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The role and mechanisms of hypoxia inducible

factor (HIF)-2 in cancer development
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Abstract: Hypoxia is a common environment in cancer development. Hypoxia inducible factor-1 (HIF-1) and HIF-
2 mediate the cellular adaptive response to hypoxia. Despite the high homology between HIF-1o and HIF-2a, they
have particular functions respectively. Recent studies have shown that HIF-2 plays a critical role in cancer

metabolism, proliferation, angiogenesis, metastasis and drug resistances. We summarize the role and molecular

mechanisms of HIF-2 in cancer development.
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HIF-3a bHLH PAS ODD | N-TAD 626aa
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pVHL (von-Hippel Lindau gene product) []45 4, 1
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F 3 P R e e HIF™™, b i 402 3 b oRd (0 % 2B R e
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FEFUR . E M. FURMRIE . 52 UK SR A MR DL &
RGN HR . VHL SRR — i
MR R G >, ARG IME R . WEE A0
T RS 4 MR AT I A PR . R A AR
IS (ROS) (138 2 th AT i PHD s 17,
22 EEES

5 HIF-1a () PI3K-mTORC]1 i 745 i & A [7] 1)
#&, HIF-2a [ 75 /& i IGFIR/INSR-PI3K-mTORC2
G5B TE . FFFRIL, 45T mTORC2 &A1kl
i35 J5 HIF-200 (1) 15 7K1 B4, 145 T mTORC1
0770 5 HIF-20 ()R IE R Z#00 . B8 mTORC2
()R Ui LS A A B, (R SEIR T E
B e AT DL B B Bk R B i PIBK B 1. A4k, BEER
it i A4 2 I (SphK1/S1P) {5 5 38 %t %) HIF-2a.
BAWSEN, et fae D WRsh rKHLE kK
HIF-20 g MRIE . BETURI, 785 17 4 Mg
o, AR A SphK {5 5 2 B HIF-20 [FRIAK
S Ak, HIF-2 38 AT DLk R AT, 85, i
R FeRE . AT 2455 T T R A I DR g AT A
Rt ebeg 1 R A FE (B 3)e
2.3 miRNA

TS R B, microRNAs (miRNAs) MY
REfE T HIF-1a 194 BR, 18 AT LS HIF-2a 14 B
miRNA 5 HIF-200 (1) 55 42 8 it 22 Ffigs 425K 56 i .

HRE
IGF-BP1

P R 2 AH R T, HIF-2a [ 2234 52 31 miR-145 (¥
4], miR-145 i@ it 5 HIF-2a mRNA [ 3' 35 4w 5
X gl Aok g B EAIRI4RF, miR-558
HA] LUl S 4% 5 HIF-2a mRNA ) 5" E40 5 X P4 1)
AN XA E SR AR 3 AGO2 5 0K 4 i 8 3R 4 A
T4548 1 1 (elF4E-binding protein 1, 4E-BP1) [(145 4,
SEeIFAE [ E 4, i et HIF-20 fO8HE ®Y. miR-
107 ®] LA HIF-1B f3ik, Kk, HIF-2a A1 HIF-la
(I3 PE #E 2 B A% . miR-200b. miR-200c. miR-429.
miR-31. miR-424 A1 miR-210 I #] DA i #1141 HIF 1

R FAERE AR AR E HIF-20 1 HIF-1a7,

3 HIF-25HIF-1i9AR Gz 4

FELR L5 A7 7 T, HIF-1a JLFE7E BT A 2581
Y ¥ 2L, T HIF-200 R 76 P9 2 40 M. )
A0 I1 R yE b R 4 B GO0 JULEH B ' 4 4 R4 D
ol i A0 - 6 g 4 1) J5R 40 B LA R T 4 it vp R ik BT
TEA LTS 7T, HIF-200 35 3542 1] 45 T A %
AEFNZH A, T HIF-1o 76 105 P9 57 240 At 3 B AN O 72
R R RS Y. RS S B ER 5 T, HIF-1a
TR0 o-Mye [ SRIG HERAN AN 5, HIF-2a
HIAT DL I 3 0 o-Myce B 63 1 R fe ks 5 20
HIF-1o i i # 4 B-catenin >R 47 [1] 1 17 Wnt/B-catenin
{55 1%, 1 HIF-20 i id 5 B-catenin/T-cell factor
(TCF) 2 i >R i 30k 56 [H] % 5% PV, HIF-200 AT DL
mTORC {5 5 #E 1 {2 2E 9 40 e 39 41 ©%, 1 HIF-1a
Ha] LU ] mTORC {5 5 B, HIF-200 AT DL i 4
ARGV M AU AR R A ) pS3 IE M, 1T HIF-1a0 4
A LUE pS3 H hnfase B,

