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ABSTRACT
Project Code: TRG4580004
Project Title: The interaction of prostaglandins with rat renal organic anion
transporter 1
Investigator: Assistant Prof. Dr. Surawat Jariyawat
Department of Physiology, Faculty of Science, Mahidol University.
E-mail address: scsjr@mahidol .ac.th

Project Period: Jul 1, 02- Jun 30, 03

Renal excretion is known to be an important pathway for elimination of
prostaglandins (PGs). Being organic acid, PGs are handed by renal organic anion
transporters (OAT). PGE, has been shown to be transported by human organic anion
transporter (ROAT) and organic cation transporter (hOCT} expressed in the proximal
tubular cell. In the present study using Xenopus laevis cocytes, the interaction of PGD,,
PGE,, PGE, 6-keto-PGF,, and Thromboxane (TX) B; with rat OAT1 was investigated.
These PGs inhibited markedly and competitively the uptake of [14C]p-aminohippurate
(PAH) via rOAT1. The inhibition constant (K} for PGD,, PGE,, PGE, 6-keto-PGF,, and
TXB, were 51, 54, 36, 251, 235 uM, respectively. [SH]PGEZ was shown to be
fransported by rOAT1 in a dose dependent manner with a K, of 37 yM and a V., of
16 pmol/hioocyte. PGE,, at 300, 100, 50, and 10 uM stimulated [ CJPAH efflux,
however at higher concentration of 1 mM, the efflux is inhibited. These data indicate
that rOAT1 may contribute to prostaglandin uptake at the basolateral membrane of

proximal tubular cells.

Keywords: prostaglandins, rat renal organic anion transporter 1, Xenopus laevis oocyte,
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From several reports demonstrated that prostaglandins (PGs) and related
compounds are excreted by the kidneys (Samuelsson B, 1264). PGs secretion were
demonstrated as carrier-mediated (Bito, 1976) because PGs predominate as the
charged organic anion at physiological pH.

Urinary excretion of PGs were suggested to be mediated by brganic anion
system. In vivo experiment, PGs were transported by active uphill transport across the
basolateral membrane of the renal tubular cell and this transport was inhibited by
probenecid, an inhibitor of organic anion transporter (Rennick, 1977). Study in isolated
perfused rabbit proximal tubules showed net secretion of PGE; in S, segment of
proximal tubule and was inhibited by probenecid and other organic anion (Irish, 1979).
Likewise, in vivo stop-fliow peritubular capillary microperfusion technique, demonstrated
that various PGs inhibit p- aminchippurate (PAH) uptake in the proximal tubules: in
addition radiolabelled uptake was also illustrated (Ullrich, 1991). These results suggest
that PGs is secreted into urine by PAH transport system, a classical organic anion
transporter, of proximal tubule.

Recently, several cDNA encoding organic anion transporter (OAT) family have
been successively cloned including rOAT1, rOAT2, rOAT3 (Sekine et. al., 1997, 1998;
Sweet et al., 1997; Kusuhara et. al., 1999). Although they transport a typical organic
anion, PAH, and have broad substrate specificities, only rOAT1 has been characterized

as the predominant PAH transporter corresponding to that across basolateral

membrane {PAH/(L-ketoglutarate exchanger).



Although, PGE; and PGF,, were shown to be mediated by human organic anion
transporter {(hQAT1-4) and human organic cation transporter (hOCT1-2) expressing in
proximal tubular cells (Kimura et al., 2002), the other prostanoid should be identified in
different system and different species. Species difference in substrate selectivity should
be studied to predict in vivo kinetic profile of PGs from in vitro data.

In the present study, we investigated the interaction of various prostanoids and
the transport of PGE, in rOAT1 expressed in Xenopus laevis ococytes. Furthermore, we

studied the transport properties of PGE; and rOAT1 as an exchanger.



agUszaon
To investigate whether prostaglandin could interact with OAT1 as with the PAH
transport system in the proximal tubule.

To investigate the kinetic of interaction between OAT1 and prostaglandin to better

understand the nature of this interaction.

