Development of Highly Sensitive and Specific in vitro Renal Solute Carrier (SLC) Uptake Cell Models Using Genetically
Modified Human Renal Proximal Tubule Epithelial Cells for Renal Drug Transporter Interaction Studies S01

Post
Chaozhong Zou', Luis Romero’, Elizabeth Turner?, Kevin Huang#*, Alice Gibson#*, Penney McWilliams-Koeppen' and Brian Chase? #s;'g%r

1ATCC Cell Systems, 217 Perry Pkwy, Gaithersburg, MD 20877; 2ATCC, 217 Perry Pkwy, Gaithersburg, MD 20877; SATCC, 10801 University Blvd., Manassas, VA 20110; and “College of Pharmacy, the Ohio State University,
Columbus, OH 43210

2. Correct Expression and Membrane Localization of OAT1, OCT2 and OAT3 in 4. RPTEC/TERT1-OAT1, -OCT2 and -OAT3 Display High Uptake Sensitivities
RPTEC/TERT1 Cells A RPTEC/TERT1-OAT1 6-CF uptake B RPTEC/TERT1-OCT2 EAM-1 uptake c

40000 RPTEC/TERT1 7000 RPTEC/TERT1 7007 RPTEC/TERT1
OATA Merged with DAP| 35000 7~ RPTEC/TERT1-0AT1 5000 | W RPTEC/TERTI-OCT 600+ -~ RPTEC/TERT1-OAT3
The disposition and clearance of drugs by the kidney relies largely on a well-characterized subset of membrane transport pumps A) f A S & B) 5"’\ F I C) 2 30000 000 —
i . . & o o o o & o ) o o& - -
collectively known as solute carrier (SLC) proteins. Among the SLC family proteins, OAT1, OCT2, and OAT3 are considered most é,“ \<>°° \<>°° \<>°° POQ é,“ F & & /\c} m > 25000 > 000 3 g
. o . . . N < < < < & & & & 3 o Km=1417uM | Z - _ b . =3
important transporters in kidney tissue, and are recommended by the FDA, ITC, and EMA as targets for drug-drug interaction & §F & & F &y sy &5 m 20000 i - Km=35.37pM | & Shels i
i 75 kDa — - -
studies. Therefore, there is a large demand for in vitro kidney transporter models that have normal human kidney origin, - | N 5 15000 3000 e
o anti-OAT1
functioning transporters, clinical predictability, and consistent data output for drug interaction studies. Unfortunately, primary renal v wod TN N - 2 10000 2000 7 <001
epithelial cells lose OAT1, OCT2, and OAT3 transporter expression quickly in culture. Transiently expressing these transporters in l‘_'_' 5000 1000 100
primary renal epithelial cells yields large variations between experimental models making data hard to interpret. Current cell line- — - = S0 kDA L L o gl 2-TuUbUIIN ﬁ g & — . x ' . 0 Lme— , . : : : 0 ¢fRe : , , , ,
based models are available using MDCK, CHO, U20S, or other lines which either do not have human kidney tissue origin or are S . " CF concontration. uM 50 1 ’ P M oncentaton gm0 0 Y ot 20
themselves cancer IineS, Significantly CompromiSing clinical pred|Ctab|I|ty In our StUdy, we have generated k|dney transporter cell % H ouM [o5um| 1uM | 2um | 3uM | 5um | 10 um | 25 um | 50 uM | 100 um M ouM [05um| 1uM | 2um | 3uM | 5um | 20 uM | 25 uM | 50 um {200 pM H ouM [0.5um|1.0uM | 1.5 um | 2.0 uM [ 2.5 uM | 5.0 um | 7.5 um | 10 um | 20 um
mOdeIS USing We”'CharaCterized hTERT—lmmortallzed primary Renal Proximal TUbUIe Eplthellal Ce”S that Stably OverexpreSS E) - :‘::::ke 1.1608 | 169.67 | 226.94 | 239.13 | 260.74 | 274.13 | 287.70 | 198.19 | 146.07 | 84.162 :’a':::ke 2.267 |21.561|23.006 | 22.652 | 22.730 | 28.131 | 29.921 | 23.723 | 21.581 | 21.217 :;'::Ske 1 5.464 | 9.052 | 7.496 | 7.457 | 8.579 | 9.122 | 3.599 | 4.507 | 3.664
either the OAT1, OCT2, or OAT3 gene. After confirming the SLC mRNA expression for each gene by RT-PCR, we performed & _ o _ .
immunostaining that showed that OAT1, OCT2, and OAT3 are correctly trafficked to the plasma membrane. Notably, those clones & F) OCT2 Merged with DAP Figure 4. Drug K.met'c Profiles of RPTEC/TERT1 OAT1 and. OcT2 Tran.sm.)rter C‘.a"s' A) Solute uPtak.e af:t'v'ty of RPTEC/ T ERT1 OATY Cel.ls
_ _ _ _ _ _ _ _ _ _ _ - S W aas was assessed using 6-CF as substrate. As expected, uptake increases with increasing 6-CF concentration in OAT1-expressing cells but not in
