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The mechanism of cordycepin in inhibition of pancreatic cancer
stem cells proliferation and metastasis
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Abstract: To investigate the effects of cordycepin on proliferation and invasion of pancreatic cancer stem
cells (Pan CSC) and its mechanisms, MTT assay was used to investigate the effect of cordycepin on proliferation
of Pan CSC. Inverted microscope was used to observe the morphologic change of cells. Propidium iodide
staining methods was employed to observe the cell apoptosis.  Cell scratch method was used to detect the ability
of migration of Pan CSC in each group. RT-PCR and Western blot were used to determine the expression of
apoptosis gene and epithelial-mesenchymal transitions (EMT) gene. The growth of Pan CSC was inhibited by
cordycepin in a dose- and time-dependent manner, with ICs, 107.364 and 48.472 pmol-L™" at 24 and 48 h,
respectively. Moreover, the cell migration was inhibited at the same time. RT-PCR and Western blot results
showed that cordycepin decreased the expression of Bcl-2 and activated pro-apoptotic gene levels such as Bax,

Wieks H A 2017-04-11;  1&[RI H #8: 2017-05-10.

BEWH: BREAB RS RIHHE (81503187); WMEE T HELIT A B R HH (JALSLT7), WEA E KK RS R SHH
(KNJ-153011-4); # & AR MK A BRI TR e e e 2%, wRid s A B H R B KB A P& (2014N2001).

* @I+ Tel: 86-591-83789367, E-mail: fujunsheng81@163.com

DOI: 10.16438/].0513-4870.2017-0353



K S S BRI R T 200 MO0 % T 7 R ML 1F 7

+ 1405 -

p53, caspase-3.  Furthermore, cordycepin reduced the expression of EMT genes by up-regulation of E-cadherin

and down-regulation of N-cadherin.

Cordycepin has the ability to inhibit Pan CSC proliferation and invasion

by activating p53 pathway as well as suppressing the EMT. This study provides a new basis for inhibition of
pancreatic cancer stem cellsin the treatment of pancreatic cancer.
Key words: cordycepin; pancreatic cancer stem cell; cellular apoptosis; epithelial-mesenchymal transition;

proliferation; metastasis
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Table1l Primer sequence used for rea-time quantitative PCR
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(P <0.01), i A By F55 RIS [R) R385 m, - ot e =+ 40 g
TAH R T, SRR [E i . 80 pmol L™t
HERAER 4805, 20 7% % P K F) 0.352+0.014.
PRI SPSS BCEE [l A 7 #1521 24 F1 48 h (40
RANHIHE (1Cs) 7394 107.364 A1 48.472 pmol -L 7.
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Figure 1 Anti-proliferation effects of cordycepin on pancreatic
cancer stem cells. n=4, X+s. ~P<0.01, ""P<0.001 vs con-
trol group
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ST T A g e 2 F i e T 4 B )
PEAER, BT B A S48 k. 4 40 fil 60
pmol L~ di BE 24 M AL BE 24 1 48 h J5, 1E 40 {5158
AT LRGN M ) T A AR X 2R o A T
AN K HE R, 48 h EA A, A AN AR
RELRACEE 5, R T 4 i A K 0 5 B A
TN, I LA B R A R 3G 0, T EE 4
it 10 2 FE AR RN A, 4T AR B B IR 4 3% %2, 60 pmol -L
HE R 48 h J5 KER /4l BR8-Sk 1
A, SHRAT R E ZaE, oA,
AN S, MURAE IR, 40 A IE) A B R, 1 ST B
7£ 40 pmol-L M K AL FE 24 h JE, kS ES

Gene Forward primer Reverse primer
p53 5-TCT ACC TCC CGC CAT AAAA-3 5-CTC CTCCCCACAACAAAAC-3
Bax 5-GCT GGA CAT TGGACT TCCTC-3' 5-CTCAGC CCA TCT TCT TCCAG-3'
Bcl-2 5'-AGA TGG GAA CACTGG TGGAG-3' 5'-AGA TGG GAA CACTGG TGGAG-3'
Caspase-3 5-CCC CTG GAT CTA CCA GCA TA-3 5-TGT CTC TGC TCA GGC TCA AA-3'
E-Cadherin 5-TGCTCTTGCTGT TTCTTC GG-3' 5-TGC CCCATT CGT TCAAGT AG-3
N-Cadherin 5-TGGATGGACCTTATG TTG CT-3 5-AACACCTGT CTT GGG ATC AA-3

p-actin

5-CCCACACTGTGCCCATCTACG-3'