—> metabolism: Ptpmt1, c-Myc, PLINZ2 , LPINT,
cytochrome c oxidase

— proliferation: c-Myc, cyclinD1, COX-2 ,
EGFR, TFDP3/E2F1, IncRNA-NEAT1
70<—>angiogenesis: VEGF, FGF-2, PAI-1, Endosialin,

——metastatic: Twist2, CDCP1, SCF, LIF, WISP-2

L, chemotherapy resistance: cyclinD2, ABCG2,

CYP3A4, COX-2,TUBB3 ,Snaill, TGF-a/EGFR,

PHLPP
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AR L AR MR K AR, 4R
P8 0 AT R AL B FRIMCA B 0 th 11005 v ek A R
MNZ . ERARIAEE T, HIF-2a 7 LA Beg 4 i
AR B g AR 4R KRR B ) A 2 . ZERE AR,
HIF-1ow 7] LA _F 9 B B i vh AH S i 2R AN 32 A 1 3R A
WO HE BN BRI RN . LR M S DA AL
i %] B #4K 1 (glucose transpoter 1, GLUT1) A1 %
%] K 4k 3 (glucose transpoter 3, GLUT3)™, it 3]
W KB, HIF-2a 1 A] DAfEsE GLUTL 1 GLUT3 1
Kk LRifRE E IS 2 L RS 1 (protein tyrosine
phosphatase mitochondrial, Ptpmt1) 7] DL{E y 3% 34 iR
it ST v P B BR A I R, AR R A 1N T 2 R T AR
Ao XuZs PV, Ppmtl 5 GLUT1 il GLUT3
MIRIEAH I, 4 E ML & 40 i b Ptpmt] )R ik
Wedmales, GLUTI A1 GLUT3 Rk th 29>, 1M
HIF-2a 7] DL 1 Ptpmt1 (138 18 SR 3 i A8 (1) 58
%, HIF-2a F1 HIF- 1o 3 A DA 4% 40 i) 6 25 0 il
C sk, $Em AR EE AR B 7R R AR it
R, SRR ORI T HIF-la GEUS/E 3R & 1 0%
TSR A 3 H i = B 7E MR R R SR . Shah & BY o
FRIBL, £ MDA-MB-231 41 & syt 2k HIF-2a f)
xKiLE, JBR 1 MRESEERAD, XE/RH HIF-
20 7E % 5 2 1 (lipin 1, LPINT) [ ik BA tE
HIF-lo B & Z/EM. B4k, Qiu %k ™ Xt 5 i%E H
S MM PR 98 A B0, HIF-200 38 BE 38 1 18 5 1 5 1) it
FHRYEFEN N 152 4S . HIF-20 7] UL B AR Zh 5%
5 M (lipid droplet coat protein perilipin, PLIN2) {3
KRAEAE L Z WG 0T, 5ot I 38 it 28 A 3 S~
fhir, SRR AR R A, T e 4 AR P AR AN
Wi, AR T, [F HIF-la —F¢, HIF-2a
RS b 2 S i 7 3 A R0 4 2 Tt i T 1 3R 0K
T 2 0T A 2 I i 1 £ BURN A A . Perez-
Escuredo 25 " i@ i3 %} SiHa 4H il #1 HeLa 2 g i) Bf
FUR I, I 40 i LR AR 2R AT DARRE HIF-20,
T OE HIF-20 A8 c-Myc 18 25 ok F i 25 2
i S AR AN A S I e Bl 1 305
5 HIF-2{eEZBAaE5E

