Oncotarget, Vol. 6, No. 38

www.impactjournals.com/oncotarget/

Myelin
oligodendrocyte
glycoprotein
(MOG35-55)-induced
experimental autoimmune encephalomyelitis is ameliorated in
interleukin-32 alpha transgenic mice
Jaesuk Yun1,*, Sun Mi Gu2,*, Hyung Mun Yun3, Dong Ju Son2, Mi Hee Park2, Moon
Soon Lee4 and Jin Tae Hong2
1

Pharmacological Research Division, National Institute of Food and Drug Safety Evaluation (NIFDS), Ministry of Food and
Drug Safety (MFDS), Osong-eup, Heungdeok-gu, Cheongju-si, Chungbuk, Republic of Korea

2

College of Pharmacy and Medical Research Center, Chungbuk National University, Osong-eup, Heungdeok-gu, Cheongju-si,
Chungbuk, Republic of Korea
3

Department of Maxillofacial Tissue Regeneration, School of Dentistry and Research Center for Tooth and Periodontal
Regeneration (MRC), Kyung Hee University, Dongdaemun-gu, Seoul, Republic of Korea
4

College of Agriculture, Life and Environmental Sciences, Chungbuk National University, Heungdeok-gu, Cheongju-si,
Chungbuk, Republic of Korea

*

These authors have contributed equally to this paper

Correspondence to: Jin Tae Hong, email: jinthong@chungbuk.ac.kr
Correspondence to: Moon Soon Lee, email: mslee416@chungbuk.ac.kr
Keywords: IL-32 alpha, experimental autoimmune encephalomyelitis, inflammation, multiple sclerosis, cytokines, Immunology and
Microbiology Section, Immune response, Immunity
Received: August 14, 2015

Accepted: October 22, 2015

Published: November 11, 2015

Abstract
Multiple sclerosis (MS), also known as disseminated sclerosis or encephalomyelitis
disseminate, is an inflammatory disease in which myelin in the spinal cord and
brain are damaged. IL-32α is known as a critical molecule in the pathophysiology of
immune-mediated chronic inflammatory disease such as rheumatoid arthritis, chronic
pulmonary disease, and cancers. However, the role of IL-32α on spinal cord injuries
and demyelination is poorly understood. Recently, we reported that the release of
proinflammatory cytokines were reduced in IL-32α-overexpressing transgenic mice.
In this study, we investigated whether IL-32α plays a role on MS using experimental
autoimmune encephalomyelitis (EAE), an experimental mouse model of MS, in
human IL-32α Tg mice. The Tg mice were immunized with MOG35-55 suspended in CFA
emulsion followed by pertussis toxin, and then EAE paralysis of mice was scored. We
observed that the paralytic severity and neuropathology of EAE in IL-32α Tg mice
were significantly decreased compared with that of non-Tg mice. The immune cells
infiltration, astrocytes/microglials activation, and pro-inflammatory cytokines (IL-1β
and IL-6) levels in spinal cord were suppressed in IL-32α Tg mice. Furthermore, NG2
and O4 were decreased in IL-32α Tg mice, indicating that spinal cord damaging was
suppressed. In addition, in vitro assay also revealed that IL-32α has a preventive role
against Con A stimulation which is evidenced by decrease in T cell proliferation and
inflammatory cytokine levels in IL-32α overexpressed Jurkat cell. Taken together,
our findings suggested that IL-32α may play a protective role in EAE by suppressing
neuroinflammation in spinal cord.

Introduction

of 20 and 40 and impacts approximately 35,000
individuals in the United States alone [1-3]. MS can lead
to substantial disability with deficits seen in sensory,
motor, autonomic, and neurocognitive function [2]. Its
pathology is characterized by leukocyte infiltration,

MS is the most common inflammatory
demyelinating disease of the central nervous system
[1]. The disease typically presents between the ages
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demyelination, oligodendrocyte loss, axonal transection,
and a reactive astrogliosis [4, 5]. It is believed that early
neurologic disability in MS is affected by conduction
block in demyelinated axons, whereas axonal transection
underlies the more permanent deficits observed later in the
disease [6]. For study of MS, the most common animal
model of experimental autoimmune encephalomyelitis
(EAE) induction is currently based on the injection of an
encephalitogenic peptide, MOG35-55 as well as proteolipid
protein and myelin basic protein. The MOG35-55 peptide
triggers chronic-progressive EAE in C57BL mice.
Interleukin-32 (IL-32) is a novel cytokine which was
reported originally as a natural killer (NK) transcript 4 that
was expressed in various human tissues and organs, such
as spleen, thymus, leukocyte, lung, small intestine, colon,
prostate, heart, placenta, liver, muscle, kidney, pancreas,
and brain [7, 8]. The expression of IL-32 mRNA is more
prominent in immune cells than in non-immune tissues
[8-10]. IL-32 not only participates in host responses by
induction of proinflammatory cytokines but also directly
affects specific immunities differentiating monocytes
into macrophage-like cell. It has been also reported that
the increase of IL-32 expression correlates with clinical
and histological markers of diseases such as rheumatoid
arthritis (RA), suggesting the reduction of IL-32 activity
may provide benefit to patients with RA [11]. In another

