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Cancers are the largest cause of mortality and morbidity all over the world. Cordycepin, an adenosine
analog, is a major functional component of the Cordyceps species, which has been widely used in tradi-
tional Oriental medicine. Over the last decade, this compound has been reported to possess many
pharmacological properties, such as an ability to enhance immune function, as well as anti-in-
flammatory, antioxidant and anti-cancer effects. Recently, numerous studies have reported interesting
properties of cordycepin as a chemopreventive agent as well. There is an accumulating body of ex-
perimental evidences suggesting that cordycepin impedes cancer progression by promoting apoptosis,
inducing cell cycle arrest, modulating intracellular signaling pathways, and inhibiting invasion and
metastasis of cancer cells. In many cancer cell lines, cordycepin inhibits growth and cell cycle pro-
gression by inducing arrest of the G2/M phase, resulting from the inhibition of retinoblastoma protein
phosphorylation and induction of cyclin-dependent kinase inhibitors. To induce apoptosis, cordycepin
activates the extrinsic and intrinsic pathways, which promotes reactive oxygen species generation and
the downstream activation of kinase cascades. Cordycepin also can activate alternative pathways to
cell death such autophagy. In addition, cordycepin can inhibit the pro-metastatic processes of cancer
cell detachment, migration, and invasion through a variety of mechanisms, including the nuclear fac-
tor-kappa B and activated protein-1 signaling pathways. In this review, we summarized the variety
of action mechanisms by which cordycepin may mediate chemopreventive effects on cancer and dis-
cussed the potential of this natural product as a promising therapeutic inhibitor of cancer

development.
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(Ascomycota), 7t & (Clavicipitales), ™ 7+ 7} (Clavicipi-
taceae)oll &3k, AAA A 2 AA74A] oF 800 Fol &
A A, ol T el M A B ERE AL o 809 Foltt
[18]. TFetz7t e o2 50 FUdd AL W43
A =& s = Del el 2 T3 ot (Cordyceps mili-
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taris) Sk NHIAI 22 53t 2(C. sinensis) A, 0] 52 A ZHH
Ad, A, BET 9A 9 Dbt 59 28] Sle Alw
CHA A, YA R AT, WATIRAY, AFH A
A, d2d, 1 5l E sfof Foll A Fel Ao $ir 33,
62].

Cordycepin (3'-deoxyadenosine, Fig 1) 1950 Cun-
ningham 5ol 93] C. militaris| A A& £ HALH[4], T
%20 & deoxyadenosine® - /\}EP adenosine nucleo-
side9] ribose 3¥ Eaoll 447} ¢l adenosine analogue®
A BAF 2 251.24, M.P. 230~231C 0| th[4]. Cordycepin®] &
T2 197080 A4 A (53] Eefotdds}t Al oAl &3t
of el FHAEA L3 APHo] gom, o THIF T
b QLA 2o ql‘ﬂ EL Zlixﬂi/ﬂ«l “L% 7V *é*% qu

Cordycepinil 28t 2tMIZS| MZEFI| X AR &5

AZFNE 2 A7l 2735 e O“éfﬁé 241 cyclins %
cyclin-dependent kinases (Cdks)% &4xdA= <zl
Cdk inhibitors (CKIs)oll ¢]stef 24 Hth[42, 56]. Al E7} G1
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Fig. 1. The chemical structure of cordycepin and a schematic
representation of the recently discovered cordycepin’s
molecular targets.
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Fig. 2. A simplified schematic model of the influence of cordycepin on cell cycle progress in human cancer cells.
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Fig. 3. The potential molecular targets of cordycepin for the induction of apoptosis in human cancer cells.
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Fig. 4. A proposed schematic model for cordycepin-mediated cancer cell migration and invasion in human cancer cells.



