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The Effect of Epigallocatechin-3-gallate on HIF-1 @ and VEGF in

Human Lung Cancer Cell Line

Joo Han Song, MD.', Eun Joo Jeon, M.D.', Hee Won Kwak, M.D.', Hye Min Lee, M.D.', Sung Gun Cho,
M.D.", Hyung Koo Kang, M.D.', Sung Woon Park, MD.', Jae Hee Lee, MD.!, Byung Ook Lee, MD_', Jae
Woo Jung, MD.', Jae Cheol Choi, MD.', Jong Wook Shin, M.D", Ki Jeong Kim, M.D?, Jae-Yeol Kim, MD',

In Won Park, M.D.", Byoung Whui Choi, MD’

Departments of Internal Medicine, JM'C{ODI'O]OO . Chung-Ang University College of Medicine, Seoul, Korea

Background: Epigallocatechin-3-gallate (EGCG) is the major catechin in green tea, and has shown antiproliferative,
antiangiogenic, antimetastatic and cell cycle pertubation activity in various tumor models. Hypoxia can be induced
because angiogenesis is insufficient for highly proliferating cancer. Hypoxia-inducible factor-1¢ (HIF-1¢) and its
downstream target, vascular endothelial growth factor (VEGF), are important for angiogenesis, tumor growth and
metastasis. The aim of this study was to determine how hypoxia could cause changes in the cellular phenomena
and microenvironment in a non-small cell culture system and to examine the effects of EGCG on a HIF-1 @ and

VEGF in A549 cell line,

Methods: A549 cells, a non-small cell lung cancer cell line, were cultured with DMEM and 10% fetal bovine serum.
A decrease in oxygen tension was induced using a hypoxia microchamber and a CO»-N, gas mixture, Gas analysis
and a MTT assay were performed. The A549 cells were treated with EGCG (0, 12.5, 25, 50 g#mol/L), and then
examined by real-time-PCR analysis of HIF-1@, VEGF, and B -actin mRNA,

Results: Hypoxia reduced the proliferation of A549 cells from normoxic conditions. EGCG inhibited HIF-1a
transcription in A549 cells in a dose-dependent manner. Compared to HIF-1@, VEGF was not inhibited by EGCG.
Conclusion: HIF-1@ can be inhibited by EGCG. This suggests that targeting HIF-1a@ with a EGCG treatment may

have therapeutic potential in non-small cell lung cancers.
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o5 s Zlo® WAl AT e WAl ¢
2 Az E vl 2 uEiA] Qb Adkage
o 38 aRjell 2 AFS Hole v ZHgoM =
F03 %L Yo’ ww B2 24 5A A2 29
= Epithelial cell growth receptor (EGFR)2| 7-¢-, #xk
EGFRO|U EGFRY| 2|7t=8 WA7|H, Est
EGFRT A4tAaxof| thgh 9hA|EZ 2] Hypoxia-inducible fac-
tor-1a@ (HIF-1a)9] WS S7MAA". HIF-1 ae A
W AU AR B4 AR st S
3] == 7% von Hippel-Lindaus} Agtste] 0|7 uEl
E3 Agtade(ligase)oll oJgh fru]Fdl-Z2H|olEA R A
o] A& el ZafjEo] AE Yelre W2 sER
EABHA ek, #aka Adejelae o] 7HA] B2E A
A4 ol fHIARISh= oA HIF-1 a= 29l
o W= olgahan HIF1 A% Agekel Beale W)
3 DNA2] Hypoxia-response element (HRE)ol| Z3Hgho.
=M Vascular endothelial growth factor (VEGF) 59|
A TS frkgiet, A e dx s At MEFRl
AS49°]] AT 71 A9 AR o5/l S
= BRI, VEGE Hd Arkae] =B E SAIEAM 2}
A fdAE =g e Yok VEGRE g3l &
K3k QIzle] shug o] el AFE. 28 Epigallocat-
echin-3-gallate (EGCG)= VEGFY] XS So|1 v|d3h
el 285 Belt), agjar, tdst 7Y AT
o =Z% HYAEE SPECTE 0|83t Fdslate] W
AP Agel S8t AR HTd) ojFA|a e

