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Background: Chemotherapy is not limited to a single treatment, and the evidence demonstrates 

that different drug combinations can have positive results in patients. In this study, we sought 

to determine whether cordycepin combined with cisplatin and/or paclitaxel would have an 

additive effective on inducing apoptosis in mouse Leydig tumor cells, and the mechanisms 

were also briefly examined.

Methods: The additive effects of cordycepin combined with cisplatin and/or paclitaxel on apop-

tosis in MA-10 cells were investigated by monitoring changes in morphological characteristics 

and examining cell viability, flow cytometry assays, and Western blot analyses.

Results: Combination of cordycepin plus cisplatin and/or paclitaxel for 12 and 24 hours 

induced apoptotic features in MA-10 cells. The MTT assay showed that the combination treat-

ment reduced the viability of MA-10 cells in a dose-dependent manner, with additive effects. 

Cell cycle analysis showed that combination treatment significantly increased subG1 phase cell 

numbers in MA-10 cells, indicating apoptosis. Moreover, cordycepin plus cisplatin and/or pacli-

taxel significantly induced cleavage of caspase-8, caspase-9, caspase-3, and poly ADP-ribose 

polymerase, and phosphorylation of c-Jun NH2-terminal kinase, extracellular signal-regulated 

kinase, p38, and p53 proteins in MA-10 cells.

Conclusion: Cordycepin plus cisplatin and/or paclitaxel can have an additive effect on apop-

tosis in MA-10 cells, with activation of caspase, mitogen-activated protein kinase, and p53 

signal pathways.

Keywords: cordycepin, cisplatin, paclitaxel, apoptosis, drug combination, additive effect, 

MA-10 cells, Leydig tumor cells

Introduction
Leydig cells produce testosterone, which is the major androgenic steroid circulating 

in blood.1 Testosterone is essential for correct development of the male reproductive 

system during puberty. Any disorder of the hypothalamic-pituitary-testis axis might 

cause abnormal steroid secretion, which could result in oncogenesis.2 Testicular cancer, 

which includes germ cell, Sertoli cell, and Leydig cell tumors, is one of the cancers 

most commonly diagnosed in men aged 15–35 years, with approximately 8,000 cases 

detected in the USA annually.3 Surgery, radiation, and chemotherapy have been used 

to treat testicular cancer, but may cause organ failure and skin irritation. Although che-

motherapy might be beneficial for patients, it has side effects and resistance.4 Due to the 

disadvantages of treatment with a single chemotherapeutic agent, drug combinations at 

lower doses may increase efficacy and decrease side effects and resistance in patients.

Studies have demonstrated that combination therapy of paclitaxel and/or cisplatin 

with medicinal herbs, such as beta-elemene (a novel plant-derived antineoplastic 
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agent with low toxicity), could have better efficacy, 

