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A species of Cordyceps, an ingredient in Chinese traditional medicine well-known for its major

component, cordycepin (3'-deoxyadenosine), has been known to have antiplatelet effects;

however, its effects on regulation of phosphoprotein have not been fully elucidated. In this study,

we investigated how cordycepin regulates the phosphoprotein, including phosphatidylinositol

3-kinase (PI3K)/Akt and p38, to inhibit platelet aggregation, which are concerned with fibrinogen

binding to glycoprotein IIb/llla (allb/Bs) and granule secretion in platelets. Our finding suggests

that cordycepin inhibits collagen-induced platelet aggregation with 261.1 uM of 1Cso and also

inhibits fibrinogen binding to allb/Bs by a suppression of PI3K/Akt phosphorylation in a dose

dependent manner. In addition, cordycepin further showed to inhibit collagen-induced p38

phosphorylation, reducing granule secretion (i.e. ATP- and serotonin-release) and thromboxane A;

(TXA,) production without regulating cyclooxygenase-1 (COX-1) and thromboxane A synthase

(TXAS) activities, as well as phospholipase C-y, (PLC-y2) phosphorylation. In conclusion, these

results demonstrate that cordycepin—-mediated antiplatelet effects were due to the inhibition of

fibrinogen binding to allb/Ps via the suppression of PI3K/Akt phosphorylation and inhibition of Corresponding author: Dong-Ha Lee
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< 183 4] allb/Bs E4d3H= phosphatidylinositol
3-kinase (PI3K)2} Akt phosphoprotein®] Q1A e} 3
o] ¢l om[5], o]5 phosphoprotein®] ¢lAtslo] oJsf G4
o W Al A 0] 220kt <ol dojdtial e A
AcHo6). IR, PI3K/Akt Q141ke] A= FE A 3t
£ Hol= 54 T RS BUiskadl 831t 11 A=,
Abciximab, etifibatide, lamifiban, 12|37 tirofibany} 2=
allb/Bs antagonistE°] YA EH 7 oG JrH7I.

E3H Collagens 83 &4 Alof| @ oA &= 54
24, @49 9] collagen 84?1 glycoprotein (GP)VIE
23] phospholipase C-y2 (PLC-y2)2] S14Fs} Hh-3-& 223}k 0.
2N AT SASIAZITHS]. D4J3HE PLC-y,7} phospha-
tidylinositol 4, 5-bisphosphate (PIP,)E inositol 1, 4,
5-trisphosphate (IP3)2} diacylglycerol (DGR 7kl s}
a1, AAE 1P E A% W DTS (Dense Tubular System)2] 1Ps
5849} A¥Fslo] Ca’* channel-& Fol free Ca** ([Ca*1)9)
UL opI3HH9]. P4t Wl 71 [Ca®'1:& calmodulin
Aol myosin light chain kinaseZ 431 A A EZ2
& o] = vl A o] myosin light chaing QA 3Fo 24 &
Ae] eSS A oA S F=2H10,11]. ?HH, DG
+ DG-2} monoacylglycerol (MG)-lipase®]l 2] 3]| &3] =]
arachidonic acid (AAE AAAIZ7]+=dl, AA7} cyclooxy-
genase-1 (COX-1)2} thromboxane A synthase (TXAS)2] &
2280 ofsf TXA,= BHATY, o] uff A H TXA= 589 ot
£ Gaut vt =84 |of) Aotste] A -3AS HA8= 4
Ghagonist= A-g-2htal A QIeH12). Hkofu e, v
Z& B0l &= ATP ¥ serotonin 5-9] E40] a3
of QlojA 83}, o] 5S MAPK (p38, ERK, 12|37 JNK)
phosphoprotein®] QlAF}e} T =] o] Qlrkar defA Qo &
5|, MAPK ol p38= @43 W IH%<= 9 myosin light
chain®] &A1& A=3%+0 2 4 clot retractions G- =5H=t]|
Q8 2HE3H13). 2 ER, o] 5L o]FA 2E3=A]
2RIsh= Aol Ayt 3kE VM= 24 AwS 71
=l lolA v -85tk

