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Abstract

Interstitial cells of Cajal (ICCs) were discovered in the gastrointestinal tract over 100 years ago and since then
numerous digestive tract pathologies involving ICCs have been described. Many researchers explored ICCs pres-
ence and function in the upper urinary tract. Currently, we know that ICCs have potential plasticity, their own
spontaneous activity and that they are responsible for Ca®* waves generation and neuromuscular transmission.
ICCs are also involved in the conjugation, propagation and modulation of peristaltic waves in the upper urinary
tract. Despite everything we know about ICCs, their role in the pathogenesis of the upper urinary tract abnormali-
ties remains still unclear and results of published studies are confusing. The authors’ intention was to review the
scientific literature regarding ICCs and to summarise the current knowledge about their nature in the upper uri-
nary tract (Adv Clin Exp Med 2014, 23, 4, 627-632).
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Interstitial cells of Cajal (ICCs) in the gastroin-
testinal tract were first described by Ramon Y. Cajal
in 1893 [1], and recently they have once again be-
come a subject of research. Ramon Y. Cajal, who
in 1906 won the Nobel Prize in Physiology, prob-
ably would not have predicted that 100 years lat-
er interstitial cells of the urinary tract would once
again become a subject of research and that their
role in the pathogenesis of upper urinary tract pa-
thology would prompt such a lively debate [1-3].
The lack or the limited number of ICCs was ex-
tensively described in many gastrointestinal tract
pathologies, such as esophageal achalasia, con-
genital pyloric stenosis, Hirchsprung’s disease, la-
zy bowel syndrome or chronic intestinal pseudo-
obstruction [4-17].

ICCs are located between nerve endings and
smooth muscle cells, so they can transmit signals
from neurotransmitters and take part in neuro-
transmission [4, 18-20].

Thanks to their spontaneous electrical activ-
ity, ICCs may act as pacemakers or they can take
part in the neurotransmission between nerves
and smooth muscle cells. Similar observations

have been made in other tubular organs with
peristalsis [21-28].

It is unquestionable that ICCs are necessary for
the creation of slow electrical waves, which condi-
tion slow peristalsis in smooth muscles. The ab-
sence of slow activity of smooth muscles limits or
completely inhibits its peristalsis [29-31].

The expression of tyrosine kinase receptors
— c-kit on their surface and the positive reaction
with antibodies against proto-oncogene c-kit indi-
cated that interstitial cells are also present in the
urinary system, and studies on physiology and pa-
thology provided sufficient data regarding their
structure and activity [2, 32, 33] (Fig. 1).

Interstitial cells of the urinary tract were ini-
tially called interstitial cells of Cajal-like to differ-
entiate them from cells of the gastrointestinal tract,
but with time, they started to be simply called in-
terstitial cells of Cajal [34, 35].

The expression of Gap junction-alpha-1 pro-
tein indicates potential linking functions of intersti-
tial cells and their role in propagating peristalsis in
the urinary tract. It is believed that ICCs take part in
spreading original impulsation of atypical smooth
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Fig. 1. C-kit-positive ICCs (arrows) in the inner border of the circular muscle layer of ureteropelvic junction. Reduced
from x400

muscle cells into typical smooth muscle cells (t-
SMC) that leads to their synchronic contraction
and to peristalsis in the urinary tract [36, 37].

The fact that the vanilloid receptor-like 1 pro-
tein (VRL-1/TRPV2) is present on the surface of
interstitial cells of Cajal may suggest their role in
the modulation of pyeloureteric peristalsis based
on reported physical and chemical stimuli [32].

In the case of discontinuance of the upper uri-
nary tract, ICCs can, thanks to their automatism,
replace originally discontinued a-SMC impulses
and maintain electrical and pyeloureteric peristal-
sis of the lower parts of the ureter [32, 36, 38].

Recent studies show changes in the expression
of ICCs in UPJO both in people and in animals [1,
2, 39].