significantly increasing the cytotoxicity of cisplatin in 

androgen-independent DU145 and PC-3 prostate carcinoma 

cell lines.5 Also, the use of plant compounds, such as perillyl 

alcohol or methyl jasmonate, in combination with anticancer 

drugs did improve their efficacy as inhibitors of cancer cell 

growth and induce cell apoptosis.6 Further, paclitaxel has 

a wide range of synergistic antitumor effects when used in 

combination with other chemotherapeutic agents, such as 

5-fluorouracil or cisplatin.7

Cordycepin, a compound isolated from Cordyceps 

sinensis, has been shown to have antitumor effects.8–11 

Cordycepin has been reported to inhibit formation of polyade-

nylate polymerase and to inactivate mRNA polyadenylation 

and induce apoptosis of tumor cells.12,13 Paclitaxel, an extract 

from the bark of the Pacific yew tree (Taxus brevifolia), was 

first isolated in 1963, and can induce cell death by disrupt-

ing the microtubular dynamics involved in cell mitosis and 

proliferation.14,15 Paclitaxel has been used to treat breast, 

ovarian, lung, and head and neck cancers. Cisplatin, also 

known as cis-diamminedichloroplatinum(II), is widely used 

for the treatment of malignancies, including testicular, ovar-

ian, bladder, and head and neck cancers.16,17 Cisplatin acts by 

binding to nuclear DNA and subsequently interfering with 

normal transcription and/or DNA replication, which induces 

death of tumor cells by apoptosis.18

In apoptosis, there are two major signaling pathways, ie, 

the death receptor pathway (extrinsic caspase) and the mito-

chondrial pathway (intrinsic caspase).19,20 In terms of their 

function, caspases can be divided into two groups, ie, initiator 

caspases, including caspase-8, caspase-9, and caspase-10, 

and effector caspases, including caspase-3, caspase-6, and 

caspase-7. Initiator caspases are responsible for cleaving 

and activating effector caspases.21 The cleavage of caspases 

will further cleave poly ADP-ribose polymerase (PARP), 

resulting in cell death.22 It has been shown that apoptosis is 

also regulated by mitogen-activated protein kinase (MAPK), 

which consists of three family membranes, extracellular 

signal-regulated kinase (ERK), c-Jun NH2-terminal kinase 

(JNK), and p38 proteins.23 Moreover, a study has demon-

strated that the p53 pathway plays an essential role in regu-

lating cell cycle arrest related to apoptosis.24

We have demonstrated that cordycepin significantly 

activates adenosine subtype receptors, the caspase pathway, 

and cell cycle arrest to induce apoptotic death in MA-10 

mouse Leydig cells.9,10 Studies have shown that cordycepin, 

paclitaxel, and cisplatin all have antitumor effects,9,10,14,18 and 

cordycepin in combination with cisplatin had a synergistic 

antitumor effect in human oral cancer cells.25,26 In the present 

study, we attempted to clarify the effects of combination 

treatment with cordycepin, paclitaxel, and/or cisplatin on 

MA-10 cell apoptosis and to determine the mechanism of 

action involved. We found that cordycepin plus paclitaxel 

and/or cisplatin had additive effects on apoptosis in MA-10 

cells, with an increase in subG1 cells and activation of the 

caspase, MAPK, and p53 pathways. These findings could 

encourage the development of more effective regimens using 

concomitant chemotherapeutic agents in lower doses, thereby 

reducing side effects and resistance in testicular cancers.

Materials and methods
chemicals
Cordycepin, paclitaxel, cisplatin, Waymouth MB 752/1 

medium, propidium iodide, 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT), RNase A, bovine serum 

albumin, and dimethyl sulfoxide (DMSO) were purchased 

from Sigma Chemicals (St Louis, MO, USA). Fetal bovine 

serum, lyophilized trypsin-ethylenediaminetetraacetic acid 

(EDTA), Dulbecco’s phosphate-buffered saline (PBS), and 

gentamicin sulfate were purchased from Gibco (Grand Island, 

NY, USA). Sodium hydroxide, hydrochloric acid, sodium 

dodecyl sulfate, EDTA, isopropyl alcohol, chloroform, 

and Tween-20 were purchased from Merck (Darmstadt, 

Germany). Acrylamide was purchased from JT Baker 

(Phillipsburg, NJ, USA). HEPES was purchased from Mall-

inckrodt Baker Inc (Paris, KT, USA). Sodium bicarbonate, 

sodium carbonate, and sodium chloride were purchased 

from Riedel-de Haën (Seelze, Germany). Antibodies against 

cleaved caspase-3, caspase-8, and caspase-9, phospho-

ERK1/2, phosphor-SAPK/JNK, phosphor-p38, ERK1/2, 

SAPK/JNK, and p38 were purchased from Cell Signaling 

(Beverly, MA, USA). Tris base, Z-LEHD-FMK (caspase-9 

inhibitor), Z-IETD-FMK (caspase-8 inhibitor), Z-DEVD-

FMK (caspase-3 inhibitor), and β-actin were purchased from 

Calbiochem (San Diego, CA, USA). Anti-PARP antibody 

was purchased from Oncogene (San Diego, CA, USA).

Morphological study
The MA-10 cell line was a gift from Dr Mario Ascoli 

(University of Iowa, Iowa City, IA, USA) and was maintained 

at 37°C in a humidified environment containing 95% air and 

5% CO
2
 for all experiments. MA-10 cells were seeded in 

96-well plates that contained 1.5×104 cells and 100 μL of 

serum-free medium. After reaching 70%–80% confluence, 

the cells were treated with serum-free medium containing 

cordycepin (100 μM), paclitaxel (50 nM), cisplatin (100 μM), 
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or cordycepin (100 μM) plus cisplatin (100 μM) and/or 

paclitaxel (50 nM) followed by incubation for 24 hours. The 

morphology of the cells was then observed under a CK40 

light microscope (Olympus, Tokyo, Japan). Apoptosis is 

characterized by loss of contact between cells and the matrix, 

along with blebbing of the plasma membrane.27

MTT cytotoxicity assay
MA-10 cells were seeded in 96-well plates in quadruplicate, 

which contained 2.5×104 cells and 100 μL of serum-free 

medium. After reaching 70%–80% confluence, the cells 

were treated with serum-free medium containing cordyce-

pin (100 μM), paclitaxel (50 nM), cisplatin (100 μM), or 

cordycepin (100 μM) plus cisplatin (100 μM) and/or pacli-

taxel (50 nM) and incubated for 24 hours. MTT was then 

added to the wells (to a final concentration of 0.5 mg/mL) 

for conversion by mitochondrial dehydrogenases into color-

dense formazan crystals in viable cells. Four hours later, 

DMSO was added to the wells to dissolve the formazan. 

Quadruplicate DMSO solutions were mixed and absorbance 

was measured at 590 nm using an enzyme-linked immuno-

sorbent assay reader (Opsys MR™, Dynex Technologies 

Inc, Chantilly, VA, USA).

Apoptosis analysis by flow cytometry
DNA fragmentation was assessed by flow cytometry using 

propidium iodide. MA-10 cells (6.5×105) were seeded in 

a 6 cm dish with 2 mL of serum medium. After reaching 

70%–80% confluence, the cells were treated with serum-

free medium containing cordycepin (100 μM), paclitaxel 

(50 nM), cisplatin (100 μM), or cordycepin (100 μM) plus 

cisplatin (100 μM) and/or paclitaxel (50 nM) and incubated 

for 24 hours. Cells floating in the medium were then col-

lected, and the attached cells were trypsinized (trypsin-EDTA 

0.5%–5.35% mM in PBS) and washed with PBS. After cen-

trifugation, the cell pellets were washed with FACS buffer 

and fixed in 70% ethanol for 2 hours at -20°C. The cell pellets 

were next washed in cold FACS buffer to remove the ethanol, 

and then centrifuged and resuspended in staining solution 

containing RNase A (100 μg/mL in PBS) and propidium 

iodide (40 μg/mL in PBS). After staining, the cells were 

investigated by flow cytometry, with excitation set at 469 nm 

on FACScan using CellQuest software (Becton Dickinson, 

Mountain View, CA, USA).

