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VN, B NI RRE PR A m R LR RTREZR in vitro DIKI G2 OAEZEA B L Lz, & BIT,
HL7p 2 2B mER 2 8 & &3, DIKI 2> bt s (CKD) ~oifE (DIKIto CKD) O #f
R, B XY T > AR — & —BIEENC K 5 DIKI @z 28 b 2 5 w] BE 72 Frdl A % O
MEZHE LT,

%79, DIKI #ffili FiE 0 @ EA L K Ok b 217 - 72, %0 AMED-RS #1598 Tl #ilai ATP
BEOBWPB IO b=y MY TGN & 2R & LICEG 2B 21005 2 & T 78.6% D%
FEZ A3 % DIKI gl R ZMEE L Tz, UL, O ICIIRERIRR E R LS )0 REHE M LK
fERUbE W 7e & A RAIAE EE L 1T R e 2 & T2 FEMMNE LT o, & 2 TARIFIETIL,
KIGALE DN TED TIERFAE 21TV AR TR B S E 5 - et b G a Fo L
7. T O BT Y 7 BFEEE %R OFIEN ATP £ 20%E/0 1 (EC20) & AR R i (Cmax)
DI EFIE & U TN 21T o 72, £ OfE R, EC20/Cmax % 100 /% LAN & L 7285512 sensitivity 82.4%.
specificity 100%% 7/~ L7=, F7= ROC fENTIC X 0 - FRREENRIAL S5 iSRG L 7=
FE . EC20/Cmax = 1160 (23 T sensitivity 88.2%. specificity 100% % /R L7=, Z D72, 4]
A& LT 85%LL LD E % A9 % DIKL gFli Tk & LChEL T 5 Z LITBh LTz,

Mz T, 3D-RPTEC MREFT DI kT v AR —F —BERRICOW CREM i 217> 72, Zh &
TRHMliA[RETH D Z & &2 L T&E 72 OAT1 B L OCT2 121z, MATE1/2K £ L O megalin %7
U 7= RE 2 M L 7=, £ OfE 5, MATE1/2K 2/ oxaliplatin (2 & 5 ATP {X FEM X MATE [H
EH| cimetidine (2 X VIR L7, F£7-. metformin ik T, Mgl L OVEREMID S OFLY
IAZD cimetidine FRINC L VAL T L. MATE1/2K (K A7 0 72l I PE S HERS S 72, & 512, megalin
FE albumin BV iAZFRER Tl megalin FLEH cilastatin 1280 BV ARK I B S, 3D-
RPTEC DTN RANE R5H O FFRIURIEZ R FFL TS Z LRSS, TILDDORERNG . Afia
RN HZR D IR EE MR R Tl < b MEARME ISRV BB RE 2 AT 2 A FRE T LT
bHZEDBHBMNETRST,

SR EROBOAR L LT /IVRBREIEOALEY 7' A MREBEICBIE L, FRE#mE Ch 57
ALV D RN 2 S U 7, E NSRS B S EAEMZEATIC R W T, SV T >y Tl
MRMEREENBIEZ I TWe—F, b MIARME EEARIRICRT 2 EEBEMEIIH 622 Throo
7o % Z 7T 3D-RPTEC %MW TR L7, 7 b VIR BE AR A B 2 D IR R AF B AR Y
ATP BZ IR T ESELZ VLN E R ST Fo AT =4 b7 AR —4 —HEH probenecid
(R BRI L2 Z &5, OAT1 2 EOAKT =4 + T AR = —ZJr LI I A
HDNEMEFBUCBI G- 2 rIREMED R ST, ARRURIZ, R b U 7o R £ B R 2 D
T, b MlfAE ROV BT ICE BT S EE R AR L T o T,

AT TIE, FHM R O FBMERS L OSBRI IZ SOV T O RET 21T o 7o, BERMZE 3 1, Afhh¥
1 4, CRO2 #3217 % ring study % ki U, #EERR I 0T D FERABINEZR-0 L7z, BaExt
{bA¥ & L adefovir, cephalothin, cisplatin, vancomycin, &M% & LT mannitol % v 7=
AR FEMERRER 21T o 7o A6 2R . SR M CHRERIEER D BMEISE DG B i, @B X O B stk
e Sz, £z, vy MEHFBMEC OO THER M — Bl 2 AV CORE L . BERREoINE
RO, 2D ORERIL, AFHIRAE—FEENICE E 5T, RO T &R A
REZR R f R & 720 9 5 Z L AR LTV D,

