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Cordycepin inhibits cell growth and induces apoptosis in human 
cholangiocarcinoma
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The purpose of this study was to explore the role of cordycepin in human cholangiocarcinoma (CCA) cell growth and 
apoptosis. In the present study, colony formation assay, cell-counting kit-8 (CCK-8) assay and tumor xenograft experiment 
were performed to evaluate the effect of cordycepin on human CCA cell growth in vitro and in vivo; flow cytometric analysis 
was performed to evaluate the effect of cordycepin on cell apoptosis; quantitative real-time reverse transcription PCR (qRT-
PCR) and western blot assays were performed to evaluate the expression levels of Caspase-3, Bcl-2 and Bax. The results showed 
that cordycepin inhibited cell growth in QBC939 and RBE cells in vitro and it could also inhibit QBC939 cells growth in vivo. 
Furthermore, the flow cytometric analysis, qRT-PCR and western blot assays showed that cordycepin could trigger QBC939 
and RBE cells apoptosis by regulating the expression levels of Caspase-3, Bcl-2 and Bax. And we proposed that cordycepin 
could inhibit human CCA cell growth in vitro and in vivo, while, this function is related to the induction of cell apoptosis.
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Cholangiocarcinoma (CCA) is a biliary tract malignancy 
arising from the epithelium of biliary tree. After hepatocellular 
carcinoma, CCA is the second most common primary liver 
malignancy [1]. Due to the lack of specific symptoms and signs, 
CCA patients are usually diagnosed at its advanced stage and 
lose the opportunity to undergo the radical surgery, which is 
the most effective treatment for CCA. With the addition of the 
resistance to chemotherapy, the 5-year survival rate of CCA is 
extremely low [2]. The epidemiological studies indicated that 
the morbidity and mortality of CCA was rising over the past 
decade, especially in China [3, 4]. Therefore, the development 
of new treatments or drugs to improve the outcome of CCA 
is of paramount necessity.

Cordycepsmilitaris, a  fungus that parasitizes Lepidoptera 
larvae, has been widely used as one kind of folk tonic food 
or crude drug in the tradition [5]. Cordycepin, also termed 
3’-deoxyadenosine, is a chief ingredient and the active com-
ponent isolated from Cordycepsmilitaris, has been reported to 
have various anti-tumor activities, including cell proliferation 
inhibition, cell migration inhibition and apoptosis induction 
[6-8]. For its low toxicity to normal cells, cordycepin has been 
regarded as a preventative ortherapeutic agent to some tumor 

cells [9, 10]. Some studies have reported its anti-tumor activi-
ties in human cancer of lung, liver, colorectum and etc [7, 11, 
12]. However, as far as we know, the role of cordycepin in the 
development of CCA remains unknown.

In this study, we explored the effect of cordycepin on the 
human CCA cell lines in vitro and in vivo, and put forward 
that the inhibiting effect of cordycepin on human CCA cell 
growth is, at least in part, through inducting human CCA 
cell apoptosis.

Materials and methods

Cell culture. The human CCA cell lines QBC939 and RBE 
were separately cultured in DMEM high-glucose medium 
(HyClone, USA) and RPMI-1640 medium (Gibco, USA) 
supplemented with 10% feral bovine serum (Gibco, USA). 
The cells were cultured under an atmosphere of 5% CO2 in 
a humidified incubator at 37 °C.Cordycepin was bought from 
Sigma-Aldrich (Saint Louis, USA), and we treated QBC939 
and RBE cells with cordycepin at the concentration of 25mM.

