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We first demonstrated that cordycepin inhibited cell growth and triggered apoptosis in
U87MG cells with wild-type p53, but not in T98G cells with mutant-type p53. Western blot
data revealed that the levels of procaspase-8, -3, and Bcl-2 were downregulated in cordycepintreated U87MG cells, whereas the levels of Fas, FasL, Bak, cleaved caspase-3, -8, and cleaved
PARP were upregulated, indicating that cordycepin induces apoptosis by activating the death
receptor-mediated pathway in U87MG cells. Cordycepin-induced apoptosis could be
suppressed by only SB203580, a p38 MAPK-specific inhibitor. These results suggest that
cordycepin triggered apoptosis in U87MG cells through p38 MAPK activation and inhibition
of the Akt survival pathway.
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Despite remarkable advances in glioblastoma therapy,
including neurosurgery, radiotherapy, and chemotherapy,
the low median survival period has been reported in
patients with glioblastoma because of poor response or
resistance to current therapies [8]. Moreover, although
chemotherapy has been used most extensively in
glioblastoma patients and contributed to substantial
improvement of survival rate, it was ultimately proved to
be ineffective owing to severe toxicity, the incapacity of
many drugs to cross the blood-brain barrier, and high
levels of drug resistance [2]. Thus, it is highly needed to
develop more efficient chemotherapeutic drugs for curing
aggressive glioblastoma.
In recent years, anticancer agents extracted from natural
sources have been extensively used as an effective source
of current chemotherapy and they exerted their antitumor

effects against cancer cells by inducing apoptosis via the
mitochondrial (intrinsic) and/or the death receptor-mediated
(extrinsic) pathways [4, 7].
Cordycepin (3’-deoxyadenosine) is a pure compound
isolated from Cordyceps militaris and Cordyceps sinensis, an
ingredient of oriental medicine, and has various biological
activities, such as inhibitions of mRNA polyadenylation,
lipopolysaccharide-induced inflammation, and human
platelet aggregation as well as anti-cell proliferation and
apoptosis induction [11]. Although the anticancer effects of
Cordyceps militaris and mycelial fermentation have been
recently reported in human glioblastoma cells [13], the
effects of cordycepin on human glioblastoma cells have not
yet been studied in detail. Therefore, this study was
conducted to investigate the anticancer effects of cordycepin
on human glioblastoma cells and the mechanism of its
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Fig. 1. Effects of cordycepin on the viability of human glioblastoma cells.
Human glioblastoma U87MG and T98G cells were treated with various concentrations of cordycepin for 24 h. Cell growth was measured by XTT
assay. Data are presented as percentage of control and are the mean ± SEM (n = 3). *p < 0.05 (compared with control); **p < 0.01.

