creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

[UCI]1804: 24011- 200000265447

2016 d 2 ¥

HApSLS] =

o
O
i
)
o
9
lo
o

HIF-1a 94 &5 97



HIF-1a G9A &5 97

Inhibitory effect of isorhamnetin on HIF-1a protein accumulation

2016 2€ 25
Zdden e

o 8t 3}

Collection @ chosun



ol s gel o] %

HIF-1a 9A] &5 97

o} 3 3}
S

Collection @ chosun



201544 11 €

Collection @ chosun



CONTENTS

CONTENTS

LIST OF FIGURES

il

ABBREVIATIONS iv

ABSTRACT A\

L A B e 1

2. A48AE 9 Wy 3
LAk g A ;
2. AlEujek 3
3. SDS-Polyacrylamide & 7|95 4l Hsstd A4
4

HRE ¥ %6 #4424

5. RNA 2 % AAF 94

Time RT-PCR)

o 7] /\]. %%L

6. JAAIY 5
7 udgﬂ%}%]—lﬁ 5
8. XA =AH 6

Collection @ chosun



9. A¥ o]x " HG BA

o ~ H

10. FAIA =

3. 44
1. oAzl HIF-1o oA &3}
2. ol&g¥e] HIF-la B 4%
3. olagude] ot HIF-loo WA
4. olagdde] FAist FEow A
5. olaEUde] AE ol B

22

26

il

Collection @ chosun

31



Figure 1.

Figure 2.

Figure 3.

Figure 4.

Figure 5.

LIST OF FIGURES

Inhibition of HIF-1a accumulation by isorhamnetin 10
Repression of HIF-1a target gene expression by isorhamnetin--------- 12
The effect of isorhamnetin on HIF-1a protein degradation------------- 15
Antioxidant effect of isorhamnetin on HIF-1a accumulation----------- 18
Inhibition of cancer cell migration and invasion by isorhamnetin------ 21

il

Collection @ chosun



AMPK
CA-IX
CHX
CoClL,
DCFH-DA
ERK
4E-BP1
5-FU
GLUT1
H,0,
HIF-1a
HRE
LDH A
mTOR
MG132
NAC
Nrf2
NF-«B
PI3K
PHD
PDK1

ROS

Collection @ chosun

ABBREVIATIONS

AMP-activated protein kinase
Carbonic anhydrase-I1X
Cycloheximide

Cobalt(II) chloride

2’,7’-Dichlorofluorescein diacetate

Extracellular signal-regulated kinase

elF4E binding protein-1
5-Fluorouracil

Glucose transporterl

Hydrogen peroxide

Hypoxia inducible factor-1a
Hypoxia response element
Lactate dehydrogenase A
Mammalian target of rapamycin
Z-Leu-Leu-Leu-al
N-acetyl-1-cysteine
NF-E2-related factor2

Nuclear factor-kappaB
Phosphatidylinositol 3-kinase
Prolyl hydroxylase

Pyruvate dehydrogenase kinasel

Reactive oxygen species

v



ABSTRACT

Inhibitory effect of isorhamnetin on HIF-1a protein accumulation

Suho Seo
Advisor : Prof. Sang Mi Shin, Ph.D.
College of Pharmacy,

Graduate School of Chosun University

Isorhamnetin is a type of flavonoid that is isolated from water dropwort (Oenanthe javanica,
Umbelliferae). The beneficial effects including anti-oxidant, anti-inflammatory, and anti-
proliferative activity of isorhamnetin have been reported. This study further investigated that
antioxidant effect of isorhamnetin could contribute to its anti-cancer efficacy in colon cancer
cells. Isorhamnetin inhibited hypoxia or CoCl,-induced hypoxia inducible factor-1a. (HIF-1a)
accumulation in HCT116 and HT29 cells. Moreover, it also repressed CoCl,-induced hypoxia
response element (HRE) reporter gene activity. Inhibition of HIF-1a level by isorhamnetin
under hypoxia led to decrease of HIF-1a target gene expression such as glucose transporterl
(GLUT1), lactate dehydrogenase A (LDH A), carbonic anhydrase-IX (CA-IX) and pyruvate
dehydrogenase kinasel (PDK1). Isorhamnetin exerted a negative effect on HIF-1a protein
stability, but ubiquitination of HIF-1a was not changed by isothanmetin. Isorhamnetin blocked

