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ABSTRACT

Ursolic acid (UA) is a pentacyclic triterpenoid carboxylic acid that is found in plants and
herbal products. It is one of the chemopreventive agents, which can suppress cancer cell pro-
liferation and induce apoptosis. UA possesses various biological activities including anti-
cancer, anti-inflammatory, anti-oxidative and hepatoprotective activity. We investigated the
effect of UA on cytokine production via the MAPK pathways in Jurkat leukemic T-cells,
showing that UA inhibited cell growth and proliferation of Jurkat cells, as well as suppressing
PMA/PHA induced IL-2 and TNF-a production in a concentration and time dependent man-
ner. The inhibition of IL-2 and TNF-a production by UA involved the c-Jun N-terminal ki-
nase (JNK) pathway, but not the extracellular-signal regulated protein kinase (ERK) pathway.
Future utilization of UA as a chemopreventive or therapeutic agent may provide an alternative
option for leukemia treatments.

Keywords: Ursolic acid, IL-2, TNF-a, ERK, JNK, Jurkat cells

INTRODUCTION Tang et al., 2009; Zhang et al., 2009; Wu et
al., 2010; Limami et al., 2011; Zheng et al.,
2012). Apoptosis induced by UA occurs
through multiple pathways, such as the in-
hibition of DNA replication, down-
regulation of anti-apoptotic proteins, sup-
pression of nuclear factor (NF)-xB activa-
tion, as well as other pathways (Cardenas et
al.,, 2004; Ikeda et al., 2008; Manu and
Kuttan, 2008; Tang et al., 2009; Zhang et
al., 2009; Yadav et al., 2010). UA can in-
hibit gene expression of pro-inflammatory
cytokines and suppress transcription factors
leading to apoptosis in B16F-10 melanoma

Leukemia is a malignancy of the blood
resulting in an increase of immature white
blood cells with abnormal functions. The
conventional treatment for patients suffer-
ing from leukemia is chemotherapy, in
which patients encounter many adverse side
effects. To reduce these side effects, alter-
native medicines in combination with con-
ventional treatments could provide other
options for treatment of leukemia. Ursolic
acid, a pentacyclic triterpenoid carboxylic
acid found in plants, has various biological

properties, including anti-inflammatory, 1 p i
anticancer, anti-angiogenic, and anti- cells (Manu and Kuttan, 2008). Cytokines

oxidative activities (Cardenas et al., 2004; are involved in signal transduction resulting
Ikeda et al.. 2008 Manu and Kuttan. 2008 in the activation of genes for growth and
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differentiation, and wvarious other cellular
activates. Pro-inflammatory cytokines such
as interleukin-2 (IL-2) and tumor necrosis
factor alpha (TNF-a) have both; im-
munostimulatory and immunosuppressive
functions (O'Shea et al., 2002; Bachmann
and Oxenius, 2007). Maximal IL-2 produc-
tion in Jurkat cells can be stimulated via
two signaling pathways; the first can be ini-
tiated using the ligand for the T-cell recep-
tor (TCR) along with a CD3 specific anti-
body, and the second by phorbol esters
(TPA) and calcium ionophore or co-
stimulation (Abraham and Weiss, 2004). T-
cell stimulation through protein kinase C6&
(PKC) activates multiple pathways result-
ing in the production of many transcription
factors and cytokines including IL-2
(Altman et al., 2000). A previous study has
shown that UA regulation of inflammatory
cytokines in T- and B-lymphocytes, in-
volves transcription factors such as NF-«kB,
nuclear factor of activated T cells (NF-AT)
and AP-1 along with the mitogen-activated
protein kinase (MAPK) pathways (Checker
et al., 2012).

The MAPK signaling pathways, includ-
ing the signaling proteins, extracellular-
signal regulated protein (ERK), c-Jun N-
terminal kinase (JNK) and p38 MAPK are
involved in the activation of T-cells in the
immune response, regulation of gene ex-
pression, cell proliferation and programmed
cell death in mammalian cells (Chang and
Karin, 2001; Dong et al., 2002; Platanias,
2003). The ERK pathway can mediate cell
proliferation and apoptosis depending on
the stimuli and cell type (Mebratu and
Tesfaigzi, 2009), whereas activation of JNK
regulates T-cell differentiation in the im-
mune system through TCR and the co-
stimulation molecule CD28, resulting in the
expression of IL-2 (Karin and Gallagher,
2005). Other studies show that fibroblasts,
which lack expression of all isoforms of
JNK (JNK-null), also show severe defects
in c-Jun expression, TNF-stimulated AP-1
expression and AP-1 DNA-binding activity,
which are essential for cytokine production
(Cloutier et al., 2003; Kennedy and Davis,

