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  Interstitial cells of Cajal (ICC) evoke pacemaker activities in many tissues. The purpose of this study 
was to investigate the relationship between interstitial cell and pacemaker activity in the human ureter 
through the recording of spontaneous contractions. Spontaneous contractions of eight circular and 
longitudinal smooth muscle strips of the human ureter to acetylcholine (ACh) and/or norepinephrine 
(NE) were observed. Human ureteral strips were divided into proximal and distal groups, and each 
group was subdivided into circular and longitudinal groups. The proximal group showed spontaneous 
activities of 3∼4 times within 5 minutes in the longitudinal group. ACh (10−4 M) augmented the 
frequency of the spontaneous contractions. The cumulative application of NE also augmented the 
frequency in a dose-dependent manner. The effects of NE application were inhibited by concomitant 
application of 10−5 M glibenclamide. Receptor tyrosine kinase (c-kit) staining revealed abundant ICCs 
only in proximal tissues. Therefore, spontaneous contractions of the human ureter might be modulated 
by ICC in the proximal region, and the actions might be related with the activation of cholinergic 
and/or adrenergic system mediated by a glibenclamide-sensitive pathway.
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INTRODUCTION

  Interstitial cells of Cajal (ICC) are specialized autonomic 
nerve-related cells in smooth muscle organs which regulate 
smooth muscle motility, generate and propagate pacemaker 
activity, receive inputs from efferent neurons, and serve as 
mechanoreceptors [1-3]. Their activities were first docu-
mented in the gastrointestinal tract [2], and have been sub-
sequently revealed in a wide variety of smooth muscle or-
gans including the genitourinary tract [4,5] In the human 
ureter, original pacemaker activities primarily originate 
from the proximal renal pelvis; pacemaker potentials have 
been recorded from the upper, middle and lower third of 
the human ureters [6]. 
  ICC express the product of the proto-oncogene c-kit. The 
product is a tyrosine kinase receptor, Kit [7,8]. The selective 
identification and localization of ICC have been greatly fa-
cilitated by targeting their expression of the c-kit receptor. 
Specific antibody to the c-kit receptor have been used to 
identify ICC in humans [9,10]. Lack of c-kit immunor-
eactivity in the GI tract has been detected in human gut 
motility disorders [10,11]. 
  In this study, the presence of ICC that may be respon-

sible for the generation of pacemaker activity in ureteral 
smooth muscle was investigated in humans by recording 
of spontaneous contractions and by c-kit receptor im-
munosensitive staining. The increased understanding of 
the physiological characteristics may provide further in-
sight into a variety of urological conditions.

METHODS

Preparation of ureteral strips and measurement of 
tension

  Human ureter specimens were obtained from eight males 
(37∼54-years-of-age) who underwent nephrectomy. All pro-
tocols were performed in accordance with the recom-
mendations of the Ethics Committee for the Protection of 
Persons and Animals at the Institute of Medical Science, 
Chung Ang University. Surgically excised ureteral tissues 
were transferred to a Petri dish containing 100% oxy-
gen-saturated HEPES buffered physiological salt solution 
(PSS; 140 mM NaCl, 4 mM KCl, 2 mM CaCl2, 1 mM MgCl2, 
1.2 mM NaHPO4, 11 mM L-glucose, 5 mM HEPES, pH ad-
justed to 7.4 with NaOH). The tissues were trimmed to 
strips (2×2×6 mm) for mechanical recording and blocks 
(2×2×2 mm) for histological analysis. The strips were div-
ided into proximal group (PG; tissues ≤5 cm from the pel-
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Fig. 1. (A) Typical tracing of spontaneous contractions of longi-
tudinal strip (PG-LG) of human ureter to ACh (10−9

∼10−4 M). (B) 
10−4 M ACh application slightly, but significantly increased 
frequency of the responses (n=12, *Means p＜0.05).
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Fig. 2. Accumulative application of NE significantly increased the 
frequency of responses dose-dependently recorded in longitudinal 
strip (PG-LG) of human ureter (n=12, *Means p＜0.05).

voureteral junction) and distal group (DG; tissues ＞5 cm 
from the pelvoureteral junction), and the each group was 
subdivided into longitudinal (PG-LG, DG-LG) and circular 
muscle groups (PG-CG, DG-CG). The longitudinal muscle 
strips were made by cutting along the longitudinal axis of 
the ureter; remnants of circular muscle tissue were gently 
removed using micro-scissors. Circular muscle strips were 
prepared similarly. The strips were used as previously de-
scribed [12].

