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ABSTRACT e CMF activated JNK signaling pathway and promoted the nuclear localization
Background: Cordyceps militaris fraction (CMF) has been shown to of c-Jun . -
possess in vitro antitumor activity against human chronic myeloid leukemia ~ ® CMF regulated the apoptosis- and cell cycle-related proteins in a manner
K562 cells in our previous research. Materials and Methods: The in vitro dependent on JNK/c-Jun pathway.

inhibitory activities of CMF on the growth of KB cells were evaluated
by viability assay. The apoptotic and cell cycle influences of CMF were
detected by 4',6-diamidino-2-phenylindole staining and flow cytometry
assay. The expression of different apoptosis-associated proteins and cell
cycle regulatory proteins was examined by Western blot assay. The nuclear
localization of c-Jun was observed by fluorescence staining. Objective: The
objective of this study was to investigate the antiproliferative effect of CMF Cordyceps militaris Fraction
as well as the mechanism underlying the apoptosis and cell cycle arrest it (CMF)

l nuclear localization

induces in KB cells. Results: CMF suppressed KB cells’ proliferation in a ¢-Jun

dose- and time-dependent manner. Flow cytometric analysis indicated that regulate apoptosis

CMF induced G2/M cell cycle arrest and apoptosis. Western blot analysis -related protey EZ/M arrest
revealed that CMF induced caspase-3, caspase-9, and PARP cleavages,

and increased the Bax/Bcl-2 ratio. CMF also led to increased expression of
p21, decreased expression of cyclin B1, mitotic phosphatase cdc25¢, and
mitotic kinase cdc2, as well as unchanged expression of p53. In addition,
CMF stimulated c-Jun N-terminal kinases (JNK) protein phosphorylations,
resulting in upregulated expression of c-Jun and nuclear localization of
c-Jun. Pretreatment with JNK inhibitor SP600125 suppressed CMFinduced
apoptosis and G2/M arrest. Conclusions: CMF is capable of modulating
c-Jun caspase and Bcl-2 family proteins through JNK-dependent apoptosis,

Apoptosis

Cordyceps militaris

which results in G2/M phase arrest in KB cells. CMF could be developed as ~ Abbreviations used: CMF: Cordyceps militaris —— -
. . R . . g i Access this article online
a promising candidate for the new antitumor agents. fraction; OSCC: Oral squamous cell carcinoma; —
. e ) . ’ . Website: www.phcog.com

Key words: Apoptosis, cell cycle arrest, Cordyceps militaris fraction, JNK: ¢c-Jun N-terminal kinase. kR e
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SUMMARY Dr. Liyan Song,
e CMF exhibited strong anticancer activity against oral squamous carcinoma Department of Pharmacology,

KB cells College of Pharmacy, Jinan University, Guangzhou
e CMF inhibited KB cells’ proliferation via induction of apoptosis and G2/M cell 510632, China. E mail: tsly@jnu.edu.cn

cycle arrest DOI: 10.4103/pm.pm_63_17

INTRODUCTION activities. In our original research, C. militaris fraction (CMF) has been

demonstrated to possess antiproliferative property in human chronic

Oral squamous cell carcinoma (OSCC) is the sixth most common tumor : .
myeloid leukemia K562 cells.!""

in the world.!" There are several strategies for OSCC treatments involving
chemotherapy, surgery, radiation, or a combination of these methods. ~In the last two decades, many studies have proposed that diverse
However, the adequate understanding of cell biology of oral oncogenesis ~ Phytochemicals and various botanical formulations have potential

has not been explored, and the development of drug resistance to cancer . o .
h h has b th ¢ critical bl 01 Theref findi This is an open access article distributed under the terms of the Creative Commons
chemotherapy has been the most critical problem. erelore, Inding  attribution-NonCommercial-ShareAlike 3.0 License, which allows others to remix,

the new type of agents to treat OSCC and elucidating their potential  tweak, and build upon the work non-commercially, as long as the author is credited
mechanisms have great scientific and practical values.?! and the new creations are licensed under the identical terms.