TR (A8 B B ) 2 iy 200 P e S 3 PRI RRAE, PR
TG AL IR 2T FE R R AR, HIF-20 7E %
JeA AR A SEU T I B R Iy R R A O, AR R
40 g, HIF-20 v LUIE I 18 15 c-Myc 1 cyclin D1

P 3 P Rt 3k 40 P A 386 4 Y. Xue T Shah™ JE it
SERS R, RS EAiiE T, HIF-2a v LA Eif COX-2
[MFRIE, WHoE COX2/mPGES-1/PGE2 15 i@ Hs KA 2k
SElgpE MG s . A, HIF-20 38 7] LLAE EGFR.
IGF1R 1 ERK/Akt & #% ok J 45 3 i 48 5 1 i &,
HIF-2a BE AT DA 3E g 4 A s T, tm] LA o) i
4T . Choudhry 25 ™ 7E % MCF-7 4l %
FOH ORI, HIF-20 0] LLE L 4% IncRNA-NEAT [
BESERANGI M T Sun 25 W WF K IL, ERTE
40 s SMMC-7721 1, HIF-20 it 7] DL 3 i TFDP3/
E2F1 @ %k 5 SRR T:. HATKE, HIF-20 X}
A0 A RO 3E FEAE B T e 2R AL, R HANE T
FIBBEAFN APt 2 e I FE A

6 HIF-2{g# MmeE4 %

ML R A 72 IR e A F0 O e T AR o ) O 2R
W7, AR ROA ST, PR R S PR A I A AR
W RAERFH R R, I HIF-200 X M3 1 155
AR E AR . HIF-200 R IAAIUILE 35 B DL AR
AEHE 2 MR BV, o th AR M A4 plerh
f P e A B JIF-2 AT LR i e Py R AR KR
(vascular endothelial growth factor, VEGF). J{ 4] 4
41 f A4 K Al -7 2 (fibroblast growth factor-2, FGF-2)
(IRIA, P& HI% B O L A R T 7 Geiss
2k WUSE I 21 20 B R B, T 4V SR 0 A 1 |
¥ 1 (plasminogen activator inhibitor 1, PAI-1) /& HIF-2a.
MFEEEDE, HIF-20 @ 1d i PAI-1 3R IA SR I
TP 2R R T A B I AR . HIF-200 38 W] PA_E
P #EJE PR P9 B2 MR 2% 11 (Endosialin) [R5 K B A5 (R
M RAER B b4k, HIF-2a 7] LUETE FiE A
BEREFAEKE T4 45HEA 1 (IGF-factor-binding protein
1, IGF-BP1) 3 12 o 4 il bk €225 1 A il BV 76 1M
ERRL T, HIF-20 0] LU/ NO AR fl ok PR A
I B3R L N B R R AT R A%, T HIF-1o U5 AH
R AE R B,

7 HIF-2{R i MREENER

RS MR A e i R P I WA R, 5 e
PiREMERZYIM. dXZACEKN T T2
HIF-1 %0 Jie 4 0 % F il R 119 (1 S ZEHL A, X oo
B 7 XS 45 % 5 1 E (E-cadherin). 2 Bt A AL i
(lysyl oxidase, LOX) . C-X-C FJ& &N T4k 4
(C-X-C chemokine receptor type 4, CXCR4) . FLFf7
A7 1 (stromal-derived factor 1, SDF-1) %5 I [X]
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THORTER . AL LR, HIF-2a tha] DUE
XF T i 22 A B DT PR T 7T R i 2 e AN I ) e 72
Yang %5 WV BRI, AERIRE AN, HIF-20 A
DL E I Twist2 [ 3R1%, #Em i3 Twist2 #1 E-cadherin
JA BT 45 G R AR IR (1) bz (B s %4k . CUB 45
#J 18 % A (CUB domain-containing protien 1, CDCP1)
YEN HIF-2a fRF S PERE R DR, AT Dad i B0E B B
WG C5 (PKCS) K AL b 4 i (15445 Y. Wang %5 )
W FE R I, HIF-20 7] BL_E 8 40 i K 7 (stem cell
factor, SCF) (%1%, 1M SCF v LU ¥ vE ERK 15
SIE LA A4 JE B I 2 (matrix metalloproteinase
2, MMP2) 1) 335 K 3 5 g A0 I i 42 28 7. LAk,
HIF-200 38 7] LA 3 im0 5 (leukemia inhibitory
factor, LIF) [} 1A, #F1M ¥#%E AKT-mTOR i 2% Rk
et AN M s AN e £ B0, REEIRZ R AR
L7 HIF-200 X iR 5 7% O A2 BE4E T, {5 2 A7 Lo mt
Fo A5 T MR 1 45 8. Fuady 25 BT R 5T R BIL
HIF-2a 1] PL_F 1 WISP-2 )23 Sk [ A% 7L Mty 4 Mt
(228 1), EEik i) WISP-2 [ 43 Hn i A TS

