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EGCG, catechins in green tea, is a kind of phytochemical. Through the regulation of signal pathways,
EGCG has been known to show anti-oxidant and anti-tumor effects in cells. In this study, we inves-
tigated the apoptotic effects of EGCG through AMP-activated protein kinase (AMPK) signal pathways,
including hypoxia inducible factor-1 alpha (HIF-1a). The experiments were performed in B16F10 mela-
noma cells in a hypoxic state. AMPK is activated by ATP consumption such as nutrient deficiency,
exercise, heat shock, etc. The activated AMPK that plays an important role as an energy sensor in-
hibits proliferation of cancer cells, as well as inducing apoptosis. HIF-1a, the primary transcriptional
regulator of the response to oxygen deprivation, plays a critical role in modulating tumor growth and
angiogenesis in a hypoxic state. The apoptotic effects of EGCG were studied in B16F10 cells in a hy-
poxic state. The results show that EGCG inhibits the transcriptional activity of HIF-la and induces
apoptosis. These observations suggest that EGCG may exert inhibitory effects of angiogenesis and con-

trol tumor cell growth in hypoxic melanoma cells.

Key words : EGCG, AMP-activated protein kinase (AMPK), hypoxia inducible factor-1 alpha (HIF-1a),

apoptosis, B16F10 melanoma cells
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State  in B16F10  Melanoma  Cancer
Zolx]7] A% T2 %W S 18], YA EE FHIEA I
(vasculogenic mimicry)ghe @7 FARH AAS Hsh=

}\ Z

33 i 9}"‘3] hypoxicgt vlA| &7 ol A 54
=311, hypoxia-inducible factor-1

a (HIF-1a)9] &¢&-& S74A121h5]. HIF-1-& HIF-1a9} HIF-1
B subunits©. 2 FAH o]F o]z g AZ HIF-1a& AlXE
W e s s 2] EdEa gAst du15].
HIF-lae 9] 443 S4d a3 292X, hypoxia &
gl ol A HIF-1a7} 5715 o] 214 8 38 4 (angiogenesis) ol #
dd Az 2HS freste AeZ A dus).

Hypoxia ZJEl7} Ho] A2 7]50] d&3tA] XstA =H,
Zw3 ATPE I8 = 322 AMP-activated protein kinase
(AMPK)<] &4o] =¥ t}7]. AMPKE hypoxia, ¥ ¥ 2
¥, &, heat shock$} 2ol A oA} ATP7} ZH=H &
detdnh AN qUAZE 2 HW AUAE LHlhE 7
Z2x gAHL YA S AAste F=27F SEstHe2A
UAE sk quA AXzxe] qaS dtp4. A7t
B 2EY 2SS wf AE o] ATP LH|Fo] F7tat
A 531 AMPK7}F 43} 5] apoptosis7t fr=5He AoZ
Gl A TS

g}o] EA ¥] A (phytochemical)®] €& Epigallocatechin-
3-gallate (EGCG)= S+ Qo] AE o2 datsl anrt glon,
Y, S SOl & A a3 ole Aoz YreA o
[9]. AZlle AFdA F2 SehR o] =(flavonoid) 9}
2] ¥35 (polyphenol) % 22 sto]EA M| Zo] AIE W ATHE
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BAES 2HFozR ALY F4 2 dolE Asjdte

otk B AFAAME hypoxia “FE]AIA
B16F10 = l"}.%]- /ﬂ]};"_‘)ﬂ EGCGE ﬂﬁlﬁ}%{% UH, EGCG” ]' HIF-1
o2 T3 AMPK A EAZE 2639 BI6FI0 A9 22

A=
A5, apoptosis® FESHE AL FESTA Hc.

ez

B A AH8E Q83 E(cobalt chloride, CoCly)w
Sigma (Sigma Aldrich, St. Louis, MO)Al| 4] T3t S/
o =29l 100 mM stock®. 2 TH590] 10 mME 3] A3 H,
-20°Cel] ®E#3le] ALE-519 o EGCGE Sigmaol A 93k
AFE5E7] Aol EF40 A 10 mM stock &2 THEo] A}
439tk AMPK A 8419 Compound C= CALBIOCHEM
(San Diego, CA), HIF-1a #13§ A1 cycloheximide= Sigma©]
A FYstd 47 10 mME 343 § ARgstgith

