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Original Article

Ibudilast Inhibits Th17 Cell Differentiation
from Naïve Human T Cells
Masaru Yanagihashi Kiyokazu Kawabe＊ and Ken Ikeda
Division of Neurology (Omori), Department of Internal Medicine,
School of Medicine, Faculty of Medicine, Toho University

ABSTRACT
Background: T helper cells that secrete interleukin (IL)-17 (Th17 cells) are important in the pathogenesis of
autoimmune diseases such as multiple sclerosis (MS). In addition, Th17 cells are associated with secondary
inflammation induced by cerebral infarction. The nonselective phosphodiesterase inhibitor ibudilast ameliorates inflammation and neurodegeneration in patients with ischemic stroke and MS and is used in Japan to
treat bronchial asthma and cerebrovascular disorders. Several reports have shown that ibudilast decreases
production of tumor necrosis factor α, IL-1β, IL-6, and interferon-γ and suppresses differentiation of T helper
1 (Th1) cells. However, it is not clear if ibudilast suppresses Th17 differentiation and IL-17 production. Thus,
we investigated if ibudilast inhibits differentiation of human Th17 cells.
Methods: Naïve T cells were isolated from 5 healthy volunteers, using a magnetic beads kit. Differentiation of Th17 cells was then stimulated in vitro using treatments with anti-CD3, anti-CD28, IL-1β, IL-6, IL-21,
IL-23, and transforming growth factor-beta1 (TGF-β1), with or without ibudilast, for 1 week. Populations of
Th17 cells were measured using flow cytometry with anti-IL-17 antibodies. The activity of signal transducer
and activator of transcription 3 (STAT3) was analyzed in naïve T cells, using enzyme-linked immunosorbent
assays after stimulation with the above cytokines for 30 min.
Results: Th17 cell differentiation was significantly inhibited by ibudilast.
Conclusions: Ibudilast inhibits Th17 cell differentiation and may contribute to development of new treatments for MS.
Toho J Med 1 (1): 2―6, 2015
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Multiple sclerosis (MS) is a CD4＋ T-cell-mediated auto１，
２）

immune disease of the central nervous system (CNS)

relevant to MS pathology in humans.４）
T helper 17 (Th17) cells are a recently identified subset

and is characterized pathologically by inflammatory foci in

of CD4＋ T cells.５） These cells produce cytokine interleukin

the CNS, with varying degrees of demyelination, axonal

(IL)-17 and are important modulators of autoimmune re-

damage, and glial proliferation. CNS-infiltrating T lympho-

sponse in MS. In patients with MS, IL-17 expression is in-

３）

cytes (T cells) are major mediators of MS, and evidence

creased in mononuclear cells of the blood and cerebro-

from recent genome-wide association studies indicates

spinal fluid and in lesions.６，７） Moreover, differentiation of

that T cell activation and differentiation pathways are

Th17 cells from naïve T cells (nTh) is reportedly regulated
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by signal transducer and activator of transcription 3
８）

（3）３

Fixation and Permeabilization Solution Kit with BD GolgiStopTM (BD Biosciences). The cells were then stained

(STAT3).

Ibudilast is used in Japan to treat bronchial asthma and
９）

with anti-CD4-Cy5.5 and anti-IL-17A-PE (BD Biosciences)

cerebrovascular disorders. It inhibits phosphodiesterases,

and analyzed using a FACS CaliberTM instrument (BD Bio-

which results in inhibition of leukotrienes and nitric oxi-

sciences).

dase mechanisms. The resulting anti-inflammatory effects

Enzyme-linked immunosorbent assay

make ibudilast an attractive candidate for MS treatment.