immunoblot analysis
After the various treatments, the cells were lysed and protein 

extraction was performed. The protein concentration in the 

cell lysates were determined by the Lowry method.28 Cell 

proteins (30 μg) were separated in 12% sodium dodecyl 

sulfate-polyacrylamide gel, which was performed at 90 V 

for 3 hours using standard running buffer (24 mM Tris-HCl, 

0.19 M glycine, 0.5% sodium dodecyl sulfate, pH 8.3), and 

electrophoretically transferred to a polyvinylidene difluoride 

membrane at 400 mA for 90 minutes in transfer buffer 

(20 mM Tris-HCl, 150 mM glycine, 10% methanol, 0.01% 

sodium dodecyl sulfate). The membranes were blocked with 

5% non-fat milk, washed, and subsequently incubated with 

primary antibodies at a 1:2,000 dilution for 16–18 hours at 

4°C. After washing, the membrane was incubated with horse-

radish peroxidase-conjugated goat antimouse antibody or goat 

antirabbit antibody, and then visualized using an enhanced 

chemiluminescence detection kit (Amersham-Pharmacia 

International PLC, Little Chalfont, UK). The optical density 

of each protein band was quantified using a Quantity One 

(PDI, Huntington Station, NY, USA) computer-assisted 

image analysis system.29 The amount of β-actin and total 

MAPK protein in each lane was also detected as a control.

statistical analysis
Each datum point in the figures represents the mean ± stan-

dard error of the mean of three or four separate experiments. 

Statistically significant differences between treatments and 

control were determined by one-way analysis of variance 

and then Tukey’s test. Statistical significance was set at 

P,0.05.

Results
effects of cordycepin + paclitaxel and/or 
cisplatin on morphology and viability in 
Ma-10 cells
MA-10 cells were treated with 100 μM cordycepin, 50 nM 

paclitaxel, or 100 μM cisplatin alone or in combination with 

cordycepin + paclitaxel and/or cisplatin without serum for 

24 hours. The changes in morphology were then observed 

under a light microscope. Cells in the control and in DMSO 

demonstrated a normal polygonal shape, with firm attach-

ment to the culture dishes, which is a normal cell growth 

phenomenon (Figure 1A and B). After 24 hours, cells treated 

with 100 μM cordycepin, 50 nM paclitaxel, or 100 μM 

cisplatin had a rounded-up appearance but still adhered 

to the matrix (Figure 1C–E). Treatment for 24 hours with 

combinations of cisplatin + cordycepin, cisplatin + pacli-

taxel, cordycepin + paclitaxel, and cordycepin + cisplatin + 

paclitaxel resulted in more loss of cell attachment to the 

matrix, more membrane blebbing, and many more floating 
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Figure 1 effects of cordycepin + paclitaxel and/or cisplatin on morphology and viability of Ma-10 cells. 
Notes: Cells were cultured in 6 cm dishes until 70%–80% confluence, and then treated without or with paclitaxel and/or cisplatin + cordycepin for 24 hours. (A) control, 
(B) 0.5% DMsO, (C) 100 μM cordycepin, (D) 50 nM paclitaxel, (E) 100 μM cisplatin, (F) 100 μM cisplatin +100 μM cordycepin, (G) 100 μM cisplatin +50 nM paclitaxel,  
(H) 50 nM paclitaxel +100 μM cordycepin, and (I) 100 μM cordycepin +100 μM cisplatin +50 nM paclitaxel. Morphological changes in cells were observed by light microscopy 
(magnification 200×, arrowheads indicate cells with membrane blebbing; insets show cells with membrane blebbing under larger magnification). The experiments were 
performed three times with similar results. In the MTT viability assay, cells were cultured in 96-well plates until 70%–80% confluence, and then treated without or with 50 nM 
paclitaxel and/or 100 μM cisplatin +100 μM cordycepin for 12, 24, 36, or 48 hours. (J) The results are expressed as the percentage of cell growth relative to control groups 
as 100%. *Indicates that the means are significantly different when compared with control (P,0.05). The experiments were performed three times with similar results.
Abbreviations: cor, cordycepin; cis, cisplatin; DMsO, dimethyl sulfoxide; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide.
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cells (Figure 1F–I). The morphological study suggested 

that the combination treatments induced more cell death 

in MA-10 cells than treatment with cordycepin, paclitaxel, 

or cisplatin alone.