2003; Ventura et al., 2003). JNK is also in-
volved in both the extrinsic and intrinsic
apoptotic pathways (Dhanasekaran and
Reddy, 2008). Furthermore, UA induced
apoptosis in DU145 prostate cancer cells
and human leukemia K562 cells, which oc-
curs through the activation of the JNK
pathway (Liu and Jiang, 2007; Zhang et al.,
2009). However, the mechanism by which
UA effects cytokine production in leukemia
T-cells has not been fully identified. In the
present study we investigated the effects of
UA on IL-2 and TNF-a production via the
MAPK pathways in human leukemic Jurkat
T-cells.

MATERIALS AND METHODS

Cell culture

Jurkat leukemic T-cell lines were cul-
tured in RPMI-1640 (Hyclone, USA) sup-
plemented with 10 % heat-inactivated fetal
bovine serum (FBS). The cells were main-
tained in logarithmic growth at 37 °C in a
humidified atmosphere containing a mix-
ture of air and 5 % CO,. Ursolic acid (UA:
3B-hydroxy-12-urs-12-en-28-oic acid)
(Sigma Aldrich, Switzerland) was dissolved
in DMSO at 25 mM and stored at 4 °C.

Cell viability assay

Cell viability was determined using the
XTT assay kit (Sigma Aldrich, USA).
Jurkat cells (1x10° cells ml™") were seeded
in 96-well plates, treated with UA and
maintained in normal culture conditions for
12 hours. As a control, DMSO was added
to the culture at < 0.1 %. XTT working so-
lution (20 pl) was then added into each well
and incubated for 4 hours before the ab-
sorbance was read at a wavelength of
450 nm with a reference 690 nm using a
microtiter plate reader (BioTek, USA).
Three independent XTT experiments were
performed and the final percent cell viabil-
ity was calculated.
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Enzyme-linked immunosorbent assay
(ELISA) of IL-2 and TNF-a

Jurkat cells (1x10° cells ml') were
treated with 20 uM UA or, as a positive
control, 12.5 ng ml"' Phorbol 12-Myristate
13-Acetate (PMA) plus 0.25 pg ml™" Lectin
from Phaseolus vulgaris/Leucoagglutinin
(PHA-L) (Sigma Aldrich, USA), and incu-
bated for 1 to 24 hours. Cells were also
treated with < 0.1 % DMSO as a vehicle
control. To test cytokine inhibition, cells
were treated with UA, 20 uM ERK inhibi-
tor (PD98059) or 20 uM JNK inhibitor
(SP600125) (Sigma Aldrich, USA) for be-
tween 0 and 12 hours prior to the addition
of PMA/PHA. The cells were then incubat-
ed a further 12 hours before the culture me-
dia was collected and stored at -70 °C such
that the IL-2 and TNF-a levels could be de-
termined using the ELISA kit (R&D Sys-
tems, USA) at a later date. The absorbance
was read at wavelength of 450 nm with a
reference 540 nm using a microtiter plate
reader (Perkin Elmer, Finland). Cytokine
level was normalized to the total protein
concentration of the viable cell pellets using
the Bradford method with Bio-Rad protein
assay reagent (Bio-Rad, CA). ELISA data
were determined from three independent
experiments.

Western blot analysis

Jurkat cells (1x10° cells ml') were
treated with 20 uM UA or PMA/PHA (pos-
itive control) for between 1 and 24 hours or
cells were treated with 20 uM UA for be-
tween 0 and 12 hours prior to the addition
of PMA/PHA for a further 12 hours. The
cells were then washed with ice-cold phos-
phate-buffered-saline (PBS, pH 7.4) and
centrifuged at 1,500 rpm for 5 minutes
three times. Whole cell lysate was prepared
using lysis buffer containing 25 mM Tris-
phosphate (pH 7.8) 2 mM DTT, 2mM 1,2-
diaminocyclohexane-N,N,N’,N’-tetraacetic
acid, 10 % glycerol, 1 % Triton® X-100 and
protease inhibitor cocktail (Sigma Aldrich,
USA). A total of 5 pg protein extract was
separated by electrophoresis on a 10 %
SDS-Polyacrylamide gel and transferred

