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W T v AR—5 — R ORGEHEESE &\ o 7o 3 EhRE SR 703 B/ SELER & 72 0 | £722 0 ORBLE
X, HEDSNER M LB OMBNIRE DR ELZIT 5, £2C, ARG CIIART =4 F 7 UV AR—F—
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fE., 3D-hRPTEC 3R L O v a—AnbR# SNV EVBERH L7z 7 = VEERIEKIZ L - T
ATP AT > TND 2 R ENT, £/, 3D 22 Tl 2D 5552 L 0 O XU RERIEPE D v &
EDRENT, EHIZ, 3D-hRPTEC ZfifadEtEstBRic W5 E T, MR DL EMEIC DWW Tz, 3D-
hRPTEC % 28 H £ COEMIMRERNAHETH D Z LRSI, EOEEMRIZHS W THIBEL OE D
NERICR E e ZA IR o 72, £z, 2D Hig-R & L, 3D-hRPTEC Tidli# 28 H X TEEAREM L7
YAR—=HZ—TH% OAT1 k1 OCT2 ® mRNA EHEIIAEICEN -T2, ZD7-%H, 3D-hRPTEC Ik
DIERFZ LY LI N T o AR —F =I5 EEBE Lol @Rz B c& 5 2 WA Ihi, 22T
3D-hRPTEC 7% OAT1 & TN OCT2 %41 L 7= DIKI Z3Hii C& 2022~ 257, OAT1 'H tenofovir &
OCT2 #£H cisplatin % W 7o il @B 21T o 7o, £ OfESE, 3D 5588 R Tid 2D 55 % L U § tenofovir
K Rcisplatin OIEFEIZ XLV 5V ATP &K FEHZ R L7z, £72. 3D E5# R (281F 5 tenofovir K& (F cisplatin
I XD ATP EIK ik, £1Z210 OAT1 LA probenecid & O OCT2 BHEA! cimetidine (2 X 0 #8838 L 7=,
Z D72, 3D-hRPTEC (% OAT1 O OCT2 %41 L 7= DIKI % 2D £5#2 L 0 & @SS IR lsECH 5 =
LRSI,

3D-hRPTEC @ in vitro DIKI #fili-h & L COHMAMEEL S HITIERT 5720, HildN ATP &4 fEiE L LT
32 i DIKI #FFbaa Mool smtialr 172 o 7o, BHEMEOFMFELE LT, Mgl ATP &0
20% R IE (EC2off) A2 H U, EEARRERKMHHE (Cna) @ 100 (5LAN & 72 5355130 L Lz, ECe
il 2 TR 24T o 7o . 21 o> DIKIT B k& o 5 6, 7 HEREE Tl 14 Fi, 28 H MR Tl 16
DY) THitEZ R L, B b a2 Ptk & LTIl T & 28UE (sensitivity) (3T 66.7% K% 8 76.2%
Llpoto, ET-AEN ATP O T2 L72EM O ECoffii: 7 ARIMETE XL vV 1 28 H MRS T X 0 KU
Lilgolz, Zold, 28 HEEEIX 7 HRHEEE LV EEORWEMETHMIAFEETH D Z LIRS NT,
—J7. DIKI [2Mbaa a2t l U OB TS 2R (specificity) 13 7 HIRIIREE T 100%, 28 H[HIEHE
T90.9% & 72 o7, S bHIZ, HK-2 #ifdz FvT 3 AR OMamIERBR 21T > 72 & 2 ARUEIX 57.1%, Frsk
BEIE 90.9% &R IS4z, LA EOREN G Ml ATP & ORIZEA in vitro DIKI FEMIZ 35\ TH A 72231
F~—H—L72BZ LR E, F£72 3D-hRPTEC 130EKAD HK-2 fifd X 0 & &V 2 9l o ik
AR TH D Z LR ENT,