Activated STAT3, which is phosphorylated on Tyr705,

In particular, ibudilast reportedly decreased the severity

was measured by enzyme-linked immunosorbent assay

of clinical signs in an animal model of autoimmune en-

(ELISA). nTh cells were stimulated using beads coated

１０，
１１）

cephalomyelitis,

and the effects of ibudilast against MS

with anti-CD3 and anti-CD28 antibodies (1 bead per 20

cifically, ibudilast reduced atrophy rates, slowed progres-

!
!
TGF-1β (5 ng!
ml), and IL-21 (25 ng!
ml) for 30 min in the

sion of expanded disability status scale (EDSS) score,１２）and

presence or absence of ibudilast. Phosphorylated STAT3

suppressed Th1 cells and associated cytokines.１１，１３） How-

was measured using ELISAs with a PathScanⓇ Phospho-

ever, the effects of ibudilast on Th17 cells are not known.

Stat3 (Tyr705) Sandwich ELISA Kit (Cell Signaling Tech-

Thus, in the present study we examined the effects of

nology Inc., Danvers, MA, USA) according to the manufac-

ibudilast on Th17 cell differentiation.

turerʼs protocol. For normalization, the protein concentra-

have been investigated in several studies of humans. Spe-

!

cells), IL-1β (25 ng ml), IL-6 (10 ng ml), IL-23 (25 ng ml),

tion of cell lysate was measured by a BCA protein assay

Methods

kit (Thermo Fisher Scientific Inc., Waltham, MA, USA),

Isolation and culture of peripheral blood mononu-

and the protein concentration of cell lysates after dilution

clear cells

was adjusted at 100 μg ml.

Peripheral blood mononuclear cells (PBMC) from

!

Statistical methods

healthy donors were separated using Ficoll-Hypaque den-

Statistical differences were evaluated using Dunnettʼs

sity gradient centrifugation (Sigma-Aldrich Corp., St.

test, and a p value of less than 0.05 was considered to indi-

Louis, MO, USA). PBMCs were then cultured in 24-well

cate statistical significance. Values are expressed as

!

6

plates (10 cells ml) in 5％ CO2 at 37˚C using RPMI-1640

mean±standard deviation (SD) of the mean.

media supplemented with 10％ fetal calf serum, 2 mM glu-

Ethical approval

tamine, 20 mM HEPES, 100 g ml streptomycin, and 100

This study was approved by the Ethical Review Board

!

!

U ml penicillin (Sigma-Aldrich).

of Toho University Faculty of Medicine (25073).

Isolation and culture of naïve T cells and differentia-

Results

tion of Th17 cells
Naïve T cells (CD4＋ CD45RA＋ CD45RO-CD25-T cells)
(nTh cells) were isolated using immunomagnetic cell sepaⓇ

Ibudilast inhibited Th17 cell differentiation from
nTh cells

ration with a MACS naïve T cell isolation kit (Miltenyi

nTh cells were isolated from 5 healthy donors, stimu-

Biotec GmbH, Bergisch Gladbach, Germany). Isolated nTh

lated with cytokines for 1 week, and differentiated into

cells were seeded at 0.25×106 cells ml in 48-well plates

Th17 cells. Ibudilast was added to the culture medium at

and then stimulated using beads coated with anti-CD3 and

concentrations of 0.1―10 μM to determine if it inhibited dif-

anti-CD28 antibodies (1 bead per 20 cells; Miltenyi Biotec),

ferentiation into Th17 cells. Stimulated cells were then

IL-1β (25 ng ml), IL-6 (10 ng ml), IL-23 (25 ng ml), trans-

stained and analyzed by flow cytometry. The numbers of

forming growth factor (TGF)-1β (5 ng ml), and IL-21 (25

IL-17A-positive cells were significantly decreased in the

ng ml) for 7 days in X-VIVOTM-10 cell culture medium

presence of ibudilast (Fig. 1).

!

!

!

!

!

!