onto a Polyvinylidene difluoride (PVDF)
membrane (Millipore, USA). Membranes
were blocked with 5% non-fat milk in
0.1 % Tween-20 in TBS buffer for 1 hour at
room temperature. The membranes were
then incubated with primary antibody
against p-ERK1/2, ERK1/2, SAPK/JNK, or
B-actin with a dilution factor of 1:4000 or
against p-SAPK/JNK with a dilution factor
of 1:1000, (Cell signaling, USA) at 4 °C
overnight. Membranes were then washed
with 0.1 % Tween-20 in TBS buffer three
times and then incubated with horseradish
peroxidase (HRP) conjugated secondary
antibodies (1:4000, Cell signaling, USA)
for 45 minutes. Membranes were again
washed three times and protein expression
was detected with enhanced chemilumines-
cence (ECL) western blotting substrate
(Pierce, USA) and to Hyperfilm-ECL (GE
healthcare, UK). The intensity of the im-
munoreactive bands from Western blot im-
ages was analyzed using NIH Image J com-
puter software. Western blot analyses were
performed from three independent experi-
ments.

Statistical analysis

Statistical analysis of data was per-
formed using one-way analysis of variance
(ANOVA). Data are expressed as mean
values = SEM. Values of P < 0.05 are con-
sidered statistically significant.

RESULTS

Inhibition of leukemic T-cell proliferation
by ursolic acid

In this study, we examined whether UA
inhibited the growth of Jurkat cells in a
concentration dependent manner. Cells
were treated with UA (5 to 100 uM) or
DMSO for 12 hours as described above and
cell viability was determined using the XTT
assay. The results show that UA at 30 uM
and above significantly inhibits cell growth
(Figure 1), giving an ICsy value of approx-
imately 32.5 uM.

104



EXCLI Journal 2013;12:102-114 — ISSN 1611-2156

Received: October 08, 2012, accepted: February 06, 2013, published: February 08, 2013

100+

% Cell viability
= g 8
1 1 1

»n
o
1

45
Log [UA](M)

-5.5 -5.0 -4.0

Figure 1: Inhibition of leukemic T-cell growth by
ursolic acid. Jurkat cells were treated with UA
(5 to 100 uM) or DMSO for 12 hours. Cell viabil-
ity was determined using the XTT assay. Re-
sults are expressed as mean + SEM from three
independent experiments. Statistical analysis
was carried out with one-way ANOVA followed
by Tukey’s multiple comparison test compared
with DMSO (** P < 0.01, *** P < 0.001).

Effect of ursolic acid on IL-2 and TNF-a
production

We investigated the effect of UA on cy-
tokine production in Jurkat cells, starting
with either UA or DMSO alone using ELI-
SA, which resulted in no significant effect
on IL-2 and TNF-a production (data not
shown). We then treated cells with
PMA/PHA (12.5 ng ml™ / 0.25 ug ml™) to
observe the time and level of cytokine se-
cretion. The results show that PMA/PHA
stimulates IL-2 and TNF-a production sig-
nificantly in a time dependent manner com-
pared with control (DMSO) (Figure 2). IL-2
and TNF-a secretion were significantly in-
creased at 12 hours and 3 hours respecti-
vely.
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Figure 2: Effect of PMA/PHA on IL-2 and TNF-
o production in Jurkat cells. Cells were treated
with PMA/PHA (12.5 ng mlI™ / 0.25 ug mi™") for 1
to 24 hours. IL-2 and TNF-a released to the
media were determined using ELISA. Results
are expressed as mean = SEM from three in-
dependent experiments. Statistical analysis was
carried out with one-way ANOVA followed by
Tukey’s multiple comparison test compared
with DMSO control (** P < 0.01, *** P < 0.001).

Effect of ursolic acid on inhibition of
PMA/PHA-induced IL-2 and TNF-a
production

