
Biomolecules & Therapeutics, 16, 126-131(2008)

Anti-inflammatory Effects of UDCA on Splenocytes
Exposed to PMA/Ionomycin

So-Young PARKa, Jong Shick WOOc, Yu Jin JUNGc, Tae Joon WONc, Yun Ju HUHc, Chan Woo LEEc,
Hyo Shin KIMc, Seong Soo JOOb, Do Ik LEEc, and Kwang Woo HWANGc∗
aEnvironmental Toxico-Genomic & Proteomic Center, College of Medicine, Korea University,

Anamdong 5, Sungbuk ku, Seoul 136-705, Republic of Korea
bResearch Institute of Veterinary Medicine, Chungbuk University, Cheongju 361-763, Republic of Korea

cDepartment of Immunology, College of Pharmacy, Chung-Ang University,
221 Heuksuk-Dong, Dongjak-Ku, Seoul 156-756, Republic of Korea

(Received May 28, 2008; Accepted June 14, 2008)

Abstract − Immunosuppressive therapy after organ transplantation is routinely used to prevent rejection of the
organ, because this decreases the risk of adverse events, infection, and malignancies. Recently, ursodeoxy-
cholic acid (UDCA), which is isolated from the dried bile of adult Chinese bears, has been shown to reduce
the incidence and severity of acute rejection of liver allograft during early phase of liver transplantation. There-
fore, in this study, we investigated the effect of UDCA on the proliferation of splenocytes exposed to PMA plus
ionomycin. Our results demonstrated that UDCA decreased the splenocytes’ proliferation in a dose-depen-
dent manner. The decreased cell proliferation was accompanied with the decreased secretion of cytokines
such as IL-2, IFN-γ and TNF-α. In addition, the pretreatment of UDCA on splenocytes stimulated with PMA
plus ionomycin decreased the mRNA levels of cytokines (IL-2, IFN-γ and TNF-α) and costimulatory molecules
(B7.2 and PD-L1). These results suggest the beneficial effect of UDCA on organ transplantation by decreas-
ing lymphocyte proliferation.
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INTRODUCTION

Immunosuppressive therapy after organ transplantation
is routinely used to prevent rejection of the organ,
because this decreases the risk of adverse events, infec-
tion, and malignancies (Rubin, 1987). In case of human
liver allografts, its susceptibility to rejection is lower than
other organs (Wall and Ghent, 1995), but increasing num-
ber of reports regarding to the rejection indicate that
immunosuppressive regimens are necessary and benefi-
cial for liver transplantation (Girlanda et al., 2005). Early
immunosuppressive regimens used in liver transplanta-
tion consisted of cyclosporine A (CsA), a calcinurin inhibi-
tor. Even though CsA has remained the basis of early
immunosuppressive protocols, a notable incidence of
acute rejection episodes requires the modifications of regi-

mens (Casanovas Taltavull, 2004). The clinical symptoms
such as nephrotoxicity, and infectious, malignant compli-
cations limit the long-term implication of this drug. 

Ursodeoxycholic acid (UDCA, Fig. 1) is a bile acid that
is present in human bile at low concentration, and is iso-
lated from the dried bile of adult Chinese bears (Ikegami
and Matsuzaki, 2008). Since mid 1980s, UDCA has been
used widely in a variety of biliary and liver diseases (Pou-
pon et al., 1997; Tomida et al., 1999). Particularly, UDCA
is reported to induce biochemical, histological, and prog-
nostic improvement in patients with primary biliary cirrho-
sis without adverse reactions (Heathcote, 2000). UDCA
has also been shown to reduce the incidence and sever-
ity of acute rejection of liver allograft during early phase of
liver transplantation (Persson et al., 1990). Despite the
supportive effect of UDCA, the target molecules and the
mechanisms of action remain unknown.