To find potential anticancer agents from natural products and
their derivatives is one of the most convenient and valuable
methods.*! In traditional Asian medicine, Cordyceps militaris has [ cite this article as: Xie W, Zhang Z, Song L, Huang C, Guo Z, Hu X, et al.
attracted a great attention. Some constituents obtained from C. militaris, Cordyceps militaris Fraction induces apoptosis and G2/M Arrest via c-Jun

such as nucleosides and polysaccharides, were reported to have N-Terminal kinase signaling pathway in oral squamous carcinoma KB Cells. Phcog
Mag 2018;14:116-23.
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antitumor,*®  immunomodulatory,”® and  anti-inflammatory®!‘!
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anticancer effects via inducing apoptosis.'?! Thus, activating the process
of cell death has been proved to be a valuable method in cancer therapy.!**!
The intrinsic or mitochondrial apoptotic pathway is controlled by the
proteins of Bcl-2 family which regulate the permeability of mitochondrial
membrane. The released cytochrome c could recruit Apaf-1andactivate
caspase-9 and caspase-3, resulting in apoptosis. Additionally, induction
of cell cycle arrest is another way to control tumor. The G2/M cell cycle
procedure is positively regulated by the members of cyclin-dependent
kinase (CDK) family.' In particular, the phosphorylation of Tyr15 of
cdc2 suppresses the activity of cdc2/cyclin B1 kinase complex, while the
dephosphorylation of Tyrl5 of cdc2 by cdc25 phosphatases decides cell
entry into mitosis.") The G2 phase is also can be regulated by the CDK
inhibitor (CKI), which can induce cell cycle arrest in G2 phase, thereby
inhibiting cell proliferation.!'”! Cell cycle checkpoint kinase 2 (CHK2), a
serine/threonine protein kinase, contributes to phosphorylate a number
of proteins involved in cell cycle arrest, apoptosis, and DNA repair.!'®!

Additionally, the mitogen-activated protein kinase (MAPK) family has been
identified to play pivotal roles in a variety of cell functions, including cell cycle
and apoptosis, and different MAPK members have different functions.™
Studies have shown that c-Jun N-terminal kinases (JNK) is sensitive to stress
signals, which mediate cellular steps in the apoptosis of some cell types.!>*
As a target of JNK pathway, the specifically phosphorylated c-Jun plays a
central role in diverse functions of AP-1 complex.”!!

In the present study, we investigated the antiproliferative effect of CMF
and to explore its mechanism in oral squamous carcinoma KB cells.
Furthermore, we first demonstrated that the inhibition of proliferation
of KB cells by CMF was involved with the induction of apoptosis and
G2/M phase arrest via JNK activation.

MATERIALS AND METHODS

Fraction preparation and reagents

Cultured C. militaris was purchased from Honghao Biological Company
of Jiangmen (Guangdong, China). CMF was isolated, identified, and
purified as per our previous report.!! CMF stock solution was prepared
into 1000 pug/ml concentration in 1640 complete medium and stored at
4°C. The antibodies for p-c-Jun, c-Jun, p-ERK, ERK, p-p38, p38, p-JNK,
JNK, GAPDH, PARP, p-p53, cyclin Bl, cdc2, cdc25¢, caspase-3, and
caspase-9 were obtained from Cell Signaling Technology, Inc. (Boston,
MA, USA). Antibodies for Bax, Bcl-2, and cytochrome ¢ were purchased
from Abcam Ltd. (Cambridge, UK). SB203580, SP600125, and
3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT)
were purchased from Sigma-Aldrich, Inc. (Saint Louis, MO, USA).
Roswell Park Memorial Institute (RPMI)-1640 medium and fetal
bovine serum (FBS) were purchased from Gibco/Life Technologies
Inc. (Carlsbad, CA, USA).

Cell culture and treatment

The human oral squamous carcinoma cancer (KB) cells were purchased
from the American Type Culture Collection (Manassas, VA, USA), cells
were cultured in RPMI-1640 supplemented with 10% FBS, and incubated
at 37°C with 5% CO, and 95% humidity.