Quantitative real-time reverse transcription PCR (qRT-
PCR). Total RNA was extracted from human CCA cell using 
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TRIzol reagent (Invitrogen, USA). RNA quantity and quality 
were identified by NanoDrop 2000c (Thermo Scientific, USA). 
For each sample, 1μg of total RNA was reverse transcribed 
to cDNA using a reverse transcription kit (Promega, USA). 
The PCR reaction was conducted to evaluate the mRNA 
expression levels by using the SYBR Green reagent (Applied 
Biosystems, USA) and ABI7500 PCR machine (Applied 
Biosystems, USA). The relative mRNA expression levels 
were calculated using the 2-ΔΔCt method, ACTIN was used as 
an internal control for normalization. Each experiment was 
conducted in triplicate. The primer sequences were listed as 
follows: ACTIN-F, 5’-AAAGACCTGTACGCCAACAC-3’, 
ACTIN-R, 5’-GTCATACTCCTGCTTGCTGAT-3’; Cas-
pase3-F, 5’-GAAATTGTGGAATTGATGCGTGA-3’, 
Caspase3-R, 5’-CTACAACGATCCCCTCTGAAAAA-3’; 

Bcl2-F,  5’-GGTGGGGTCATGTGTGTGG-3’,  Bcl2-
R, 5’-CGGTTCAGGTACTCAGTCATCC-3’;  Bax-F, 
5’-CCCGAGAGGTCTTTTTCCGAG-3’, Bax-R, 5’-CCAGC-
CCATGATGGTTCTGAT-3’.

Cell proliferation assay. Cell proliferation assays were 
conducted by using Cell Counting Kit-8 (Dojindo, Japan). 
Human CCA cell was plated in 96-well plates in triplicate at 
approximately 1000 cells per well and cultured in the medium. 
Then, the cells were treated with cordycepin. After 48 hours, 
the 450nm absorbance was measured to assess the cell viability 
using a microplate reader. Each experiment was conducted 
in triplicate.

Colony formation assay. The human CCA cell was plated 
in 6-well plate atapproximately 1000 cells per well and treated 
with cordycepin. After culture for 2 weeks, the cells were fixed 

Figure 1. Cordycepin inhibits growth in human CCA cell in vitro. (A and B) Cell colony formation assay in human CCA cell line QBC939 treated with 
cordycepin was shown. (C and D) Cell colony formation assay in cell line RBE treated with cordycepin was shown. (E) CCK-8 assay in cell line QBC-
939treated with cordycepin was shown. (F) CCK-8 assay in cell line RBE treated with cordycepin was shown. The mean ± SD of triplicate experiments 
were plotted, ***P<0.001.



836 C. WANG, Z. P. MAO, L. WANG, F. H. ZHANG, G. H. WU, D. Y. WANG, J. L. SHI

Figure 2. Cordycepin induces apoptosis in human CCA cell. (A and B) Flow cytometric analysis for apoptosis in cell line QBC939 treated with cordycepin 
was shown. (C and D) Flow cytometric analysis for apoptosis in cell line RBE treated with cordycepin was shown. The mean ± SD of triplicate experi-
ments were plotted, **P<0.01, ***P<0.001.

Figure 3. Cordycepin regulates the expression levels of Caspase-3, Bcl-2 and 
Bax. (A and B) The mRNA levels of Caspase-3, Bcl-2 and Bax in human CCA 
cell line QBC939 and RBE treated with cordycepin were detected by qRT-
PCR. (C and D) The protein levels of Caspase-3, Bcl-2 and Bax in cell line 
QBC939 and RBE treated with cordycepin were detected by western blot. 
The mean ± SD of triplicate experiments were plotted, **P<0.01, ***P<0.001.

in methanol and stained with 0.1% crystal violet solution. 
And we counted the visible colonies which containing at least 
50 cells. Each experiment was conducted in triplicate.

Flow cytometric analysis for apoptosis. Human CCA cell 
was treated with cordycepin for 48 hours. Then the cells were 
harvested and stained with the AnnexinV/PI double staining 
kit (BD Biosciences, USA) according to the manufacturer’s 
protocol. Apoptotic cells were measured by flow cytometry on 
a FACScan (Beckman Instruments, USA). Each experiment 
was conducted in triplicate.