An MTT assay was used to further examine the effect of 

cordycepin + paclitaxel and/or cisplatin on the viability of 

MA-10 cells. Cell viability was not significantly decreased by 

treatment with cordycepin, paclitaxel, cisplatin, or cisplatin + 

paclitaxel, but was reduced to 56.02% by cisplatin + cordyce-

pin, 50.28% by cordycepin + paclitaxel, and 49.06% by 

cordycepin + cisplatin + paclitaxel after 12 hours of treatment 

(Figure 1J). After 24 hours of treatment, cell viability was 

reduced to 83.00% by cordycepin, 79.29% by paclitaxel, 

82.66% by cisplatin, 32.41% by cordycepin + cisplatin, 

66.61% by cisplatin + paclitaxel, 28.61% by cordycepin + 

paclitaxel, and 30.91% by cordycepin + cisplatin + paclitaxel 

(Figure 1J). After 36 hours of treatment, cell viability was 

reduced to 66.63% by cordycepin, 68.52% by paclitaxel, 

60.81% by cisplatin, 9.76% by cordycepin + cisplatin, 

38.20% by cisplatin + paclitaxel, 9.34% by cordycepin + 

paclitaxel, and 13.20% by cordycepin + cisplatin + paclitaxel 

(Figure 1J). After 48 hours of treatment, cell viability was 

reduced to 46.12% by cordycepin; 51.75% at paclitaxel, 

44.01% by cisplatin, 8.16% by cordycepin + cisplatin, 

27.36% by cisplatin + paclitaxel, 6.59% by cordycepin + 

paclitaxel, and 11.50% by cordycepin + cisplatin + paclitaxel 

(Figure 1J). These results demonstrate that cordycepin com-

bined with paclitaxel and/or cisplatin significantly reduced 

cell viability more than treatment with each drug alone and 

with an additive apoptotic effect.

effects of cordycepin + paclitaxel and/or 
cisplatin on the cell cycle in Ma-10 cells
To investigate whether cordycepin combined with paclitaxel 

and/or cisplatin could induce apoptosis, MA-10 cells were 

examined for DNA content by propidium iodide staining and 

flow cytometry analysis. A feature of cell apoptosis is DNA 

fragmentation of genomic DNA into multiples of 180–200 

bp units. In the absence of drugs, cells can be divided into 

two phases, ie, the G1 (diploid) phase and G2/M phase, 

with greater numbers of cell accumulation in G1 phase 

than G2/M phase. In the presence of 100 μM cordycepin, 

50 nM paclitaxel, but not cisplatin, and all the combination 

treatments for 24 hours, the percentage of abnormal DNA 

content in subG1 phase (haploid), increased (Figure 2A). 

Figure 2B demonstrates that the percentage of control cells 

in subG1 phase was approximately 5% and was increased 

significantly to 53.76% by cordycepin, 19.65% by paclitaxel, 

53.53% by cisplatin + cordycepin, 18.34% by cisplatin + 

paclitaxel, 53.43% by cordycepin + paclitaxel, and 57.79% 

by cordycepin + cisplatin + paclitaxel after treatment for 

24 hours (P,0.05). There was no difference between the 

control and cisplatin groups (Figure 2B). Figure 2C dem-

onstrated that the percentage of control cells in G1 phase 

was approximately 70%, and was decreased significantly 

to 32.86% by cordycepin, 60.15% by paclitaxel, 58.76% 

by cisplatin, 30.2% by cisplatin + cordycepin, 37.12% by 

cisplatin + paclitaxel, 33.17% by cordycepin + paclitaxel, 

and 31.83% by cordycepin + cisplatin + paclitaxel after 

treatment for 24 hours (P,0.05). Figure 2D demonstrates 

that the percentage of control cells in G2/M phase was 

approximately 20%, which was increased significantly to 

34.73% by cisplatin and 44.57% by cisplatin + paclitaxel 

after treatment for 24 hours (P,0.05). These results dem-

onstrate that cordycepin combined with paclitaxel and/or 

cisplatin could induce apoptosis in MA-10 cells.

effect of cordycepin + paclitaxel and/or 
cisplatin on cleavage of caspases and 
ParP proteins in Ma-10 cells
We then investigated whether cordycepin + paclitaxel and or 

cisplatin could activate the caspase cascade to induce apopto-

sis in MA-10 cells. Treatment with cordycepin alone for 12 

or 24 hours significantly increased the expression of cleaved 

caspase-8 (P,0.05, Figure 3A). The combinations of cispla-

tin + cordycepin, cisplatin + paclitaxel, cordycepin + pacli-

taxel, and cisplatin + cordycepin + paclitaxel for 12 and 24 

hours also induced significant caspase-8 cleavage (P,0.05, 

Figure 3A). Treatment with cordycepin (100 μM), paclitaxel 

(50 nM), cisplatin (100 μM), cisplatin + paclitaxel, cordyce-

pin + paclitaxel, cisplatin + cordycepin, and cordycepin + 

cisplatin + paclitaxel for 12 and 24 hours all induced signifi-

cant caspase-9 cleavage compared to the control (P,0.05). 