efficiently CoCl, or H,O5-induced ROS production, and H,O,-mediated HIF-1a accumulation.
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In addition, isorhamnetin or N-acetyl-1-cysteine (NAC) inhibited over-expressed HIF-1a in
HEK?293 cells, which implied anti-oxidant activity of isorhamnetin contributed HIF-la
regulation. Finally, anti-metastasis efficacy of isorhamnetin was examined by observation of
migration and invasion in cancer cells. Treatment of isorhamnetin or NAC inhibited serum-
induced cancer cells migration and invasion. Collectively, the present study demonstrates that
isorhamnetin negatively regulate ROS-mediated HIF-1o accumulation and these effects lead to

inhibition of cancer cell migration and invasion.

Key words: Isorhamnetin, Reactive oxygen species, Hypoxia-inducible factor-1c, Antioxidant,

Cancer
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1. Aok 8 A

ol AFUIE2 0. javanica oA FE3t1 55 HSSHAT [2]. HIF-la &A1&
BD Biosciences (San Josa, CA)°4], HIF-1p A= Proteintech (Chicago, IL)%lA,
ubiquitin A= Cell Signaling Technology (Danvers, MA)oll A %] 3} t}. Actinomycin
D, cobalt(Il) chloride (CoCl,), 2°,7’-dichlorofluorescein diacetate (DCHF-DA), hydrogen
peroxide (H,0,), N-acetyl-l-cysteine (NAC), quercetin, B-actin 2| Sigma Chemicals (St.
Louis, MO)°llA %] 3}31t}. Cycloheximide (CHX), chloroquine, 5-fluorouracil (5-FU),

leupeptin <= Calbiochem (San Diego, CA)°| Al -1 8} T

2. AMEA|

HCT116, HT29 % HEK293 A3 3= American Type Culture Collection (ATCC,
Manassas, VA)ollAl %183 tE. HCT116 £ HT29 A2+ 10% El& 3 (fetal bovine
serum, FBS), 50 units/mL FH| YA & 9 50 pg/mL A~ E 3 Eunlo]alo] Z3+E Dulbecco’s
modified Eagle’s medium (DMEM)® %, HEK293 AM¥X &= F7F2 H|ZSoln| -4k
(nonessential amino acids, NEAA)S 3 7}35Fo] 37T, 5% CO, ol Al v eFataich. Al E+=
6 well plate © well & 1x10° 22 wjFstar, 2-3 A4 H (ie. 80% X3I%)
At MEZe AakAdEHl= AAbA ¥ieF7]  (Galaxy 48 R, Eppendorf

Company, Hamburg, Germany)ll A 37C, 1% O,, 5% CO, = HF3} 5t}
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3. SDS-Polyacrylammide & 7|95 2 HH 38

M
1%

55 AL W F2E

2

rlo

ol el FHE Axte] whel #2stir, 6% 2
7.5% SDS-polyacrylamide gel electrophoresis (SDS-PAGE)Z w43}t [18].
G2 WG 5FAE o] 83Fe] nitrocellulose T O E o] dFQlTE. w A o]

MRS A7), 4Tl SHERE WY F 1 AR

olfl
27

)
2 =z &Ae wrgsldth. ©@¥z Wi=i= ECL chemiluminescence system (GE

Healthcare, Buckinghamshire, UK)= A}&3ste] #4190, T <

ro

Orx
1o

G R FA Sl Beactin 22 ISk

4. HRE A XH SAA A

o

HIF-1a. promoter & 391 #AFA WS Q4 (hypoxia response element, HRE)ES <17}
H A EQD A549 of HA M3 ATt [19]. HRE-AS49 A|XFE 12 well plate ©]
well & 1x10* & wjokalar, 2-3 Y H (ie. 80% E35) At W35 ATA

(Luciferase activity)< dual-luciferase reporter assay system (Promega, Madison, WI)<-

A7}skel =459,

5. RNA #8 % HAA GHA} TFE4L A4 95 (Real-Time RT-

RNA ®38]:= Trizol (Invitrogen, Carlsbad, CA)S #|ZAFe] Ay Ale] ulz}

AFEETE RNA 9 HAR= Oligo(dT) s & ZEfo]H 2 Al4-3lo] cDNA & <it)

