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Abstract

e AIM. To investigate the angiogenesis effect and
protective mechanism of cordycepin on rhesus macaque
choroid- retinal endothelial (RF/6A) cell line cultured in
high glucose condition.

e METHODS: Cultured RF/6A cells were divided into
normal control group, high glucose group and high
glucose (HG) + different concentration cordycepin groups
(HG+10ug/mL group, HG+50ug/mL group, HG+100ug/
mL group). The cell proliferation was assessed using
cholecystokinin octapeptide dye after treated for 48h. The
cell migration was investigated by a Transwell assay. The
tube formation was measured on Matrigel. Furthermore,
the impact of cordycepin on high glucose - induced

activation of VEGF and VEGF receptor 2 (VEGFR-2) was
tested by Western blot analysis.

e RESULTS:. Compared with normal control group, cell
viability markedly increased in high glucose group ( P<
0.05). Cordycepin inhibited RF/6A cell proliferation in a
dose- dependent fashion: 10.2+0.9%, 23.4+1.5% and
31.1+1.2% inhibition as the concentrations of cordycepin
were 10, 50 and 100ug/mL, respectively. The difference
had statistically significant ( P<0.05) compared with high
glucose group. The number of cell migration were 55.6+
2.70, 87.4+2.40, 65.4+2.7, 57.8+2.38, 62.4+2.77 in
normal control group, high glucose group and HG+10ug/
mL group, HG +50ug/mL group, HG + 100upg/mL group
respectively. Migration of RF/6A conspicuously increased
in high glucose group ( P<0.05) compared with normal
control group; while showing a gradually reducing trend
with the increase of cordycepin dose and a statistically
significant difference compared with high glucose group
(P<0.05). The number of tube formation were 18.7+2.08,
25.7+1.52, 19.9+1.57, 16.3+ 2.51, 5.67+1.72 in the
abovementioned group. Similarly showing a gradually
reducing trend with the increase of cordycepin dose and a
statistically significant difference with high glucose group
(P<0.05). In addition, the number of tube formation of
RF/6A in high glucose group significant increased
compared with normal control group (P<0.05). The
expression of VEGF and VEGFR-2 dramaticlly increased in
high glucose group vs normal control group, oppositely
gradually decreased with the increase of cordycepin
concentrations, and had a statistically significant
difference vs high glucose group (P<0.05).

e CONCLUSION: Cordycepin can suppress the
proliferation, migration and tubu formation of RF/6A in
high glucose condition, might via inhibiting expression of
VEGF and VEGFR-2.

e KEYWORDS. Cordycepin; high glucose condition;
rhesus macaque choroid-retinal endothelial (RF/6A) cell
line; vascular endothelial growth
factor; neovascularization
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Fik 55 5E RE/6A 40, 73 0 IE 5 % BRAT(NC 41) | =bixt
FRZH(HG 41) | = A [) v B 7 BB 2R 4 (HG + 10pg/mL
20 HG+50png/mL 4 HG+100wg/mL 2H) . & JH CCK8 %
G0 - 2 40 i 174 3 58355 P 5 SR HT Transwell S5 56 45 I 2% 4
AL IT RS 5 R FH Matrigel £ 0 2% 2H 9 B T2 Rl 09 185 0 5 2R
H Western—blot i Il #5 41 41l ffl * VEGF 1 VEGFR2 & H
TR HIENL

LR .5 NCAHMI, HG 4 RE/6A 34 55 3% M3 i (P<
0.05) , TR Ay K 4F RE/6A 34 78 24 300 il /8
FH Bt R R SN, A TS M R R, HG+10pg/mL
4 HG+50mg/mL ZH  HG+ 100 wg/mL 41 Y 184 5 3 11 410 1
RN (10.220.9)% (23.4£1.5)% (31.1x1.2)% ,
5 HG AR 5 HA G145 L (P<0.05) , NC 41 HG
2 HG+10pg/mL 2  HG+50pg/mL ZH . HG +100pg/mL £H 4
JHL TR AN B 43 9 R 55. 6+2.70 87. 4+2. 40 65.4+2.7
57.8+2.38 .62.4+2.77 4~, 5 NC 41M b, HG HiF#40
SR 3 1 ( P<0. 05 ) 5 AN [F) e 3 H 2 2% 20 4 3 B o
B MR VR B I I s >, 5 HG A, 22 7 BA
Bt #E X (P<0.05), NC 41 HG 41 HG+10png/mL 4 |
HG+50pg/mL 21 HG+100wg/mL ZH 1 20 Jif 45 s 1A~ %L
A3 18.7+2.08.25.7+1.52 .19.9+1. 57 16.3+2.51 |
5.7+1.72 4, 5 NC 41Mi e, HG 4140 Mo 48 s I il A~ H
JN(P<0.05) ; AN[RI ¥R BE LR 2R 21 40 i 4 s T A B Bt
HELZVREE G N, 5 He A, 2% B A ST
2 Y (P<0.05), 5 NC 446k, HG 40 VEGF #1
VEGFR2 7 H ik RN (P<0.05) ; Ak E fi i £
HrP 4N VEGF Fll VEGFR2 & 11 22 34 i 2 31 T b
X HRZH (P<0.05) .