S 512, DIKI 7> & 2B gi (CKD) ~DO M it 3 L OV o rlififkaH s oS4~ B & LT,
allopurinol 3 £ O cyclosporine A % i\ 7= 2 Fi$H D DIKI to CKD E7 /v 7 v M &{ERI L, FAR
T IRAE 3 L ORI RRIZE B LT 21T > 7=, DIKI TiL, SMEREEZICRME AN IERIC
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EATTAUTE R XRIE T 2 — 5, FAERFEIEHE L7258 1013k 2 5 CKD ~#179 5%, L
72> L., DIKI 75 CKD ~OBATIEFE 2 )X § D FEIE 1T Ho0 IS L STV N Z & | ARBFSE

L AERE RS ~—F— & LT CD44 |24 H L7z, Allopurinol #%E7 /L CTlX, 14 HLIRIC F"ﬂm?
BRAEOAERHINDTRO Biv, 5 A LRI ITHRRRAE . 14 A LIICIIZEMRAE bBISE S h,
TG B RANE Tl CD44 GRS 3FR D AL, & BICITALRME 43t~ —F —aquaporin 1 D%
BUK T, [HZER~—F —vimentin ®FHL, ¥ IO fibronectin FEEIZEI G925 Fnl mRNA FBLHN

WBD BT, £z, fibronectin Z L/ 7 [TIRAMEJE FHBEICIELAE Lo, —JF, B IRME 13
JEEICE DI TR Y, B2 P HEEEE#LCIE72 < partial EMT BRZ{EDVAE U TV 5 ATREME DS RIZ
STz, IMiE CD44 fEIX 5 HIB LN 28 HC LA &S 2 WIEAER EA %2R L, CD44 GRS
B EOMBEZER LT, £/o, BUNBXQMEZ V7 F =0 EFMA %2~ L7z, Cyclosporine A
FHIEET /MTBOTHARRIC, 21 B LIRRICERMEEAEED v, 10 A BIRRISIFIER, Yok X OZi
RENBIER STz, 23U B IRAE Cld CD44 #8l. aquaporin 1 X T, vimentin %%, Fnl
mRNA #4136 K O fibronectin tEE 2RO biv/c, £72. 1M CD44 X 10 A& K28 AT LR
L. CD44 BEtERMES EMHBIZ R L7, BUN BXOMMIEZ V7 F =220 TH EFRMEAH 50

IEER ERAER L, BB, 2 80 DIKI to CKD €7 /L& AW eiaha K v, CD44 13#i#E L
TERAC S, » THARS RN IR L, SOICmMEPT THOREAIEETH DL Z EBHL N E RS T2,
Z D7, CD44 1% DIKI wl#¥itEds OV CKD M A 7l 3 2 ¥ A% - i A A~—H—L& 725
AREMEA R STe, E70, AR IR ClT partial EMT BRZ L34 U TV 5 AIREMEASRIR S 41,
DIKI 7»& CKD ~O#E REEME O BRI HE I R 2 5 2 D iR & e o7z,

MMz T, Wy b T > AR—Z —BEZ L5 DIKLEZHEEIZ OV T b it &2 T > 72, FXR &
PEAEIZ LW OAT1, OAT3 ¥ LU MATE2K JEHLME T L, Z AU W tenofovir 72 E DY AL
K OHIRREEE R L7z, £72. 3D-RPTEC Z MW TIREERERIE N FY F T v AR — & —RBlk &
O DIKI J&Z VIS RIE TR L Z DRI DWW CTIRNT LTz, ZOFREE. 1% 02 & F TR L=
3D-RPTEC TiZx, OAT1 B LW OCT2 ZII L &5 EERHEY KT o AR —%—>D mRNA JEH
ENAEIET Lic, £, M@ 7T 07 4 — MTICB W TH, ZhD R TV AR—Z—Z N7
ERBEOMKTIC A, MRSk (CBEET 255 2 "7 RO ILFE R IEIF80 bl #
HEFUMRETE LT, OAT1I BWE TH L7 TR e AW & 2 A RERF LM T IS EEME
TL. ZAUTEOaEE DR L7, S 512, CUT & RUN % VT OAT1 ZEELFRHEHEAE & fiF
Hri. BNZEEEZIT Lt%@:gﬁﬁﬂﬁﬂﬁ)%%mﬁf WICRELSEGTLZE2HLMNI LI