3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl

tetrazolium bromide assay for cell viability

The KB cells were seeded in 96-well plates 3.5 x 10° cells per well and
then treated with 0.625, 1.25, 2.5, 5, 10, and 20 pg/ml of CMF for 24, 48,
or 72 h. After the treatment, 20 ul of MTT working solution was added to
each well for another 4 h. The culture supernatant was removed from the
well and 200 pl of dimethyl sulfoxide was added to resuspend the dark
formazan crystals, and the absorbance was measured at 570 nm.
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Quantification of apoptotic cells by flow cytometry
Apoptotic/necrotic cells were quantitatively detected with Annexin
V-FITC/propidium iodide (PI) apoptosis detection kit (Nanjing KeyGen
Biotech Co. Ltd., Nanjing, China).”! Briefly, KB cells were treated with CMF at
concentrations of 2.5, 5, 10, and 20 ug/ml for 48 h. Then, cells were suspended
in binding buffer and stained with Annexin V-FITC and PI in the dark at
room temperature. Cell fluorescence was detected by a flow cytometer after
10 min. When SP600125 was used, KB cells were incubated with the desired
concentration of the JNK inhibitor for 1 h before addition of CME

4’ 6-diamidino-2-phenylindole staining assay

Cells were plated at a density of 5 x 10* cells/ml and exposed to different
concentrations of CMF for 48 h. Treated cells for the indicated time period
were collected, washed three times, and fixed with 4% paraformaldehyde
for 10 min at room temperature. Fixed cells were washed and stained
with 4',6-diamidino-2-phenylindole (DAPI) solution for 15 min in the
dark. The morphological changes were then observed via a fluorescence
microscope (Carl Zeiss, Germany). Ten fields were randomly selected to
observe and images were taken.

Cell cycle analysis

Cells were treated with CMF at concentrations of 2.5, 5, 10, and 20 pg/ml
for 24 h and the whole cells were harvested, pelleted at 2000 rpm, and fixed
with 70% alcohol on ice. Fixed cells were resuspended and washed again
with PBS and incubated with RNase A (100 mg/ml) for 30 min, and then PI
Flow Cytometry Kit was added for another 30 min at room temperature.??
The cell cycle distribution was then detected using a flow cytometer. The
percentage of cells on each phase was determined using MultiCycle AV for
Windows Version 295 (Beckman Coulter, Brea, CA, USA).

Western blot analysis

A total of 2.0 x 10° cells were cultured in 6-well plates. After treatment
with indicated concentrations of CMF for 8 or 24 h, the adherent and
nonadherent KB cells were harvested by 200 pl of RIPA lysis buffer
supplemented with protease inhibitors (1 mM Na,VO, and 1 mM
phenylmethanesulfonyl fluoride) for 30 min in ice to incubate. The
protein content was measured by bicinchoninic acid (BCA) protein
assay kit (Beyotime, Nanjing, China). For Western blot analysis,
the equal amount of protein was loaded onto SDS-PAGE Running
Buffer and transferred to polyvinylidene difluoride membrane
(Millipore Bedford, MA, USA) by electroblotting, and the membranes
were treated with the desired primary antibodies overnight, incubated
with the diluted enzyme-linked secondary antibody for 2 h, and detected
with an ECL detection kit.”» GAPDH was used as an internal control.

Fluorescence staining for confocal imaging

KB cells were treated with different concentrations of CMF for 24 h, and then
the immunofluorescence staining was performed as described previously.2**!
Cells were fixed using 2% paraformaldehyde at 4°C for 10 min, followed
by permeabilized 0.1% Triton X-100 in TBS and blocking with 1% bovine
serum albumin for 2 h. The cells were incubated with the primary antibody
against p-c-Jun (1:800) overnight at 4°C and with Alexa Fluor488 secondary
antibody (Invitrogen, Grand Island, NY, USA) for 2 h. Samples were mounted
and analyzed by the use of Confocal Microscope Detection System, Leica
TCS SP5 (LeicaBiosystems Nussloch GmbH, Heidelberg, Germany).