it B R v RgE s M6l =T VEGF #1 VEGFR2 2
HYZRIR i RE/6A 4 IG5 | 38 7% A I I8 1, 226 17 10
il 0T A

SR MECR B RT R 5 TE TR Ik 2% R — L 1) B 1 A5 PN
B 2B 5 IS PN R A R R i R A
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B DR AL X B A8 ( diabetic retinopathy , DR) /2 4% /K
o o DN R ) AL A O R RE Z — o DR R ALl A2
2% HAR LA N 2 A K I F (vascular endothelial growth
factors,, VEGF) 2k 3= O £iE 1L 57 A 4 PR 770 AR 30 1) ok JE 3 ik
JEFHDR kA REMEZENEK" 76 DR GHTRE S,
e W AT S SRR D) M0 PN B 2 3k B2 4 W6 VEGE, BRIl
BN MR, A A PRGN, B 4 1A P 2 fR A
PO S 2H 280 e i g5 4, i ¢ 5 A i A I A BT P L o
FESTUAY VEGF 5 HZ k(322 VEGFR2 Z 1K) 255 %
FRAGJS , IS T A5 % 5 N 2 ML 3 5 A AN
T, O M TR g n R R A U R
PP IR B S e R R AR B A0 AT, B R T i
TR BIRYT T AER W BB A= 0481 PR B W 2 B G
LT F 2005 4738 2o 1A P S 560 2 B, o 38 LA 51
TR ARSI I A T AR VR . SRR IR HAIE T R
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R BEAN I 25 B 8 40 I S b VEGF i 3635, {H U s Rt
VEGF F1 VEGFR2 7E IfiL 45 PN 12 20 M 1 3R 35 1) 52 i i B A7
RIE, ARFFERR RSN FR B RE/6A B T R T,
WS HUE 22 % FL Y B 0 1 B A IR B VEGE Fil
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1.1 &8 RE/6A 4 (h RN LA R ) 5 U ZE (36
Sigma A 7)) ; DMEM 1 3% 2 (32 [ Hyclone 23 #]) ; i5 4
Ifil 37 ( fetal bovine serum,FBS) 0. 25% J#i7E 4 F—ETDA
AL (32 H Gibeo) ;%%ﬁ%\%ﬁ%%((&agen N 3 CCKS8
W& (HABEAF) ; Transwell /NZE ( 3£ FH Corning 2
Al s ARG YL (T (B3R KA YIRS A B ) 5 Matrigel
(%M BD 2 #l); %4t A VEGF £ F ik (£ H
NovusBiologicals N s KDR £ 5 [ $i & (75 E Giobal
Biotech A ] ) 5 L £ i % 1gG HRP (35 [E Abcam A #]) 5 40
MufE i CO, AR IR 46 ( 32 [E Thermo 28 A ) 3 BEARY (32 [
BioTek 23 A ) 5 2 A8 ' W IBE (72 [ Leica 22 ) 5 5EME AL
15758 (3£ Bio-Rad 4 F]) ; HATKAX (32 Bio-Rad /A F]) .
1.2 ik

1.2.1 RF/6A HRARIIES RH& 10% FBS Fl 1% ¥
FHZ WYL 25mmol/L M DMEM 15 3% W 1 5. Smmol/L
1E# DMEM Bi 32 IVE A K G973 . 4 RE/6A 41l
LR 75em® B SRR P, 805 BE A S x 10° /8 4 41 it 5
W, ETHER 37°C RS % CO B FRF N 3%, Frdll
JRLE MRS, FH 0. 25% JBEEE I —ETDA Y5 1L, 4% 1:2 1§
1:3 ARG AR BUE K REFISE 3 ~4 R4, - T T —2
1.2.2 IS A Haiifisrh 5 4, 555 NC 4.
5. 5mmol/L % ¥ () DMEM % % F (% 1F % X B 41 ; HG
21 .25mmol/L =5 M DMEM £5 3% T B9 =5 0 X B8 41 ; HG +
10pg/mL 41 ; 76 & B 4 o i A 10pg/mL HU R 25 HG +
50mg/mL 41 75 & A 4 P in A S0pg/mL LR 2 HG +
100wg/mL 2 TE SRR A A 100 g/ mlL MEE