To investigate whether prostaglandin could not only interact with but also be

transport by this exchanger transporter.
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Materials

['“Clp-aminohippuric acid (1.50 Gbg/mmol) and [ H]Prostaglandin E, (1961
GBg/mmol) were purchased from Du Pont NEN (Boston, MA, USA). Collagenase was
purchased from Boerhringer Mannheim (Indianapolis, IN). All other compounds used in

the present study were purchased from Sigma Chemical Co., Ltd. (St. Louis, MO, USA).

cRNA synthesis
Capped cRNAs for rOAT1 was synthesized in vitro using T7 RNA polymerase

as decribed elsewhere (Sekine et al.,1997).

Qocyte isolation
Xenopus laevis oocytes were digested in OR2 solution containing 82.5 mM

NaCl, 2 mM KCI, 1 mM MgCl2, 5 mM HEPES at pH 7.5, and 1.5 mg/ml coliagenase for

30 to 40 min. at room temperature. After digestion, the oocytes were defolliculated and

kept in ND96 medium containing 96 mM NaCl, 2 mM KCI, 1.8 mM CaCl2.2H20, 1 mM
MgClz.6H20, 5 mM HEPES at pH 7.4 and room temperature until cRNA injection,

which was performed on the same day.



Oocyte injection
The defolliculated oocytes was injected with rOAT1-cRNA and the control

oocytes with 50 nl of distilled water. After injection, the oocytes were incubated in ND96

medium supplemented with gentamicin 0.05 mg/ml at 18 ©C for 2-3 days.

Transport and inhibition studies

Two to three days after cRNA injection, transport and inhibition-studies were
performed. The oocytes were transferred to ND96 solution containing a radiolabeled
substrate [14C]p-aminohippuric acid or [SH] Prostaglandin E, were incubated with or
without non-radiotabeled drugs for 1hr. For inhibition studies, PG was first dissolved in
70% ethanol, and diluted to 1 mM in ND96 sclution. The incubation was terminated by‘
adding ice-cold NDS6 solution and the oocytes were washed 5 times with ice-cold ND96
solution. Each cocyte was transferred to a scintillation vial and solubilized in 0.2 ml of
10% SDS. After the addition 2 ml liquid scintillation, the radioactivity in each oocyte was

counted with a liquid scintillation counter.

Kinetic analysis.

The oocytes expressing rOAT1 were incubated for 1 h. in ND96 solution with
various concentrations of PAH in the presence or absence of prostanoids. A
Lineweaver-Burk plot was used to evaluate the type of inhibition. The Ki value for each
PG was calculated from the following equation Ki = concentration of PG/{{(Km-PAH with

inhibitor/lKm-PAH without PG)-1}



Efflux experiment

After preincuabtion with 1 mM glutarate for at least 2 h., oocytes injected with
rOAT1 and rNaDC1 cRNA were incubated in 50 uM [ C] PAH for 2 h. Then the
oocytes were washed 5 times in ice-cold ND96 solution and transferred to wells
containing 300 pl of ND96 solution with or without PGE,. After 90 min of incubation, 250
pi of the incubation medium was removed from each well and the same volume of 20%
SDS was added. These oocytes were also transferred to vial and solubilized with
10%SDS. The efflux of [14C]PAH was expressed as a percentage of totally accumulated

[14C]PAH {effluent count/ (effluent + oocyte) count}.
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1. To investigate whether the prostaglandins interact with rOAT1

Figure 1 shows inhibitory effects of prostanoid on rOAT1-mediated [14C]PAH
uptake. The results show that 1 mM PGD,, PGE,, PGE,, 6-keto PGF,, TXB,,
significantly inhibited rOAT1 mediated 2 uM [ CJPAH uptake. The degree of inhibition
of various prostancids are nearly in the same potentcy. PGD,, PGE,, PGE, had strong

inhibitory effect on rOAT1 mediated [ CJPAH transport.