Since UA failed to induce cytokine pro-
duction in Jurkat cells, we therefore inves-
tigated whether UA was able to inhibit
PMA/PHA-induced IL-2 and TNF-a pro-
duction. The cells were pretreated with var-
1ous concentrations of UA, below the ICs
(32.5 uM), and at various time points prior
to the addition of PMA/PHA. Using ELISA
we found that, UA significantly decreased
the cytokine production compared with that
of PMA/PHA alone. Furthermore, we found
that UA inhibits the PMA/PHA stimulated
production of IL-2 and TNF-a in a time and
dose dependent manner (Figure 3a, b). Re-
ports have previously shown that MAPK
pathways are involved in cytokine produc-
tion (Dong et al., 2002; Platanias, 2003),
therefore in order to investigate whether
MAPK inhibitors are sufficient to inhibit
the production of IL-2 and TNF-o, we
measured the level of IL-2 and TNF-a re-
leased from cells treated with PD98059 or
SP600125. In contrast to UA, both inhibi-
tors inhibit the PMA/PHA-induced IL-2
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and TNF-a production without pretreatment
(Figure 3c, d). However, inhibition of TNF-
a production by PD98059 is less effective
compared with that of SP600125. The IL-2
and TNF-oa level after treatment with
PMA/PHA were measured as 9,551.48 +
935.90 pg mg™ protein and 938.04 + 85.03
pg mg” protein, respectively (dashed lines).
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Figure 3: Effect of UA and MAPK inhibitors on
inhibition of PMA/PHA-induced IL-2 and TNF-a
production. Cells were treated with DMSO (con-
trol), UA, PD98059 or SP600125 for 0 to 12
hours and then stimulated with PMA/PHA for a
further 12 hours. The IL-2 (a), (c) and TNF-a
(b), (d) were determined using ELISA. Results
are expressed as mean = SEM from three in-
dependent experiments. Statistical analyses
were carried out with one-way ANOVA followed
by Tukey’s multiple comparison test compared
with positive controls (PMA/PHA) (* P < 0.05,
** P <0.01, ** P <0.001).

Effect of UA and PMA/PHA on MAPK
activation and expression in Jurkat
leukemic T-cells

We have shown in our previous results
that PMA/PHA and not UA induce cyto-
kine release from the Jurkat cells. As
MAPK pathway proteins are involved in
cytokine production, we therefore investi-
gated the expression and phosphorylation of
ERK and JNK proteins in cells treated with
PMA/PHA or UA. Western blot analyses
were performed from three independent ex-
periments to determine the level of each
protein, corresponding to the intensity of
the protein bands. Western blot analysis of
the proteins from cells treated with
PMA/PHA (Figure 4a) represents the ex-
pression of phosphorylated ERKI1/2 (p-
ERK1/2), ERK1/2 and B-actin. The highest
relative level of p-ERK1/2 is seen at 24
hours (Figure 4b) and relative level of
ERK1/2 expression does not change com-
pared with control cells (Figure 4c). The
relative ratio between p-ERK1/2 and
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ERK1/2 level reveals that PMA/PHA in-
duces maximal phosphorylation of ERK
significantly at 24 hours (Figure 4d). Figure
4e represents the expression of phosphory-
lated JNK (p-JNK), JNK, and B-actin from
cells treated with PMA/PHA. The highest
significant relative level of p-JNK occurs at
1 hour but the p-JNK level is decreased
significantly from 6 hours until 24 hours of
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treatment (Figure 4f). The relative level of
JNK does not change compared with that of
control cells (Figure 4g). Relative ratio be-
tween p-JNK and JNK level indicates that
PMA/PHA significantly induces maximal
phosphorylation of JNK at 1 hour. Howev-
er, it also significantly inhibits phosphory-
lation of JNK from 6 hours to 24 hours
(Figure 4h).
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Figure 4: Effect of PMA/PHA on the activity of ERK1/2 and JNK in Jurkat leukemic T-cells; Western blot analysis
(representative figure of three independent experiments). Cells were incubated with PMA/PHA for 1 to 24 hours,
or only DMSO (C) for 24 hours. Protein expression of (a) p-ERK1/2 (42, 44 kDa), ERK1/2 (42, 44 kDa) and (-
actin (45kDa) was detected by Western blot and normalized with B-actin. (b), (c), (d) Relative p-ERK, ERK and p-
ERK/ERK protein level was calculated. Protein expression of (e) p-JNK (46, 54 kDa), JNK (46, 54 kDa) and j-
actin (45kDa) was detected by Western blot and normalized with -actin. (f), (g), (h) Relative p-JNK, JNK and p-
JNK/JNK protein level was calculated. Statistical analysis was carried out with one-way ANOVA followed by Tuk-
ey’s multiple comparison test compared with positive controls (PMA/PHA) (* P < 0.05, ** P < 0.01)
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Figure 5a shows expression of p-
ERK1/2, ERK1/2 and B-actin. Maximum
relative level of p-ERK is found at 24 hours
(Figure 5b) and there is no change in the
expression level of ERKI1/2 (Figure 5c)
compared with that of the control. Relative
ratio between p-ERK1/2 and ERK1/2 level
indicates that UA, similar to PMA/PHA,
significantly induces ERK phosphorylation
at 24 hours (Figure 5d). Figure 5e repre-
sents expression of p-JNK, JNK and f-
actin. The relative level of p-JNK is signifi-
cantly reduced from 3 to 24 hours, except at
12 hours (Figure 5f), whereas relative level
of JNK is decreased from 3 hours with sig-
nificant reduction at 18 and 24 hours (Fig-
ure 5g). However, relative ratio between p-
JNK and JNK level shows no significant
difference from that of the control, which
indicates that the reduction of p-JNK is not
caused by the inhibition effect but rather
suppression of JNK expression by UA
(Figure 5h).

