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Hypoxia Inducible Factor — Prolyl hydroxylase Inhibitors (HIF-PHI)
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S8 —OEFRYMERIZBITAEFMEIL B &, T8, BF; A, TE; UK, ESR; LUK, =; Norboo, Tsering; IRA, FEX; B'E, ;FAN; 1A%, 2O, X
1%, B EvYSVEEE (2010), 11: 54-60

Beall CM., 2006. Andean, Tibetan and Ethiopian patterns of adaptation to high—altitude hypoxia. /ntegr Comp Biol. 46, pp.18-24

Leén—Velarde F. et al., 2003. Proposal for scoring severity in chronic mountain sickness (CMS). Background and conclusions of the CMS Working Group. Adv
Exp Med Biol 543, pp.339-54.
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Science. 2010 2; 329(5987):72-75 Simonson TS: Genetic evidence for high—altitude adaptation in Tibet

Nature Genetics 46, 951-956, 2014 Felipe R Lorenzo,: A genetic mechanism for Tibetan high—altitude adaptation
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Disruption of oxygen homeostasis underlies congenital Chuvash polycythemia. Nat Genet 32 :614-621, 2002.
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A KBS EEEREZOI—F T HEGLNIBIEFIZEE = HIF-2a &EE TEKC
75 = HF2a DHEIFIIHME > RBCELE L. (MBFEPOE: EEEH)

A family with erythrocytosis establishes a role for prolyl hydroxylase domain protein 2 in oxygen homeostasis.

Proc Natl Acad Sci USA 103 : 654—659, 2006.
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PHD2[Zx I A5 S BEOKERIELNILDIET, VHLEDFESEEDIE T MNA BN S.

EPOFIHTTEE . N Engl J Med 358 :162—168, 2008
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Ang SO, Chen H, et al: Disruption of oxygen homeostasis underlies congenital
Chuvash polycythemia. Nat Genet, 32: 614-621, 2002.
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Sofue T, et al.: PLoS One 2020; 15(7);: e0236132
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Gouva C. Et al.: Kidney Int 2004;66(2) : 753-760
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Eriguchi R. et al.:J Nephrol 2015;28(2) :217-225

ESAIEIIE3ES (ERI) CEBEEROBEEN
ERID =D Al A T-457FE

1.0 -

09 N \
4
1= 0.8 -

0.7 1 —— ERI = 5.10

06 1— ERI 511~ 943 Log-ranl:)?o%?

I ERI = 9.44 log-ranki#

5 T T T | .
0.0 10 2.0 3.0 40 ( ESAMERIGHED AL
ENLSLNBD ?
| EEHARA (5)

SE5I 5k
ERI=Z5.10 970 896 837 673 611
ERI5.11~9.43 967 865 790 595 542
ERI=9.44 968 806 707 530 480

ESAIEHEIESE (ERI) = rHu EPO (U) ¥ 52 (5G&)/ Hb x {KE (DW)
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20135 2014.5 2015.5 2016.5 2017.5 2018.5 2020.1 2021.1 2021.7
H B : Japan—-DOPPS Practice Monitor, 202244 A B ¥ A3HER n=1434




ESAEAIZE T HERE R

(1) ESAHTE FEBI (RIEICHOERD IR DFHE

- REIMEPOMMMIEF;EE=4.2-23.7 muU/mL
- 51U (5 4500m) FE  EPO= 60 miu/mL

- EHEESAR 5 EPOREMEEHEE= 500 ~1000 miu/mL
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Beall CM., 2006. Andean, Tibetan and Ethiopian patterns of adaptation to high—altitude hypoxia. Integr Comp Biol. 46, pp.18—24
Erythropoietin stimulates proliferation of human renal carcinoma cells Kl 2000, Volume 58, 647-657 Christof Westenfelder Robert L. Baranowski
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l Szczech LA, Barnhart HX, Inrig JK, et al: Secondary analysis of the CHOIR trial epoetin— @ dose and achieved hemoglobin outcomes. Kidney Int 2008; 74: 791-798