YA ZE QYO 3 dFHer
BAHE HL-600 A 2 ofE40
8 vk ATH36]. FAREE A7,
cordycepin®l & & WA Z apoptosis 2] polyadeny-
lation¥ A ol o] dHAT]. & AFLAME &3
T A8y A2 U937 L THP-1)%1A cordycepin®ll 2] ROS
AR 7P EZEYte Ve &4 IR EA
caspase®] &4 apoptosisE ¥ o7& B g vk i[16].
o E=S B A7 A= cordycepinell 9 g W W A Z o A
©] apoptosis fr=7} telomere Zo] 1749 AR hu-
man telomerase reverse transcriptase (WTERT) &8 4] ¢
213 telomerase B4 2] #Ha7t @A HO A& BaH o
[12]. 3] cordycepin®ll ©] & hTERTS] AAZAE A= A
Z2HAAY -Mycst Sp19 3&FxH 2 phosphoinosi-
tide-3-kinase (PI3K)/Akt 4 & A9} A@AA o] 9122 ¥
telomere ¥4 & ZA] cordycepin®] E5& A ASH v} Sl
12

1ol o] Fo]z Ao] ¥
[19], % 10d § =549
E eryptosisg g ol B

ko3
T
=
= =7

Cordycepin0il 2[5t 2{M|Z2| MO| AN &S
FHAEY 7IATY] G = ¢ Hol(metastasis)E 7] A5t
A $(invasion) 9] FA7 Ao H, GA|E ] Hol= gl
AL ES Folv 7 AW A A ROl 71 A Z2t
, Rl FoE FAEY. MY AEe FEAETL 7
Autol] B&etal, of FAORE FYEAET} o] Tt Al THA
GAE AA o] FolWH[21]. oW matrix metalloproteinases
(MMPs)o} 22 54 &4 7|dEs a7t TEAz A
S AL WA TR oot 4% 4TS do34]
3] GAIE ) MMP-29} MMP-9% 7] A 2ke) &ajof &4 7
A 9L 3, o] 59 GRS tissue inhibitors of matrix
metalloproteinases (TIMPs)= MMPsell 9 7] A2 3t3] 2
AEY71d B3 #Zee 243Ul wekd MMP-29
MMP-99] &4 & A= 2ol A A&E st
Ax714 9] 33 & 97] A3 B2olgtn fA ol &
2= O]E} 33 0]-/{«]]%9] ;}:}%O]L} A O]-EL E?‘Sl—fﬂ- E]—O}:t'ﬂ- tﬂﬂ.
Atz whgoll A Alzeh A Abole] @ 7} junction F
tight junction (T]) £ &40l 2 75 UTH43, 52]. A<
T) 74 @922 daudin family 322 oz Q4 A
Z9 claudin FHAT ] A Z 9 FIH HE AR HAUT
[52]. @A 21 £7F< transmembrane T A& X 83} clau-
din family= TJ strand®] £83 #8848 2 HYAA TJ
o] B3} = EA(permeability characteristics)S 24 3H= 2 L.
2 @8 A 55, 58] 3 Tje M Z29 apical? basso-
lateral Atolol A3} Gl o] o5& e ALY circum-
ferential “fence” & FAFBE A EZ FA 9 A FAA&
T8¢ 9&-& drj[48]. wekA ol T) B A clauding]
22 Q3 719 724 Wsle GAEY 27] A&7 ol

réi&rlr
Om

S |

> _I

Journal of Life Science 2015, Vol. 25. No. 5 611

#FAHAg Qe HUG FAR ojng, T] &l A (claudin,
Zo-1 2 occludin) 2 TJ ?_% @ A (E-cadherin )3 159
Ao dofste ok QASd g A9 FaAol
7251 9lth[54, 58].

Cordycepine] 2| 4AHE2] o5 B H& A9 F&d
Aol thg & AFA ] Aol 3 cordycepine 1 HA ¢
A E(LNCaP)o A Akte] B2 35S T34 MMP-2 2 MMP-
99| 84S AsFo N T] 24t A S0 B oA ¢
al A&Adol AAE S W A 9len, o) TJY tightening

1A 9 AYS vl EE transepithelial electrical re-
sistance (TER)®] S7tet A#A ol Ao [15], thaehA 2
(HCT116)AN M = A A5 A &1 vb ATh14]. ob-&
WA (5637 B T24)9 A tumor necrosis factor (TNF)-a
of oaf =8 MEols 3 He2 WA A nuclear
factor-kappa B (NF-kB) ¥ activated protein-1 (AP-1)¢] A}
24 Aol o3 MMP9 B3 Ada Aol sol w
A vk Q23] =& o] 9 FAFSHA 84 E(MCF-7)o A
% cordycepin MAPK/AP-1 42 & AdE 024 12-O-tet-
radecanoylpho-bol-13-acetate (TPA)ell ¢J3] fr=% MMP-9
o wg g FAE A o] RuHUTH45]. EF cordycepin
o ¢Jg Bl16-F1 S4F A Z 2] hematogenic 2ol that A
3 AA W ADP| 9% 4% S Ads 3 o F
of Aty BR1d bk dvi60]. o1 F+AFSHA Nakamura et.
al. [44]0 o3k AHME vpg-29] Fo] 2~ HYF 5l Bl6
5-A) 5 A 32| hematogenic X ©] = cordycepin®l] 9|3} A

ojgol ¢z uh lrh44].

