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Purpose. Because the urinary excretion of drugs is often decreased in
renal diseases, dosage regimens are adjusted to avoid adverse drug
reactions. The aim of present study was to clarify the alteration in the
levels of renal drug transporters and their correlation with the urinary
drug excretion in renal diseases patients.

Methods. We quantified the mRNA levels of human organic anion
transporters (hOATSs) by real-time polymerase chain reaction and
examined the excretion of the anionic drug, cefazolin, in renal discase
patients. Moreover, transport of cefazolin by hOATI1 and hOAT3
were examined using HEK293 transfectants.

Results, Among four hOATs, the level of hOATI mRNA was sig-
nificantly lower in the kidney of patients with renal diseases than in
the normal controls. The elimination constant of cefazolin showed a
significant correlation with the values of phenclsulfonphthalein test
and mRNA levels of hOAT3. The uptake study vsing HEK293 trans-
fectants revealed that cefazolin and phenolsulfonphthalein were
transported by hOAT3.

Conclusions. These results suggest that hOAT3 plays an important
role for anionic drug secretion in patients with renal diseases and that
the expression levels of drug transporters may be related to the al-
teration of renal drug secretion.

KEY WORDS: organic anion transporter; renal diseases; human
kidney; renal tubular secretion; real-time PCR.

INTRODUCTION

Renal impairments often decrease the rate of drug ex-
cretion into urine, and optimal dosage regimens must be de-
signed to avoid adverse effects. For many drugs which are
eliminated by the kidney, dosage regimens are usually ad-
justed according to creatinine clearance with a simple equa-
tion (1). However, it is accepted that the creatinine clearance

! Department of Pharmacy, Kyoto University Hospital, Faculty of
Medicine, Kyoto University, Sakyo-ku, Kyoto 606-8507, Japan.

2 Department of Nephrology, Shizuoka Prefectural Hospital, Shi-
zuoka, Japan.

3 Department of Clinical Biology and Medicine, University of
Tokushima, Tokushima, Japan.

4 Division of Artificial Kidneys, Kyoto University Hospital, Faculty
of Medicine, Kyoto University, Sakyo-ku, Kyoto 606-8507, Japan.
5 Department of Urology, Kyoto University Hospital, Faculty of

Medicine, Kyoto University, Sakyo-ku, Kyoto 606-8507, Japan.
¢ To whom correspendence should be addressed. (e-mail: inui@kuhp.
kyoto-u.ac.jp)

Research Paper

(CL.,} reflects only the glomerular filtration rate of normal
kidney, and there are some discrepancies between the true
glomerular filtration rate and CL__ in patients with renal in-
sufficiency. In addition, numerous ionic drugs are secreted
into urine by the transporters localized in the proximal tu-
bules. Indeed, the dosage schedule based on CL,, was inad-
equate for ampicillin and cephalexin dosing in some patients
with renal insufficiency (2). The adjustment method of the
cephalexin dosage regimen, in which CL_ and phenolsulfon-
phthalein test were simultaneously considered, appeared to
be more useful than the conventional CL_ method (3). Most
of the phenolsulfonphthalein excretion into urine depends on
the tubular secretion mediated by the organic anion transport
systems (4). Although the dosage adjustment method, con-
sidering the ability of renal tubular secretion, may be useful
for patients with renal diseases, little information is available
about the expression profiles of the organic ion transporters
in renal diseases.