In this study, we investigated the effect of UDCA on the
proliferation of splenocytes stimulated by PMA plus iono-
mycin. Our results demonstrated that UDCA decreased
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the splenocytes’ proliferation in a dose-dependent man-
ner. The decreased cell proliferation was accompanied
with the decreased secretion of cytokines such as IL-2,
IFN-γ and TNF-α. In addition, the pretreatment of UDCA
on splenocytes stimulated with PMA plus ionomycin
decreased the mRNA levels of cytokines (IL-2, IFN-γ and
TNF-α) and costimulatory molecules (B7.2 and PD-L1).

MATERIALS AND METHODS

Chemicals and reagents
Ursodeoxycholic acid (UDCA), cyclosporine A (CsA),

MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide), isopropyl alcohol, and DMSO (N,N-dimethyl
sulfoxide) were purchased from Sigma (St Louis, MO,
USA). Dulbecco's modified Eagle’s medium (DMEM),
fetal bovine serum (FBS), and penicillin and gentamycin
were also obtained from Sigma. 

Animals
C57BL/6 mice were obtained from Harlan & Winkel-

mann and kept under conditions of group housing (5 ani-
mals per cage), with food and water supplied ad libitum
and 12 h light/dark illumination. All experimental compo-
nents described were performed in accordance with
guidelines established by the Chung-Ang University Col-
lege of Pharmacy Animal Welfare and Safety program. 

Experimental animals and splenocyte culture
Female 7-8 weeks C57BL/6 mice were sacrificed and

spleens isolated. Single cell suspension of splenocytes
was obtained after passing tissues of spleen through
100 µm nylon mesh. Then, splenocytes were cultured in
Dulbecco's modified Eagle's medium (DMEM) supple-
mented with 10% fetal bovine serum (FBS). 

Determination of UDCA’s ability to protect spleno-
cytes proliferation

The ability of UDCA to protect mouse splenocytes from
PMA/Ionomycin were determined using MTT assays
which measure the potential of the cells to reduce MTT to
MTT formazan, a reflection of viability. Briefly, cultured
splenocytes were plated in 24-well tissue culture plates
overnight (5 × 105 cells/ml). Cells pretreated with differ-
ent concentrations of UDCA or cyclosporine (1 µg/ml) as
a control for 12 h incubation, were incubated with PMA/
Ionomycin (50 ng/ml and 500 ng/ml, respectively). After a
24 h incubation, MTT solution (10 µL per well of a 5 mg/
ml stock solution in PBS) was added for 4 h at 37oC, and
cells were subsequently lysed in the presence of 100 µl

lysis buffer (isopropyl alcohol-0.01N HCl). Optical density
of the resulting solutions was colorimetrically determined
at 570 nm using a microplate reader (Molecular Devices;
Ramsey, MN, USA). 

Proinflammatory and cytokine ELISA
Cytokine production of splenocytes was assessed

using enzyme-linked immunosorbent assay using the
method described by (Hwang et al., 2004). Briefly, cul-
tured splenocytes were plated in 24-well tissue culture
plates (5 × 105 cells/ml) overnight. Cells pretreated with
different concentrations of UDCA or cyclosporine (1 µg/
ml) for 30 min., were incubated with PMA/Ionomycin (50
ng/ml and 500 ng/ml, respectively). Supernatants were
harvested 24 h after exposure of splenocytes to PMA/Ion-
omycin. Alternatively, 96-well plates were coated over-
night at 4oC with anti-IL-2 (1 µg/ml in 0.1M NaHCO3; pH
8.2) or anti-INF-γ (2 µg/ml in 0.1M NaHCO3; pH 8.2), and
washed twice with PBS and 0.05% Tween 20 before the
addition of harvested supernatants. Concentration of
cytokines in each sample was detected by ELISA using
Ab pairs as instructed by the manufacturer (BD Pharmin-
gen). Absorbance was detected at 405 nm in a 96-well
spectrophotometer (Molecular Probes), and data were
analyzed by comparison to a standard curve generated
using recombinant cytokines at known concentrations. 