study, IL-32 induced increase in constitutive IL-10 release,
but a decrease in TNF-α and IL-6 [12]. IL-32 itself
accounts for less inflammation in humans with ulcerative
colitis (UC) [13]. Our previous study showed that IL-32
acts in decrease of pro-inflammatory cytokines and an
increase of anti-inflammatory cytokines [14]. Thus, it is
possible that IL-32 could act as both pro-inflammatory and
anti-inflammatory cytokine under differential condition of
disease.
In this work, we describe studies investigating the
inflammatory role of IL-32 in an EAE mouse model,
a widely accepted animal model of MS. Using IL-32
transgenic (Tg) mice, we demonstrate that IL-32 Tg mice
displays reduced clinical and pathologic results.

Results
Generation of IL-32α transgenic mice that display
an decreased susceptibility to MOG35-55 -induced
EAE
We generated human IL-32α-overexpressing
transgenic mice (IL-32α mice) by subcloning IL-32α
cDNA into the mammalian expression vector pCAGGS

Figure 1: Production of IL-32α mice and MOG-induced EAE. A. Transgene construct. cDNA of human IL-32α was inserted into
a pCAGGs expression under the chicken beta-actin promoter. Arrows indicate PCR amplicon regions for IL-32α transgene confirmation
B. Semi-quantitative PCR showed IL-32α expression in Tg mice. C. Immunization of non Tg and IL-32α Tg mice with MOG35-55 results in
EAE. Data are shown as mean and standard error of the mean (n = 8). *p < 0.05 vs IL32α Tg (Student’s t-test). D. Behavioral summary of
EAE of non Tg and IL-32α mice. There are no significant differences. E. Weight loss induced by EAE was attenuated in IL-32α mice. *p
< 0.05 vs non Tg (Student’s t-test).
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(Figure 1A). The success of procedure was confirmed by
PCR of mouse tail genomic DNA using allele-specific
primers (Figure 1B). The transgene was successfully
transmitted to 50 % of pups from each littermate, as
evaluated by genotyping. These founder mice were each
back-crossed into the C57BL6/J background for eight
generations. The male/female ratio was 50% for IL-32α
transgenic and nontransgenic littermates.
Non-Tg and IL-32α mice sensitized at 8 weeks of
age developed clinical signs of MOG35-55 peptide-induced
EAE. The first paralysis appeared on day 10 in non-Tg
group and day 11 in IL-32α group. Noteworthy differences
were in the course of disease; non-Tg group’s symptom
is greater than that of IL-32α group (Figure 1C and 1D).
Changes (between day 0 and day 28) of mean body weight
(%) in non-Tg group were higher than IL-32α group
(Figure 1E).

used Hematoxylin and Eosin (H&E) staining for observing
cell infiltration and Luxol Fast Blue (LFB) staining for
observing demyelination. Using H&E staining in spinal
cord sections, we found that mononuclear cell infiltration
into the injured area during MOG35-55-induced EAE
decreased in IL-32α mice group as compared to non-Tg
mice group (Figure 2A). Furthermore, we observed that in
the IL-32α mice group spinal cord sections significantly
less reduction in LFB staining as compared to that of nonTg mice group spinal cord sections, indicating that less
demyelination occurred in the IL-32α mice spinal cord
(Figure 2B).

EAE-induced infiltration of immune cells was
decreased in IL-32α mice
To analyse the profile of the infiltrating immune
cells causing inflammation in the lesion area, we detected
the expression of CD3+ (a maker of T cells), CD4+ (a maker
of helper T cells), CD8b+ (a maker of cytotoxic T cells),
CD11b+ (a maker of macrophages and microglials), F4/80+
(a maker of macrophages), CD16+ (a maker of NK cells)
and CD19+ (a maker of B cells) by IF staining in the spinal

EAE-induced spinal cord injury was reduced in
IL-32α mice
To compare the lesion formation in the spinal cords
of IL-32α mice group to that of non-Tg mice group, we

Figure 2: Representative spinal cord histopathology of MOG-induced EAE in non Tg and IL-32α mice. A. MOG induced
a prominent cellular infiltration of in the parenchyma adjacent to the pia mater in non Tg mice (second to top), but which was reduced
in IL-32α mice (bottom). Sections were stained with hematoxylin-eosin. B. The cellular infiltration was associated with a loss of myelin.
Sections were stained with Luxol fast blue. Scale bar: 100 μm.
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EAE-induced increase in oligodendrocytes
progenitor cell markers levels was attenuated in
IL-32α mice

cord sections. We found a massive elevation of immune
cells (T cell, helper T cell, cytotoxic T cell, macrophage,
NK cell and B cell) in the spinal cords of non-Tg mice
(Figure 3 and Figure 8). However, IL-32α mice showed
significant reduction in these immune cell numbers except
CD4+ cells. These results show that MOG35-55 -induced
immune response is reduced in IL-32α mice group.

