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ABSTRACT: Hypoxia inducible factor (HIF) played an important role to maintain the energy metabolism of tumor cells, tumor an-
giogenesis, proliferation and metastasis of tumor cells, which was the key signal molecule in the tumor cells hypoxia. This review aimed
to summarize previous research, elaborated the intrinsic relationship between HIF and renal cancer cell. Research showed that HIF mem-
bers were involved in renal cancer cell on the key factor in the hypoxia response, which could promote angiogenesis and tumor growth
through the regulation of target genes. Among them, HIF-1a and HIF-2a played an important role in promoting the formation of new
blood vessels. HIF-1ae and HIF-2a was highly correlated with VEGF, and VEGF and mRNA levels significantly increased with its ex-
pression increased in number, which showed participation in renal cell cancer angiogenesis through the regulation of VEGF. While the
specificity of activating transcription of VEGF mRNA by HIF-2« stronger than that by HIF-1a. But HIF-3a played negative regulation
role, the negative regulation of -4 isomers might be related to HIF-lo, which prevented HIF-la binding with the downstream target genes
of hypoxia response elements (HRE), also at the level of transcription. HIF has become a renal cell cancer targeting new treatment target
in the future.

Key word: Hypoxia inducible factor; Renal cell cancer; Angiogenesis; Hypoxia response gene

Chinese Library Classification: R737.11 Document code: A

Article ID: 1673-6273(2015)01-188-03

i AR AR AL T AT ARG SOIR S, 20 P A 4K T A

- XHRRAG, 0 25 S 7, FLIF 7 200 7 25 52 7 v 2 S

5 40 g (Renal cell cancer, RCC)JEMARAMRHRYH ULIET  AYIEFTVE . HIF A S35 2RI K% 5%, A 45 1% A Bl K 1

Z— A RN 2.5% , RS A A P B IR sk, S g o A7 A 2 1, 6 TR B A (R 28 B Rs R 1
85-90% . 'Ff IR X AR LU BURR N 28 Y, SR 2RI —#F, S mER].
RCC 7B K b B v 28 7 e S0 L i 2 L P304 20 1) P 38 -

bk = TH g

{48355 5 1 (Hypoxia inducible factor, HIF ) | Jfil 45 £E i, 55 41 I HIF BB 55 5 2 e

K78 RCC R AR R B v 2 4 4 SC B Ve T, A s 240 i HIF JE&: iy o WEEFN B 7 L 1 — A, B A2 T

B o W, T B WA R L LA PR PR 450 W2, R

60 A B3 1980-) 9. BCERFSU WPt 2 o) HIFTRLGURLE HIF-L o HIF-2o J HIF-3oc, U0

i9eg , E-mail: chongchong80@163.com Fefins . HIF-1o 19 N ¥l & bHLH #1 PAS Z5#4,, E 845
LI BT  E-mail: xuwanhai@1 63.com SRR T DNA B%5 4, T C 3 o5 AR

(% H 191:2014-07-22 ek H 11:2014-08-17) g, R SEEOEVE W TE P 2 — P, HIF-la A5 AN 2



REYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Voll5 NO.1 JAN.2015 © 189 -

B, RN, AT HULIXE NAD 5 ODDD &% ,CAD
i F C K. CAD [Ty fig & BAK M T 4% s L 306 +
CBP/p300, E48 5K F7 1E % 5 0, HIF-1 BiL B (FIH-1), B
H 5 p300/CBP AT AEH , B4, 21 CAD 1 CBP/p300 f1)
MEAEH . B0, RS T , AL HIF-la 54 5554005 XA %
PRI | B K S G T, DTG I DR 0 7 SR

HIF-2« Fil HIF-lae 25 (45 R AR, ELA TR UM  fE D RE I,
HIF-2o /EFH A6 R 05 AR 72X 5 HIF-la o 2 = B2 9 AH
IS, 5 HIF-1a AR B, 65070 1 HIF-20 mRNA 33K
AP B 40 | 0l 55 40 B 3= 5 i ZE D RE - HIF-200 RERE 115 {12
A KK (EPO) WA, FIGEML ek 25 Rk T
HIF-2o [958 5 300,