PLEC AUFE T, B DI I KB R E s K OIS &2 A9 % 3D-RPTEC %
W5 Z & T @ EN AT FN YL PEO @ in vitro DIKI §HIR 254 L 72, 15 D vz il B
EHABAFEIZI T D e b PRIER BICEBRT 2 O 57 EREME HEIBICE T 2 EE LT
LEERBEREAT D, £lo. RO A7 53 DIKI 225 CKD ~O#EEFHHSC N7 o AR —4
—RBE B A B [E LI I S A 12 R L 72 RSB W T A OB BRI 2t L O R
FICRESEBT 2 Z B30I ESN D,
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Drug-induced kidney injury (DIKI) is a major cause of acute kidney injury and a significant reason for drug
attrition during pharmaceutical development. Renal proximal tubular epithelial cells (RPTECs) are highly
susceptible to DIKI because they express various drug transporters involved in renal drug disposition. However,

conventional animal studies often fail to accurately predict human DIKI due to species differences in transporter
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expression and cellular responses. In addition, conventional two-dimensional cultured RPTECs and
immortalized cell lines such as HK-2 cells exhibit low expression of major renal drug transporters and
insufficient physiological responses, limiting their predictive performance. In this study, we established an in
vitro DIKI evaluation system using three-dimensional cultured human RPTECs (3D-RPTECs), which exhibit
transporter expression profiles closer to those of the human renal cortex. We aimed not only to improve the
sensitivity of acute DIKI detection but also to evaluate reversibility of DIKI progression toward chronic kidney
disease (CKD) and changes in DIKI susceptibility associated with altered transporter expression. Re-analysis
and optimization of the ATP-based toxicity assay improved the predictive performance of the system. By
redefining nephrotoxic positive and negative compounds based on proximal tubular injury mechanisms and
using the ratio of EC20 to clinical maximum plasma concentration (Cmax) as an evaluation index, the system
achieved a sensitivity of 88.2% and specificity of 100%. These results exceeded the original target sensitivity of
85%. In addition to OAT1 and OCT2, the system successfully evaluated MATE1/2K- and megalin-mediated
toxic responses. Furthermore, exposure to puberulic acid, a candidate nephrotoxic compound associated with
red yeast rice supplement-related kidney injury, caused concentration- and time-dependent ATP reduction in 3D-
RPTEC:s. The toxicity was attenuated by probenecid, suggesting the involvement of organic anion transporters
such as OAT1. To validate robustness and transferability, a ring study involving pharmaceutical companies, food
companies, and CROs was conducted, demonstrating high inter-laboratory reproducibility. In parallel,
allopurinol- and cyclosporine A-induced DIKI-to-CKD rat models were established. These models exhibited
tubular dilation, atrophy, fibrosis, and increased CD44-positive tubules associated with dedifferentiation and
mesenchymal transition markers. Serum CD44 levels correlated with renal CD44-positive tubules, suggesting
its utility as a biomarker for DIKI reversibility and CKD progression. Additionally, activation of FXR altered
transporter expression, including OAT1, OAT3, and MATE2K, resulting in decreased uptake and toxicity of
nephrotoxic drugs such as tenofovir. CUT & RUN analysis further revealed regulatory mechanisms underlying
transporter expression changes and DIKI susceptibility. Collectively, this study established a highly sensitive
and physiologically relevant in vitro DIKI evaluation platform using 3D-RPTECs. The findings contribute to
improved human predictability in drug safety assessment, reduction of animal usage, and future international

standardization of in vitro nephrotoxicity testing.