—7J7. cyclosporine A 72 & ATP &0V DBIE S N2 WEM R —H R S, 2630 DIKI 34 %
AlRele it~ — I —Z 60T H T LT, LV IRWHEREO DIKI 7 i AlRgIC 72 5 Z E 3 ifF S vz, &
Z T, 3D-RPTEC DOiffifaN ATP &K TEH 2727202 o 723N K D 3t &2 Mt rTRE 72~ — 1 — DR
%{T->7-, cyclosporine A % & ie 4 FEOIEY) % 3D-RPTEC [ZHEER L., Frids KOV # o ” 7 &g 2 fhi
L. SR HEER X O fEE~— 4 —9 f& (TGF- 5. M-CSF, clusterin, Kim-1. IL-1 3 . IL-18, FABP1,
TFF3, HO-1) (Z25WT ELISA 2 HWTEREZITR~To, TORR, BEE L2 YT ~TiZh WV Tillg
WNZ X 7EHO-1 OF R EREEN ER-TOMEN 6N, £z, MldbEEFEORBRIREL X v A<
2 2 &2 BRI, HERA A=Y A N A—F—% AW B2 N X 2 B EORE 21T -
72 Cyclosporine A 7¢ & ATP OIX T &2 /R S 72 ovo 1Ak & % & e DIKI L &9 14 FE, & O DIKI &k
&% 8 Fiz 3D-hRPTEC (ZHEFE L., fliAx OA LT 3T Yeta ik 4 T2 OB FEE O A 8 % 5l L 7=,
ZORER, BE 1 ARICI Far P T BEA RV AL VY Y=L NAKRD~ — B — OB E A
cyclosporine A JEFERAFAICIENN L, B2 21T 5 2 & T, ATP O L0 & RN EEORTBRKE %2 3F
fili T & % AIREMEDS R S 4T,

BONTERE S LI, Ml ATP & & B2l O/ A5 O IZ X 5 DIKL #2417 - 72, 7 B ROFEY
MR % SR IC 3T ATP B T O 66.7%(%F L, Ml ATP & & g2 2 G bt 2175 2 & T
JREEDS 95.2% F THEMM L=, ZD7=h ATP & BigZ2 M2 ff 9% Z & TX VKW DIKI BBt b a2 e
TEDHZEDNRENT, —F, FREREN ATP BIROBGATE 100% & 7o - 7=—J7, HIEA ATP & & g2

2



EERDETIMT TIL 712.7% L 2o Tz, 2072, A S Eig2W~— I —SBEO RS R OBE E L
TET b,

DIKI #Z[EJ 2B, L@ v EYOMBANEREEDNEERR L7725, EYMOMBNEERIZ, Y
kT AR —Z — OISR & Vo T S ENREHIEI R 728 FE R SRR & 72 0 | 22 b DI BRI
FEYRNIRMEA LS ORISR E DR A 2T %, % 2T, 3D-hRPTEC % JHVW T B REHI IR 1 D FFE
AT 24T O MRRREEIE DMENL AT o 1o, FliA OERFIR T - BN BRI % U 5 % 3D-hRPTEC (244
& L7 Z A, 2D-hRPTEC & b U TR 2R ER T OFBFFEN L RE <@ b/, £7-. 2D-
hRPTEC TIiIFE® b2 Ieds BN T - BN AEARTEMHAIC X 2885 b T 0 AR — 2 — DI BLLEH)