To observe the expression of oligodendrocytes
and myelin, we also used the immunofluorescence
staining to detect the expression of CNPase (myelinating
oligodendrocytes marker), myelin basic protein (MBP),
NG2 (a marker of oligodendrocyte progenitor cells;OPCs)
and O4 (a marker of oligodendrocyte). CNPase and MBP
were decreased in non-Tg mice by MOG treatment,
however reduced CNPase and MBP levels were not
rescued in IL-32α mice. In contrast, MOG-induced
increase in NG2 and O4 levels were attenuated in IL32α mice group (Figure 5, Figure 9A, and Figure 9B).
Furthermore, we demonstrated that the expression levels
of GFAP (a marker of astrocyte activation) and IBA-1 (a
marker of microglia cell activation) were reduced in IL32α mice group (Figure 9C and 9D).

EAE-induced increase in inflammatory cytokine
levels was inhibited in IL-32α mice
To measure cytokine levels related with EAE, we
used ELISA kit by using spinal cord tissue lysis from
control, non-Tg and IL-32α mice group. We observed that
the level of inflammatory cytokines such as IL-1β, IFN-γ,
and IL-6 was increased by MOG35-55 treatment in non-Tg,
however, there is a significant difference between non-Tg
+ MOG and Tg + MOG groups (Figure 4B, 4C, and 4D).
While, MOG-induced increase in TNF-alpha, and IL-10
levels were not affected in IL-32α mice group (Figure 4A
and 4E). From this result, we suggest that the lower levels
of cytokines in the spinal cords of the IL-32α EAE mice
could simply be related to the reduced CNS immune cell
infiltrates.

Figure 3: T cell infiltration in spinal cord of MOG-induced EAE in non Tg and IL-32α mice. MOG induced a prominent A.
CD3 and C. CD8b positive cell infiltration in the parenchyma adjacent to the pia mater in non Tg mice, but which was reduced in IL-32α
mice. Data are shown as mean and standard error of the mean (n = 3). B. CD4+ cell infiltration was increased in non Tg mice, but there is no
significant difference between non Tg and IL-32α mice. **p < 0.01 vs. non-Tg control, ##p < 0.01 vs. non-Tg + MOG (Twoway ANOVA
followed by Bonferroni’s test). Scale bar: 100 μm.
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Figure 4: Cytokine profile of MOG-induced EAE in non Tg and IL-32α mice. MOG induced a significant elevation of B.
IFN-γ, C. IL-1β, and D. IL-6 levels in non Tg mice, but which was reduced in IL-32α mice. Data are shown as mean and standard error of
the mean (n = 3). A. TNF-α and E. IL-10 was increased in non Tg mice, but there is no significant difference between non Tg and IL-32α
mice. *p < 0.05, **p < 0.01 vs. non-Tg control, #p < 0.05 vs. non-Tg + MOG. (Twoway ANOVA followed by Bonferroni’s test).

Figure 5: NG2 and O4 expression of MOG-induced EAE in non Tg and IL-32α mice. MOG induced a significant elevation

of A. NG2 and B. O4 expression levels in non Tg mice, but which was reduced in IL-32α mice. Data are shown as mean and standard error
of the mean (n = 3). **p < 0.01 vs. non-Tg control, #p < 0.05 vs. non-Tg + MOG. (Twoway ANOVA followed by Bonferroni’s test). Scale
bar: 100 μm.
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Con A-induced increase in cytokines levels was
attenuated in IL-32α overexpressed Jurkat cells

Jurkat cells, however those increase in cytokine levels
was attenuated by IL-32α-overexpression. The significant
changes of IL-1β mRNA levels were absent in all groups
(Figure 6C - 6F).

To confirm the activation of T cells, we used the
MTT assay for measuring cell viability and BrdU assay
for measuring cell proliferation in Jurkat cells. We treated
the con A (4 μg/mL) to stimulate the Jurkat cells. Cell
viability was increased by treatment of con A and this
effect was attenuated by IL-32α-overexpression (Figure
6A). Similarly, IL-32α-overexpression also reduced cell
proliferation induced by con A (Figure 6B). To measure
the level of inflammatory cytokine mRNAs, Jurkat cells
were stimulated by same condition as cell viability and
proliferation experiments, and then inflammatory cytokine
levels were determined by real-time PCR. TNF-α, IFN-γ
and IL-6 mRNA levels was increased in con A treated

