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The role of hypoxia response system in the development of
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Inhibition of prolyl hydorxlyase (PHD), an oxygen sensor, suppressed anigotensin II
receptor expression in vascular smooth muscle cells and angiotensin II-induced cardiac
fibrosis. Mice with targeted deletion of PHD isoform 2 in adipocytes were resistant to
high-fat diet-induced obesity and glucose intolerance. PHD inhibition may be a novel
strategy for the treatment of cardiovascular diseases and metabolic syndrome.

SR TEHA
(BREHAT - 1)
JELAEE [A] BERE 2L & Fh
SATIRERA 2,800, 000 840, 000 3, 640, 000

WSROV BE © IR B9

RS ) - HIE © PORERBRIREE 5 - ISRERIVR

F—U— K TR, IR R

1. BFZEBHAA 4 YO 5

(1) BhREE(LRE LI~ 7 A 2B T 5 A
VA RIS E ORI BT, I
LNEVIE~D~ 7 a7 7y —OREE
IEMERIENEE R EHEZR-TLEEZD
NTND, TUT, RIE & HRR KRR 1 LIS B
wIERT %,

(2) AR MERRFICKIGT DA ICBWT
hypoxia inducible factor (HIF) & XiXh 5
RCATNIS VN WA (1 Rl S A IV s L =
JE R T HIF 1X prolyl hydroxylase domain
protein (PHD) 12 & W KEgfb&=1F, 7 u7
7= AT BW TR SIS T2 D e T

AT B

WRH LUz b T b, [KEFEiREE
CIE PHD 12 & B 7K ER{L 233 & 4L HIF 388
NZENT D, EOFER, HIF 1T AR
AT U EORBEFHE L, (KEEF )G
LEID2ETD7 40— Ky 7 EENEL,
HIF 2MEMALT 2 B a i3 I REE R I
TH5FTHV ., HIF ORBEFEA ISR
WZE S TUIAERRKEEEZ BILD, PHD 2
XSO A Y 7 r—5n (1~3) BNED
23, PHD 2 W EIIREEFISEIZED D L& 2
HILTW5B,

(3) PHD ZFEMRAYIZPESE L C HIF & ZE(k
(R SREE) S, RELERTS



Z L7 KRR ER ORI L, B ERE
& ARRAR S 32 O G BR 2 Wr H YL 5 mlREME
BhHbdEEZT, Fxrld, ~/n77—TVRK
DOHBIRRIZ I T, PHD2 DFHEA Y ARAR Y H
v NTA RIZEL->THEIND TNFa DFEL
AW T L5 L EHEL TWD
(Arterioscler Thromb Vasc Biol.
2009;29:2132-7), #t-~C PHD2 DFHEIL, 4
KN THHRIEMEAIC LV, BIREE IR O
A AU VRO SEE b2 6T
AREME L RIS D,

(4) HIF |3fiHEREER ORBLZFHET H &
FEZI ha RY 7 TOBREYY B
ZIHT 5, EWEBE T TI o XS RREE
(HFRENE) Z1ED & ATP AR
T2, ZOEDREICED ATP ZEAT H7-
WIZEVEL DI NV a—ARNNELRD, F
7o, 7TV CoA WLV, AN D
ERRIMET 5, L7=23->TPHD OFHEIC &
5 73— A HE OB SARE D L.,
JEMF B RRAME T3 B 72024 A Y U HH
MENRLEINDAREELHD EEZOND,

2. WO HBY

IR T RICEHE 288 2 R/ 3 prolyl
hydroxylase domain protein (PHD) @23
FREEA L2 A > A U ARPIEOFIRIEHEE &
20 DD EREL, EOMF AT 5 2
EEEMET D,

(DPHD K~ 7 A CPHDFHZESE % HIV T, PHD
FHENT RV REHEXKE~ 7 2 O@h iR L
RBFEREE T MBI DA A R
HEWETE2NEHLNIT 5D,

QPHDFHFE DO HZMMEDOF & LT, BiRIEEH
EWVIHIBIENLERME, L= T UF
TR, MAEA N VA [EERRELR E
\ZYEH L CPHD & B « AR A /E 2 BH & 2»C
T 5,

3. WHFED Tk
O7y MREWRE RO KT i A

PHD PHZE#E PHD2 (2% % siRNA 23 5-1 .

