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Immunohistochemical studies of organic anion transporters and urate
transporter 1 expression in human salivary gland
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Abstract
Background. Various substances including uric acid, organic acids and drugs are transported by organic anion transporters
(OATs) in the kidney. In addition, a member of the OAT family, urate transporter 1 (URAT1), is involved in the reabsorption
of uric acid from the renal tubule. Benzbromarone inhibits URAT1 to block uric acid reabsorption. Methods. Our group
previously observed higher salivary uric acid levels than serum levels in patients taking benzbromarone, and reported the
possible existence of URAT1-like uric acid excretion mechanism in the salivary gland. The purpose of this study was to
elucidate the uric acid excretion mechanism in salivary gland tissues using rabbit anti-human OAT1-4 and URAT1 polyclonal
antibodies with EnVision� system. Results. In the salivary gland, OAT1 was expressed in ductal cells. OAT2 was found in
both ductal cells and serous acinar cells and weak expression was also observed in several nuclei. OAT3 expression was
observed in serous acinar cells and nuclei and OAT4 was expressed only in ductal cells. URAT1 expression was observed in the
cytoplasm of ductal cells and strong punctuate staining was seen in part of the supra-nuclear cytoplasm. The number of cells
expressing URAT1 was smaller compared with OATs. In the kidney, however, OAT1-4 and URAT1 were strongly expressed
on proximal renal tubules. Conclusions. The present study confirmed the existence of OAT1-4 and URAT1 in the salivary
gland. These results may support the previous speculation that benzbromarone inhibits URAT1 to block uric acid reabsorption
in the salivary gland, resulting in higher salivary uric acid levels than serum levels.
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Introduction

Organic anions (organic acids) and organic cations
(organic bases) are collective terms for substances that
possess a carbon backbone and a portion with net
negative or positive charge in their basic structure.
Many of the compounds that are harmful to or
unwanted by the body (such as metabolites, drugs
and toxins) are included in this group of organic
substances. Uric acid, which is the final product of
purine derivatives, is one of the organic anions and
exists in the ionized form as urate. Urate produced in
the liver and gastrointestinal tract is dissolved in blood
as sodium urate and deposits as urate crystals when
reaching a supersaturation state. These deposits form
gouty tophus or calculus in soft tissues, joint cavities
and renal tubules, causing gouty arthritis and impair-
ing renal function. Furthermore, hyperuricemia is a

promoting arteriosclerosis factor and often co-exists
with hypertension, hyperlipidemia and diabetes. In
recent years, hyperuricemia has been regarded as a
risk factor of ischemic heart diseases. On the other
hand, since uric acid possesses an antioxidant effect,
this compound plays a protective role against oxida-
tive stress (radical scavenger) and is associated with
homeostasis of the body [1–5].
Based on the differences in substrate selectivity,

organic ion transporters can be broadly divided into
organic anion, organic cation and amphoteric ion
transporters. Organic ions metabolized in the liver
are excreted from the kidney. Since many of the drug
metabolites become organic anions, organic anion
transporters (OATs) are indispensable for drug dis-
posal. OATs are expressed in renal tubule, liver and
various types of endothelial cells and OAT1-7 as well
as OAT10 have been cloned [6–8].
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Onemember of the OAT family, urate transporter 1
(URAT1), is expressed in the brush border of the
proximal renal tubule (brush border membrane) and
mediates reabsorption of uric acid to regulate blood
uric acid concentration. Benzbromarone, which is a
drug widely used for the treatment of hyperuricemia,
inhibits URAT1-mediated uric acid reabsorption to
enhance urinary excretion and lower blood uric acid
level [9–11]. Moreover, salicylate and benzyl penicil-
lin have been reported to interact with URAT1 and
exert an effect on urinary uric acid excretion [12–14].
Various studies have demonstrated the expression of
OAT1-3 in the basement membrane of proximal renal
tubules (basolateral membrane) and OAT4 and
URAT1 in the luminal brush border of proximal renal
tubules [4,10,15].
Shibasaki et al. [16] reported that salivary uric acid