=2}oll= 100~ 150 mg?] catechin Ad%E-0] 1.2™ 50%
olde] EGCG7} 23] ek BGCGe]| thal] B <7}
AP o, wFAV, B, )01 Efol
el A, A2}3le 2 ZER ek, BGCGE Bpider-
mal growth factor (EGF, erbB1), HER-2/neu (erb B2),
HER-3 55 H|&Xd3}A]7]L, phosphatidyl inositol 3-kin-
ase (PI3K)/Akt, Extracellular signal-regulated kinase1/2
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B
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(ERK1/2Z Ashskoex x|z &3} Qeo] ZHHUTT,

e} SArkA Aske 71760 e SgE] 3l
A opol B Aol ASI AEFAN AxaZ
EGCG7) QHAIES] A&7} HIF-1a % VEGFe] o] v
A gk dolrird s,
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CHa 3

1. &gl HZEZeL xitazt

Aol ARESE AT v A EH Y AEFR] AS49
A|EF(CCL-185™; American Type Culture Collection,
Rockville, USA)E ]38} DMEM (Dulbecco's Modifi-
ed Fagle's Medium) F=& RPMI-1640 B A|(GIBCO-BRL-
Invitrogen Co,, Grand Island, USA)ollA] 10% -$-Ejjo} &
A(Hyclone, Logan, USA)¥} §7 vjofsll e, AlEo
W7} 80~ o0nell RIS W RS+, A
T A o] e A8e olde] kol A
Bkl o2 Qoksl, 5% CO.9t 95% th7] 7kt &
HEE 37°C AN Ak AEFE 2Tl
2 shsint. He] FEE Fol] Slstel AmH] )
o] ThA] 22 M3 HjE7]9l MIG-101 (Modular Incubat-
or; Billups-Rothenberg Inc,, Del Mar, CA, USA)S ¥+
WS A8kt MIC-101 ol AlEgHAE ¥
FaL s 53F 5% Cogl 95% No7h EFE] Sl ks
fFofate] uigFd W MIC-101 W AbAo] 295 FHAaAIF]
o} AlEe] F2415 MIT [3-(4,5-Dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide]-& ©]-&3}fe] 7243t
Feb 2o, At AHE bl Aol $AE
o2 ZAAS}7] ) SPSS (Statistical Package for Social
Sciences) version 10.0& o]g3lHon, FHe] HE
1519 T 44 oh83I%L, pato] 0.05 I l o
& Rol} Qe Ao W

2. HIFF1a 2 VEGFo|| st EGCGL| 2| L Real
time PCR

EGCG (Sigma-Aldrich, St Louis, USA)Z 0, 12,5, 25,
50, 100 #mol/Le & F& W3S Fo| A A5}
om 1643 FRF ASOMEZE Atk JER e F
HIF-1 @, VEGF, B-actin mRNA ol T3]l Real time PCRES
Al35LITt, PCR Primerg+ HIF-1 o) tiaf zxkek:
5-TCA CCA CAG GAC AGT ACA GGA TGC-3, 513k
5’-CCA GCA AAG TTA AAG CAT CAG GIT CGC-3’,
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VEGFol| tlall @48k 5°-AGG AGG GCA GAA TCA TCA
CG-3’, THF8E 5°-CCT AGA AGC ATT TGC GGT GCA
CGA TG-3’, B -actinol] thal] A3ek: 5°-TCA TGA AGT
GTG ACG TTG ACA TCC GT-3’, 33k 5°-CCT AGA
AGC ATT TGC GGT GCA CGA TG-3'E ARE3}3Ich
Real time PCRE ABI 7000 series® ARE3}aL WA
(denaturation)& 95°C, 15%, A annealing)> 60°C, 30
%, AlAH(extension)2 72°C, 3022 40 Rpo|Z-S A5}
Aqom FATH FA=

Randomization Test (REST)E o]-&3}th.

