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N-Farnesyloxy-norcantharimide inhibits progression of
human leukemic Jurkat T cells through regulation of
mitogen-activated protein kinase and interleukin-2

production

Ming-Che Chang®*, Jin-Yi Wu®*, Hui-Fen Liao®, Yu-Jen Chen® and

Cheng-Deng Kuo®

This study investigated the anticancer effects of
N-farnesyloxy-norcantharimide (NOC15), a newly
synthesized norcantharidin (NCTD) analogue, on human
leukemic Jurkat T cells and the signaling pathway
underlying its effects. We found that the half maximal
inhibitory concentration (IC50) of NOC15 on Jurkat T cells is
1.4 pmol/l, which is 11.14-fold (= 15.6+1.4) smaller than the
15.6 umol/l of NCTD on Jurkat T cells, whereas the IC50

of NOC15 on human normal lymphoblast (HNL) is

207.9 umol/l, which is 8.17-fold (= 1698.0+207.8) smaller
than the 1698.0 pmol/I of NCTD on HNL cells. These results
indicated that NOC15 exerts a higher anticancer effect on
Jurkat T cells and has higher toxicity toward HNL cells than
NCTD. Thus, NOC15 is 1.36-fold (= 11.14+8.17) beneficial as
an anticancer agent toward Jurkat T cells compared with
NCTD. Moreover, NOC15 can increase the percentage of
cells in the sub-G1 phase and reduce the cell viability of
Jurkat T cells, stimulate p38 and extracellular signal-
regulated protein kinase 1/2 (ERK1/2) of mitogen-activated
protein kinases (MAPKs) signaling pathway, and inhibit
calcineurin expression and interleukin-2 (IL-2) production.
However, NOC15 exerted no effects on the Jun-N-terminal
kinase 1/2 (JNK1/2) signaling pathway, the production of
IL-8, and tumor necrosis factor-a. We conclude that the

Introduction

Mylabris, a species of blister beetle (Mylabris phalerata
Pall.), has been used in traditional Chinese medicine for
over 2000 years for the treatment of malignant tumors
such as hepatoma, breast cancer, colorectal cancer, and
abdominal malignancy [1-4]. Cantharidin (exo-2,3-dime-
thyl-7-oxabicyclo[2.2.1]heptane-2,3-dicarboxylic acid
anhydride), which is one of the active compounds
obtained from Mylabris, is a potent serine/threonine
protein phosphatase 1, protein phosphates 2A, and pro-
tein phosphatase 2B [or calcineurin (CaN)] inhibitor
[5-7]. Cantharidin has anticancer properties both i vitro
and z ovivo [8,9], but the clinical applications of
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anticancer activity of the newly synthesized NOC15 is
1.36-fold beneficial than NCTD as an anticancer agent and
that NOC15 can increase the percentage of cells in the sub-
G1 phase through the stimulation of p38 and ERK1/2 of the
MAPK signaling pathway and the inhibition of calcineurin
expression and IL-2 production. The NOC15 may have the
potential of being developed into an anticancer agent in the
future. Anti-Cancer Drugs 26:1034-1042 Copyright © 2015
Wolters Kluwer Health, Inc. All rights reserved.
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cantharidin are restricted by its side-effects in the urinary
system and nephrotoxicity [10,11].

Norcantharidin (NCTD, exo-7-oxabicylo[2.2.1]heptane-
2,3-dicarboxylic anhydride), a demethylated analog of
cantharidin, is currently being used as an anticancer drug
in China [12]. This water-soluble synthetic small mole-
cule has been shown to be an effective anticancer agent
against certain cancers, including hepatoma [13], gall-
bladder carcinoma [14], leukemia [15], and colorectal
carcinoma [16]. It can also cause decreased tumor growth
and prolonged survival in animal models [17]. NCTD
was designed to reduce the intrinsic toxicity and to exert
anticancer activity with potency similar to that of can-
tharidin [18,19]. It was found that NCTD has a lower
toxicity toward normal cells compared with the cancer
cells [12,19,20] and has fewer side effects and nephro-
toxicity than cantharidin in the clinical settings [1].