5-GCCATCTCTTGCTCGAAGTCC-3'
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Figure 2 Effect on the shape of pancreatic cancer stem cells
after cordycepin treatment 24 or 48 h (magnification 200 x)
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Figure 3 Propidium iodide staining showed characteristic
features of apoptosisin cordycepin-exposed cells
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Fibt o7, WTFAEKEE LR PR EEERE
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Figure 4 Observe the migration of pancreatic cancer stem cells
after cordycepin treatment 24 or 48 h (magnification 100 x)
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i, LB ELTE 24 h J5, E-cadherin K] mRNA 1

A A B 5 i, T N-cadherin ik 248 T i,

i B FK WK E A F] 60 pmol-L LI, E-cadherin A1 N-
cadherin ) mRNA %} &5 &4 74 2.19 1 0.36.

g

AT MTT 725 40 RTE S WEAT PI G i
T i B AT 7 E B 3 T i e T 4 R D 4 i B 1
SR TR R, I B3R AR A R0 400 i JiR 1 e
T4 M A K, i S I T . 60 umol L HUE
FALHL 48 h J5 KER A 4N R AR B SRS R, 4l
A I Ak, MR [E 45, 4 A R S A A
HELE N Pt O BLS, 24 F1 48 h ) 1Cs 431N
107.364 #1 48.472 pmol -L .
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i 345 AT AR 2t i DR 25 S 4 g T2, Caspase-3
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ALY T S B BT . AR FER I, B
RS TR, fE BTN T Bax

R AFIL, I T H Bcl-2, caspase-3 I KEL 60
umol -L M B K 4L FE 24 h 5, H mRNA MIXt &L E
153 2,98, SXAMILAAREMNER (P<0.05),
H Western blot 45 58 i 7w 8t [ B9 3R89 81 B4 .
BE— DRI b R F pe3 IR AL, KILE B
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WA R -, 75 4 H7 20 AR O R A R AN ) R 3 B e
FErp 2 B AR P, po3 {74 DNA
T SRz, R4 TR ER 1 Bel-2. Fas Al Bax /Y
Feik, XLV AR T U 4 R A T B
A T R 5 e T A R T AL
Al Re 5 iEAL p53, H IR U T A Bel-2/Bax
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4 BB AT fe 70 55 J7 T S B0 b B 4 R e 18] J5T 4 P
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Figure5 Effect of cordycepin on p53 (A), Bax (B), Bcl-2 (C) and caspase-3 (D) MRNA and protein expression (E). n=3, X*s
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Figure 6 Effect of E-cadherin, N-cadherin mRNA (A, B) and protein expressions (C) on cordycepin-treated pancreatic cancer stem cells.

n=3, X+s
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E-cadherin. N-cadherin & K 3% 1A 15 i ik — 25 HF 55
BLEO0 R R AR R AR R AL Re D s, S5 IR
N, HUECR BRI R T AR IE R, JERA R
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3% 1] E-cadherin, 1 T i N-cadherin £ K [R5 .
gE RPN R K A Rl id iR E-cadherin/N-cadherin
119 ST 18 AT 400 1) e B 4 B AR R RN R o 1 R
fErREEEE -2 RN ZREEHNZ
LR i FE, 4T E-cadherin 1 N-cadherin 7513 %8
R ML K TT BEAFAE I AL S A SIS 5
I FIEH Fp e — 20 R R FIAR T

Zr LATR, MELRTTDOEGE ps3, TP TR
Bcl-2, LiAMRMET 3 Bax, JiF1k caspase-3, MIfi
75 e A g T JF Hoagidad B E-cadherin,
T 1 N-cadherin fit) 212 47 il J i 1 4 L %

References

[1] Siegel R,MaJ, ZouZ, eta. Cancer statistics, 2014[J. CA
Cancer J Clin, 2014, 64: 9—29.

[2] Liu J, Tong CY.
growth of pancreatic cancer stem cells [J].
RS, 2016, 22: 467472,

[3] Vries RG], Huch M, Clevers H. Stem cells and cancer of
the stomach and intestine[J]. Mol Oncol, 2010, 4: 373 —384.

[4 Wang Y. The Basic Research on the Differentiation and

Inhibition effect of metformin on the
J Chin Oncol (it

Invasion of Pancreatic Cancer Stem Cells Induced by Panaxynol
(NS el ot JR i s 0 L 231 D AR 2R e % AR Y (R R Rl I 9T)
[D]. Zhenjiang: Jiangsu University, 2016.

[5] Li CW, Heidt DG, DalerbaP, et a.
cancer stemcells[J]. Cancer Res, 2007, 67: 1030—1037.

[6] Wang ZW, Li YW, Ahmad A, et al.
understanding and overcoming chemoresistance [J]. Nat Rev
Gastroenterol Hepatol, 2011, 8: 27-33.