levels were higher than blood levels in patients on
benzbromarone and proposed the possible existence
of URAT1, OATs or other mechanisms related to
uric acid excretion and absorption in salivary gland
tissues. However, despite a large number of reports on
OATs and URAT1, an extensive search of literature
identified no report on the expression of these trans-
porters in the human salivary gland.
In the present study, we performed an immuno-

histochemical investigation on the expression of
OAT1-4 and URAT1 in salivary gland tissues includ-
ing the submandibular gland and parotid gland. Kid-
ney tissue was used as a positive control of OATs and
URAT1 expression.

Materials and methods

Tissue samples

The tissue samples used in this study were paraffin-
embedded blocks of major salivary gland and kidney
tissues archived at the Department of Pathology, The
Nippon Dental University, School of Life Dentistry at
Niigata. The salivary gland tissue specimens were
histopathologically normal in general without inflam-
mation or tumor. Tissues from patients who had
undergone radiotherapy and tissues containing calci-
fied substances such as salivary calculus were
excluded, because of the possibility of strong degen-
eration. For kidney samples also, generally normal
tissues were used. Sixteen salivary gland samples
(15 submandibular glands and one parotid gland)
were studied. This study was approved by the Ethics
Committee of The Nippon Dental University, Life
Dentistry at Niigata (NDU: 154) and the tissues were
used only for the investigations described below.

Immunohistochemical staining

From the paraffin embedded tissues, serial sections of
3 mm thickness were prepared. After deparaffinization,

the sections were incubated with Immunosaver (333;
Nissin, Tokyo, Japan) at 98�C for 45 min to retrieve
antigen and then treated with 0.3% hydrogen peroxide
in methanol to block endogenous peroxidase. The
samples were incubated with 5% normal goat serum
(X0907; Dako, Glostrup, Denmark) for 10 min at
room temperature andwere incubatedwith the diluted
primary antibodies overnight at 4�C. Among the pri-
mary antibodies used, OAT1 (KE038; Trans Genic
Inc., Kumamoto, Japan), OAT2 (KE031; Trans
Genic Inc.), OAT3 (KE032; Trans Genic Inc.) and
OAT4 (KE033; Trans Genic Inc.) were diluted
1/1000 and URAT1 (KE094; Trans Genic Inc.)
was diluted 1/400. Then the samples were treated
with the EnVision� System (K5027; Dako).
DAB+(3-3’-Diaminobenzidine Tetrahydrochloride)
Liquid (K3468; Dako) was used for color develop-
ment. After nucleus staining with hematoxylin, the
sections were examined under a light microscope.
Positive or negative expression of each transporter,
the site of expression and immunostaining property
were recorded. For negative control, the primary anti-
body was replaced with normal rabbit serum (X0902;
Dako).
A positive reaction was recorded only when the

assessments of the investigators were positive.

Results

Localization of OAT1-4 expression in salivary gland

OAT1 expression was observed in ductal cells and
vascular endothelial cells. In the duct cells, uneven
immunostaining in the cytoplasm, with some areas
showing strong staining, was observed (Figure 1B). In
the vascular endothelial cells, OAT1 was expressed
along the duct lumen side (data not shown).
Diffuse cytoplasmic expression of OAT2 was found

both in both ductal cells and serous acinar cells and
weak expression was also observed in several nuclei
(Figure 1D).
OAT3 expression was observed in serous acinar

cells and nuclei, but definitive expression was not
observed in the ducts or other tissues. In serous acinar
cells, OAT3 was strongly expressed in the whole
cytoplasm and several nuclei (Figure 1F).
OAT4 expression was observed only in ducts. Both

diffuse strong expression in the whole cytoplasm and
uneven expression (as observed for OAT1) in a num-
ber of cells in the duct were observed (Figure 1H).