Inhibition of PMA/PHA-induced IL-2 and
TNF-a production by ursolic acid via the
JNK pathway

We have shown that PD98059,
SP600125 and UA inhibited PMA/PHA-
induced IL-2 and TNF-a production of
Jurkat cells. However, UA inhibits IL-2 and
TNF-a production in a concentration and
time dependent manner, furthermore, with
UA pretreatment is required. We suspected
that inhibition of IL-2 and TNF-a produc-
tion might involve the MAPK pathways.
Therefore, at the time points where we saw
inhibition of IL-2 and TNF-a production by
UA, we investigated the activation and ex-
pression of MAPK proteins inside the cells.
Three independent Western blot analyses
were performed to determine the level of
each protein. Western blot analysis shows
the highest intensity of p-ERK1/2 (Figure
6a) and the maximum relative level of p-
ERK1/2 at 12 hours of UA treatment prior
to the addition of PMA/PHA (Figure 6b).
The relative level of ERKI1/2 does not
change compared with that of control (Fig-
ure 6c). The relative ratio between p-

ERK1/2 and ERK1/2 level shows that pre-
incubation of Jurkat cells with UA 20 pM
for 12 hours prior to the addition of
PMA/PHA, results in maximal p-ERK1/2
level (Figure 6d). The induction of p-
ERK1/2 follows a trend similar to that of
cells treated with either PMA/PHA or UA
alone (Figure 4d, 5d).

Western blot analysis shows that a
longer UA treatment time prior to the addi-
tion of PMA/PHA, results in lower expres-
sion of p-JNK and JNK (Figure 6e). The
relative level of p-JNK and JNK expression
shows significant reduction from 4 hours
for the p-JNK and 6 hours for the JNK re-
spectively (Figure 6f and 6g). The relative
ratio between p-JNK and JNK level shows
no significant difference between control
and UA treatment prior to PMA/PHA stim-
ulation (Figure 6h). This indicates that the
reduction of p-JNK is caused by suppres-
sion JNK protein such that only a low
amount of JNK is available for phosphory-
lation. From our previous results, we have
shown that PMA/PHA can induce phos-
phorylation of JNK in the first hour of
treatment. However, this result shows that
pretreatment of UA can decrease PMA/
PHA-induced p-JNK due to JNK suppres-
sion.
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Figure 5: Effect of UA on the activity of ERK1/2 and JNK in Jurkat leukemic T-cell; Western blot anal-
ysis (representative figure of three independent experiments). Cells were incubated with 20 yM UA for
1 to 24 hours, or only DMSO (C) for 24 hours. Protein expression of (a) p-ERK1/2 (42, 44 kDa),
ERK1/2 (42, 44 kDa) and B-actin (45kDa) was detected by Western blot and normalized with B-actin.
(b), (c), (d) Relative p-ERK, ERK and p-ERK/ERK protein levels were calculated. Protein expression
of (e) p-JNK (46, 54 kDa), JNK (46, 54 kDa) and B-actin (45kDa) were detected by Western blot and
normalized with B-actin. (f), (g), (h) Relative p-JNK, JNK and p-JNK/JNK protein levels were calculat-
ed. Statistical analysis was carried out with one-way ANOVA followed by Tukey’s multiple comparison
test compared with positive controls (PMA/PHA) (* P < 0.05, ** P < 0.01, *** P < 0.001, *** P <
0.0001).
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Figure 6: Inhibition of PMA/PHA induced-IL-2 and TNF-a production by ursolic acid via the JNK pathway; West-
ern blot analysis (representative figure of three independent experiments). Cell were pre-incubated with UA for 0
to 12 hours, PD98059 or SP600125 for 12 hours prior to addition of PMA/PHA for a further 12 hours, or only
DMSO (C) for 24 hours. For positive control (P) cells were left without treatment for 12 hours prior to addition of
PMA/PHA for a further 12 hours. Protein expression of (a) p-ERK1/2 (42, 44 kDa), ERK1/2 (42, 44 kDa) and (-
actin (45kDa) was detected by Western blot and normalized with B-actin. (b), (c), (d) Relative p-ERK, ERK and p-
ERK/ERK protein level was calculated. Protein expression of (e) p-JNK (46, 54 kDa), JNK (46, 54 kDa) and (-
actin (45kDa) was detected by Western blot and normalized with B-actin. (f), (g), (h) Relative p-JNK, JNK and p-
JNK/JNK protein level was calculated. Statistical analysis was carried out with one-way ANOVA followed by Tuk-
ey’s multiple comparison test compared with positive controls (PMA/PHA) (* P < 0.05, ** P < 0.01, *** P < 0.001,