Contractile responses of the strips

  Dose-dependent response of acetylcholine (Ach) and nor-
epinephrine (NE) was determined at rest by addition of suc-
cessive logarithmic increments of ACh or NE (both 10−9∼
10−4 M). The effects of the potassium (K) channel blockers 
tetraethylammonium (TEA, 1 mM or 10 mM), 4-amino-
pyridine (4-AP, 10−5 M), and glibenclamide (10−5 M) on the 
change of spontaneous contractions induced by 10−4 M NE 
were investigated.

Histological analysis

  Surgically resected specimens were processed and stained 
with hematoxylin and eosin (H&E) for histological evalu-
ation. Immunohistochemistry for c-kit was performed ac-
cording to an established standard procedure [13]. Sections 
from the original paraffin-embedded blocks were heated 
and then a standard avidin-biotin staining protocol was 
performed with rabbit anti c-kit antibody. 

Solutions and reagents

  Bicarbonate buffered PSS was used for all the organ bath 

studies, and HEPES buffered PSS was used for the proce-
dures of tissue preparation. All chemicals were obtained 
from Sigma-Aldrich (USA).

Statistical analysis

  The results shown are representative of the similar data 
obtained from more than five replicates of the experiments. 
Statistical analysis utilized the Student’s t-test. p＜0.05 
was considered significant.

RESULTS

Patterns of spontaneous contractions of human ureter

  Most of the PG-LG and PG-CG strips displayed sponta-
neous contractions. Their tensions were almost same and 
frequency was stable (3∼4 times every 5 min). DG-LG and 
DG-CG strips did not display spontaneous contractions.

Effects of ACh and NE 

  Applications of ACh or NE had no appreciable effect on 
basal tension of the strips. Frequency of spontaneous con-
tractions was not changed in the DG-LG and DG-CG strips. 
In strips of PG-LG group, ACh significantly accelerated the 
frequency only at the highest concentration (10−4 M) and 
the amplitude was not changed (Fig. 1). For NE, the accel-
eration effects were more prominent and dose-dependent 
(Fig. 2). With PG-CG strips, ACh did not produce appreci-
able change, while NE did affect frequency, but in a weaker 
manner as compared with PG-LG strips (Fig. 3). DG-LG 
and DG-CG strips were rarely affected by ACh and NE 
(data not shown).

Effects of K channel blockers on the responses of ACh 
and NE

  To determine the involvement of K channels on the re-
sponses of strips to ACh and NE, the strips were treated 
with 1 mM and 10 mM TEA, 10−5 M 4-AP, and 10−5 M 
glibenclamide. Comparison before and after application of 
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Fig. 5. (A) Immunohistochemistry of c-kit positive ICCs (red colored cells) in muscular wall of proximal ureter. (B) In distal ureter we 
could not find the positive cell. Monoclonal anti-CD117 antibody staining, reduced from ×200.
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Fig. 3. NE (10−4 M) application also significantly increased 
frequency of the responses recorded in circular strips (PG-CG) of 
human ureter (n=9, *Means p＜0.05).
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Fig. 4. Effects of 10−5 M glibenclamide-pretreatment on the NE-induced responses of spontaneous contractions of the strips of longitudinal
(PG-LG) (A, n=12) and circular (PG-CG) (B, n=12) muscle.

the K channel blockers revealed that only glibenclamide 
completely and reversibly blocked the responses of ACh 
(data not shown) and/or NE in PG-LG and PG-CG strips 

(Fig. 4). DG strips treated with TEA or 4-AP were almost 
always unaffected (data not shown).

c-kit positive cells 

  c-kit positive, ICC-like cells were found localized adjacent 
to the inner longitudinal muscle layer and at the interface 
between the inner longitudinal and outer circular muscle 
layers, and were only seen in the proximal ureters (Fig. 5).

