cultured
cells treated with recombinant IL-32 as compared with
control. Fold change in levels of IL-8, TNF-�, IL-6, and
IL-1� were 9.7, 2.01, 2.47, and 2.24 as compared with

control, respectively (figure 5).



Journal Identification = ECN Article Identification = 0407 Date: May 4, 2018 Time: 1:48 pm

44 C.-L. Tsai, et al.

0

10

20

30

40

50

IL-6

14.8

36.6

C
on

ce
nt

ra
tio

n 
(P

g/
m

L
)

IL-8 

0

50

100

150

200

136.04

13.9

∗∗
∗

∗ ∗

C
on

ce
nt

ra
tio

n 
(n

g/
m

L
)

0

20

40

60

80

100

TNF-α

Control IL-32

42.3

85.05

C
on

ce
nt

ra
tio

n 
(P

g/
m

L
)

0

10

20

30

40

IL-1β

Control IL-32

Control IL-32Control IL-32

12.3

27.55

C
on

ce
nt

ra
tio

n 
(P

g/
m

L
)

igure 5
I -6, and
i nt IL-3

D

P
a
l
i
i
p
T
o
fi
i
b
c
I
I
i
d
[
b
e
q

F
L-32 induced expression of downstream cytokines. IL-8, TNF-�, IL
nterstitial cells treated with (IL-32) or without (Control) recombina

ISCUSSION

revious studies indicated that the progression of CAVD is
n active disease process involving chronic inflammation
eading to valve tissue calcification. However, the role of
nflammatory cytokines and related protein kinases activ-
ty in the development of human aortic valve calcification
rocess has not yet been fully elucidated.
he present study revealed a pro-inflammatory function
f IL-32 in human calcified aortic valve cells. This is the
rst study to demonstrate that IL-32 protein expression was

ncreased in human calcified aortic valve and that it is capa-
le of inducing expression of various pro-inflammatory
ytokines.
L-32 is recognized as a “pro-inflammatory” mediator.
n clinical settings, IL-32 has been widely implicated
n inflammatory/autoimmune diseases, and its levels are
irectly related to disease severity in rheumatoid arthritis

6, 7]. In the pathology of cardiovascular disease, IL-32 can
e present in vascular atherosclerotic plaques [8]. How-
ver, there are no published data on the activation and
uantification of the IL-32 protein in human calcified aor-
IL-1� levels determined by ELISA in primary cultured aortic valve
2; n = 12 (*P < 0.05; **P < 0.005).

tic valve cells. In the present study, we found that IL-32
protein expression was significantly enhanced in calcified
aortic valvular tissue compared with the control. Further,
the quantified RT–PCR data revealed a good correlation,
with a fold increase of 4.79.

In the treatment of clinical diseases, the therapeutic agent
simvastatin can reduce NF-�B activity and downregu-
late atherosclerosis formation [15]. Another study also
revealed an important role of the NF-�B pathway in medi-
ating vascular cell osteogenic responses [34]. The potential
of NF-�B to serve as a major therapeutic target in vari-
ous cardiovascular disease was also reported in a previous
study [14]. In the present study, we found that the level
of NF-�B expression was strongly associated with human
aortic valve calcification. Furthermore, we demonstrated
an 82.6% decrease in IL-32 production in cells treated with
inhibitor of NF-�B. This finding suggests NF-�B to be a

potential attenuation regulator on IL-32 in valve cells.

The MAPKs play an important role in the pathogenesis
of various types of cardiac and vascular diseases. The for-
mation of neointima after injury also occurs through the
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L-32 plays an essential role in human calcified aortic valve via the

ctivation of ERK1/2, JNK1/2, and p38 MAPK in vascu-
ar smooth muscle cells [9-12]. In this study, we revealed
L-32 upregulation was strongly associated with human
ortic calcific valve cells via the MAPK pathway. p-ERK,
-JNK, and p-p38 had significantly higher expression in
alcified aortic valve tissue. In human calcified aortic valve
nterstitial cell cultures inhibitors of JNK, ERK, and p38
itigated the reduction of IL-32 production. Thus, in the

resent study, the results demonstrated that the pathway
f IL-32 mainly involved the activity of MAPK signaling
athways in human calcified aortic valve interstitial cells.