NE 4 DEPOZ A EREICIEMIELEAFILTETELDO M ? = HIF-PHIEEZE




Mmagp ) 20K F i (mIU/mL)

IRIFY o BIRNESROMZEHEPOREDHY (ENER)
® : 300IU
iy (EPOMmIERAEE= 1000 miu/mL) A * 15001U

™

ln‘\
)

)+ 3.000IU

3000H {51 x3/58

O

(E& epom#grhigmE=4.2-23.7 miu/mL)
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total iron binding capacity = unsaturated iron binding capacity
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Beneficial effects of long—term intravenous iron therapy with ferric carboxymaltose in patients with
symptomatic heart failure and iron deficiency. Eur Heart J 36 (11): 657-668, 2015
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XNR: RZEZFEIDTEEE

RERT YA AL DT ARER

Fik: 5818k HAILARFOTILLN—R) &E vs TS5EAR

faR: 6 MESITIEM BERER =
IDAEELICEKDARIRY BEITED (p=0.009)

BRI BRFESE TEERVEEDTAEDOZHERBEAAMFZAM42 2016

BRRZ
2z F 2 <100, Fz1F ') F=100~299 m> TSAT20%

IDAEDEIR - EETHAREE-QOL DREB B
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Yajun Han , Qiumin Lu
Min Xue , Chengbo Long , Ren La

Circulation Research. 2020: 127:651-663

Iron—Deficiency and Estrogen Are Associated With Ischemic Stroke

by Up—Regulating Transferrin to Induce Hypercoagulability

Xiaopeng Tang , Minggian Fang , Ruomei Cheng , Zhiye Zhang , Yuming Wang , Chuanbin Shen ,
, Yingrong Du , Yingying Liu , Zhaohui Sun , Liping Zhu

, James Mwangi ,

[ pe -y

® Transferrin

@ (~ 40 uM
_{ ul_’ II

Fibrinogen ()
(~10 pM)

(Trace)

Hnmenstasis

Factor Xl
a ﬂl" a
\ ‘ Trace) /

s

® Antithrombin Iron

’ (~ 3 pMm) |deficiency
ar

bThrnmhln = Estrogen

Yko: 524 n

q‘ED: 7.7 nM

Aed

51 3.9 nry

Hypercoagulability

AR Z

cSoR7x)]
g

;;E E 4k II_J\

&
fibd 38 22

EIL
&
rSoRT7x) ]
G

m#z




Clin J Am Soc Nephrol. 2021 Apr 7;16(4):522-531. Monique E Cho, et al.

Heart Failure Hospitalization Risk associated with Iron Status in Veterans with CKD

CKDEETHDIRELEDAEIZLDLAREDERIL?

n=78551 A\ GEZE A) Does iron status affect risk of hospitalization for
8 heart failure in CKD? C‘JAS.N

2006~2015%
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TSAT JTUF> 'V',N\Cl a«wwm prone 10 5 125 T
%%,E.E\ (16_28%; 55_205 ng/ml) & CKD . (1.901.41) (113430 0124002
Predialyyn - -
B85 (0.4-16%. 0.9-55 ng/ml) o R tanic | | LOWRON  |AACTOSCIONT  RREREE
N o o I o
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1. hEFELLTFMEBRAEL NI,
2. ESARIRI DALY,
3. DA AE-INFEEDYRY

Serum Biomarkers of Iron Stores Are Associated with Increased Risk of All-Cause
Mortality and Cardiovascular Events in Nondialysis CKD Patients, with or without Anemia

JASN 2021 Aug;32(8):2020-2030
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CKDopps ZEEaR—NFZE

Serum Biomarkers of Iron Stores Are Associated with
Increased Risk of All-Cause Mortality and Cardiovascular

Events in Nondialysis CKD Patients, with or without Anemia
JASN August 2021, 32 (8) 2020-2030