DOI: 10.1097/CAD.0000000000000284


mailto:cdkuo23@gmail.com

The Jurkat T cell line is an eternalized T cell line that was
established from the peripheral blood of a 14-year-old boy
with acute T-cell leukemia in the late 1970s [21]. As
phorbol 12-myristate 13-acetate (PMA) plus ionomycin
(ION) can activate Jurkat T cells to produce large amounts
of interleukin-2 (IL.-2), the PMA plus ION is useful in the
screening of the anticancer capability and mechanism of
drugs [22-25]. The PMA plus ION is a T-cell activator,
and the PMA, which is a protein kinase C (PKC) activator,
is reported to protect T cells [22,23]. ION can increase the
calcium influx, which results in cytokine production.
Treatment with PMA plus ION in Jurkat T cells can
increase the PKC-Ras signaling pathway, resulting in cell
activations [24,25].

N-Farnesyloxy-norcantharimide (NOC15, C;3H33NOy),
which is a newly synthesized NC'TD derivative with the
N-farnesyloxy group, has high anticancer activity toward
hepatocellular carcinoma, bladder carcinoma, colorectal
adenocarcinoma, and acute promyelocytic leukemia [26].
NOCI1S5 also has anticancer efficacy in a syngeneic mouse
leukemia model by increasing the survival of mice and
decreasing the tumor weight [27]. However, the antic-
ancer mechanism of NOC1S5 is not clear. Therefore, this
study was designed to examine the effect of NOC15 on
cell viability, cell cycle, mitogen-activated protein kina-
ses (MAPKSs), and CaN expression, and the production of
IL-2, IL-8, and tumor necrosis factor-a (TNF-a) using
Jurkat T cells.

Materials and methods

Cells and cell culture

Human normal lymphoblast (HNL, BCRC number:
08C0058) and human acute T-cell leukemia Jurkat T
cells (Clone E6-1, BCRC number: 60424) were pur-
chased from the Bioresource Collection and Research
Center (BCRC), Taiwan. The HNL and Jurkat T cells
were cultured in RPMI 1640 medium (Promocell,
Heidelberg, Germany), supplemented with 10% certified
fetal bovine serum (Biological Industries, Kibbutz Beit
Haemek, Israel), 100 U/ml penicillin, and 100 pg/ml
streptomycin (Gibco, Grand Island, New York, USA),
and 0.1% mycoplasma removal agent (AbD Serotec,
Kidlington, Oxfordshire, UK) at 37°C in a humidified 5%
CO, incubator.

Chemical reagents

The PMA, TION, SB203580, PD98059, SP600125, anti-
CaN antibody, anti-phospho-extracellular  signal-
regulated protein kinase 1/2 (anti-p-ERK1/2) antibody,
and other chemicals used in this study were purchased
from Sigma (St Louis, Missouri, USA). The anti-p38,
anti-Jun-N-terminal kinase 1/2 (anti-JNK1/2), anti-
ERK1/2, and anti-p-JNK1/2 antibodies were purchased
from Upstate (Lake Placid, New York, USA). The anti-p-
p38 antibody was purchased from Chemicon (Ramona,
California, USA). The anti-p-actin and anti-rabbit I[gG
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antibodies were purchased from Millipore (Billerica,
Massachusetts, USA). The anti-mouse IgG antibody was
purchased from Genetex (Irvine, California, USA).

Chemical synthesis of NOC15

The NOCI15 was synthesized by Dr Jin-Yi Wu in a previous
report. Briefly, the key starting material in the study was the
readily synthesizable 5,6-dehydronorcantharidin, which was
prepared on a large scale through exo-selective cycloaddition
by the Diels—Alder reaction, of the relatively cheap furan
and maleic anhydride. Subsequent hydrogenation of
5,6-dehydronorcantharidin using 10% Pd/C as catalyst using
a modified procedure of Hill ez a/. [28] provided the starting
NCTD in an excellent yield. Then, the NCTD was made
to react with hydroxylamine hydrochloride in the presence
of sodium methoxide in dry methanol at room temperature
to produce N-hydroxynorcantharimide, which was then
reacted with farnesyl bromide in dry acetone in the presence
of K,COs3, and the reaction mixture was refluxed for 8-10 h
to obtain NOC15 in moderate yields. NOC15 was obtained
as a colorless liquid; the details of the "H and *C NMR
spectra have been described in a previous report. The
molecular weight for C,3H33NOy calculated using LC-MS
(ESI™, m/z) is 387.24, found for 410.21 [M + Na]* [26,27].

