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Abstract This study was designed to determine the
expression and localization of the �-adrenoceptor (AR)
subtypes in human ureteral tissue. The expression of the
�-AR subtypes was examined by immunohistochemistry
using subtype selective antibodies in proximal, mid and
distal ureter. Ureter samples were obtained from pathologi-
cal specimens of nephroureterectomy. A single pathologist
scored the expression of receptor (grade 0, no staining;
grade 1, 0–25% cells positive; grade 2, 26–50% cells posi-
tive; and grade 3, greater than 50%). We compared the
mean grades of �-AR 1A, 1B and 1D and the percentage of
receptor expression with grade 2 or more between receptor
subtypes in each ureter level. The expression levels of all
three subtypes are altered according to the level of ureter.
In the proximal ureter, the mean grades of the �-1A, -1B

and -1D receptors were 1.0 § 0.5, 1.1 § 0.6, and 2.1 § 0.7.
Corresponding grades in the mid and distal ureter were
1.1 § 0.6, 0.8 § 0.6 and 2.0 § 0.8, and 2.0 § 0.7, 1.8 §
0.6 and 2.5 § 0.5, respectively. When compared with per-
centage of high expression, in the proximal and mid ureter,
�-1D high expression percentage was signiWcantly higher
than �-1A and -1B subtype (80, 10, 20, and 90, 20, 10%,
respectively). In the distal ureter, �-1D expression was
higher than �-1A and -1B subtype but there was no statisti-
cal signiWcance (100, 80, 70%). The distal ureter had higher
density of �-AR receptors than proximal and mid ureter.
The expression of �-1A and �-1B AR in distal ureter was
signiWcantly higher than proximal and mid ureter. �-1D
expression in distal ureter was also higher than proximal
and mid ureter but was not statistically signiWcant
(p = 0.28, 0.19, respectively). Our results show that �-1A,
-1B and -1D AR subtypes are localized in human ureter
irrespective of location. The expression levels of subtypes
are altered according to level of ureter and subtype.
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Introduction

Smooth muscle tone in the ureter is controlled in part by
the sympathetic nervous system via adrenoceptors [1], and
�- and �-adrenoceptor expressions have been demon-
strated in the ureter [2]. Nerve-mediated contractions of
the ureter are associated with �-adrenoceptor activation [3,
4]. Alpha 1 adrenoceptors (AR) have also been reported to
mediate contractile responses in the ureter, and there is
evidence that �1 receptors predominate in ureteral smooth
muscle [5–7].

This study was supported by Seoul National University Hospital 
Clinical Research Institute (06-2005-164-0).

H. K. Park
Department of Urology, College of Medicine, 
Dongguk University, Gyeongju, Republic of Korea

E. Y. Choi
Clinical Research Institute, 
Seoul National University Hospital, 
Seoul, Republic of Korea

B. C. Jeong · H. H. Kim (&)
Department of Urology, College of Medicine, 
Seoul National University, Seoul, Republic of Korea
e-mail: gudrms@hanmail.net

B. K. Kim
Department of Pathology, College of Medicine, 
Seoul National University, Seoul, Republic of Korea
123



326 Urol Res (2007) 35:325–329
However, studies on �1 adrenoceptors and ureteral con-
traction have been limited, although the eYcacies of �1
blockers on stone passage, especially of tamsulosin, have
been well explored. Tamsulosin is the most commonly
studied �1-blocker for the treatment of ureteral stones
[8–13].

Gene cloning studies initially identiWed three subtypes of
�-AR, i.e., �-1A, �-1B, and �-1D [14]. Tamsulosin has
aYnity for special subtypes of �1 AR, i.e., �-1A and �-1D
receptors [15]. Thus, it is important that the localizations
and distributions of �-1 AR subtypes in human ureter be
determined, as this would represent supporting information
concerning the mechanism underlying the action of tamsul-
osin during treatment of ureteral calculi.

Only two experimental studies have been conducted on
the presence of � receptor subtypes in the human ureter [16,
17]. One study has shown that �-1D AR (at the mRNA and
protein levels) is the most abundantly expressed subtype by
RT PCR and receptor autoradiography using subtype-selec-
tive ligands, and that these expressions are predominantly
localized in the distal ureter [16]. However, due to diVer-
ences in protein stability and/or translation, mRNA expres-
sion patterns may not provide an accurate picture of protein
expression. Furthermore, receptor autoradiography does
not oVer the necessary degree of resolution to determine
receptor expression at the cellular or subcellular levels.
Thus, some authors have used immunohistochemistry-
based approaches to determine the expressions and local-
izations of �-AR subtype in various tissues, including pros-
tate, urethra [18, 19].