Cordyceps= Xt 40l &ol= TO2A 52 HEHA|
2 dEA qlod, A5} et QlolA F-8-51A e o] e ar
AcH14]. Eae] Dol AA=, Cordyceps militaris®)
FaAEC 2 AdHA cordycepin (3'-deoxyadenosine, Figure
1)°] CAMP2} cGMPo]| 2]&£2| 0 2 [Ca®'];& QAT =M &
AT E/S Aofghrkar B vl Qlek15]. 3k 2] obA

Aol My, Cordyceps militariss n-butanol® F:23t

i

E
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extracts (WIB801C)7} &4t vkl allb/Bsoll fibrinogen©]
At A8 oAsh A B e vl QIeH16]. £ AAtol A,
cordycepin®] fibrinogen bindinge]l Tojdici deiz
PI3K/Akt@} TXA, A8/ 9 ahe]rfsof] whofdhetar 4 Xl p3s
9} -2 phosphoprotein®] JAFIS o] 97 245k F4gt
S Al A=A Frgstaat st

LIRS

1. A=

Collagen= Chrono-Log AHHavertown, PA, USA)olA],
TXB, enzyme immunoassay (EIA) kits®F COX fluorescent
activity assay kit Cayman Chemical AHAnn Arbor, MI,
USAZRE F-9Jsk3ict. Cordycepin 3 1 4He] Al
Sigma Aldrich AKSaint Louis, MO, USA)ollA 4313,
Serotonin EIA kits= Labor Diagnostika Nord AKNordhorn,
Germany)olA] ATP assay kit¥ Biomedical Research
Service Center (Buffalo, NY, USA)ol|A] -818}53 T}, Western
blotting & antibody=} lysis buffers= Cell Signaling
(Beverly, MA, USA)olA] 791819137, Polyvinylidene difluoride
(PVDF) membrane®} Enhanced chemiluminesence solution
(ECL)*= GE Healthcare (Buckinghamshire, UK)lA], 12|27
Fibrinogen Alexa Fluor 488 conjugate™ Invitrogen
Molecular Probes (Eugene, OR, USA)ollA -]kt

2.4
1
Acid-citrate-dextrose solution (0.8% citric acid, 2.2%

sodium citrate, 2.45% glucose)® ¥4 2]%¥ human

platelet-rich plasma (PRP)E 312414+ @l (Changwon,
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Cordycepin (3'-deoxyadenosine)

Figure 1. Chemical structure of cordycepin (3'-deoxyadenosine).



Korea) © 255 AlgHoret, w|gke] Ad-15 A|Ast7| 9ish
PRPE 125 X gollA 1027+ ] ?F %, 1,300 x gofl A 10
BE7F AR 3} platelet pellets2 A 1Tt ©] A& washing
buffer (138 mM NaCl, 2.7 mM KCl, 12 mM NaHCOs, 0.36
mM NaHPOy, 5.5 mM glucose, and 1 mM EDTA, pH 6.5)2
T AIH Sk, A4 = EA3S suspension buffer (138 mM
NaCl, 2.7 mM KCl, 12 mM NaHCO3, 0.36 mM NaH,POyq,
0.49 mM MgCly, 5.5 mM glucose, 0.25% gelatin, pH 6.9)2
AAg3to] 2% 10%/mL H=7F HA 3t3th 9jol Qe e
T2 -2 2o Yol &= Q= DAk -33S 15| 9
Sko] 25°CollA] =3gsteltt. o] A2 The Korea National
Institute for Bioethics Policy Public Institutional Review
Board (Seoul, Korea)2] %91 Bro} <=3 =| QItHPIRB12-072).