**** P < 0.0001).
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DISCUSSION

With anticancer properties via inhibition
of cell proliferation, UA inhibits the growth
of many cancerous cells such as human HT-
29 colon cancer cells, Burkitt lymphoma
P3HRI1 cells and chronic myelogenous leu-
kemia K562 cells with ICsy values ranging
from 5-40 uM, depending on cell type and
length of treatment (Chiang et al., 2003;
Shan et al., 2009). Our study shows that UA
inhibits the growth of Jurkat cells with an
ICso of 32.5 uM, percentage cell viability
inversely corresponds with UA concentra-
tion and treatment time, and cell viability is
significantly decreased with concentrations
higher than the ICsy for UA. We also
demonstrate that UA does not stimulate,
rather it suppresses PMA/PHA induced IL-
2 and TNF-a production in a concentration
and time dependent manner. With a high
concentration of UA, both IL-2 and TNF-a
production are significantly inhibited at ear-
ly time points. However, even at high con-
centrations, UA shows little inhibition of
cytokine production unless it was pre-
incubated with cells prior to PMA/PHA
stimulation, suggesting that UA has a de-
layed effect on inhibition of IL-2 and TNF-
a production. IL-2 is known to promote cell
proliferation, inhibit apoptosis and induce
cytokine production in many cells; it is also
necessary for the regulation of T-cell func-
tion. TNF-a is a pro-inflammatory cyto-
kine, which is important in the regulation of
immune cells, induction of apoptosis and
the induction of other cytokines (O'Shea et
al., 2002; Nelson, 2004; Bradley, 2008).
Taken together, Jurkat cell proliferation is
inhibited by a reduction in cytokine produc-
tion. UA does not always inhibit cytokine
production; according to a study showing
that aggregated UA binding with CD36 in-
duced IL-1p secretion through the p38
MAPK, ERK1/2 pathways and caspase-1
activation in RAW264.7 mouse macro-
phage cells (Ikeda et al., 2007).

Although many studies have shown that
UA can inhibit cytokines (Ikeda et al.,
2008; Manu and Kuttan, 2008; Checker et
al., 2012), and induce apoptosis through

JNK pathway stimulation in Jurkat cells
(Liu and Jiang, 2007; Dhanasekaran and
Reddy, 2008; Gao et al., 2012), these stud-
ies have not clarified the involvement or
relationship between inhibition of PMA/
PHA-induced cytokine production by UA
and the MAPK signaling pathway in human
leukemia T-cells. Firstly we demonstrated
that IL-2 and TNF-o production are in-
volved both the ERK and JNK pathway us-
ing PD98059 and SP600125. We also found
that both UA and PD98059 inhibit IL-2 and
TNF-a production but UA does not inhibit
phosphorylation of ERK as PD98059 does,
instead it induces phosphorylation of ERK.
The results suggest that inhibition of IL-2
and TNF-a production by UA may not be
related to the ERK pathway and the mecha-
nisms of cytokine inhibition by UA and
ERK inhibitor are likely to be regulated dif-
ferently. Activation of the JNK pathway is
required for the gene expression of many
cytokines, especially IL-2 in T cells (Isakov
and Altman, 2002). We found that JNK ex-
pression is significantly suppressed, sug-
gesting that the inhibition of cytokine pro-
duction by UA involves the JNK pathway
but not the ERK pathway. From our results,
PMA/PHA induces JNK phosphorylation in
the early hours of treatment and cytokine
production occurs later on. UA, with pre-
treatment prior to PMA/PHA stimulation,
does not directly inhibit PMA/PHA-
induced JNK phosphorylation, but rather
suppresses JNK expression. Only a low
amount of JNK remains to be phosphory-
lated as a result of PMA/PHA treatment.
Longer UA pretreatment, also significantly
inhibits PMH/PHA-induced cytokine pro-
duction. Taken together, JNK suppression
by UA, results in insufficient JNK to be
phosphorylated by PMA/PHA such that
production of cytokines is consequently in-
hibited. Inhibition of cytokine production
through JNK pathway, especially IL-2 and
TNF-a in T cells leads to retardation of cell
growth and activation.

