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Transcription Factor EPAS1 Regulates Insulin Signaling Pathway
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Obesity, which results from adipose differentiation and adipocyte hypertrophy, is a primary risk factor of these life-
style-diseases. Obesity, is primary risk factor of these life-style-diseases, results from adipose differentiation and adipo-
cyte hypertrophy. Adipose differentiation is regulated by several transcriptional factors, and we have focused here on the
roles played by endothelial PAS domain proteinl (EPASI1) in adipogenesis. EPAS1 was identified as a factor responsi-
ble for hypoxia responses, such as angiogenesis, here we demonstrated that EPASI is highly induced during adipose
differentiation in vivo and in vitro. We then analyzed EPAS1 promoter activity during adipose differentiation in 3T3-L1
cells. We showed that the sequence —478/—445 is responsible for the up-regulation of EPAS1 expression during adi-
pose differentiation and that the activity of this region is controlled by Spl and Sp3. To examine whether EPAS1 exerts
an influence on adipogenesis, we overexpressed dominant negative form of EPASI1 in 3T3-L1 cells. The expression of
EPASI (1-485) allowed cells to accumulate only a minimum amount of lipid droplets. Therefore, induction of EPASI
expression is necessary for execution of adipose differentiation program. The mechanism involves the direct transcrip-
tional regulation of Glutl, Glut4 and IRS3 genes by EPASI. These results also confirmed that the protein level of
EPASI was increased by insulin stimulation in adipocytes. Taken together, this result also indicated that EPASI plays a
role in the part of insulin action. Therefore, these results suggest that the quantitative and functional alteration of
EPASI are involved in metabolic syndrome occurrence.
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Fig. 1. Expression of EPASI during Adipose Differentiation

(A) White adipose tissue was excised from two male C57BL/6J mice (6 weeks old), and the tissue was fractionated into adipocytes and a stromal-vascular (S.-
V.) fraction. Total RNA was isolated, and the expression of EPAS1 mRNA was determined by Northern blot analysis. Lanes I and 2 were run using samples from
two distinct mice, respectively. (B) Obese C57BL/6J mice were generated by feeding the mice a high-fat diet for 4 weeks. White adipose tissue was excised from con-
trol mice and obese mice, and the expression of EPAS1 mRNA was determined by Northern blot analysis. (C) Expression of EPAS1 mRNA in human venous en-
dothelial cells and white adipose cells was determined by Northern blot analysis. (D) 3T3-L1 cells were induced to differentiate by the standard protocol. Western
blot analysis of EPAS1 and actin was performed on whole cell extracts (10 ug for EPAS1 and 5 ug for actin). (E) Expression of EPAS1 mRNA during adipose

differentiation in 3T3-L1 cells was determined by Northern blot analysis.
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Fig. 2. Comparison of the EPAS1 Promoter Activity in 3T3-L1 Preadipocytes and Adipocytes

3T3-L1 preadipocytes and adipocytes were transiently transfected with EPAS1 promoter construct. For all constructs, phRL-SV40 vector was co-transfected to
correct for differences in transfection efficiency. Constructs carrying various lengths of EPAS1 promoter were cloned into pGL3 basic vector, and their activity was
determined. The number in parenthesis indicates the position of the mouse EPAS1 gene inserted into the vector. The normalized activity in cells transfected with
pGL3 basic vector was arbitrarily assigned a value of 1. The averages of three independent experiments are shown.
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Fig. 3. A Schematic Model of Transcriptional Regulation of EPAS1 Gene during Adipose Differentiation
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Fig. 4. Dominant Negative Effects of EPASI (1-485) on
Adipose Differentiation in 3T3-L1 Cells
3T3-L1 preadipocytes stably transfected with inducible EPAS1 (1-485)
or empty vector (Vector) were induced to differentiate for 7 days in the
presence or absence of Pon.A. Cells were fixed and stained with Oil Red O.
Similar results were obtained with three independent clones.
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Fig. 5. Ectopic Expression of Full-length EPASI1 in NIH 3T3 Cells Stimulates Adipose Differentiation