8 HIF-2{edtiLyrii =2

ISP 53 1T DA BRI 22 i b 98 A o7 245 4 1) 2%
fit. W EMVFZHIER T HIF-1 7] LIS B .
FUBE . Sl a0 = A AT I 32 1. TSRt A
KI, HIF-2 W 0] DL 22 Pl i 5 s 0s 7 A4
2yt . HIF-2 32 2@t DR LA J5 ok s
JTTE % M. (1) DNA 22 g /I )M 55 . HIF-2 REGS
iR cyclin D2 #5204 >k 34 e 40 i /) DNA &5 G
71 ¥, F %, HIF-2a f1 HIF-1o 38 7] DR HEH &
H2AX HfiRtl, R4 A y-H2AX ;2 DNA
BRSNS ™. Q) ZWMAILFNEE. 22
i R i | —Fh 2k is sk ——ATP 45 & &tk
{1 (ATP binding cassette, ABC) #¥ /&, HIF-2 1] LG
ATP 4558 AWK G i 2 (ATP binding cassette
subfamily G member 2, ABCG2) %t [A ff) ik, #EiM
S HUE AN b 2 AR Se I 2 i 24 B (3)
25 AR . HIF-2 BERT DA 259 AR S AL, X
AT DA 2E 25 P (1) A AR . HIF-2 BT LLad i 1 428 48
PR AU B 2 R KA 25 D )5 ko 40 2 3% P450
3A4 (cytochrome P450 3A4, CYP3A4) 1] LU/~ SF 254
HIEACACIET, T Zhao 25 “ B TR R B, HIF-2a AERS
R EH CYP3A4 HZRIE KA LM 225 %R
C MR AE. (4) 155 Tl 1 #0E. HIF-2a 7] A
I b B R 4 i COX-2 [k AL Snail/

E-cadherin @ # k5 & fi JE R P2 A futk Y o tie
KI, BHLWT HIF-2a A1 HIF-10 AT LA3E 58 &5 JE 5 B 1
Prm e A AR A, X AT e A F T A I AR
% -1 (thrombospondin 1, TSP1) 1 ML 5 4F i% & FF &
1 -4 (angiopoietin-like protein 4, ANGPTL4) [1] i 15
A4 1, HIF-2 1 HIF-1 41 5 5 988 20 it 37 24 7 1)
WL A B A [ (B 4). 78 #0248 i 53 98 4 g s
BIII- foliE i 1 ()t B 08 2 3 B0 40 o i
AW PUE, BRI, HIF-2a A] A i M
HIF-1a #1401 7 TUBB3 2 ik . R EER
g vh, HIF-20 1 3F HIF-lo A2 %) 7 _F 4 Snaill % B
FIRBIVEF, a3 T A5 2 = A ot 5 e fr R £
i 257k 7E e 40 A b, HIF-200 17 3 HIF-1a 7] LA
i3S 0 TGF-o/BGFR 8 #1755 40 i 0 R hr JE Je 1)
przitt. g A, HIF-20 1 3F HIF-1o G
i 11| PHLPP 5 [K (1) R 08 KA S X B b1 2h
Ti [64—66]o