H i, % HIF-3a f91E FWFSE 9 AR BB, AR [6 T° HIF-lo &5
HIF-20, Hiffft/b C R 0l S5 38, mRNA 5N 7 Hg 8 75
M, ARECRAS T HIF-3a P B 5 HIFIR B R AIf 5
HRE #OJPFIARES & 5 PR %k . e AR B IE
HIF-3« 115 FH AT A 23 90 il B SR AT HIF A S 1) 8 26 R %
5K, RBUA AR BRI,

2 HIF K33 AL

HIF @3 o {GPEW ISR R s 7 / R 254, 58
PR A R4 . HLF Y8 5 PR SR Ry i 4 S i B PR (-
poxia response gene, HRG), HRG ¢ HIF 12 51 5 % A filt 480 e v,
JG4( hypoxia response elements , HRE)f#) 35 K] 751 Sl 48 i, HIF
FekBEm PGSR, 5 HRE $: RS A A shin A R
TR A . BRTT A E 19 HIF-1 o AY$0 LR BB IT 200
b, AL M BT A 1A T B A B A 0 ) B ol A 1
AR A BT P 8 R 22 SRS, VEGF M2 HIF-la
BYIRY, [FIAT52 HIF-2a0 @935, HIF-2a 5T iFRY VEGF #Y
HRE £54 , #0% VEGF mRNA [543, RN 7E— @ R F3GR
T VEGF mRNA ({25 M. A UFTERIE , HIF-20 7] 5 % 2RI
ity Tie-2 454 AR 48 N e A0 IS 5, 76 g 7 A4 1 8T )7
THRIEER W, 1ok, Mg au i T K+ TGF-a Fil Cyclin
D1 [ 3Rk 32 HIF-2a0 BT, ZE e 4 M ) U8 70 T A o
B X, AR H TR HIF-30 (ORFSE 50, HARIE D K AR
WUk, H A5 HIF-1a M HIF-2a A B A0 BFE LA
Ho

3 HIF 584 fE

S AR AR A — A, B R 2 2 A I P R A TR AECIR
5, 1 BIE R R R 2 RN o N2 HR (9 P R A L
BT 41T DA T 2 e A i A i A5 2 o HLLF 7 B9 A sl
SN B I T R A G E AL
3.1 HIF-la 5'5 A=

HIF-lo 78 155 B 41 21 e 1k K PR EL Bl g, AR X
KE], E7ES g 2H 2 b HIF-lo (9 3R357K 808, JUHTE
RCC 1, HIF-1 o 3235 8] 34 250617 HIF- [5f 5 pVHL %%
YIFASC, IE R R AT, pVHL fii HIF 515000z R & HR 54,
Y517 RESEMHERZ RS S YU e R 280
AR L 0 VHL 35 P 58 ARl B s B 3 2R3 , 3

pVHL REEFE Al 7 3 , HIF-o A BERE AR 1T K AR SR B R B
A HIF A8 Rk A . K BB HIF-1 o 3 1 3815 03 4 Y
Fik, 2 B IR 4R . VEGF & B §iE 8 SUH SR iy
M A R, 2 B e I 38 A B 32 22081 B, VEGF R
BN s E G 0R |, IRT R AR I A AR B, TR i A R
T HRANE 2268 J14458 . HIF-1o 7] 5 VEGF mRNA |45 30
FE R T REHI4ES, WOR VEGF mRNA {5455, VEGF j#a
FEMESEN . @3 CD34 K DN A T 45 % B (MIV D) 2 A5 ek e
AR LA BB AR, R A IR AR K R R 5 R R
BE W5 B HIF-la 1936355 MVD 2 IFMHEKR RN, 5 —F
Ifi , HIF-low {175 ' o83 v 55 T B MR I M Wl AH DG 1Y) GLUT-1 H
IR AR A A A A K S B 1A, o 200 0 14 i SR A R 119
HIF-lo £ RCC H E 45 T EMIEM, NI RCC A K =
T (278 FR 1) T B 0N,
3.2 HIF-2a 5'% Hf0E