EAE-induced increase in cyclooxygenase 2 (COX2) and inducible nitric oxide (iNOS) levels was
attenuated in IL-32α mice
To measure the inflammatory response of EAE mice
spinal cord, COX-2 and iNOS expression levels were
visualized. We observed that the levels of COX-2 and
iNOS were increased by MOG35-55 treatment in non-Tg,
however, there is a significant difference between non-Tg
+ MOG and Tg + MOG groups (Figure 7A and 7B). We
also demonstrated a similar result in Con A treated IL-32α

Figure 6: Effect of IL-32α overexpression on cytokine profile and pathogenicity of Con-A treated Jurkat cells. Con-A

induced a significant elevation of A. cell viability, B. proliferation, C. TNF-α, D. INF-γ, and F. IL-6 levels in Jurkat cells, but which was
reduced by IL-32α overexpression. Data are shown as mean and standard error of the mean (n = 6). E. IL-1β was not affected with Con-A
treatment. **p < 0.01 vs. Mock control, #p < 0.05, ##p < 0.01 vs. IL-32α + Con A. (Twoway ANOVA followed by Bonferroni’s test). Scale
bar: 100 μm.
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overexpressed Jurkat cells (Figure 7C). These results show
that MOG35-55 -induced inflammatory response is reduced
in IL-32α group in vitro and in vivo.

scores and spinal injuries in IL-32α mice. Meanwhile,
IL-32α suppressed the infiltration of immune cells in
spinal cord, as evidence by reduced number of CD3+,
CD8+, B cell, NK cell and macrophages. Unexpectedly,
CD4+ counts was not reduced in IL-32α mice, therefore,
helper T cell may not be associated with the role of IL-32α
role in EAE. This non-relationship between IL-32α and
CD4+ may be further supported by previous study [15].
Furthermore, we demonstrated that the reduction of the
astrocytes and microglials activation is related with the
reduced inflammation in IL-32α mice. The expression
levels of inflammatory marker COX-2 and iNOS in spinal
lesion was also significantly reduced in IL-32α mice
group. These anti-inflammatory-like actions of IL-32α
are also observed in in vitro studies which employed IL32α overexpressed Jurkat cells. Con A-induced increase
in cell viability and proliferation was reduced by IL-32α
overexpression. In addition, Con A-induced increase
in TNF-α, IFN-γ, and IL-6 levels was decreased in IL32α overexpressed Jurkat cells. Otherwise, the IL-1β
production pattern was different in in vivo and in vitro.
Even though the exact mechanism underlying those

Discussion
Various physiological and pathophysiological roles
of IL-32 in immune response have been reported. In this
study, EAE scores for paralysis is significantly decreased
in parallel with reduced spinal injuries and infiltration
of immune cells in IL-32α mice. We asked whether
IL-32α mice showed reduction in proinflammatory
cytokines production and demyelination of spinal cord.
We demonstrated that cytokines were down regulated
in IL-32α mice in comparison with those of non-Tg
mice induced by EAE. Furthermore, NG2 and O4 were
decreased in IL-32α mice, indicating that spinal cord
damaging was suppressed. In addition, although the
reduction of MBP and CNPase was not rescued in IL-32α
mice, the demyelination was attenuated in IL-32α mice.
These results suggest that reduction in inflammatory
cytokines and demyelination may explain low EAE

Figure 7: Representative COX-2 and iNOS expression patterns of IL-32α mice and IL-32α overexpressed Jurkat cells.
MOG increased a significant A. COX-2 and B. iNOS expression levels in non Tg mice (second to left), but which was reduced in IL-32α
mice (right). Arrows indicate stained COX-2 and iNOS positive cells. Scale bar: 100 μm. C. Con A increased COX-2 and iNOS protein
expression levels in control cells, but which was reduced in IL-32α overexpressed cells.
www.impactjournals.com/oncotarget
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Figure 8: Representative spinal cord immune cell infiltration of MOG-induced EAE in non Tg and IL-32α mice. MOG
induced a prominent A. F4/80, B. CD11b, C. CD16, and D. CD19 positive cell infiltration in non Tg mice (second to left), but which was
reduced in IL-32α mice (right). Scale bar: 100 μm.

Figure 9: Representative spinal cord myelination related protein, astrocytes and microglia activation levels of MOGinduced EAE in non Tg and IL-32α mice. MOG decreased A. CNPase and B. MBP expression levels in non Tg mice (second to

left), but which was not attenuated in IL-32α mice (right). C. GFAP and D. IBA-1 expression levels were increased in non Tg mice (second
to left), but which was attenuated in IL-32α mice (right). Scale bar: 100 μm.
www.impactjournals.com/oncotarget
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neuroinflammation in spinal cord.