Statistical analysis

Datawereexpressedasmeans + standard deviation of more than three separate
assays. Statistical Package for the Social Sciences version 20.0 software (SPSS,
Chicago, IL, USA) and GraphPad Prism Version 6.0 (GraphPad Software
Inc., San Diego, CA, USA) were used for statistical analysis. Differences
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between treatment groups were calculated using Student’s -test, with the
following symbols of significance levels: *P < 0.05 and **P < 0.01.

RESULTS

Cordyceps militaris fraction inhibits proliferation of
KB cells

The viability of KB cells was determined by MTT assay. IC, values of KB
cell line were around 18.1 ug/ml for 24 h treatment, 4.32 pug/ml for 48 h
treatment, and 3.94 ug/ml for 72 h treatment [Figure 1].

Cordyceps militaris fraction induces apoptosis
through the intrinsic apoptotic pathway

To examine whether CMF inhibits KB cell survival through the induction
of apoptosis, the morphological changes of KB cells were preliminarily
investigated. As indicated by arrows in Figure 2a, apoptotic shrinkage
and chromatin condensation occurred in the cells treated with CMEF,
whereas these features of apoptotic cells were not observed in control
cells. Apoptotic cell death was further detected by flow cytometry. As
shown in Figure 2b, CMF induced the proportions of late apoptosis cells,
which is consistent with the results by DAPI staining.

Substantial evidence supports the idea that Bcl-2 family members regulate
the release of mitochondrial proteins.” Cytochrome c is a key component
for the activation of the caspase cascade.?””’ To further unravel the
mechanism of apoptotic signaling in CMF-treated KB cells, the intrinsic
signaling pathway of apoptosis was investigated. As shown in Figure 2,
the level of cytochrome c was increased and the pro-apoptosis protein Bax
as the last gateway of cytochrome c release was subsequently increased.
In contrast, CMF suppressed Bcl-2 expression. Furthermore, CMF
significantly increased the expression of cleaved caspase-9, caspase-3, and
PARP [Figure 2d]. These results suggested that an increased ratio of Bax/
Bcl-2 can induce cytochrome c release, thereby increasing apoptosis.

Cordyceps militaris fraction induces G2/M arrest in KB
cells and inhibits the expression of key mitotic proteins
To test if CMF induce cell cycle arrest, we determined the cell cycle
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Figure 1: Cordyceps militaris fraction inhibits proliferation of KB cells.
Cells were seeded at a density of 3.5 x 10° cells/well in 96-well plates
overnight and then treated with the different concentrations of
Cordyceps militaris fraction for 24, 48, or 72 h. Cell viability was assessed by
3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay. Each
value represents the mean + standard deviation of three independent
experiments. *P < 0.05, **P < 0.01, compared to the control
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distribution. The results demonstrated that an increase in G2 phase
from 5.09% to 42.0% and a decrease in G1 phase from 58.8% to 38.5%
in comparison with the control, after the cells were treated with CMF
(20 pg/ml) for 24 h [Figure 3a and b].

Next, the effects of CMF on the expression of cell cycle-related proteins
were determined. As shown in Figure 3¢ and d, CMF concentration
dependently increases the expression of p21 and CHK2, while the
expression of phosphorylated retinoblastoma protein (p-Rb) was
downregulated. Report has shown that p53 was involved in response
to DNA damage by upregulated transcription of p21 gene.?! However,
CMF had no effect on the expression of p53. It suggested that CMF
upregulated the expression of p21 through the p53-independent pathway.
The important role of CDKs and cyclins in regulate cell cycle progression
was observed.!"" The cyclin B1/cdc2 complex was also proposed to control
the G2/M phase, which is regulated by cdc25c. And then, the effects
of CMF modulating the expression of cell cycle regulatory molecules
were determined. The result showed that the levels of cyclin B1, cdc2,
and cdc25¢ were significantly decreased by CMF [Figure 3d]. The data
were consistent with those of cell cycle analysis by flow cytometry. These
results suggested that CMF was proposed to inhibit the proliferation of
KB cells through the cell cycle arrest at G2/M phase.