METHODS OUTCOME &
International cohort study e . .
ne5145ND-CKD ps in Brazi (6%), ((5x)  A9®: 69 years Hob: 12 g/dL
France (43%), Germany (41%), , eGFR: 28 mLU/min TSAT: 24%
US (10%) Heart failure: 15% TSAT<15%: 18%
Study time: 3 years Ferritin: 196 ng/mL
Exposure:
TSAT < 15% (vs. 25-35%) ﬁ LB}
Outcomes:
1. Mortality TSAT < 15% ——> Montality* 1.59 (1.15,2.20)
< MACE TSAT < 15% > MACE 1.96 (1.26,3.08)
Mediator of interest: *No interaction by Hgb, p=0 67
Hemoglobin (Hgb)

MACE (X B DMEARUF)
R CKDEE (BMAHoTH, HTH) [ = oo

TSAT<15% = BET=Z 1 MACE




HR for all cause mortality by TSAT categories

4 with progressive covariate adjustment
] Progressive adjustments:

3.9 7 Y .

3

2

Model 1: Unadjusted
Model 2: Country, age, sex, Block race, BMI, eGFR, and albuminuria

] \ Model 3: + ESA use and 11 summary comorbidities
D 1 Model 4: + serum albumin, white blood cell count, and ferritin

Model 5: + hemoglobin

2 _;_(1\2| |-
15 3 m 1||| I @2 Ae)

|
ER0CG0LIR 2006

] ]
1 HH 00000,

Reference 00000,

HR for all cause mortality

0.5

TSAT <15% 16-20% 21-25% 26—35% 36—45% =46%
N (%) 926 (18%) 1067 (21%) 1178 (23%) 1408 (28%) 428 (8%) 138 (3%)

TSAT LRILHAMEWNFEE L FETURIMNELN,
FTRTOEEICEKDITED!RIIE, TSAT 40%THEIEL

Serum Biomarkers of Iron Stores Are Associated with Increased Risk of All-Cause Mortality and Cardiovascular Events in Nondialysis CKD Patients, with or without Anemia
JASN August 2021, 32 (8) 2020-2030 Murilo Guedes, et.al



Serum Biomarkers of Iron Stores Are Associated with Increased Risk of All-Cause Mortality and Cardiovascular Events in Nondialysis CKD Patients, with or without Anemia

JASN August 2021, 32 (8) 2020-2030  Murilo Guedes, et.al

FTRTORRICKDETEICK T HTSATE

JIFL DA EHEDHROES IR REE? HKEE?

TSATED T FUEIZES

2 T-N/\HF—FKLt P-values for the tests of HR = 1

(w/sW) AL TC

10 20 30 40 90
TSAT (%)

TSATAMEL, Tz FUAEWL = ETEYRY 1 ok I+ BES |

TSAT<20% & ZTYJF>>100 = FETYRY &L

TSAT (%)
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IDE-#%RZ fEIXEF (CRIDS)/IDE-BM-#%XRXZ fEIZEE (CRAIDS)
HLAR

Mavdougall IC et.al. Eur J Heart Fail 2012, 1481: 882-886

The additive burden of iron deficiency in the cardiorenal-anaemia axis: scope of a problem and its consequences European Jurnal of Heart Failure 16, 655-662, 2014
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E B IJF (pica) Pica and iron deficiency. JAMA 1969; 207; 552-553.

<Pica> TT2EE. hHUH X (88) Bk,
AU FXIFEITEAICANSZENRZDITLNT-,

ot T AR-FI—y| &/

HVKMET, FIRFICEVMREARONSGZENDH S,
HRZEEMMNETEDIENREA,

N~ DEFRHEEDTRICKY., EEFPRES PR RREESTD
HEEZbNTLNS,

KEE: SRR ZMEEM F- 3 EMAZWNERZE | (RNE M) TEIS,




JK B YJiE (pagophagia)
HrZzHMEMm £-1X TEMAEWNERZE | TR,

KIFIFETI M ? |

Rector WG Jr:Pica:its frequency and significance in patients with iron—deficiency anemia
due to chronic gastrointestinal blood loss. J Gen Intern Med, 4:512-513, 1989

MR ZHBMEBEEZEDI ITEBENEDHSNT-,
SEOHRZRENESmMIITWEEERIZZ{RAONS,

NALE, ARSI ZHEEMmMICHITHKEE. KM, 5436-439, 2014.