4

Sk ¢cDNA i PCR >4 (Bioneer, Daejeon, Korea)®} thermal cycler (Bio-Rad,

_| (
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Hercules, CA)E AFE3to] T35 AZ T RNA A S Fal 853 cDNA &
sH] A5 A ST a s A HESE2A]-2 Fast SYBR green master (Applied
Biosystems, Foster City, CA)E ©¢|&3llo™, ¥4 xS %E GAPDH &
AREEEITE Zefo]l = Bioneer AtellA /4 AFEow, HEL tadt Erh
human glucose transporterl (GLUT1) 5’-CGGGCCAAGAGTGTGCTAAA-3’ (forward) and
5’-TGACGATACCGGAGCCAATG-3’ (reverse); human Lactate dehydrogenase A (LDH A)
5’- AGCCCGATTCCGTTACCT-3’ (forward) and 5’-CACCAGCAACATTCATTCCA-3’
(reverse); human carbonic anhydrase-IX (CA-IX) 5’-CTTGGAAGAAATCGCTGAGG-3’
(forward) and 5’ -TGGAAGTAGCGGCTGAAGTC-3> (reverse); human pyruvate
dehydrogenase kinasel (PDK1) 5’-ACAAGGAGAGCTTCGGGGTGGATC-3’ (forward) and
5’-CCACGTCGCAGTTTGGATTTATGC-3’ (reverse); human GAPDH 5’-
GAAGATGGTGATGGGATTTC-3’ (forward) and 5’- GAAGGTGAAGGTCGGAGTC-3’

(reverse).

6. FAAEH

ftlo

AEE 6 well plate o ¥iFste] S Bl FH, 3 AIZF o 83 v4dS

3} TF. FUGENE HD reagent (Promega, Madison, WI)E ©]8-3}¢] HIF-lo Z&AVEE

01Ir

A 6A1HE Bl FH, 1% FBS 7F 3% Eagle’s minimum essential medium (MEM)-S

3SR Eer Wk,

01Ir

7. AR
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10. FAAE
2y2+ ] 155 thal one-way analysis of variance (ANOVA)E ©]-&38}o] 24
o3 WAL, doltt BEESER LAHACT EAT N1EE p <005, p

<001 94 = F24 A= Aol7t e AoR B4 S
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1. ©o]2FUE 9] HIF-1a A &%

ol A~UE e HIF-la 94 &% Fs7] 98] 17 dhdet AEQ HCTil6 3}
HT29 ©] HIF-la S 538k CoCl (100 pM)E E8Jste] &35 #2819t} HCTL16
Al3Ee] CoCl, & AHElslS Wl HIF-1a2] F4o] F7Fstdom, olazdE (30
uM)S =719 HIF-las Z2AFAY (Fig 1A, 9%). 225y ol&2Zdde e At

AFAQ AAE 30 pM)el 23 HIF-la oA &%S @&t = QAU (Fig 1A,

HIF-109] %45 ZAAZTH (Fig 1A, 28%). olAzyglo] HIF-1a9 %4
AAstE AN &% JEHom #FAHY (Fig 1B). HCTL6 AXEoA=
ol AU 10 uM FE] (Fig 1B €1%), HT29 Al oA = o] A€l 30 uM ¥ (Fig
1B, 2E%) Ztzt 94 & HIF-lo oA &35 HY 3oz, AHikx
efell 23 HIF-lo 55 Y&l AlEES 1% 0, ol =EFAFATE HCT116 A Eo
A AEHE 3 AIE FAS w HIF-1a2] FH0] T7FE oY, oiad3vEd
ol 5 ZAaAHY (Fig 1C, 9%). AAES 2392 wox 294 S+ HIF-la
AA &a7rt BEEHATH (Fig 1C, 9%). AAA AFHlol =FA17] HT29 AlEoA =
ol 2y AAYEL HIF-laEs EAASZ FAA AA #AEAHTH (Fig 1C,
QEF). FTIeto], olaFUEE F ZHA] ot AIEFTA CoCl, 2 AAikAa

T4 HIF-los JATS &g 5 gt
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Figure 1. Inhibition of HIF-1a accumulation by isorhamnetin

(A) HCT116 (left) and HT29 (right) cells were treated isorhamnetin (30 uM) or quercetin (30
uM) for 1 h and continuously incubated with CoCl, (100 uM) for 6 h (HCT116) and 3 h
(HT29). Data represent the mean + S.E of 4 replicates (significant compared to vehicle-treated
control, ~ p <0.01 or CoCl, alone, ™ p < 0.01).

