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Cordycepin, an active component originally isolated from the traditional medicine Cordyceps militaris,
is a derivative of the nucleoside adenosine, which has been shown to possess a number of pharmaco-
logical properties, including antioxidant and anti-inflammatory activities, immunological stimulation,
and antitumor effects. This study was conducted on cultured human prostate carcinoma LNCap cells
to elucidate the possible mechanisms by which cordycepin exerts its anticancer activity, which, until
now, has remained poorly understood. Cordycepin treatment of LNCap cells resulted in dose-depend-
ent inhibition of cell growth and the induction of apoptotic cell death as detected by an MTT assay,
cleavage of poly ADP-ribose polymerase, and annexin V-FITC staining. Flow cytometric analysis re-
vealed that cordycepin resulted in G2/M arrest in cell cycle progression and downregulation of cyclin
Bl and cyclin A expression in a concentration-dependent manner. Moreover, the incubation of cells
with cordycepin caused a striking induction in the expression of the cyclin-dependent kinase (CDK)
inhibitor p21Wafl/Cipl without affecting the expression of the tumor suppressor p53. It also resulted
in a significant increase in the binding of CDK2 and CDC2 to p21. These findings suggest that cordy-
cepin-induced G2/M arrest and apoptosis in human prostate carcinoma cells is mediated through
p53-independent upregulation of the CDK inhibitor p21.
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Fig. 1. Cordycepin inhibits cell viability and induces G2/M ar-
rest in LNCap cells. (A) Cells were treated with the in-
dicated concentrations of cordycepin for 48 hr. Cell via-
bility was determined by MTT assay. The data is ex-
pressed as the mean + SD of three independent
experiments. The significance was determined by the
Student’s t-test (¥, p<0.05 vs. untreated control). (B) After
treatment with cordycepin for 48 hr, the morphological
changes of cells were imaged using an inverted micro-
scope (original magnification, x200, upper panels). (C)
The cells were harvested and 10,000 events were ana-
lyzed for each sample. DNA content is represented on
the x-axis and the number of cells counted is represented
on the y-axis. Each point represents the mean of two
independent experiments.
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Fig. 2. Induction of apoptosis by cordycepin in LNCap cells.
(A) After treatment with various concentrations of cor-
dycepin for 48 hr, the total cell lysates were prepared
and separated by electrophoresis on an 8% SDS - poly-
acrylamide gel. Western blotting was then performed
using anti-PARP antibody. Actin was used as an internal
control. (B) To quantify the degree of apoptosis induced
by cordycepin, the cells were stained with annexin-V/PI
and the percentages of apoptotic cells were then ana-
lyzed using flow cytometric analysis. Each point repre-
sents the mean + SD of three independent experiments.
Significance was determined using Student’s t-test (¥,
p<0.05 vs. untreated control).
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Fig. 3. Effects of cordycepin on the levels of G2/M-associated
regulators in LNCap cells. (A) After treatment with vari-
ous concentrations of cordycepin for 48 h, cell lysates
were prepared and equal amounts of total cell lysates
were subjected to SDS-polyacrylamide gels, transferred,
and probed with the indicated antibodies. Actin was
used as an internal control.
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Fig. 4. induction of CDK inhibitor p21 and increased association
of p21 with CDKs by cordycepin in LNCap cells. (A)
After treatment with the indicated concentrations of cor-
dycepin for 48 h, the total cell lysates were prepared and
separated by electrophoresis on a 10% or 12% SDS-poly-
acrylamide gel. Western blotting was then performed us-
ing anti-p53 and anti-p21 antibodies. Actin was used as
an internal control. (B) Total cell lysates from cells treat-
ed with 150 ug/ml cordycepin were prepared and im-
munoprecipitated with anti-CDC2 or anti-CDK2 anti-
body, separated on 12% SDS-polyacrylamide gels, and
transferred onto nitrocellulose membranes. Western
blots were probed with anti-p21, anti-CDC2 and an-
ti-CDK2 antibodies and an ECL detection system. IP,
immunoprecipitation.
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