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ABSTRACT

Purpose: Symmetrical muscular contractions and unidirectional peristalsis are prerequisites
for competent valve function at the ureterovesical junction. Interstitial cells of Cajal (ICCs) are
pacemaker cells that create and coordinate peristaltic motility. We investigated ureteral endings
immunohistochemically to elucidate the presence of c-kit positive ICCs as well as the occurrence
of gap junction protein connexin 43 in children with vesicoureteral reflux (VUR) to identify a
possible pathogenic factor of an insufficient antireflux mechanism.

Materials and Methods: Distal ureteral specimens were obtained from 27 children undergoing
antireflux surgery. Routine histological paraffin embedded sections were immunostained detect-
ing the c-kit proto-oncogene to study the presence of ICCs as well as connexin 43 positive cells to
determine the gap junction density within the ureteral wall. Age matched nonrefluxing ureteral
endings served as controls. All investigations were done using high power field magnification for
semiquantitative analysis and statistically analyzed.

Results: ICCs were present in refluxing and nonrefluxing ureteral endings. Healthy individ-
uals displayed significantly more ICCs than children with VUR. Connexin 43 immunoreactivity
was significantly decreased in all refluxing ureteral specimens, whereas it was homogeneously
distributed in normal controls.

Conclusions: C-kit positive ICCs are found at the ureterovesical junction. Refluxing ureteral
endings significantly lack these pacemaker cells, implying a malfunctioning valve mechanism
permitting VUR. A substantial decrease in gap junctions in this region adversely affects inter-
cellular signaling, aggravating coordinated peristalsis, which is essential for a competent anti-
reflux mechanism.
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The ureterovesical junction (UVJ) represents a boundary
between the low pressure upper urinary tract and the inter-
mittently high pressure lower urinary tract, protecting the
upper tract from reflux. A competent valve mechanism is
explained by the presence of an intact muscular occlusion
mechanism. Additionally, passive compression of the roof of
the intravesical ureter against the underlying detrusor con-
tributes to an efficient antireflux protection. Sufficient length
of the intravesical tunnel in relation to the diameter of the
ureter is considered a precondition.1

Recent investigations have focused on the active compo-
nent of the valve mechanism, revealing that the morpholog-
ical and functional integrity of the ostial muscle sheath pro-
viding active muscular control seems at least as important as
the so-called passive antireflux mechanism. Dysplasia, atro-
phy and architectural derangement of smooth muscle cells in
refluxing ureteral endings appear essential for the deficient
active valve mechanism.2 Moreover, morphological, hence,
functional alterations of the ureteral smooth muscle wall
with increased interstitial collagen deposition creating fur-
ther rigidity have been noted.2 Accordingly, it has been ver-
ified that the ratio of the intravesical ureteral length to
ureteral diameter is lower than previously assumed.3

Reductions of the total smooth muscle mass or defective

configurations creating insufficient or uncoordinated con-
tractions are accompanied by a decrease in the neuronal
supply or aganglionosis.4 Predominantly in the upper uri-
nary tract coordinated peristalsis is essential to propel urine
from the renal pelvis down to the bladder in a unidirectional
way. Those peristaltic waves are generated in the renal pel-
vis and the proximal ureter by pacemaker cells.5, 6

In several mammalian species specialized cell types that
generate pacemaker potentials have been identified.7, 8 In
humans the so-called interstitial cells of Cajal (ICCs) are
thought to be responsible for pacemaker activities in the
ureter.9, 10 Originally, ICCs had been confirmed in the gas-
trointestinal tract and were regarded as pacemaker cells
responsible for coordinated contractile activity.11 These
cells produce electrical slow wave potentials and determine
the propagation of peristaltic activity. Identification of these
cells was facilitated by the observation that the proto-
oncogene c-kit is expressed on their surface, allowing specific
labeling with monoclonal antibodies. A decrease in the ICC
population is closely associated with a variety of motility
disorders such as Hirschsprung disease, intestinal pseudo-
obstruction, slow transit constipation and most notably ure-
teropelvic junction (UPJ) obstruction.12, 13

ICCs are linked to each other and to smooth muscle cells by
gap junctions forming a continuous network, producing a
syncytium of neurons enabling fast signal transduction.14

Gap junctions are clusters of transmembranous channels
composed of hexamers of connexins providing a pathway for

Submitted for publication February 13, 2005.
* Correspondence: Department of Pediatric Urology, Medical University

Innsbruck, Anichstr. 35, 6020 Innsbruck, Austria (telephone: 43–512-504–
24810; FAX: 43–512-504–28365; e-mail: christian.radmayr@uibk.ac.at).