However, IL-2 expression may not be
restricted to the JNK pathway, as a previous
study has demonstrated that expression of a

111



EXCLI Journal 2013;12:102-114 — ISSN 1611-2156

Received: October 08, 2012, accepted: February 06, 2013, published: February 08, 2013

dominant negative ERK mutant in Jurkat
cells results in the suppression of IL-2 pro-
duction. (Li et al., 1999). Investigations into
other signaling pathway proteins and their
mechanisms such as PKC, MKK4, MKK?7,
c-Jun or transcription factors such as AP-1
should be carried out, as they may be in-
volved in cytokine inhibition by UA. PMA-
induced PKC activation stimulates AP-1
transcription factor via the JNK pathway,
resulting in an increase of IL-2 gene ex-
pression (Isakov and Altman, 2002; Gaffen
and Liu, 2004; Karin and Gallagher, 2005).
However, induction of IL-2 gene expres-
sion by activation of AP-1 through the ERK
pathway does not involve PKC (Gaffen and
Liu, 2004). Although further evaluation of
the mechanisms involved is required, UA’s
ability to induce apoptosis and inhibit cell
proliferation makes it a great candidate for
use as an anticancer/leukemia drug. How-
ever, it is also necessary to investigate the
toxicity of UA on normal blood cells before
further clinical research into the therapeutic
potential of UA.

ACKNOWLEDGEMENTS

This research was supported, in part, by
the 90" Anniversary of Chulalongkorn
University Fund (Ratchadaphiseksomphot
Endowment Fund) and Center for Research
and Development in Molecular Hematology
Sciences in the Chulalongkorn University
Centenary Academic Development Project.
Narawan Kaewthawee received tuition fee
scholarship and teaching assistant fellow-
ship from the Department of Clinical Mi-
croscopy, Faculty of Allied Health Scienc-
es, Chulalongkorn University. We thank
Dr. James M. Brimson for advice in our re-
search and Christopher A. Brimson for help
drafting our manuscript.

REFERENCES

Abraham RT, Weiss A. Jurkat T cells and
development of the T-cell receptor signal-

ling paradigm. Nat Rev Immunol 2004;4:
301-8.

Altman A, Isakov N, Baier G. Protein
kinase C theta: a new essential superstar on
the T-cell stage. Immunol Today 2000;21:
567-73.

Bachmann MF, Oxenius A. Interleukin 2:
from immunostimulation to immunoregu-
lation and back again. EMBO Rep 2007;8:
1142-8.

Bradley JR. TNF-mediated inflammatory
disease. J Pathol 2008;214:149-60.

Cardenas C, Quesada AR, Medina MA.
Effects of ursolic acid on different steps of

the angiogenic process. Biochem Biophys
Res Commun 2004;320:402-8.

Chang L, Karin M. Mammalian MAP
kinase signalling cascades. Nature 2001;
410:37-40.

Checker R, Sandur SK, Sharma D,
Patwardhan RS, Jayakumar S, Kohli V et
al. Potent anti-inflammatory activity of
ursolic acid, a triterpenoid antioxidant, is
mediated through suppression of NF-
kappaB, AP-1 and NF-AT. PLoS One
2012;7:e31318.

Chiang LC, Chiang W, Chang MY, Ng LT,
Lin CC. Antileukemic activity of selected

natural products in Taiwan. Am J Chin Med
2003;31:37-46.

Cloutier A, Ear T, Borissevitch O, Larivee
P, McDonald PP. Inflammatory cytokine
expression is independent of the c-Jun N-
terminal kinase/AP-1 signaling cascade in
human neutrophils. J Immunol 2003;171:
3751-61.

Dhanasekaran DN, Reddy EP. JNK
signaling in apoptosis. Oncogene 2008;27:
6245-51.

Dong C, Davis RJ, Flavell RA. MAP
kinases in the immune response. Annu Rev
Immunol 2002;20:55-72.

112



EXCLI Journal 2013;12:102-114 — ISSN 1611-2156

Received: October 08, 2012, accepted: February 06, 2013, published: February 08, 2013

Gaffen SL, Liu KD. Overview of inter-
leukin-2 function, production and clinical
applications. Cytokine 2004;28:109-23.

Gao N, Cheng S, Budhraja A, Gao Z, Chen
J, Liu EH et al. Ursolic acid induces apop-
tosis in human leukaemia cells and exhibits
anti-leukaemic activity in nude mice
through the PKB pathway. Br J Pharmacol
2012;165:1813-26.