1.2.3 CCK8 #illl RF/6A dfatE s FE M O £k K1
RF/6A 4 F T 5258 . #4243 4140 500 A IE & R i 8 A
DMEM 35 5% W, il 55240 M ik 2 4 5 x 10 A>/mL 19 40 A =
W, B 100l #2250 T 96 Ltk I, B4 6 MR AL, IS5
AL HTCH PBS e, B T 37°C 5% CO, 5574
PIEE , 24h Jo b = = 20 0w B s 332 3 W T, 40 i A
BN TR e B B % (10,50, 100pg/mL) B4 25 B DMEM
100pL, %5 48557 48h Ji& , W AL i 15 95 3%, B K R — B
[ ) 4 L A 2 10% 1) CCKS8 ( cell counting kit -8,
CCKS8) % i 1Y) DMEM 3523 100l J5 B AE I 37°C 5%
CO, 55 I 58 4k 22 55 3% 2h, #2852 4F U3 0 F B 3 8 A 1L
450nm WK T IRIERE A fH, MR KA TFEZ LR 3 K,
YIS PRI (% ) = [ (FEAT-35 A {5 X HRAF-35 A
{E) /X BERZHF- 35 A {H ] x100%

1.2.4 Transwell /NEH# U RF/6A BT 4T  Transwell
/N E T 10% FBS B DMEM 85 35 600l 1 24 fLHR
L IER AR 5. Smmol/L HHENE Y DMEM X5 3521 , =i 4l
I E R 4 25mmol/L A M HE 1) DMEM 15 7% W, &
RF/6A AT E%, % N 6x10° /9L, AL EEHAH
SN 5 AH R e RE B R Y G LT R 3R 5 100,
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37°C 5% CO, R FRA 1577 24h Ji  BUL /NE | 57 LR IR,
Mt mpEm/Ng LEARE A0, 4% 2 5 R E
E/NE 20min, K /PNEBE LM T)E,0. 1% EmERE
20min, PBS ¥E3 ¥R, ZHAITE 400 135 06085 R BEHLECS S0
BFREAR , TS A B R A AT, L3 AR
fL,EELE 3K,
1.2.5 Matrigel #ill A Z A E R 76 4°C T HEATAk
k& Matrigel , H 96 L4k, 55 L P9 2% 12 fin A 100l ¥ &
Matrigel(Fﬁﬁj@%’ﬂzﬂjﬁﬁkiiﬁﬁ?) . THAL RE/6A 4Hfit, F
1E 5 FE BE DMEM 85 3% 3853 506 B4 2x10° 4~/ mL 41 i
B, BALINA SOpL, % 3 AN AL, HA R s gl B FLImA
AR R R R R 12h J5 7E A TR, BEHLER
5 AIRTR] AL R A, ST 04 o6 B I TR, BG4 E
K3 MR, ER LK 3K,
1.2.6 Western—Blot ;£ & 2H RF/6A ¢l & VEGF #1
VEGFR2 EEMTIE  AFLAUEH &b DMEM 55 377
i g% RF/6A 20, HFE 28 21 A L b im A [ v B8 174 e e
£ (10,50 ,100pg/mL) , EOBEH FINE B A I A 5 & | 254
YEFT 48h J& , W SE A0 A, vk b R P I8 A0 R (S e 44 i
120001/ min ,4°C 5.0 30min , YA 22 001 13 8 vk
JE )5 ,SDS—PAGE Hi ¥k (150V HLJE) J5 # % & PVDF Jiit,
5% BSA ZE & FEH 2h, VEGF & VEGFR2 —#i (4351 K
1:1000,1:500)4°C TW¢E &2 #, TBST 35 ¥k 3 WK, FLAAH L
PR 3 B AL W AR I 1 T (28154 1:5000) 37 °C $2 IR %
# 1h, TBST ¥k 3 K. ECL W52 %, i Bio—Rad BEKE
W% R GRS )5 KA ] Tmage J 301E 20 BT 507 B 15 5 0
55,1 GAPDH NS IR 15 AR Rk 5,
Beit2#43 07 . R FH SPSS 19. 0 Geit2# 5474834
Mo FrASSCub BRI DL B+ bRl 22 (xxs) Fo B85
AT IER A R0 M7 22 57 R IR J5 SR AR 2 T 2243
AT, 015 L33 Bonferroni 73243871, LA P<0.05 S22
SEA5IEE L,
248
2.1 AEEY RF/6A HAIEHEFMHEMNEIN  CCKS 44
R, 5 NC 4H L, HG 40 RE/6A 4 Jifd 48 5 7% M 0 1 42
AR EAS R E L (P<0.05), HWEEXT RF/6A 1
FEA W HIE T, 5 HG 4 A H, HG + 10pg/mL 41, HG +
50g/mL ZH . HG + 100 wg/mL ZH 4 Jid 375 P4 40 51 2 43 51 Sy
(10.240.9)% (23.4+1.5)% (31.1+1.2)% . K&
TR RN, AU E R, 5 HG A i = 5 Ia
Gl F X (P<0.05) , SR AR gGiHE X
(F,5=90.283,P<0.05,/K 1),
2.2 AHEEX RF/6A HAER RN Transwell SCI045
BB R, NC 4. HG 4. HG + 10pg/mL 41 . HG + 50 g/ mL
ZH \HG+100 g/ mL ZH 21 M 3T # 1> %053 51 Ry 55. 6 £2.70
87.422.40 65.4 +2.7 57.8+2.38 62.4+2.77 >, &4 |A]
Fei 22 3 HA G243 L (F=185.651,P<0.05) , 5 NC
AL, HG 2 240 M 32 #5508 B 3% in ( P<0. 05) , 5 HG
AR L, AR B LB X RE/6A 40 B 3 7% 25 47 410 161
YEH , ELBE A B R 220 B 35, B A7 20 A~ B30 o 2
ERAGHITFE XL (P<0.05,&2),
2.3 HEEHEX RF/6A WIEREFEFM  Matrigel 5
45T 7% NC 20 HG 20 HG +10pg/mL 20  HG +50pg/mL
2 \HG+100 g/ mL 4140 B A0 45 T LA 2040 0l Ry 187 +

