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Abstract

The human organic anion transporter 4 (hOAT4) has
been identified as the fourth isoform of OAT family.
hOAT4 contributes to move several negatively charg-
ed organic compounds between cells and their ex-
tracellular milieu. The functional characteristics and
regulatory mechanisms of hOAT4 remain to be
elucidated. It is well known that caveolin plays a role
in modulating proteins having some biological
functions. To address this issue, we investigated the
co-localization and interaction between hOAT4 and
caveolin-1. hOAT4 and caveolin-1 (mMRNA and protein
expression) were observed in cultured human pla-
cental trophoblasts isolated from placenta. The con-
focal microscopy of immuno-cytochemistry using pri-
mary cultured human trophoblasts showed hOAT4
and caveolin-1 were co-localized at the plasma mem-
brane of the cell. This finding was confirmed by
Western blot analysis using isolated caveolae-en-
riched membrane fractions and immune-precipitates
from the trophoblasts. When synthesized cRNA of
hOAT4 along with scrambled- or antisense-oligo-
deoxynucleotide (ODN) of Xenopus caveolin-1 were

co-injected to Xenopus oocytes, the [3H]estrone sul-
fate uptake was significantly decreased by the co-in-
jection of antisense ODN but not by scrambled ODN.
These findings suggest that hOAT4 and caveolin-1
share a cellular expression in the plasma membrane
and caveolin-1 up-regulates the organic anionic com-
pound uptake by hOAT4 under the normal physio-
logical condition.
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Introduction

The organic anion transporter (OAT) contributes to
excrete amphiphilic organic anions introduced endo-
genously and exogenously including a number of
clinically used drugs, pesticides and herbicides
(Pritchard and Miller, 1993; Ullrich and Rumrich,
1993; Meier, 1995; Muller and Jansen, 1997). In
the body, lipid-soluble compounds are biotrans-
formed to their hydrophilic metabolites that are, in
most cases, organic anions and many of them are
harmful to the body. Their elimination, therefore, is
essential for the maintenance of homeostasis. In
1997, Sekine et al. and Sweet et al. (Sekine et al.,
1997; Sweet et al., 1997) used a functional expres-
sion cloning method to identify the novel multi-
specific organic anion transporter 1 (OAT1) from
rat kidney. Now five murine (OAT1, 2, 3, 5, and 6)
and five human (OAT1, 2, 3, 4, and 5) isoforms
have been reported (Kusuhara et al., 1999; Cha et al.,
2000, 2001; Sekine et al., 2000; Sun et al., 2001;
Youngblood and Sweet, 2004; Monte et al., 2004).
Among human OATs, only OAT4 is expressed in and
cloned from human placenta.

The placenta has important roles in protecting
the fetus from harmful compounds in the maternal
circulation, supplying nutrients to the fetus, eliminating
wastes from the fetus, and secreting bioactive
compounds such as hormones and prostaglandins
(Stulc, 1997; Knipp et al., 1999). The placental
trophoblast differentially expresses a variety of
transporters on the brush-border and basal
membranes (Stulc, 1997; Ganapathy et al., 2000).
Recently the human OAT4 is added to placental
transporters. Although the only a few investigations
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have reported the functional characterization of
hOAT4, there is no report on the regulating
mechanism by protein-protein interaction between
hOAT4 and caveolin.

In recent decades, the caveolins have been
reported as being important modulating molecules
that bind to some proteins having biological
functions. Caveolins are integral membrane
proteins that are present in caveolae, the small
flask-shaped and detergent in soluble invagina-
tions in the plasma membrane, and they have
been implicated to function in the vesicular
transport processes. Several studies have shown
that several transporter protein including p-
glycoprotein (Cai et al., 2004), cationic amino acid
transporter (McDonald et al., 1997) and sodium-
calcium exchanger (Cha et al., 2004) are localized
in caveolin-enriched lipid raft microdomains and
they are regulated by caveolins. We first report that
rat OAT3 also binds to and regulates its function by
caveolin-1 (Kwak et al., 2005). Not only hOAT4 but
also the several types of organic anion transporting
protein and ABC transporters are expressed in
placenta (Pascolo et al., 2003; Ugel et al., 2003).
These facts can establish the hypothesis that
hOAT4 also have relationship with caveolin.