Cell viability assay

The cell viability assays were performed in 96-well plates
(SPL Life Sciences, Pocheon, Korea). A volume of 100 pl
of cell suspensions (HNL or Jurkat T cells, 5 X 10° cells/
well, serum-free medium) was inoculated in the wells and
the plates were preincubated in the incubator for 24 h
(preincubated for 22 h and stimulated with PMA 5 ng/ml
plus ION 250 ng/ml for 2h in PMA plus ION-treated
groups). Then, various concentrations of NCTD (0, 2, 4,
15, 30, and 60 pmol/l) or NOC15 (0, 0.25, 0.5, 1, 2, and 4
pmol/l) were added to the culture media in the wells. After
24 h of incubation, the cell viability of HNL and Jurkat T
cells was measured by cell counting kit-8 (CCK-8; Sigma).
CCK-8 utilizes the highly water-soluble tetrazolium salt
(WST-8) [2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-
5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt]
colorimetric method. The optical density of each well was
measured at 450 nm using a spectrophotometer. The
detection sensitivity of CCK-8 is higher than that of other
tetrazolium salts such as M'TT.

The half maximal inhibitory concentration (IC50) indi-
cates how much drug is needed to inhibit cell prolifera-
tion by half. The IC50 of NC'TD and NOC15 on Jurkat
T cells and HNL cells were calculated using the Probit
regression analysis program of the SPSS 13.0 software
(SPSS Inc., Chicago, Illinois, USA).

Net effect of anticancer agent

To facilitate the comparison of the net effects of anti-
cancer activity on cancer cells and the toxic effects on
normal cells between two anticancer agents, we define
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the anticancer activity ratio of agent X over agent Y
toward cancer cells and the toxicity ratio of agent X over
agent Y toward normal cells as the ratio of the reciprocals
of the IC50 of agents X and Y toward cancer cells and
normal cells, respectively.

Anticancerx )y = IC50 y cancer/IC50 X cancer,

TOXiCityX/Y = 1C50 Ynormal/ICSO Xnormal -

The net effect of agent X over agent Y was then defined
as follows:

Net effectx/y = Anticancery y/toxicityy e

Cell cycle analysis

The Jurkat T cells were collected and stained with pro-
pidium iodide to determine the DNA contents using a
flow cytometer. The cell suspensions were preincubated
in six-well plates for 24 h, stimulated with PMA 5 ng/ml
plus ION 250 ng/ml for 2 h, and treated with NOC15 at
IC50 for 24 or 48 h. After incubation, the cells were col-
lected and washed with PBS. Then, the cells were fixed
with ice-cold 70% ethanol for 1h and incubated with
0.1% 'Triton X-100, 0.2 mg/ml RNaseA, and 20 pg/ml
propidium iodide for 30 min at 4°C in the dark. Data
acquisition and cell cycle analysis were carried out using a
FACScan flow cytometer with CellQuest software
(Becton Dickinson, Lincoln Park, New Jersey, USA).
The samples were analyzed within 1h of propidium
iodide stain.

Protein extraction

To induce CaN and phosphorylated mitogen-activated
protein kinase (p-MAPKSs) production, the Jurkat T cells
were preincubated for 22 h and stimulated with PMA plus
ION for 2 h. After treatment with PMA plus ION, 04
pmol/l NOC15, and other chemical reagents, the Jurkat T’
cells were collected and washed with PBS. Then, the cells
were resuspended in 100 pl lysis buffer, which was com-
posed of RIPA lysis buffer (Millipore), protease inhibitor
cocktail tablets (Roche Diagnostics, Indianapolis, Indiana,
USA), phosphatase inhibitor cocktail tablets (Roche
Diagnostics), and 1 mmol/l sodium orthovanadate, and
homogenized at 4°C for 30 min. Finally, the cell suspen-
sions were centrifuged and the supernatants were col-
lected. The supernatants were stored at —80°C until use.
The concentrations of proteins were determined using
the Bio-Rad protein assay kit (Bio-Rad Laboratories,
Hercules, California, USA).