TE. BT - 7



SYENEMIZHAE, E51EHM?

FybZERMLTEMIZT 5,
IKDIKDWFEEANOIKDZEEMTETELEIICTVRNEHAT.

EESYh: 45%DKDZKNLER, BT Vh: 96%D KD ZKMNSER,
BlNovk: KzGHEEYD, NLEIEMNKKRbNT=,
COEMRIFE MM RET HIZDNIHEK,
BINRESYMIKIZIERmMEL LG ST,

Woods SC & Weisinger RS :Pagophagia in the albino rat. Science, 169:1334-1336, 1970




(i, FREE THEICEINLZDH ?

Ak R <BERIDHS > BHAD5
e, = D

4

[
LA

D)= N
BRAEANERIX, Q]+ A [H]=CH

. . DT, R

e | l ok 80 Y O S N
§ . Y

TN

.? vie g

] ?& ’. };-,. Y
) 5.! ".“5‘ - '
s" -
~\J/ \?%fih\y?g '% :
1 .|' . )‘!' L '3 ’ 4
_— ":—’ = 24 ‘:};‘5 ‘: ;‘ My

o . .‘_
e A
"- ‘r‘. ¥ :
¥ 'Y ;,“ i3
N e e
D, S
i i

R - P
"+ Yl RN, Bt -
e < Ky o

=
B

=y

D T b or SR

%&?%HY?’%E“J/ \F




HIF-PH [HE 3 OFR#F
1. AETEEPO ~
BEPOR#liA REPHIFD) 2. #xF|FHge

@ HIF-PHIAE X

HIF-PHOHIF-a ~D#EEHEE
— HIFA&R E 1L 9
NT DD EEZHIH

\

ATy

.’

=i



MAEFE | H4RZS-MBREREDIRY = $RISITHESEWLSIZEE,

HIF-1 = PAI (Plasminogen activater inhibitor) -1 = [+ %

Hypoxia Enhances the Expression of Plasminogen Activator Inhibitor—1 in Human Lung Cancer Cells, EBC—1 Tohoku J Exp Med 2002 Apr;196(4):259-67

R ZILIHTEZEDIRY

Chang YL et. al: Association between ischemic stroke and iron—deficiency anemia: apopulation—based study. Plos One 8: €82952. 2013

BRZ = RHM/MMRIESE = M

M /NRIE 2 JE (Reactive thrombocytosis)

<BE> $ARZ -0 - BIES - - 5 00 - FR R /R AR 1R T o
- RISHEM/PNRIEZEE = TIA IDAIFEZE  Yonemoto S, Hamano, T EDTA 2020

» TSAT<20 = IDFFIEE

1. 85 RZ= MEEBRED)RYT = LITH BRZIZTT B!
2. HofED EF3&EE >05 g/dL/E 1TFE




EFERE (WEBRFE | a5KRI44 X EEEE68%

38k XM, BISE2EZEEZ(TTHY. 6FERINSHD 9 g/dLIRE. 24 RIMNSHb 7 g/dLIREDE MAEIEEIN
TW=h, ZDFEFIZL TV =, §E. RADEDHHIHY EPE,

[(FRRE] L2 FFEBHERVPOT, BEANIEEEY ., ZLDELSPIULLAERBRIHSENAICHEH
2LD0 . BEZ DO BEAEFICEFICHABERIIRELCTLVEL,
Fr=. REQMRETHERLIZKO BEEDR)VIICA>TLSKZELLLEND,

[BEfERE] e NEELL, [EFE] HE, BIERLZL. [RIRE] LI ~STLll,

[3R fE] EEEIEPPER, REFERIIEMmMSR, FICHLNGZERELGL, I/VIOEREED DINHERREE#HEZ
BEER, MIREICEREGL, BRICEERREGL,  TRICEEDZFEZZEDD,