Therefore, the purpose of this study was to
investigate the protein-protein interaction between
hOAT4 and caveolin-1, and regulatory effect of
caveolin-1 on the function of hOAT4.

Materials and Methods

Drugs and chemicals

PCR primers, AMV reverse transcriptase XL and
Tag DNA polymerase were purchased from
TaKaRa Korea Biomedical Co. (Seoul, Korea). TRI
reagent and protein A-sepharose were purchased
from Sigma-Aldrich (St. Louis, MO). Streptomycin,
penicillin, Hanks' balanced salt solution (HBSS),
DMEM and FBS were bought from Gibco BRL
(Grand Island, NY). [*H]estrone sulfate was purcha-
sed from PerkinElmer Life Science Products (Boston,
MA). Polyclonal rabbit anti-human OAT4 was pur-
chased from Alpha Diagnostic International Inc. (San
Antonio, TX). Monoclonal mouse anti-human
caveolin-1, goat anti-mouse and anti-rabbit IgG:
HRP antibodies were purchased from Transduction
Laboratories (Lexington, MS). All other chemicals
utilized in this study were of the highest purity
available from commercial sources.

Isolation of human trophoblast cells
The placental tissue was from caesarian delivery

patient and approved by the Inha University
Institutional Research Board. Ten to 15 g human
term placenta from donor was aseptically isolated
during caesarian delivery and placed in HBSS. The
tissue was cut in small pieces and trophoblast cells
were isolated as described previously in detail
elsewhere (Bischof et al, 2003) with modifi-
cations. Briefly, tissues were digested by 0.25%
trypsin (Sigma) and DNase | (Sigma) at 37°C, then
trophoblast cells were separated from blood cells
and decidua on a discontinuous Percoll gradient
(Sigma). The cells were plated at 1 x 10’ cells/
dish in 10 cm dish, 5 x 10° cells/well in 6-well
plates and 1 x 10° cells/well in 24-well with DMEM
medium supplemented with 20% FBS and 1%
penicillin/streptomycin and kept in 5% CO, at 37°C.
This method supplies a 85~90% purity of tropho-
blastic cells, including all trophoblastic sub-groups.
We verified the purity of trophoblast cells by using
immunoblot with specific antibodies to cytokeratin
7 (positive) commonly used for indication of tro-
phoblast purity.

RT-PCR analysis and cDNA construction of hOAT4

Extraction of total RNA was conducted by using
the TRI reagent according to the manufacturer’s
instructions. Isolated total RNA (500 ng) from
6-well culture was reverse transcribed using 5 U of
AMV reverse transcriptase XL for 30 min. The
prepared cDNA was employed as template for
PCR. The condition for PCR was as follows; one
cycle of 60 s at 94°C, 35 cycles each for 30 s at
94°C, 30 s at 55°C and 90 s at 72°C, and one cycle
of 10 min at 72°C. The PCR products (15 pl) were
then separated in a 1% agarose gel electropho-
resis and stained with ethidium bromide. In order to
obtain full sequence of hOAT4, PCR method was
employed. PCR amplification was carried out and
sub-cloned at the EcoRI and Xhol site in mammalian
expression vector, pcDNA 3.1(+) and the sequence
was confirmed using Big-dye method. The sequ-
ences of used primer sets are shown in Table 1.

Western blot analysis

The cells were washed with cold HBSS and
harvested. Subsequently the cells and scrambled
or antisense ODN-injected 50 Xenopus laevis
oocytes were homogenized in nine volumes of 2.1
M sucrose solution containing 0.26 unit/ml aprotinin,
0.1 mM PMSF, 10 pg/ml leupeptin, and 10 pg/ml
trypsin inhibitor with 10 strokes of a motor-driven
Teflon-glass tissue homogenizer. The homogenate
was centrifuged for 10 min at 500 X g, and the
supernatant was centrifuged further for 20 min at



Table 1. Nucleotide sequences of used primers.

