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Development of novel erythropoiesis-stimulating agents that enhance
erythropoietin gene expression
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Anemia of renal disease is mainly due to deficient erythropoietin (EPO) that
produced from the kidney. Recombinant human EPO treatment is the first choice of treatment of the
renal anemia, but rhEPOs are very expensive and need intravenous administration. Our purpose of this
study was finding the seeds of new erythropoiesis-stimulating agents that was inexpensive and oral
administrative. We established reporter cell lines using mouse kidney collecting duct derived cell

line (mIMCD). We done high throughput screening with the drug libraries, and identified several
compounds as seeds of new ESA. One of them, Compound-A showed inducing activity of EPO gene
expression in vitro (mIMCD, A549 and TFK-1) and in vivo (mouse lung). It is reported that Epo gene
expression is negatively regulated in some epithelial cells by transcription factor GATA. The
Compound-A maybe affects GATA factor binding to GATA motif located on Epo promoter region and induce
ectopic expression of Epo gene.

Erythropoietin GATA Mitoxantrone ESA drug screening



B X C—19. F—19—1, Z—19 (@)
1. #FFERRLE 4D &

EPO (ZARMERIE MAZLZED AT L TH Y | EPO B TIE~ ¥ AT AR M2 X 0 $3E
LD EIZEW T EPO O EREA A LR TH Y . AMEFO ML EPO D 80% LA L 73 i
EPO PE/EAE (Renal EPO producing cells, REP#ifid) TREAESN D, Z D7z, EMEE 722
E OB REERHCIZENR EPO PEABEDIR FIZEEWBMEEMNAE U B, Fi-, BEMHEEICBW TS,
(bR LT R VL 72 & DIRFBFE R OMEAT TRV, BEORMEZRTZ E NN T
W5, BE, 20 MIAERIZH L TIZY 2 B> M e R EPO 8% (rhEPO 84K o 5C
X AARMERE M OFHENILL 72 K TWADS, rhEPO BIFNIIM S BV 2 Sz, A G
NEETdh 5 = L oH EPO HifA o HE 72 iz X 5 EPO EPTIMEZ I, rhEPO B 502 & 2 B fEE
OMEFEREENRFIE & 72> TR Y . FoEMmEERE (ESA) OFBAHRMICED S Tun b,
EPO &1 7 IR EE RN A MR GFHEI K 7+ (Hypoxia inducible factor, HIF) (X V#5523
ENTW5D, HIF [Z@HEEESE F TIZPHD IC L 0 AR LS, TusT7 V—AIC kW HfEEn
%o BUEDHHL ESA BIFE D FHilE FG-4592 (Roxadustat) 72 ElTftF i 588 10 # 5 F[HE72 PHD
A e EX—DORE TH D0, HIF BEFHE I T EPO DAL HIF A B RE S R HRFE S 5 -
B, BEZBWEHOMGRNRZE SN TV D,

B ESA 1T, RO EFREZR /NS FAL B TH D Z L0, T O/ER M E M SN FATHF R T
H Y EIEL IV TRWER DD 72 WERBITH D Z ERRkd B s, £, 18MEB w2 1% REP Hl
fd7» B D EPO PEANEE STV D72, ITE7r £ @ REP FMERRLIA OHERE) S D EPO FEA %575
B 2HANTHDZENEE LD, BIEETINO DM 2= A% 72 ESA TR SN T
1,\721,\0

2. WFEDO BB

A2 B 191X, EPO FJEEEA MR & FIV /= EPO /KR DA 7 J —=2 7 % 4T H = & T, HIF &4t
ST IO FEAMEIC EPO BEAR 2 R ATHEZHT L BSA ZRIET 5 2 & TH 5,

3. WrROITIE

» Bl Epo AR T-HIBI BRI O Epo BART-HIHIFEIC T T GFP 2R BLT D~ U A (dCURE-GFP)
DOIFFEMIEZ HNA 7 V== TR 2B 5, £7o, ~ v AEESE LRI B R akk
mIMCD O Epo AR F-HIRIZ L AR —F =R T2 AT L 2L TRZ V== 7 REBNLT 5,