(Lonza Group Ltd., Basel, Switzerland).
Flow cytometry

Ibudilast blocked STAT3 activation
STAT3 is a transcription factor that controls Th17 cell

Cultured differentiated Th17 cells were re-stimulated

differentiation of nTh cells.８） Thus, we hypothesized that

with phorbol myristate acetate, ionomycin, and BD Gol-

ibudilast inhibits STAT3 activation. After isolation from 4

giStopTM (BD Biosciences, San Jose, CA, USA) for 5 h. Re-

healthy volunteers, nTh cells were stimulated with cytoki-

stimulated cells were fixed and permeabilized using a

nes and were differentiated into Th17 cells in the presence
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Fig. 1 Naïve helper T cells from healthy volunteers (n＝5) were treated with ibudilast and stimulated, as described in the
Methods section. Stimulated cells were stained and assessed using flow cytometry. Gates 1 and 2 were set to isolate CD4＋
cells. The numbers of Th17A＋ cells was significantly lower after ibudilast treatment. ＊p＜0.05, Dunnettʼs test.
IL-17A: interleukin-17A, Th17A＋ : T helper17A＋

or absence of ibudilast. After 30 minutes of stimulation,

treatment for MS patients. Specifically, relapse rates were

ELISA showed that activated STAT3 in cell lysates was

reduced by ibudilast in patients with active MS.１１） In addi-

significantly decreased in the presence of ibudilast (Fig. 2).

tion, a phase 2 study of ibudilast for MS patients showed
significant effects on rates of newly active lesions and re-

Discussion

lapse. In radiologic studies, ibudilast appeared to have neu-

In this study ibudilast inhibited differentiation of Th17

roprotective effects.１２） Moreover, IL-17 had neurotrophic

cells from nTh cells. Moreover, ibudilast suppressed the

effects and induced neurodegeneration in MS patients.１５，１６）

activity of the transcription factor STAT3, which is in-

Phosphodiesterase types 3 and 4 are predominantly expressed in immune cells, and inhibitors of these phosphodi-

volved in Th17 cell differentiation.
Several previous animal studies showed that ibudilast

esterase types decreased Th1 cytokine production in T

significantly suppresses cytokines such as tumor necrosis

cells from patients with MS.１７） The pharmacologic effects

１３，
１４）

More-

of ibudilast are also related to inhibition of phosphodi-

over, in human studies, 4-week treatment with ibudilast

esterase type 4 and other phosphodiesterases. Treatment

downregulated messenger ribonucleic acid (mRNA) ex-

with the phosphodiesterase type 4 inhibitor cilomilast

pression of Th1 cell cytokines IFN-γ and TNF-α and

markedly decreased conjunctival expression of IL-6, IL-23,

upregulated expression of Th2 cell cytokines IL-4 and IL-

and IL-17 in an experimental dry eye animal model of

10.１１）

Sjögren disease and decreased expressions of IL-17 and IL-

factor (TNF)-α, interferon (IFN)-γ, IL-1β, and IL-6.

Several studies reported that ibudilast is an effective

23 in lymph nodes.１８）
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Fig. 2 After isolation from healthy volunteers (n＝4), naïve helper
T cells were stimulated for 30 min as described in the Methods section. Phosphorylated STAT3 was assayed using ELISA kits. STAT3
phosphorylation was suppressed by ibudilast.
＊p＜0.05, Dunnettʼs test.
STAT3: signal transducer and activator of transcription 3,
ELISA: enzyme-linked immunosorbent assay, OD: optical density

STAT3 is activated by IL-6 and IL-23 and is critical in
８）

Th17 cell differentiation. In the present study ibudilast inhibited STAT3 activation, which suggests that its pharmacologic effects are related to nonselective inhibition of
phosphodiesterases. In support of this hypothesis, a previous study found that the phosphodiesterase inhibitor pentoxifylline, which has anti-angiogenic activity against
many cancers, suppressed phosphorylation and binding of
STAT3.１９） Moreover, pentoxifylline decreased TNF-α and
IL-12 mRNA expression and increased IL-4 and IL-10
mRNA expression in PBMCs of MS patients.２０）
Ibudilast is orally active, inexpensive, and well tolerated
by most MS patients. Thus, the present changes in Th17
cell differentiation via STAT3 suppression are a potential
pharmacologic mechanism for treatment of MS.
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