0022-5347/05/1745-1981/0 Vol. 174, 1981–1986, November 2005
THE JOURNAL OF UROLOGY® Printed in U.S.A.
Copyright © 2005 by AMERICAN UROLOGICAL ASSOCIATION DOI: 10.1097/01.ju.0000176818.71501.93

1981



ionic and metabolic coupling between the participating cells.
Connexin 43 (Cx43) is one of the most important hexamers
forming gap junctions and small channels. Low molecular
weight messengers up to 1,200 daltons and electrical im-
pulses can be transmitted instantly.15 Gap junctions anatom-
ically adjoin cells to 1 to 2 nm, representing the basis for
direct intercellular signaling, allowing coordinated cell activ-
ities within a cellular network.15 A decrease in or total loss of
connexins induces severe motility disorders, as shown re-
cently for Hirschsprung disease.14 The objective of this study
was to investigate ICCs and gap junctions in the UVJ area to
identify a possible pathogenic factor of an insufficient anti-
reflux mechanism causing vesicoureteral reflux (VUR).

MATERIALS AND METHODS

After informed parental consent was obtained specimens of
the distal intravesical part of the ureter were obtained in 27
children (14 boys and 13 girls, mean age 48 months, range 10
to 108) with vesicoureteral reflux undergoing reimplantation
surgery. Neither neurogenic bladder dysfunction nor voiding
dysfunction was found in any case. Reflux was grade I in 1,
grade II in 10, grade III in 9, grade IV in 6 and grade V in 1
ureterorenal unit (8 bilateral, 11 unilateral). Ureteral tissue
of the ureterovesical junction from 11 age matched autopsies
without any evidence of urological disease served as a con-
trol. To identify the distal part of the ureter, colored sutures
were inserted into the cranial end of the specimen. These
sutures were left in place until the end of the embedding
procedure to determine a correct transverse position of the
ureteral specimen before cutting. Paraffin blocks were la-
beled with a numerical code, stained and evaluated while
blinded to clinical data.

Immunohistochemical analysis. Samples were fixed in
formaldehyde solution and immersed before embedding in
liquid paraffin. Paraffin sections were cut transversally at 4
�m. Samples were dried, dewaxed and rehydrated. Antigen
unmasking was carried out by heat induced epitope/antigen
retrieval while the slides were immersed in citrate buffer,
enabling epitope recovery.

After cooling the staining procedure was initiated using an
automated staining system. Slides were incubated with se-
lected monoclonal antibodies for 32 minutes at 37C. A per-
oxidase/diaminobenzidine detection kit was used according
to manufacturer protocol. After the staining procedure was
complete specimens were dehydrated. Finally, samples were
mounted permanently in a rapid embedding microscopy me-
dium. No primary antibody was applied to achieve negative
controls.

Smooth muscle cell staining. A monoclonal anti-smooth
muscle �-actin antibody was applied at a dilution of 1:200.
The chromogen reaction, counter staining and mounting pro-
cedure were done as described previously.

ICC staining. ICCs specifically express CD117 (c-kit pro-
tein). The staining procedure was performed using a commer-
cially available monoclonal antibody directed against CD117
at a dilution of 1:100. Sections of a healthy colon were used as
positive controls.

Connexin 43 staining. Prediluted monoclonal anti-Cx43
antibody was applied to the ureteral specimens according to
the aforementioned protocol. Healthy colon was used as a
positive control.

Mast cell staining. Mast cells were specifically stained
using a monoclonal antihuman mast cell tryptase antibody to
avoid similarity to ICCs (fig. 1). Epidermis was used as a
positive control.

Morphological analysis and interpretation. Morphological
analysis was done using a computer assisted light micro-
scope. Slides were examined by 2 independent observers.

We graded the density of CD117 positive cells after evalu-
ating 10 well stained and oriented high power fields (HPFs)

at 400� magnification (field of 0.152 mm2) per patient ac-
cording to Solari et al.9 ICCs were only counted when they
displayed the typical stigmata, ie fusiform cell body with a
thin cytoplasm, a large oval nucleus and 2 dendritic pro-
cesses. Mast cells were recognized by the specific tryptase
staining used to avoid confusion. Cx43 expression pattern in
the smooth musculature of the ureter was scored on a scale of
1 to 5, with 1 representing homogeneous expression in all
fibers, 2 few scattered bundles without Cx43 staining, 3
segmental loss of Cx43 (less than one-fourth of the circum-
ference), 4 segmental loss of Cx43 (more than one-fourth of
the circumference) and 5 total loss of Cx43.