2) AT ST £
A% EA7H10%/mL)ell o8] 19| cordyceping H7Ho}

o] 37°Cof|A] 3R AAE] 33, 10 pg/mL collagen© 2 57
< FEstal 5ELE ZA6H §34-2 1,000 rpm stirring
speedol A 560CA aggregometer (Chrono-Log, Havertown,
PA, USAE Z743I310L, 3362 W Fote ] S7H A=s
AR89}, Suspension buffers 3= 0%2] 715 4EO.& A
83519131, cordycepint= suspension buffer (pH 6.9)9] ¢4
A ARG

3) Western blot#2 0|83t phosphoprotein?]| 214t} £
A7kl

A1 F43H10%/mL)ell 912 %=2] cordycepin
o] 37°ColA] 387 A A 2] 39 10 pg/mL collagen© =& 53
& Gkl SEZFURS AL AL S39] lysis bufferS 7)o,
2 RS AAAF T @A 8855 bicinchoninic acid
protein assay kit (Pierce Biotechnology, IL, USA)E AH&-5F
of Tl A AeFetolal Fe] A (15 pg)le Aol ARg-S)
At Cordycepin®] phosphoprotein (PI3K, Akt, p3S,
PLC-y2)2] ¢lABslo]| u| A= #31= western blot & 24
SRt A7]19% ol 6-8% SDS-PAGES AM-6}%aL PVDF
membrane®]] TFELS: transferd}l 2. W, transferdt membrane
S ECL AJoF WhS-A]A 2819l eh. Quantity One, Version
4.5 (Bio-Rad, Hercules, CA, USA)E AR&31o] band9 9=

B,

4) HAMO|| th$t fibrinogenZdels &H

AlE BAT10°/mL)e] o8] 5% cordyceping A7}
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o] 37°ColA 387 AH2] 3 ) 30 pg/mL Alexa Flour
488-human fibrinogen< 7}¥sked 10 pg/mL collagen©.=
S FEskAL 5E7HEREAIH L 0.5% paraformaldehyde
in phosphate-buffered saline 2.2 W3- 2| A7 1L, 4
o] Akt Alexa Fluor 488-fibrinogen®] %42 FACSCalibur
flow cytometry (BD Biosciences, San Jose, CA, USA)Z =74
319131 AEES cellQuest software & S48

5) ATP &&9 &4

AH E43H10%/mL)el o]8] %%9] cordycepin: X 7}s}
o] 37°Cof|A 3R AR E] 39, 10 pg/mL collagen 2 575
< freokal 5EZHRSAIFATE Ice-cold 1 mM EDTAC.2 gt
o= A &, diliste] A5 o= W ATPE ATP
assay kitE AF8-5lo] Synergy HT multi-model microplate
reader (BioTek Instruments, USA)& &4 5}t

6) Serotonin W&o &4

Al E4:3KH10°/mL)ell 18] %9 cordyceping H7kot
o] 37°Cofl A 387+ A 2] 91 %, 10 ug/mL collagen 0. & -85
< FEotal 5L HRSAIZE Ice-cold 1 mM EDTAC.2 Bt
o= A &, AiEsto] A5 o= W serotoning:
serotonin EIA kitE AR} synergy HT multi-model
microplate reader (BioTek Instruments, USA)Z Z4 51t

o}

7) TXB, MMzl £

AH E23H10°/mD)oll o2} =9] cordyceping H7Fs}
o] 37°Cof| A 387+ A x| 2] 33, 10 pg/mL collagen = 37
< FEokal 581 wRSAIF T Ice-cold 1 mM EDTAS} 0.2
mM indomethacing H7Fsto] B8 FAIAIZTh TXA9
PRt ARl TXBO ¥ TXB: EIA kit & ARg-S}o]
synergy HT multi-model microplate reader (BioTek
Instruments, USA)E 43}t

8) Cyclooxygenase—1 (COX-1)°] &4 £H

Al F243K10%/mL)ell 1% protease inhibitor cocktail
(Sigma Aldrich, USAYE #7}ste] sonicator (Bandelin
Electronic, Bandelin, Germany)= 100% 7= 4 202 <t
10¥ sonicationdte] A Gl TSI 0|5 4°C
A112,000 xXg& 1527t L4l e]sto] Al debrisE Al ARt
5ol cordyceping 7Fste] 37°Cof|A] 307t A X2 gt
% COX-1 €4S COX activity assay kitE AF8-61o] synergy
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HT multi-model microplate reader (BioTek Instruments,
USAE S35