Cordycepin2| &H =HE 0

Cordycepinst ¢1#€ thEAQ YFAF =& 19974
72001 Apol o o] Fo1 X 19kA] PFAH ol Al =EA, cor-
dycepins pentostatin (deoxycoformycin)@ 34 24 &
APz BEy Ee S SA BE8E S AAHAL
] (NCT00003005), 2009 1€l 254 44 Aldo] 45
ATHNCT00709215). ol& ¢t AP AR5 e o= & 44
A A cordycepine @A 4 A Lol o} AGH oA
o @A FLAY 5HS HageE e HE Al 9 &
FA FsaRTt e ALE oM Vg 2o Qi

2
=

M

Ttz 78 AYEY 49 cordycepine H ol
2o i A77F EEe| o] FoAHL o] & VROE T
Mol ik #Ao] HFHoisith gL 494 A7

£ &3t cordycepmt HA gAY, LA, 74,
A& 9 AoldAl 5& BAFAL, thFd LA ZEAA apop-
tosis F& 3 FAUWE S5 7HedE Heol Awol AAH

o
i

o2k o

é

il oo o

r:[o



612 BB UPIX| 2015, Vol. 25. No. 5

It 53] cordyceping THFF AlE W ATHLA Y =
d gl gud ol*@@l-n 9 A WEE Foto AEF7
ZHAA, FFAAUA, apoptosis 2R, Ho|z=A A=
=59 JJr 44 WE FEgo] g & F40A
= H & cordycepin®l &3 A EZF7], apoptosis £ A o] A
9 2 A7 AdAE0e Aoy, oY AREL

‘EY

10.

cordycepin®| @& 9| A5st3 71d )4 olelstar
=

A%He A7 A% 712 AB2A 1 A 0

ZAl 2

(ﬂ% )9 Adez dxdTAd
TAH Y Y th(No. 2012046358).

References

. Bosch, F. X, Ribes, ], Diaz, M. and Cleries, R. 2004. Primary

liver cancer: worldwide incidence and trends. Gastroenterology
127, 5-16.

. Choi, S., Lim, M. H,, Kim, K. M,, Jeon, B. H., Song, W. O.

and Kim, T. W. 2011. Cordycepin-induced apoptosis and
autophagy in breast cancer cells are independent of the es-
trogen receptor. Toxicol. Appl. Pharmacol. 257, 165-173.

. Coqueret, O. 2003. New roles for p21 and p27 cell-cycle in-

hibitors: a function for each cell compartment? Trends Cell
Biol. 13, 65-70.

. Cunningham, K. G., Manson, W., Spring, F. S. and Hutchin-

son, S. A. 1950. Cordycepin, a metabolic product isolated
from cultures of Cordyceps militaris (Linn.) Link. Nature 166,
949.

. Duli¢, V., Lees, E. and Reed, S. 1. 1992. Association of human

cyclin E with a periodic G1-S phase protein kinase. Science
257, 1958-1961.

. Elledge, S. J., Richman, R, Hall, F. L., Williams, R. T,

Lodgson, N. and Harper, J. W. 1992. Cdk2 encodes a 33-kDa
cyclin A-associated protein kinase and is expressed before
Cdc2 in the cell cycle. Proc. Natl. Acad. Sci. USA 89, 2907-
2911.

. Han, S. I, Kim, Y. S. and Kim, T. H. 2008. Role of apoptotic

and necrotic cell death under physiologic conditions. BMB
Rep. 41, 1-10.

. He, W,, Zhang, M. F,, Ye, ], Jiang, T. T,, Fang, X. and Song,

Y. 2010. Cordycepin induces apoptosis by enhancing JNK
and p38 kinase activity and increasing the protein ex-
pression of Bcl-2 pro-apoptotic molecules. ]. Zhejiang Univ.
Sci. B 11, 654-660.