2. To investigate whether some of the above prostaglandins can inhibit PAH uptake
competitively,
Kinetic analysis of prostanocid inhibition of [14C]PAH uptake were studied. The

double reciprocal plot are shown in figure 2. The inhibition constant (Ki) for PGD;,

PGE,, PGE,, 6-keto-PGF,,, TXB, were 51, 54, 36, 251, 235 pM, respectively.

3. To prove whether the prostaglandins can exchange with rOAT1.

To investigate whether PGE, also trans stimulate [14C]PAH efflux, PGE,
mediated [14C]PAH efflux were studied. {14C]PAH efflux was performed at PGE,
concentration 10, 50, 100, 300 M and 1 mM. PGE, at 300, 100, 50, and 10 M
stimulated [14C]PAH efflux, however at higher concentration of 1 mM, the efflux is

inhibited (figure 3).
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Fig 1. Inhibitory effect of various prostanoids on rOAT1-mediated [ CJPAH uptake.
Qocyte were incubated with 2 pM [14C]PAH in the presence of 1 mM of prostanoid for 1
h. Values are expressed as percentage of the PAH uptake by rOAT1-expressing
oocytes in the absence of inhibitors (mean + S.E.M; 3-4 determinations of a

representative experiment). **P < 001 versus without inhibitor.
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Fig 2. Kinetic analysis of inhibition study by PGD,, PGE., PGE,, 6-keto-PGF,, ,TXB,
of [“CIPAH uptake in rOAT1 cRNA-injected oocytes. Double reciprocal plots of [ C]
PAH uptake in the presence or absence of prostaglandins. QOocytes were incubated

with various concentration of [14C]PAH for 1 h. Each point represents mean + S.E.M.
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Fig 3. Dose dependents of PGE, induced PAH efflux. Oocytes expressing rOAT1 were
loaded with 50 uM PAH for 2 h. The efflux of PAH was evaluated in the presence of
increasing concentration of PGE,. * indicates significant efflux above control value at P

< 0.05. # indicates significant efflux below control value at P < 0.05.
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The present study demonstrated that PAH transport via rOAT1 was inhibited by
PGD,, PGE;, PGE,, 6-keto-PGF; and TXB,. The Ki values of PGD,, PGE,, PGE;, 6-
keto-PGF,, and TXB, are similar to the results of the stop-flow peritubular capillary
microperfusion technique (Ullrich et al., 1991) where Ki values of these prostanoid is
140, 140, 70, 770, and 360 uM, respectively. The comparison of inhibifory kinetics of
rOAT1 with those obtained in the previous study on the renal organic anion transport
pathway strongly suggest that rOAT1 plays roles for renal uptake of prostanoid at
basolateral membrane of proximal tubular cell.

This study demonstrate that rOAT1-mediaed [3H]PGE2 transport follows
Michaelis-Menten kinetics with Km of around 30 uyM. The PGE, concentration in the
arterial plasma of the resting state of the dog was around 0.5 nM (Hohenfellner et. al.,
1989 ) and the value report in rat was around 1.5 nM (Schlondorff et. al., 1987). The
affinity of transporter for prostaglandin should correlate well with the concentration in the
extracellular fluid. At present prostaglandin transporter (PGT) seems to fit this prospect
since the Michaelis-Menten constant (Km) of PGT-mediated PGE, transport is around
94 nM and PGT is also expressed in the kidney (Kanai et. al., 1995).

Previous study in vivo microperfusion study (Ulfrich et. al,, 1991) indicated that
Km of [3H]PGE; transpert in proximal tubule of rat was 610 yM which was between the
apparent Ki value of PGE, to inhibit PAH and sulfate transport across renal proximal
tubular bas;)lateraf membrane; 70 and 1100 pM espectively. This indicated that the

expression of these two transport system in proximal tubules should be high enough to

i1



mask the transport process of PGT in renal proximal tubules. This idea was supported
by the data demonstrating that PGT mRNA expression in the kidney was least in the
coriex (Kanai et. al., 1995).