The activation of JNK and c-Jun in KB cells was
proposed to be induced by CMF

The effect of CMF on activation of MAPKs and c-Jun was examined
to identify the molecular target of CMF in KB cells. Western blot
experiment demonstrated that phosphorylation of JNK, p38, and c-Jun
was significantly increased by CME, whereas phosphorylation level of
ERK was not changed [Figure 4a and b].

We then determined whether these phosphorylation events can be
suppressed by specific kinase inhibitors, KB cells were incubated
with CMF in the presence of SP600125 (JNK inhibitor) or SB203580
(p38 inhibitor). The pretreatment with SP600125 markedly decreased
CMF-induced p-JNK and p-c-Jun induction, while treated with SB203580
did not change the expression of p-p38 and p-c-Jun [Figure 4c-e].

The experiment results indicated that JNK pathway plays an important
role in CMF-induced apoptosis. It is also proposed that JNK, not p38 and
ERK, was induced by CMF for the expression of c-Jun.

Cordyceps militaris fraction increases the nuclear
localization of c-Jun

The immunofluorescence microscopic analysis was performed to further
corroborate the notion that KB cells are defective in c-Jun upregulation
in response to DNA damage and cell cycle arrest. As shown in Figure 5,
p-c-Jun mostly localized in nuclei in a dose-dependent manner after KB
cells was treated with CME It demonstrated that JNK/c-Jun pathway
could be responding to CMFE, which then results in a series of related
reactions.

Cordyceps militaris fraction induces apoptosis
and cell cycle arrest in a manner dependent on
JNK/c-Jun signaling pathway

To unravel the possible roles of JNK pathway in CMF-induced
apoptosis and cell cycle arrest, KB cells were incubated with CMF and
JNK inhibitor. As shown in Figure 6a and b, SP600125 significantly
inhibited CMF-induced apoptosis and G2/M phase cell cycle arrest.
In addition, SP600125 not only inhibited the CMF-induced cleavage
of PARP, but also reversed the upregulation of p21 expression and
downregulation of mitotic cyclin/kinase/phosphatase-related protein
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Figure 2: Cordyceps militaris fraction induces apoptosis and activates the intrinsic apoptotic pathway in KB cells. (a) Apoptotic morphological changes in KB
cells. Apoptotic nuclei manifested condensed or fragmented DNA brightly stained by 4',6-diamidino-2-phenylindole (48 h) (magnification, x200). Arrows
pointed to morphological changes in the cells. (b) Determination of apoptosis of KB cells by flow cytometry. After treatment of cells with Cordyceps militaris
fraction, the percentage of apoptotic cells was detected by flow cytometry using Annexin V/propidium iodide staining. (c and d) Effect of Cordyceps militaris
fraction on the expression of apoptosis-related proteins in KB cells. Cells were treated with the indicated concentrations of Cordyceps militaris fraction for
24 h, and cell lysates were analyzed by Western blot analysis
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Figure 3: Cordyceps militaris fraction induces G2/M phase arrest and regulates the expression of cell cycle-related mitotic proteins in KB cells. (a) Effect
of Cordyceps militaris fraction on cell cycle distribution of KB cells. After treatment of cells with Cordyceps militaris fraction, the cell cycle proportions
were detected by flow cytometry using propidium iodide staining. (b) Histograms of cell cycle distribution in nontreated and treated KB cells. Each value
represents the mean + standard deviation of three independent experiments. *P < 0.05 and **P < 0.01, compared to the control group. (c and d) Effect
of Cordyceps militaris fraction on the expression of cell cycle-related mitotic proteins in KB cells. Cells were treated with the indicated concentrations of
Cordyceps militaris fraction for 8 h, and cell lysates were analyzed by Western blot analysis

levels [Figure 6c and d]. Taken together, the results show that JNK
signaling pathway is directly related to the apoptosis and cell cycle arrest
caused by CMF in KB cells.