. Holcik, M., Gibson, H. and Korneluk, R. G. 2001. XIAP:

apoptotic brake and promising therapeutic target. Apoptosis
6, 253-261.

Huerta, S., Goulet, E. ]., Huerta-Yepez, S. and Livingston,
E. H. 2007. Screening and detection of apoptosis. ]. Surg.
Res. 139, 143-156.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22

23.

Imesch, P., Hornung, R., Fink, D. and Fedier, A. 2011.
Cordycepin (3 " -deoxyadenosine), an inhibitor of mRNA
polyadenylation, suppresses proliferation and activates
apoptosis in human epithelial endometriotic cells in vitro.
Gynecol. Obstet. Invest. 72, 43-49.

Jang, K. J., Kwon, G. S, Jeong, J. W., Kim, C. H., Yoon,
H. M., Kim, G. Y., Shim, J. H., Moon, S. K., Kim, W. J. and
Choi, Y. H. 2015. Cordyceptin induces apoptosis through
repressing hTERT expression and inducing extranuclear ex-
port of hTERT. ]. Biosci. Bioeng. 119, 351-357.

Jemal, A., Bray, F., Center, M. M., Ferlay, J., Ward, E. and
Forman. D. 2011. Global cancer statistics. CAA Cancer |. Clin.
61, 69-90.

Jeong, J. W. and Choi, Y. H. 2014. Cordycepin inhibits mi-
gration and invasion of HCT116 human colorectal carcino-
ma cells by tightening of tight junctions and inhibition of
matrix metalloproteinase activity. J. Kor. Soc. Food Sci. Nutr.
43, 86-92.

Jeong, J. W, Jin, C. Y., Park, C, Han, M. H,, Kim, G. Y.,
Moon, S. K, Kim, C. G, Jeong, Y. K,, Kim, W. ], Lee, ].
D. and Choi, Y. H. 2012. Inhibition of migration and in-
vasion of LNCaP human prostate carcinoma cells by cordy-
cepin through inactivation of Akt. Int. ]. Oncol. 40, 1697-704.
Jeong, J. W,, Jin, C. Y., Park, C, Hong, S. H., Kim, G. Y.,
Jeong, Y. K, Lee, J. D., Yoo, Y. H. and Choi, Y. H. 2011.
Induction of apoptosis by cordycepin via reactive oxygen
species generation in human leukemia cells. Toxicol. In Vitro
25, 817-824.

Jung, S. M., Park, S. S, Kim, W. J. and Moon, S. K. 2012.
Ras/ERK1 pathway regulation of p27KIP1-mediated G1-
phase cell-cycle arrest in cordycepin-induced inhibition of
the proliferation of vascular smooth muscle cells. Eur. J.
Pharmacol. 681,15-22.

Kobayasi, Y. 1982. Keys to the taxa of the genera Cordyceps
and Torrubiella. Trans. Mycol. Soc. Japan 23, 329-364.

Kog, Y., Urbano, A. G., Sweeney, E. B. and McCaffrey, R
1996. Induction of apoptosis by cordycepin in ADA-in-
hibited TdT-positive leukemia cells. Leukemia 10, 1019-1024.
Koff, A., Giordano, A., Desai, D., Yamashita, K., Harper,
J. W,, Elledge, S., Nishimoto, T., Morgan, D. O., Franza, B.
R. and Roberts, . M. 1992. Formation and activation of a
cyclin E-Cdk2 complex during the G1 phase of the human
cell cycle. Science 257, 1689-1694.

Lamszus, K., Kunkel, P. and Westphal, M. 2003. Invasion
as limitation to antiangiogenic glioma therapy. Acta. Neuro-
chir. Suppl. 88, 169-177.

Lazebnik, Y. A., Kaufmann, S. H., Desnoyers, S., Poirier, G.
G. and Earnshaw, W. C. 1994. Cleavage of poly (ADP-ri-
bose) polymerase by a proteinase with properties like ICE.
Nature 371, 346-347.

Lee, E. J., Kim, W. J. and Moon, S. K. 2010. Cordycepin sup-
presses TNF-alpha-induced invasion, migration and matrix
metalloproteinase-9 expression in human bladder cancer
cells. Phytother. Res. 24, 1755-1761.