9 REERE

HIF-2a 7 [ J83 20 B o A1 S0 2R 355 1) B 2 ke
EHORBEMER, JCHAEMRU . G, & KA.
R UL R AT i 52 75 1H,  AH HIF-2a0 75 AN [ /3 20
i A A B R E . BE X HIF-2a {0 15 &
RN SEL T IS Vi A O R A T DR ON AT PR AT,
151KV B HGIT 7 ANBHA L,  HIF-2a #1415
(I 9 AR EAE BB R 25t g ) — K. i
ZNAVR BT Y £ HIF-2a (AR E BN S 7], R
53893 25 (1) #i) HIF-20 (G 1% 5 (2) #011 HIF-2a
(1 5% S PE AN AR E M 5 (3) HhI HIF-200 (1 #02 3 []
BOEI 70 R BT HIF-2a 3 B0 01 751 PT2385 Al
PT2399, ‘efild@it EH MR HIF-20 A1 HIF-1B 7

‘A WS
TGFWEGFR

[El4 HIF-2FTHIF-1775H) B 2B 25 1 RO ALY



1

HFEER, S5 ARSI 7208 IR A K e P A A LA

1105

TR OR T T I BUE R R e o X P A4
1% pVHL LRk % 1K) B 32 W 240 i Jee ) ¥ 77 20OCR:

JOONEE, I HA BT

g T, HIF-20 {F

NRRERTT B — AT BTSSR

[13]

[14]

(& £ X #
Ema M, Taya S, Yokotani N, et al. A novel bHLH-PAS
factor with close sequence similarity to hypoxia-inducible
factor 1o regulates the VEGF expression and is potentially
involved in lung and vascular development. Proc Natl
Acad Sci USA, 1997, 94: 4273-8
Flamme I, Frohlich T, von Reutern M, et al. HRF, a putative
basic helix-loop-helix-PAS-domain transcription factor is
closely related to hypoxia-inducible factor-1 o and devel-
opmentally expressed in blood vessels. Mech Dev, 1997,
63: 51-60
Hogenesch JB, Chan WK, Jackiw VH, et al. Characterization
of a subset of the basic-helix-loop-helix-PAS superfamily
that interacts with components of the dioxin signaling
pathway. J Biol Chem, 1997, 272: 8581-93
Tian H, McKnight SL, Russell DW. Endothelial PAS
domain protein 1 (EPAS1), a transcription factor selec-
tively expressed in endothelial cells. Genes Dev, 1997, 11:
72-82
Hu CJ, Sataur A, Wang L, et al. The N-terminal transacti-
vation domain confers target gene specificity of hypoxia-
inducible factors HIF-1a and HIF-2a. Mol Biol Cell,
2007, 18: 4528-42
Loboda A, Jozkowicz A, Dulak J. HIF-1 and HIF-2 tran-
scription factors--similar but not identical. Mol Cells,
2010, 29: 435-42
Patel SA, Simon MC. Biology of hypoxia-inducible
factor-20 in development and disease. Cell Death Differ,
2008, 15: 628-34
Jaakkola P, Mole DR, Tian YM, et al. Targeting of HIF-a
to the von Hippel-Lindau ubiquitylation complex by
O,-regulated prolyl hydroxylation. Science, 2001, 292:
468-72
Ohh M, Park CW, Ivan M, et al. Ubiquitination of hypoxia-
inducible factor requires direct binding to the f-domain of
the von hippel-lindau protein. Nat Cell Biol, 2000, 2: 423-7
Mahon PC, Hirota K, Semenza GL. FIH-1: a novel protein
that interacts with HIF-1a and VHL to mediate repression
of HIF-1 transcriptional activity. Genes Dev, 2001, 15:
2675-86
Maxwell PH, Pugh CW, Ratcliffe PJ. Activation of the
HIF pathway in cancer. Curr Opin Genet Dev, 2001, 11:
293-9
Lee SB, Frattini V, Bansal M, et al. An ID2-dependent
mechanism for VHL inactivation in cancer. Nature, 2016,
529:172-7
Kim JJ, Lee SB, Jang J, et al. WSB1 promotes tumor
metastasis by inducing pVHL degradation. Genes Dev,
2015, 29: 2244-57
Kaelin WG Jr. Cancer and altered metabolism: potential

[20]