(B) HCT116 (left) and HT29 (right) cells were treated isorhamnetin (3-60 uM) for 1 h and
continuously incubated with CoCl, (100 uM) for 6 h (HCT116) and 3 h (HT29). Data represent
the mean + S.E of 5 (HCT116) and 4 (HT29) replicates (significant compared to vehicle-treated
control, p <0.01 or CoCl, alone, #p <0.05, ##p <0.01).

(C) HCT116 (left) and HT29 (right) cells were treated isorhamnetin (30 uM) or quercetin (30
uM) for 1 h and continuously incubated in hypoxic conditions (1% O,) for 3 h. Data represent
the mean = S.E of 3 (left) and 4 (right) replicates (significant compared to 21% O,-exposed

control,  p < 0.01 or hypoxia alone, * p < 0.05, ™ p <0.01).
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2. o|&2FWE S HIF-1o B §3A AAF A &7

o] AHUIH ] HIF-la AAEA oAE &Qlstr] 98] HIF-la ZEEH G
HRE 7} #AAS o= A549 AEE AFE3FAT [19]. CoClL (100 pM)=
HRE #XB {324 #24e FHoz F7AzoH, oj&dU™ (30 pM)>

o]

L)
=8

7 AN (Fig 24). © Holh AN FHAL dfueHeR

o]

B>

Fulglo] HIF-1a B fdxbe]

ri){l_;‘
o

Z43s

ol
rlr
N
sy
ofN
ol
2
=
2
>
[
o
=
ol

W
>
~

G2 89S W HIF-1a B2 &7 2F¢] GLUTI, LDH A, CA-IX % PDKI1 ©]
S7bstl o, olAgd® (30 pM)> ol s WistE oA Al AAIESITH (Fig
2B). o]#]3 Ay o]xFElo] HIF-109 HAALEAS 9A8la, HIF-lo EF

AR AApES A F SFS SJv]gth

-11 -

Collection @ chosun



A) HRE-A549

5 *k
2 4
€2
s 3
o O #
Ze
£,
R
2
0
Isorhamnetin - - +
CoCl,
GLUT1 LDHA CA-IX PDK1
i
- 7 - 2.0 o 3 3
g S 1.5 k
5 .
é . " 2 2
E 4 1.0 i ##
g, fiaia 1 1
= 0.5
g 1
0 0.0 0 0
O, (%) 21 1 21 1 21 1 21 1 21 1 21 1 21 1 21 1
Vehicle IsoR Vehicle IsoR Vehicle IsoR Vehicle IsoR

Figure 2. Repression of HIF-1a target gene expression by isorhamnetin

(A) HRE-A549 cells that had been stably transfected with the HRE-luciferase construct were
incubated with isorhamnetin (30 uM) and CoCl, (100 uM) for 24 h. Data represent the mean +
S.E from at least 3 times (significant compared to vehicle-treated control, " p <0.01 or CoCl,
alone, * p < 0.05).

(B) HCT116 cells were treated with isorhamnetin (IsoR, 30 uM) for 1 h and continuously
incubated in hypoxic conditions (1% O,) for 3 h. Data represent the mean = S.E of 4 replicates
(significant compared to 21% O,-treated control, ~~ p < 0.01 or hypoxia alone, * p < 0.05, ™ p <