The Ki and Km values of PGE, via rOAT1 is close to Ki value of PGE; to inhibit
PAH transport in rat proximal tubules (Ulirich, 1991). This Km value may be high than
PGE, concentration in extracellular fluid, high expression of rOAT1 at basolateral
membrane of S2 segment of proximal tubule (Tojo et al., 1999} raises up the possibility
that rOAT1 may be one of the important transporter for prostaglandin transport at
basolateral membrane in renal proximal tubular cells though participation of other
transporters can not be neglected.

So far, several OAT isoforms that is, OAT2, OAT3 and QAT4 {Cha et ai, 2000)
have been reported. HOAT1 and hOAT3 were shown to be transport PGE, and PGFZ;
in the basolateral side of proximal tubule. Km value of PGs in rOAT1 expressing oocyte
were higher than Km of that in hOAT1 expressed in S2 cells (Kimura et al., 2002). This
discrepancy in Km value may be due to the species difference between rat and
humans. The amino acid sequence of hOAT1 exhibited 86% homology compare with
rOAT1 (Hosoyamada et al., 1999).

Prostaglandin transport in renal proximal tubular cell has an important function
role since prostaglandin degrading enzyme; 15-prostaglandin dehydrogenase (15-
PGDH) was shown to be located mainly in renal proximal tubular cell (Uchida et al.,
1985). rOAT1 may be responsible for transport of prostaglandin from the blood into

intracellular side of proximal tubular cell where 15-PGDH exists.

12



At luminal side, there are several transporter mediate organic anion transport
including OAT-K1 (Saito et al., 1996), OAT-K2 (Masuda et al., 1999}, organic anion-
transporting peptide 1 (Jacquemin et al., 1994), Mrp2 (Leier et al., 2000) and hOAT4
{Cha et al., 2000). There are two transporter were reported to transport PGs at luminal
side. OAT-K2 mRNA, expressed predominantly in the proximal convoluted tubules,
proximal straight tubules, and cortical collecting duct, stimulated the uptake of
hydrophobic  organic aniohs, such as taurocholate, methotrexate, folate, and
prostaglandin E,. Furthermore, OAT-K2 was suggested to function as bidirection organic

anion transporter in the apical membrane. HOAT4 mediatede uptake of PGE, and

PGF,y. Since hOAT4 mediated the efflux of estrone sulfate, it is possible that hOAT4
mediates the bidiractional transport of PG on the apical site of the proximal tubule.
However, further study should be performed to elucidate the role of other apical
transporter.

The further study is to characterized the transport properties of PGE, by rOAT1.
The exchange of extracellular PGE, with the intracellular [MC] PAH was done in efflux
experiment. At lower concentration of PGE,, [14C]PAH efflux was stimulated with nearly
the same degree. At é high concentration of PGE; in extracellular medium, [MC]PAH
efflux was inhibited. At a high conéentration, PGE; may simply diffuse into intraceilular
compartment and compete with [14C]PAH at intracellular binding site of rOAT1, cis-
inhibition. This result may indicate the counter effect between intracellular cis-inhibition
and extracellular trans-stimulation.

PGE; and PGD, have been postulated to mediate central sleep-wake cycles

{Hayaishi, 1991). PGE, and PGE, were reported to increase body temperature

13



(Katzung, ). PGE, are widely expressed in diverse structures of the rat brain
{(Matsumura, et. al., 1992). In this regard, rOAT1 was shown to be localized at the brain
using northern blot analysis (Sekine et. al., 1997). In the present study, we found that
rOAT1 mediated the transport of PGE,. Thus, rOAT1 may play a role in the release,
uptake and/or degradation of this prostanoids in the brain.

In conclusion, the present work suggest that rOAT1 interact with various
prostaglandin including thomboxane, thus, rOAT1 may mediated the basclatral uptake
of these prostaglandin and thomboxane in the proximal tubule. In addition, there was
species difference in the affinity of prostaglandin between rOAT1 and hOAT1. The
current results also provide important information for clinical application of
prostaglandins. Therefore, concomitant administration of prostaglandin with other drug

that share the same transporter for tubular excretion must be play attention.