action.
Human glioblastoma cell lines U87MG (HTB-14) and
T98G (CRL-1690) obtained from the American Type Culture
Collection (ATCC; Manassas, VA, USA) were grown in
DMEM containing 10% FBS, 100 µg/ml streptomycin, and
100 U/ml penicillin at 37 °C under 5% CO2.
To investigate the effects of cordycepin on cell
proliferation, U87MG cells with wild-type p53 and T98G
cells with mutant-type p53 were treated with cordycepin at
different dose levels for 24 h and then subjected to XTT
assay. As shown in Fig. 1, cordycepin treatment for 24 h
inhibited the growth of U87MG cells in a dose-dependent
manner up to 400 µM, whereas it had not significant effect
on the viability of T98G cells. After treatment with 400 µM
cordycepin for 24 h, cell viability was about 35% in U87MG
cells, but 76% in T98G cells, indicating that U87MG cells
are more sensitive to growth inhibition by cordycepin than
T98G cells.
To examine whether cordycepin inhibits the proliferation
of U87MG cells by causing apoptosis, the effects of
cordycepin on apoptosis induction were investigated. As
shown in Fig. 2A, after treatment with 300 µM cordycepin
for various times, morphological changes with irregular
and shrunken shapes were apparent for U87MG cells in a
time-dependent way, but not for T98G cells. To quantify
the extent of cordycepin-treated apoptosis, the percentage
of apoptotic cells was measured by flow cytometry at the
indicated times after staining with Annexin V-FITC and PI.
Flow cytometric analysis was carried out by the same
method as previously described [5]. The result showed
time-dependent increases in the proportion of U87MG cells
stained with Annexin V, but not in T98G cells (Fig. 2B),
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indicating that U87MG cells are more susceptible to
cordycepin than T98G cells.
Next, we investigated the activation of caspase-3, which
cleaves some proteins essential for cell survival [4, 10].
Caspase-3, an executor of apoptosis, is activated by dividing
into two smaller subunits during apoptosis. Caspase-3
activation subsequently causes apoptosis through cleavage
of cellular proteins, including poly (ADP-ribose) polymerase
(PARP). During apoptosis, PARP of 116 kDa is divided into
fragments of 89 and 24 kDa [4, 10]. Thus, we investigated
by western blotting whether induction of apoptosis by
cordycepin is mediated by the activation of caspase-3
followed by cleavage of PARP proteins in U87MG cells.
Western blot analysis was carried out by the same method
as previously described [5]. As shown in Fig. 2C, the
cleavage of procaspase-3 and PARP increased dosedependently in U87MG cells, but not in T989G cells. This
result indicates that cordycepin induced apoptosis through
the cleavage of procaspase-3 and PARP in U87MG cells,
and p53 function is associated with cordycepin-triggered
apoptosis in human glioblastoma cells. In addition, the
cleavage of both procaspase-3 and PARP was inhibited in
cordycepin-treated p53 knockdown U87MG cells (shp53)
compared with cordycepin-treated shControl cells. (Fig. S1).
Taken together, the above data strongly suggest that
cordycepin-triggered apoptosis in human glioblastoma
cells is mediated by p53. Unlike a previous study in which
Cordyceps militaris and mycelial fermentation induced
apoptosis in both U87MG cells with wild-type p53 and
GBM8401 cells with mutant-type p53 [13], indicating p53independent apoptosis, our results in this study demonstrated
that the growth inhibitory and apoptotic effects of
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Fig. 2. Effects of cordycepin on apoptosis of human glioblastoma cells.
Human glioblastoma U87MG and T98G cells were treated with 300 µM cordycepin for various times, or with various concentrations of cordycepin
for 24 h. (A) Cell morphological images were taken by a phase-contrast microscope (100×) at each time point. (B) Apoptotic cells were measured
by Annexin V assay, followed by analysis with flow cytometry. (C) Cell lysates were subjected to western blotting analysis to detect caspase-3 and
PARP. GAPDH was used as an internal control.

cordycepin were much more prominent in U87MG cells
with wild-type p53 than T98G cells with mutant-type p53.
A previous report described that mutant p53 might not
only lose its wild-type tumor suppressor activity but gain
new oncogenic properties involved in tumor progression
and the chemoresistance of malignant tumors [9]. Therefore,
these findings suggest that apoptosis in human glioblastoma
cells can be mediated by p53 in a cell type-specific manner.
It is well known that caspase-3 is activated by caspase-8
and/or caspase-9, which play crucial roles in apoptosis
induction through the intrinsic and/or the extrinsic
pathways, respectively [4, 10]. To clarify the pathway for

the effects of cordycepin on apoptosis in U87MG cells, the
western blot assay was performed to analyze protein levels
of caspase-8 and caspase-9. As shown in Fig. 3, cordycepin
treatment time-dependently decreased protein levels of
procaspase-3, -8, and PARP and proportionally increased
their cleaved forms, but it did not alter the protein levels of
procaspase-9, indicating that cordycepin induced the
activation of caspase-8 in U87MG cells. Thus, we tested
downstream of the extrinsic pathway in cordycepin-treated
U87MG cells. In the extrinsic pathway, the binding of Fas
ligand (FasL) to Fas receptor results in the binding of the
adapter protein FADD, which leads to activation of
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Fig. 3. Effects of cordycepin on the activation of caspases,
PARP cleavage, and expression levels of proteins related to
apoptosis pathways in U87MG cells.
U87MG cells were treated with 300 µM cordycepin for the indicated
times and then cells were collected. Cell lysates were subjected to
western blotting analysis to detect caspase-8, -9, -3, and PARP
cleavage and protein expression levels. GAPDH was used as an
internal control.

caspase-8 [4]. In addition, the tumor necrosis factor (TNF)related apoptosis-inducing ligand (TRAIL) is generally
accepted as a promising anticancer drug that triggers
marked apoptosis in various tumor cells, and it also causes
the activation of caspase-8 [11]. To confirm that the extrinsic
pathway is involved in cordycepin-mediated apoptosis in
U87MG cells, protein levels of Fas, FasL, and TRAIL were
examined. As shown in Fig. 3, the levels of Fas, FasL, and
TRAIL were time-dependently increased in cordycepintreated cells, whereas anti-apoptotic protein Bcl-2 level was
decreased by cordycepin treatment, indicating cordycepininduced apoptosis through the extrinsic pathway. However,
the protein levels of Bid and Bak, mediators of the intrinsic
pathway, were not altered. Therefore, these results suggest
that cordycepin activates the extrinsic pathway, but not the
intrinsic pathway, to induce apoptosis in U87MG cells.
It has been reported that the MAPK signaling cascade,