Measurement of mRNA levels by RT-PCR
Total RNA was prepared from splenocytes using TRI-

zol reagent (Invitrogen; Carlsbad, CA, USA) following the
manufacturer’s instructions. Aliquots of total RNA (1 µg)
were reverse transcribed using oligo (dT) and Super-
script II-Reverse Transcriptase (Invitrogen). cDNA tem-
plates for PCR amplication using a thermocycler (Applied
Biosystems, Foster city, CA, USA) were incubated with
the following primers (IL-2, sense; CCCACTTCAAGCTC-
CACTTC, anti-sense; TCTCAGCTG TGG TGGTGAAG,
IFN-α, sense; TTTGAGGTCAACAACCCACA, anti-sense;
CGCAAT CACAGTCTTGGCTA, TNF-α, sense; GTGC-
CAGCCGATGGGTTGTACC, anti-sense; AGGCCCACA
GTCCAGGTCACTG, PD-L1, sense; TGC TGCATAAT-
CAGC TACGG, anti-sense; GAGGAG GACCGTGGA-
CACTA, B7.2, sense; TCCAACAGC CTCTCTCTT TC,
anti-sense; TCACTCTGCATTTGGTTTTG. The house-
keeping gene, α-actin were used for the internal control
for each experiment. 

Data analysis
All data in the text and figures are expressed as the

mean ± SD. Statistical analyses were performed using
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Student’s t test. Differences were considered statistically
significant when p was < 0.05.

RESULTS

UDCA induced the cytotoxicity on splenocytes
Splenocytes are the mixture of white blood cells, and

are characteristically purified from the splenic tissues. In
this study, we examined the effect of UDCA on the cell
proliferation of splenocytes induced by PMA/Ionomycin.

We first examined the cytotoxic effects of UDCA on
splenocytes. Splenocytes plated on 24-well plates were
treated with different concentrations of UDCA. After 24 h
incubation, the cytotoxicity of UDCA on splenocytes was
determined using an MTT assay. Treatment of 100-250
µg/ml UDCA significantly decreased the cell viability of
splenocytes, while that of 50 µg/ml UDCA didn’t induce
the cytotoxicity on splenocytes (Fig. 1).

UDCA decreased the cell proliferation of murine
splenocytes stimulated by PMA/Ionomycin in a
dose-dependent manner

Next, we evaluated the effect of UDCA on cell prolifer-
ation of splenocytes using an MTT assay. Splenocytes
were pretreated with different concentrations of UDCA or
CsA (1 µg/ml) for 30 min. We used CsA (cyclosporine A)
in order to compare the magnitude of UDCA effect on cell
proliferation and cytokine suppression. Then, cells were
stimulated with PMA (50 ng/ml) plus ionomycin (500 ng/

ml) for 24 h (Ritter et al., 2005), and the cell proliferation
was determined using an MTT assay (Fig. 2). As expected,
CsA completely blocked the cell proliferation induced by
PMA plus ionomycin. The pretreatment of UDCA also
significantly decreased the cell proliferation in a dose-
dependent manner. Particularly, treatment of 250 µg/ml
UDCA almost completely inhibited the cell proliferation
induced by PMA plus ionomycin.

UDCA suppressed cytokine synthesis on spleno-
cytes stimulated by PMA and ionomycin in a dose-
dependent manner

Next, we investigated the effect of UDCA on secres-
tion of IL-2, which is important in the proliferation and
activation of T cells, using murine splenocytes. Spleno-
cytes were stimulated with PMA plus ionomycin for 24 h
after pretreatment with different concentrations of UDCA
or CsA. Then, supernatants were harvested and the
secretion of cytokines (IL-2 and IFN-γ) was determined
using ELISA method. As shown in Fig. 3, the concentra-
tions of IL-2 and IFN-γ in supernatants of control spleno-
cytes and CsA treated splenocytes were not detectable.
On the other hand, the secretions of IL-2 and IFN-γ were

Fig. 2. The effect of UDCA on the proliferation of splenocytes
stimulated with PMA/Ionomycin. Splenocytes pretreated with
different concentrations of UDCA for 12 h were incubated with
PMA (50 ng/ml) plus ionomycin (500 ng/ml) for an additional
24 h and the cell viabilities were then estimated by an MTT
assay. Note that pretreatment with UDCA dose-dependently
decreased the cell proliferantions stimulated by the treatment
of PMA plus ionomycin. Cyclosporin (1 µg/ml) was used as a
positive control. All data shown represent as the means ± SD.
The values were obtained from three independent experiments.
*p<0.05, different from the PMA/ionomycin alone treated groups.