differences is not clear, MOG-induced T cell activation
seems to be related with IL-1, but a case of Con-A is not
[16]. These results suggest that the reduced infiltration of
immune cells and inflammatory response may explain less
severity of EAE in IL-32α mice.
In fact, IL-32 has been shown to exhibit properties
typical of a proinflammatory cytokine and to drive
the induction of other proinflammatory cytokines and
chemokines, such as tumor necrosis factor-alpha (TNFα)
and IL-1, IL-6, and IL-8. However, dual action of
cytokines in autoimmune inflammatory demyelination is
well known. For example, IFN-γ showed a paradoxical
effect in IFN-γ-deficient mice [17]. Interestingly, we
previously demonstrated that IL-32α transgenic mice
showed the activation of signal transducer and activator of
transcription 3 (STAT3) [18] which reduced inflammatory
properties of type I IFNs [19]. Therefore, we can assume
that IL-32α has protective effects via the downregulated
IFN levels induced by STAT3 activation. In addition, IL32 isoforms showed variable potency of cell death and
cytokine production. Among IL-32 isoforms, IL-32γ has
the most potent proinflammatory properties and it can
be spliced into less active isoforms, IL-32β and IL-32α
[20]. IL-32α is considered the least potent isoform in the
process cell death and cell activation. Nonetheless, IL-32α
has a benefit activity in cancer development. Our recent
study [21] suggested that IL-32α suppressed colorectal
cancer development in accordance with other study [22].
We did not elucidated a possible mechanism underlying
the connection of IL-32α and other cytokines, IL-32α
itself had no significant effects on immune cells infiltration
and cytokines levels, rather reduced in inflammatory
and severity of immune response models such as EAE
and Con A treatment. These results suggest that IL-32α
reduces inflammatory responses in elevated immune status
of host. IL-32 also directly affects specific immunities
differentiating monocytes into macrophage-like cells,
therefore we could not exclude a possibility of direct
action of IL-32α on immune cells activation. In rodent,
the receptor for IL-32α is not clearly identified yet and
IL-32α is considered an intracellular protein and may be
released only after cell death. Therefore, we can assume
that intracellular IL-32α in T cells interfere the immune
activation/proliferation induced by elevated cytokines in
EAE model. Intracellular signaling of IL-32α associated
with immune cell activation is not clear, but tumor necrosis
factor receptor 1 (TNFR-1) signaling was suggested as a
target of IL-32α action by our previous work [21]. Because
TNFR-1 stimulates dendritic cell maturation and CD8 T
cell response [23], we suggest that IL-32α may reduce the
immune cells activation via at least TNFR-1 signaling.
Additional in vivo and in vitro models that are designed to
study possible mechanism of IL-32α associated immune
cell activation could be considered that might better reveal
the function of IL-32α in EAE. In conclusion, our results
suggested that IL-32α may suppress EAE by inhibition of
www.impactjournals.com/oncotarget

Materials and methods
Animals
IL-32α-transgenic mice were prepared as according
to our previous report [18]. Animals were maintained
under conventional housing conditions at 23 ± 2 oC with
a controlled 12 h light/dark cycle, and drinking water and
rodent chow diet were provided ad libitum throughout the
experiment. All experiments were approved and carried
out according to the Guidelines for the Care and Use of
Animals [Animal Care Committee of Chungbuk National
University, Korea (CBNUA-436-12-02)]. All efforts were
made to minimize animal suffering, to reduce the number
of animals used.

Induction and clinical evaluation of EAE
Non-Tg and IL-32α female mice (8 week old)
were immunized with MOG35-55 peptide emulsified
with complete Freund’s adjuvant (CFA) using Hooke
kits (Hooke laboratories, EK-0115, Lawrence, MA,
USA) according to the manufacturer’s instructions. In
brief, 1 mg/mL of MOG35-55/CFA emulsion was injected
subcutaneously into upper back and lower back of each
0.1 mL/animal (total 0.2 mL/animal). Two hours later, 2
μg/mL pertussis toxin (PTX) was intraperitoneally (i.p.)
injected of each 0.1 mL/animal. Twenty four hours later,
boosting shot of 2 μg/mL of PTX (0.1 ml/animal, i.p.)
were given. Normal saline administrated non-Tg and
IL-32α mice were used as vehicle control group. Mice
were examined and scored daily for clinical signs of
neurological deficit by a blinded investigator according to
previous reports [24-26]. All other analyses were carried
out on the 29th day.

Jurkat cells culture
Jurkat cells (human prototypical CD28+ T cell
leukemia, ATCC, Manassas, VA) were maintained with
serum-supplemented culture media of Roswell Park
Memorial Institute (RPMI) 1640 supplemented with FBS
(10%) and penicillin (100 units/ml). The Jurkat cells were
incubated in the culture medium in a humidified incubator
at 37 °C and 5% CO2. The cultured cells were treated
simultaneously with concanavalin A (con A; 4 μg/mL)
dissolved in distilled water.
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Construction
transfection

of

expression

vectors

and

microscopy (Microscope Axio Imager.A2, Carl Zeiss,
Oberkochen, Germany) (×200).