M= HH R

American Type Culture Collection (ATCC, Gaithersburg,
MD)Z ¥ BI6F10 M ZFE F9stA2oH, vl A= 10%
9] 280} % (Fetal Bovine Serum, Gibco BRL, NY, USA),
1% streptomycin 9 penicillin (Biofluids, Rockville, MD,
USA)& RPMI 16400 &3}, 37°C, 5% CO, 27l A con-
fluence 70~80% B==Z Y= U W 2Pl AHESFAT

B16F10 M|Z, EGCG, CoChe| 5= X2

B16F10 M EZE 6-well culture plateo A 8l ¥g+ £, hypoxic
chamberg AHE-3}A] %3l hypoxicdt A& F7] 9314
CoCLE A A8 AFE vtg2=[1], CoCl; 100 mME
&= (Control, 25 pM, 50 uM, 100 uM, 200 uM)Z X 218}
o1, EGCG 10 mME ¥ =" (Control, 5 pM, 10 uM, 20 M,
40 1M, 80 uM)E 247+ A 2ste] 6A1ZF S vl sttt vl
H A Ed CoCl, 100 uME- 308 AAF 3+ &, EGCGE 5%
(10 1M, 20 pM, 40 pM, 80 iM)E B & Hg]3le] 647+ 5t
HjoFstsith. Inhibitor AP 38}7] A wWiFE A2
Compound C 10 uMZ} cycloheximide 10 tME 717} 30%
A Agg £, CoCl, 100 tME A3k LA, 308 o tA
EGCG 80 tME A ZJste] 6413t 52k v st sint.

MTT assayoil 25t Mzo| YEE £H

B16F10 A& wl¥AZl F, 12-well culture plate®] 7t
wello] MTT &8(5 mg/ml)< 30 ¥ H7Fste] 1A13F ¥H8-A]
7l th&, phosphate buffered saline (PBS)Z ¥ 3}th.
Dimethyl sulfoxide (DMSO) 150 ulE 12-well culture plated]
F7kste] AZE "olxed v, 7 platecl A 100 ¥ S Fal
ELISA-reader& 96-well plate®l] 3} microplate reader

o
=
>
v
=

(B aboratories, Inc. USA)E AH&-3Fe] 595 nmell Al
FREE SASAT 3L BT A ¥ sgloH, a2 w2
= B FI T LA+ Microsoft Exel program$ o] 8314
=]

Fluorescence-Activated ~ Cell
$t apoptosis ZHEH

Apoptosist FITC-Annexin V apoptosis detection kit (BD
PharmingenTM, San Diego, CA, USA)E AM&-3to] =434
t}. AnnexinV/PI staining S 3}7] 913, WA A Zo EGCGE
35 % (Control, 40 uM, 80 yM)Z A 23} Hth. =3 CoCl, 9}
EGCGE ¥3 Ag3}7] Y3ll, media 8 miell CoCl, 100 yME
843l A APt F, 302 FH ol CoCl, 100 uM P} EGCGE
&= (Control, 80 yM)E media®ll 3] 435}o] A g]gt F 244]
7t kst Al E MEE 27 PBSE Al A st U
trypsin-EDTAZ 2.2 th2, 1x10° cells/ml¢] =14 bind-
ing bufferZ suspensiond}th. 1 thol 1x10° 7§ ¢] A2 S
Annexin V-FITC®} prodipium iodide (P))Z 15%1F @4
%, 2A7t AZ  flow cytometry (Becton-Dickinson
Biosciences, Drive Frankline Lages, NJ, USA)Z 43} %t}

Sorting  (FACS)Ml 2

Western blotting0| o[gh EHHE &5of 24

gl dS FE3817] 98kl RIPA lysis buffer [50 mM
Tris-HCl (pH 8.0), 150 mM NaCl, 1% NP 40, 0.5% sodium
deoxycholate, 1 mM phenylmethysulfonyl]E 7} wellell 150
uly #H7bstel w71 3, 14,000 rpm, 4°Coll Al 208 59
e shdch. 28 ohe, ELISA-reader 595 nmoll A &3
55 A5t 4 FE9 dud =& ZAdA 5x
Laemmi sample buffer (loading dye; 250 mM Tris-cl (pH
6.8), 40% glycerol, 4% {-mercaptoethanol, 0.08% bromorphe-
nol blue, 8% SDS)9} BI6F10 A oA &8 ©ild S 539
st &S AZS &, AMPK, HIF-1q, B-actin®] 12} A&
Cell Signaling Technology (Beverly, MA, USA)Z HH +9
sto] 2tz A &, gAY 23 A (Cell Signaling
Technology)E 3413t 1417t §H&-A171 T, Blue X-ray
filmo] Uetv= MEg dude) 45 ads gl