Sequence size

hOAT4

F TGGACACACATGCTGGAC- 497
AATGGC

R AGTGAACTCAGAAAGATG-
CCGGCC

Cytokeratin-7

F TTGCCTCCTTCATCGA- 502
CAAGGTGC

R TCATACTGTGCCTTGA-
CCTCAGCG

caveolin-1

F TCTACAAGCCCAACAA- 360
CAAGGCC

R TGCACTGAATCTCAAT-
CAGGAAGC

hOAT4

F (EcoRl) GCGCGCGAATTCGTTC- 2,220
CAAACAGCAGTTAGG

F (Xhol) GCGCGCCTCGAGTTTT-
TATCTGGCAGCTCTC

X. caveolin-1 GCCGGTCATCAGAGAGCA

SODN

X. caveolin-1

AODN-1 TGCTCTCTGATGACCGGC

F, forward; R, reverse; SODN, scrambled-oligodeoxynucleotide; AODN,
antisense-oligodeoxynucleotide

8,000 X g. The supernatants were then centrifu-
ged at 100,000 x g for 1 h, and the pellets
containing crude membrane fractions were used to
Western blotting. The protein samples were boiled
for 10 min in sample buffer and subjected to 10%
SDS-PAGE. The separated proteins were trans-
ferred electrically to a Hybond-P PVDF transfer
membrane (Amersham Pharmacia Biotech). The
membrane was blocked for 1 h in 5% skim-
milk-TBST (20 mM Tris/HCI [pH 7.0], 150 mM
NaCl, and 0.1% Tween 20), washed with TBST,
and then incubated with antibodies of hOAT4
(1:500) or caveolin-1 (1:200) for 1 h at room tem-
perature. The membrane washed three times in
TBST was incubated for 1 h with the goat
anti-rabbit or anti-mouse IgG:HRP antibody (1:3,000)
at room temperature. After washing, the membrane
was visualized by the ECL kit (Amersham Phar-
macia Biotech., Buckinghamshire, UK).

Confocal microscopy

The primary cultured proximal tubular cells on
cover slips were fixed with 4% para-formaldehyde
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solution in PBS (pH 8.4; 15 min, room temperature)
and permeabilized by 0.1% Triton X-100 solution in
PBS (10 min, room temperature). The nonspecific
binding sites were blocked with 10% control serum
in PBS for 30 min in room temperature. Polyclonal
antibody of hOAT4 (1:200) and monoclonal anti-
bodies of caveolin-1 (1:50) were treated to the
fixed cells for 1 h. Secondary antibodies without
prior antibody treatment were also included as
controls. After washing, cells were double stained
with fluorescein isothiocyanate (FITC)- and Texas
Red-conjugated secondary antibodies for 30 min.
After washing, samples were examined both at the
green and red wavelengths under a Bio-Rad MRC
1000 confocal microscope. More than 50 cells
have been inspected per experiment and the
photos of cells with typical morphology and staining
are presented.

Preparation of caveolae-enriched membrane
fractionation

Caveolae-rich membrane fraction from cultured
trophoblast was fractionated using sucrose gradient
ultracentrifugation (Kwak et al., 2006). In brief, 2
plates (® 10 cm) of cultured trophoblasts were
harvested and homogenized in 2 ml of lysis buffer
(10 mM Tris-HCL, pH 7.5, 150 mM NaCl, 5 mM
EDTA, 1 mM PMSF, 10 pg/ml leupeptin, 10 pg/ml
trypsin inhibitor, and 1% Triton X-100) followed by
sonication. The homogenate was brought to 40%
sucrose by addition of an equal volume of 80%
sucrose and loaded in an ultracentrifuge tube. A
discontinuous sucrose gradient was layered on top
of the sample by placing 4 ml of 30% and 4 ml of
5% sucrose, respectively. After centrifugation at
200,000 x g for 16~20 h at 4°C, the upper light
scattering band at the 5~30% sucrose interface
was collected as the caveolae-rich fraction and the
lower band (40% sucrose layer) was collected as
the non-caveolae fraction.