T IOF T AAN AT 1R
(ATIR)® mRNA BIOEARBEZNZ I
=Yo7 ayNEBIOY T AZ Ty ME
WZEORREILTZ,

ATIR B FD 7ot —H—iFEM Iy~
=7 —PEICKVRIEL-,

VU AIREEI=R T2 AN T Angll &
4 AR T 5-L7=, PHD BLEAITH DAL
VRO G- L, KERO AT1R D%
B DIBORRHE(L (Masson Trichrome Y4£8,)
ZRMmL7,

@PHD2-floxed =17 A& aP-2(E 15l e £
HEA S T-)/Cre ~ 7 AD AN LV R A G
FEBEL)72 PHD2 KB~ AZAERR L=,
12045 L6l RN A2 AfT L, PEA LR
B, A A AR E A T L4
NEWARERR DR B fi AT (TR A D K& X
MAEH A L7 F LAY, ~ a7 7—
D2 Mac3 HLiRlC L A5 Ye ) mRNA
FE (EEH PCR) BLOVE AR (T AH
7y NE) DN E #1172,

SiRNA Z VW T3T3L1#D PHD2% /w27
2 UTt% | BRI~ b S H mRNA %
Bl (E &/ PCR 1K) PRI O FE(OIl
Red O ) Zfrat L7z,

4. FFZEECE

(1) PHDREHEIZ & AATIRD FIFHNH
[R5 ]

OPHDORREIE T H Bk =31 b (CoCl,) D
53 5O IEEEEE (1%0,) ~D T 1T, B
VAR OHIF OFEBLA N S & 2 & [FIIRF
(2. ATIROmRNAFS L OVE FFEBL 2 i) L7z,
T EECoCL, DY FEAR AT T8 i Ml i oD

ATIR | — o .

a-tubulin — — A —

(%)
120

AT1R/a-tubulin
¥
*

C 100 150 200 300
CoClL, (pmoliL)

ATIREE H ORI HD LT D F 2R,

WilZvascular endothelial growth factor
mRNAD FEBLIFCoCL, DI FEEARAFMEIZ G L 7=,
CoCL,LASH OPHDFHZE HE  (DMOG) T % [AIER D
REBT,
Q@PHDDEFERT A Y 7 4+ — LT HPHD2 %
SIRNAIZ LD 7 w7 X0 v LT SEiE e ¢
b [AARIZATIROFEBLA I S 47z, Lo LHIF
DOUSFIFEBUIATIRO FEBU NI B2 B % 727>
277,
QPHDRHEIFATIREBIR 1O 7 v & — & — 5P
95 & FIEFIZ, mRNAZZ EME & B &
7o

@=L M2 X D ETLE XS EIC B D
TAnglllZ K Bextracellular
signal-regulated kinase (ERK) D& MAL 2 #]
L7,



O~ AIZar) FEHKESGT S E, K
WRIZE T DATIROFEH D IH < vie, =391
k DB HITAFE OAng I T#H 512 L £ U 55
B RJE PH OFRAE L A 0 L7223, AnglTIZ K 5
M BRI B % 5 2 o T,

[ %2] PHDO FHZEASATIROD F L & i 3 5 &
ZH BT LT, ATIROFEBNHNIC LV |
AnglTIZ X VBB SN D HMENT 7 Oig
Pk, SEMRFAIIE OB, 1 E P ORRME
e ERIE ST EE 2 BTz, Angl T A
EEIRIE e & Ok R ICEE 2R H A R
LTWAZ Emb, PDOEEIZL= - T
ATV U FROMEES LT, DI E R O
BT 7R IR RIS & 72 2 AIREME DS R S ATz,
PHDBH (2 2 2 ATIR D F& B 1 ZHI PR A7
T&H Y. PHDOHIFLIADEEIZ DWW TOELR
DRRET, FEBLANE Oy T ORI BB L
EZz b,

(2) ARhiARatE 2MPHD 2 RIBT ™Y R DIERK
LRI,

CEES)!