Western blot. After treatment with cordycepin for hu-
man CCA cell for 48 hours, the cells were harvested and 
lysed in RIPA buffer (Beyotime, China) supplemented with 
PMSF (Beyotime, China). Subsequently, protein samples 
were separated by SDS-PAGE gel and transferred to poly-
vinylidenedifluoride (PVDF, Millipore, USA). Membranes 
were incubated with anti-Caspase-3(1:1000; Cell Signaling 
Technology, USA), anti-Bcl2 (1:1000; Cell Signaling Technol-
ogy, USA), anti-Bax(1:1000; Cell Signaling Technology, USA)
and anti-GAPDH antibodies (1:5000; Proteintech, China) at 
4°Covernight, followed by incubation with horseradish per-
oxidase-conjugated secondary antibody (1:1000; Beyotime, 
China) and visualized by the Gel Doc 2000 (Bio-Rad, USA).

Tumor xenograft experiment. QBC939cells (100ml, 
1 × 106 cells) were collected and injected subcutaneously into 
each 4-week-old male nude mouse (10 micetotally, 5 mice 
for each group). The first group received an intraperitoneally 
(i.p.) injection of DMEM high-glucose medium each day. The 
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other group was administered an i.p. injection of cordycepin 
at 40mg/kg every day. Mice were monitored daily, and the tu-
mor volumes were assessed (0.5 × length × width2) per 3 days. 
After 15 days, mice were sacrificed, and all tumor grafts were 
excised and weighed.

Statistical analysis. All statistical analyses were conducted 
using SPSS 19.0 software (SPSS, USA). The independent 
sample t-test was used for analyzing the differences between 
groups. All data were presented as mean ± standard deviation. 
A  two-sided value of P  < 0.05 was considered statistically 
significant.

Results

Cordycepin inhibits proliferation in human CCA cell 
in vitro. To explore the effect of cordycepin on cell prolifera-
tion, we conducted the colony formation assay and the results 
indicated that the number of colonies of QBC939 and RBE 
cells treated with cordycepin were both significantly fewer 
than that of the control (Figure 1A-1D). To further confirm 
the effect of cordycepin in QBC939 and RBE cells, we con-
ducted CCK-8 assay and observed the similar phenomenon 
that the cell proliferation of QBC939 and RBE cells were both 
significantly inhibited by cordycepin (Figure 1E, 1F). Taken 
these results together, cordycepin is capable of inhibiting the 
tumorigenicity of human CCA cell in vitro.

Cordycepin induces apoptosis in human CCA cells. To 
further explore whether cordycepin mediated inhibition of 
human CCA cell proliferation was resulted from the induc-
tion of apoptosis, we conducted the flow cytometric analysis 
in QBC939 and RBE cells. Flow cytometric analysis is one of 
the most effective methods to access the apoptotic cells after 
drug treatment. As shown, when compared with their control, 
cordycepin treatment significantly increased the population of 
apoptotic cells of QBC939 and RBE cells (Figure 2).

However, the underlying mechanism of cordycepin in-
duces human CCA cell apoptosis remains unknown. Next, we 
conducted the qRT-PCR and western blot assays to access the 
expression levels of Caspase-3, Bcl-2 and Bax in cordycepin 
treated QBC939 and RBE cells. As is well known, the activa-
tion of Caspase-3 plays a central role in apoptotic progress 
[13]. As shown in Figure 3, both mRNA and protein levels 
of Caspase-3 were increased in cordycepin treated QBC939 
and RBE cells. Furthermore, Bcl-2 (anti-apoptosis) and Bax 
(pro-apoptosis) are members of Bcl-2 family, which plays an 
essential role in the execution of apoptosis [14]. Our results 
indicated that the mRNA and protein levels of Bcl-2 were 
both decreased in cordycepin treated QBC939 and RBE cells, 
while the opposite phenomenon was observed in Bax (Fig-
ure 3). Taken together, these data suggested that cordycepin 
induces human CCA cell apoptosis by regulating Caspase-3 
and Bcl-2 family members.

Cordycepin suppresses tumor growth in vivo. Yoshi-
kawa et al. intragastrically or intraperitoneally administered 
mice cordycepin at the maximal tolerant dose, and they 

did not find the bodyweight loss or systemic toxicity in 
the mice [15]. Considering that cordycepin could inhibit 
human CCA cell growth in vitro, in this part, we further 
explore the effect of cordycepin on the tumor growth in 
vivo. As shown in Figure 4, the tumor growth in nude mice 
injected with QBC939 cells was significantly inhibited after 
treatment with cordycepin compared with the mice injected 
with DMEM high-glucose medium alone. Thus, these data 
suggested that cordycepin could inhibit the tumorigenicity 
of human CCA cell in vivo.