The first report on interstitial cells of Cajal-
like in the human urinary tract was published in
2003, when Solari et al. presented results regard-
ing disorders of ICCs expression in patients with
UPJO [2].

Morphologically, ICCs of the urinary tract re-
semble interstitial cells of the gastrointestinal tract
thanks to their fusiform cell body with a large, oval
nucleus covered with a thin layer of cytoplasm and
with two dendrites. The role of ICCs in the human

urinary tract has not been finally defined, but they
probably act similarly to the widely known cells of
Cajal of the gastrointestinal tract, which is suggest-
ed by studies carried out on animal models [21,
40, 41].

In the study on ICCs’ role in the guinea pig
bladder, McCloskey reported that in response to
cholinergic stimulation, these cells are responsible
for the development of Ca?* waves [42].

Renal pelvis, ureteropelvic junction (UPJ) and
the ureter constitute a functional system which
carries urine thanks to the initiated, generalized
and transmitted peristaltic wave in the muscle lay-
er of their wall. The appropriate coordination of
the pyeloureteric peristalsis influences effective
urine outflow and constitutes a significant hydro-
dynamic factor of the upper urinary tract.

As ICCs are involved in diffusion, modulation
and coordination of the peristalsis in ureteropelvic
junction (UPJ), some authors claim that the lack or
the decreased number of ICCs in the muscle lay-
er of its wall is the original cause of ureteropelvic
junction obstruction (UPJO) [2].

Different results of studies carried out on hu-
man and animal models in patients’ UP] contribute
to a general lack of agreement regarding whether
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the changes in the expression of ICCs are original
or secondary [1, 2, 39, 43, 44].

Recent studies demonstrate that changes in
the expression of ICCs are not surprising. It seems
natural that such changes may appear simultane-
ously with other structural changes of the organ. In
1992 Starr reported a significant growth of the re-
nal pelvis muscularis externa in infants with UPJO
as compared to healthy ones. Renal pelvis thickens
because the number of internal, longitudinal mus-
cle bundles in the renal pelvic wall increases [46].

Density of collagen fibers and elastin in the out-
er membrane increases between muscle cells [47].

In 1996, Seremetis and Maizels reported an in-
creased expression of the transforming growth fac-
tor B (TGF-p) in the renal pelvis in patients with
UPJO [47-49].

Ekinci et al. reported an increased amplitude
and frequency of basic renal pelvic contractility as
a response to UPJO.

The increased amplitude, according to the
abovementioned authors, may be secondary to
hyperactivity or to the growth of pace-making
cells [50].

If we acknowledge the distributory and modu-
lating role of ICCs, it may be construed as a natu-
ral occurrence that muscular hypertrophy in UPJO
is accompanied by increased ICCs activity and an-
tigen c-kit expression on their surface in UPJO.

Yang, in his publication from 2009, similarly
to Solari et al., demonstrated changes in the num-
ber of ICCs regarding the expression of ICCs in
intrinsic UPJO. Yang was, however, much more
careful in suggesting that these disorders are the
original cause of UPJO. In his discussion, Yang re-
ported that it is possible that changes in the expres-
sion of c-kit-positive ICCs may have a secondary
character [1].

This conclusion was undoubtedly drawn due
to Kuzgunbay’s study published several months
earlier. Kunzgunbay et al. reported that the ex-
pression of c-kit-positive ICCs in the acquired ure-
teral obstruction in a rat’s ureter was time-relat-
ed. Namely, he reported that after the obstruction
developed, the number of c-kit-positive ICCs in-
creased and after 14 days it reached its maximum
value. Then, it gradually decreased and after about
60 days it reached a plateau at a statistically signif-
icant higher level than in the control group (with-
out UPJO). The placebo surgery did not change
the expression of c-kit-positive ICCs [39].