Both renal secretion and reabsorption across the tubular
epithelium are mediated by various transporters, which are
expressed in the apical and basolateral membranes of tubular
epithelial cells (5-7). Human organic anion transporter
hOAT1 was isolated from the kidney and was suggested to be
the p-aminohippurate/dicarboxylate exchanger (8,9). We pre-
viously clarified that the expression level of hOAT1 was the
second highest among the organic ion transporters (SLC22A)
and that hOAT1 was located at the basolateral membrane of
the proximal tubules (10). It was suggested that hOATI me-
diated the basolateral uptake into the epithelial cells from the
blood circulation. Human (h)OAT2 was also expressed in the
basolateral membrane of renal tubular epithelium (11). Hu-
man OAT3 was isolated from the kidney {12). The expression
levels of hOAT3 mRNA was the highest among organic ion
transporter family in the human kidney, and hOAT3 protein
was detected in the basolateral membrane of the proximal
tubules (10). Recently, Sweet et al. (13) established the Cat3
knockout mouse. Although the generated Qat3™~ mice were
fertile and exhibited no obvious morphological defects, the
uptake of taurocholate, estrone sulfate, and p-amino-
hippurate in renal slices prepared from QOat3™~ mice were
greatly reduced in comparison with wild-type mice, suggest-
ing OAT3 may play an important role for basolateral anion
transport of the proximal tubules. Human OAT4 was also
expressed in the kidney, whereas it was localized to the apical
side of the proximal tubules (14). These hOATS mediate the
transport of various drugs and contribute to the renal drug
excretion (6).

The purpose of this study is to clarify the expression
levels of renal hOATS in the patients with renal diseases and
their correlation with the rate of the anionic drug elimination.
We quantified the mRNA levels of renal organic anion trans-
porters in the normal parts of kidney cortex from surgically
nephrectomized patients and in the renal biopsy specimens
from patients with renal diseases. In addition, elimination of
the anionic drug, cefazolin was assessed to compare with the
expression levels of renal transporters or the 15- or 120-min
value of the phenolsulfonphthalein test (PSP15' or PSP120°).
The transport characteristics of phenolsulfonphthalein and
cefazolin by HEK293 transfectants with hOAT1 or hOAT3
were also examined.

(724-8741/04/0100-0061/0 © 2004 Plenum Publishing Corporation
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MATERIALS AND METHODS

Normal Parts of the Kidney Cortex and Renal
Biopsy Samples

Normal parts of human kidney cortex were obtained
from 35 surgically nephrectomized patients with renal ceil
carcinoma or transitional cell carcinoma at Kyoto University
Hospital {24 males and 11 females; age, 64.1 + 7.9 year [mean
+ §DY]). These patients did not have any diseases that affected
the kidney other than the carcinoma. Human kidney biopsy
samples for the diagnosis were from 42 patients with various
renal diseases at Tokushima University Hospital and Shi-
zuoka Prefectural Hospital (24 males and 18 females; age,
39.2 + 19.3 year [mean + SDJ). The characteristics of these
patients are summarized in Table 1. The patients had various
renal diseases that were histologically confirmed as lupus ne-
phritis (n = 4), IzA nephropathy {n = 11), focal glomerular
sclerosis (n = 4), membranoproliferative glomerulonephritis
{n = 3), membranous glomerulonephropathy (n = 6), mes-
angial proliferative glomerulonephropathy (n = 8}, and other
nephropathies {n = 6). Kidney biopsy specimens were histo-
logically confirmed to contain the cortical proximal tubules
using the adjacent sections. The values of clinical tests, such as
CL.., PSP15', or PSP120¢, were routinely measured in the
hospital. After phenolsulfonphthalein (6 mg) was adminis-
tered intravenously, urine samples were collected at 15 and
120 min. The amounts of phenolsulfonphthalein in urine
samples were represented as % of the initial dose. This study
was conducted in accordance with the Declaration of Helsinki
and its amendments and was approved by Kyoto University
Graduate School and Faculty of Medicine, Ethics Commiltee.
All patients gave their written informed consent,

Quantification of Organic Anion Transporter
mRNA Expression

The expression levels of the drug transporters were
quantified as described previously (10). Briefly, total cellular
RNA was isolated from specimens using a MagNA Pure LC
RNA isolation Kit IT (Roche Diagnostic GmbH, Mannheim,
Germany) and was reverse-transcribed to yield cDNA. Real-
time polymerase chain reaction (PCR) was performed using
the ABI PRISM 7700 sequence detector system {Applied
Biosystems, Foster, CA, USA). Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) mRNA was also quantified as an
internal control with GAPDH Control Reagent (Applied
Biosystems).