14
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1. cRNA preparation

The plasmid containing rOAT1 cDNA will be provided from Prof. Hitoshi
Endou, our collaborator at Kyorin University School of Medicine, Tokyo, Japan. This
clone will be used for plasmid extraction, purification, digestion and will be used as
cDNA template for corresponding cRNA synthesis.

After the preparation of cDNA template, the corresponding- cRNA will be
synthesized. To prevent any contamination of RNase, all vial and micropipette are
Rnase free. Procedure will be carried out under stringent condition to avoid
contamination, as Rnase is quite stable and difficult to inactivate, whereas RNA is easily
destroyed.

In vitro cRNA synthesis will be carried out using Ambion kit. The
synthetic reaction will be performed by adding following chemicals sequentially, 2X
Ribonuclectide Mix, 10X Transcription buffer, linearized DNA template and 10X enzyme
mix. The reaction will be incubated at 37 °C for 1hr. Then the cDNA template will be
eliminated by adding Rnase-free Dnase and further incubated at 37 °C. for 15 min. The
reaction will be stopped by adding 5M NH,OAC and cRNA will be isclated by
precipitation.

To precipitation cRNA, 100 ul of phenol/chloroform will be added to the
reaction mixture. After vigorous mixing, the samples will be centrifuged at 12,000 rpm
for 2 min. at room temperature. The supernatant phase (around 95 ul) will be

transferred to another vial and 95 pl of chloroformfisoamyl alcohol will be added. The

sample will be centrifuged at the same speed and temperature. The supernatant wili be
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precipitated by adding isopropancl. Precipipation will be performed at -20 °C for at least
24 h. After precipitation, cRNA pellet will be separated from the solution by
centrifugation at 15,000 rpm at 4 °C for 20 min. The supernatant will be discarded and
70% ethanol (-20 c'C) will be added to wash out the remaining salt. The supernatant will
be discarded after centrifugation at 15,000 rpm at 4 °C for 15 min. The pellet will be
dried by vacuum pump and dissolved with Rnase-free water 20 pl on ice for at least 10
min with periodic tapping. For determination of cRNA concentration, 1 ui of cRNA will
be diluted with 300 i distilled water. The absorption of diluted cRNA will be recorded
by spectrophotometer from the wavelenght of 320 to 220 nm. The peak of absorption
from the curve will be used for calculation of cRNA concentration. The disolved cRNA
will be kept at -80 °C for oocyte injection. cRNA integrity will be confirmed by RNA gel
eletrophoresis. Agarose RNA gel will show one band of cRNA at paosition size of that
cRNA.
2. Microinjection of rOAT1 cRNA into oocyte
2.1 Glass micropipette preparation

Twenty cm long glass pipette will be pulled by micropipette puller
yielding 2 glass micropipettes of 10 .cm in length. Pulled pipette will be ground by
micropipette grinder until the tip is’30-40 pum in diameter for cRNA microinjection and
15-20 pm for {14C]. Ground glass pipettes will be washed using water and acetone.
These grounded micropipettes will be made Rnase free by baking at 200 °C for at least

6 hr in the moming of the micreinjected experiment.

20



2.2 rOAT1 cRNA microinjection

A glass micropipette will be back filled with mineral cil using a
long flexible needie. During this step, care must be exercise to avoid the formation of air
bubbles in the micropipette, as these bubbles will cause inaccuracy in microinjection.
The oil filled micropipette will be mounted on to a Drummond microdispensor. Then
rOAT1 cRNA will be loaded on to a parafiim and will be sucked into the micropipette by
the Drummond microdispensor, which will be mounted on a Narishige micromanipuiator.

