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In this study, we investigated a role of hypoxia-inducible factor (HIF)-3 as a reg
ulator of cellular hypoxia response by HIF-1. HIF-3alpha mRNA was transcriptionally up-regulated by hypoxi
a in a HIF-1- dependent manner. Promoter analysis revealed that HIF-3alpha is a novel HIF-1 target gene. O
verexpression of HIF-3alpha in a human proximal tubular cell line, HK-2, reduced the hypoxic induction of
lysyl-oxidase most si?nificantly among other known HIF targets. Functionally, HIF-3 counteracted the disap
pearance of epithelial markers, such as E-cadherin, by hypoxia and inhibited the acquisition of cell migra
tion. In immunohistochemistr¥, the expression of HIF-3alpha was most evident in the nuclei of tubular epit
helial cells in various models of CKD representing fibrosis. In summary, results of the present study clar
ify the importance of HIF-3 in counteracting kidney fibrosis in the hypoxic environment.

HIF-3



E-cadherin
fibronectin
hypoxia-inducible factor (HIF)-1 HIF-3a EMT
HIF-1
HIF-3
HIF-3a HIF-1
HIF-3a
PCR (NHIF-3a
HIF-3 (EMT)
HIF-1 HRE-luciferase
rHIF-3a HIF-1
HIF-3 rHIF-3a (TAD)
rHIF-3a A TAD
TAD mouse IPAS  human HIF-3a
4 HIF-3a variant
HIF-3a HIF-1
HIF-3
HIF
HIF-1 HIF-3a
HEK293
HIF-3a
HIF-3a
scratch
(HK-2) assay
HIF-1
real-time PCR HIF-1
mRNA Western blot
HIF-3 HIF-3 lysyl oxidase (LOX)
HIF-3a HK-2 LOX-like2 (LOXL2)
Western blot
(20%)
(1%) HIF-3a HIF-3 EMT
HK-2 L
HIF-3a HIF-1
MTS lysyl oxidase (LOX)
HIF-3a LOX LOX
SiRNA HIF-3
a (EMT)
HIF-3
HIF-3 EMT
epithelial-mesenchymal transition
(EMT) HIF-3a (HK-2)
HIF-3a
HIF-3 EMT HIF-3a



HIF-3
EMT
HIF-3a
E_
fibronectin
SiRNA HIF-3a
HIF-3
EMT
HIF-3a
HIF-3
a
HIF-3a (UUo)
HIF-3

1. Shoji K, Tanaka T, Nangaku M. Role of
hypoxia in progressive chronic kidney
disease and implications for therapy.
Curr Opin Nephrol Hypertens. 2014
Mar;23(2):161-8.

2. Mimura I, Tanaka T, Nangaku M. Novel

therapeutic strategy with
hypoxia-inducible factors via
reversible epigenetic regulation
mechanisms in progressive

tubulointerstitial fibrosis. Semin
Nephrol. 2013 Jul;33(4):375-82.

3. Tanaka T, Yamaguchi J, Higashijima Y,
Nangaku M. Indoxyl sulfate signals for
rapid MRNA stabilization of
Cbp/p300-interacting transactivator
with Glu/Asp-rich carboxy-terminal
domain 2 (CITED2) and suppresses the
expression of hypoxia-inducible genes
in experimental CKD and uremia. FASEB
J. 2013 Oct;27(10):4059-75.

4. Higashijima Y, Tanaka T, Nangaku M.
Structure-based drug design for
hypoxia-inducible factor
prolyl-hydroxylase inhibitors and its
therapeutic  potential for  the

10.

11.

12.

13.

treatment of
erythropoiesis-stimulating
agent-resistant anemia:raising
expectations for exploratory clinical
trials. Expert Opin Drug Discov.2013
Aug;8(8):965-76.

Shoji K, Murayama T, Mimura I, Wada T,
Kume H, Goto A, Ohse T, Tanaka T, Inagi
R, van der Hoorn FA, Manabe 1, Homma Y,
Fukayama M, Sakurai T, Hasegawa T,
Aburatani H, Kodama T, Nangaku M.
Sperm-associated antigen 4, a novel
hypoxia-inducible factor 1 target,
regulates cytokinesis, and its
expression correlates with the
prognosis of renal cell carcinoma. Am
J Pathol. 2013 Jun;182(6):2191-203.
Chiang CK, Nangaku M, Tanaka T, Iwawaki
T, Inagi R. Endoplasmic reticulum
stress signal impairs erythropoietin
production: a role for ATF4. Am J
Physiol Cell Physiol. 2013 Feb
15;304(4):C342-53.