Immuno-precipitation of hOAT4 and caveolin-1

The soluble lysate of trophoblast was incubated
with antibodies specific for caveolin-1, hOAT4 or a
pre-immune rabbit IgG at a final concentration of 4
ug/ml for 4 h at 4°C. Protein-A-Sepharose was
then added for 2 h at 4°C. Thereafter, the samples
were centrifuged and the pellets were washed 4
times with PIPA buffer (150 mM NaCl, 1 mM EDTA,
1% triton X-100, 1% NP-40, 0.05% SDS, and 10
mM Tris; pH 8.0) and then prepared for the
Western blotting analysis by boiling in the sample
buffer to determine whether interactive binding has
occurred between caveolin-1 and hOAT4.
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hOAT4

Extracellular

Intracellular

Figure 1. Predicted location of hOAT4 caveolin-binding motifs. The hy-
dropathy plot model of hOAT4 is based upon topological analysis.
Transmembrane regions are represented by shaded cylinders and extra-
membranal loops are black lines. Closed circles designate the approx-

imate location of the hOAT4 caveolin-binding motifs.

75 kDa

65 kDa/-

S | = 20 kDa

cRNA synthesis and uptake experiments using
Xenopus laevis oocytes

cRNA synthesis and uptake measurements were
performed as described previously (Cha et al,
2000). The capped cRNA was synthesized in vitro
using T7 RNA polymerase from the plasmid DNA
linearized with Xhol. Defolliculated oocytes (stage
VI and V) were injected with 30 ng of the capped
hOAT4 cRNA with or without Xenopus caveolin-1
sense or antisense oligodeoxynucleotides (ODN)
and incubated in Barth's solution (88 mM NaCl, 1
mM KCI, 0.33 mM Ca(NOs)2, 0.4 mM CaCl,, 0.8
mM MgSQy4, 2.4 mM NaHCOs3;, and 10 mM HEPES)
containing 50 pg/ml gentamicin at 18°C. After 2 to
3 days of incubation, an [3H]estrone sulfate uptake
experiment was performed at room temperature in
ND96 solution (96 mM NaCl, 2 mM KCI, 1.8 mM
CaCl,, 1 mM MgCl; and 5 mM HEPES, pH 7.4) as
described elsewhere (Kwak et al., 2005). Used

Figure 2. Morphology and characterization of primarily cultured placental
trophoblasts. (A) Light microscopy of confluently grown placental tropho-
blasts. (B) Messenger RNA expression of cytokeratin-7, hOAT4 and cav-
eolin-1 in the cultured placental trophoblasts. Total RNA (500 ng) isolated
from cultured trophoblasts was reverse transcribed and PCR was per-
formed (35 cycles). PCR products were separated using 1% agarose gel
and stained with ethidium bromide. (C) Isolated membrane protein (30
ngllane) was separated by electrophoresis and presence of each cytoker-
atin-7, hOAT4 and caveolin-1 was detected with respective antibodies.
Data was shown typical result from 3 independent experiments. a; cytoker-
atin-7, b; hOAT4, c; caveolin-1.



antisense oligodeoxynucleotide sequences are
also shown in Table 1.

Statistical analysis

Statistical analyses were performed using the
ANOVA test for multiple comparisons and a P
value < 0.05 was considered significantly different.

Results

Caveolin-binding motifs in hOAT4
As the first step of this study, we scanned the
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caveolin-binding motif in hOAT4. A scan of hOAT4
primary amino acid sequence indicated there are
three potential caveolin-binding motifs located at
amino acids 117-124, 158-167 and 193-201 (Figure
1). Two caveolin-binding motifs are located within
the putative membrane spanning domains and
near the extracellular face (117-124 and 193-201),
and a motif is located near the cytoplasmic face of
the plasma membrane (158-167).