(A) NIH 3T3 cells were stably transfected with full-length EPAS1 expression plasmid (EPAS1) or pcDNA 3.1 plasmid (Vector). Western blot analysis of
EPASI and actin was performed on whole cell extracts (10 ug for EPAS1 and 5 ug for actin) . (B) Cell clones were treated with differentiation medium containing
either troglitazone (10 um) or ETYA (50 um) for 10 days. Cells were fixed and stained with Oil Red O. (C) Microscopic view of dishes shown in (B) at X 100 origi-
nal magnification. (D) The cell clones were induced to differentiate with differentiation medium containing ETYA. Total RNA was extracted at the indicated time
points, and the expression of adipocyte-related genes was determined by Northern blot analysis. The results shown in (A)—(D) are representative of three to five in-

dependent clones with similar results.



No. 1

149

ZThiICk<IEHBSROMAHSICL > Tirbh
%, 25:20 Z Z T BPASI1 I X % Bg Iifl i 201k o F i
W ZME 9 2 BT, PPARY2 OiEFMILICEK S
EPAS1 (1-485) i %FE B D 53 {LRE D [E11E & &
HT-FER, PPARy2 ® U A > RFNICE D EPASI
(1-485) FEHMADO M LEEIT T > Fo—)LflifiE & 1F
EFEEEICETHELZ. £/ PPAR2 07 O
T—4 —IEMICIT EPASTI I3 EE 5 2 o /2
ZEns, BHMEMEOFET DI AT — RIZH N
T EPASI 13, PPARy2 OJEMALIZHN > TH BN
WERRARICER T 2 Z &M 72

i 15 40 B D B BB 121X PPARY2 I X B SN &
p& EBHITA DAY VIEZEOESNNATH 5.
fERFRIIEIC BT 51 > R VIEZMHE, 1A >
T FIVIRZEIZE G T 2k % 78R T D7 EITHE D
HEFBIZCXo TESINS. VD HEHKRENT &I
EPAS1 OREO S Td 5 HIF-1o 13552 M AL I
BOWTA A VICKDFEINSELETO—H %
FIEL TS, D

T ZTHRIMIIENTOA > 2 > 7 F 0 270
BT % EPAS] O&EIZRIAT 2729, £ IR
fiiz 3515 % EPASI OFEBICKITT A >R > OF
BERH L7z, ZOK%, EPASI mRNA OFB&E
31 2 OERIZFEDSTIZE ~ETHo 7.
LU s EPASL Y DNV EBIZA DAY Vi
ERGRICHENT 2 ZENERIN-. 2ok
W&, A AU NEDEHO—#% EPASI IZX %
BEFRHEZNLUTEAL TVWD ZEZREBL TN

40 -
35 1

2-DOG uptake
(dpm/pg protein)

%, T, BMCBTS1 A AEHD 1
DTH5H7 )T —ZXADEDABTENZ BRI
EPAS1 O A1 > AU HERANDOBEG 2 L. D
DO BNWTTY T ) I IV ARIZED
EPAS1 (1-485) Z @ E RIS & /=, BEKENI &
IZ, EPASI (1-485) #EHIMICH T2 7)) a—R
OROAAENEND > bOo—) V&L TEFL <
K FLTW/= (Fig. 6).

T IZTA AN 7 F)VERE R T O FE BN
BT % EPASI OE|Ztat L& 25, EPASI
(1-485) FHHEHHHIBICBN T I I—ZDOE DA
HEETZNVIA—ARNT O AR—=F—Th5
Glutl, Glut4 S ONEIAAIIR A1 > 2 U 22854k
HETH5IRS3 ORBEENEL <MF SNz =
522N 50T 7 O0E—4 —iEMA EPASL 1T
XoEmMmLEZZENS, EPASI NINSRTFDEL
HHREICEG T I ENHSNITRS . ZNH D
HFIZNTN GBI ZE R T 2 ETHHERER
FTCHHIEN ) w7 T RITA AWM X
DHHLEMIZEINTNDZENS, ZNLEKRTOIR
B A EPAST 1 K 5 5 1 #i i 71k D F Sk g
—HTHDIENHENI . D FE1
2 ZFEEROTIRICAMET 5 Akt DU 2 RIEIT
KL T EPAS1 OEENSBE 51D S isho -
ZEMS, ST EPASI OEMELRTE L THES
NEHODDH, K2 Glutl Wi Nz Glutd OFEBH
iy EPASLIC L 51 > 2 VIR EEHETICH
WCTHETHLZENREO N, ULEORERKLD