show typical epithelial morphology, functionality, and expression of the appropriate epithelial and kidney tissue specific markers. ﬁ parental RPTEC/TERT1 cells (n=3), indicating that the observed transport is due to OAT1 expression. B) Solute uptake activity of RPTEC/TERT1
Most importantly, we verified that the overexpressed transporters have normal transport activities using 6-CF and EAM-1 uptake 100 kDar~ , O OCT?2 cells was assessed using EAM-1 as substrate. As expected, uptake increases with increasing amounts of EAM-1 in OCT2-expressing cells
i i i kb ant-oct2 n but not i tal RPTEC/TERT1 cells (n=3), indicating that the observed solute transport is due to OCT2 expression. C) Solute uptake activity of
assays in a high throughput format. We also show that uptake of these compounds are blocked in a dose dependent manner by B Rllj:)-lt]é)Cl/q_E;r-?? (a)AT3 ” cells (d ), | IGCEICII:Q a \ €eo Si\ €d solu ed a Spf IS due 10 X P 6. o ute up OA)1I'1
i I TR : - 50 kDa— 3 cells was assessed using 6-CF as substrate. As expected, uptake increases with increasing 6-CF concentration in -
well-known SLC inhibitors, |nd|.C.at|ng that the. 0v§rexpres§ed kldn§y t.ranslporters are functioning as.expected..OveraII, our d?ta 50 kDa— anti-Tubulin S expressing cells but not in parental RPTEC/TERT1 cells (n=3), indicating that the observed transport is due to OAT3 expression(n=3)
demonstrates that these modified renal epithelial cell lines maintain kidney transporter expression over time, and provide -
physiologically relevant high sensitive and specific data regarding human kidney transporter functions. These models are 5. RPTEC/TERT1-OAT1, -OCT2 and -OAT3 Transporter Cell Lines Show Specific Uptake Activities
consistent and reliable, and can be very valuable tools for .h|gh throughput kidney drug toxicity screening to test the effects of oAt Merged with DAP! 3 Indicated by Responses to Well-known SLC Inhibitors
exogenous compounds on renal membrane transporter function. S8 ®
& H) m A 12000 - © 12000 =
A 400 T
& & A |
. G) & & 10000 - 10000 +
Introduction - 00
8000 - C,,=16.91 uM 8000 - IC,=5917pM | _
Transport proteins play very important roles in the absorption, distribution, and elimination of a wide variety of drugs from the ' T 6000 - = 6000 - E'L 2009
I i |
kidney. - 4000 = 4000 - = IC,,=49.02 uM
U 100
OAT1 (SLC22A6), OCT2 (SLC22A2), and OAT3 (SLC22A8) are the most important transporters in kidney tissue and are 2000 7 2000
recommended for drug interaction studies by the ITC, FDA, and EMA. - 0 . . . . . . 0 . : . . 0 , : , : :
-8 -7 6 5 -k -3 -2 -7 6 -5 -4 3 2 -7 6 5 -4 3 .
Pl’lmary RPTEC Ce”S |OS€ SLC transporter expreSS|On over tlme In CUIture TranSIentIy eXpreSS|ng these tranSpOFterS |n pr|mary Scale bar: 50pm B 1400 = Probenecid concentration. loa(M] 5 00 Novobiocin CDHCEHtFHtIDH,qu[M] i Cimetidine concentration, qu[M]
RPTEC cells yields large variations between production lots making data hard to interpret. Figure 2. Molecular characterization of the RPTEC SLC transporter cells. A) RT-PCR demonstrates the 1200 # 1200.1 -
D t for int . | H N the kid . . ¢ which I origination | . tant i presence of OAT1 mRNA in RPTEC/TERT1 OAT1 cells. B) Immunoblot demonstrates OAT1 protein expression 1000 - 1000 - .
drtjg r_anspc;; erin eraf |onsd§ :Viylst ?ppenlln 'te ! r:jeSI/ ricro-environment, which means cell origination 1s very important in levels in RPTEC/TERT1 parental and OAT1 cells. C) Immunofluorecene/Immunocytochemistry (IF/ICC) IC,,=93.5uM C,=5949 M| _
etermining the accurate predictability Tor an in vitro models demonstrates OAT1 expression and localization. D) RT-PCR demonstrates the presence of OCT2 mRNA in 5 8007 5 8007 .. C_ 7090 1M
. . . . . . . RPTEC/TERT1 OCT2 cells. E) Immunoblot demonstrates OCT2 protein expression levels RPTEC/TERT1 parental “ 600 - “ 600 - = I -
C.E:ren; cell tllr;]e-basecri] modelsdof klc?[_ney tran_spor:t[_er functlontﬁre av.lallable usmgI_MDCK_II, .?Hojd U20s, or c_)ther ilr?e_s, \Ilyh.'ChI and OCT2 cells. F) IF/ICC demonstrates OCT2 expression and localization. G) RT-PCR demonstrates the presence 400 - 400 - = -
