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Delphinidin Suppresses Angiogenesis via the Inhibition of HIF-1a and
STAT3 Expressions in PC3M Cells
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Abstract Delphinidin is a blue-red pigment and one of the major anthocyanins in plants. It plays an important role in
anti-oxidant, anti-inflammatory, anti-mutagenic and anti-cancer properties. In this study, we investigated the inhibitory
effects of delphinidin on vascular endothelial growth factor (VEGF) gene expression, an important factor involved in
angiogenesis and tumor progression in human prostate cancer. Delphinidin decreased levels of epidermal growth factor
(EGF)-induced VEGF mRNA expression in PC-3M cells. The expression of the EGF-induced hypoxia inducible factor-1ca
(HIF-1a) and signaling transducer and activator of transcription 3 (STAT3) proteins, which are the major transcription
factors for VEGF, were inhibited by delphinidin. In addition, delphinidin decreases HRE-promoter reporter gene activity,
suggesting that delphinidin can suppress the transcription of HIF-1oo under EGF induction, leading to a decrease in the
expression of VEGF. Delphinidin specifically suppressed the phosphorylation of Akt, p70S6K, and 4EBP1, but not the
phosphorylation of EGFR. Therefore, our results suggest that delphinidin may inhibit human prostate cancer progression
and angiogenesis by inhibiting HIF-1a, STAT3 and VEGF gene expression.
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| vascular endothelial growth factor receptor-2 (VEGFR2)
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ﬂ'ﬁ% vascular endothelial growth factor (VEGF)S} 2ol 3k
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2Rl VEGF= XV\V\ L ];1r00§
FEEH(12), 27| TF3% %74]@]5 °§5o B ZITH(13).

VEGF:= $+% hypoxia inducible factor-1 (HIF-1)°l 23
Al 2T B FHITH(14). VEGFE] HARIA]
1= hypoxia-response elements (HREs)-promoter®ll Zgste] # 4k
2 BN AE Y FAY AHE B FHAE 2489
th HIF-12 4k4 o]EF oz ZHEE HIF-lo sub-unitdt Yg3
o2 W 5= HIF-1B sub-unit® 2 FAE ] Jrk15). F4 4k
4 Z7dol|A HIF-la= oxygen-dependent degradation domain
(ODD)®] ZEH(proline) 7t719] F4:8}ol| <J3ll von hippel-lindau
(VHL) m=2A] ZA38l] ubiquitination system® 2 #3]|%]o] HIF-

f
o_>L
0>~1
L
Y
Ag
=1
rlo
N
g of
o
o)



AYA LA E A delphinidinoll 23+ HIF-1a2} STAT3 &A1 3 A¥ullv] A7 a2 24 #s) a2} 67

loo] Wdo] 7HAgT(16,17). FAIRE A4td 7= HIF-1a
7 EEEA G s R Hog Hejwo] HIF-1pet
hetero-dimerS ¥4I}, AJE HIF-1°] HRE-promoter] Z3gH
S 2A VEGFS} 22 34 4289 A e €43 ARl &=
3l HIF-l1o 232 o] H]e]EZ 0 7 Alo] EF}e](cytokines)=}
gAR1A Wes H}. 53] FuAYIAH(epidermal growth
factor, EGF)= 3 bAoA ) AAR1R14~84] (epidermal growth
factor receptor, EGFR)E 53 ASHEHZE &3} o =H
HIF-lo ¥8g 7T B EJATH(S).