DPHD2-floxed = 7 A LaP2-Cre~ 7 A%
B L. TENGAMIE A L AYPHD2 K8~ 7 A & VERK
L7z, T O~ AONEH#RECTITHIF o 8 &
TRHIF2 o DIEFAHEN LTV,

BERSMBRAS RAIPHD2 /v 0 F I 9 RO HERL |

BEARAGEM SO A DR L

[ L. L ARk
bl U CPHD2KHE~ w7 AR E R K OB &
BN D7 L MHRENRI TH -T2, O
HBEICIZE T R o Tz, FRISHEARTRBR O
AR,

MR TR
500

400

300 ]
*

200

100 1 = Emzw2z
0 Lo Pra2xET2

0 30 60 90 120
— (min)

M ¥E&E(mg/dl)

A A VAR CIIAERETRD LN
RS TN, A AU HHE A R THOMA- IR
TIX.PHD 2 R~ T ADA > A U RGN
WE L TWDHENRBR SN, W o PR
iea L AT o — VEICIXET 2o T,
O eI ARt OPHD2/K I~ w7 2 O [l
g e kit Ay A Ll = R NP SR =1 3.
~nD~rn 77y —=Y0RENDRL,
HENE T Loz, MEFAEICET 58
Tl PHD 2 K4E~ 7 2 DS HRGEZ BUNC
placenta growth factor ZSHEAN L TV 7=,
@PHD 2 K~ v 2 D g KL TR/
B TR AR R B AR 7 DI BEINATED &
7=, £7=PPARy . CEBP/a. 7T A HRF T F
VIR EORBLLEEL Tz,

(®PHD 2 KHE~ 7 A D& @R KR O FRRE O
AR~ R LD 2
uncoupling protein 1 (UCP-1) M3EIEAHEIN
L Tz, PHD 2 R¥E~ U A TR HE &1
Lhoio,

®PHD2% / 7 X7 L L7-3T3L1AINE Tl fif
PEREESE DOBAR TRBNTLE L Tz, A7
Z 7L siRNAZ A L 7= % BB D 3T3LIHI &
K BbR, FEEEFO 7 NV a—RARENMET
L, FLERIEEEASHAIN L TNz, BENAMI~%
L&A, PHD2% / v 7 X7 3T3L1
AR CITHIBE N ~ D IR BE D A 03 %t B D il
e R ARty

[B22] NG AR BAYIZPHD 2 2 RIET 5~
U A E BN R AR X B IR Tt
BERE DAV N E T o 72, T, HIFDHE
PEAGIZ X 0 iR s e L, Bk ) Rk
NIl SN2, L0 EL OBEZEE LT
ATPEEAEZIT O Teb EE 2 bz, F7-HEHHM
flk~D~ 27 nv 77— ORENED L TEY
. NEWHERR 381 2 S iE Ok D B - & 7R
SN, BBHEBNHEML TWAHEND,
TN —HEDOTLENEZ BbND, F DR
Fr & U CIIUCP- 1D BUEINC L 5 b DONRH
2 HIAH D, UCP-1IZHIF DRER L T Tld
<. ZOBFICELTIE, S%OBENPNME
EEZBND, FEIAMAEOPHD 2 (3 AR )
72D DRIFED JNER) 53 1 & 70 D ATREMEDN B
2 BT,

(3) £&®H

PHD #3iZ PHD2 OEEF V=2 - T VAT
YU UROMEL, BUEEER e EER L, A
LR Yy 7 REERE A D 0 i e B O
T2 7R VRRERIE & 72 B A[REMEDS R S vz, Bl
£, PHD PHEZSE M OVEEIKE LT3 X
NTERY, FrRHAR IS,



5. ERRERLE
(RFFEAREEE . WFZE 0 $H3 M ONHLEERF 2235 12
X TR

UERsam ) (B 3 1)

1. Matsuura H, Ichiki T, Inoue E, Nomura M,
Miyazaki R, Hashimoto T, lkeda J,
Takayanagi R, Fong GH, Sunagawa K
Prolyl Hydroxylase Domain Protein 2
Plays a Critical Role in Diet-induced
Obesity and Glucose Intolerance.
Circulation 2013 In Press

2. Inoue E, Ichiki T, Takeda K, Matsuura H,
Hashimoto T, Ikeda J, Kamiharaguchi A,
Sunagawa K. Beraprost sodium, a stable
prostacyclin analogue, improves insulin
resistance in high-fat diet-induced obese
mice.