Western blot

Equal amounts of proteins were separated by SDS-
polyacrylamide gel electrophoresis (SDS-PAGE) and
then transferred to a polyvinylidene fluoride membrane
(Millipore). The membrane was blocked with 5% non fat
milk in TBST buffer (with 0.1% Tween-20; T-Pro

Biotechnology, Taipei, Taiwan) and then incubated with
primary antibodies against CaN, MAPKs (p38, ERK1/2,
and JNK1/2), p-MAPKs (p-p38, p-ERK1/2, and
p-JNK1/2), and B-actin (internal control) in TBST buffer.
Subsequently, the membrane was washed with TBST
buffer and incubated with secondary antibodies (anti-
mouse or anti-rabbit IgG). After incubation with sec-
ondary antibodies, the polyvinylidene fluoride mem-
brane was washed with TBST buffer. Determination of
target proteins and their density was performed using
enhanced chemiluminescence kits (Millipore) and the
UVP biospectrum 600 imaging system (UVP, Upland,
California, USA).

CaN cellular activity assay

The CaN cellular activity assay kit (Millipore) was used
to evaluate the CaN activity. The Jurkat T cells were
preincubated for 22h and stimulated with PMA plus
ION for 2 h. Then, various concentrations of NOC15 (0,
0.25, 0.5, 1, 2, and 4 pmol/l) were added to the culture
media. After incubation for 24 h, the cells were collected
to prepare a cell extract for the CaN activity assay.

Cytokine induction and measurement

To induce cytokine production, the Jurkat T cells were
preincubated for 22h and stimulated with PMA plus
ION for 2 h. Subsequently, the activated cells were cul-
tured with NOC15 at IC50 in the presence and absence
of SB203580, PD98059, and SP600125 at 2.5, 10, and 10
pmol/l, respectively. After incubation for 24 h, the culture
medium was centrifuged and collected for cytokine
measurement. The concentrations of ILL-2, ILL-8, and
TNF-a were measured using ELISA kits (eBioscience,
San Diego, California, USA).

Statistical analysis

The experimental data were described as means+SD.
Group comparison was performed using repeated-
measures analysis of variance on ranks, followed by the
Student-Newman—-Keuls post-hoc test. P less than 0.05
was considered significantly different. All statistical ana-
lyses were carried out using SigmaStat software
(SPSS Inc.).

Results

Effects of NCTD and NOC15 on cell viability

To determine the effects of NCTD and NOCI15 on the
cell viability of Jurkat T cells with/without PMA plus
ION, the Jurkat T cells were treated with NCTD (0, 2, 4,
15, 30, and 60 pmol/l) or NOC15 (0, 0.25, 0.5, 1, 2, and 4
pmol/l) for 24 h, respectively. The cell viability was
assessed using the CCK-8 test. Figure 1 shows that both
NCTD and NOCI1S5 significantly inhibited the growth of
Jurkat T cells in a dose-dependent manner. Moreover,
the pretreatment with PMA plus ION can increase
the viability of Jurkat T cells. The IC50 values of NCTD
and NOCI5 on Jurkat 'T' cells without PMA plus ION
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growth of Jurkat T cells in a dose-dependent manner, and the pretreatment with PMA plus ION can increase the cell viability. The IC50 value of NCTD
and NOC15 on Jurkat T cells without PMA plus ION pretreatment was estimated to be 15.6 and 1.4 pmol/l, respectively, and the IC50 of NCTD and
NOC15 on HNL was estimated to be 1698.0 and 207.9 umol/l, respectively. CCK-8, cell counting kit-8; HNL, human normal lymphoblast; IC50, half
maximal inhibitory concentration; ION, ionomycin; NCTD, norcantharidin; NOC15, N-farnesyloxy-norcantharimide; PMA, phorbol 12-myristate

13-acetate.

pretreatment were estimated to be 15.6 and 1.4 pmol/l,
respectively. Thus, the anticancer effect of NOC15 on
Jurkat T cells is 11.14-fold (= 15.6+1.4) more potent than
NCTD in terms of cell viability.

The viability of HNL exposed to NCTD and NOC15
was also assessed using the CCK-8 test (Fig. 1). Both
NCTD and NOCI15 inhibited the growth of HNL
slightly. The IC50 values of NCTD and NOC15 on
HNL cells were estimated to be 1698.0 and 207.9 pmol/l,
respectively. The toxic effect of NOC15 on HNL cells is
8.17-fold (=1698.0+207.9) more potent than NC'TD in
terms of cell viability.