A AN F2 Aodd dhide] Qlikst H2E F3) HIF-
lo Hdo] 2HEYY HIHUY. 2 ZEE p38, cJun N-
terminal protein kinase (JNK), 22|32 A Zyrzdebdlatsld
Ax(extracellular regulated protein kinase, ERK)Z ©]Fo]Zl Mito-
gen-activated protein kinases (MAPK) family A& 4g 72 (19)9}
phosphatidylinositol 3-kinase (PI3K)/Akt Aledg HZ(20)7F &H
A ok T Akt 3H9 F4 FHA] mammalian target of
rapamycin (mTOR)2} p70S6 kinase 1 (p70S6K) ¢12+3} A&
53 HIF-lo @8-S 2d3tty B ETH?21,22).

wEhA, £ dA7e dauvde] AAEAYY A4 st 4l
A wHAUES 2AsH] 98k, 17 g4 SAIZQ1 PC3M
AxelA dIyde] EGFE =8 AAEAR =838k <l
ARl HIF-1a9} VEGF 2ol vxe &t =dr7vsS &
S A=
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A3l A48k PC3MA E(human colorectal carcinoma cell)=
American type culture collection (American type culture collec-
tion, Rockville, MD, USA)°lA] #<oF wo} AR5} 0™, 1% &
4 22 (GIBCO-BRL, Invitrogen Co., Carlsbad, CA, USA), 10%
fetal bovine serum (FBS) (GIBCO-BRL)7} *3+El RPMI1640
(GIBCO-BRL, Invitrogen Co., Carlsbad, CA, USA) HiX|E Al&
ste] 37°C, 5% CO, Z7d4 Wittt o d-2 Cayman
Chemical (Cayman Chemical Co., Ann Arbor, MI, USA)°A]
ste] tholw €A ZAlo] = (dimethyl sulfoxide, DMSO; Sigma
Chemical, St. Louis, MO, USA)°l| =] ARS3ISTE 2 9 A]eF
2 Sigma-AldrichA} 2 FE] 79)8le] A&ttt
M= B4 &3

dyUd sk o2 Alx AEES S8 sl AlE(1x
10* cellsiwel)Z 96 well plateoll EF38le] 244178 QEYBIA7 F
dyUds sEE A2t 24A17F widsint. widkE M
o WST-1 £4]7]E(Cayman Chemical, Ann Arbor, MI, USA)S
A28l 37°C, 5% CO, 7oA 4A17F <t ZrEZl(formazin)
S 833t} Wkg & ELISA #57](Molecular Devices, Sunny-
vale, CA, USA)Z 440 nmol|X] FF=E Z433ich

Western blot analysis

AE W EAlske ddS Z83t7] A5t total lysis buffer
(GOmM  Tris, 150mM NaCl, 5mM ethylenediaminetetraacetic
acid (EDTA), 1mM dithiothreitol (DTT), 0.5% nonidet P-40,
100 mM phenylmethylsulfonyl fluoride (PMSF), 20 mM aprotinin,
20mM leupeptin, pH 8.0)5 ¥ 4°CollA] 30% 7+ g3i3k & ¢

==

AEE] (12,000 rpm, 1032)8k] NS FHEFATh Bgk Al 24/3)
W ehlds Raslr] fls] M Eo| =8 A (10mM Hepes
(PH 79), 1.5mM MgCl,, 10mM KCI, 0.5mM DTT, 300 mM
Saccharose, 0.1% NP-10, 0.5 mM PMSF)E 7}5l4] 4°Col|lA] 5%
SaA7l T QAAEE (1,000 pm, 1E)Z pellet (3 TS &
g3t ¥ pellets ¢4 B 20mM Hepes (pH 7.9),
20% glycerol, 100mM KCI, 100mM NaCl,, 02mM EDTA,
0.5mM DTT, 0.5mM PMSF)& 4°C 15% &3l ale] AR