HIF-20 55 HIF-lo 45 5 B2 A R IEM: B AR AR BRAAUN 25 P iy
YERAR I HIF-1 o FEE, HAE g 1 526 s R A i vt &
¥ T — s WYEH . HIF-2o th ] 5 VEGF #Y HRE 254 {ig it fif
Je8 L5 A v R VR, ELRTHE RS SRl VEGF mRNA (45 5
PR HIF-1o B3RP, 540 HIF-2a0 A1) 5% 20 M 105 , 1755 41 i
AT, YER T RE S #E Cyclin D1 B FR3EH K, HIF-2a A% E
MR A9 A R0 LR B R 2 I A5 P A R HE R AR
R, HIF-2a 35155 VEGF }; MVD 2 1FAH5¢29, Turner %5
RIS 7R , #E RCC #h  HIF 5 VEGF & H5¢ , fiZ HIF
2351w , VEGF 7E40R | & mRNA /K7 b4 R g e, 32
7~ HIF Fl3@E 45 VEGF 25 B8 . Xia P —4
W98 T HIF-2o 5 VEGF 1 RCC 45 E B2, WFL T
HIF-20 S5 RCC I A AL I ER T o TN siRNA BH Bt
HIF-2a, VEGF fyZR A /K T i EFEAR, 5 Xia LR ER T —
et
3.3 HIF-3a 5% AAa1E

H Rix HIF-3oc (4E FHAIFSE 4 A B B . B4 HIF-3a 952
WA PR F AR FKE 1, BB 5 LAAS W SR A8 R
T, RIR B FA R BE B ARNRBVER , BT A Sk s
S B SRR -2 5 RR -4 S A b 3R A
JER®, Hoh, BRI -4 BT BB HIF-la 5961 1005 A
o, HmT LARH 1 HIF-la 5 TR 2L HRE 454 , WA A] 42
B S KEAI ] HIF-la™,

4 B5iE

25 LR 7E W A e AR A B R R AR b, o T AR
i, A AL FARECRES  HIF B 5225 B A0 s X ke
BEU 25 RN P 4 DG PR, 3l B RE AT AR5, Al R A I
YR, SRR A K . P HIF-1oo & HIF-2a0 7EA23EHT
Az LA A4 A T T A A A AR L HIF-30c W] BEAEAE Y TR
PR T . HIF 7EARR AT REAT B B 40 8 52 1036 77 598 H
bro

& # L Ek(References)
[1] Fishman M, Seigne J, Antonia S. Novel therapies for renal cell carci-

noma[J]. Expert Opin Investig Drugs, 2001, 10(6):1033-1044



+ 190 -

REYESHE www.shengwuyixue.com Progressin Modern Biomedicine Voll5 NO.1 JAN.2015

[2] Pugh CW. Oxygen sensing in cancer [J]. Ann Med, 2003, 35 (6):
380-390

[3] Jiang BH, Zheng JZ, Leung SW, et al. Transtractivation and inhibitory
domains of hypoxia-inducible factors [J]. J B iol Chem, 1999, 272
(31):19253

[4] Jiang BH, Zheng JZ, Leung SW, et al. Transactivation and inhibitory
domains of hypoxia-inducible factor lalpha. Modulation of transcrip-
tional activity byoxygen tension [J]. J Biol Chem, 1997, 272 (31):
19253-19260

[5] Tian H, McKnight SL, Russell DW. Endothelial PAS domain protein 1
(EPASI), a transcription factor selectively expressed in endothelial
cells[J]. Genes Dev, 1997, 11(1):72-82

[6] Percy MJ, Furlow PW, Lucas GS, et al. A gain of function mutation in
the hif2a gene in familial erythrocytosis [J]. N Engl J Med, 2008, 358
(2):162

[7] Heidbreder M, Frohlich F, Johren O, et al. Hypoxia rapidly activates
HIF-3-alpha mRNA expression[J]. FASEBJ, 2003, 17:1541-1543

[8] Hara S, Hamada J, Kobayashi C, et al. Expression and characterization
of hypoxi-a inducible factor (hif)-3alpha in human kidney: Suppres-
sion of hif mediated gene expression by hif -3alpha[J]. Biochem Bio-
phys Res Commun, 2001, 287(4): 808

[9] Kobayashi M, Nakagawa K. Metastasis and hypoxia-inducible factor
[J]. Gan To Kagaku Ryoho, 2010, 37(11):2047-2051

[10] Simon MC, Liu L, Barnhart BC, et al. Hypoxia-induced signaling in
the cardio vascular system[J]. Annu Rev Physiol, 2008, 70:51-71

[11] Ikeda E. Cellular response to tissue hypoxia and its involvement in
disease progression[J]. Pathol Int, 2005, 55(10):603-610