[(IRERR] E&M 2%, MARRR: FRMmE32175/ 1L, Hb 6.5 g/dL. Ht 22% ., HIM¥k4,200/ ¢ L (3 Mk 5 &
[CE®E(EGE0Y) . M/MR47H/ 1L, CRPIERE R, MEXIEEEIZEE T4,

CDBEANDHRLELTEID LGOI END, 2DFEN,

a FRMBKEIMZITI,

b ELICABRSE S,

c WARRDZEEDOD,

d NROEHKANZLTT B,

e RAEDHKAFIREZERIRT D,



HRZ= MIEEIEIED) R = HERZIZTIELTENESICEHE,
X R

HIF-PH [HEE &5 H
T F <100ng/mL £1-1F TSAT<20% = sEoaiifkiE e LR,

ST 8% (SRR E 8% 40me SB1E 13:8R8) / #R O 8k (VTS — 8% 2T~4T 2%)

HIF-PH [HE R &R 5 F
HIEENLDEDRIRAHE = BOKOIRESMEELYLHFF

i% :Iﬁ% & ssg *R Proton pump inhibitor and histamine—2 receptor agonist use and Iron deficiency
BT /L3 1= Jameson R. Lam et.al Gastroenterology. 2017 Mar;152(4):821-829

- BOHKTRIAR (PPI AR, EEDFSD)
- RO TEMER GEily-IE)
- TRET7 SV AFR

+ JIUREE 8% TRIVER = VB Z 8% 2T (Fe120mg) 1x BE
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HIF-PHREE Z (L. 20 DEEZ =R
1. ESAIERIGHE 2. 85O EMFIFE

HIF stabilizer Z{E ALz \EH

(1) ZHEEPORE  (2) #kDEXFIFA

/ - ESAE RRE=ERAER — (1) \
- ESAE G FEH — (2)
HD: Hb<10 PD/{R7FHICKD: Hb<11

K. EMHREEE TS (5CRP/EALIE) FEH — (2>/
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KYSIFER A XEFXTSEEE,
FRER | A HE PREER | RARAE
CYP 2C8 CYP2G8
Roxadustat
~ - [127 180 | gsmy | G oatpipr | E3E
IRLYY BIEANRS | arg
Daprodustat CYP 2C8 OATP1B1
g—smvy | 7| gme | B | o | 1BIE
Vadadustat 5 . BCRP BCRP
Loy
. 4=9hr o 48] O f 28 OATT OATT 181
ATt miaaRE | o ot B 1=
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—11hr Bl
T RAq CYP 3A4 OAT OATPIBI | apgmsy
: gionoy
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1. DxYF> / TSAT (FSU AT EFE) O EIE

2. 91, BKFEHFT!
(DIEEE—5% 2T~AT 2x / DI UBEE = 8% 2T 1x)

3. IXR5FIIR~8E (~12:8) 2:BEBBDOHbLIE Fvo'!



HIF-PHFEE ZEFE AR, [FIT5EFE? 3DDFEE

1. 8k ENEEIEE, (TSAT=20 7x!)F>=100~300)

2. Overshoot|Z}F &, (Hb E FH1EE <2.0¢/dL /B)

3. HFRARZERITER, (UURBEE, REECa, BOEH, B{bMe )
WH&E%FEﬁ%IiO




EFED [BEEREEXNEREFTE HMEE]

20085 SEDBEEXNEDHYFIZDLNT]

(1) BHEEEEDEEILERIEL,
BHEBEAFARICKLIBMNEANDHEITELHLL,

(2) CKDIZSEIREAE (M E K E ., DAFIEE) DFAEZINF,

'r% 'l‘i Eﬁxﬂﬁr ll—a\ % @ % 1& Go AS. et al.: N Engle J Med. 531(13): 1296-1305, 2004
DMEAN A N e
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