efiner do not nave a human Kidney 1SsUe orgination or-are hemseves canhcer fines, signiticantly compromising meir ¢linica of OAT3 mRNA in RPTEC/TERT1 OAT1 cells and H) IF/ICC demonstrates OAT3 expression and localization.
predictability. In this study, we generated renal SLC uptake models using true kidney proximal tube epithelial cells: 200 - 200 -
RPTEC/TERTA1. ) | , | , | ) | | , | 0 . . . ' .
-7 6 5 4 3 2 -7 6 5 4 3 = =5 = = -3 -2
3. Modified RPTEC/TERT1 SLC Transporter Cell Lines Retain the Renal Epithelial Cimetidine concentration, log(M) Quinitin concentration, log(M) Novebiein concentration, Log(M)
Cell Characteristics of their Parental Counterpart Figure 5. Transport inhibition kinetics of RPTEC/TERT1 OAT1-, OCT2-, and OAT3-expressing cell lines. A) and B) OAT1- expressing cells
were exposed to increasing concentrations of the known OAT1 inhibitors probenecid and novobiocin while 6-CF concentration and uptake time
A) were held constant at 3 yM and 20 minutes, respectively. C) and D) OCT2 expressing cells were exposed to increasing concentrations of the
B) known OCT?2 inhibitors cimetidine and quinitin while EAM-1 concentration and uptake time were held constant as above. The resulting inhibition
. . O indi i ' i ' .
1. Background and cell lines generatlon RPTEC/TERT RPTEC/TERTI.OAT!  RPTEC/TERT1.OCT2  RPTEC/TERT1.OAT3 | Parental AT1 curves |nd|cat_e that OAT1 and OCT2 have_ physploglcally relevgnt transport activity when gve_re_xpresged |.n.RPTEC/TERT1. cglls, E) and F)
L L S A ———— R T IR OAT3-expressing cells were exposed to increasing concentrations of the known OAT3 inhibitors cimetidine and novobiocin while 6-CF
> concentration and uptake time were held constant at 5 yM and 20 minutes, respectively. (n=3).
50 -
« The kid i f th jor target RPTEC/TERTA: E-Cadherin 2 —_ Bl RPETC/TERT1 -
NEPHRONS Orgeansl Poerydlrig?irr]\zuged teox;zi?:/?rdua;g?o : 7 553T1ETMC)/TERT1 (ATCCO CRL- § E 40 RPTEC/TERT1-OCT2 —_ >0 Bl RPTEC/TERT1
the large functional reserve of the kidney, PIANT P i £ 7 o = RPTEC/TERT1-OCT2
nephrotoxig efflects often become ot;viouys Qggr;:hhggilrceer:!llr;;)s(%ztled = - E407 4 T Figure 6. Independent third-party confirmation of
only after regulatory approval tubes immortalized by hTERT* N © % 30 - 2 RPTEC/TERT1 OCT2  uptake sensitivity and
+ Nephrotoxic ~ potential  is  often only 2 S s | 2 030" specificity using two known OCT2 substrates (TEA
underestimated when new drugs are RPTEC/TERT1 exhibit: = < O 20- T g : i and Metformin) and two known OCT2 inhibitors
S available, which leads again to clinical Uniform expression of: w £ = 20 (Cimetidine and Dasatinib) as well as a negative
i“;‘ohr{‘bﬁ’t'gast'ons’ as in the case of COX2 E-cadherin | 3§ ° 0 5o | control (Vemurafenib): (data generated in Dr. Allison
Don?eDﬂfe(:{:‘ 'gfpr:gt'dase N) g. T = 3 10 T Gibson’s Lab, Ohio State University)
« The kidney renal proximal tubule (PT) are Stabili-zed TEERU Scale bar: 400um = - = T

a major target for drug-induced toxicity
f due to their roles in glomerular filtrate
! concentration and the transport of drugs
and organic compounds.

0 I I I 0 --I S S S

1
20

C) CD13 Merged with DAPI E-cadherin Merged with DAPI

 The transporter proteins (ABC and SLC) *hTERT refers to human Telomerase reverse transcriptase, an enzyme which '*1?3
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bypass replicative senescence is to overexpress hTERT. Therefore, hTERT is a
naturally existing component in the cell, which has the minimum impact to the

cell lines compared with parental
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to clonal isolation and expanded. The isolated clones
were validated for clonality, kidney transporter
expression, and kidney transporter activity.
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