Statistical analysis. Descriptive statistics were applied an-
alyzing the results of semiquantitative evaluation of ICCs
and Cx43 pattern. The Spearman rho correlation test was
used to evaluate the association between ICCs, Cx43 and
reflux grade. Differences in CD117 expression between the 2
groups were evaluated using the 2-tailed Student t test. Data
are expressed as mean � SD or mean and range, with sta-
tistical significance considered at p �0.05. SPSS 11.0 for
Windows® software was used for all analysis.

RESULTS

C-kit positive ICCs were present in healthy and refluxing
specimens. ICCs displayed a large fusiform cell body, an oval
shaped nucleus and 2 dendritic processes. Their large fusi-
form cell bodies were frequently oriented parallel to the
smooth muscle bundles (figs. 2 to 4), although some ICCs
were randomly scattered. In addition, few widespread
ICCs were noted in the suburothelial lamina propria. Other
c-kit positive cells exhibiting the typical histological signs of
mast cells (positive tryptase staining) were encountered in-
frequently, mainly in the suburothelial connective tissue (fig.
1). These cells could be clearly differentiated from ICCs, and,
therefore, were not counted. CD117 was also abundant in the
urothelium.

In refluxing ureteral endings the amount of ICCs/HPF was
significantly decreased compared to healthy controls (t test,
p �0.0001). Refluxing specimens yielded a mean of 4.19
ICCs/HPF (SD � 1.56, range 1.2 to 6.7), whereas in healthy
controls it was 14.88 ICCs/HPF (SD � 1.88, 11.2 to 16.8, figs.
5 and 6). The lowest ratio of 1.2/HPF was observed in a boy
with grade IV reflux. The highest value of 6.7/HPF in this

FIG. 1. Photomicrograph reveals cells with typical appearance of
mast cells in submucosa of 2-year-old boy. Anti-mast cell tryptase
stain, reduced from �400.
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group was observed in a girl with grade III reflux. The de-
crease in ICCs affected all layers of the ureteral wall.

Reflux grade was negatively correlated with the ICC-to-HPF
ratio (correlation coefficient �0.799, p �0.01, Spearman rho
test), indicating that the relative abundance of ICCs diminishes
with increasing reflux grade. In low grade reflux (grades I and
II) the ICC-to-HPF ratio was 4.39:1 (SD � 1.48), while in high
grade reflux (III to V) it was 3.94:1 (SD � 1.69). The difference
between the 2 groups was not significant (p � 0.241). Patients
with low and high grade reflux had significantly fewer ICCs
than healthy controls (p �0.0001).

The gap junction marker Cx43 was found in all but 1
refluxing specimen. In healthy controls it was predominantly
situated in the smooth musculature, the interstitial cells of
the suburothelial connective tissue and the urothelium itself.
The staining pattern was homogeneous and comparable in all
control samples (score 1, figs. 7 and 8), whereas it was irreg-
ular in refluxing ureteral endings (figs. 9 and 10). The dis-

tribution of the connexin 43 score was as follows—a score of
2 indicated minimal derangement (3 ureteral endings), 3
mild derangement (12), 4 moderate derangement (11) and 5
no staining (1). The worst score was observed in a boy with
grade III reflux. Decreased Cx43 expression was observed in
all layers except the urothelium. In addition, the severity of
the Cx43 derangement score positively correlated with grade
of reflux (correlation coefficient 0.638, p �0.01, Spearman
rho test).

Interestingly, the gap junction architecture in the UVJ
area was closely associated with the relative amount of ICCs.
Namely, the ICC-to-HPF ratio and the derangement score
reflecting the expression pattern of Cx43 were negatively
correlated (correlation coefficient �0.717, p �0.01, Spear-
man rho test). A decrease in the ICC-to-HPF ratio was ac-
companied by a decrease in Cx43 expression, indicating a
close connection between those 2 markers. The smooth mus-
cle architecture of the distal intravesical ureter, which was

FIG. 2. Immunohistochemistry of c-kit positive ICCs (arrows) in
muscular wall of healthy ureter in 14-month-old boy. Monoclonal
anti-CD117 antibody stain, reduced from �400.

FIG. 3. Immunohistochemistry shows c-kit positive ICCs (arrows)
in muscular wall of healthy ureter in 1-month-old female. Monoclo-
nal anti-CD117 antibody stain, reduced from �400.

FIG. 4. Higher magnification of c-kit positive ICC with typical
signs of recognition. Monoclonal anti-CD117 antibody stain, reduced
from �600.