Chang et al. made interesting observations in
2001 in a study on the disappearance of ICCs and
disorders of electric activity in the obstruction of
a guinea pig’s small intestine. The authors report-
ed that the experimentally induced obstruction of
a guinea pig’s small intestine led to the termination

of ICCs’ electrical activity in the small intestine wall
proximally from the obstruction, which was ac-
companied by the atrophy of tyrosine kinase c-kit
receptors’ expression on their surface. It should be
emphasized that the ultra-structural examination
of the muscle layer of the guinea pig did not mani-
fest the presence of dead cells in places affected by
ICCs. In these areas we observed cells in the form
that is transitory between cells of smooth muscle
tissue and fibroblasts.

After about 30 days from the restoration of
the small intestine patency, ICCs system was re-
built and the characteristic slow electrical activity
returned [43].

Chang’s study is significant as it shows that
interstitial cells of Cajal lose their activity in the
wall of the intestine due to obstruction, which is
secondary to the development of pathology. The
same conclusions may be drawn if we analyze the
results of Kuzgunbay’s study, as his observations
refer more to the activity (c-kit expression) of ICCs
than to their physical number [39, 43].

Der et al. examined the influence of the in-
flammation in the mouse small intestine on motor
function and ICCs activity connected with Auer-
bach plexus of the intestine muscle. Authors re-
ported that the disintegration of ICCs system and
of its connections with smooth muscle cells of the
intestine appear immediately in response to the
inflammation caused by Trichinnela spiralis. ICCs
disorganization results in slow wave peristalsis ob-
struction and in the development of disorganized
and undirected intestine peristalsis. In this case,
after 23-60 days from the development of the in-
fection, previously described structural and func-
tional changes weakened. This is not only anoth-
er example of secondary changes of ICCs’ activity
in response to pathology (in this case — inflamma-
tion), but also proof that these changes may be re-
versed [51, 52].

These studies indicate that Cajal cells are con-
siderably plastic in response to the intestine wall
disorder in guinea pig, but they also indicate the
secondary background of their function disor-
der, which leads to organ pathology. Chang re-
ported that the lack of active forms of ICCs does
not mean that these cells are not there, but it does
indicate a lack of antigen expression by which
they may be identified. ICCs of the gastrointesti-
nal tract are capable of phenotype changes, so the
same can be expected from ICCS of the urinary
tract [18, 41, 43, 53].

Still, it has not been explained if interstitial cells
of Cajal act in a similar way in the urinary tract.
The analysis of the relationship between c-kit-pos-
itive and age indicates that c-kit-positive number
in UPJ statistically significantly depends on the age
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of the patient with UPJO and it decreases with the
age of the child with UPJO.

No statistically significant dependency of
c-kit-positive ICCs in the normal ureteropelvic
junctions has been observed. Statistically signifi-
cant expression of c-kit-positive ICCs decreases
with the age of patients suffering from congenial
UPJO, which suggests that their function decreas-
es with the duration of the pathology. Because in
the control group there was no expression of c-kit
depending on the patient’s age, it may be suggested
that it is a gradual and regular regression of com-
pensatory changes, if compensatory mechanisms
UPJO are used [44, 45].

Based on earlier studies, it may be assumed
that one of UPJO pathomechanisms is inflamma-
tion or obstruction in the tract that leads to the
disorganization of ICCs’ system and to the dis-
ruption of their activity. The lack of peristalsis in
the renal pelvis and in the ureter increases the re-
tention of urine and leads to the further growth of
pressure in the upper urinary tract. Consequent-
ly, compensation mechanisms are activated: mus-
cle layer grows, the number of collagen fibers and
elastin increases. ICCs are responsible for tran-
sition between nerve plexus and smooth muscle
cells, so their activity increases. The exacerbation

References

of compensatory processes depends on their effec-
tiveness and is connected with the type of the origi-
nal urinary tract pathology. In transitory situations
compensation processes may either restore the ef-
fective drainage of the urinary tract or be insuffi-
cient. Then, as time passes, compensatory changes
regress, which is manifested, among others things,
by the decreased activity of ICCs [44, 45].