(10,000 rpm, 5 min)= 3 U] whlEg FEsict. of 2 W
Ho g =3 ThES sodium dodecyl sulfate (SDS)-Z&|of=2
Yolujo] =4 (polyacrylamide gel) 7105 & DS YolER
AEZ 2~ "nitrocellulose membrane, Whatman, GE Health Care
Corp., Fairfield, CT, USA)Z Z17]o]& AlATE o] dd s &
A317] 98l 5% EA]$-f(skim milk, GIBCO-BRL, Invitrogen
Co., Grand Island, NY, USA)7} 12 TBS-TZ 1A% HESAIA
H] Eo]AQl TS blocking &, 54 T tigh & HIF-
la, HIF-18, EGFR, p-AKT, p-p70S6K, p-4EBP1, B-actin (Santa
Cruz Biotechnology Inc., Dallas, TX, USA)S 2.5% ©A|$-f7F
e TBS-TOll 1:100022 3]Aste] REEAIZTh WH-E mem-
braneol] S| dist o]x}AE A2 g F enhanced chemil
luminoesence (ECL, Amersham Life Science Corp. Arlington
Heights, IL, USA)S AF&-3}e] X-ray filmol 7293414 54

Ae) W@ TN

Reverse transcriptase polymerase chain reaction (RT-PCR)

A|3Z2] RNAE F&317] $18] TRIzol (Invitrogen Co., Grand
Island, NY, USA)E AM-3192H, 0D2603} OD280°I &=
Z =A3slo] FH9 total RNAS oligo (dT)ZE RT premix kit
(Bioneer Inc., Daejeon, Republic of Korea)g& A3} cDNAE
a3t ATE FdE cDNAE EA primer (VEGF; forward 5'-
ctgagcctetetaceccagg-3', reverse  3'-gagcaggaagaggatgaggg-5')  (B-
actin; forward 5'-agggtgtgatggetatgge-3', reverse 3'-caggatcttcatgag-
gtagte-5") A2} A S F polymerase chain reaction (PCR) HI'H
o7 FE3I cDNAS 1.5% oPI22AE 710153l ethidium
bromide (EtBr)= FA1gt & Uvstellx] 18T,

HRE promoter A &AM

pGL3-HRE-luciferaseE AMg-3te] AE-g FA3FATH23). 6-well
plate] M| Z(1x10* cells/well) B]FSH F, pGL3-HRE-luciferase<}
pCMA-B-galactosidaseE DNA transfection reagent (TransT-LT1
transfection reagent, Mirus, Madison, WI, USA)E AME-3le] 124]
7+ cotransfectionstAth. WA S WAL BAIE A|RE A st
o] 12A7F ¥l % lucferase®} B-galactosidase®] &4 FAS #
A 7]E (Luciferase assay system, Promega Corp., Madison, WI,
USA)E AHg-3le] =433t B-Galactosidases RO 2 ARE-

e
ES

HZAAIE (Duncan’s tes) @ FA13FATE SAIXE] & pgrol
wekd A9 (p<0.05) BAAL Feldol Ak AT
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Fig. 1. Inhibitory effects of delphinidin on EGF-induced VEGF expression in PC3M. (A) Chemical structre of delphinidin. (B) Cell
viability was determined by a WST-1 assay. (C) RT-PCR analysis of VEGF mRNA was carried out using total RNA prepared from PC3M cells
incubated with 20 ng/mL EGF treatments for 12 h in the presence or absence of the indicated concentrations of delphinidin. Each value
represents the mean=SD of three independent experiments and expressed (“p<0.01 vs. controls; *p<0.05 vs. EGF-stimulated cells).

"ojLiclel VEGFe| AL AN &3t

o AlEoAA A2k FEE EAM LS FEskaL ¢
2] HAS ST A ATh4). Avka il
o} 7+ Ao o8 FEHE VEGF= HHIM T H4S
Frdro ZH AAIAAA | Feke nm A= 7P =83 Q)
= %}aq;q ATH25-27). BEdh, AARIA F Rl EGFe 4t