. Lee, H. H,, Jeong, J. W,, Lee, J. H, Kim, G. Y., Cheong,

J., Jeong, Y. K., Yoo, Y. H. and Choi, Y. H. 2013. Cordycepin



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

increases sensitivity of Hep3B human hepatocellular carci-
noma cells to TRAIL-mediated apoptosis by inactivating the
JNK signaling pathway. Oncol. Rep. 30, 1257-1264.

Lee, H. H., Kim, S. O., Kim, G. Y., Moon, S. K., Kim, W.
J., Jeong, Y. K, Yoo, Y. H. and Choi, Y. H. 2014. Involvement
of autophagy in cordycepin-induced apoptosis in human
prostate carcinoma LNCaP cells. Environ. Toxicol. Pharmacol.
38, 239-250.

Lee, H. H., Park, C, Jeong, ]. W., Kim, M. J., Seo, M. ],
Kang, B. W, Park, J. U, Kim, G. Y., Choi, B. T., Choi, Y.
H. and Jeong, Y. K. 2013. Apoptosis induction of human
prostate carcinoma cells by cordycepin through reactive
oxygen speciesmediated mitochondrial death pathway. Int.
J. Oncol. 42, 1036-1044.

Lee, H. ], Burger, P., Vogel, M., Friese, K. and Brining,
A. 2012. The nucleoside antagonist cordycepin causes DNA
double strand breaks in breast cancer cells. Invest. New
Drugs 30, 1917-1925.

Lee, S. J., Kim, S. K., Choi, W. S., Kim, W. J. and Moon,
S. K. 2009. Cordycepin causes p21WAF1-mediated G2/M
cell-cycle arrest by regulating c-Jun N-terminal kinase acti-
vation in human bladder cancer cells. Arch. Biochem. Biophys.
490, 103-106.

Lee, S. ], Moon, G. S, Jung, K. H.,, Kim, W. J. and Moon,
S. K. 2010. c-Jun N-terminal kinase 1 is required for cordyce-
pin-mediated induction of G2/M cell-cycle arrest via
P21IWAF1 expression in human colon cancer cells. Food
Chem. Toxicol. 48, 277-283.

Lee, S. Y., Debnath, T., Kim, S. K. and Lim, B. O. 2013.
Anti-cancer effect and apoptosis induction of cordycepin
through DR3 pathway in the human colonic cancer cell
HT-29. Food Chem. Toxicol. 60, 439-447.

Lee, S. Y., Kim, G. T,, Roh, S. H,, Song, J. S, Kim, H. ],
Hong, S. S, Kwon, S. W. and Park, J. H. 2009. Proteomic
analysis of the anticancer effect of ginsenoside Rg3 in hu-
man colon cancer cell lines. Biosci. Biotechnol. Biochem. 73,
811-816.

Li, P, Nijhawan, D., Budihardjo, I, Srinivasula, S. M.,
Ahmad, M., Alnemri, E. S. and Wang, X. 1997. Cytochrome
¢ and dATP-dependent formation of Apaf-1/caspase-9 com-
plex initiates an apoptotic protease cascade. Cell 91, 479-489.
Liang, Y. L, Liu, Y., Yang, J. W. and Liu, C. X. 1997. Studies
on pharmacological activities of cultivated Cordyceps
sinensis. Phytotheraphy Res. 11, 237-241.

Liao, H. F., Chen, Y. Y., Liy, J. ], Hsu, M. L., Shieh, H.
J., Liao, H. J., Shieh, C. J., Shiao, M. S. and Chen, Y. J. 2003.
Inhibitory effect of caffeic acid phenethyl ester on angio-
genesis, tumor invasion and metastasis. |. Agric. Food Chem.
51, 7907-7912.