RIS LA ) —=2 7R ERHW, JALRFIEEBEEM 74 7 7 U — (6080 L&) B X
OHL KRR L 0 2L S b B =T 74 77 U — (9,600 {LE#)) Z %512 HTS A& 32
B L. Epo s T RELOFHEIEM 2~ bW ERIET 5,

G ONTALE PN DOV T dCURE-GFP ~ 7 72 U~ B FEER ATV Z DR RE L OVEHET
AT %,

4. WRIERR

(1) HTS ZROBISLICER L. 4¥NT dCURE-GFP ~ 7 ZARFIEHPLLT A b ad A &2z 2
IV ==V T RO EFE L TR, FATOFRMRETORER, PIEEN D ORI HTS
& U CREA RTREZe MR D RISIIZ 2 Y OF T LIRS E L 2D Z LR TR, &I T,
AN == T RO T kA~ 7 ABESE LRGN SRR mIMCD 38 LU b i AL
b Bz R FE SRARBRAR AB49 72 EOREFOMIfAE A W TEIC I It L L. FORE.
FFE Y mIMCD Z WG A7 V== TR/ LT, [AAZ V—=2 7 %2R, Tk
FHLIUAM T A 7T U =D 6080 fHl DILAME L O LKA X v gt s
9, 600 b &% TG HTS 2 F i L, = DOf55H. Mitoxantrone (MTX) ALEW) A, Z Ofth 20 fE
HOU — MM xRE L, ZHHIEEEFED HIF #FEA| 0 X 5 72 EPO FEAMIMAN D o EPO 3§
B A 318 4 354 T3 72 < . BPO FEPEAMINAA & EPO J8ER A2 3F i a e /0 38K & 22 B ATREME N & 5
LEZ BN, PO RZIZK HE M TH 2B A M T8 Bl 7e & OB RERFIZIBWCRIE L
RBHNN, FOERITAENO 72 BP0 FEAHIML T 5 REP HIN0HN T SRAE SE A~ & TR R s L C
LEWEPOEEARER KD Z &Zh 5, FIE LTALEWIX, Jux O EPO FEARIRR N IE & A EHRE



KoTLESTHEOHREERETICHBNTH, BATMEIZ EPO 275575 Z & Tz R & F i
TEOENRIERN 72D RBENH DT, TOEHAB L OEREF O raiTH> 2 & &
L7,

(2) MTX ALEW) A 12X D Epo BAR THRGFFHE IR ~ U7 A MIFERIZIRE Sz b DT
HHZIEHBEZ LD, b MIRIZRITS EPO BInFREFFEREZ BRIET D720, Ak
EPO PEA 24T e Milild B AAE B S MEEE TH 5 AS49 MR & bR HAE & BB Sl fakk
TFK-1 72 & DMK T o & 53R 21T - 72, TORER, MIX L& A, 2D Offark
BT D EPOEIG T DR EFHFEST DL LIRS, 7o, Mlaka 7= in vitro DR72
TR EIRLALTH MIX BEMEAY A IC XD Epo B FEREHEENH D Z L 2T
720, = 7 A ERICET D MX BEMEEY A OBEFEBREIT-T-, ZOREER. 2 bDbEw
G Lo~ o AEROIIZ BT, AbEWHEEIZL Y Epo BIn T OEGNTLHET 5 2 & 27K
L7me INDHOFERIL, MIX LAV ABLOZENLOAKRERICLVELND THA 2LEY
N MEKIZX L TH FPOE R B8R Z R RN @V L2 RIB LTS, L L, MIX
ALEW A B EPO/Epo A5 DB A FHE T 2B NGO b= — 7T, _BRCRAINEH SR
FRDEGH R % JHUNVT- ELISA 1572 B2 K % EPO Z o /3 7 B DS BURHMT 2 ki L 7= f5 5Tl EPO #
VORI BUIMEGR CTE Do T2, 2B D ERCSRMIIEIC BT D EPO/Epo & in 1 DI B & Tt 4
FEFITARNZ LM, EPO X o T EOFEN R 2B TE o K > TWAH Z E N TIE
ST, o, v UV AMERSOBEEEBROFERIZIBNTH, MTX /L5 A 12 X 5 s EPO 2
EDORHE R EANEITERD Do 1o, MIX LA AMIFIAAAIE LTHBENTWEME T
$ & 0 | EPO FHERELISN O VEFDNFIA & 72 EPO PEA TUHERN SR 36 X ONE AR HERN 28 F, B AL 72 s
STEbDEEZ LN, O, ¥HITE L T2 dCURE-GFP~ 7 A~D ¥ 5L K 5 fFpT
TiE, 2o OEFOEREFOMIIZIIEL W2 ERTRINT,