150

100

20

50+

0

NC NG

HG+10 1 g/mL HG+50 1 g/mL HG+100 n g/mL

B1 HREZEXNSHET RF/6A AiEERINF/ER
vs NC 2H;°P<0.05 vs HG 4,

‘P<0.05

2.08 25.7+1.52.19.9+1.57 16.3+2.51 5.7+1.72 P, %&
Hm RS BA S48 X (F=58.207,P<0.01) , 5
NC FHE, HG 2 40 ff 45 1 T2 A~ 5B .38 n (P<0. 05) ,
5 HG Z1AH E AN [k B BB 2R X RE/Z6A 240 f 19 48 1 2
SR EIAE T, ELFE 2 R 3 B I 14, A e T A
BOEWR 22 5 A G2 L (P<0.05,183)
2.4 &40 RF/6A fHA VEGF #1 VEGFR2 E BRI &K%
Western—Blot SZH 255 7 , 5 NC 1AL, HG 41 VEGF

Fl VEGFR2 # [ R kM X1 £ (P<0.05), 5 HG 4148
F, AN B B & % RE/6A 41 M VEGF F1 VEGFR2 25
R A T HIE T (P<0.05) |, B 25 HH B 22 o B g 5 5
VEGF fll VEGFR2 H 1R iA M & TR, Sl g2 R
HAS ¥ X (F=217.074,P<0.01 A 4),
3itit

DR 24 PR fie i DL I R0 A il 48 0 R A, B 2
KEBERER TAEFB AT W 2R, & il
BN DR B G R R 2%, EL g B 1% 7™ 2 R 43 S i)
6] 5 DR FEGE R 0™ B R B AR K b v i
B U A5 15 P 2500, W0 0 B 2H 2 e ofn dfe 40, A 1 s
K VEGF =4, VEGF 1Ak J2& 1R o8 A 87 A= il 48 A= <
K7 ) e S 7 78 DR I & A8 K R rp Py i R o
A, 25T DRIEMAIS IR A 08 E e
LA PN B 5 o R it VN B2 B RR AT P M2 200 B3 A P B2 4
i A8 3 43 S T BRI A5 A R B ) JE RS B A AL IR D
il VEGF 1 7= A Je Ho3Z R (38 i 335 1T LAAE % DR 5 748
) g S ) R AT AR VEGE 23k i 25 W0 47 B2 ik
Y PRI PR 0 BS54 R YT 2590