Tanaka T, Nangaku M. Angiogenesis and
hypoxia in the kidney. Nat Rev Nephrol.
2013 Apr;9(4):211-22.

Tanaka T, Yamaguchi J, Shoji K, Nangaku
M. Anthracycline inhibits recruitment
of hypoxia-inducible transcription
factors and suppresses tumor cell
migration and cardiac angiogenic
response in the host. J Biol Chem. 2012
Oct 12;287(42):34866-82.
Muratsu-lkeda S, Nangaku M, lkeda Y,
Tanaka T, Wada T, Inagi R.
Downregulation of miR-205 modulates
cell susceptibility to oxidative and
endoplasmic reticulum stresses in
renal tubular cells. PLoS One.
2012;7(7):e41462.

Tanaka T, Nangaku M. Recent advances
and clinical application of

erythropoietin and
erythropoiesis-stimulating  agents.
Exp Cell Res. 2012 May

15;318(9):1068-73.

Chiang CK, Tanaka T, Nangaku M.
Dysregulated oxygen metabolism of the
kidney by uremic toxins: review. J Ren
Nutr. 2012 Jan;22(1):77-80.

Chiang CK, Tanaka T, Inagi R, FujitaT,
Nangaku M. Indoxyl sulfate, a
representative uremic toxin,
suppresses erythropoietin production
in a HIF-dependent manner. Lab Invest.
2011 Nov;91(11):1564-71.

Tanaka T, Nangaku M, Nishiyama A. The
role of incretins in salt-sensitive
hypertension: the potential use of
dipeptidyl peptidase-1V inhibitors.



14.

15.

16.

17.

18.

19.

Curr Opin Nephrol Hypertens. 2011
Sep;20(5):476-81.

Mimura I, Tanaka T, Wada Y, Kodama T,
Nangaku M. Pathophysiological
response to hypoxia - from the

molecular mechanisms of malady to drug
discovery:epigenetic regulation of
the hypoxic response via
hypoxia-inducible factor and histone
modifying enzymes. J Pharmacol Sci.
2011;115(4):453-8.

Tanaka T, Nangaku M. Pathogenesis of
tubular interstitial nephritis.
Contrib Nephrol. 2011;169:297-310.
Mimura I, Nangaku M, Nishi H, Inagi R,
Tanaka T, Fujita T. Cytoglobin, a novel
globin, plays an antifibrotic role in
the kidney. Am J Physiol Renal Physiol.
2010 Nov;299(5):F1120-33.

Kawakami T, Inagi R, Wada T, Tanaka T,
Fujita T, Nangaku M. Indoxyl sulfate
inhibits proliferation of human
proximal tubular cells via endoplasmic
reticulum stress. Am J Physiol Renal
Physiol. 2010 Sep;299(3):F568-76.
Palm F, Nangaku M, Fasching A, Tanaka
T, Nordquist L, Hansell P, Kawakami T,
Nishijima F, Fujita T. Uremia induces
abnormal oxygen consumption in tubules
and aggravates chronic hypoxia of the
kidney via oxidative stress. Am J
Physiol Renal Physiol. 2010
Aug;299(2):F380-6.

Nangaku M, Tanaka T. Forewarned is
forearmed: arm with HIF activation.
Nephrol Dial Transplant. 2010
May;25(5):1385-7.

Tetsuhiro Tanaka, Kumi Shoji, Junna
Yamaguchi, Masaomi  Nangaku. An
antifibrotic role of
hypoxia-inducible factor 3 in renal
tubular cells. American Society of
Nephrology Renal Week 2013. Atlanta,
USA. Nov 5-10.

Tetsuhiro Tanaka, Junna Yamaguchi,
Yoshiki Higashijima, Masaomi Nangaku.
Indoxyl sulfate signals for rapid mRNA
stabilization of Cbp/p300-interacting
transactivator with  Glu/Asp-rich
carboxy-terminal domain 2 (CITED2) and
suppresses the expression of
hypoxia-inducible genes in
experimental CKD and uremia. American
Society of Nephrology Renal Week 2013.
Atlanta, USA. Nov 5-10.