Recently, Itoh et al. [17] demonstrated the presence of �-
adrenergic receptor subtypes in the human ureter using an
immunohistochemical approach.

We conducted this study to characterize �-AR subtype
expressions in human ureter and to compare the expres-
sions of �-AR subtypes at diVerent ureteral levels using an
immunohistochemistry approach.

Materials and methods

Materials 

Rabbit polyclonal antibodies raised to synthetic peptide
fragments corresponding to the carboxy-termini of human
�-1A, -1B and -1D ARs were obtained from AYnity BioR-
eagents, Inc (Golden, CO). Immunohistochemistry supplies
were obtained from Dako (Carpentaria, CA).

Subjects

A total of ten ureter specimens were utilized in the study.
Proximal, mid, and distal ureter pathology specimens of

patients that underwent nephroureterectomy were used to
prepare paraYn blocks. Mean patient age was 65.2 years
(range 60–71). No patient received preoperative local
radiotherapy and/or chemotherapy. No sample showed
microscopic tumor invasion, and samples were cut into
three pieces at the proximal, mid and distal ureter levels
with the depth of 5 �m.

Immunohistochemistry 

All steps were performed at room temperature, unless oth-
erwise indicated. Immunohistochemistry was performed
using the avidin–biotinperoxidase method. ParaYn-embed-
ded tissues were sectioned at 4 �m and incubated overnight
at 37°C, after being placed on silane-coated slides. Slides
were then deparaVinized for 5 min in a histoclear bath and
rehydrated by sequential washing using graded ethanol and
phosphate-buVered saline (0.137 M NaCl, 0.047 M NaH-
PO4, pH 7.4). Slides were treated with hydrogen peroxide
(3%)/methanol for 30 min to quench endogenous peroxi-
dase activity. They were then immersed in 10 mmol/L
sodium citrate buVer (pH 6.0) and heated for 6 min in a
microwave oven at 600 W. After being allowed to cool for
15 min, slides were pretreated with 5% normal goat serum
(DAKO, Carpentaria, CA) in phosphate-buVered saline,
and then incubated with primary antibodies to �-AR 1A, 1B
and 1D in a humid room for 60 min. This was followed by
sequential incubation for 30 min with biotinylated rabbit
secondary antibody (1:20 diluted) and avidin/biotinylated
horseradish peroxidase solution (DAKO, Carpentaria).
Staining was completed by exposing the tissue slides to
diaminobenzidine for 5 min and they were then counter-
stained with hematoxylin. Slides were then mounted using
glycerin.

Assessment of �-AR subtype expression 

The expression rates of �-AR subtypes were assessed by
inspecting at least Wve microscopic Welds at 400£. A single
pathologist scored expressions of the receptor from grade 0
(no stain) to grade 3 (profuse stain). Receptor immunoreac-
tivities were graded from 0 to 3 as described by Tickoo
et al. (grade 0, no staining; grade 1, <25% of cells stained;
grade 2, 26–50% of cells stained; and grade 3, >50% of
cells stained) [20].

To minimize the error of examination, the pathologist
was blinded regarding level and type of receptor when he
scored the expression of the subtype. He scored the expres-
sion of receptor in Wve areas of each slide and calculated
the average score.

We compared the mean grades of �-AR 1A, 1B and 1D
and the percentage of receptor expression with grade 2 or
more between receptor subtypes in each ureter level.
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Statistical analysis 

Statistical analysis was done using SPSS 10.0. The Mann
Whitney test was used to compare adrenergic receptor sub-
type expressions at each ureteral level. DiVerences were
considered signiWcant for p values of <0.05.

Results

Alpha 1A, 1B and 1 D AR subtypes were all localized in
human ureter irrespective of ureteral level (Fig. 1). The
expression levels of the three subtypes depended on ure-
teral level.

Comparison of mean grades of AR 

In the proximal ureter, the grades of the �-1A, -1B and
-1D receptors were 1.0 § 0.5, 1.1 § 0.6, and 2.1 § 0.7.
Corresponding grades in the mid and distal ureter were
1.1 § 0.6, 0.8 § 0.6, 2.0 § 0.8, and 2.0 § 0.7, 1.8 § 0.6,
2.5 § 0.5, respectively (Fig. 2). As compared to the
�-1A and �-1B subtypes, the �-1D subtype was signiW-
cantly more expressed in the proximal and mid ureter. In
the distal ureter �-1D expression was higher than �-1A
and -1B, but no signiWcant diVerence was observed
between the expressions of �-1A AR and �-1D AR
(p = 0.143).