(21]

(22]

(23]

(24]

(23]

[26]

(27]

(28]

[29]

[30]

importance of hypoxia-inducible factor and 2-oxogluta-
rate-dependent dioxygenases. Cold Spring Harb Symp
Quant Biol, 2011, 76: 335-45

Bardella C, Pollard PJ, Tomlinson I. SDH mutations in
cancer. BBA-Bioenergetics, 2011, 1807: 1432-43

Lonser RR, Glenn GM, Walther M, et al. von hippel-
lindau disease. Lancet, 2003, 361: 2059-67

Kaelin WG Jr. ROS: really involved in oxygen sensing.
Cell Metab, 2005, 1: 357-8

Mohlin S, Hamidian A, von Stedingk K, et al. PI3K-
mTORC?2 but not PI3K-mTORCI regulates transcription
of HIF2A/EPASI and vascularization in neuroblastoma.
Cancer Res, 2015, 75: 4617-28

Bougquerel P, Gstalder C, Muller D, et al. Essential role for
SphK1/S1P signaling to regulate hypoxia-inducible factor
20 expression and activity in cancer. Oncogenesis, 2016,
5:e209

Zhang H, Pu J, Qi T, et al. MicroRNA-145 inhibits the
growth, invasion, metastasis and angiogenesis of neuro-
blastoma cells through targeting hypoxia-inducible factor
2a. Oncogene, 2014, 33: 387-97

Qu H, Zheng L, Song H, et al. microRNA-558 facilitates
the expression of hypoxia-inducible factor 2a through
binding to 5’-untranslated region in neuroblastoma. Onco-
target, 2016, 7: 40657-73

Yamakuchi M, Lotterman CD, Bao C, et al. P53-induced
microRNA-107 inhibits HIF-1 and tumor angiogenesis.
Proc Natl Acad Sci USA, 2010, 107: 6334-9

Ghosh G, Subramanian 1V, Adhikari N, et al. Hypoxia-in-
duced microRNA-424 expression in human endothelial
cells regulates HIF-a isoforms and promotes angiogenesis.
J Clin Invest, 2010, 120: 4141-54

Kelly TJ, Souza AL, Clish CB, et al. A hypoxia-induced
positive feedback loop promotes hypoxia-inducible factor
la stability through miR-210 suppression of glycer-
ol-3-phosphate dehydrogenase 1-like. Mol Cell Biol,
2011, 31: 2696-706

Liu CJ, Tsai MM, Hung PS, et al. miR-31 ablates expres-
sion of the HIF regulatory factor FIH to activate the HIF
pathway in head and neck carcinoma. Cancer Res, 2010,
70: 1635-44

Madanecki P, Kapoor N, Bebok Z, et al. Regulation of
angiogenesis by hypoxia: the role of microRNA. Cell Mol
Biol Lett, 2013, 18: 47-57

Wiesener MS, Jurgensen JS, Rosenberger C, et al. Wide-
spread hypoxia-inducible expression of HIF-2a in distinct
cell populations of different organs. FASCB J, 2003, 17:
271-3

Fraisl P, Mazzone M, Schmidt T, et al. Regulation of
angiogenesis by oxygen and metabolism. Dev Cell, 2009,
16: 167-79

Gordan JD, Bertout JA, Hu CJ, et al. HIF-20 promotes
hypoxic cell proliferation by enhancing c-myc transcrip-
tional activity. Cancer Cell, 2007, 11: 335-47

Koshiji M, Kageyama Y, Pete EA, et al. HIF-1a induces
cell cycle arrest by functionally counteracting Myc.
EMBO J, 2004, 23: 1949-56



1106

G gEEd

$29%:

[31]

[32]

[33]

[34]

[39]

[42]

[43]

[44]

[46]

Choi H, Chun YS, Kim TY, et al. HIF-2a enhances [3-catenin/
TCF-driven transcription by interacting with B-catenin.
Cancer Res, 2010, 70: 10101-11

Gan B, Melkoumian ZK, Wu X, et al. Identification of
FIP200 interaction with the TSC1-TSC2 complex and its
role in regulation of cell size control. J Cell Biol, 2005,
170: 379-89