DISCUSSION

  Smooth muscles are classified according to character-
istics that include structure, physiology and neural dis-
tribution of electricity, but it is very difficult to generalize 
their diverse characters [14]. Typically, the gastrointestinal, 
urinary, and reproductive systems contain phasic smooth 
muscle, which is excited by the slow waves or spike poten-
tials, resulting in contraction [15]. On the other hand, tonic 
smooth muscle constitutes the sphincters of different parts, 
vascular smooth muscle, and airway smooth muscle, and 
the level of tonic contraction is proportional to the mem-
brane potential. As the two types of contraction can be regu-
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lated by a common molecular mechanism, all types of smooth 
muscle cells appear to be potentially capable of both phasic 
and tonic contractions. Although these functional regulations 
of smooth muscle activity are controlled by the autonomic 
nervous system, smooth muscle is also regulated by various 
components including pacemaker cells whose existences 
were first documented in the gastrointestinal tract [1]. 
  ICC-like cells in the ureter were first described in mouse, 
where their action was implicated in the generation of ure-
teral peristalsis and the consequent movement of urine 
from the kidney to the urinary bladder [8]. However, ure-
teral smooth muscle is phasic type smooth muscle whose 
character is somewhat different from other phasic type 
smooth muscles. The present study of the effects of ACh 
and/or NE on basal conditions revealed that ureteral 
smooth muscle did not evoke contracture, unlike other pha-
sic type smooth muscles. In most other smooth muscles, 
even the tonic type, the cumulative applications of ACh 
and/or NE usually led to the development of a sustained 
contractile status. This character of the ureter is similar 
to the vas deferens [16], reflecting their nearly identical 
physiological roles in the movement of urine and sperm, 
respectively. Ureteral smooth muscle generates sponta-
neous contractions on resting state with optimal passive 
tension. This mechanism might be originated from ICCs, 
which possess mechanoreceptors responsible for stretch. In 
the present experimental organ bath conditions, the strips 
spontaneously contracted after optimal passive tensions 
were applied. The spontaneous contractions were only ob-
served in strips made from proximal ureter. The results cor-
related well with the distribution of c-kit positive cells; c-kit 
positive cells were evident only in the proximal ureters, and 
their distribution was more abundant in longitudinal mus-
cle layer than on the circular layer. The physiological ex-
perimental data also supported the presence of spontaneous 
contractions only in the proximal ureters and the more po-
tent effect of NE in longitudinal strips.
  In our experiments the spontaneous contractions aug-
mented by ACh and NE might be related with the chol-
inergic and β-adrenergic activation of pacemaker cells, al-
though this activation mechanism in other smooth muscle 
tissue resulted in inhibition of pacemaker action [17]. The 
activation of the β-adrenergic system is thought to be medi-
ated through a β3- or putative β4-system, known as acti-
vating pacemaker cells in other tissues [18]. 
  Activation of some K channels is also involved in pace-
maker cell actions [19,20]. Presently, three K channel 
blockers were used to confirm the possibility. Only gliben-
clamide blocked NE-induced effects in strips from proximal 
ureters, suggesting that a glibenclamide-sensitive pathway 
is closely-related with NE-induced activation. Glibenclamide 
was introduced to block the ATP-sensitive K channel and 
thromboxane-mediated contractile response [21,22]. The 
possibility of thromboxane-mediated action is relatively 
small because thromboxane usually induces sustained con-
tractile status in most of smooth muscle strips; in our ex-
perimental conditions, human ureteral strips never showed 
contracture except in high-KCl solutions exceeding 35 mM. 
The data are consistent with the involvement of the 
ATP-sensitive K channels in the NE-induced activation 
mechanism of pacemaker cells in the human ureter.
  The existence of c-kit-positive pacemaker cells in the hu-
man upper urinary tract has been reported [6] and several 
studies have confirmed the high density of pacemaker cells 
in ureteropelvic junctions regions [8,23,24]. In this study, 

we focused on the action of pacemakers at the functional 
level, and on the relationship between pacemaker cell dis-
tribution and cholinergic and/or adrenergic activation 
conditions. The significance of our findings in the human 
ureters requires further evaluation by functional studies, 
especially electrophysiology, and investigations of some 
pathological conditions with urinary outflow disturbance. 

REFERENCES

1. Cajal SR. Histologie du système nerveux de l'homme et des 
vertébrés. Paris, Maloine. 1911;2:891-942.

2. Langton P, Ward SM, Carl A, Norell MA, Sanders KM. 
Spontaneous electrical activity of interstitial cells of Cajal 
isolated from canine proximal colon. Proc Natl Acad Sci U S 
A. 1989;86:7280-7284.

3. Ward SM, Burns AJ, Torihashi S, Sanders KM. Mutation of 
the proto-oncogene c-kit blocks development of interstitial cells 
and electrical rhythmicity in murine intestine. J Physiol. 
1994;480:91-97.

4. McCloskey KD, Gurney AM. Kit positive cells in the guinea pig 
bladder. J Urol. 2002;168:832-836.

5. Biers SM, Reynard JM, Doore T, Brading AF. The functional 
effects of a c-kit tyrosine inhibitor on guinea-pig and human 
detrusor. BJU Int. 2006;97:612-616.

6. Metzger R, Schuster T, Till H, Stehr M, Franke FE, Dietz HG. 
Cajal-like cells in the human upper urinary tract. J Urol. 
2004;172:769-772.

7. Torihashi S, Ward SM, Nishikawa S, Nishi K, Kobayashi S, 
Sanders KM. c-kit-dependent development of interstitial cells 
and electrical activity in the murine gastrointestinal tract. Cell 
Tissue Res. 1995;280:97-111.