Indeed, treatment with cisplatin + cordycepin for 12 hours 

had a synergistic effect on cleavage of caspase-9. Cordyce-

pin (100 μM), paclitaxel (50 nM), cisplatin (100 μM), 

cisplatin + paclitaxel, cordycepin + paclitaxel, cisplatin + 

cordycepin, and cordycepin + cisplatin + paclitaxel, but 

not cisplatin alone, induced significant caspase-3 cleavage 

compared with control after 24 hours of treatment (P,0.05, 

Figure 3C). Significant cleavage of PARP was observed 

after treatment with cordycepin for 12 and 24 hours, pacli-

taxel for 12 and 24 hours, cisplatin for 24 hours, cisplatin + 

cordycepin for 12 hours, cordycepin + paclitaxel for 12 and 
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24 hours, and cordycepin + cisplatin + paclitaxel for 12 and 

24 hours (P,0.05, Figure 3D). These results indicate that 

cordycepin combined with paclitaxel and/or cisplatin can 

induce the intrinsic and extrinsic apoptotic pathways by 

activating cleavage of caspase-8, caspase-9, caspase-3, and 

PARP proteins.

effects of cordycepin + paclitaxel and/or 
cisplatin on MaPK proteins in Ma-10 
cells
Previous studies have shown that activation of MAPK is 

involved in apoptosis induced by cordycepin, cisplatin, 

and paclitaxel in various tumor cells.30–32 Therefore, we 

investigated whether the MAPK pathway was involved 

in apoptosis stimulated by cordycepin + paclitaxel and/or 

cisplatin in MA-10 cells. Treatment with cordycepin for 12 

and 24 hours, paclitaxel for 24 hours, cisplatin for 24 hours, 

cisplatin + cordycepin for 12 and 24 hours, cisplatin + 

paclitaxel for 24 hours, cordycepin + paclitaxel for 12 and 

24 hours, and cordycepin + cisplatin + paclitaxel for 12 and 

24 hours all significantly induce expression of phospho-

rylated JNK in MA-10 cells (P,0.05, Figure 4A). Only 

treatment with cordycepin, cisplatin + cordycepin, cordyce-

pin + paclitaxel, and cordycepin + cisplatin + paclitaxel 

Figure 2 effects of cordycepin + paclitaxel and/or cisplatin on cell cycle progression in Ma-10 cells. 
Notes: The histogram plot of flow cytometry analysis in MA-10 cells treated without or with 50 nM paclitaxel and/or 100 μM cisplatin +100 μM cordycepin for 24 hours 
is illustrated in (A) (subg1, cells with less than normal amount of Dna content; g1/s, cells in g1 cell cycle phase; and g2/M, cell in g2/M cell cycle phase). The arrows 
indicate the increase in subg1 phase cells. Percentages of subg1 (B), g1/s (C), and g2/M (D) phase cell numbers are shown. *Indicates a statistically significant difference 
when compared with control (P,0.05).
Abbreviations: cor, cordycepin; cis, cisplatin; DMsO, dimethyl sulfoxide; T, paclitaxel.
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Figure 3 effects of cordycepin + paclitaxel and/or cisplatin on expression of cleaved caspase-8, caspase-9, caspase-3, and ParP protein in Ma-10 cells. 
Notes: The cells were treated without or with 50 nM paclitaxel and/or 100 μM cisplatin +100 μM cordycepin for 12 and 24 hours. after treatment, the cleaved caspase-8 
(43/18 kDa) (A), caspase-9 (37 kDa) (B), caspase-3 (19 kDa) (C), and ParP (85–90 kDa) (D) proteins were detected by Western blot. The immunoblot represents the 
observations from one single experiment repeated at least three times. The integrated optical density of the cleaved protein was analyzed after normalization with β-actin 
(43 kDa) in each lane. each datum point represents the mean ± standard error of the mean of three separate experiments. *Indicates that the means are significantly different 
compared with control (P,0.05).
Abbreviations: cor, cordycepin; cis, cisplatin; DMsO, dimethyl sulfoxide; T, paclitaxel; ParP, poly aDP-ribose polymerase.

for 12 hours could induce significant expression of phos-

phorylated ERK in MA-10 cells (P,0.05, Figure 4B). 

Only treatment with cordycepin, cisplatin + cordycepin, 

cordycepin + paclitaxel, and cordycepin + cisplatin + pacli-

taxel for 24 hours could induce significant expression of 

phosphorylated p38 in MA-10 cells (P,0.05, Figure 4C). 

These results indicate that cordycepin + paclitaxel and/

or cisplatin could stimulate phosphorylation of the JNK, 

ERK1/2, and p38 MAPK pathways to induce apoptosis in 

MA-10 cells.
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Figure 4 effects of cordycepin + paclitaxel and/or cisplatin on expression of phosphorylated JnK, erK, and p38 protein in Ma-10 cells. 
Notes: The cells were treated without or with 50 nM paclitaxel and/or 100 μM cisplatin +100 μM cordycepin for 12 and 24 hours. after treatment, the total JnK 
(54/46 kDa), phosphorylated JnK (54/46 kDa) (A), total erK (42/44 kDa), phosphorylated erK (42/44 kDa) (B), and total p38 (43 kDa) phosphorylated p38 (43 kDa) 
(C) proteins were detected by Western blot. The immunoblot represents the observations from one single experiment repeated at least three times. The integrated optical 
density of phosphorylated protein was analyzed after normalization with its total protein in each lane. each datum point represents the mean ± standard error of the mean 
of three separate experiments. *Indicates that the means are significantly different compared with control (P,0.05).
Abbreviations: cor, cordycepin; cis, cisplatin; DMsO, dimethyl sulfoxide; erK, extracellular signal-regulated kinase; JnK, c-Jun nh2-terminal kinase; p-, phosphorylated; t-, total.
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inhibitors reversed phosphorylation of 
MaPK proteins induced by cordycepin + 
paclitaxel and/or cisplatin in Ma-10 cells
To reconfirm whether phosphorylation of JNK, ERK, and p38 

proteins could be induced by cordycepin + paclitaxel and/or 

cisplatin in MA-10 cells, inhibitors of JNK, ERK, and p38 

(SP600125, PD98059, and SB203580, respectively) were used 

to abolish expression of phosphorylated JNK, ERK, and p38. 