Fig. 1. Effect of UDCA on cell viability in murine splenocytes.
Splenocytes treated with different concentrations of UDCA
were applied for an MTT assay to estimate the cell viability. All
data shown represents as the means ± SD. The values were
obtained from three independent experiments.
*p<0.05, different from control groups.
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dramatically increased in supernatants of splenocytes
treated with PMA/Ionomycin alone, where as the increases
of cytokine concentrations stimulated by PMA/Ionomycin
were significantly decreased by the pretreatment with
UDCA in a dose-dependent manner. These results sug-
gest that UDCA decreased T cell activation and prolifera-
tion by the inhibition of cytokine production.

UDCA decreased pro-inflammatory cytokine mRNA
levels

Next, we investigated whether pretreatment with UDCA
decreased the cytokine mRNA levels in splenocytes stim-
ulated by PMA/Ionomycin. As shown in Fig. 4, cytokine
mRNA levels in unstimulated control splenocytes were
very low, and treatment of unstimulated splenocytes with
UDCA or CsA didn’t increase the expression of cytokine
mRNA levels. In contrast, the stimulation of control sple-
nocytes with PMA/Ionomycin dramatically increased the
mRNA levels of IL-2, IFN-γ, and TNF-α. Conversely, pre-
treatment of splenocytes with CsA (1 µg/ml) before the
stimulation with PMA/Ionomycin significantly decreased
the expression of cytokine mRNAs as compared to PMA/
Ionomycin stimulated control splenocytes. Same as CsA
treated cells, cytokine mRNA levels decreased signifi-
cantly in UDCA (250 µg/ml) pretreated splenocytes in
advance of PMA/Ionomycin stimulation. UDCA is more
potent in suppressing IL-2, while it is less effective in sup-
pressing in TNF-α.

UDCA decreased co-stimulatory molecule mRNA
levels

It has been known that costimulatory molecule, B7.2 is
responsible for the activation of T cells by some stimuli
(Wahl et al., 2002), while PD-L1 plays an inhibitory role in
regulating T cell activation in the periphery, and is highly
expressed on inflammatory macrophages (Loke and Alli-
son, 2003). In order to evaluate the effects of UDCA on
the expression of costimulatory molecules in splenocytes
stimulated by PMA/Ionomycin, the mRNA levels of B7.2
and PD-L1 were determined using RT-PCR methods
(Fig. 5). B7.2 and PD-L1 mRNA levels were very low in
unstimulated control and UDCA alone treated spleno-
cytes, while the treatment of splenocytes with CsA with-

Fig. 3. Effect of UDCA on IL-2 secretion in PMA/Ionolycin
stimulated splenocytes. Splenocytes pretreated with different
concentrations of UDCA were stimulated by PMA/Ionomycin.
The secretion of IL-2 (A) and IFN-γ (B) were measured using
an ELISA. Cyclosporin (1 µg/ml) was used as a positive con-
trol. All data shown represent as the means ± SD. The values
were obtained from three independent experiments.
*p<0.05, different from the PMA/ionomycin alone treated groups.