DeYoung MP, Horak P, Sofer A, et al. Hypoxia regulates
TSC1/2-mTOR signaling and tumor suppression through
REDD1-mediated 14-3-3 shuttling. Genes Dev, 2008, 22:
239-51

Das B, Bayat-Mokhtari R, Tsui M, et al. HIF-2a suppresses
p53 to enhance the stemness and regenerative potential of
human embryonic stem cells. Stem Cells, 2012, 30: 1685-
95

Rankin EB, Giaccia AJ. The role of hypoxia-inducible
factors in tumorigenesis. Cell Death Differ, 2008, 15: 678-
85

Xu QQ, Xiao FJ, Sun HY, et al. Ptpmtl induced by HIF-
20 regulates the proliferation and glucose metabolism in
erythroleukemia cells. Biochem Biophys Res Commun,
2016, 471: 459-65

Fukuda R, Zhang H, Kim JW, et al. HIF-1 regulates
cytochrome oxidase subunits to optimize efficiency of
respiration in hypoxic cells. Cell, 2007, 129: 111-22

Shah T, Krishnamachary B, Wildes F, et al. HIF isoforms
have divergent effects on invasion, metastasis, metabolism
and formation of lipid droplets. Oncotarget, 2015, 6:
28104-19

Qiu B, Ackerman D, Sanchez DJ, et al. HIF2a-dependent
lipid storage promotes endoplasmic reticulum homeostasis
in clear-cell renal cell carcinoma. Cancer Discov, 2015, 5:
652-67

Perez-Escuredo J, Dadhich RK, Dhup S, et al. Lactate
promotes glutamine uptake and metabolism in oxidative
cancer cells. Cell Cycle, 2016, 15: 72-83

Raval RR, Lau KW, Tran MG, et al. Contrasting properties
of hypoxia-inducible factor 1 (HIF-1) and HIF-2 in von
Hippel-Lindau-associated renal cell carcinoma. Mol Cell
Biol, 2005, 25: 5675-86

Xue X, Shah YM. Hypoxia-inducible factor-2a is essential
in activating the COX2/mPGES-1/PGE2 signaling axis in
colon cancer. Carcinogenesis, 2013, 34: 163-9

Franovic A, Holterman CE, Payette J, et al. Human cancers
converge at the HIF-2a oncogenic axis. Proc Natl Acad
Sci USA, 2009, 106: 21306-11

Choudhry H, Albukhari A, Morotti M, et al. Tumor hypoxia
induces nuclear paraspeckle formation through HIF-2a
dependent transcriptional activation of NEAT1 leading to
cancer cell survival. Oncogene, 2015, 34: 4546

Sun HX, Xu'Y, Yang XR, et al. Hypoxia inducible factor 2
o inhibits hepatocellular carcinoma growth through the
transcription factor dimerization partner 3/ E2F transcrip-
tion factor 1-dependent apoptotic pathway. Hepatology,
2013, 57: 1088-97

Yoshimura H, Dhar DK, Kohno H, et al. Prognostic
impact of hypoxia-inducible factors la and 2a in col-

[47]

[48]

[54]

[55]

[56]

[57]

orectal cancer patients: correlation with tumor angiogene-
sis and cyclooxygenase-2 expression. Clin Cancer Res,
2004, 10: 8554-60

Akeno N, Czyzyk-Krzeska MF, Gross TS, et al. Hypoxia
induces vascular endothelial growth factor gene transcrip-
tion in human osteoblast-like cells through the hypoxia-
inducible factor-2a. Endocrinology, 2001, 142: 959-62
Xue G, Yan HL, Zhang Y, et al. c-Myc-mediated repres-
sion of miR-15-16 in hypoxia is induced by increased
HIF-2a and promotes tumor angiogenesis and metastasis
by upregulating FGF2. Oncogene, 2015, 34: 1393-406
Geis T, Doring C, Popp R, et al. HIF-2a-dependent PAI-1
induction contributes to angiogenesis in hepatocellular
carcinoma. Exp Cell Res, 2015, 331: 46-57