SAXE

57 22339 SPSS 17.0% AH&-3td L A A o g
AR S ANOVAE AAste] 4439 2 2153+ 39
o] RHEHE AHFS Fale dojxl AT HAHL
pR0.05% Af- BAHCE Fodt Aoz AA

Hypoxia AEHOIA HIF-1a, AMPKS| &+
EGCGE A 3HA 92 24 hypoxia “FH A SAF 3
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Fig. 1A ° A} 2o] CoChe| FEE 25 uM, 50 1M, 100 uM,
200 ]ME Z7HA A A WY, BI6F10 Al 2] F4& A5 A &
stk ph7kA 2 5Y9 27804 HIF-1a, AMPKS] &4
S Golr 7] $13te] Western blotting 43S AAsH A3,
Fig. 1Boll A Uelt nle} o] HIF-1a, p-AMPKY] #&o] &
F 371 AL A4k S hypoxia JEIS1A HIF-1q,
p-AMPK®] Zdo] F7te 2, GAEF A&AQ 447
AL 7] fafA, e Ak ey B d A gl
k! %HJ%% AFE Aoz Halg,

EGCGO| 25t B16F10 MZS| Z4| x| 2 apoptosis
Rz 50
EGCG7} B16F10 MX 9] 548 AAl=AE #23}7]

98l MTT assay 295 33U Fig. 2A00| 4 & nho}
Zo], EGCGE sX%¥ (None, 5 uM, 10 uM, 20 uM, 40 pM,
80 iIM)E AP W, F=7F S7HE4E BI6F10 Al £
o] dAHE S FdaAt ojsh e FAEY F
2] ) &7} apoptosis =0l 2 dojdt AAAE &
ot®.7] 913 FACSE Fote ##s A, Fig. 2Bo Ao 2
o] EGCGY &= (40 uM, 80 uM)ol Al apoptosis7} Dot
= A& g8t

o] ¥ ¢k apoptosis fr= &7} HIF-1aE 233 AMPK 4l
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Fig. 1. Hypoxic state did not affect cell viability and
increased AMPK, HIF-1a in B16F10 cells. B16F10
cells were treated with CoCl, (control, 25 pM, 50 u
M, 100 uM, 200 uM) for 12 hr (A), followed by
assessment of viability using the MTT assay. Cells
were treated with CoCly (control, 25 uM, 50 uM,
100 uM, 200 uM) for 6 hr (B).
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Fig. 2. EGCG exerts apoptotic effect through AMPK activation
and inhibits expression of HIF-1a in B16F10 cells. Cells
were treated with EGCG (control, 5 uM, 10 pM, 20 uM,
40 uM, 80 uM) for 24 hr. Cell viability was measured
by MTT assay (A). Apoptotic effects were measured by
fluorescence-activated cell-sorting analysis. Cells were
treated with EGCG (Control, 40 uM, 80 uM) for 6 hr (B).
B16F10 cells were treated with EGCG (5-80 uM) for 6
hr and total proteins were subjected to Western blot anal-
ysis using phospho-AMPK, HIF-1a, B-actin (loading con-
trol) antibodies (C).

SR o3 AJAE TE3}7] 98] Western blotting 4 &
S AAsTh A9 A3, Fig. 2Co] Yehd uke} 2ro] AMPK
o] A& F7Hg vy, HIF-1a9] S4& 744 208 #3
5ot o]4 ¥ EGCGY &k 9FEFH o2 AMPKY 49
Z7He AL AMPK] EA438H2 18] BI6F10 A ZAA apop-

tosis7} FE=H AT+ A& rldttt 18y BGCGY w%7}

EOoHA4 5 hypoxia FEjoll M A EHF A #dE FrdA
9] WS §T3HE HIF-109 Tdo] 74" AL, Bl6F10

A Zol M AME APl FFaE Aoz BAY[]
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Fig. 4. EGCG suppresses activation of AMPK and inhibit ex-
pression of HIF-1a under hypoxic condition in B16F10