TAT proteins are cytoplasmic transcription factors that
re involved in various cytokine, hormone, and growth fac-
or signal transduction pathways. In terms of the effects
f STAT proteins on clinical cardiovascular condition, all
f the STAT proteins have been reported to be strongly
xpressed in the myocardium, and they also augment the
xpression of other proteins in different types of heart dis-

ases [22, 23]. STAT1 is essential for apoptosis in advanced
therosclerotic lesions in vivo. STAT3 plays a central role
n cardiac pathophysiology and is a major mediator of pro-
ngiogenic signaling [26-29]. Currently, both STAT1 and
ion of the STAT3, MAPK, and NF-�B pathways.

STAT3 proteins have been implicated as having potential
therapeutic value in the treatment of cardiovascular disease
[35]. However, no studies have shown that STAT pro-
teins are involved in the activity of human calcified aortic
valve cells. Nonetheless, to further examine the relation-
ship between tissue p-STAT proteins and IL-32 in human
diseased aortic valves, we analyzed immunohistochemical
expression of p-STAT1 and p-STAT3 proteins. Our data
demonstrated that expression of p-STAT3 but not p-STAT1
was associated with overexpression of IL-32 in human aor-
tic calcific valve cells (figure 4B, C). The p-STAT3 protein
showed stronger positive staining compared to the con-
trol in the immunohistochemical study of calcified aortic
valvular cells in the present study. Previous studies have
noted that interleukins affect tumor progression through
the p-STAT3 rather than p-STAT1 signaling pathway [36].
The present study is the first to demonstrate that STAT pro-
teins play a role in human aortic valve calcification, and that
STAT 3 has a greater effect on calcific aortic valve cells than

on normal cells. The aforementioned evidence supports the
notion that STAT proteins are expressed in human diseased
aortic valve and have potential to suppress progression of
valve calcification in an inflammatory milieu.
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everal cytokines and molecules have been found to be
ssociated with the calcification process. Interleukin-37
uppresses the osteogenic responses of human aortic valve
nterstitial cells in vitro and alleviates valve lesions in mice
37]. Galectin- 3 (Gal-3) is a proinflammatory molecule
nvolved in vascular osteogenesis in atherosclerosis. Gal-

was shown to mediate valve calcification in AS [38].
rogression of aortic valve stenosis is associated with
GF-�, which is present in calcified aortic valve cusps
nd promotes aortic valve interstitial cell calcification via
poptosis [39]. In the early stages of aortic stenosis, dif-
erentiation of myofibroblasts into osteoblasts appears to
e coordinated by macrophages via the action of proin-
ammatory cytokines TNF-�, IL-6, IL-1�, and IL-8 [40].
NF-� accelerates the calcification of human aortic valve

nterstitial cells via the BMP2-Dlx5 pathway [41], and pro-
otes an osteoblast-like phenotype in human aortic valve
yofibroblasts [42]. IL-6 production by VICs stimulates

steogenic transition and mineralization of the aortic valve
hrough a BMP2 pathway [43]. IL-1� regulates remodeling
f the extracellular matrix in calcific aortic valve steno-
is [44] and induces production of IL-8 in human aortic
alve interstitial cells [45]. Thus, we treated primary cul-
ured cells with recombinant IL-32 to establish the effect
f IL-32 on these cytokines in aortic valve cells. Levels
f TNF-�, IL-6, IL-1�, and IL-8 were found to increase
ollowing recombinant IL-32 treatment (figure 5). These
esults suggest a role for IL-32 in regulating progression
f aortic valve calcification.
n conclusion, our studied data demonstrate that IL-32
lays an essential role as an immune-regulatory cytokine
n the tissue of calcific aortic valve cells. Here, we pro-
osed a model of IL-32 action in calcified aortic valve
ells based on our data and previous findings (figure 6).
ecause recombinant IL-32 induced downstream pro-

nflammatory cytokines and chemokine expression in
tudied cultured valve cells, IL-32 could serve as a poten-
ial therapeutic target in diseased aortic valve calcific
rogression.
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