Taking the above observations into consid-
eration, it is difficult to unambiguously discuss
changes in the number of ICCs in the urinary tract
due to the fact that their identification with anti-
bodies directed against receptors of tyrosine kinase
c-kit indicates only the expression of such recep-
tors, which, due to their plasticity, makes it possi-
ble to asses only their activity.

The fact that ICCs can be identified in an indi-
rect way and that they have considerable plasticity
and heterogeneous pathology (UPJO) can explain
numerous interpretations of results of studies of
c-kit-positive number in UPJO [1, 2, 44].

There is a growing need for further research re-
garding ICCs in the human upper urinary tract by
means of other research tools, such as electron mi-
croscopy. ICCs activity and structure in the urinary
tract can explain the upper urinary tract pathology,
particularly due to its autonomic innervation.

[1] Yang X, Zhang Y, Hu J: The expression of Cajal cells at the obstruction site of congenital pelviureteric junction
obstruction and quantitative image analysis. ] Pediatr Surg 2009, 44, 2339-2342.
[2] Solari V, Piaseczna-Piotrowska A, Puri P: Altered expression of interstitial cells of Cajal in congenital ureteropel-
vic junction obstruction. ] Urol 2003, 170, 2420-2422.
[3] Di Benedetto A, Arena S, Nicotina PA: Pacemakers in the upper urinary tract. Neurourol Urodyn 2013, 32,
349-353.
[4] Ward SM, Morris G, Reese L: Interstitial cells of Cajal mediate enteric inhibitory neurotransmission in the lower
esophageal and pyloric sphincters. Gastroenterology 1998, 115, 314-329.
[5] Khelif K, De Laet MH, Chaouachi B: Achalasia of the cardia in Allgrove’s (triple A) syndrome: histopathologic
study of 10 cases. Am J Surg Pathol 2003, 27, 667-672.
[6] Burns AJ, Lomax AE]J, Torihashi S: Interstitial cells of Cajal mediate inhibitory neurotransmission in the stomach.
Proc Nat Acad Sci USA 1996, 93, 12008-12013.
[7] Oue T, Puri P: Smooth muscle cell hypertrophy versus hyperplasia in infantile hypertrophic pyloric stenosis.
Pediatr Res 1999, 45, 853-857.
[8] Vanderwinden JM, Liu H, De Laet MH: Study of the interstitial cells of Cajal in infantile hypertrophic pyloric
stenosis. Gastroenterology 1996, 111, 279-288.
[9] Feldstein AE, Miller SM, El-Youssef M: Chronic intestinal pseudoobstruction associated with altered interstitial
cells of Cajal networks. ] Pediatr Gastroenterol Nutr 2003, 36, 492-497.
[10] Hagger R, Finlayson C, Kahn F: A deficiency of interstitial cells of Cajal (ICC) in chagasic megacolon. Gastro-
enterology 1998, 114, 758.
[11] He CL, Burgart L, Wang L: Decreased interstitial cell of Cajal volume in patients with slow-transit constipation.
Gastroenterology 2000, 118, 14-21.
[12] Kenny SE, Connell MG, Rintala RJ: Abnormal colonic interstitial cells of Cajal in children with anorectal malfor-
mations. ] Pediatr Surg 1998, 33, 130-132.
[13] Lyford GL, He CL, Soff er E: Pan-colonic decrease in interstitial cells of Cajal in patients with slow transit consti-
pation. Gut 2002, 51, 496-501.
[14] Robertson K, Mason I, Hall S: Hirschsprung’s disease: genetic mutations in mice and men. Gut 1997, 41, 436-441.
[15] Rolle U, Piotrowska AP, Nemeth L: Altered distribution of interstitial cells of Cajal in Hirschsprung disease. Arch
Pathol Lab Med 2002, 126, 928-933.
[16] Rumessen JJ: Ultrastructure of interstitial cells of Cajal at the colonic submuscular border in patients with ulcer-
ative colitis. Gastroenterology 1996, 111, 1447-1455.