Taking together the anticancer effect on Jurkat T cells
and the toxic effect on HNL cells, the NOC15 still exerts
1.36-fold (=11.14+8.17) more beneficial effects than
NCTD as an anticancer agent toward Jurkat T cells.

Effect of NOC15 on cell cycle

To examine the cell cycle variation of NOC15, the DNA
histogram was determined with propidium iodide stain-
ing using flow cytometry. As shown in Fig. 2, NOC15
increased the percentage of cells in the sub-G1 phase and
the G2/M phase, but decreased the percentage of cells in
the S phase. This result indicates that NOC15 can inhibit
cell growth by affecting the cell cycle.

MAPKSs’ expression and its phosphorylation in
NOC15-treated Jurkat T cells

Western blot was used to detect the expression of
MAPKSs and p-MAPKs in Jurkat T cells. As shown in
Fig. 3a, the expressions of p-p38 and p-ERK1/2 were
markedly increased in a dose-dependent manner by
treatment with 0.5-4 pmol/l NOC15. Figure 3b shows
that the expressions of p38, ERK1/2, and JNK1/2 were
not significantly changed by NOC15 treatment, and that
the expressions of p-p38 and p-ERK1/2 were sig-
nificantly increased comparing with the untreated con-
trol. However, the p-JNK1/2 expression was not altered
by NOC15 treatment (Fig. 3b).

Effects of MAPKs inhibitors on the viability of
NOC15-treated Jurkat T cells

Figure 1 indicates that NOCI15 effectively decreased the
cell viability in Jurkat T cells. The expressions of p-p38
and p-ERK1/2 were significantly increased by NOC15
treatment (Fig. 3). Figure 4 further shows that the
reduction in cell viability because of NOC15 could be
inhibited by p38 inhibitor (SB203580) and ERK1/2
inhibitor (PD98059), but not by JNK1/2 inhibitor
(SP600125).
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N-farnesyloxy-norcantharimide; PMA, phorbol 12-myristate 13-acetate.

Effect of NOC15 on CaN expression

Western blot and CaN cellular activity assay kit were used
to detect CaN expression in NOC15-treated Jurkat T
cells. Figure 5a shows that NOC15 markedly decreased
CaN expression in a dose-dependent manner, especially
when the concentration of NOC15 was 4 pmol/l. In
Fig. 5b, the CaN expression (by western blot) was slightly
decreased when the concentration of NOC15 was in the
range of 0—1 pmol/l, but was significantly decreased when
the concentration of NOC15 was 2-4pumol/l. The
expression of CaN in Jurkat T cells was reduced by about
75% after treatment with 4 pmol/l NOC15 (Fig. 5b).
Figure 5¢ shows the same result on the CaN activity
assay. CaN activity was significantly decreased in a dose-
dependent manner.

Effect of NOC15 on cytokine production

As shown in Fig. 6, IL-2 and IL-8 production was
markedly increased by PMA plus ION stimulation in
Jurkat T cells. Conversely, the NOC15 could inhibit the
IL-2 production, but exerted no effect on IL.-8 and 'TNF-
o production in PMA plus ION-treated Jurkat T cells. To
further show the effect of MAPKs on IL.-2 production,
three inhibitors (SB203580, PDD98059, and SP600125)
were added to the cell culture media. Figure 7 shows that
p38 inhibitor (SB203580) and ERK1/2 inhibitor
(PD98059) could effectively increase the 1L.-2 production
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Expression of CaN in NOC15-treated Jurkat T cells. (a) Western blot;
(b) CaN expression (western blot); and (c) CaN activity. The cells were
preincubated for 22 h and then stimulated with PMA plus ION for 2 h.
After the cells were treated by NOC15 (0. 0.25, 0.5, 1, 2, and 4 pmol/l)
for 24 h, the cells were collected, lysed, and the proteins were extracted
for western blot analysis and the CaN cellular activity assay. The p-actin
was used as the internal control. The results are expressed as
means+ SD for three independent experiments. *P < 0.05 versus
untreated control. The expression of CaN was significantly decreased
by NOC15 treatment. CaN, calcineurin; ION, ionomycin; NOC15,
N-farnesyloxy-norcantharimide; PMA, phorbol 12-myristate 13-acetate.

in NOC15 and PMA plus ION-treated cells. This
experiment indicates that NOC15 can inhibit IL-2 pro-
duction by the regulation of p38 and ERK1/2.