0.01).
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3. o|AZEld 93t HIF-10 B9 A B3 u|x= &3}

fto

olAgU”oel ot HIF-1a & A AEE &<lst7] ¢8| HIF-lo A Qg4

wEeeltt CHX = @9 d 945 Asts &R CoCl, 2 HIF-las 4 A1

fl

o] % F7HAQl HIF-la @A S AASH] fal AFE-E ATt CoCly (100 uM)E
Agste] HIF-lo= FE3F ¥ CHX (0.5 pgmL)E AHgste], =249 HIF-
la9] ®8l7F dofvh= RS gleiqltt. BE #2 Aol A o] uld (30 uM)S
2ol AesqS wl HIF-1af] @94 ¢fo] FHaw o] #&AHUTH (Fig 3A). ©]2]gh
W37 U3EAQl HIF-lo 227140 fulF sl v Es A #Estazl,
R FAE S ek A¥Eeld MGI32 (10 uM)E AFE-31o], Z2EolFo]
71eg GAIAIZIAL HIF-loE #Zedtt. AdR1HE Sl v Fdsts HIF-
logs #ES 4y, olaxude I #ET & ddth. 18Y, HIF-lo 9
S k2 ojds] oladUdel 9a FAav= AIdE HAY (Fig 3B). HE
HIF-lo w3 AZ7F #ofst=x #@stazl, #golad: oAAQl FEEA (50
pMF FHE (50 pgmL)S AHdte] HIF-log FAAA oliAghvde] avxs
HEE T [22-23]. o)2FUIE (30 uM)S EHolaF AAAC] 28] FZE HIF-
la ZHAAZ T (Fig 3C). olest Aab= o] Aghvdle] ok HIF-1a2] 74 7 2o

] BaE Hxshs o] welshs e ohehs A X g

-13-
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Figure 3. The effect of isorhamnetin on HIF-1a protein degradation

(A) HCT116 cells that had been incubated with CoCl, (100 uM) or CoCl, with isorhamnetin
(30 uM) were treated with cycloheximide (CHX, 0.5 pg/mL) for the indicated time periods and
subjected to immunoblotting for HIF-1a.

(B) HCT116 cells that had been transfected with the plasmid ubiquitin were incubated with
MG132 (10 pM) for 3 h and treated with vehicle or isorhamnetin (30 uM) for 1 h and
continuously exposed to CoCl, (100 uM) for 6 h. HIF-1ao was immunoblotting in the cell
lysates.

(C) HCT116 cells were treated with chloroquine (50 uM) or leupeptin (50 pg/mL) for 6 h and
continuously incubated with isorhamnetin (30 uM) for 6 h. Data represent the mean + S.E of 3
replicates (significant compared to vehicle-treated control, ~ p < 0.01 or chloroquine or

leupeptin alone, * p < 0.05, ™ p < 0.01).
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4, o)|AFE9 A3} g o7 Q3 HIF-1a A &3

ol AT Ele W a5 A ayE wislE &y [3], HIF-lax= At

a3l ofs fHad ¢ glaol RauEglth [2427] °lE EdHE oladuyde

Frrsl meol FAHE HIF-loE HaAd o e dFsgit oladd"e
3

Frrsl fe2 FANAE AR SAsk] stk CoCly (100 pM)E 30

3}

o lo

iz

A RS o AT SO, S7E @A E olAFIE (30 uM)el

oldl FrAsHATH (Fig 4A). olAgUde] A4 AdAETE H0, (500 uM)

wEME BEETH (Fig 4B). ©]ojA AAAE F3F HIF-1a2] 2 2 o]

thet olasvl|l e aakE RISt Hy0, (500 upM)E 1 AIZE AE S o HIF-

la7t FA =R OoH, o] 2¢d®E (30 uM)> F4 ¥ HIF-las FAAIF T (Fig 40).

3k, HEK293 Aol HIF-la & ¥¢d 3t 3 o]agde 2 &AalkskA|el NAC ©]
7% HIF-loE Z2AZ]eA Zelsith. o]A=khdlElyl NAC + IEde] o)

S4€ HIF-lag 7274 A A3 (Fig 4D). ol2lsh 352 oladudd

S8 HIF-o 9| tH27k @4bsh mapol A vl = Qloks 7bs4e oviact
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Figure 4. Antioxidant effect of isorhamnetin on HIF-1a accumulation

(A) HCT116 cells were treated with isorhamnetin (30 uM) for 1 h and continuously incubated
with CoCl, (100 uM) for 30 min. ROS were determined by flow cytometry using DCFH-DA
staining. Data represent the mean = S.E of 9 replicates (significant compared to vehicle-treated
control, ~~ p < 0.01 or CoCl, alone, ™ p < 0.01).