FIG. 5. Immunostaining of c-kit positive ICCs (arrows) in reflux-
ing ureter of 8-year-old girl. Note decreased density compared to
healthy ureteral endings. Monoclonal anti-CD117 antibody stain,
reduced from �400.
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studied by �-actin immunostaining, was altered in all reflux-
ing specimens as described previously.2

DISCUSSION

ICCs are common pacemaker cells in human peristaltic
organs that were first described in the gastrointestinal
tract.11, 12 Dysplasia and damage are associated with dra-
matically peristaltic dysfunction.13, 14 The main purpose of
this cell population is the generation of rhythmic potentials
for coordinated peristalsis. Additionally, ICCs are involved in
the fine tuning mechanisms of contractility initiated by ex-
citatory neuronal signals.11

In our study we clearly demonstrated the presence of c-kit
positive ICCs in refluxing and healthy intravesical ureters.
These cells are characterized by a similar morphology com-
pared to those described in the intestine and ureter.9, 10 In
children with vesicoureteral reflux the number of ICCs was
significantly decreased. Concomitantly, dysplasia and archi-
tectural derangement of the smooth muscular coat was noted
as described previously.2

In addition, a substantial decrease in gap junctions repre-

sented by Cx43 immunostaining within the ureteral smooth
muscle wrap was noted. None of the refluxing specimens
displayed homogeneous staining for Cx43 compared to
healthy controls. A variable proportion of ureteral smooth
muscle bundles and scattered cells in the submucosa were
lacking gap junction proteins. The reason for decreased ICCs
and the presence of Cx43 remains unclear. It could be either
primary absence due to dysplasia or secondary decrease
caused by changes in the extracellular matrix microenviron-
ment. In the underlying study no signs of chronic inflamma-
tion could be detected within the ureteral wall, since specific
immunocompetent cells were absent.

An active antireflux mechanism is guaranteed by a suffi-
cient and symmetrical muscular contraction.2 Partial disabil-
ity or even complete absence of the mechanism will impair
the active valve function. The integrity of the muscular unit
is associated with the presence of an adequate nerve supply,
since absence of the nerve input leads to uncoordinated mus-

FIG. 6. Statistical analysis of distribution of interstitial cells of
Cajal (ICCs) in healthy and refluxing ureters (mean � SD,
p �0.0001, t test). HPF, high power field. Asterisk denotes statistical
significance.

FIG. 7. Photomicrograph demonstrates connexin 43 distribution
in normal ureter of 5-year-old boy. Monoclonal anti-Cx43 antibody
stain, reduced from �200.

FIG. 8. Photomicrograph illustrates connexin 43 distribution in
normal ureter of 1-month-old male. Monoclonal anti-Cx43 antibody
stain, reduced from �200.

FIG. 9. Immunohistochemical staining for connexin 43 in reflux-
ing ureter of 7-year-old girl. Monoclonal anti-Cx43 antibody stain,
reduced from �200.
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cle contractions.4 Minor alterations of the nervous system
will create undirected peristalsis and malfunction of the
sphincter muscles. Further dysfunction is noted if the inter-
cellular communication in a functional smooth muscle syn-
cytium is deranged. Gap junctions are the anatomical basis of
syncytial tissues, allowing a rapid signal transfer.16 In the
UVJ we observed a decrease in ICCs, gap junctions and
deranged smooth muscle architecture. The local decrease in
ICCs and pacemaker activities affects the fine tuning of
peristalsis, resulting in uncoordinated and asymmetrical
contractions.11, 15

Shafik observed muscular arrhythmia and irregular pace-
maker potentials in cases of vesicoureteral reflux, and called
the condition “ureteroarrhythmia.”16 This condition is char-
acterized by irregular and arrhythmic pacemaker potentials
and impaired smooth muscle contractions. In addition to the
electrical abnormalities, a decrease in intraluminal pressure
at the UVJ was noted. In normal ureters homogeneous pace-
maker and action potentials were recorded throughout the
ureter. The highest intraluminal pressure values were noted
at the UVJ and the UPJ, indicating the existence of an active
valve mechanism.6

Peristalsis, which has an important role in propelling urine
through the UVJ, is created by the circular and the longitu-
dinal muscle layer, requiring meticulous nerve regulation.
By this coordinated action the orifice is pulled open to allow
the urine to pass through. If the ureteral muscles or ICCs are
defective, as in VUR, the UVJ may not open as it should and
instead the fluid escapes upward.2, 17 Ureteral peristalsis is
aggravated by bacterial infections, which may explain tem-
porary VUR in cases of severe cystitis.18 Bacterial ionophores
may inhibit ICCs and smooth muscle cells, slowing down
propulsive waves.