Discussion

NOCI15, a newly synthesized derivative of NCTD, has
stronger anticancer activity than NCTD on cell pro-
liferation in Jurkat T cells. Moreover, the NOCI15 is
similar to NCTD in the molecular mechanism of anti-
cancer effects. NOC15 can reduce the viability of the
Jurkat T cell line, increase the percentage of cells in the
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supernatants were transferred to new tubes for cytokine measurement
by ELISA. The results are expressed as means+ SD for six independent
experiments. *P < 0.05 was considered significantly different from the
control. #P < 0.05 versus PMA plus ION control. NOC15 could inhibit
the IL-2 production, but exerted no effect on IL-8 and TNF-a production
in PMA plus ION-treated Jurkat T cells. IC50, half maximal inhibitory
concentration; IL-2, interleukin-2; ION, ionomycin; NOC15,
N-farnesyloxy-norcantharimide; PMA, phorbol 12-myristate 13-acetate;
TNF-a, tumor necrosis factor-a.

sub-G1 phase, and inhibit CaN expression and I1.-2
production. NOC15 can also activate p38 and ERK1/2 to
become p-p38 and p-ERK1/2. As previous investigations
have proved the anticancer effects of NCTD and its
derivatives for several carcinomas [2-4,14,15,26,29-33], it
is possible that NOC15 may be developed as a new drug
for the treatment of cancer in the future.

In this study, the IC50 of NC'TD on Jurkat T cells was
estimated to be 15.6 pmol/l and the IC50 of NOC15 on
the same cells was estimated to be 1.4 pmol/l (Fig. 1).
Therefore, the NOC15 is 11.14-fold (=15.6+-1.4) more
potent than NC'TD in terms of anticancer activity toward
Jurkat T cells. However, both NCTD and NOCI15 can
slightly inhibit the growth of HNL (Fig. 1). The IC50 of
NCTD and NOC15 on HNL were estimated to be
1698.0 and 207.9 pmol/l, respectively. Thus, the NOC15
is 8.17-fold (=1698.0+207.9) more toxic than NCTD
toward HNL cells. These results suggest that NOC15
may have higher anticancer capability toward Jurkat T
cells and higher toxicity toward HNL cells than NCTD,
with an overall 1.36-fold (=11.14+8.17) beneficial effect
than NC'TD as an anticancer agent toward Jurkat T cells.
Hence, NOC15 might be developed into a new com-
pound with a better therapeutic potential than NCTD for
leukemia and other cancers.

Effects of MAPK inhibitors on the IL-2 concentration in NOC15-treated
Jurkat T cells. The cells were preincubated for 22 h and then stimulated
with PMA plus ION for 2 h. After the cells were incubated with NOC15
(IC50) or without NOC15 and at the presence or absence of
SB203580 (p38 inhibitor), PD98059 (ERK1/2 inhibitor), and
SP600125 (JNK1/2 inhibitor) for 24 h, the supernatants were
transferred to new tubes for cytokine measurement by ELISA. The
results are expressed as means+ SD for six independent experiments.
*P<0.05 versus PMA plus ION control. ¥P < 0.05 versus PMA plus
ION+NOC15 (IC50). The SB and PD, but not SP, can increase the
IL-2 concentration in NOC15-treated cells. ERK1/2, extracellular signal-
regulated protein kinase 1/2; IC50, half maximal inhibitory
concentration; IL-2, interleukin-2; ION, ionomycin; JNK1/2, c-Jun-N-
terminal kinase; MAPK, mitogen-activated protein kinase; NOC15,
N-farnesyloxy-norcantharimide; PMA, phorbol 12-myristate 13-acetate.