Liao, Y., Ling, ], Zhang, G, Liu, F,, Tao, S., Han, Z., Chen,
S., Chen, Z. and Le, H. 2015. Cordycepin induces cell cycle
arrest and apoptosis by inducing DNA damage and up-reg-
ulation of p53 in Leukemia cells. Cell Cycle 14, 761-771.
Lui, J. C, Wong, ]. W,, Suen, Y. K., Kwok, T. T,, Fung, K.
P. and Kong, S. K. 2007. Cordycepin induced eryptosis in
mouse erythrocytes through a Ca”’-dependent pathway

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

Journal of Life Science 2015, Vol. 25. No. 5 613

without caspase-3 activation. Arch. Toxicol. 81, 859-8565.
Luo, X., Budihardjo, I, Zou, H., Slaughter, C. and Wang,
X. 1998. Bid, a Bcl2 interacting protein, mediates cytochrome
c release from mitochondria in response to activation of cell
surface death receptors. Cell 94, 481-490.
Magnaghi-Jaulin, L., Groisman, R., Naguibneva, 1., Robin,
P., Lorain, S., Le Villain, J. P., Troalen, F., Trouche, D. and
Harel-Bellan, A. 1998. Retinoblastoma protein represses
transcription by recruiting a histone deacetylase. Nature 391,
601-605.

Masciullo, V., Khalili, K. and Giordano, A. 2000. The Rb
family of cell cycle regulatory factors: clinical implications.
Int. J. Oncol. 17, 897-902.

Matsushime, H., Ewen, M. E., Strom, D. K, Kato, J. Y.,
Hanks, S. K, Roussel, M. F. and Sherr, C. J. 1992.
Identification and properties of an atypical catalytic subunit
(p34PSK-J3/Cdk4) for mammalian D type G1 cyclins. Cell
71, 323-334.

Minshull, ]., Golsteyn, R., Hill, C. S. and Hunt, T. 1990. The
A- and B-type cyclin associated Cdc2 kinases in Xenopus
turn on and off at different times in the cell cycle. EMBO
J. 9, 2865-2875.

Morgan, D. O. 1997. Cyclin-dependent kinases: engines,
clocks, and microprocessors. Annu. Rev. Cell Dev. Biol. 13,
261-291.

Mullin, J. M. 1997. Potential interplay between luminal
growth factors and increased tight junction permeability in
epithelial carcinogenesis. ]. Exp. Zool. 279, 484-489.
Nakamura, K., Konoha, K., Yoshikawa, N., Yamaguchi, Y.,
Kagota, S., Shinozuka, K. and Kunitomo, M. 2005. Effect of
cordycepin (3'-deoxyadenosine) on hematogenic lung meta-
static model mice. In Vivo 19, 137-141.

Noh, E. M., Youn, H. ], Jung, S. H., Han, ]. H, Jeong, Y.
J, Chung, E. Y, Jung, J. Y, Kim, B. S, Lee, S. H,, Lee, Y.
R. and Kim, J. S. 2010. Cordycepin inhibits TPA-induced
matrix metalloproteinase-9 expression by suppressing the
MAPK/AP-1 pathway in MCF-7 human breast cancer cells.
Int. ]. Mol. Med. 25, 255-260.

Obeyesekere, M. N., Tucker, S. L. and Zimmerman, S. O.
1994. A model for regulation of the cell cycle incorporating
cyclin A, cyclin B and their complexes. Cell Prolif. 27,
105-113.

Salvesen, G. S. and Duckett, C. S. 2002. IAP proteins: block-
ing the road to death’s door. Nat. Rev. Mol. Cell Biol. 3,
401-410.

Schneeberger, E. E. and Lynch, R. D. 2004. The tight junc-
tion: a multifunctional complex. Am. J. Physiol. Cell. Physiol.
286, C1213-C1228.

Schwartz, G. K. 2002. Cdk inhibitors: cell cycle arrest versus
apoptosis. Cell Cycle 1, 122-123.

Shi, P., Huang, Z., Tan, X. and Chen, G. 2008. Proteomic
detection of changes in protein expression induced by cor-
dycepin in human hepatocellular carcinoma BEL-7402 cells.
Methods Find. Exp. Clin. Pharmacol. 30, 347-353.
Stetler-Stevenson, W. G. 1990. Type IV collagenases in tu-
mor invasion and metastasis. Cancer Metastasis Rev. 9, 289-



614 8B UEP|X| 2015, Vol. 25. No. 5
303.
52. Swift, J. G.,, Mukherjee, T. M. and Rowland, R. 1983.

53.

54.

55.

56.

57.

Intercellular junctions in hepatocellular carcinoma. J.
Submicrosc. Cytol. 15, 799-810.