9) Thromboxane A Synthase (TXAS)2| =4 £H
AH E43K10%/mL)ell 1% protease inhibitor cocktail
(Sigma Aldrich, USA)E #7}sto] sonicator (Bandelin
Electronic, Bandelin, Germany)2 100% =14 20 <t
104 sonicationdsto] AT S3ES THERI] o] 4°Co
A112,000 x g 1527 FAlae]sto] AlEE debrisE A1 A2
5ol cordyceping d7Fste] 37°Cof| A 307 A A 2] 2t
%, prostaglandin H, (PGH,) & % 7Fste] 37°CollA] 187 &
HhS-S 4.07]31 1 M citric acid® AAA# T} 1 N NaOH
A7¥sto] FERAIZ] F, TXALS] Fg 3t thARAI Q1 TXB. 2] &
TXB, EIA kitE ARESlo] synergy HT multi-model
microplate reader (BioTek Instruments, USA)E &7}t

tlo b~ 4

2w HE AYATRE-2 mean+SEME #2]61] analysis
of variance (ANOVA)& #A18F51tt. T157He] Hatoll 214
o] x}o]7} Q12 7%, Newman-Keuls method& 8] wslo] Z}
J57tol 3718kt p<0.05 & W -2 & Q1 2Ju|7} Q= A
O = AR

R

1. CordycepinO] collagenf= EAM SE0| 0X|= &1t
Ak HA = FHA7]= collagen®] &7} oF 10
ug/mLe] 7ol 2 AF o A= 10 pg/mL collagen & = &3
S G531 7). 8409 collagenS X718te] S4& G
39S wf, 2AE0] 72.4+2.2%% YERE, cordycepin
ofg] ¥k (50~500 uM)E 71513 wofl s=ojEd o s
ZSHA & o] oA == A S EeISHtKFigure 2A). o] ),
cordycepin®] the half maximal inhibitory concentration
(IC50)%H2261.1 pM (Figure 2B)= AT} o] cordycepin
o] gt FE A ANE AL e BAHNE Hola= 4

olc},

2. CordycepinO| PI3K- %! Akt-QIXtste} fibrinogen &%t
off Ojxl= =2t

Figure 3A9] lane 1, 20{|4] B o] x]=1u}e} 7o, collagene
intact celloll B]3}o] PI3KS] QIAFSHE: 7F61A] S7FAI AL, 1
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Figure 2. Effect of cordycepin on collagen-induced platelet
aggregation, and its 1Cso value (A) Effect of cordycepin on
collagen-induced platelet aggregation. (B) 1Cso value of cordycepin
on collagen-induced platelet aggregation. The data are expressed
as the mean*SEM (N=4). *p<0.05, **p<0.001 versus the
collagen-stimulated platelets.

2|31, collagen®| 2]l 571 PI3K S| 214k} cordycepin®l]
O3l FEojEA o5 A qlck(Figure 3A lane 3,4). E3E,
collagen<- PI3K EHEARQ] Akt QAASHE F7HAIH AT
(Figure 3B lane 1,2), ©] =3}, cordyceping 718192 745
of FEolEH R AR QlthFigure 3B lane 3,4). °l=
collagen®l| 9]3}] 2%1%]%= phosphoprotein (PI3K, Akt)2] ¢l
AFHE cordycepin®] ASITH= A Hojg= Ayjo|tt,