Nature of ICC of the Upper Urinary Tract 631

[17] Vanderwinden JM, Rumessen JJ, Liu H: Interstitial cells of Cajal in human colon and in Hirschsprung’s disease.
Gastroenterology 1996, 111, 901-910.

[18] Sanders KM, Ordog T, Koh SD: Development and plasticity of interstitial cells of Cajal. Neurogastroenterol Motil
1999, 11, 311-338.

[19] Ulman I, Jayanthi VR, Koff SA: The longterm follow-up of newborns with severe unilateral hydronephrosis ini-
tially treated nonoperatively. ] Urol 2000, 164, 1101-1105.

[20] 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. ] Physiol 1994, 480, 91-97.

[21] Thomsen L, Robinson TL, Lee JCF: Interstitial cells of Cajal generate a rhythmic pacemaker current. Nat Med
1998, 4, 848-851.

[22] Gattuso JM, Smith VV, Kamm MA: Altered contractile proteins and neural innervation in idiopathic megarec-
tum and megacolon. Histopathology 1998, 33, 34-38.

[23] Koh SD, Sanders KM, Ward SM: Spontaneous electrical rhythmicity in cultured interstitial cells of Cajal from the
murine small intestine. ] Physiol 1998, 513, 203-213.

[24] Maeda H, Yamagata A, Nishikawa S: Requirement of c-kit for development of intestinal pacemaker system.
Development 1992, 116, 369-375.

[25] Ordog T, Takayama I, Cheung WK: Remodeling of networks of interstitial cells of Cajal in a murine model of
diabetic gastroparesis. Diabetes 2000, 49, 1731-1739.

[26] Torihashi S, Nishi K, Tokutomi Y: Blockade of kit signaling induces transdifferentiation of interstitial cells of
Cajal to a smooth muscle phenotype. Gastroenterology 1999, 117, 140-148.

[27] Wang XY, Sanders KM, Ward SM: Intimate relationship between interstitial cells of Cajal and enteric nerves in
the guinea-pig small intestine. Cell Tissue Res 1999, 295, 247-256.

[28] Wang XY, Sanders KM, Ward SM: Relationship between interstitial cells of Cajal and enteric motor neurons in
the murine proximal colon. Cell Tissue Res2000, 302, 331-342.

[29] Der-Silaphet T, Malysz J, Arsenault AL: Interstitial cells of Cajal direct normal propulsive contractile activity in
the mouse small intestine. Gastroenterology 1998, 114, 724-736.

[30] Isozaki K, Hirota S, Miyagawa J: Deficiency of c-kit cells in patients with a myopathic form of chronic idiopathic
intestinal pseudoobstruction. Am ] Gastroenterol 1997, 92, 332-334.

[31] Malysz ], Thuneberg L, Mikkelsen HB, Huizinga JD: Action potential generation in the small intestine of
W mutant mice that lack interstitial cells of Cajal. Am ] Physiol 1996, 271, 387-399.

[32] Metzger R, Schuster T, Till H: Cajal-like cells in the human upper urinary tract. ] Urol 2004, 172, 769-772.

[33] Metzger R, Schuster T, Till H: Cajal-like cells in the upper urinary tract: comparative study in various species.
Pediatr Surg Int 2005, 21, 169-174.

[34] McCloskey KD: Interstitial Cells in the Urinary Bladder—Localization and Function. Neurourol Urodyn 2010, 29,
82-87.

[35] Piaseczna-Piotrowska A, Dzieniecka M, Samolewicz E: Distribution of interstitial cells of Cajal in the neurogenic
urinary bladder of children with myelomeningocele. Advances in Medical Sciences 2013, DOI: 10.2478/ams-2013-
0002.

[36] Lang RJ, Tonta MA, Zoltkowski BZ: Pyeloureteric peristalsis: role of atypical smooth muscle cells and interstitial
cells of Cajal-like cells as pacemakers. ] Physiol 2006, 576, 695-705.