FE7F 824 dEd 79 EGFR AsdeS g4t Azesy
ARG S 7%1114(28). wEh B Aol A AJgelxiel
EGFZ ARg-ste] dlmudo] HIF-109} STAT3S] W& VEGFS
Ao vX= G ZAEIG T

dajydoe] PC3IM AR A Az &g FaFE v
XA Hotrr] 8] WST-1 #41& #g;}wc} g3y 10-
80 MO FEoA PC3IMAIES] AEEE ERIsH 23, doyd
80 uMZHA] FES HIRIA] ZSkTh(Fig. 1B). olot e Az, 9
Y-S EA4o] Qe w&<l 10, 20, 40 pMS *]2] &k RT-PCR
A4S AAS A3 EGFY Aol 98] VEGF mRNA 49|

=71k U%, dud 10 pMellX & st giich 223u 9
YUY 20, 40 pMell glsﬁ EGFZ $%%¥ VEGF mRNA $3¢]

Eiﬂﬁ_i FasHl A THFig. 10). WA S 222 4
=2 duydo] VEGFE AAXFILZA HAgAl ¢A|aze] 414
Ao A &35 7H & IS & & USTh

HIm|L|Ele| HIF-10 W8 N 53t
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Fig. 2. Inhibitory effects of delphinidin on HIF-1a. and STAT3
expression in PC3M. PC3M cells were pretreated with the indicated
concentrations of delphinidin for 30min, and then stimulated by EGF
treatment for 6 h. Nuclear extracts were subjected to Western blot
using antibodies against HIF-1ow and HIF-B, STAT3. Each value
represents the mean+SD of three independent experiments and
expressed (“p<0.01 vs. controls; *p<0.05 vs. EGF-stimulated cells).
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Fig. 3. Inhibitory effects of delphindin on HRE-promoter activity in PC3M cells. (A) PC3M cells were transiently co-transfected with a
reporter gene, pGL3-HRE-Luciferase, and pRL-CMV as a reference. Following incubation for 24 h, the cells were incubated with EGF
treatment in the presence or absence of indicated concentration of delphindin. (B) PC3M cells were pretreated with the indicated concentrations
of delphindin for 1 h, followed by incubation with 20 ng/mL EGF for 6 h. The expression of HIF-1a were determined by Western blot analysis.
Each value represents the mean+SD of three independent experiments and expressed (*p<0.01 vs. controls; *p<0.05 vs. EGF-stimulated cells).

2UTH29,30). STAT3 HE3F VEGFe] AAE ZEshe AAE ¢H
gom, HZ A3 wEw STAT3 IAlo] o] EGFZ F%
HIF-1o7} ZHaEntal B = Qeh31). WebA] HIF-1a8t STAT3
SAIE F23 Foke] AAER P4 F23 Axjolr}, ¢
1S F38 dujydo] VEGFY ZdE G50z ZAAAHL
I 248 AEE golir] 93] VEGF AL QAAFQ] HIF-1
2 STAT-30] Wit dajude] Je It A-EEEE
S8 NE o7 9| ¥ HIF-1o, HIF-1-f8} STAT39] o
gRlsk A3, PC3IM A2 Wje] HIF-1a. T A &)
EGFell 93] Z7hetl e, dajude] 2zl 93] 7HAstsitt.
T3, STAT3E 5YU3HAl EGFoll &l fwlo] dajude] <3
fForez 7Zas A 0 = k. W EGFSF dsjy]
T HIF-1-poll= @3S vIXA| &9dThFig 2). whetr Doy
& HIF-1-Bo ¥ §lo] HIF-1a9} STAT3 AlE oz HALE
AAAFI 02 VEGFS] HAMEES 2483e ¢ 5 AT
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HRE promoter E40 Cist SmL|Ele] Ad&k