T ! o rf?fu o Fﬁ:"@'ﬁ‘ W Pﬂ?zu Wt
2 Dmanll 2. Data 014 g Dandig
g 8] g
i Mz 2 Mz | ,° M2
£24 i3 £z
S 1 Es 1 E-s
& 2] CE
Lo rf?: w OI 10! F[é: Wl ql(l" til F:I:il w0 f
Annexin-V
(B)
CoCL 100 pM. 6 h
N 0 10 20 40 80 (EGCG,puM)
o
-
s

Fig. 3. EGCG induced apoptosis through inhibiting AMPK and
HIF-1a activity. Cells were pretreated with 100 uM of
CoCl, for 30 min and then treated with EGCG (10-80
uM) for 6 hr. Total proteins were subjected to Western
blot analysis using phosphor-AMPK, HIF-1a, B-actin
(loading control) antibodies (A). Cells were pretreated
with 100 uM of CoCl, for 30 min and then treated with
EGCG 80 uM for 24 hr and stained with 10 pg/ml propi-
dium iodide (B). Then apoptotic effect was evaluated by
fluorescence-activated cell-sorting analysis.

Hypoxia AEJO|A] EGCGO| 2|t apoptosis = Szt
CoCL%} EGCGE W3 4233 " apoptosis7} &
EAE #1517 Y3te] FACS 43S 41514 th Fig. 3A9]
A HE vk} 2o], CoCl, 100 pMS &5 2 HAS w9},
CoCl, 100 uMell EGCG 80 uME W3 A3 A& vugls
o, W3 A ] Alel| apoptosis7} T Bol WAg A A3
t}. o] A7= vg O Z hypoxia AEIME EGCG A 29
o3} apoptosis7} frEHE 2s #FE F Ut o] 2L
apoptosis = &7} HIF-1aE X3¢ AMPK Al 574 29
o AJNAE 7 5t7] 918 Western blotting 23S 243
723, Fig. 3B Wbt vhel o] AMPK, HIF-1a9] &4 257

7b sl

Hypoxia AfEHOIIA] AMPK, HIF-1a AFO|OA2Q] cross-talk

AMPK A 3| A4 (inhibitor) Compound C& 10 uM, HIF-1a
A3 A cycloheximideE 10 uME 2}2} CoCl, 100 uM, EGCG
80 pMo} W& Agjste] AP-E AASIATH 1 AT Fig. 490

cells. Cells were pre-treatment with compound 10 tM
and cycloheximide 10 uM for 30 min, respectively. After
treatment, cells were pre-treatment with CoCl, 100 tM
for 30 min and then treated with EGCG 80 uM for 6
hr. Total proteins were subjected to Western blot analy-
sis using phosphor-AMPK, HIF-1a, B-actin (loading con-
trol) antibodies.

A B dkel Zo], CoCl, 100 pMol| 4] p-AMPK, HIF-1a9]
dee 2F 7k ou, CoCly 100 pMF EGCG 80 uME
WAz s9s wole #ide AL #FEAL =&
Compound CE ®a& 4 2] & 23, AMPK, HIF-1a9] Z& o]
#4389t} CycloheximideE A 2§ 23, HIF-1a9] 282
He g QAR whde] p-AMPKY] B AwdlE W37} 919
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HIF-1as hypoxia AEjolA S48 = FA242A4 Fad
HARIZ oI, H o] Wi e Ao WEH, HIF-laxs %
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o, HIF-la7h 238 59 34249 402 Yehde 22

2 R E QI TH12,16].

EGCGE AP 3tA| &-& hypoxia Bl ol A1+ Fig. 1A oA
S} o] BI6F10 A E2] F2jo] A9 AAIHA] ket T2t
Fig. 1B oA Ho]& utel o] Hypoxia )7} H%1E o,
AMPK, HIF-1a9] 2A4°] S7kete 2 B2 29 2
& o]+ hypoxia ZJEI7} =W ATPAY Foll 3] AlE ujel
A AMPK7} 24817} 531, QA E = Aobd 7] $jel HIF-1a
o] &L Z7MAT)E AoR RATHS]. &9 Ak 57}
vrobgol] mret FFo] vy #Ed Fad AR F st
£ 59 thAloltt. Hypoxia FEioll & 18 ¥
colytic HI&& Hol|H, o] W AMPKE |FEALE &
717] $1ste] F7bshe A2 @A Slth2]. ol #H 3t
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AMPK7} knock-down 5= 2-& &2 AMPK7} 3
A AN 8 95 doal geA Jem], & AT
XM= AMPK] Z-& &35 vehd Aoz welt