DISCUSSION

Natural products have drawn more and more attention due to their
growth inhibition of various types of cancers through complex signaling
pathways. The results proposed that CMF could efficiently inhibit the
proliferation of KB cells by targeting JNK-mediated signaling pathways.
It also changed a broad spectrum of signaling effectors, including c-Jun,
Bcl-2, Bax, and p21, thus regulate cell cycle and cell survival.

We are aware that a successful cancer therapy depends on the complex
network of cell signaling pathways, and activation of the MAPK cascade
precedes apoptosis and cell cycle arrest.”” Some investigations have
shown that JNK might decrease cell proliferation by activating its
downstream effector c-Jun.®! At the present experiment, the results
showed that the levels of phosphorylated JNK, p38, and c-Jun were
significantly increased by CMFE. In another experiment, CMF-induced
c-Jun expression was abrogated by the pharmacological JNK inhibitor
SP600125. However, no obvious effect on c-Jun expression was observed
while using p38 inhibitor SB203580 in CMF-treated KB cells. Therefore,
we analyzed that p38 MAP kinase signaling was not mediated by growth
inhibition in KB cells. Additionally, CMF stimulated the activation of
JNK, leading to increased nuclear localization of c-Jun, supporting a role
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of JNK, not p38 and ERK, in controlling the expression of c-Jun in KB
cells.

Besides c-Jun nuclear localization, JNK-induced apoptosis can also be
regulated through JNK cytoplasmic substrates, such as proapoptotic
proteins Bax, Puma, and Bim activity;,* or can be regulated via Bcl-2
family proteins Bcl-2, Bcl-x L, and Mcl-1 activity.* In this work, the
pro-apoptosis effects of CMF were also shown in KB cells. We observed
that CMF significantly increased the ratio of Bcl-2/Bax and induced
the release of cytochrome c, thus resulting in a significant proteolytic
cleavage of caspase-9 and PARP. In addition, JNK inhibitor significantly
abrogated the cleavage of caspase-9 and PARP caused by CMF and
consequently reduced the level of apoptosis [Figure 6a and c]. Altogether,
these data suggested that activation of the intrinsic apoptotic pathway
might be a mechanism underlying CMF-induced antiproliferative effect
in KB cells.

Many types of stimuli have been shown to inhibit cell cycle progression
from one phase to another. During G2 phase, the main regulator is
the cdc2/cyclin Bl complex. The decreased formation of cdc2/cyclin
BI complex inhibits cell cycle progression from G2 phase to M phase,
and this complex can be kept inactive via phosphorylation at Thr14
and Tyrl5 of cdc2,® or inhibited by p21. Additionally, CHK2 as
a key operator in eliciting DNA repair, cell cycle arrest, or apoptosis
in response to DNA damage!™>'® and both p-Rb and p53 are key cell
cycle regulatory proteins in mediating certain functions of p21. In the
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Figure 4: Cordyceps militaris fraction induces activation of c-Jun N-terminal kinase and c-Jun in KB cells. (a and b) Effect of Cordyceps militaris fraction on
the expression of phosphor mitogen-activated protein kinases and p-c-Jun in KB cells. Cells were treated with 50 ng/ml of Cordyceps militaris fraction for
indicated hours (a) or with indicated concentrations of Cordyceps militaris fraction for 8 h (b), and cell lysates were analyzed by Western blot analysis. (c) Effect
of p-38 inhibitor SB203580 on Cordyceps militaris fraction-regulated expression of p-p38 in KB cells. Cells were treated with 20 uM SB203580 for 1 h prior
to exposure to 50 ug/ml of Cordyceps militaris fraction for 6 h, and cell lysates were analyzed by Western blot analysis. (d) Effect of c-Jun N-terminal kinase
inhibitor SP600125 on Cordyceps militaris fraction-regulated expression of p-c-Jun N-terminal kinase in KB cells. Cells were treated with 20 uM SP600125 for
1 h prior to exposure to 50 ug/ml of Cordyceps militaris fraction for 6 h, and cell lysates were analyzed by Western blot analysis. (e) Effects of c-Jun N-terminal
kinase inhibitor SP600125 and p-38 inhibitor SB203580 on Cordyceps militaris fraction-regulated expression of p-c-Jun in KB cells. Cells were treated with
20 uM SP600125 or 20 uM SB203580 for 1 h prior to exposure to 50 ug/ml of Cordyceps militaris fraction for 6 h, and cell lysates were analyzed by Western
blot analysis
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Figure 5: Cordyceps militaris fraction increases the nuclear localization of c-Jun. Exposure to Cordyceps militaris fraction causes nuclear accumulation of
phospho-c-Jun in KB cells. Cells were treated with Cordyceps militaris fraction for 24 h, and then fixed and immunostained with phospho-c-Jun antibody.
Nuclei were stained with 4X,6-diamidino-2-phenylindole. Localization was visualized using laser scanning confocal microscope. Images were taken
under x 40 objective