Table 1. Characteristics of the Patients

Nephrectomized Patients with

patients renal diseases

Age (years) 64179 39.2+193
Males/females . 24111 24/18
Aspartate aminotransferase (IU/1) 258 +16.3 19.4 £+ 10.2
Alanine aminotransferase (1U/1) 2581192 198215
Lactate dehydrogenase (TU/) 190.4 + 76.5 1755+ 448
Serum creatinine {mg/dl) 0.85+022 13+19
Uric acid (mg/dl) 5417 6217
Blood urea nitrogen {mg/dl) 152+ 4.8 187 £ 139
Creatinine clearance (ml/min) 776+258 588+24.4
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Calculation of the Apparent Elimination Constants and
Renal Secretion of Cefazolin

After the renal biopsy, the patients received 1 g of cefa-
zolin by 1 h intravenous infusion for the prophylaxis of infec-
tions. The blood samples of the patients were collected im-
mediately and at 1 h after the infusion. To 100 pl of collected
plasma, 200 pl of methanol and 50 pl of cefotiam (100 pg/ml),
as an internal standard, were added. After standing for 1h at
room temperature, the mixtures were centrifuged and the
supernatants were filtered through a Millipore filter (SJGVL,
0.45 um, Bedford, MA, USA). The filtrate was analyzed using
high-performance liquid chromatography (HPLC) as de-
scribed below, and the apparent elimination constant (Ke,.,)
was calculated using the plasma concentration at immediately
and 1hr after cefazolin infusion. A high-performance liquid
chromatography (LC-10AS, Shimadzu Co., Kyoto, Japan)
equipped with a UV spectrophotometric detector (SPD-
10AV, Shimadzu) was used for the analysis of cefazolin. The
conditions were as follows: column, Zorbax ODS column 4.6
mm inside diameter x 150 mm (Du Pont, Wilmington, DE,
USA); mobile phase, 30 mM phosphate buffer (pH
7.0):methanol = 80:20; flow rate, 1.0 mU/min; wavelength, 272
nm; injection volume, 50 pl; temperature, 40°C,

Uptake of p-Aminohippurate and Estrone Sulfate by
HEK293 Cells Transfected with hOAT1 or hOAT3
c¢DNA, Respectively

Human OAT1 ¢cDNA was isolated from TriplEX™ hu-
man kidney cDNA library (BD Biosciences Clontech, Palo
Alto, CA, USA) and hOAT3 cDNA was from the Human
Kidney Rapid-Screen™ c¢DNA Panel {OriGene Technolo-
gies, Rockville, MD, USA) according to the instruction
manuals. Isolated ¢cDNAs were sequenced using a fluores-
cence 373A DNA sequencer (Applied Biosystems), and were
subcloned into pBK-CMV plasmid vector (Stratagene, La
Jolla, CA, USA). Cell culture, transfection of cDNA, and
uptake studies were performed as described previously (15)
with some modifications. Briefly, the day before transfection,
HEK293 cells were seeded on poly-D-lysine-coated 24-well
plates at a density of 2 x 10° cells/well. The cells were trans-
fected with plasmid ¢cDNA using Lipofect AMINE 2000 (In-
vitrogen, Carlsbad, CA, USA). At 48 h after transfection, the
uptake of p-[*Claminohippurate or [*H]estrone sulfate by
the HEK?293 cells was examined. The composition of the in-
cubation medium was as follows (in mM}): 145 NaCl, 3 KCl, 1
CaCl,, 0.5 MgCl,, 5 D-glucose, and 5 HEPES (pH 7.4). The
cells were preincubated with 0.2 ml of incubation medium for
10 min at 37°C. After the preincubation, medium was re-
placed with 0.2 ml of the incubation medium containing 5 pM
p-[t*Claminchippurate or 18.8 nM [*Hlestrone sulfate. At the
end of incubation period, the medium was aspirated, and then
cells were washed two times with 1 ml of ice-cold incubation
medium. The cells were lysed in 0.5 ml of 0.5 N NaOH solu-
tion, and the radioactivity in aliquots was determined in 5 m]
of ACSII {Amersham International, Buckinghamshire, UK).
The protein contents of the solubilized cells were determined
by the method of Bradford (16) using the Bio-Rad Protein
Assay kit (Bio-Rad, Hercules, CA, USA) with the bovine
v-globulin as a standard.