(3) REP #Hfa7e & o EPO PEAAEIEIZ 354 VT EPO
BAR T OB TR B K 7- HIF (2L 0 Bzl s LR
%) i)§\ % U)*ji VC*%BOD EPO }EEE%EH@T(iéiﬁE #34 Fcccgcgz:acgcacacatgctGATAacatccccgacccch
T GATA IZ X MfEICHI S T ey T
W SN TS, ThboEPO FFREAMETIE, T h ____
EPO Jﬁ‘ﬁ% 70 = S & ‘—/ﬁﬂfﬁﬁ’\ GATA % ﬂifﬁéﬁ‘ #40 chcacacatgctGATAacatccccgaccc;%
HZ Tk BT Epo Bin T OERE 2 H )
B LT D (BESTER D, MTXIZGATA OFL B rec L, e C
EHE L TOMELMESNTWDLZ LD (B ke = i
ECiER 2, 3) . MTX AL &) A 13, Epo Bin 17 1 5 -
F— B —HEIR D GATA [ 7O S ZHET 5 =
LIZXY Epo B TREAZFEL TS LB X £ 0
Bite, 22T MXRMLAMAIL LS Bpoitits ¢ © 7 & 7T & T
FRBEFEOMT AT HZ L2 HE I, A: %%;%%oﬂﬁ?jDE—S—%IMNGATAE%EF]&Rﬁbf:?DZ%ﬁ
Epo AR T7 10— 5 —HEIKN D GATA FAKLS o sRaosmammsnencioys
BRRE LT B n T~ U A& RINE L [RIE I~
D GATA FEEIZ Xk 5 EPO PEA- O RN B OMEE A 37+ 7-, CRISPR/Cas9 ¥ AT L& V., Epo i&
fav-7 v — % — D GATA ELFIUTEE D PAM BCF A RERC L= A R RNA 2 UiBfs &
VY ARAERINL LT & A, GATA Bld &2 & el s R Lo~ U ARG A 2 2t 7- (XA), Z
LD OFBMED MR PR 23 T o oAb 5E, &b L O R G ERRBIZ W CIER 72 i 5
iz Lz (KB, £/, FEFEEZ = b o— LR, RSB 2 Epo Bis 13881
% qRT-PCR {EIZ L 0 fRMT L 72 BRI B W T Epo BB TRBUCHBRZITR O b oz
(F1C), ZNEDFERIT, ERIRIEICIHB W TIL GATA FHEIZ X 5 Epo &85 T OEE B EHE ) I LR
ERITH D AREM 2 BT 5, F72. GATA IZ XD Epo i&in ¥ DEs G IHEIMEOHIE TH 5
ZEmb, KEEFEA N LA EORMT £ 7 3BTRS ST Epo AR T OPNHIRFIZ GATA BHE
FNIRZERT EBEZ TS, 5% MIXALEW A IZ DWW T EPOBIG TS RED A & Fiofk
B EERRERIC I VIEE TS, £ENTWD MIX, L&Y A DS OERITEEIZOWNT
dCUER-GFP < T ARABIBINL LT~ U A7e E~OFRHEERIZ XY | Epo Bi5 T 535S RE D IRGE
BIXOREDIEAMFOMAZEDD TETH D,

235 3CHR

1. Obara N, Suzuki N, Kim K, et al., Blood. 2008 May 15;111(10) :5223-32.
2. Yu L, Moriguchi T, Kaneko H, et al., Mol Cell Biol. 2017 Oct 27;37(22) :e00211-17.
3. Kaneko H, Katoh T, Hirano I, et al., Genes Cells. 2017 Nov;22(11) :939-952.

A

Relative gene e
° -



83

2017

2019