present study, CMF resulted in G2/M phase arrest in a dose-dependent  p-Rb, whereas it induced an increase in the protein levels of p21 and
manner. CMF decreased the expression of cyclin B1, cdc2, cdc25¢c,and ~ CHK2. However, CMF had no effect on the expression of p53. It is well
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Figure 6: Cordyceps militaris fraction induces apoptosis and cell cycle arrest in a manner dependent on c-Jun N-terminal kinase/c-Jun signaling pathway.
(a) Effect of c-Jun N-terminal kinase inhibitor SP600125 on Cordyceps militaris fraction-induced apoptosis in KB cells. Cells were treated with 20 pg/ml of
Cordyceps militaris fraction alone or in combination with 20 uM SP600125 for 48 h, and then Annexin V-FITC/PI double-staining analysis was performed.
(b) Effect of c-Jun N-terminal kinase inhibitor SP600125 on Cordyceps militaris fraction-induced G2/M arrest in KB cells. Cells were treated with 20 ug/ml of
Cordyceps militaris fraction alone or in combination with 20 WM SP600125 for 24 h, and then Pl staining analysis was performed. (c) Effect of c-Jun N-terminal
kinase inhibitor SP600125 on Cordyceps militaris fraction-regulated expression of caspase-9 and PARP in KB cells. Cells were cotreated with 20 ug/ml of
Cordyceps militaris fraction and 20 uM SP600125, and cell lysates were analyzed by Western blot analysis. (d) Effect of c-Jun N-terminal kinase inhibitor
SP600125 on Cordyceps militaris fraction-regulated expression of mitotic cyclin/kinase/phosphatase-related proteins in KB cells. Cells were cotreated with
20 ug/ml of Cordyceps militaris fraction and 20 pM SP600125, and cell lysates were analyzed by Western blot analysis

known that the JNK pathway has antiproliferative effects and regulates
the cell cycle."** The treatment with CMF plus JNK inhibitor led to
an increase in cdc2/cyclin Bl and a decrease in the expression of p21,
and consequently reduced the levels of cell cycle arrest compared with
CMF treatment alone [Figure 6d]. These results suggested that CMF
enhanced p21 expression, which induced G2/M phase arrest by a
p53-independent pathway.

Interestingly, previous reports had shown that c-Jun transcription factor
could control a wide range of molecular targets, such as Bim," Bcl-2,5*"!
caspase-3,° and CDK inhibitors, which could regulate the cellular
processes, including proliferation, differentiation, migration, survival,
or death. Thus, we propose that CMF activated JNK signaling pathway,
promoted the nuclear localization of c-Jun, and then regulated the key
apoptosis-related proteins and cell cycle-related proteins, eventually
inhibiting KB cell proliferation.

CONCLUSIONS

The present paper reported the potent anticancer activities of CMF
fraction. The mechanism of action might result from CMF-induced
apoptosis and G2/M cell cycle arrest through JNK pathway. This
preliminary elucidating of JNK and c-Jun also provide new insights for
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further development of this agent. Therefore, CMF may possess great
potential as a candidate for therapy of OSCC.
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