olo Bf&}e], cordycepin®| allb/Bsol Tt fibrinogen?]
Ao v A= g 2RI8HE 1, collagen©] intact cell®]l
H|3} 77.2+5.5%% Z7HAZ] ZA2(Figure 4A-a,b and 4B),
cordycepin®] 15.1+0.6%7HA] ASl= AatE g8t
(Figure 4A-c and 4B).
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Figure 3. Effects of cordycepin on PI3K- and Akt-phosphorylation. (A) Effects of cordycepin on PI3K phosphorylation. (B) Effects of
cordycepin on Akt phosphorylation. The phosphorylation was determined as described in “Methods”. These data were expressed as the
mean+SEM (N=4). p<0.05 versus the non-stimulated platelets, *p<0.05 versus the collagen-stimulated platelets,**p<0.001 versus
the collagen-stimulated platelets.
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g g 8
o [=]
N
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Figure 4. Effects of cordycepin on collagen-induced fibrinogen binding. (A) The flow cytometry histograms on collagen-induced fibrinogen
binding. (a) Intact platelets (base); (b) Collagen (10 pg/mL); (c) Collagen (10 pg/mL) + cordycepin (500 uM). (B) Effects of cordycepin
on collagen-induced fibrinogen binding (%). The reactions were determined as described in “Methods”. The data are expressed as the
mean+SEM (N=4). ®p<0.05 versus non-stimulated platelets, **p<0.001 versus the collagen-stimulated platelets.
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3. CordycepinO| p382] QIAt}R} ATP, serotonin®| EH&0|
0lXl= =t

ot W =] fEA= dezl MAPKY] skl
p38 phosphoprotein®] Q14F}7} cordycpeine] 2] oS A
Z A5 =] 218t A7} collagenol] 3 21 p38e] ol4k
317} cordycepinel] 93) FEoE4 0 & T3 A E = A
= ZQIg &= SISIcH(Figure 5A).

E3h Eavt i) B S eItk o] 5= Al
24 ATP%} serotonin W< ZA3& 218t A} collagens
3.91£0.21 uM & intact cello]l H]el 43.48 & ATP &S
2213} 11, cordycepin®] 0|5 58.1% (1.64+0.06 uM)E 7
Al FAAI A THFigure 5B). Serotonin W& loiAl=,
intact celloA] 11.53+1.58 ng/10° platelets 3= %1¢ sero-
tonin %< collagen®] 84.67+6.51 ng/10° platelets7}2] 7
A W23 31931, cordycepinell 28fl 62.9% (31.38+1.97
ng/10° platelets) & A% $1ck(Figure 50).

4. CordycepinO] TXA A4-&310 COX-12+ TXAS &4 3! PLC—,9)

QIAS10Y| O|X|= &t

ATP, serotonin®} 4| p382] QlAksto] Jaks vh=ctar ¢+
2171 TXA, A34oll 9lof cordycepino] ofH FakE HIA|=A]
stelstgich. 1 ZAa}, Figure 6AOA Hojx]= vle} Zol
intact cellollA] 0.6+0.1 ng/10° plateletsgH TXA, o]
collagen®]l ©J3] 60.1+1.0 ng/10° platelets & 7F31A Z7}5
%L, cordycepin collagen®ll 2ol 5713 TXAE 17.7+0.7
ng/10° platelets® 70.5% ASFATE. TXA, A4 Dagt ot

o] 9li= PIP7F PLC-v20ll 23] £afj=]o] Lo AARRE
COX-13} TXASO] sa2t-gof ofsf whEoleH17,18]. w2t
A, o] 5] n] A= cordycepin®] LS 9 Atw HQkt) 11
23}, Figure 6B 3! 6CoflA] K.of= B9} o], cordycepin©]
COX-13} TXAS &/dell frof 2 Ql G&d= vAA St A
S & 4= QQdT} TESH PLC-y; QlAk}of| Qlef Az, collagen©]
7FH S7HAIZ0 PLC-y, 914k}l cordycepin®] -5-2]4¢1
FE A A] So1S-S GRS THFigure 6D lane 2,3,4).