Localization of URAT1 expression in salivary gland

URAT1 expression was observed in the cytoplasm of
duct cells and strong punctuate staining was seen in
part of the supra-nuclear cytoplasm. The number of
cells expressing URAT1 was fewer and the staining
intensity was weaker compared with other OATs and
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some salivary glands were assessed as negative.
Expression was not clearly found in acinar cells or
other tissues (Figure 2B).

Localization of OAT1-4 and URAT1 in the kidney

The expressions ofOAT1-4 andURAT1 in the kidney
are as follows. For all transporters, definitive expres-
sion was observed mainly in the proximal renal tubule
of the renal cortex. OAT1 and OAT3 showed similar
expression patterns: both were expressed strongly
along the basement membrane (basolateral mem-
brane) of proximal renal tubules (Figure 3B and D).
The expression of OAT2 was weaker compared with
OAT1 and OAT3 and diffuse cytoplasmic expression
was observed in proximal renal tubules (Figure 3C).
OAT4 and URAT1 were expressed along the luminal
brush border (brush border membrane) of proximal
renal tubules and theexpressionpatternsweredifferent
from those of OAT1-3. OAT4 was strongly expressed
along the cell membrane of the luminal brush
border (Figure 3E). However, URAT1 expression

was observed in the cytoplasm on the duct lumen
side and also in luminal brush border, showing slight
difference from the expression pattern of OAT4
(Figure 3F). OAT1-4 were distributed uniformly in
the renal cortex,whileURAT1expression tended tobe
less compared with OAT1-4.

Discussion

OATs are expressed in the epithelium of various
organs and mediate the absorption or excretion of
endogenous and exogenous substances such as uric
acid, organic acids, drugs and their metabolites. All
the OATs are expressed in the kidney as well as in
other organs and tissues such as the liver, brain,
placenta and muscle cells [10,17–19]. URAT1 was
identified by Enomoto et al. [10] in 2002 as a new
urate transporter belonging to the OAT family. This
transporter mediates reabsorption of uric acid in
proximal renal tubules to regulate blood uric acid
level. URAT1 is considered to be expressed specifi-
cally in the brush border of proximal renal tubules.
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Figure 1. Histopathological and immunohistochemical findings of OAT1-4 in human submandibular gland. (A, C, E and G) Hematoxylin-
eosin staining of serial sections for the corresponding OAT1-4 immunostained sections (B, D, F and H). (B) OAT1 is strongly expressed in the
cytoplasm of striated ductal cells. (D) OAT2 is expressed in the cytoplasm of striated ductal cells and serous acinar cells, as well as in several
nuclei. (F) OAT3 is strongly expressed in the whole cytoplasm and several nuclei of serous acinar cells. (H) OAT4 is expressed in the cytoplasm
of striated ductal cells.
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Figure 2. Histopathological and immunohistochemical findings of URAT1 in the human submandibular gland. (A) Hematoxylin-
eosin staining of a serial section. (B) Immunohistochemical findings of URAT1 shows expression in the cytoplasm of striated ductal cells,
with strong punctuate staining in part of the supra-nuclear cytoplasm. Compared with the staining results of OAT1-4, fewer cells are positive
and staining intensity is weak.
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However, because expression in vascular smooth
muscle cells has also been reported [20], the existence
of URAT1 in organs other than the kidney has been
suggested.
In the present study, the expressions of OAT1-4-

and URAT1 in the salivary gland and kidney were
investigated using an immunohistochemical method.
While OAT1-4 and URAT1 were all positive in
salivary gland and kidney tissues, their localizations
were considerably different. OAT1-3 were expressed
in the cell membrane and cytoplasm on the basement
membrane side of renal tubules, whereas they were
expressed in multiple sites including the cytoplasm
and some nuclei of striated ductal cells and acinar
cells in the salivary gland. On the other hand,
OAT4 and URAT1 expressions were observed in
the cytoplasm and cell membrane on the luminal
side of renal tubules, while they were found mainly
in the cytoplasm of striated ductal cells in the salivary
gland. The finding that transporters are expressed in
striated ductal cells as in renal tubule cells suggests
that the ductal cells are involved in the transport of
organic acids and drug metabolites. Especially, the
observation of URAT1 expression in the salivary
gland indicates the possible existence of a uric acid
reabsorption mechanism also in these glands and
supports the report of Shibasaki et al. [16] that benz-
bromarone may act on URAT1 in the salivary gland to
inhibit uric acid reabsorption, resulting in higher uric
acid levels in saliva than in blood.
According to previous reports, the mechanisms of