[37] van der AA F, Roskams T, Blyweert W: Identification of kit positive cells in the human urinary tract. ] Urol 2004,
171, 2492-2496.

[38] Lang R]J, Klemm MF: Interstitial cell of Cajal-like cells in the upper urinary tract. ] Cell Mol Med 2005, 9, 543-556.

[39] Kuzgunbay B, Doran F, Bayazit Y: The effects of ureteral obstruction on Cajal-like cells in rats. ] Pediatr Urol
2009, 5, 269-273.

[40] Exintaris B, Klemm MF and Lang R]J: Spontaneous slow wave and contractile activity of the guinea pig prostate.
J Urol 2002, 168, 315.

[41] Huizinga JD, Thuneberg L, Kluppel M: The W/kit gene required for interstitial cells of Cajal and for intestinal
pacemaker activity. Nature 1995, 373, 347-349.

[42] McCloskey KD and Gurney AM: Kit positive cells in the guinea pig bladder. ] Urol 2002, 168, 832.

[43] Chang I-Y, Glasgow NJ, Takayama I: Loss of interstitial cells of Cajal and development of electrical dysfunction
i murine small bowel obstruction. ] Physiol 2001, 536.2, 555-568.

[44] Koleda P, Apoznanski W, Wozniak Z: Changes in interstitial cell of Cajal-like cells density in congenital uretero-
pelvic junction obstruction. Int Urol Nephrol 2012, 44, 7-12.

[45] Apoznanski W, Koleda P, Wozniak Z: The distribution of interstitial cells of Cajal in congenital ureteropelvic
junction obstruction. Int Urol Nephrol 2013, DOI: 10.1007/s11255-013-0454-7

[46] Starr NT, Maizels M, Chou P: Microanatomy and morphometry of the hydronephrotic ,,obstructed” renal pelvis
in asymptomatic infants. ] Urol 1992, 148, 519-524.

[47] Seremetis GM, Maizels M: TGF-beta mRNA expression in the renal pelvis after experimental and clinical uretero-
pelvic junction obstruction. J Urol 1996, 156, 261-266.

[48] Carr MC, El-Ghoneimi A: Anomalies and Surgery of the Ureteropelvic Junction. In: Campbell-Walsh Urology,
Section XVII: Pediatric Urology 2007, 9™ Edition, Saunders Elsevier, 3359-3382.

[49] Wang Y, Puri P, Hassan J: Abnormal innervations and altered nerve growth factor messenger ribonucleic acid
expression in ureteropelvic junction obstruction. J Urol 1995, 154, 679-683.



632 P. KoLgEDA, W. PILECKI

[50] Ekinci S, Ertunc M, Ciftci AO: Evaluation of Pelvic contractility in ureteropelvic junction obstruction: an experi-
mental study. Eur ] Pediatr Surg 2004, 14, 93-99.

[51] Der-Silaphet T, Berezin I, Collins SM: Trichinella spiralis affects the morphology of interstitial cells of Cajal,
abolishes slow wave activity and disrupts transit in the proximal small intestine. Dig Dis Sci 1996, 41, 1897.

[52] Der T, Bercik P, Donnelly G: Interstitial cells of Cajal and inflammation-induced motor dysfunction in the mouse
small intestine. Gastroenterology 2000, 119, 1590-1599.

[53] Ekblad E, Sjuve R, Arner A, Sundler F: Enteric neuronal plasticity and a reduced number of interstitial cells of
Cajal in hypertrophic rat ileum. Gut 1998, 42, 836-844.

Address for correspondence:

Piotr Koleda

Department of Pathophysiology
Wroclaw Medical University

K. Marcinkowskiego 1

50-368 Wroclaw

Poland

E-mail: pkoleda@koleda-pl.eu

Conflict of interest: None declared
Received: 12.12.2013

Revised: 1.05.2014
Accepted: 23.07.2014