Discussion

In the present study, we proposed that the growth of hu-
man CCA cell could be inhibited by cordycepin in vitro and 
in vivo. And this inhibition was related to the induction of 
apoptosis by cordycepin. Furthermore, our results indicated 
that cordycepin could promote human CCA cell apoptosis via 
the activation of Caspase-3 and the modulation of Bcl-2 family 
in the mRNA and protein level.

One of the most important effects of cordycepin on cancer is 
the inhibition of cell proliferation. Previous studies suggested 
that cordycepin inhibits cyclin A2, cyclin E and CDK2 expres-
sion that results in the arrestment of cell cycle in S-phase in 
leukemia cells, suppressing cell proliferation [16]. In addition, 
cordycepin has been reported to up-regulate p21WAF1 expres-

Figure 4. Cordycepin suppresses tumor growth in vivo. (A) Growth curves 
of tumors in nude mice. Tumor diameters were assessed per three days. 
(B) The size of the xenograft tumor derived from cordycepin treated 
QBC939 cells and DMEM high-glucose medium treated QBC939 cells in 
nude mice were compared. The mean ± SD of triplicate experiments were 
plotted, ***P<0.001.
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sion and induce the phosphorylation of JNK, in regulating the 
G2/M-phase arrestment and inhibiting cell proliferation in 
human bladder cancer cells [17]. Not only in human cancers, 
via the activation of adenosine A3 receptor, cordycepin could 
also inhibit mouse lung cancer cells proliferation [18]. These 
are consistent with our finding that cordycepin inhibits hu-
man CCA cell growth by colony formation assay and CCK-8 
assay in vitro, and tumor xenograft experiment in vivo. And 
we supposed that the effect of cordycepin on human CCA cell 
growth is associated with the cell cycle arrestment or several 
pathways activation.

Except the arrestment of cell cycle, cell growth inhibition 
could also be resulted from the induction of apoptosis. How-
ever, there have been reported that cordycepin is involved in 
cell apoptosis in multiple human cancers. Hwang et al. found 
that cordycepin down-regulated ERK, induced the phospho-
rylation of JNK, and promoted apoptosis in renal cancer cells 
[19]. As known to us, the caspase pathway plays an important 
role in the activation of cell apoptosis. Tian et al. reported that 
cordycepin promote cell apoptosis by binding the DR3 receptor 
and activating Caspase-8/3 [20]. Caspase-3 is an executioner 
caspase and has no activity until it is cleaved by an initiator 
caspase after the apoptotic signaling has been activated [21]. 
In this study, the results indicated that cordycepin treatment 
promoted the human CCA cell apoptosis, and Caspase-3 was 
increased in cordycepin treated cells. And we believe that 
Caspase-3 participates in the cordycepin induced apoptosis 
in CCA. Moreover, the Bcl-2 family is the key mediator of the 
intrinsic (mitochondrial) pathway, which includes some of 
the most extensive-studied proteins, such as Bcl-2, the anti-
apoptotic protein, Bax, the pro-apoptotic protein [22]. The 
ratio of Bcl-2/Bax is usually used to assess the occurrence of 
apoptosis. Our data showed that the expression of Bcl-2 was 
decreased in cordycepin treated human CCA cell, while con-
versely in Bax. And the alteration of Bcl-2 and Bax is according 
to that of Caspase-3.

In summary, this study confirmed that cordycepin is func-
tional of inhibiting the human CCA cell growth and apoptosis. 
The CCK-8, colony formation andtumor xenograft assays 
entirely indicated that cordycepin has the ability to inhibit 
cell proliferation in vitro and in vivo. Flow cytometric analy-
sis indicated that cordycepin promotes apoptosis. Moreover, 
qRT-PCR and western blot assays indicated that cordycepin 
induces apoptosis by mediating Caspase-3 and Bcl-2 family 
members. We believed that the present study provided some 
novel information, and further studies about the underlying 
mechanism were needed.
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