action of OAT1-4 and URAT1 on uric acid metab-
olism in renal tubules are proposed as follows. Uric
acid reabsorbed in renal tubular cells via URAT1 is
transported by exchange with dicarboxylic acid medi-
ated by OAT1 and OAT3 and excreted to the blood
vessel side or taken up into renal tubule cells from the
blood vessel side [21–24]. Compared with OAT1 and

OAT3, OAT2 has a different mechanism of action: an
H + and/or Cl� concentration gradient is involved in
the uptake of uric acid from the blood vessel side into
renal tubular cells [25]. OAT4 and URAT1 are con-
sidered to mediate uptake of uric acid from the renal
tubule into renal tubular cells by exchange with
organic anions such as lactic acid and nicotinic acid
[21–24].
In the kidney, OAT1-4 and URAT1 are distributed

along the renal tubular cell membrane and are
involved in reabsorption and excretion of uric acid,
organic acids, drugs and their metabolites. In the
salivary gland, on the other hand, OAT1-4 and
URAT1 are distributed in the whole tissues including
ductal cells and acinar cells, suggesting that these
transporters are associated with the transport of
organic acids and uric acid in the whole salivary gland.
However, unlike in the kidney where the transporters
are expressed mainly along the cell membrane,
whether the transporters on the luminal side or base-
ment membrane side of the salivary gland carry out
the transport function could not be clarified from the
present study.
In the present study, cells expressing URAT1 in the

salivary gland were fewer than those expressing
OAT1-4 in the salivary gland and URAT1 in the
kidney. This finding probably reflects less URAT1
protein present in the salivary gland ductal cells and
weaker reaction with the secondary antibody for color
development. In the kidney also, URAT1 expressing
cells were fewer than OAT1-4 expressing cells.
A possible explanation is that on the luminal side
of renal tubules, URAT1 is involved specifically in
uric acid reabsorption and consequently the amount
of transporter protein is less than OAT1-4 that parti-
cipates in the metabolites of diverse compounds.
While we found no clear correlation of salivary

gland URAT1 and OAT1-4 expression levels with
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Figure 3. Histopathological and immunohistochemical findings of OAT1-4 andURAT1 in the human kidney. (A) Hematoxylin-eosin staining
of a serial section. (B–F) Immunohistochemical findings of OAT1-4 and URAT1. Definitive expressions of all the transporters are observed
mainly in proximal renal tubules of the renal cortex. (B and D) The expression patterns of OAT1 and OAT3 are similar, with strong expression
along the basement membrane (basolateral membrane) of renal tubules. (C) Diffuse OAT2 expression is observed in the cytoplasm of proximal
renal tubular cells. (E) OAT4 is expressed strongly along the luminal brush border (brush border membrane) of proximal renal tubules.
(F) URAT1 expression is found in the cytoplasm on the lumen side and in luminal brush border, but the number of positive cells tends to be
fewer compared to OAT1–4.
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blood uric acid levels or gender of individual patients
(data not shown), the factors associated with the
quantity and localization of transporter expression
should be examined in further studies.
In recent years, new uric acid excretion transporters

such as glucose transporter 9 (GLUT9) [26,27]
and ATP-binding cassette sub-family member 2
(ABCG2) [28] have been identified and their patho-
logical association with hyperuricemia and gout is
being investigated. Further studies are required to
study the expression of these transporters in the
salivary gland and the relationship with OATs and
URAT1.
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