SP600125 at 10, 50, and 100 μM significantly inhibited phos-

phorylation of JNK induced by cordycepin 100 μM (P,0.05, 

Figure 5A). In the combination experiments, SP600125 10 μM 

significantly reduced the expression of phosphorylated JNK 

after treatment with cisplatin + cordycepin, cordycepin + 

paclitaxel, and cordycepin + cisplatin + paclitaxel for 12 hours 

(P,0.05, Figure 5B). PD98059 at 5, 10, 25, and 50 μM 

significantly inhibited phosphorylation of ERK induced by 

cordycepin 100 μM (P,0.05, Figure 6A). In the combination 

experiments, PD98059 5 μM significantly reduced the expres-

sion of phosphorylated ERK in the cisplatin + cordycepin, 

cordycepin + paclitaxel, and cordycepin + cisplatin + paclitaxel 

groups treated for 12 hours (P,0.05, Figure 6B). SB203580 

at 1, 5, and 10 μM significantly inhibited the phosphorylation 

of p38 induced by 100 μM cordycepin (P,0.05, Figure 7A). 

In the combination experiments, SB203580 10 μM signifi-

cantly reduced the expression of phosphorylated p38 in the 

cisplatin + cordycepin, cordycepin + paclitaxel, and cordyce-

pin + cisplatin + paclitaxel groups (P,0.05, Figure 7A and B). 

These results again showed that cordycepin + paclitaxel and/or 

cisplatin could stimulate activation of the JNK, ERK1/2, and/or 

p38 MAPK pathways to induce apoptosis of MA-10 cells.

effects of cordycepin + paclitaxel and/or 
cisplatin on phosphorylation of p53 
protein in Ma-10 cells
The tumor suppressor p53 is the central player in a network pro-

tecting higher eukaryotic cells against various types of damage 

that might lead to genetic alterations.33 In addition, p53 protein 

can functionally interact with MAPK pathways.34 Moreover, 

studies have demonstrated that p53 can be induced by two 

widely used anticancer agents, ie, cisplatin and paclitaxel.35 

Hence, we investigated whether expression of p53 protein was 

involved in apoptosis of MA-10 cells activated by cordycepin + 

paclitaxel and/or cisplatin. Expression of phosphorylated p53 

protein in MA-10 cells treated with control and DMSO was 

low (Figure 8A and B). After 12 hours of treatment, cordycepin 

alone and cisplatin + cordycepin induced significant expression 

of phosphorylated p53 (P,0.05, Figure 8B). After 24 hours 

of treatment, cordycepin, cisplatin + cordycepin, cordycepin + 

paclitaxel, and cordycepin + cisplatin + paclitaxel significantly 

induced expression of phosphorylated p53 in MA-10 cells 

(P,0.05, Figure 8B). These results indicate that cordycepin, 

but not paclitaxel or cisplatin, could activate the p53 pathway 

to induce apoptosis of MA-10 cells.

Discussion
Studies have demonstrated that anticancer agents can have 

side effects and drug resistance,36–38 and the tendency of can-

cer treatment in the combination of different chemicals could 

be more therapeutic to treat cancer. Therefore, we attempted 

to determine whether the combination of different anticancer 

agents would have a better effect than each agent used alone 

in the treatment of testicular cancer.