In this study, we showed that NOC15 could inhibit
the viability of Jurkat T cells by increasing the percen-
tage of cells in the sub-G1 phase (Fig. 2). This result is
similar to the findings of Liao ez a/. [34]. We speculate
that NOC15 may have a pharmacological mechanism
similar to that of NC'T'D. To confirm the speculation, we
further investigated the effect of NOC15 on MAPKs and
CaN expression and the production of I11.-2, TNF-a, and
IL-8. MAPKs are proline-directed serine/threonine
kinases, which respond to chemical and physical stress by
connecting cell-surface receptor responses to the activity
of regulatory proteins [35]. MAPKs are composed of
three major members including ERK, JNK, and p38.
ERK is mostly activated by growth factor signals [36], and
promotes cell growth, differentiation, and proliferation
[37]. INK and p38 are activated by considerable stress-
related stimulation, and mediate apoptotic signals [37,
38]. By regulating innate immunity and activating adap-
tive immunity [39,40], the MAPK signaling pathway
plays an important role in the regulation of the growth
and survival of cancer cells [41]. Our study showed that
the expressions of p-p38 and p-ERK1/2 were increased
by NOC15 treatment (Fig. 3a and b). We also found that
NOC15 could inhibit I1.-2 production, but had no effect



on IL-8 and TNF-a production in PMA plus ION-
treated Jurkat T cells. Further studies using the p38
inhibitor (SB203580) and the ERK1/2 inhibitor
(PD98059) showed that both p38 and ERK1/2 inhibitors
could increase the cell viability of NOC15-treated Jurkat
T cells (Fig. 4). As the p-MAPKs and the subsequent
activation of transcription factors can lead to the genes’
expression for cell viability reduction [42], it is possible
that p-p38 and p-ERK1/2 are the major proteins of the
MAPK signaling pathway for cell viability reduction after
NOC15 treatment, and the inhibition of IL.-2 production
through activation of p38 and ERK1/2, similar to that
for NC'TD.

PMA plus ION is a T-cell activator. PMA, a PKC acti-
vator, is reported to protect T cells from cell death [22,
23]. ION can increase the calcium influx, and result in
CaN activation and cytokine production. Treatment with
PMA plus ION in leukemia Jurkat T cells can induce
calcium influx and increase the PKC-Ras signaling
pathway, resulting in cell activations [24,25]. CaN, a
calcium-dependent serine/threonine phosphatase, can be
activated by a change in the intracellular calcium con-
centration [43]. CaN causes dephosphorylation of the
nuclear factor of activated T cell-cytoplasm (NFAT-c)
when the T-cell receptor-mediated pathway is activated.
NFAT-c, which is a transcription factor, can be translo-
cated into nucleus to upregulate gene expression and
induce cytokine production (e.g. IL-2, IL-6, IL-8,
MCP-1, and TGF-b1) [44]. Our study showed that the
expression of CaN could be decreased by NOCI15
treatment (Fig. 5). Because the activation of CaN can
cause [1.-2 and IL.-8 production by activating NFAT-c,
the production of I1.-2 and IL.-8 can also be increased by
PMA plus ION pretreatment. However, only IL-2 was
found to be decreased by NOC15 treatment (Fig. 6).
These results suggest that the inhibitory effect of
NOC15 may be through the regulation of CaN and 1L.-2,
but not IL-8. A similar result was found in the studies of
Tacobelli ez a/. [45] and Liao ez a/. [34], which showed that
IL.-2 is required for cell cycle progression and apoptosis
inhibition in primary T cells. To further investigate the
interrelation of IL.-2 and the MAPK signaling pathway,
we used MAPK inhibitors to prove the effect of
p-MAPKSs expression in I1.-2 production. Figure 7 shows
that p38 and the ERK1/2 inhibitor could increase the
IL-2 production in NOC15-treated cells. These results
imply that the p-p38 and p-ERK signaling pathways may
inhibit CaN or IL-2 expression, resulting in cell growth
inhibition by NOC15 treatment. In addition, Liu e a/.
[46] reported that NC'TD can stimulate TNF-a produc-
tion. However, the TNF-a exerted no effect after
NOCI15 treatment in this study. This result indicates that
TNF-a may not be the main cytokine that mediates the
inhibitory effect of NOC15.

In conclusion, NOC15 reduces cell viability, increases
the percentage of cells in the sub-G1 phase, stimulates

NOC15 inhibits human leukemic Jurkat T cells Chang et al. 1041

p38 and ERK1/2 signaling pathways, and inhibits CaN
expression and IL-Z production in the human acute
leukemia Jurkat T cell line. The new compound NOC15
has stronger anticancer activity than that of NCTD and
low cytotoxicity against HNL. NOC15 might be devel-
oped as a new drug to treat human leukemia and other
cancers.
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