Thomadaki, H., Tsiapalis, C. M. and Scorilas, A. 2005.
Polyadenylate polymerase modulations in human epi-
thelioid cervix and breast cancer cell lines, treated with eto-
poside or cordycepin, follow cell cycle rather than apoptosis
induction. Biol. Chem. 386, 471-480.

Tunggal, J. A, Helfrich, I, Schmitz, A., Schwarz, H., Giinzel,
D., Fromm, M., Kemler, R., Krieg, T. and Niessen, C. M.
2005. E-cadherin is essential for in vivo epidermal barrier
function by regulating tight junctions. EMBO ]. 24, 1146-
1156.

Van Itallie, C. M. and Anderson, J. M. 2004. The molecular
physiology of tight junction pores. Physiology 19, 331-338.
Vermeulen, K., Van Bockstaele, D. R. and Berneman, Z. N.
2003. The cell cycle: a review of regulation, deregulation and
therapeutic targets in cancer. Cell Prolif. 36,131-149.
Wang, B. ], Won, S. ], Yu, Z. R. and Su, C. L. 2005. Free
radical scavenging and apoptotic effects of Cordyceps sinensis
fractionated by supercritical carbon dioxide. Food Chem.
Toxicol. 43, 543-552.

58.

59.

60.

62.

62.

Wong, A. S. and Gumbiner, B. M. 2003. Adhesion-in-
dependent mechanism for suppression of tumor cell in-
vasion by E-cadherin. |. Cell Biol. 161, 1191-1203.

Wu, W. C, Hsiao, J. R, Lian, Y. Y., Lin, C. Y. and Huang,
B. M. 2007. The apoptotic effect of cordycepin on human
OEC-M1 oral cancer cell line. Cancer Chemother. Pharmacol.
60, 103-108.

Yoshikawa, N., Kunitomo, M., Kagota, S., Shinozuka, K. and
Nakamura, K. 2009. Inhibitory effect of cordycepin on hem-
atogenic metastasis of B16-F1 mouse melanoma cells accel-
erated by adenosine-5'-diphosphate. Anticancer Res. 29,
3857-3860.

Zhang, H. S, Gavin, M., Dahiya, A., Postigo, A. A., Ma,
D., Luo, R. X,, Harbour, J. W. and Dean, D. C. 2000. Exit
from GI and S phase of the cell cycle is regulated by repress-
or complexes containing HDAC-Rb-hSWI/SNF and Rb-
hSWI/SNE. Cell 101, 79-89.

Zhu, J. L. and Liu, C. 1992. Modulating effects of extractum
semen Persicae and cultivated Cordyceps hyphae on im-
muno-dysfunction of inpatients with posthepatitic cirrhosis.
Chin. |. Integr. Med. 12, 207-210.

slot g

B

£ : &55l= 7l cordyceping

oft
o
e
El
ol
o
_E
=
o
o
ol
10
el
1l
oot
b
_|\o£
023
-
>

(0
J

2 o7 58

o

Fe A AA ARES AWEY 7 2 ddolth Cordycepin (3'-deoxyadenosine) & &9 &5 kol A
_1

g A8H L e T35

pin in vitro @ in vivo &

A3 Basolgth A2 So] Be ATEL cordyceping 33t A gA ZH oA

o
o
HNE,
R
o
12
X
i
oft
:Oé
27
1o
o o
1>
flo
)
re
>~

b 393, 348 2 39 5 43P 994 542
FH2e E4Q
A, AEF7) A F%, A ) AZ A B2 23, AEY

1Z1tt3 Buso] $oh Cordycpine B2 &

A Zo| A retino-

blastoma protein (RB)9] $14+8}E =31 cyclin-dependent kinases (Cdks) inhibitorsE &4 3tA1A G2/M71¢] #

P ote a0
A &4
AE 2l autophagy 9t Z-& Al A&

i

AT ARE XFF OF 718 e F3ho GAZ £, ©f
cordycepin®| &%+ 28 71de Qofsty, B o

=
T,

ol WAt =, AZ AES FE817] As) AE W/el 5ol EAsE FEE 454
FaFE s 9o EASE kinase cascade §H-&2 /A @ Th ob& ¥ cordycepine E THE Al X
243} N2 F5 9121, nuclear factor-kappa B ¥ activated protein-1
A& g Ao

Wl ArAZA A e =osnA B

g A & 9l 2 FAEAAE




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