HREZ R IR EAE G R 2 T GRS S DA R
PRI — M 2P R A UM PUBE A bt
FMLSS PO e I8 BRI A 2 R IR | 1% 1 A
SR A I M R B FEC A 22 T P R A
R IRIRYT , a8 H R OGP R B IR T B R 1
J7R, AT 3E AT T R TGF - B 1 238 10 il =5 b5 175 = 1 K U
AN R A A B A Yoo AN A MU B
KRB ( cordyceps militaris extract, CME ) B $T 5 4E 1L 5
KBRS T A 25 T, A5 R R AR B TER L J2:
fRAN, R R BIREE AL T 3 T 4 JE AR A MMP-2 [ %
I8 R BT AR A R T I B A i MMP -2 X
VEGF \VEGFR2 % [ (215 A7 M1 . Won %5 f
SEAUEI T MU R BT 08 MO A M A T
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pRo Uy S0 Aol & o & 00 4 »
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() o o o o
RO OO SR CROM A -0 A T 940

HG+10ng/mL HG+50u g/mL HG+100 1 g/mL

oy NC NG

H2 MEEXMEMET RF/6A MBETR A MH R (x400) A:NC 4l;B:HG 41;C: HG+10pg/mL 41; D: HG+50pg/mL 41 ; E: HG+

¢y pa o'y

B3 mEENEET RF/6A SIS RS 1R (x200)

100pg/mL 41 ; F; A Z X RE/6A LT RN HI/E H B AIE B ("P<0. 05 vs NC 41 ;°P<0.05 vs HG 41) ,

= = N nN
(=] w« (=} (&)}

AT e

[&)]

NC NG

HG+10k g/mL HG+501 g/mL HG+100 1 g/mL

HG+100pg/mL 41 ;F . EEZ X RF/6A AUMLE RS M il /E H 19 25 E B (“P<0. 05 vs NC 41 ;°P<0.05 »s HG 4)

ARSI AR AR S AR SR R TS A SR,
T 10,50 100 g/ mL 3 3 A 57 5 vk BE E A7 50 55, LAIE B
BRI E ST RE/6A 4 I 45 357 A 094, 9t
BT AT REMIVE ML . S5 R kB, S AR T, ARk
JER BN RE/6A 1G5 1T 78 | 8 I I8 1 35 A 41 i 4
FH o AR I 9 A LS A G 5 | A0 L AR NS e
AT RE PR R R AR ARSI MR PR T RE S ) 1M
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B, VEGF A W Fh 2252 {& (VEGFR1 Fl VEGFR2) ,
H VEGFR2 A776 T M4 FNibk B4 N e 26 Ab 7 A= BN
PRIMAEH A D, VEGFR2 #02 E B F 57 FHE M, Wit
H S BER AL il & T iF— R A5 530 5, 8 0 M4 1 & A
g i — T U R I SR T RF/6A 4 i 5 37 AR 1Y
YE ML, 2 5256 5% H] Western—Blot 19 7 46 VEGF F1
VEGFR2 FE I YERIA, SIEWA LI, 4 iy VEGF
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A B

VEGF e m——

VEGFR2 — -—

GAPDH s 4SS TS anees SR

NC NG

VEGF %Ik 5 NC 41l

HG+10u g/mL HG+504 g/mL HG+100u g/mL

NC NG

C

- N w
1

VEGFR2 A5 NC #H LAl

o

HG+10u g/mL HG+50 4 g/mL HG+100 & g/mL

NC NG

HG+0u gimL HG+501 g/l HGHO0 L gL

4 &40 RF/6A At VEGF #1 VEGFR2 EEMRIE A 44 RF/6A 4k VEGF Fl VEGFR2 & H HLIK 577 ; B: VEGF Fik 4
JEEl; C. VEGFR2 ik 45TE Bl (*P<0. 05 vs NC 41 ;°P<0.05 vs HG 41) ,

M VEGFR2 B H £ B B £, @i e # T VEGF f
VEGFR2 Rk, AN [R) o B 16 B2 1) R R 32 3 E 1 9
TR WIS 97 14 0L P9 B IR VEGF Fl VEGFR2 19463k, FLR
A T BE (0 385 i, R Z A I A N B AL VEGE il
VEGFR2 #5 RN BUAE 3 5, £ 7R HURE 3R A R 38 2of ik
A% VEGF M1 VEGFR2 [k | AT R2MA LT A, DA Ik
RN A0 VECF Fl VEGFR2 3k nJ A2 40 il if
B AR — A E LS

ARSI B YO U R s F T IR B SE , RSS2 56
FHIERVE T R X RS B R 97 09 REZ6A 20 i 4
TR YR VEGF \VEGFR2 2 1AM 52,
R TR SR T —E S % B KA YT DR 4
TR B (H R R AR I VEGF il VEGFR2 25
FI IR M HILR 5 0 — 2B WP FEAE S
Sk
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