(B) HCT116 cells were treated with isorhamnetin (30 uM) for 1 h and continuously incubated
with H,O, (500 puM) for 10 min. ROS were determined by flow cytometry using DCFH-DA
staining. Data represent the mean = S.E of 9 replicates (significant compared to vehicle-treated
control, p <0.01 or HyO, alone, ##p <0.01).

(C) HCT116 cells were treated with isorhamnetin (30 uM) for 1 h and continuously incubated
with H,O, (500 uM) for 1 h. Data represent the mean + S.E of 6 replicates (significant
compared to vehicle-treated control, - p < 0.01 or H,0, alone, * p < 0.05, * p < 0.01).

(D) HEK?293 cells that had been transfected with the plasmid pCDNA or HIF-1a (3 pg) were
treated with isorhamnetin (30 pM) and NAC (5 or 10 mM) for 6 h. Data represent the mean +
S.E of 3 replicates (significant compared to pCDNA-transfected control, ~~ p < 0.01 or HIF-1a

overexpressed cells, * p < 0.05, ™ p < 0.01).

- 18-

Collection @ chosun



5. olaFd” g FAE olF = HEA A
ol AUl %t It EFTE in viro AXE ol U &G FUHE 59

sholskglth HCTI16 AEZE 10% FBS o] w=%ste] o]%S §%3

o

AEZS GAste] B8t o] AT E (30 uM)# NAC (10 mM)> 28] 89S of

X‘l

transwell = &3l ol&d Mx F7F #HATS FRlskth (Fig 5A). tho=
matrigel = £33 transwell & &&3oto] IASAS #HESTE AE 10%
FBS A5& T3S W HCTil6 A &Aool F7hetd o, oladd® (30

uM) ¥ NAC (10 mM)> o] &3t FJ-aAdS AT (Fig 5B). ti g oA AFE= =

AL SFU £ 9 o W Fee AT 5 U= P4 dzTow
ATt 2021]. oeF At AR olBn Ffol Fia B Ei
AAF 5 Qom, olaTEe ¢o HoE AT & Ur EFS 2F:

& AARE.
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Figure 5. Inhibition of cancer cell migration and invasion by isorhamnetin

(A) HCT116 cells were treated with isorhamnetin (IsoR, 30 uM), NAC (10 mM) and 5-
fluorouracil (5-FU, 50 uM) continuously incubated with serum (10% FBS) for 24 h. Migrated
cells were examined with light microscopy (magnification, 100X, upper). Numbers of
migrated cells per field were counted under 100X light microscopy and quantified (lower).
Data represent the mean + S.E of 3 replicates (significant compared to vehicle-treated control,
™ p<0.01 or 10% FBS alone, * p < 0.01).

(B) HCT116 cells were treated with IsoR (30 uM), NAC (10 mM) and 5-FU (50 uM)
continuously incubated with serum (10% FBS) for 24 h. Invaded cells were examined with
light microscopy (magnification, 100X, upper). Numbers of invaded cells per field were
counted under 100 X light microscopy and quantified (lower). Data represent the mean + S.E

of 3 replicates (significant compared to vehicle-treated control, ~ p < 0.01 or 10% FBS alone, *

p<0.05," p<0.01).
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4. 22 4 1

T AT AR At AlFEelA olAdUIRe] HIF-laE Asts A4 1

o] AU Bl HIF-102] wizA oFS FFAAF I, HIF-

v BoRR ¢ ARARMe AL ANFAL

FotR o= BHY s|avF, FHed, 3 A" S ohed

ot Ao 4] HIF-1aS o

A A sto] WE AT} [12-14]. o] AT E & &5l st

AT A= BuE AT [4,16,17], DA HIF-la 24 thst d7= 4% 1

AT 2 AelAs A7 tiget AEQ HCT116 Al 329k HT29 Aol A Aqka

}ZJ'EH EEJ‘_:‘ COClz TE:

oAl st e Fel

oA UIRle] °J% H

o] g3to] HIF-109 &S FE3 F o427 Eo HIF-la
St (Fig 1). Wt obueh, o] sl ™2 HEK293 Lo A
d FZ%E HIF-lo @A % F3A ZAA AT (Fig 4D).