Human trophoblasts culture and identification

We have characterized primarily cultured human
placental trophoblasts using RT-PCR and immuno-

Figure 3. Confocal microscopy of
cultured trophoblasts immuno-cyto-
chemically stained with hOAT4 and
caveolin-1 antibodies. Cells were
double stained with fluorescein iso-
thiocyanate- and Texas Red-con-
jugated secondary antibodies after
an initial treatment with either hOAT4
or caveolin-1 antibodies separately
and then examined under a confocal
microscope at their respective
wavelengths. For each experiment,
at least 50 cells were examined and
the presented images represent typ-
ical staining pattern for the majority
of examined cells. A; hOAT4, B;
caveolin-1, C; merged images of A
and B. D and E, stained only with
secondary antibodies without the
prior treatment of either hOAT4 or
caveolin-1 antibodies to show the
images of non-specific bindings.
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blotting employing cytokeratin 7 (positive control)
as the markers. Figure 2A showed light microscopic
morphology of primarily cultured human placental
trophoblasts. Figure 1B and C showed the mRNAs
and protein expression of the trophoblast marker,
hOAT4 and caveolin-1. From these results, used
cells in current study had the characteristics of
trophoblasts.

Co-localization of hOAT4 and caveolin-1 in plasma
membrane

To demonstrate the localization of hOAT4 and
caveolin-1 in the plasma membrane, we used

A

hOAT4 \ P \
Cav-1 ‘ - - W - ‘
Fracion 1 2 3 4 5 6 7 8 9 10 11 12
NO.

confocal microscopy on the trophoblast cells. The
cells were treated with the antibodies to hOAT4 or
caveolin-1. Subsequently these cells were treated
by double staining with two different secondary
antibodies, one was conjugated with fluorescein
isothiocyanate (hOAT4) and the other was con-
jugated with Texas Red (caveolin-1), respectively.
The green fluorescent hOAT4 stain was localized
to the plasma membrane (Figure 3A) and the red
fluorescent caveolin-1 stain ws also detected in the
plasma membrane as well as cytoplasmic portion
(Figure 3B). The overlaid image showed the co-
localization of hOAT4 with caveolin-1 (Figure 3C).
Non-specific staining by the secondary antibodies

B
IP: none hOAT4 IP: none Cav-1
9  B:hOAT4 u
u IB:Cav-1 :’

Figure 4. Western blot analysis using isolated membrane fraction and immunoprecipitates by antibodies in the cultured trophoblasts. (A) The cells were
lysed using a teflon/glass homogenizer and a sonicator, and subjected to sucrose gradient centrifugation as described under Materials and Methods.
Equal amounts of protein (10 ng) from each of twelve fractions (1-12) were separated by SDS-PAGE 15% acrylamide gel and transferred to membranes,
which were blotted using anti-hOAT4 antibody (1:500) and anti-caveolin-1 (1:200). Obtained data from 2 separate experiments were consistent. (B) Cell
lysates were immuno-precipitated initially with antibodies of hOAT4 or caveolin-1 and the respective immuno-precipitated (IP) proteins (15 pug) were load-
ed onto each lane of a 10% SDS-polyacrylamide gel. Cell lysate was immuno-precipitated initially with hOAT4 (left pannel) and was immuno-precipitated
initially with caveolin-1 antibodies (right pannel). Obtained data from 2 separate experiments were consistent.
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Figure 5. The effects of Xenopus laevis caveolin-1 scrambled or antisense oligodeoxynucleotide on hOAT4-mediated [3H] estrone sulfate uptake in
Xenopus laevis oocyte expression system. (A) The expression of caveolin-1 in scrambled or antisense ODN injected oocytes. Membrane protein was ex-
tracted from 50 ODN injected oocytes and Western blot analysis was performed. (B) Defolliculated stage VI and V oocyte were injected with water with
hOAT4 cRNA (30 ng/oocyte), with hOAT4+scrambled ODN (3 pmol/oocyte), or with hOAT4 antisense ODN (10 pmol/oocyte). After 3 days, [ H] estrone
sulfate (100 nM) uptakes were determined for 1 h. Each bar represents the mean =+ standard error for three experiments. Each experiment contains 8-10

oocytes.



was not observed (Figure 3D and E). When we
examined 50 cells, above 80% of the tested cells
showed a similar pattern.