Ikeda Y, Murakami A, Fujimura Y, Tachi-
bana H, Yamada K, Masuda D et al. Aggre-
gated ursolic acid, a natural triterpenoid,
induces IL-1beta release from murine peri-
toneal macrophages: role of CD36. J
Immunol 2007;178:4854-64.

Ikeda Y, Murakami A, Ohigashi H. Ursolic
acid: an anti- and pro-inflammatory
triterpenoid. Mol Nutr Food Res 2008;52:
26-42.

Isakov N, Altman A. Protein Kkinase
C(theta) in T cell activation. Annu Rev
Immunol 2002;20:761-94.

Karin M, Gallagher E. From JNK to pay
dirt: jun kinases, their biochemistry,

physiology and clinical importance.
IUBMB Life 2005;57:283-95.

Kennedy NJ, Davis RJ. Role of JNK in
tumor development. Cell Cycle 2003;2:199-
201.

Li YQ, Hii CS, Der CJ, Ferrante A. Direct
evidence that ERK regulates the
production/secretion of interleukin-2 in
PHA/PMA-stimulated T  lymphocytes.
Immunology 1999;96:524-8.

Limami Y, Pinon A, Leger DY, Mousseau
Y, Cook-Moreau J, Beneytout JL et al. HT-
29 colorectal cancer cells undergoing
apoptosis overexpress COX-2 to delay
ursolic acid-induced cell death. Biochimie
2011;93:749-57.

Liu XS, Jiang J. Induction of apoptosis and
regulation of the MAPK pathway by ursolic
acid in human leukemia K562 cells. Planta
Med 2007;73:1192-4.

Manu KA, Kuttan G. Ursolic acid induces
apoptosis by activating p53 and caspase-3
gene expressions and suppressing NF-
kappaB mediated activation of bcl-2 in
B16F-10 melanoma cells. Int Immuno-

pharmacol 2008;8:974-81.

Mebratu Y, Tesfaigzi Y. How ERKI1/2
activation controls cell proliferation and

cell death: Is subcellular localization the
answer? Cell Cycle 2009;8:1168-75.

Nelson BH. IL-2, regulatory T cells, and
tolerance. J Immunol 2004;172:3983-8.

O'Shea JJ, Ma A, Lipsky P. Cytokines and
autoimmunity. Nat Rev Immunol 2002;2:
37-45.

Platanias LC. Map kinase signaling path-
ways and hematologic malignancies. Blood
2003;101:4667-79.

Shan JZ, Xuan YY, Zheng S, Dong Q,
Zhang SZ. Ursolic acid inhibits prolifer-
ation and induces apoptosis of HT-29 colon
cancer cells by inhibiting the EGFR/MAPK
pathway. J Zhejiang Univ Sci B 2009;10:
668-74.

Tang C, Lu YH, Xie JH, Wang F, Zou JN,
Yang JS et al. Downregulation of surviving
and activation of caspase-3 through the
PI3K/Akt pathway in ursolic acid-induced
HepG2 cell apoptosis. Anticancer Drugs
2009;20:249-58.

Ventura JJ, Kennedy NJ, Lamb JA, Flavell
RA, Davis RJ. c-Jun NH(2)-terminal kinase
is essential for the regulation of AP-1 by
tumor necrosis factor. Mol Cell Biol 2003;
23:2871-82.

113



EXCLI Journal 2013;12:102-114 — ISSN 1611-2156

Received: October 08, 2012, accepted: February 06, 2013, published: February 08, 2013

Wu B, Wang X, Wang HH, Wang HT,
Yang W, Chi ZF et al. Apoptosis of jurkat
cells induced by ursolic acid and its

mechanism. Zhongguo Shi Yan Xue Ye
Xue Za Zhi 2010;18:61-6.

Yadav VR, Prasad S, Sung B, Kannappan
R, Aggarwal BB. Targeting inflammatory
pathways by triterpenoids for prevention
and treatment of cancer. Toxins (Basel)
2010;2:2428-66.

Zhang YX, Kong CZ, Wang HQ, Wang
LH, Xu CL, Sun YH. Phosphorylation of
Bcl-2 and activation of caspase-3 via the c-
Jun N-terminal kinase pathway in ursolic
acid-induced DU145 cells apoptosis. Bio-
chimie 2009;91:1173-9.

Zheng QY, Jin FS, Yao C, Zhang T, Zhang
GH, Ai X. Ursolic acid-induced AMP-
activated protein kinase (AMPK) activation
contributes to growth inhibition and
apoptosis in human bladder cancer T24
cells. Biochem Biophys Res Commun
2012;419:741-7.

114