EGCGE FolEA N dF oz s, 3dF a3
S Yehlx, dFee A4S dARTL B leH10].
B16F10 /‘ﬂ:ﬁoﬂ EGCGE &< ™, EGCG7} BI6F10 Al £
A apoptosisE FE3H=AE A3 23, Fig. 240044} 2
°l, EGCG =7} S7hel whe} Al F4)0] ke
A& #ASH 53] EGCGE 40 iM2 AP o=
HAIES] S0 oF 25% FAaH AL, 80 pME A HE el
= A9 ARl o 50% 744 FAIES] FAo] ZAaH AT o]
A Al F4 A E37} apoptosis®] ol o g A
JAAE gRlstr] A3t FACS 43S F3to] #&d 4,
Fig, 2Bo) A Hol uh9} 2+o] EGCGE (40 1M, 80 M)
2 292 o apoptosis7h B3 B AL HeA3H
t}. o] 22 apoptosis E 27} HIF-1a& ¥33 AMPK 4137
2o 93 AUAZ ela}7] 98] Western blotting 23S
AAgE A3k, Fig. 2Cel| Mk 2o, AMPKS] 842 5 7}3"1
S}, hypoxia FE] A & o] F713h= HIF-1a8] &8
2F A ol2)g 4% A= EGCG 93] HIF-1a9] 2
AAE AoR Helth 23202 hypoxia 3B 7} obd
XA EGCG7} apoptosis 745 YAt AL 81314

718 ool hypoxia el oAl EGCGS] apoptosis &7}
Solr 7] 913t Western blotting 28-S A3 Th.
Hypoxia ZFEl1 Q1 $HA| 2|4 EGCGY] apoptosis = o F-
A S ool BEI A, Fig. 3A014 9k 2] hypoxia
JE| ol = EGCG7} apoptosisE =8 4 ke A& <l
Aok 29 &7)1M 28 4L Fig 3BolA Kol H}
9} o], 2431¥ AMPKS} HIF-1a] ¥ o] EGCGY &
b FMEE ETsta 238 pAEHUTE 40]1*4-.
Hypoxia e8] & Z ol A EGCGE apoptosisE %31l
AMPKS] €47 HIF-1a9] 28-S JA 3=, o]= hypoxia
Fel A EGCG7F @Al ol 4w HIF-1a0] Bds oA
317] 913 AMPK] 842 74417 024 AMPKS} HIF-1a
o Az zdo] 7hsstthal AN,

Hypoxia %}El¢l B16F10 Al ¥o] EGCGE A S o,
AMPKS} HIF-1a9] &A4o] HAase A4 2 tis)] dopr
7] $13+ A3 Al (inhibitor) 43S A8kt AMPKE] A 3]
A Q1 Compound C¢ HIF-la @& 34 A3 A<l cyclo-
heximideE hypoxia 8}l A EGCGS} Wa A g]sto] 2
stk 1 23, Fig 494 2 vke} 2], Compound C
Aol weh AMPKS} HIF-1a8] o] g A& 263
o} %3¢ cycloheximideE A 2|3t A3 HIF-1a9] Wdo] 74
H o] AMPKS] 848 AaHA &S 98 F AN
t}. oju] MsAFel A AMPKE HIF-1a9] £ 34121 vas-
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cular endothelial growth factor (VEGF)4 Glucose trans-
porter 1 (Glutl)& #=3t= d oA HIF-la AAMEAS] =
A AT Y A5 EN T8Y 9TE 3= AR ¢EA
ATH7]. 2HHSZ AMPKE hypoxia “gel oA HIF- 1(194
upst'reamo 2 A8 0}04 HIF-1a9] @A} E4-& Z:’q 3 AT

0}04 HIF Ta®] AAL Wéé AA st HATS
AATH B3 hypoxia ZHi ol A EGCGE A E o] F2
Astal AF 202 apoptosisS = T o2H, g
T Ol EA NS o] &3 o ol AFA UM ZA 7]
o Qo7 AR

HAtel 2

2 A7e AYBARG ddArIeA G AFTe S
*W?jﬂr 20108 FF-(asA71E )] P02 =T
Ao AYg wrol FefE A7 Y (KRF-2010-0021402).
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