The results of our present study showed that cordycepin, 

paclitaxel, and cisplatin-induced blebbing of the MA-10 

cell membrane. However, coadministration of cisplatin + 

cordycepin, cisplatin + paclitaxel, cordycepin + paclitaxel, or 

cisplatin + cordycepin + paclitaxel induced much more round-

ing up of MA-10 cells with membrane blebbing. Moreover, 

we found that coadministration of cisplatin + cordycepin, 

cisplatin + paclitaxel, cordycepin + paclitaxel, or cisplatin 

+ cordycepin + paclitaxel reduced cell viability to a greater 

extent than each agent used alone. Based on morphological 

changes and cell viability studies, the percentage of cell 

death induced by the combination of cisplatin + cordycepin 

was approximately 32.42%, which is approximately equal to 

the sum of the 17% cell death rate achieved by cordycepin 

100 μM and the 17% cell death rate achieved by cisplatin 

100 μM alone; similarly percentage of cell death induced 

by the cordycepin + paclitaxel was approximately 28.61%, 

which was approximately equal to the sum of the 17% cell 

death rate achieved by cordycepin 100 μM and the 20% cell 

death rate achieved by paclitaxel 50 nM alone after treatment 

for 24 hours. We did not observe this effect at 12 hours, but 

prolonged combination treatment for 24, 36, and 48 hours 

had a greater antitumor effect in MA-10 cells. Recent studies 

have demonstrated that combination of different antitumoral 

treatments can increase the therapeutic efficacy. Sawada 

et al39 showed that the combination of paclitaxel and cisplatin 

was more effective in a cisplatin-resistant ovarian carcinoma 

cell line. Moreover, the additive effect of adriamycin com-

bined with lomustine, prednisolone, cisplatin, VP-16, and 

Yoshi in inducing death of cultured human lymphoma cells 

has been demonstrated.40 Thus, our data are consistent with 
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Figure 5 JnK inhibitor (sP600125) reversed phosphorylation of JnK induced by cordycepin + paclitaxel and/or cisplatin in Ma-10 cells. 
Notes: The cells were pretreated with 1, 10, 50, and 100 μM sP600125 for 30 minutes, and then treated without or with 100 μM cordycepin and 1, 10, 50, and 100 μM 
sP600125 for 12 hours (A), or without or with 50 nM paclitaxel and/or 100 μM cisplatin +100 μM cordycepin and 10 μM sP600125 for 12 hours (B). Phosphorylated JnK 
(54/46 kDa) and t-JnK (54/46 kDa) were then detected by Western blots. The integrated optical density of p-JnK protein expression after normalization with t-JnK is 
demonstrated. each datum point represents the mean ± standard error of the mean of three separate experiments. *Indicates a statistically significant difference compared 
with the control (P,0.05). #Indicates that the means are significantly (P,0.05) different compared with treatment.
Abbreviations: p-, phosphorylated; t-, total; cor, cordycepin; cis, cisplatin; sP, sP600125; DMsO, dimethyl sulfoxide; JnK, c-Jun nh2-terminal kinase.
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Figure 6 erK inhibitor (PD98059) reversed cordycepin- + paclitaxel- and/or cisplatin-induced phosphorylation of erK in Ma-10 cells. 
Notes: The cells were pretreated with 5, 10, 25, and 50 μM PD98059 for 30 minutes, and then cotreated without or with 100 μM cordycepin and 5, 10, 25, and 50 μM 
PD98059 for 12 hours (A), or without or with 50 nM paclitaxel and/or 100 μM cisplatin +100 μM cordycepin and 5 μM PD98059 for 12 hours (B). after 12 hours, the 
t-erK (42/44 kDa) and p-erK (42/44 kDa) were detected by Western blots. The integrated optical density of p-erK protein expression after normalization with t-erK is 
demonstrated. Each datum point in the figure represents the mean ± standard error of the mean of three separate experiments. *Indicates a statistically significant difference 
compared with control (P,0.05). #Indicates that the means are significantly different compared with treatment (P,0.05).
Abbreviations: PD, PD98059; p-, phosphorylated; t-, total; cor, cordycepin; cis, cisplatin; DMsO, dimethyl sulfoxide; erK, extracellular signal-regulated kinase.
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Figure 7 The p38 inhibitor (sB203580) reversed cordycepin- + paclitaxel- and/or cisplatin-induced phosphorylation of p38 in Ma-10 cells. 
Notes: The cells were pretreated with 1, 5 and 10 μM sB203580 (sB) for 30 minutes, and then cotreated without or with 100 μM cordycepin and 1, 5, and 10 μM sB203580 
for 24 hours (A), or without or with 50 nM paclitaxel and/or 100 μM cisplatin +100 μM cordycepin and 10 μM sB203580 for 24 hours (B). after 24 hours, t-p38 (43 kDa) 
and p-p38 (43 kDa) were detected by Western blots. The integrated optical density of p-p38 protein expression after normalization with t-p38 is demonstrated. each datum 
point in the figure represents the mean ± standard error of the mean of three separate experiments. *Indicates a statistically significant difference compared with control 
(P,0.05). #Indicates that the means are significantly (P,0.05) different compared with treatments.
Abbreviations: p-, phosphorylated; t-, total; cor, cordycepin; cis, cisplatin; DMsO, dimethyl sulfoxide; sB, sB203580.
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Figure 8 effects of paclitaxel and/or cisplatin + cordycepin on the protein expression of p53 in Ma-10 cells. 
Notes: The cells were then treated without or with 50 nM paclitaxel and/or 100 μM cisplatin +100 μM cordycepin for 12 and 24 hours. after the treatments, the p-p53 
(53 kDa) protein was detected by Western blot (A). The immunoblot represents the observations from one single experiment reported three times. The integrated optical 
density of p-p53 was analyzed after normalization with t-p53 (53 kDa) in each lane (B). each datum point represents the mean ± standard error of the mean of three separate 
experiments. *Indicates that the means are significantly different compared with control (P,0.05).
Abbreviations: p-, phosphorylated; t-, total; cor, cordycepin; cis, cisplatin; DMsO, dimethyl sulfoxide.

previous reports that drug combinations are more effective 

than single agents.

Cell cycle arrest could be a major cellular response to DNA 

damage preceding the decision that a cell should repair itself 

or die.41 Many of the compounds used as antitumor agents 

act at multiple steps in the cell cycle, and their effects may 

be cytostatic or cytotoxic, depending on the status of the cell 

cycle in the target cells.42 Moreover, studies have shown that 

paclitaxel,43,44 cisplatin,45,46 and cordycepin30,47 can induce cell 

cycle arrest at G2/M phase in some cell types, including human 

bladder cancer, breast cancer, and lung cancer cells, which then 

proceed to subG1 phase, ending up in apoptosis. According 

to our results, the proportion of cells arrested at subG1 phase 

increased in response to treatment with cordycepin or paclitaxel 

alone and all combination treatments. In contrast, the propor-

tion of cells arrested at G1 phase was significantly reduced. 