3. Xenopus laevis oocyte preparation
3.1 Xenopus laevis operation

For each set of experiment, a frog will be anesthetized in
solution containing 0.1% MS-222 and 0.3% KHCO; with pH 7.5 for 30-45 min. The frog
will be placed on ice for operation. A lateral incision of 0.5-1 cm will be made on one
side of the lower belly with the use of a sharp razor on the skin. The underlying muscle
will be cut open with a scissors. From the abdomen, 4-5 of lobe or 2/3 of ovary will be
harvested by removing with scissors to obtain cocytes. The remaining 1/3 of ovary will
be returned to the abdominal cavity for regeneration of new oocytes. Both incisions,
muscle and skin will be closed by suture. The operation procedure for frog must be
careful and will be carried out under' aseptic condition. The operated frog will kept in an
isolated container untillit completely recover from surgery, as assess by its activity. The
frog is then returned to its storage tank. Frogs treated in this way usually recover
without subsequent morbidity. In certain frogs, the oocytes can be repeatedly harvested

up to 5 times with approximate 1 month interval
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3.2 Xenopus laevis oocytes defolliculaltion
Harvested ococytes will be kept in ND96 solution, containing NaCl
96 mM, KCI 2 mM, MgCl,.H,O 1 mM, HEPES 5§ mM, CaCl,.2H,0 1.8 mM pH 7.4 Each
sag is carefully cut into small clumps, a rather time consuming procedure. This is to
ensure the homogeneous enzymatic digestion of follicles. The small clumps will be
placed in a vial containing OR2 solution (NaCl 92.5 mM, KCI 2 mM, MgCl,.H,C 1 mM,
HEPES 5 mM pH 7.5) and oocytes will be washed 5 time with this OR2 solution.
Oocytes will be treated with collagenase 2 mg/ml in OR2 solution to partially digest the
follicular layer. These cocytes will be mixed by rotating the bottle continuoﬁsly for 40-50
min. At the end of digestion, oocytes will be washed with OR2 solution 4-5 times.
These oocytes will be transferred to petri dish containing ND26 solution. Each oocyte
will be manually separated from its surrounding follicle under stereomicroscope. Th;e
mature oocytes of stage V-VI about 1-1.2 mm in diameter will be selected and stored in
ND96 solution at 18 °C till ready for microinjection of capped pon(A+)RNA.
4. Maintenance of Xenopus laevis
The lab-conditional mature female Xenopus laevis (South African clawed
frogs) will be maintained in glass tanks at 18 °C. The temperature will be controlled at
low temperature by intermittent pﬁmping of chilied water through the lower tank. The

frogs will be feed 2 times per week.
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331 Renal Organic Solute Transport
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Sun. 7:30 AM - 5:00 PM--Convention Center, Exhibit Hall
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Program # 331.17

nteraction of prostaglandins with rat organic anion transporter |

t Jarivawat'. Nopporn Apiwattanakul'. Takashi kainez. Samaisukh Sophasan', Hitoshi Endou®. 'Department of Physiolagy, Mahidol
ty, Rama VI, Rajthavee. Bangkok 10400 Thailand, “Department of Pharmacology and Toxicology, Kyorin University School of Medicine.
Tokyo Japan
%cretion 15 known o be an important pathway for elimination of prostaglandins (PGs). Being organic acid, PGs are handed by renal organic
ransporters { OATY. PGE» has been shown to be transported by human QAT expressed i the proximal wubular ¢ell. In the present study using
dievis ooevtes, the micraction ol PGE-. PGE,, PGI2; 6-keto PGF |, and Thromboxane (TX} Ba with rat OAT| was investigated. These PGs
ted markedly and competitreely the uptake of [*C] p-aminchippurate {(PAHY via rQAT!. The inhibition constant (K,) for PGE,. PGE,. PGD, 6-
Flecand TXB. were 36, 54, 51,251, 2335 UM, respectively. [‘\H] PGE- was shown to be transported by rOAT] in 2 dose dependent mannei
ha K, of 37 uM and a v, of 16 pmolih/oocyte. PGE,, a1 300, 100, 50, and 10 uM suymulated [C] PAH cfflux. however ar higher concentration

. the efflux is inhibited. These dala indicate that rOATI may contributc to prostaglandin uplake at the basolateral membrane of proximal
ar cells. (Supporied b Thailand Rescarch Fud)