Pair-wise Fixed Reallocation

1. 444 S

Arkas) Al & A9 2UNZA= oJn)
A Aol7h gl ot 48ARERE 7227 A Ak
tiztol wlgke] AdaTel mFH ASIOM|ES] AET

oM 7HAadhe AS £ F A h(Figure 1)

Ha Al

ZA| =0
O};}Ot‘

AlATE= o
"}“31_»1—1__ T

Cancer
(p<0.05).
2. EGCG Xz2| s = HIF-1a mRBNA levelQ| B3}

EGCG Ag] Fxd w2 &2k Aejolx ] HIF-1a
0.9
0.8
0.7 1
0.6
0.5
0.4
0.3
0.2 1
0.1

0.0 T T T 1
0d 1d 2d 3d

—e— Normoxia
—a— Hypoxia

Figure 1, Cell viability under normoxia and hypoxia; Under
hypoxic conditions, the proliferation of A549 cells was de-
creased than under normoxic conditions (*p value <0.05).
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1.0e-004 500 and 1000 pmol/L, ex-
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Cycle number Figure 2, Continued,

mRNA level2 12,5 ¢ mol/L (Figure 2A)3} 25,0 £ mol/L A0 £ e A d FA4HE o2 Feet
(Figure 2B)elX= ofm|Ql= 2tol7} §i%iem 50,0 emol/ 7155 7HAIAL QlaL Foke %*u‘l‘%"ﬂ 7W7tol = ME=
L (Figure 2C)2} 10,0z mol/L (Figure 2D)olrd= <Jm] A OF M= v A Arkah el & 7 3
zfolE HYlom(p<0.05), B-actinel] thek HIF-1 @ 2] “th 1 2% F% UiFe ARt AIE Z}‘”‘*} s Y

2 k3] H]%L:_ 50.0 #mol/L¥} 100.0 #mol/LY TE=
HeJatsis wf <n| QA o] A=Ak Figure 3, 4A).

3, EGCG X2| sko| uHE VEGF mRNA levele| H#3}

EGCGE 12.5, 25.0, 50.0, 100.0 xmol/LZ *]2] Al
Z}zke] 739-of|x] WL ou|QA| JA =] e IrHFigure
3, 4B).
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' "‘\ LA any concentration of EGCG,
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Boke U & ool T B IAE 27 Role 2 7AAA AT U] 2F ol o58 ZoliL AE
HE 30i20] A ¥ thA] S A Fofsf Fo=A AR QRO UYEF o2& 21 F Utk 78t 2 =,

kel ol o} el 2ka7F MIC-101 E-2 Eakgo]
Ues s oA w3 W AR gzto] wW, ke
CRS] g ety 7é§‘r(purgmg)01~‘ Slarol| whEbA] Al i
oﬂ LH )\].)\,] = Eﬁ T OLQ_ 740 = 7]1—4]'621 T
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Figure 4. Bar graphs for relative transcriptional levels of hypoxia-induced HIF-1 @ (A) and VEGF (B) in contrast to
house-keeping /A-actin mRNA level under various concentrations of Epigallocatechin-3-gallate (EGCG). These graphs
summarized results of Figure 3(A) to (D) ("p<<0.05 compared to control),

512 Pgsie] 418 Qo] @ Ao Witk ©, 34 o Ba@ 0= Bl HIFash VEGFE AT
A= Ao 24 39 Solt 94 do| ARl Ew Al FaF A4UL s Ao JelA
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719} Z=2kH(prolyl hydroxylation) &4 Alel] AAI=]
FAAFAAE AABIAL Sre FHAE 245