J. Microbiol. Biotechnol.

including ERK1/2, p38 MAP kinase, and JNK, plays a
crucial role in controlling apoptosis [1, 12]. To further
confirm whether MAPK activation by phosphorylation
mediates cordycepin-induced apoptosis, the expression
levels of the phosphorylated forms of MAPKs were
analyzed using phospho-specific antibodies. As shown in
Fig. 4A, a significant increase in phospho-p38 MAPK and
phospho-JNK, with a slight increment of phospho-ERK1/2,
was observed upon cordycepin treatment, whereas their
total protein levels were not significantly changed. This
result is different from a previous report [6] wherein
cordycepin treatment did not significantly enhance
phosphorylation of ERK1/2 and p38 MAP kinase in human
colon cancer HCT116 cells, although JNK phosphorylation
was remarkably increased by cordycepin treatment. To
investigate whether the different cascades play any role as
mediators of cordycepin-induced apoptosis in U87MG cells,
pharmacological inhibitors of the different pathways were
used. U0126 (ERK inhibitor), SP600125 (JNK inhibitor),
and SB203580 (p38 MAPK inhibitor) were added 1 h prior
to 300 µM cordycepin treatment. As shown in Fig. 4B,
U0126 and SP600125 failed to inhibit cordycepin-induced
apoptosis, whereas pretreatment with SB203580 significantly
increased the viability of U87MG cells up to about 90%
compared with the control without cordycepin treatment.
These results suggest that p38 MAPK might be involved in
the suppression of cell proliferation and apoptosis
induction in cordycepin-treated U87MG cells. These results
were confirmed by Annexin V and PI staining, showing
that the percentage of live cells treated with SB203580 plus
cordycepin was higher than those stimulated with either
U0126 or SP600125 plus cordycepin as well as cordycepin
alone (Fig. 4C).
The Akt signaling pathway is well known in antiapoptosis, and Akt activated by phosphorylation serves as
a survival signal under various stressful conditions [3]. As
shown in Fig. 4A, Akt activation in U87MG cells decreased
dramatically after exposure to 300 µM cordycepin for 6 h,
indicating that cordycepin markedly inhibits Akt activation,
resulting in induction of apoptosis. In addition, Akt
activation was more strongly prevented by co-treatment
with cordycepin and wortmannin, a selective inhibitor of
phosphatidylinositol-3-kinase (Fig. S2).
In conclusion, our present study first demonstrated that
cordycepin inhibited cell proliferation and induced
apoptosis of human glioblastoma U87MG cells through the
extrinsic pathway, including upregulation of Fas/FasL,
downregulation of anti-apoptotic Bcl-2, and activation of
initiator caspase-8 as well as executor caspase-3. The

Cordycepin-Induced Apoptosis in Human Glioblastoma

313

Fig. 4. Effects of cordycepin on activation of the MAPK signaling pathway in U87MG cells.
(A) For representative immunoblot analysis of p-ERK1/2, ERK1/2, p-p38, p38, p-JNK, JNK, p-Akt and Akt, protein expression levels, cells were
treated with 300 µM cordycepin for the indicated times and then protein expression levels were analyzed by immunoblotting. GAPDH was used
as the internal control. (B) Cells were incubated with 20 µM of SP600125, U0126, or SB203580 for 1 h and then co-incubated with 300 µM
cordycepin for 24 h. Cell viability was measured using the Cell Proliferation Kit II (XTT; Roche Diagnostics GmbH, Germany) and quantified as a
percentage compared with the control. Data are presented as percentage of control and are the mean ± SEM (n = 3). (C) The percentage of
apoptotic cells was evaluated by flow cytometry using Annexin V/PI staining. *p < 0.05 (compared with control); **p < 0.01; #p < 0.05.

apoptotic effects of cordycepin on U87MG cells were also
linked to p38 MAPK activation and inhibition of the Akt
survival pathway. Our results indicate that cordycepin
may have potential therapeutic and chemopreventive roles
in human glioblastoma. These findings provide valuable
information for further in vivo studies of cordycepin for
treatment of human glioblastoma.
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