=

=
=

]

Aage] g4 of ?lof A, cordycepin (3'-deoxyadenosine,
Figure D)ol #% 2H8=0] Hire vp7h QA|9H15,16],
phosphoprotein®] QlAtS}of| v x| = ato]| tfgt A7} vl5
SFg7100, i Aol A= o5 EAS] g staAt skelet. 1A
7}, collageno] Fx=oF A4 34 Qlo1A cordycepin®]
201.1 uMOJ ICs0 02 F = ofE A o & A3 532 Ao}
I 2S Bl al(Figure 2), ©1= % 7HA] 2.3} phos-
phoprotein (PI3K, Akt, p38)¢] QlAks}o] o8k A ol 2e1sk
4= AJ} 4, cordycepin collagenel] 23l 571 PI3K
oF Akt®] LS FEoEA 0 7 AR A (Figure 3), £
St allb/Bs0ll TSt fibrinogen A3h 5L 2E2] 0 & A}
Atk PI3KQ} Akt 9] QA= allb/Bs S 433kl fibrinogen
IS 7 CEN Fant S F eIt sl B
= 8} k5,201, webAl, cordycepin®l] 2Jet EA4aH 53 2]
A= cordycepin®] 2]8ll PI3K/Akt phophoprotein®] 914k
37 QJAIE 24 allb/B3 2] BIZAJwtel| ¢t fibrinogen 2
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Figure 5. Effects of cordycepin on p38 phosphorylation, and ATP-and serotonin-release. (A) Effects of cordycepin on p38 phosphorylation
in collagen-induced platelets. The phosphorylation was determined as described in “Methods”. (B) Effects of cordycepin on ATP release
in collagen-induced platelets. (C) Effects of cordycepin on serotonin release in collagen-induced platelets. ATP and serotonin release
were measured using EIA kits. These data were expressed as the mean+SEM (N=4). °p<0.001 versus the non-stimulated platelets,

**p<0.001 versus the collagen-stimulated platelets.
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Figure 6. Effects of cordycepin on collagen-induced TXA; production, COX-1 and TXAS activities, and PLC—y, phosphorylation (A) Effects
of cordycepin on collagen-induced TXA, production. TXA, was determined by TXB, EIA kit as described in “Methods”. (B) Effects of
cordycepin on COX-1 activity in platelet lysates. (C) Effects of cordycepin on TXAS activity in platelet lysates. COX-1 and TXAS activity
was determined by COX activity assay and TXB, EIA kit as described in “Methods”. (D) Effect of PLC=y, phosphorylation. The phosphorylation
was determined as described in “Methods”. These data were expressed as the mean+SEM (N=4). ®p<0.05 versus the non-stimulated
platelets, **p<0.001 versus the collagen-stimulated platelets.

o] st AvE Kok thromboxane A synthase (TXAS)2] ZLAZRg-of o] 8] TXA, =

E3H Favh AR et BAolu RS H7FE o, At o] ok FAvhs S5k 73 agonist= 2H-8-3kth
SR AR FRIsk= o] gt autacold = YHXI TXA, 9,121, whebA], TXAS] A& Aok BdE0 AT &
o] A AgeFolrt. Collagen®| - E5k= Eauke] &/d3t agof ARA -85 081l ek L A&, COX-19] S A]
A, collageno] @4t whofl §)= collagen 84121 glyco- &f|Sk= aspirin, TXASS] B/ AA| k= ozagrelt 22> &4
protein (GP) VIol 2831 tyrosine kinase”} &A19lE o0& So] QIt}H18,19]. T3t 22| o] b Aol A], 3FE Avt t

# phospholipase C-y, (PLC-y2)°] QIAISHE U0 71THg]. o] £ Y= E4E (caffeic acid, EGCG, chlorogenic acid,
= o] $JX|$+ phosphatidylinositol 4, 5-bisphosphate total sapinin form Korea Red Ginseng)l A1 %= TXA,2] A4
(PIP,)E H3li3}o] diacylglycerol (DG)E W2:A17]3L, DG-2} o] A &= 71 ol 4= Qth17,21-23]. Z1&L, cordycepin
monoacylglycerol (MG)-lipase2] 4280 & arachidonic o] oJH IH-& 58l TXA9] /S A=A theh A+
acid (AA)7} =]=1], ©]AA7} cyclooxygenase-1 (COX-1)¥} Aih= B3lsle). Mei-Chis-9] o1tol| 98l [24], MAPK
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