Western blotting

IL-32α cDNA was subcloned into pcDNA3.1 +
6×Myc vector using EcoRI and XhoI. cDNAs for PKCδ
and PKCε were subcloned into the pcDNA3.1 + 5×FLAG
vector using EcoRI and XhoI [27]. BCL6, SUMO2, and ubiquitin cDNAs were PCR-amplified from a
human spleen cDNA library (Clontech, Palo Alto, CA).
The entire BCL6 gene was amplified and cloned into
pcDNA3.1 + 5×FLAG vector using EcoRI and XhoI.
SUMO-2 and ubiquitin cDNAs were subcloned into the
pCS3MT + 6×Myc vector using EcoRI and XhoI. Jurkat
cells were transfected with pcDNA3.1 + 5×FLAG-BCL6
and pCS3MT + -SUMO-2 or -ubiquitin using the Neon™
transfection system (Invitrogen, Carlsbad, CA) according
to the manufacturer’s instructions.

The Jurkat cells were sampled with lysis buffer
(PRO-PREPTM, iNtRON Biotech, Daejeon, Korea) and gel
electrophoresis was performed. The transfer membranes
were incubated overnight at 4 °C with iNOS (1:1000,
Novus Biologicals, Inc., Littleton), COX-2 (1:1000, Cell
Signaling Technology, Inc., Beverly, MA, USA), and
β-actin (1:1000, Santa Cruz Biotechnology Inc. Santa
Cruz, CA, USA) antibodies. The blots were then incubated
with the corresponding conjugated goat anti-rabbit or goat
anti-mouse IgG-horseradish peroxidase (HRP) (1:5000;
Santa Cruz Biotechnology Inc. Santa Cruz, CA, USA)
secondary antibodies. Immunoreactive proteins were
detected with an enhanced chemiluminescence (ECL,
Amersham Pharmacia Biotech) western blotting detection
system.

Histological analysis
After transferred to 30 % sucrose solutions, spinal
cords were cut into 18 µm sections by suing a cryostat
microtome (Leica CM 1850; Leica Microsystems, Seoul,
Korea). Spinal cord sections were stained for Luxol Fast
Blue/Crystal Violet (LFB, IHC World, Ellicott City, MD)
and Hematoxylin and Eosin (H&E) for identification of
intact myelin and infiltrating cells respectively. Spinal cord
sections were evaluated on a light microscopy (Olympus,
Tokyo, Japan) (X50 or X200). For immunohistochemical
analysis, the spinal cord sections were incubated for
overnight at 4 °C with a mouse polyclonal antibody
against CNPase, MBP, NG2, O4 (1:200; Millipore,
Billerica, MA, USA), CD3 and glial fibrillary acidic
protein (GFAP) (1:200; Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA), a rat polyclonal antibody against
F4/80 (1:100; Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), CD4 (1:100, BD Biosciences, Franklin
Lakes, NJ, USA), CD8b, CD11b and CD16/CD32 (1:100,
eBioscince, San Diego, USA) a goat polyclonal antibody
against ionize calcium-binding adapter molecule 1 (IBA1) (1:300; Abcam, Inc., Cambridge, MA, USA), a rabbit
polyclonal antibody against cyclooxygenase-2 (COX-2)
(1:300; Cell Signaling Technology, Inc., Beverly, MA,
USA) and inducible nitric oxide synthase (iNOS) (1:300;
Novus Biologicals, Inc., Littleton). After incubation
with the primary antibodies, spinal cord sections were
incubated for 1-2 h at room temperature with an antirabbit, mouse, goat, or rat secondary antibody conjugated
to Alexa Fluor 488 or 568 (Invitrogen-Molecular Probes,
Carlsbad, CA, USA) or with the biotinylated goat antirabbit IgG-horseradish peroxidase (HRP) secondary
antibodies (1:500; Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA). Images were acquired using an
inverted fluorescent microscope (Axio Observer A1, Carl
Zeiss, Oberkochen, Germany) (X 100 or 200) or a light
www.impactjournals.com/oncotarget

Measurement of cytokines
Lysates of spinal cord tissue were obtained through
protein extraction buffer containing protease inhibitor.
TNF-α, IFN-γ, IL-1β and IL-6 levels were determined
according to the user’s manual of ELISA Kit (R&D
Systems, Minneapolis, MN, USA). The resulting color
was assayed at 450 nm using a microplate absorbance
reader (VersaMax ELISA, Molecular Devices, California,
USA) after adding stop solution within 30 minutes.

Cell viability assay
Mock vector expressed Jurkat cells and IL-32α
overexpressed Jurkat cells were plated at a density of 1
X 104 cells/well in 96-well plates per 200 µL medium and
stimulated by con A (4 µg/mL) for 12 h. The cells were
added to MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazoliumbromide] solution (final concentration of 5
mg/mL) (Sigma, St. Louis, MO, USA) per 30 µL. After
2 h, MTT solution was removed, and the cells were
added to dimethyl sulfoxide (DMSO) per 200 µL for 30
min. Finally, the resulting color was assayed at 540 nm
using a microplate absorbance reader (VersaMax ELISA,
Molecular Devices, California, USA).