gt ofg] Ro|E7lRlolv =& Bl Azt 59
& W A0 Ho] 9tk EGCGE THAIELFAllA
°f HIF-1 o] WS AAATIE Ao defA o
3P| ANES T 2 WAIEIA o] VEGFE ZHAA
Z gt} A2 vaAE FgTelr EGCGe] &l
sl 771 JPEE Bee S=o] A AEFIA
EGCGS] Aol thall HIF-1 @9} VEGFS] & HE2 &
Aoz ArE sttt Z¥ HIF-1a9] [-actin
mMRNA 528 $A410 2 EGCG A2 § uhge] wsis o
28191 E5o) ulel HIF-1 a9 Walo] oAlgs gl
2 5 ISk ¥ VEGRS] A% FGCGE] 55 Wk A
ol s I A= wo} VEGES] sl o B
< At 48 ZloF Almdrt olHgk Al
BGOGS] e ofe] 71 FlHlos A & e
o}, A, AreFL HIF-1a, VEGFRE 8433} A7)
o] ohiv} Fgshel Tokeh 24k Folke VEGFS] W
& 2N gl g Aew 2T & it B,
EGCGoll oJ3t HIF-1 @ E4d3}e] ojAe] 7]-o] VEGFY]
23t oA 71T gE ok g ukel 2o
HIF-Lat AR1ARA 0171l ela) efislo] sict
7 Aragol FEEE fulFE-T ek AR
A ke Zolu g EGCGT) olelst 4
Aemedolilel dae 0ld 4 ole AL F4
% 912, VEGFe] A9t 2AIAke] fulsieisiohe o
2 WAow zihe s EAjolBg HIF-1 9 24
WA= O ¢ QLo ER EGCG| tigh ¥h3-o] HIF-1 @
b= e ZoE FAY & ok AR, EGCG A=
AZ W ok EAsA o 7] 235 7HE < 3l
ov g o]/ GEhxl BAFE0] HIF-1 @9} VEGF Zo]
g S vE F dE AR gE) 2 5 ok ol¢}
2ol AAE o] 717] 7Sl ek AeS o R AT
o FaskA Hoirh. etk AiF o2 VEGES)
wlo] el fEEE AL olF 14 At 2L
T oEE HIF-1av AA|Ee|= VEGFS] HEe A
HA) 92 % 318 el HIFle oj2lo] Aakagol
HhS3H= thE Al FARIAIZE CREB (cyclic AMP re-
sponse element-binding protein)7} < &# |1t g}’
VEGFE ¢t33}3lal Sl= DNA 7] AMde] 4+ pro-
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A, o3l APe AAAT o) o3 REEE HIF-1a
9} VEGFQ] 9o EGCG7} A& thE of3ke u| 4=
RS HofFs 1A AL SHAltE. 1% ARt o]
o tigh T8 AES Fate] HejAof sk Aos WAl
},

& el Aih frle F EGCGE A2|gesx
HIF-1 2] 3 AN 5= Ja2
£ 3 b 5298 B F S Ze= g,

Selstela PR

o ok
I =

B thairl= oF HEs] o] A etk A
T-oXE EGCG7F HIAM 23| Y50l HIF-1a % VEGF
of Woll thgk A 7Fs/dS ERlste] Barxt 3kt

g & WA Z U] AS49E RPMIH|A|ol|A] Al
wjekstdtt, AAkAh A A= Modular Incubator
Chamber (MIC-101)- ©]-83}5aL 5% o]AFsFEA9) 95%
i EF 7kE 57 B Fste] Akka dEE T
Rom AE vjFdS AFHsk] W7t 7] (Blood
Gas Analyzer ABL725)2 M| XZ wljo} AJel& S7dstict.
A|e] F2 AdEle MIT S AABHIE EGCGE 0,
12,5, 25, 50,100 ¢ mol/LZ F% WshE Fof AFS A
o 16417 St Arka JElE THE ¥ HIF-1e,
VEGF, B-actin mRNA®Y| T3} Real time PCRE A|3§3}31
o},

A Ik 48ARE} 72ARelA A5kAs Aol Q1 AS49
AlZe] FAFEe gizatol vjgte] A=t} EGCG
= ArAasld] o8 FEE HIF-1@ 2] mRNAS HALE
FreJstAl AT 2eu o]2gh A B3 VRGF
mRNA W oll= w2 Z38hitt,

Zd 2! EGCGE HIF-1 a9 B3-S JAFto 24 Hl&
A|ZQFFollx e oA kg riolt dot XZ QW Al
of 79 28 X AMEE F S Zlo= Hth

_ o =
gaoEd
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