Ohradanova A, Gradin K, Barathova M, et al. Hypoxia
upregulates expression of human endosialin gene via
hypoxia-inducible factor 2. Br J Cancer, 2008, 99: 1348-
56

Geis T, Popp R, Hu J, et al. HIF-2a attenuates lymphan-
giogenesis by up-regulating IGFBP1 in hepatocellular
carcinoma. Biol Cell, 2015, 107: 175-88

Branco-Price C, Zhang N, Schnelle M, et al. Endothelial
cell HIF-1a and HIF-2a differentially regulate metastatic
success. Cancer Cell, 2012, 21: 52-65

Yang J, Zhang X, Zhang Y, et al. HIF-2a promotes epithe-
lial-mesenchymal transition through regulating Twist2
binding to the promoter of E-cadherin in pancreatic cancer.
J Exp Clin Cancer Res, 2016, 35: 26

Cao M, Gao J, Zhou H, et al. HIF-2a regulates CDCP1 to
promote PKC3-mediated migration in hepatocellular car-
cinoma. Tumour Biol, 2016, 37: 1651-62

Wang X, Dong J, Jia L, et al. HIF-2-dependent expression
of stem cell factor promotes metastasis in hepatocellular
carcinoma. Cancer Lett, 2017, 393: 113-24

Wu L, Yu H, Zhao Y, et al. HIF-20 mediates hypoxia-
induced LIF expression in human colorectal cancer cells.
Oncotarget, 2015, 6: 4406-17

Fuady JH, Bordoli MR, Abreu-Rodriguez 1, et al. Hypoxia-
inducible factor-mediated induction of WISP-2 contributes
to attenuated progression of breast cancer. Hypoxia
(Auckl), 2014, 2: 23-33

Wrann S, Kaufmann MR, Wirthner R, et al. HIF mediated
and DNA damage independent histone H2AX phosphory-
lation in chronic hypoxia. Biol Chem, 2013, 394: 519-28
Zhang XQ, Sun XE, Liu WD, et al. Synergic effect be-
tween fluorouracil and celecoxib on hypoxic gastric cancer
cells. Mol Med Rep, 2015, 11: 1160-6

Zhao J, Bai Z, Feng F, et al. Cross-talk between EPAS-1/
HIF-2a and PXR signaling pathway regulates multi-drug
resistance of stomach cancer cell. Int J Biochem Cell Biol,
2016, 72: 73-88

Zhao CX, Luo CL, Wu XH. Hypoxia promotes 786-O
cells invasiveness and resistance to sorafenib via HIF-20/
COX-2. Med Oncol, 2015, 32: 419

Burkitt K, Chun SY, Dang DT, et al. Targeting both HIF-1
and HIF-2 in human colon cancer cells improves tumor
response to sunitinib treatment. Mol Cancer Ther, 2009, 8:



1

HFEER, S5 ARSI 7208 IR A K e P A A LA

1107

1148-56

Bordji K, Grandval A, Cunha-Alves L, et al. 182: Class III
B-tubulin is a target gene of HIF-2a in glioblastoma cells
exposed to hypoxia. Eur J Cancer, 2014, 50: S41

Liu S, Kumar SM, Martin JS, et al. Snaill mediates
hypoxia-induced melanoma progression. Am J Pathol,
2011, 179: 3020-31

Zhao D, Zhai B, He C, et al. Upregulation of HIF-2a
induced by sorafenib contributes to the resistance by
activating the TGF-a/EGFR pathway in hepatocellular
carcinoma cells. Cell Signal, 2014, 26: 1030-9

[66]

Wen YA, Stevens PD, Gasser ML, et al. Downregulation
of PHLPP expression contributes to hypoxia-induced
resistance to chemotherapy in colon cancer cells. Mol Cell
Biol, 2013, 33: 4594-605

Wallace EM, Rizzi JP, Han G, et al. A small-molecule
sntagonist of HIF2a is efficacious in preclinical models of
renal cell carcinoma. Cancer Res, 2016, 76: 5491-500

Cho H, Du X, Rizzi JP, et al. On-target efficacy of a HIF-
20 antagonist in preclinical kidney cancer models. Nature,
2016, 539: 107-11