8. Pezzone MA, Watkins SC, Alber SM, King WE, de Groat WC, 
Chancellor MB, Fraser MO. Identification of c-kit-positive cells 
in the mouse ureter: the interstitial cells of Cajal of the urinary 
tract. Am J Physiol Renal Physiol. 2003;284:F925-F929.

9. Isozaki K, Hirota S, Miyagawa J, Taniguchi M, Shinomura Y, 
Matsuzawa Y. Deficiency of c-kit+ cells in patients with a 
myopathic form of chronic idiopathic intestinal pseudo- 
obstruction. Am J Gastroenterol. 1997;92:332-334.

10. Vanderwinden JM, Rumessen JJ. Interstitial cells of Cajal in 
human gut and gastrointestinal disease. Microsc Res Tech. 
1999;47:344-360.

11. Yamataka A, Kato Y, Tibboel D, Murata Y, Sueyoshi N, 
Fujimoto T, Nishiye H, Miyano T. A lack of intestinal pace-
maker (c-kit) in aganglionic bowel of patients with Hirschs-
prung's disease. J Pediatr Surg. 1995;30:441-444.

12. Kim JK, Han WH, Lee MY, Myung SC, Kim SC, Kim MK. 
Testosterone relaxes rabbit seminal vesicle by calcium channel 
inhibition. Korean J Physiol Pharmacol. 2008;12:73-77.

13. Ogasawara N, Tsukamoto T, Inada K, Mizoshita T, Ban N, 
Yamao K, Joh T, Itoh M, Tatematsu M. Frequent c-Kit gene 
mutations not only in gastrointestinal stromal tumors but also 
in interstitial cells of Cajal in surrounding normal mucosa. 
Cancer Lett. 2005;230:199-210.

14. Somlyo AP, Somlyo AV. Signal transduction and regulation in 
smooth muscle. Nature. 1994;372:231-236.

15. Hille B. Ionic channels of excitable membranes. 1st ed. Sinauer: 
Sunderland; c1992. 119-244 p. 

16. Park SY, Lee MY, Keum EM, Myung SC, Kim SC. Ionic 
currents in single smooth muscle cells of the human vas 
deferens. J Urol. 2004;172:628-633.

17. Jun JY, Choi S, Yeum CH, Chang IY, Park CK, Kim MY, Kong 
ID, So I, Kim KW, You HJ. N oradrenaline inhibits pacemaker 
currents through stimulation of beta 1-adrenoceptors in 
cultured interstitial cells of Cajal from murine small intestine. 
Br J Pharmacol. 2004;141:670-677.

18. Oostendorp J, Preitner F, Moffatt J, Jimenez M, Giacobino JP, 
Molenaar P, Kaumann AJ. Contribution of beta-adrenoceptor 
subtypes to relaxation of colon and oesophagus and pacemaker 



Spontaneous Contractile Responses in Human Ureter 41

activity of ureter in wildtype and beta(3)-adrenoceptor 
knockout mice. Br J Pharmacol. 2000;130:747-758.

19. Satoh H. Effects of ATP-sensitive K+ channel openers on 
pacemaker activity in isolated single rabbit sino-atrial node 
cells. J Cardiovasc Pharmacol. 1993;22:863-868.

20. Hatton WJ, Mason HS, Carl A, Doherty P, Latten MJ, Kenyon 
JL, Sanders KM, Horowitz B. Functional and molecular 
expression of a voltage-dependent K(+) channel (Kv1.1) in 
interstitial cells of Cajal. J Physiol. 2001;533:315-327.

21. Narishige T, Egashira K, Akatsuka Y, Katsuda Y, Numaguchi 
K, Sakata M, Takeshita A. Glibenclamide, a putative ATP- 
sensitive K+ channel blocker, inhibits coronary autoregulation 

in anesthetized dogs. Circ Res. 1993;73:771-776.
22. Pfister SL, Pratt PE, Kurian J, Campbell WB. Glibenclamide 

inhibits thromboxane-mediated vasoconstriction by thromboxane 
receptor blockade. Vascul Pharmacol. 2004;40:285-292.

23. Lang RJ, Tonta MA, Zoltkowski BZ, Meeker WF, Wendt I, 
Parkington HC. Pyeloureteric peristalsis: role of atypical 
smooth muscle cells and interstitial cells of Cajal-like cells as 
pacemakers. J Physiol. 2006;576:695-705.

24. Lang RJ, Zoltkowski BZ, Hammer JM, Meeker WF, Wendt I. 
Electrical characterization of interstitial cells of Cajal-like cells 
and smooth muscle cells isolated from the mouse ureteropelvic 
junction. J Urol. 2007;177:1573-1580.