[12] Jeong CH, Lee YM, Choi KS, et al. Hypoxia-responsive element-me-
diated soluble Tie2 vector exhibits an anti-angiogenic activity in vitro
under hypoxic condition[J]. Int J Oncol, 2005, 26(1):211-216

[13] Raval RR, Lau KW, Tran MG, et al. Contrasting properties of hypoxia-
inducible factorl (HIF-1) and HIF-2 in von Hippel-Lindau-associated
renal cell carcinoma[J]. Mol Cell Biol, 2005, 25(13):5675-5686

[14] Hckel M, Vaupel P. Tumor hypoxia: definitions and current clinical,
biologic, and molecular aspects [J]. J Natl Cancer Inst, 2001, 93(4):
266-276

[15] Brown JM. Exploiting the hypoxic cancer cell: mechanisms and ther-
apeutic strategies[J]. Mol Med Today, 2000, 6(4):157-162

[16] Chilov D, Camenisch G, Kvietikova I, et al. Induction and nuclear
translocation of hypoxia-inducible factor-1 (HIF-1): heterodimeriza-
tion with ARNT is not necessary for nuclear accumulation of HIF-1al-
pha[J]. J Cell Sci, 1999, 112(Pt 8):1203-1212

[17] Richard DE, Berra E, Pouyssegur J. Nonhypoxic pathway mediates
the induction of hypoxia-inducible factor lalpha in vascular smooth
muscle cells[J]. J Biol Chem, 2000, 275(35):26765-26771

[18] Kilin F, Kayaselcuk F, Aygun C, et al. Experimental varicocele in-
duces hypoxia inducible factor-lalpha, vascular endothelial growth
factor expression and angiogenesis in the rat testis [J]. J Urol, 2004,
172(3):1188-1191

[19] Lidgren A, Bergh A, Grankvist K, et al. Glucose transporter-1 expres-
sion in renal cell carcinoma and its correlation with hypoxia inducible
factor-1 alpha[J]. BJU Int, 2008, 101(4):480-484

[20] Nagasawa H, Uto Y, Kirk KL, et al. Design of hypoxia-targeting
drugs as new cancer chemotherapeutics[J]. Biol Pharm Bull, 2006, 29
(12):2335-2342

[21] Rini BI, Atkins MB. Resistance to targeted therapy in renal-cell carci-
noma[J]. Lancet Oncol, 2009, 10(10):992-1000

[22] Nilsson I, Shibuya M, Wennstrm S. Differential activation of vascular
genes by hypoxia in primary endothelial cells[J]. Exp Cell Res, 2004,
299(2):476-485

[23] Krieg M, Haas R, Br auch H, et al. Up-regulation of the hypoxia-in-
ducible factors HIF-1aand HIF-2a under normoxic conditions in re-
nal carcinoma cells by Hippel-Lindau tumor suppress or gene loss of
function[J]. Oncog ene, 2002, 60:4010

[24] Shinojima T, Oya M, Takayanagi A, et al. Renal cancer cells lacking
hypoxia inducible factor (HIF)-lalpha expression maintain vascular
endothelial growth factor expression through HIF-2alphal[J]. Carcino-
genesis, 2007, 28(3):529-536

[25] KondoK, KimWY, LechpammerM, et al. Inhibition of HIF2alpha is
sufficient to suppress pVHL-defective tumor growth [J]. PLoS Biol,
2003, 1:439-444

[26] Xia G, Kageyama Y, Hayashi T, et al. Regulation of vascularendo the
lial growth factor transcription by endothelia IPAS domain proteinl
(EPASI) and possible involvement of EPAS1 in the angiogenesis of
renal cell carcinoma[J]. Cancer, 2001, 91:1429-1436

[27] ZimmerM, DoucetteD, SiddiquiN, et al. Inhibition of hypoxia-in-
ducible factor is sufficient for growth suppression of VHL-/-tumors
[J]. Mol Cancer Res, 2004, 2: 89-95

[28] Makino Y, Kanopka A, Wilson WJ, et al. Inhibitory PAS domain pro-
tein (IPAS) is a hypoxia-inducible splicing variant of the hypoxia-in-
ducible factor-3alpha locus[J]. J Biol Chem, 2002, 277:32405-32408

[29] Maynard MA, Evans AJ, Shi W, et al. Dominant-negative HIF-3 alpha
4 suppresses VHL-null renal cell carcinoma progression [J]. Cell Cy-
cle, 2007, 6(22):2810-2816