N, ZIRICEEETHZETROLND L) oTz, L7z~ T, 3D-hRPTEC (34 H 7¢ 3y BhREH| 18 [K 7
FHERHMIR E 2D Z LR ENTz, £T2. L HIV 2 tenofovir (%, TN IRAE R R OB Z R B4
LT AR—H—TdHD OATL I X > THIFENIZE Y A, ffﬁﬂﬁiﬁ%élé‘t o MNZEIRITKT
%V H > RIZ L > T 3D-hRPTEC (281} 5 OAT1 & OAT3 RIELENZHE I T L, THUILED tenofovir ©
HIFE PN ERL D A F2 AR T 72 5 QN Z O ERNE OB AR Hivlz, & 512, 3D-hRPTEC %A /= CUT &
RUN 2 #BUCHEN L, OAT1 72 5 NT OAT3 OFEBIEE) A ) = X hZiBRk LTz, UL kXY, 3D-hRPTEC
RS Z & TR EREHIEIA T OFERBRN AIRE L 72 0 | 72 OAT1 ORIBLEZEITHE S it D& 4b
EWADH LIRS LT,

Purpose Drug-induced kidney injury (DIKI) is a major cause of kidney disease and accounts for approximately 20% of
acute kidney injury. In addition, DIKI is a major cause of drug attrition especially during clinical stages of drug
development in pharmaceutical industries. DIKI has been evaluated by animal studies in preclinical development stage.
However, highly predictive in vitro DIKI evaluation systems are desirable from the aspect of species differences and
animal welfare. Kidney is composed of diverse cells, but renal proximal tubular epithelial cells (RPTEC) express
transporters essential for drug disposition in kidney and are also sensitive to disruptions in oxidative phosphorylation.
Thus, RPTEC considered as the primary target site for DIKI. Conventional two-dimensional cultured primary human
proximal tubule epithelial cells (2D-hRPTEC) and immortalized cell lines such as HK-2 cells are currently used for DIKI
evaluation. However, these cells have low level of expression of transporters compared with human renal cortex and low
kidney physiological response such as aerobic respiration by mitochondria. On the other hand, three-dimensional
cultured human RPTEC (3D-hRPTEC) shows expression levels of major drug transporters comparable to those of human
renal cortex. This study aimed to propose that 3D-hRPTEC is a useful in vitro evaluation method for preclinical studies

during drug development.

Results and Significance 3D-hRPTEC showed significantly higher expression of major drug
transporters organic anion transporter 1 (OAT1) and organic cation transporter 2 (OCT2) than 2D-
hRPTEC over 28 days cultivation. ATP reduction by exposure to OATs substrate tenofovir and OCT2
substrate cisplatin in 3D-RPTEC was more significant than those observed in 2D-hRPTEC. In addition,
ATP content in 3D-RPTEC was reduced in a cultivation time-dependent manner up to 28 days. Moreover,
ATP reduction by exposure to various nephrotoxic drugs was more significant at 28 days than at 7 days.
Compared to HK-2 cells, 3D-hRPTEC showed a higher sensitivities and specificities, indicating the
usefulness of 3D-RPTEC for DIKI evaluation. On the other hand, ATP content in 3D-RPTEC was not
reduced by seven out of twenty-one nephrotoxicants until 7 days. TO overcome the challenges, high
content analysis using specific fluorescence probe compounds for organelles was performed after

exposure to nephrotoxicants in 3D-hRPTEC. As a result, significant differences in mitochondrial reactive
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oxygen species between nephrotoxicants and non-nephrotoxicants. Furthermore, an evaluation system
for induction of pharmacokinetics-related proteins in the human kidney was established using 3D-
hRPTEC. Activation of transcriptional factors or nuclear receptors changed expression levels of various
drug transporters in 3D-hRPTEC but not in 2D-hRPTEC, suggesting the utility of 3D-hRPTEC in
evaluating induction of pharmacokinetics-related factors. Treatment with a ligand of a nuclear receptor
markedly decreased OAT1 and OAT3 expression level in 3D-hRPTEC but not in 2D-hRPTEC, leading to
attenuation of uptake of tenofovir into the 3D-hRPTEC and mitigation of its toxicity. To address the
regulatory mechanism for OAT1 and OAT3 expression, CUT & RUN assay using 3D-hRPTEC was
established. Collectively, 3D-hRPTEC is useful in vitro tool for evaluatation of an induction of

pharmacokinetics-related proteins.