J Endocrinol. 2012;213:285-291

3. Matsuura H, Ichiki T, lkeda J, Takeda K,
Miyazaki R, Hashimoto T, Narabayashi E,
Kitamoto S, Tokunou T, Sunagawa K.
Inhibition of Prolyl Hydroxylase
Domain-containing Protein Downregulates
Vascular Angiotensin 1l Type 1 Receptor,
Hypertension 2011;58:386-393

(PR Grefh)
£33 4MBAREONEF=RE (2011 £ 10 A
20-22 H. F&#F™)
AW S g, iskefenl, sHZZKRES, W)
Prolyl hydroxylase domain & H OEEIXT
YOFTvy U AT ZREEROREBL A
i 5.

Scientific Sessions 2011, American Heart

Association (2011 &£ 11 A 12-16 H., 7+ 1)
ERE. 701U 4A)

(DHirohide Matsuura, Toshihiro Ichiki; Kotaro

Takeda, Kenji Sunagawa

Inhibition of Prolyl Hydroxylase
Domain-containing  Protein ~ Downregulates
Vascular Angiotensin 11 Type 1 Receptor
@Hirohide Matsuura, Toshihiro Ichiki; Kotaro
Takeda, Kenji Sunagawa

Adipocyte-Specific Deletion of Prolyl
Hydroxylase Domain Protein 2 Ameliorates
Diet-Induced Obesity and Glucose Intolerance in
Mice

% 76 M AXBIRFFZRHLE (2012 £ 3 A
16-18 B. #&R[)

(DHirohide Matsuura, Toshihiro Ichiki; Kotaro
Takeda, Kenji Sunagawa

Adipocyte-Specific Deletion of Prolyl
Hydroxylase Domain Protein 2 Ameliorates
Diet-induced Obesity and Glucose Intolerance in
Mice

@Hirohide Matsuura, Toshihiro Ichiki; Kotaro
Takeda, Kenji Sunagawa

Inhibition of Prolyl Hydroxylase Domain Protein
Downregulates Vascular Angiotensin 11 Type 1
Receptor

High Blood Pressure Research 2012
Scientific Sessions (201249 A 19-22 A.
72 k2 DO)

Toshihiro Ichiki, Kenji Sunagawa
Inhibition of prolyl hydroxylase
containing protein  downregulates
angiotensin 11 type 1 receptor.

domain
vascular

% 29 EERDEHRESBAEHS 2012 £ 10
H 26, 27 H, &R

(DToshihiro Ichiki, Kenji Sunagawa

A novel role of prolyl hydroxylase domain
protein, an oxygen sensor, in cardiovascular
remodeling.

@)Jiro lkeda, Toshihiro Ichiki, Kotaro Takeda,
Kenji Sunagawa
Macrophage-Specific
Attenuates
Remodeling.

Deletion of PHD2
Hypertensive Cardiovascular

American Heart Association, Scientific
Sessions 2012 (2012 4= 11 A 3-7.Los Angeles,
USA)

Jiro lkeda, Toshihiro Ichiki, Kotaro Takeda,

Kenji Sunagawa
Myeloid-Specific Deletion of PHD2 Attenuates

Hypertensive Cardiovascular Remodeling

() Gto)

(PEZEA PEHE)
OiFERIL GO 1)
ORI (GO )

(Z Dfth)

2L

6. HFFTHHAR

() Argefass

WOl B (SUNAGAWA KENJI)
JUNKE: « KEFBEESFIERE - Hi%
e 35 50163043

(2) W ge sy

misk  #5L (ICHIKI TOSHIHIRO)
UK « R 2EpE - 2%
fiff%e 4 %5 : 80311843


http://www.ncbi.nlm.nih.gov/pubmed/22460613
http://www.ncbi.nlm.nih.gov/pubmed/22460613
http://www.ncbi.nlm.nih.gov/pubmed/22460613
http://www.ncbi.nlm.nih.gov/pubmed/22460613
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=DaisyMultiClustViewRecords&qid=29&SID=R1e@eP9ag3DPfbc6kap&page=1&doc=1
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=DaisyMultiClustViewRecords&qid=29&SID=R1e@eP9ag3DPfbc6kap&page=1&doc=1
http://apps.webofknowledge.com/full_record.do?product=WOS&search_mode=DaisyMultiClustViewRecords&qid=29&SID=R1e@eP9ag3DPfbc6kap&page=1&doc=1