Tetsuhiro Tanaka, Kumi Shoji, Junna
Yamaguchi, Masaomi Nangaku.
HYPOXIA-INDUCIBLE FACTOR (HIF) 3 IS

UPREGULATED BY HYPOX1A AND COUNTERACTS
THE EPITHEL I AL-MESENCHYMAL
TRANSDIFFERENTIATION PROGRAM. 2013
World Congress of Nephrology. Hong
Kong, China. May31-Jun4.

Tetsuhiro Tanaka, Junna Yamaguchi,
Masaomi Nangaku. INDOXYL SULFATE
UPREGULATES CBP/p300- INTERACTING
TRANSACTIVATOR 2 (CITED2) AND IMPAIRS
THE INDUCTION OF HYPOXIA-INDUCIBLE
GENES IN EXPERIMENTAL CKD AND HEART
FAILURE MODELS. 2013 World Congress of
Nephrology . Hong  Kong, China.

May31-Jun4.

Tetsuhiro Tanaka, Junna Yamaguchi,
Masaomi Nangaku. INDOXYL SULFATE
SUPPRESSES TRANSACTIVATION OF

HYPOXIA-INDUCIBLE FACTOR 1  AND
DYSREGULATES HYPOXIA RESPONSE IN RATS
WITH CHRONIC KIDNEY DISEASE AND
EXPERIMENTAL HEART FAILURE. ERA-EDTA
50" meeting 2013. Istanbul, Turkey.

May18-21.
Tetsuhiro Tanaka, Junna Yamaguchi,
Kumi Shoji, Masaomi Nangaku.

Anthracycline inhibits recruitment of
hypoxia-inducible transcription
factors, blunts the induction of lysyl
oxidase and suppresses migration of
renal cell carcinoma. American Society
of Nephrology Renal Week 2012. San
Diego, USA. Oct30-Nov4.

Tetsuhiro Tanaka, Kumi Shoji, Junna
Yamaguchi, Masaomi Nangaku.
Hypoxia-inducible factor (HIF)-3a is
a HIF-1 target gene and counteracts
migration of proximal tubular cells in
hypoxia. American Society of
Nephrology Renal Week 2012. San Diego,
USA. Oct30-Nov4.

Tetsuhiro Tanaka, Junna Yamaguchi,
Masaomi Nangaku. Indoxyl sulfate
induces Cbp/p300-interacting
transactivator, with Glu/Asp-rich
carboxy-terminal domain, 2 (CITED2),
via the mitogen-activated protein
kinase cascade and impairs hypoxia
response of tubular epithelial cells.
American Society of Nephrology Renal
Week 2012. San Diego, USA. Oct30-Nov4.
Tetsuhiro Tanaka, Toshiro Fujita,
Masaomi Nangaku. Indoxyl sulfate
induces Cbp/p300-interacting
transactivator, with Glu/Asp-rich
carboxy-terminal domain, 2, and
impairs hypoxia response in proximal
tubular cells. American Society of
Nephrology Renal Week 2011.
Philadelphia, USA. Nov8-13.

10. Tetsuhiro Tanaka, Toshiro Fujita,




11.

12.

13.

14.

15.

16.

17.

18.

19.

Masaomi Nangaku. Indoxyl sulfate
impairs hypoxia response in cultured
proximal tubular cells. 7
International Congress on Uremia
Research and Toxicity 2011. Nagoya,
Japan. Mayl2-14.

Tetsuhiro Tanaka, Toshiro Fujita,
Masaomi Nangaku. Impact of
anthracyclines on hypoxia response in
tubular epithelial cells. American
Society of Nephrology Renal Week 2010.
Denver, USA. Nov16-21.

56
2013 5 10 12

CITED2
CKD
56
2013 5 10 12

HIF

55
2012 6 1 3

Hypoxia-inducible
factor(HIF)-3a
55
2012 6 1 3

MAP
Cited2
55
2012 6 1 3
54
2011 6 15 17
53
2010 6 16 18

Fredrik Palm

53
2000 6 16 18

o

&)

®

TANAKA, Tetsuhiro

90508079