BrdU assay
Mock vector expressed Jurkat cells and IL-32α
overexpressed Jurkat cells were plated at a density of 1
X 104 cells/well in 96-well plates per 200 µL medium
and stimulated by con A (4 µg/mL) for 12 h. Detection
of BrdU incorporation was performed by ELISA (BrdU
40461
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Cell Proliferation Assay Kit, Cell Signaling Technology,
Danvers, MA, USA) according to the manufacturer’s
instructions.

concepts, observations. Annals of the rheumatic diseases.
2008; 67 Suppl 3:iii56-60.
4.

Hauser SL and Oksenberg JR. The neurobiology of multiple
sclerosis: genes, inflammation, and neurodegeneration.
Neuron. 2006; 52:61-76.

5.

Ridet JL, Malhotra SK, Privat A and Gage FH. Reactive
astrocytes: cellular and molecular cues to biological
function. Trends in neurosciences. 1997; 20:570-577.

6.

Bruck W and Stadelmann C. The spectrum of multiple
sclerosis: new lessons from pathology. Current opinion in
neurology. 2005; 18:221-224.

7.

Dahl CA, Schall RP, He HL and Cairns JS. Identification of
a novel gene expressed in activated natural killer cells and
T cells. J Immunol. 1992; 148:597-603.

8.

Kim SH, Han SY, Azam T, Yoon DY and Dinarello CA.
Interleukin-32: a cytokine and inducer of TNFalpha.
Immunity. 2005; 22:131-142.

9.

Shoda H, Fujio K, Yamaguchi Y, Okamoto A, Sawada T,
Kochi Y and Yamamoto K. Interactions between IL-32 and
tumor necrosis factor alpha contribute to the exacerbation
of immune-inflammatory diseases. Arthritis research &
therapy. 2006; 8:R166.

Quantitative real-time PCR
Jurkat cells and IL-32α overexpression Jurkat cells
were plated at a density of 3 X 106 cells/well in 60 Φ plates
per 200 µL medium and stimulated by con A (4 µg/mL) for
2 h. For mRNA quantification, total RNA was extracted
using the easy-BLURTM total RNA extraction kit (iNtRON
Biotech, Daejeon, Korea). The cDNA was synthesized
using High Capacity cDNA Reverse Transcription Kits
(Applied Biosystems, Foster city, CA) according to the
manufacturer’s protocol. Quantitative real-time PCR was
performed on cDNA using Brilliatn III Ultra-Fast Green
QPCR Master Mix (Agilent Technologies, Waldbronn,
Germany) with primers (Bioneer, Daejeon, Korea),
specific for β-actin (N1080), TNF-α (N-1072), IFN-γ (N1055), IL-1β (N-1058) and IL-6 (N-1063). All reverse
transcription reactions were run in a StepOnePlus RealTime PCR System (Applied Biosystems, Foster city,
CA). For the calculation of relative quantification, the 2-Δ
Δ CT
formula was used, where: -Δ ΔCT = (CT,target - CT,beta-actin)
experimental sample - (CT,target - CT,beta-actin) control sample.

10. Kobayashi H, Yazlovitskaya EM and Lin PC. Interleukin-32
positively
regulates
radiation-induced
vascular
inflammation. International journal of radiation oncology,
biology, physics. 2009; 74:1573-1579.

Statistical analysis

11. Joosten LA, Netea MG, Kim SH, Yoon DY, OppersWalgreen B, Radstake TR, Barrera P, van de Loo
FA, Dinarello CA and van den Berg WB. IL-32, a
proinflammatory cytokine in rheumatoid arthritis.
Proceedings of the National Academy of Sciences of the
United States of America. 2006; 103:3298-3303.

Statistical analysis of the data was carried out
using Student’s t-test or two-way ANOVA followed by
Bonferroni’s post-hoc analysis using GraphPad Prism 5
software (Version 5.01, GraphPad software, Inc., La Jolla,
USA). The numbers and percentage of immune cells in
each picture were then counted using the ImageJ.

12. Park ES, Yoo JM, Yoo HS, Yoon DY, Yun YP and Hong
J. IL-32gamma enhances TNF-alpha-induced cell death in
colon cancer. Molecular carcinogenesis. 2014; 53 Suppl
1:E23-35.

Acknowledgments

13. Choi J, Bae S, Hong J, Ryoo S, Jhun H, Hong K, Yoon
D, Lee S, Her E, Choi W, Kim J, Azam T, Dinarello CA
and Kim S. Paradoxical effects of constitutive human IL32{gamma} in transgenic mice during experimental colitis.
Proceedings of the National Academy of Sciences of the
United States of America. 2010; 107:21082-21086.

This work was supported by the National Research
Foundation of Korea (NRF) Grant funded by the Korea
government (MSIP) (MRC, 2008-0062275).