Comparison of high expression percentage of AR 

In the proximal and mid ureter, the percentage of high �-1D
expression was signiWcantly higher than �-1A and -1B sub-
type. (80, 10, 20, and 90, 20, 10%, respectively). In the dis-
tal ureter, �-1D expression was higher than �-1A and -1B
subtype but there was no statistical signiWcance (100, 80,
70%) (Fig. 3). Distal ureter has a higher density of �-AR
receptors than proximal or mid ureter. The expressions of
�-1A AR and �-1B AR in distal ureter were signiWcantly
higher than in proximal and mid ureter (p < 0.05 respec-
tively). �-1D expression in distal ureter was also higher
than proximal and mid ureter. However, this was not statis-
tically signiWcant (p = 0.28, 0.19, respectively).

Discussion

In this study, we characterized the localizations of �-AR
receptors in human ureteral tissue using an immunohisto-
chemical approach. Several researchers have used this type
of approach to examine the localizations of the expressions
of �-AR subtypes in various tissues, e.g., in prostate, ure-
thra [18, 19]. Recently, Itoh et al. demonstrated the pres-
ence of �-adrenergic receptor subtypes in the human ureter
using an immunohistochemical approach [17].

Recent papers rekindled interest in the role of �1 ARs in
the mediation of ureteral contractile activity, and found that

Fig. 1 Immunohistochemical 
localization of �-adrenoceptors 
in longitudinal sections of 
human ureter. All adrenoceptor 
subtypes are expressed in proxi-
mal, mid and distal ureter. 
Muscle layers exhibit brownish 
positive reaction to adrenoceptor 
antibody. Reduced from £100 
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treatment with mixed �-1A/D AR antagonist tamsulosin
induces the rapid expulsion of ureteral stones [8–13]. These
clinical Wndings may be explained by the results of the
present study, which shows that �-1D ARs are the most
commonly expressed subtype in the human ureter and distal
ureter is rich with ARs.

Our results showed that �-1A and -1B AR are expressed
as much as �-1D receptor in the distal ureter and no statisti-
cally signiWcance was observed between the expressions of
�-1A/1B and -1D AR. Our results are not consistent with
previous reports [16, 17]. 

Yilmaz et al. reported that �1 antagonist, i.e., tamsulo-
sin, doxazosin, and terazosin, are equally eVective at induc-
ing the expulsion of distal ureteral stones [11]. Our results

show that all three �1 receptor subtypes are expressed in the
distal ureter, which supports the Wnding that other �1 block-
ers have similar eYcacies as tamsulosin in this context.

Consistent with the Wndings of a previous receptor-bind-
ing study [16, 17], we also found highest expressions of
�-1D AR subtypes in distal ureter, which is consistent with
a previous report of maximum �1 mRNA in distal ureter. In
the distal ureter, the distribution of ARs was similar to
another study [17]. However, �-1D distal ureter expression
was not signiWcantly higher than in the proximal or mid ure-
ter according to our results. This may have been due to the
rich expression of �-1D AR in other ureteral regions, which
possibly reduced diVerentials versus the other subtypes.

A full understanding of the adrenergic physiology of the
ureter is dependent upon precise knowledge of the localiza-
tion of the individual �-ARs in the tissue. Until recently the
only Wrm evidence available concerning the localizations of
�1-AR subtypes in ureter was Wndings concerning the local-
izations of mRNA and of subtype selective ligands. More-
over, the expressions and localizations of receptor mRNAs
may not accurately reXect receptor protein levels, due to
variations in mRNA translation or protein stability. In addi-
tion, localization studies on receptor proteins in the ureter
using selective ligands lack the necessary degree of sensitiv-
ity and resolution to determine expression at the cellular
level. To overcome these issues, we used subtype selective
antibodies to examine �-AR receptor expression. These
studies enabled us to precisely locate and quantify the
amounts of �-1A, �-1B and �-1D ARs in the human ureter.

However, the present study is limited because our evalu-
ations of �-blocker receptor subtype expressions were
based on subjective assessments. Nevertheless, our results
conWrm previous reports where the distal ureter has the
highest density of � receptors, and �-1D AR is the most
common receptor present in all portions of the ureter at the
protein level.

Conclusions 

Our results showed that the distal ureter has the highest
density of � receptors, and �-1D AR is the most common
receptor present in all portions of the ureter at the protein
level. Our results also demonstrate that �-1A and -1B AR
are expressed as much as �-1D AR, which supports the
Wnding that �1 blockers other than tamsulosin are equally
eVective at inducing the expulsion of ureteral stones.
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