st HIF-los HOoZ o] HIF-1-pet EFAE o]
o] VEGF Z2RE oo AFTO =2 VEGF WA = Al
TH32). WA HIF-1 327 ddsls Z2RE 9920 HRE
zZ2rE 48 2457) 98] HRE Z2REH 4714 De] 94
F luciferase reporter gene= PC3M A2 transfectiond}]
HRE-promoter w45 F3Iith. 2 23 EGF= =3 PC3M
AIZAM HRE Z2RE 24d0] 4 S7hslelen, dufgle]
o3 frejFoz sk AE ERISHATHFig 3A). wEbA 9
TUdo] HIF-100] S JAAA AE & ] HRE promoter
o AgslA] EgogM VEGF AAEAHE ZaA7e AL &
4 Ak =3, dyjydoe] 243k HIF-1o7} HIF-102] oz
AYE 2HsE=A], AE Ul HIF-1oo @ E 98 8 2Hse
A gelslr] QJste] ME AAL HIF-102] HdS gelssin).
2 A3, EGFel 98 f=8 AE W gad dde] dyjude

Y

Akt, p70S6K, 4EBP1 HZE S8t YnlL|tle] HIF-10 THY
EH Y oK &5 &l

doude] VEGF ZARY 7Ha E37F HIF-1a8] 28 oA
of o3 AU s orz, dujude] HIF-la 24 HZE
FRI317] 915k RT-PCRE 53] HIF-loo mRNAS EI3SI3IT).
A3} HIF-lo. mRNA $5& EGFol| 98] F=wA edoks @t
oflz} dsudel] ofsf) 2d=A] &Skth(Fig 4A). ole} 22 2
= dyjyto] HIF-la mRNA 5590 93RS wx|#] k37, HIF-
lo ©d A8 oAsle] VEGFS 223tk oAAdd 5= 9l
ot B2 Al u=H EGFe) 93l S71e HIF-la @93 34
2 PBK/Akt?} mTOR A4 WAUELS E3] =9y B
IFATH20). mMTORE p70S6KSF 4EBP17 72 ol d 314 =
Adxpe] Qlikslel] #AoJsh= ZoR dEA Utk 4EBP1C] SI4F
3}= eukaryotic initiation factor (elF4E)2] /98 7HAA]A Tz
WS ™3P (33), p70S6Ke] Ql4ksl HSH HIF-1o mRNA2] 50-
UTR ¢ A< E3)] HIF-la 982 H9L §8ith34). ot
A HIF-lo @92 34 22 Akt, p70S6K, 4EBP1 <14+3sle}
EGF9] 78A%1 EGFRY] T&-& I3 ITH35). PCIMAZo
EGFS 2|3 A3} Akt, p70S6K, 4EBP1 4Bt 2% Z71819)
ow, EGFR®] & =&k Z7Fstdet. &gk EGFol| o3l <Qlitshe
Akt, p70S6K, 4EBP1 E5F dmude) o3 743t skx|Rk
EGF 2j8] §=%¥ EGFRe] ¥ duude og] Jg2 o
A ¢ESktHFig. 4B). o9t 22 A3= EGFE =¥ HIF-lo &
W ol thik dyuUde] A §%S Akt, p70S6K, 4EBP12]
o1xks} 2ol 9|3k ZAolm, EGFRY Waole #oslA] ¥e-s
eleh & Ak AEFoz dnuyde Akt, p70S6K, 4EBPI
o123} E ZHele] EGFE 59 HIF-lo ©d WS 744
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Fig. 4. Inhibitory effects of delphinidin on EGF-induced signaling leading to the expression of HIF-1a in PC3M cells. (A) RT-PCR
analysis of HIF-1a mRNA was carried out using total RNA prepared from PC3M cells incubated with 20 ng/mL EGF treatments for 12 h in the
presence or absence of the indicated concentrations of delphinidin. (B) PC3M cells were pretreated with the indicated concentrations of
delphindin for 1 h, followed by incubation with 20 ng/mL EGF for 10 min. The expression of EGFR and the phosphorylated levels of Akt,
p70S6K and 4EBP1 were determined by Western blot analysis. Each value represents the mean+SD of three independent experiments and

expressed (*p<0.01 vs. controls; *p<0.05 vs. EGF-stimulated cells).
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