Moreover, the proportion of cells arrested at G2/M phase 

increased in cells treated with cisplatin + paclitaxel. This phe-

nomenon indicates that a considerable portion of G1 phase cells 

treated with cisplatin + paclitaxel progressed to G2/M phase. 

Once cells had progressed into G2/M phase, they became 

insensitive to the drugs. This phenomenon might coincide with 

the possible development of resistance after chemotherapy, 

indicating that cells might change under the pressure of an anti-

tumor agent and even become more proliferative.48 Moreover, 

other studies indicate that G2/M phase arrest affords cells the 

opportunity to repair DNA damage before proceeding through 

mitosis, but this is still unclear.49 Taken together, we observed 

that cell numbers accumulated in subG1 phase in response to 

the combination treatments, suggesting that double or triple 

agent combinations could work more effective to induce DNA 

fragmentation and apoptosis of MA-10 cells.
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It is well known that Fas transduces cell death signal-

ing upon stimulation by Fas ligand, which could activate 

the caspase pathways.50 Intracellular cell death signaling is 

mediated by caspase activation at several steps.51 Moreover, 

other studies have indicated that apoptosis induced by anti-

cancer drugs involves a CD95/CD95 ligand interaction.52 

Further evidence have shown that an intrinsic caspase path-

way related to the mitochondria could be induced before 

cell death.53 Therefore, we investigated the mechanism via 

which caspase is activated by cisplatin, paclitaxel, and/or 

cordycepin. It has been shown that anticancer agents can 

activate expression of caspase-8, caspase-9, and caspase-

3,54,55 and then cleave PARP,56 which would further obstruct 

DNA repair and result in apoptosis. In the present study, 

combination treatments induced more protein expression 

with additive effect of caspase-8, caspase-9, and caspase-3 

and PARP cleavage compared with treatment with each agent 

alone. Indeed, all treatments, both single and combined, had a 

better effect at 12 hours with regard to caspase-8, caspase-9, 

and PARP cleavage, and at 12 and 24 hours for cleavage of 

caspase-3. It should be noted that cordycepin alone and in 

combination with cisplatin and/or paclitaxel had a stronger 

effect in terms of activating cleavage of caspase-8, caspase-9, 

and caspase-3 and PARP in MA-10 cells when compared 

with treatment using cisplatin and/or paclitaxel.

The Ras-MAPK pathway is important for orchestrating 

the response of the cell to external and internal stimuli.23 This 

pathway is commonly dysregulated in cancers.57 Moreover, 

many studies have demonstrated that activation of MAPK can 

stimulate expression of caspase-3 and cleavage of PARP as 

well as decrease expression of Bcl-2, which mediates the cel-

lular steps in apoptosis of some types of tumor cell.58,59 In the 

present study, combined treatment for 12 hours with cisplatin + 

cordycepin, cordycepin + paclitaxel, or cisplatin + cordyce-

pin + paclitaxel induced significantly more expression of 

phosphorylated ERK when compared with treatment using cis-

platin, paclitaxel, or cordycepin alone. Studies have indicated 

that combination of several antitumor drugs, such as cisplatin, 

vinblastine, bleomycin, tunicamycin, and actinomycin D, 

could have additive and/or synergistic effects in testicular 

cancer through different cellular mechanisms.60 In the pres-

ent study, we did find remarkable additive effects in MA-10 

cells. Interestingly, our studies did show induction of JNK, 

ERK, and p38 protein phosphorylation. Further, SP600125, 

PD98059, and PD98059 could reverse the activation of JNK, 

ERK, and p38 in the combination treatment of cordycepin plus 

cisplatin and/or taxol, respectively. Thus, our observations are 

comparable with those of other studies, ie, the combination of 

different drugs could activate caspase and MAPK pathways 

to induce apoptosis in various tumor cells.61

Previous studies indicated that the tumor suppressor 

protein, p53, exerts its inhibitory effect on cell growth by 

activating and interacting with diverse signaling pathways.34 

As a downstream target, p53 protein is phosphorylated and 

activated by a number of protein kinases in response to stress-

ful stimuli.34 Activation of p53 leads to many outcomes in 

cells, including cell cycle arrest and apoptosis. It has become 

clear that the p53 protein can functionally interact with the 

MAPK pathways. Moreover, both p53 and MAPK signaling 

pathways are altered in the majority of human tumors.34 

Thus, p53 is an important protein that we need to examine 

and understand. In the present study, cordycepin, cisplatin + 

cordycepin, cordycepin + paclitaxel, and cordycepin + cis-

platin + paclitaxel induced significant expression of phos-

phorylated p53 in MA-10 cells, implying that activation of 

p53 protein is important in this event. Indeed, based on the 

data, cordycepin is an important component in combination 

treatment for inducing p53 phosphorylation, since cisplatin 

and paclitaxel alone did not have this effect.

Conclusion
Cordycepin + paclitaxel and/or cisplatin have the ability to 

induce apoptosis of MA-10 cells, and showed an additive 

effect when used in combination. Specifically, the combined 

treatments induced both the intrinsic and extrinsic caspase 

pathways. Further, the MAPK and p53 signal pathways 

were also activated. These results strongly suggest that the 

combination of cordycepin + paclitaxel and/or cisplatin might 

be more effective than when these agents are used as single 

agents for chemotherapy in testicular cancer.
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