Interestingly, a total absence of ICCs at the UPJ leads to
stenosis.9 Although the number of ICCs is decreased at the
UVJ in cases of vesicoureteral reflux, at least a residual
function preventing complete obstruction is conceivable. In
cases of obstructive nonrefluxing megaureter, comparable to
Hirschsprung disease, a complete absence of ICCs is suppos-
able.15 A similar correlation was described in the colon—
complete loss of c-kit positive ICCs is the basis for Hirsch-
sprung megacolon, while a simple decrease in ICCs is seen in
slow transit constipation and intestinal pseudo-obstruction,
reflecting uncoordinated motility.13, 14

In all of these pathological conditions the expression of the
gap junction protein connexin 43 is altered. Cx43 is com-
pletely absent in Hirschsprung disease, whereas it is merely
decreased in the transitional zone to the obstructed seg-
ment.15 In the normal human urinary tract Cx43 is found in
the smooth musculature, the urothelium and the suburothe-
lial cells.17, 19 Underneath the urothelium a network of inter-
stitial cells that is closely linked by Cx43 has been described
recently in the bladder, although its function remains un-
clear.20 This network may operate as a functional syncytium,
integrating signals and responses in the bladder wall. Some
of these cells also expressed the c-kit protein, possibly repre-
senting ICCs.

In refluxing ureteral specimens Cx43 is at least partially
absent in the smooth musculature and also beneath the
urothelium. Additionally, ICCs transmit their signals to
smooth muscle cells via gap junctions.15 The lack of Cx43 in
the suburothelial space and within the musculature further
affects the signal transduction between ICCs and their target
cells.

In humans c-kit positive pacemaker cells have been iden-
tified only in the upper urinary tract, while in a variety of
animal species pacemaker cells can be found in all parts.9, 10

In a mouse model c-kit positive cells were restricted to the
renal pelvis.8 In contrast, c-kit positive cells were also
present in the guinea pig bladder located at the boundary of
smooth muscle cell bundles. These cells are spontaneously
active and also respond to cholinergic, parasympathetic stim-
ulation.20 Similar to humans, guinea pigs possess intramural
autonomic ganglia in the bladder. It is suspected that the
presence of ICCs is linked to the presence of autonomic
ganglia in the muscular wall.8 All of these cells are closely
related with neurons and are supposed to adjust contractile
activity.

Recently, ICCs were also described in the distal human
ureter. Compared to the findings of Metzger et al, we ob-
served more ICCs/HPF in healthy individuals (14.88 vs
1.66).10 This finding might partly be explained by the differ-
ent ages of the patients in the 2 studies (48 months vs 51.5
years). It is also consistent with the observation that ureteral
peristalsis is more pronounced in children, while it is de-
creased in the elderly. Therefore, ureteral pacemaker cells
could be subjected to age dependent apoptosis. However, the
ICC population is also diminished in cases of vesicoureteral
reflux. In addition, the relative abundance of intercellular
gap junctions is markedly diminished and the smooth muscle
architecture of the intravesical ureter is severely deranged,
as described previously.2 Subsequently, these alterations
may impair the active ureteral valve mechanism.

CONCLUSIONS

We observed the presence of c-kit positive ICCs in the UVJ
area. ICCs were significantly less abundant in cases of pri-
mary vesicoureteral reflux. Since a decrease in these pace-
maker cells is associated with a variety of clinical motility
disorders in the gastrointestinal tract and with UPJ obstruc-
tion, local dysmotility, and, therefore, an impaired active
ureteral valve mechanism are conceivable. In addition, Cx43
expression, which is essential for intercellular signaling, is
substantially diminished in refluxing ureteral specimens.
Consequently, intercellular coupling among smooth muscle
cells and between nerve cells and smooth muscle cells sup-
posedly malfunctions, leading to dysmotility and subsequent
reflux. These observations underline the assumption that
primary vesicoureteral reflux is caused by a defective active
valve mechanism due to muscular and neuronal dysplasia.
Nevertheless, further investigations to elucidate the function
of ICCs at the UVJ and the causes of their absence in vesi-
coureteral reflux are mandatory.

Elisabeth Richter provided technical assistance.

FIG. 10. Immunohistochemical staining for connexin 43 in reflux-
ing ureter of 4-year-old boy. Monoclonal anti-Cx43 antibody stain,
reduced from �200.
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