Fig. 4. The effect of UDCA on cytokine mRNA levels in PMA/
Ionomycin stimulated splenocytes. Splenocytes pretreated with
UDCA (250 µg/ml) were stimulated by PMA and ionomycin for
24 h. The changes of mRNA levels of IL-2, IFN-γ, and TNF-α
were evaluated by RT-PCR. Cyclosporin (1 µg/ml) was used
as a positive control.
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out stimulation increased mRNA levels of both B7.2 and
PD-L1. On the other hand, stimulation of splenocytes with
PMA/Ionomycin increased both mRNA levels compared
to unstimulated splenocytes. However, pretreatment of
splenocytes with UDCA before the stimulation signifi-
cantly decreased the B7.2 and PD-L1 mRNA levels com-
pared to stimulated splenocytes, where as CsA treatment
prior to the stimulation rather increased both mRNA lev-
els compared to stimulated splenocytes. These results
indicate that the mechanisms of T cell inactivation
induced by UDCA are different from those by CsA.

DISCUSSION

UDCA which is isolated from the dried bile of adult Chi-
nese bears, has been used widely in a variety of biliary
and liver diseases since mid 1980s. Particularly, UDCA
has reduced the incidence and severity of acute rejection
of liver allograft during early phase of liver transplantation
(Persson et al., 1990). However, the target molecules and
the mechanisms of action remain unknown.

In this study, we demonstrated UDCA decreased the
splenocytes’ proliferation by the inhibition of cytokine and
co-stimulatory molecule production induced by PMA plus
ionomycin. UDCA has been reported to suppress the
secretion of IL-2, IL-4 and INF-γ from activated T lympho-
cytes (Tanaka et al., 1996). The immunosuppression by
orally administered UDCA enhanced liver regeneration in
partially hepatectomized rats (Liu et al., 2002).

IL-2 is a cytokine released by activated T-cells, while
IFN-γ is mainly produced by T-cells and NK-cells. On the
other hand, TNF-α is mainly derived from monocytes and
macrophages (Borish and Steinke, 2003). In our study,
UDCA suppressed the expression of IL-2 and INF-γ more
efficiently than that of TNF-α in splenocytes. Since sple-
nocytes are the mixture of white blood cells, these results

suggest that UDCA works on T cells more effectively
than macrophages.

Activation of T cells occurs through the engagement of
both the T cell receptor and CD28 on the T cell by the
major histocompatibility complex peptide and B7 family
members on the APC, respectively. The signaling path-
ways induce the released calcium, followed by the activa-
tion of calcineurin. This eventually activates the transcription
of L-2, a cytokine that promotes long term proliferation of
activated T cells. In this study, we employed PMA (phor-
bol 12-myristate 13-acetate) and ionomycin (Calcium ion-
ophore) as stimulants. PMA and ionomycin has been well
known to increase the expression of IL-2 and IFN-γ in T
cells, which are two necessary lymphokines in the devel-
opment of cytolytic T cells (Kelso and Gough, 1989;
Maraskovsky et al., 1989). Our results indicated that the
treatment of PMA plus ionomycin on splenocytes
increased the expressions of IL-2, IFN-γ and TNF-α,
which is in agreement with previous reports (Kelso and
Gough, 1989; Maraskovsky et al., 1989). Furthermore,
the pretreatment of UDCA in advance of PMA plus iono-
mycin suppressed the production of those cytokines com-
pared to PMA and ionomycin alone treated cells. On the
other hand, UDCA pretreatment on splenocytes prior to
PMA and ionomycin decreased the mRNA levels of B7.2
and PD-L1 compared to PMA and ionomycin alone
treated cells. B7.2 is one of costimulatory molecules
which is involved in activating T cells (Brown et al., 2003),
while PD-L1 is to inhibit T cell proliferation (Loke and Alli-
son, 2003). These results suggest that the suppression of
splenocytes’ proliferation induced by UDCA is through
the inhibition of cytokine production and co-stimulatory
molecue, B7.2, but not through PD-L1.

In summary, the pretreatment of UDCA on spleno-
cytes inhibited the cell proliferation stimulated by PMA
and ionomycin. This effect was mediated by the inhibi-
tion of cytokine production, and B7.2, costimulatory mole-
cule. These results support the beneficial effects of
UDCA on organ transplantation by reducing the lympho-
cytes’ proliferation, and eventually organ rejection.
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