HIF-1laa A &3+ HIF-lo B2l 422l GLUTI, LDH A, CA-

IX % PDKI 2] mRNA & 3|4 A&ttt (Fig 2B). A4t AFEjell Al HIF-la=

A 9] FEEAd

2
oft
i)
o
ftlo
oft
R

T7/HAA I Bl
=
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GLUT1I < AAHoZ FLdl X9 55 7712,

IA1 71t} [28,29]. HE3H, HIF-lai= A14bA AEjolA] LDH A ¢ 23S

(pyruvate)ell Al Zikoz ol AgS Fxlsta, ol AHE ¢



A dolrh fde olFold ¢ dEH Ax W ARE {FAARIE [11].

£RE o2}, HIF-la= PDKI1 o AAREAS f8 v]EZ=g|ofo] Abshz Ql4ts)

o

Hm

(oxidative phosphorylation)& I AAIZIth [31,32]. wEkA], o]AFUIES] HIF-la

AL erAEe] Aolel wolshc wudel wdg AARAAA Ast: o

—

713 A = AT

Ef
kS AARdE Fo FHEGAR AAHT} [33]. AA AMA AE|YlA, HIF-1a2] T
=Y 7] 402 ¢F 506)= PHDs °f &l FAbstet} [33]. AkstE ZE-L2 von

Hippel-Lindau (VHL)°ll 2J&ll <14 =31, 1]

RUT]
=

HIF-lo=  ZREolFolA  wEA  Fad ojglgk Apde]  7]xslo
ol&z€le] HIF-la A &3/t 7hEstE g Baoa  uFEEEA
glstRd o}, o] AHUES HIF-la FRIFAE St d&F& FA4 &34+ (Fig 3B).
t5o] MGI32 = Z=HolE TalE AA Aol olawuld HIF-loE
AR (Fig 3B). ¥R ofye}, gholad Aol oa F2¥ HIF-lok 24
HAAA (Fig 3C), olA&vldo] weiz Fajahy-s FXsko] HIF-laE o AIAZ
7hs/d wiAlE 5l

Li et al.2] 915t w2 dihydrotanshinone I (DHTS)< 3l ¥} o] ol whulzl
S oJAEte] HIF-las 74A1Z1T) [34]. DHTS i mammalian target of rapamycin

(mTOR)/p70S6K/elF4E binding protein-1 (4E-BP1) 2 extracellular signal-regulated kinase

2

et

(ERK) A3 E 9JA5lo] HIF-la @& A4S A 5= o] e} [34].

T e B mEW HIF-lo 84 A% % phosphatidylinositol 3-kinase (PI3K)/AKT
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A AN, oE AL W HIF-lad BHO AT 4 e u3d

[11,35]. o]2]gt 7]& A7-d 35 wrdehd, olaghvde] &M 44 A= Fal

i

HIF-laES 9A|E 7}s/do] AAETh upebA PI3K/mTOR/ERK 59 whuld $hgd s

ZAs Az dGARZIE olAgdde] o8 xdEE £ UeA FH AL
Qs o]yt AFA= BHup FAFQ HIF-la oA 7|d& A9E & 9l&
o7 HoR T

antioxidant response element (ARE)e] ZA3S F7MAZItE [3]. olE EI y-

ot

glutamylcysteine synthetase ¥} Sestrin2 5 TFFSH Absl TalA S { s
AER T GIE HATh [3]. T3t o] A7 U B2 heme oxygenase-1 (HO-1)S =319

GRS FFAAIZIAL,  cyclooxygenase-2  (COX-2)E At ASHHES

At [36]. E AFNME oliAF o] e AEolN FAHANAE

d

AAste Ads wAson, A T HIF-lo F2& AT F S
HolFTh (Fig 4A-C). 3 FAshAI) NAC & F3llA AR o] agvv e
AAE o5 "9 HE oAVE FAds mdE A A Gt (Fig ).
whebA, AT HJA =EE o e Asda BN S7rE @RS

ol agulElo] olAlste] HIF-laE #2A4 4 9lom, olzle] ¢ho] ol
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olaFU €] &g HIF-1la A &5 AT

olAFUEE wvgel FEI EFefRkolE FRE Zte Aot V&
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AR, E8F CoClL,Z 53+ hypoxia response element (HRE) 2] 3ZE 73 #}2]
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