Conflicts of interest

14. Lee DH, Hong JE, Yun HM, Hwang CJ, Park JH, Han SB,
Yoon do Y, Song MJ and Hong JT. Interleukin-32beta
ameliorates metabolic disorder and liver damage in mice
fed high-fat diet. Obesity (Silver Spring, Md). 2015;
23:615-622.

The authors declare no conflict of interest.

References
1.

Rejdak K, Jackson S and Giovannoni G. Multiple sclerosis:
a practical overview for clinicians. British medical bulletin.
2010; 95:79-104.

2.

Sospedra M and Martin R. Immunology of multiple
sclerosis. Annual review of immunology. 2005; 23:683747.

15. Monteleone K, Di Maio P, Cacciotti G, Falasca F, Fraulo
M, Falciano M, Mezzaroma I, D’Ettorre G, Turriziani O
and Scagnolari C. Interleukin-32 isoforms: expression,
interaction with interferon-regulated genes and clinical
significance in chronically HIV-1-infected patients. Med
Microbiol Immunol. 2014; 203:207-216.

3.

Wekerle H. Lessons from multiple sclerosis: models,

16. Matsuki T, Nakae S, Sudo K, Horai R and Iwakura Y.

www.impactjournals.com/oncotarget

40462

Oncotarget

promonocytic cells. The Journal of biological chemistry.
2012; 287:35556-35564.

Abnormal T cell activation caused by the imbalance
of the IL-1/IL-1R antagonist system is responsible
for the development of experimental autoimmune
encephalomyelitis. Int Immunol. 2006; 18:399-407.
17. Wang Z, Hong J, Sun W, Xu G, Li N, Chen X, Liu A, Xu
L, Sun B and Zhang JZ. Role of IFN-gamma in induction
of Foxp3 and conversion of CD4+ CD25- T cells to CD4+
Tregs. J Clin Invest. 2006; 116:2434-2441.
18. Hwang CJ, Yun HM, Jung YY, Lee DH, Yoon NY, Seo
HO, Han JY, Oh KW, Choi DY, Han SB, Yoon do Y and
Hong JT. Reducing effect of IL-32alpha in the development
of stroke through blocking of NF-kappaB, but enhancement
of STAT3 pathways. Molecular neurobiology. 2015;
51:648-660.
19. Ho HH and Ivashkiv LB. Role of STAT3 in type I
interferon responses. Negative regulation of STAT1dependent inflammatory gene activation. J Biol Chem.
2006; 281:14111-14118.
20. Heinhuis B, Netea MG, van den Berg WB, Dinarello
CA and Joosten LA. Interleukin-32: a predominantly
intracellular proinflammatory mediator that controls cell
activation and cell death. Cytokine. 2012; 60:321-327.
21. Yun HM, Park KR, Kim EC, Han SB, Yoon do Y and Hong
JT. IL-32alpha suppresses colorectal cancer development
via TNFR1-mediated death signaling. Oncotarget. 2015;
6:9061-9072.
22. Cheon S, Lee JH, Park S, Bang SI, Lee WJ, Yoon DY,
Yoon SS, Kim T, Min H, Cho BJ, Lee HJ, Lee KW, Jeong
SH, Park H and Cho D. Overexpression of IL-32alpha
increases natural killer cell-mediated killing through upregulation of Fas and UL16-binding protein 2 (ULBP2)
expression in human chronic myeloid leukemia cells. J Biol
Chem. 2011; 286:12049-12055.
23. Ding X, Yang W, Shi X, Du P, Su L, Qin Z, Chen J and
Deng H. TNF receptor 1 mediates dendritic cell maturation
and CD8 T cell response through two distinct mechanisms.
J Immunol. 2011; 187:1184-1191.
24. Stromnes IM and Goverman JM. Active induction of
experimental allergic encephalomyelitis. Nature protocols.
2006; 1:1810-1819.
25. Kafami L, Etesami I, Felfeli M, Enayati N, Ghiaghi
R, Aminian A and Dehpour A. Methadone diminishes
neuroinflammation and disease severity in EAE through
modulating T cell function. Journal of neuroimmunology.
2013; 255:39-44.
26. Aminian A, Noorbakhsh F, Ghazi-Khansari M, Kafami
L, Javadi S, Hassanzadeh G, Rahimian R, Dehpour AR
and Mehr SE. Tropisetron diminishes demyelination and
disease severity in an animal model of multiple sclerosis.
Neuroscience. 2013; 248:299-306.
27. Kang JW, Park YS, Lee DH, Kim JH, Kim MS, Bak Y,
Hong J and Yoon DY. Intracellular interaction of interleukin
(IL)-32alpha with protein kinase Cepsilon (PKCepsilon )
and STAT3 protein augments IL-6 production in THP-1
www.impactjournals.com/oncotarget

40463

Oncotarget