Western blot analysis using isolated caveolae-rich
membrane fraction and immunoprecipitates by
antibodies in the cultured trophoblasts

In order to demonstrate the localization of hOAT4
to caveolae, we prepared caveolae-rich membrane
fractions from trophoblasts and we analyzed the
hOAT4 proteins in these fractions by Western blot
analysis. As shown in Figure 4A, hOAT4 and
caveolin-1 proteins were observed predominantly
in the detergent-insoluble fractions numbered 3
and 4 or 3, respectively. To determine whether
there is a direct binding between the hOAT4 and
caveolin-1, the lysates of trophoblasts were initially
immuno-precipitated with the antibodies directed
against hOAT4 or caveolin-1. The precipitates
were subsequently electrophoresed by SDS-PAGE
and the separated proteins were transferred to a
membrane. The formation of a complex between
the hOAT4 and caveolin-1 was analyzed by
Western blot analysis using designated antibodies.
The hOAT4 or caveolin-1 proteins did not
precipitate with the control I1gG (Figure 4B,
designated as none). As shown in Figure 4B, the
presence of the hOAT4 and caveolin-1 complex was
detected upon precipitation with hOAT4 antibody
(left panel). The presence of the hOAT4 and
caveolin-1 complex could also be detected fol-
lowing precipitation with caveolin-1 antibody (right
panel).

Effect of caveolin-1 on uptake function of hOAT4

In order to prepare the cDNA of hOAT4 containing
the full sequence, we performed RT-PCR in cultured
trophoblasts. We have successfully synthesized
full-length hOAT4 and sub-cloned it to mammalian
expression vector, pcDNA 3.1 (+) (sequencing data
not shown). To determine the effect of caveolin-1
on [*Hlestrone sulfate uptake by hOAT4 in a
Xenopus oocyte expression system, Xenopus
caveolin-1 scrambled and antisense ODN were
employed. There was no change in the viability of
oocytes among the groups injected with water, with
hOAT4 cRNA, with hOAT4 cRNA + scrambled ODN
or with hOAT4 cRNA +antisense ODN. The
[’Hlestrone sulfate (100 nM) uptake in the hOAT4
cRNA injected oocytes showed a high uptake rate
compared with that of the water injected oocytes.
The amount of uptake in the hOAT4 cRNA injected
oocytes and water injected oocytes was 39.4 =15.8
fmol/oocyte/h and 275.1 £53.1 fmol/oocyte/h,
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respectively (Figure 5). When scrambled ODN was
injected with hOAT4 cRNA, the uptake rate of
[3H]estrone sulfate (252.3 = 65.6 fmol/oocyte/h)
was slightly decreased compared to that of the
hOAT4 cRNA injected oocytes; however, this was
without statistical significance. To demonstrate the
effect of caveolin-1 on the function of hOAT4, we
designed an antisense ODN in the open reading
frame of Xenopus caveolin-1 (Xcaveolin-1). The
uptake rates of [’Hlestrone sulfate in the
Xcaveolin-1 AODN (3 and 10 pmol/oocyte) with
hOAT4 cRNA (30 ng/oocytes) co-injected oocytes
was significantly decreased in a concentration-
dependent manner (Figure 5) (3 pmol, 161.0 £
42.7 fmol/oocyte/h; 10 pmol, 95.6 =15.0 fmol/
oocyte/h).

Discussion

Results obtained in the present study demonstrate
for the first time that the hOAT4 in the cultured
human placental trophoblasts is bound to
caveolin-1 and the bound complexes are localized
in the caveolae-enriched plasma membrane frac-
tion. Several lines of evidences provided by this
current study support this conclusion: 1) RT-PCR
and immunoblot analysis indicated the expres-
sional patterns of hOAT4 and caveolin-1 in the
cultured human placental trophoblasts, 2) the
overlaid confocal microscopic immuno-cytochemi-
stry images of hOAT4 and caveolin-1 show that
hOAT4 is colocalized with caveolin-1 in the plasma
membrane, 3) the cross-over immuno-precipitation
results show that the hOAT4 protein formed a
bound complex with caveolin-1 protein, 4) using
the Xenopus oocyte expression system, the
functional analysis results of hOAT4 with or without
Xenopus caveolin-1 antisense ODN reveal that the
uptake function of hOAT4 is up-regulated by
caveolin-1 under physiological conditions.