30 -

25

20

*

15 |

10

5—<. . :

0! ||

Adenovirus — lacZ

EPAS1 — lacZ EPASI1
| (1-485) | (1-485) |
+ * P <0.05

Insulin(1 p M) —

Fig. 6. Dominant Negative Effects of EPAS1 (1-485) on Glucose Transport in 3T3-L1 Adipocytes
3T3-L1 adipocytes were infected with adenovirus carrying EPAS1 (1-485) or LacZ at a multiplicity of infection of —50 for 24 h. The cells were stimulated with

1 um insulin in Krebs-Ringer-Hepes buffer for 30 min.
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Fig. 7. The Possible Roles of EPASI in Insulin Signaling

EPASI1 was increased by insulin in adipocytes. EPAS1 seems to directly regulate Glutl, Glut4 and IRS3 genes, followed by enhanced glucose uptake, may ac-

count in part for putative mechanism by which EPAS1 promotes insulin sensitivity.
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EPASI OHEEZ B S MMICT B LT/ w7 77 b
RURAEHWHFIAENTH D EEZS5NDD,
EPAS1 / v 7 7 hY U R34 < O ERARTE
ThHO, DIFNITHAELZITZICBNTHZ DM
U WEHZ B K D RBIRIIRETHS. =h
WU TAMETRLEEDICHEERH D NET T
JOIAINARIZES R2F 2 bR T 17 EPASI
DRBRIL, /v ITINITZAOEMERET &
EBICEFZMHOY O E L THARTEERS. L
723 TAMIZE TR U 7= #5513 EPAST O fig i i
2B DIEE R TR 2B S i Uiz
ZEITHEEST, WEEARHLENZL W EPASI O
FeE - MBI BT 2 EERE DA D -0 O H /73
BEERBDEEZLNS.

1. &HYIC

PLEMRANTEZL DT, EHFIEHME b
IZH T EPASLIX, 5 L X)L TORIEITMAZ,
AAY VR E DY N BEEEENSE, %
DFRERA > 2 > 27 F )R ER E IR T O 7 B i
EHALTA R VEZEOERIT I ENICE &
fe< eI b 2REi T L2 /L 20
FM2 AT X E LT EPASLIZ, JEHiHERME

W2V mRNA LX)V 287 E L X)L D
THICBVWTHREBHEZMML, ZOHE Glutl,
Glut4 iIfi (NMZ IRS3 OREBIFAFI 2 L TA > AU >~
A M D IS TN E R 51 &= e < BRI RE b D
ETZREAT DI EZHENITTE.

AL TIE, T OEFEERICE L TAMRRNZ
W EPASI %, [Ei#ifas b @ —ii 2 S ¥ 7z 7xiz
BRFELUTIA, TOREREEZAHTEEHICE
B EIC BT 2 BRI 2 BH S N L. A
ETHESNZAAZ, B S5IZE1 R P
PIZEDWIZAZ R w722 RO—AFIED T
WCHARHOEIKEZ 52260 I N5,

BE AR, HARZIESEE AR
E - FHEMBBEEO FTIrbNbDTHD, 4k
213, MIREARREEE RO E L2 &
ELROEHNELET. 2, AHKORITICH
20, WiEE, HEEZEHLD L HAREIEEL
AR E - BREESKBBIRIT LR D E# W
U9, R THITEW HARKREE LI &L
(LT D R 2EBE A M N 2 FEWFTE A D RR IR
<EHWEZL T, |\, AR OICHZ0,
EPASI1 plasmid Z 2t L TWiz/Z &£ L ZEFIKA
FREEMDOIR BREPBIRICZOGHEBEO LT
HALEL B ET.
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