[7]1 Paterson RR. Cordyceps-a traditional Chinese medicine and

Identification of pancreatic

Pancreatic cancer:

another fungal therapeutic biofactory [J. Phytochemistry,
2008, 69: 1469-1495.

[8] Tuli HS, Sharma AK, Sandhu SS, et al.
bioactive metabolite with therapeutic potential [J].
2013, 93: 863—-869.

[9] Lee SY, Debnath T, Kim SK, et al. Anti-cancer effect and
apoptosis induction of cordycepin through DR3 pathway in the

Cordycepin: a
Life Sci,

human colonic cancer cell HT-29 [J]. Food Chem Toxicol,
2013, 60: 439-447.

[10] Nakamura K, Shinozuka K, Yoshikawa N. Anticancer and
antimetastatic effects of cordycepin, an active component of
Cordyceps sinensis [J].  J Pharmacol Sci, 2015, 127: 53-56.

[11] XuWY, LongJ, TangL, eta. The research of theinhibition of

[12]

[13]

[14]

(19]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

cordycepin on human pancreatic cell cancer Bx Pc3 and cell Bx
Pc3-LN5[J). ChinaMed Pharm (H[E = Z#12%), 2011, 1: 24-26.
Yu BC, Long J, Tang L, et al.
pancregtic tumor-related genes expression by cDNA array analysis
[J. World Clin Drug (1 7t IG K 2454) , 2015, 36: 31-34, 67.
Shankar S, Nall D, Tang SN, et al. Resveratrol inhibits pan-

Effects of cordycepin on

creatic cancer stem cell characteristics in human and KrasG12D
transgenic mice by inhibiting pluripotency maintaining factors
and epithelial-mesenchymal transition [J]. PL0S One, 2011,
6: €16530.

Fu JS, Rodova M, Roy SK, et a. GANT-61 inhibits pancreatic
cancer stem cell growth in vitro and in NOD/SCID/IL2R
gamma null mice xenograft [J]. Cancer Lett, 2013, 330: 22 -32.
Verma RK, Yu W, Singh SP, et al. Anthothecol-encapsul ated
PLGA nanoparticles inhibit pancreatic cancer stem cell growth
by modulating sonic hedgehog pathway [J]. Nanomedicine,
2015, 11: 2061-2070.

Sharma N, Nanta R, Sharma J, et a. PI3BK/AKT/mTOR and
sonic hedgehog pathways cooperate together to inhibit human
pancreatic cancer stem cell characteristics and tumor growth
[J]. Oncotarget, 2015, 6: 32039 —32060.

Livak JK, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2 “r method
[J]. Methods, 2002, 25: 402-408.
Zhang QQ, Long LM, Wang WJ, et al.
total flavonoids from Lysimachia clethroides Duby (ZE4) on

Inhibitory effect of

xenograft human cervical cancer in nude mice [J. Chin
Pharmacol Bull (H[E 23 %3/ 4)k) , 2012, 28 : 62-66.

Liang WL, Song L, Li ZY. Effect of PCB118 on cell adhesion
of human hepatocellularcarcinoma cells BEL-7402 [J]. Chin J
Pharmacol Toxicol (H [ 23 5 #8244 36), 2016, 30: 79-84.
Wnek A, Andrzejewskaa E, Kobosb J, et al. Molecular and
immunohistochemical expression of apoptotic proteins Bax,
Bcl-2 and caspase 3 in infantile hemangioma tissues as an effect
of propranolol treatment [J]. Immunol Lett, 2017, 185: 27 —31.
Qi SQ, De S, Li DM, eta. Expressions of PARP-1, caspase-3,
survivin and Bax in cervical squamous cell carcinoma tissues
and their clinical significances[J]. JJilin Univ (Med Ed) (%
MORE 2 (BR22AR)), 2013, 39: 512-516.

He JL, Ji XY, Li YF, et al. Subchronic exposure of benzo(a)
pyrene interferes with the expression of Bcl-2, Ki-67, C-myc
and p53, Bax, caspase-3 in sub-regions of cerebral cortex and
Exp Toxicol Pathol, 2016, 68: 149 —156.
Demirovic A, Ulamec M.  Apoptotic markers (p53, Bcl-2 and

hippocampus[J].

Bax) expression in renal oncocytoma and chromophobe renal
cell carcinoma[J]. Period Biol, 2014, 116: 173-176.

Zhang YN, MaW, Wang F, et al. Curcumin inhibits epithelial-
mesenchymal transformation of human esophageal cancer
KYSE70 cells[J. Tumor (JifJ&), 2016, 36: 1203—-1211.