The hOAT4 is unique member among organic
anion transporter family expressed in the placenta.
Recently isolated hOAT4 is thought to play important
role as a steroid sulfate conjugate transporter and
also contributes elimination of clinically important
drugs and endogenous organic anions (Khamdang
et al., 2003; Ugele et al., 2003; Ekaratanawong et
al., 2004). Even though the regulation mechanism
of hOAT4 in the kidney has begun to be explored,
its regulation mechanism in the placenta is largely
unknown. Zhou and co-workers have shown that
the function of hOAT4 was down regulated both by
activation of PKC and by pregnancy-specific
hormones progestetone in placental BeWo cells
(Zhou et al., 2007). However, they have reported
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that progesterone-induced down regulated hOAT4
function is independent on PKC pathway. They
also reported that hOAT4 activity was regulated by
the protein-protein interaction with the multivalent
PDZ (PSD-95, Drosophila discs-large protein,
Zonula occludens protein 1) protein and Na/H
exchange regulatory factor-1 (NHERF1) in kidney
derived cell line (Zhou et al., 2008). Miyazaki et al.
also showed similar result using transfected human
embryonic cells (Miyazaki et al., 2005). Interesting-
ly, Zhou and co-workers showed that this regula-
tory mechanism by protein-protein interaction with
PDZK1 and NHERF1 is occurred in Kkidney
originated cell line but not in placenta originated
BeWo cell line. Therefore, they suggest that
regulatory partner protein in placenta is different
from that in kidney. We have reported the function
of OAT1 and OAT3 was regulated by protein-
protein interaction with the scaffolding protein,
caveolin (Kwak et al., 2005a, 2005b). In the current
study, we investigate the interaction of hOAT4 with
caveolin-1 protein in primarily cultured human
placental trophoblasts.

Caveolin is a compositional protein of caveolae
which were flask-shaped vesicular invaginations in
the plasma membrane, and they are rich in
cholesterol, glycosphingolipids and sphingomyelin,
and then are not solubilized by detergents. The
membrane receptor molecules associated with
signaling are known to be anchored to caveolae
via caveolins and the caveolae have been im-
plicated to function as the portals of signal
transduction and in the vesicular transport
processes (Lisanti et al., 1994; Couet et al., 1997).
Several membrane associated signaling molecules
are known to contain a common amino acid
sequence motif (i.e., XPXXXXP, dXXXXdXXd or
OXOXXXXHXXd in which ¢ designates aromatic
amino acids like Trp (W), Phe (F) or Tyr (Y) and X
can be any amino acids) that recognizes the
scaffolding domains that are present in caveolins.
Considering the transmembrane topology of
hOAT4, the primary amino acid sequence indicated
the three potential caveolin-binding motifs (Figure
1). Among these, the second motif (FIWGLLSYRF)
is candidate to bind with caveolin, which is located
near the cytoplasmic face of the plasma membrane
(amino acids 158-167).

In order to demonstrate the relationship between
caveolin-1 and hOAT4, we performed functional
uptake experiments using Xenopus caveolin-1
sense or antisense ODN in a Xenopus oocyte
expression system. There have been two previous
reports on the molecular features of Xenopus
laevis caveolins. Razani and co-workers have
reported the results of molecular cloning of X. laevis

caveolins (Razani et al., 2002) and Sadler have
reported the existence of caveolin-like protein in X.
laevis oocytes (Sadler, 2001). The increase of
[’Hlestrone sulfate uptake by hOAT4 was signifi-
cantly inhibited by the co-injection of antisense
ODN, but not by scrambled ODN with hOAT4 cRNA.
This result shows that caveolin-1 up-regulates the
function of hOAT4 under the normal physiological
condition. In speculation, a cause of functional regu-
lation of hOAT4 by antisense oligodeoxynucleo-
tide of caveolin-1 may be thought to be membrane
trafficking of hOAT4 protein in placenta. Further
molecular in vitro mutagenesis experimentation will
be necessary to confirm the real binding site in
hOAT4.

In conclusion, we report the protein-protein
interaction of hOAT4 and caveolin-1. hOAT4 and
caveolin-1 are co-localized in caveolae of the
plasma membrane to form a protein-protein complex.
The substrate uptake function of hOAT4 is up-
regulated by caveolin-1 under normal physiological
conditions. Information from our present study might
give some clues on the interacting partner of
hOAT4 in placenta.
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