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A number of studies describe the presence of suburothelial myofibroblasts (SUMFs) in the urinary
bladder [1-7]. It has been discussed that the normal bladder does not contain myofibroblasts as
identified by light and electron microscopy standards [8]. There are also studies available identifying
either suburothelial interstitial cells (ICs) [9; 10], or suburothelial interstitial Cajal cells (ICCs) [11-13].
Recently there have been also described telocytes in the upper lamina propria of the urinary tract [14]
and uretheral suburothelial telocytes and smooth muscle cells [15].

The telocytes (TCs) were recently defined; these cells project long, slender and moniliform
processes termed telopodes [16; 17]; prior to their identification based on TEM criteria, telocytes were
regarded as interstitial Cajal-like cells (ICLCs) [18-20]. However, the TEM diagnosis of TCs should be
approached with caution, as stromal hybrid morphologies such as telopode-like prolongations, can be
encountered [21]. It was claimed that networks of TCs are able to ensure stromal signaling [22; 23].

The possible presence of different cell types in the suburothelial band seems overlooked. It was
raised this hypothesis and it was decided to use immunohistochemistry (IHC) and transmission
electron microscopy (TEM) in order to elucidate the structure of the suburothelial band in the urinary
bladder.

Postautopsic human bladder samples from ten donor cadavers were labeled with antibodies against
CD34, CD117/c-kit, vimentin and alpha smooth muscle actin (a-SMA). Stromal cells in the immediate
suburothelial band were CD34/vimentin/a-SMA positive, but CD117/c-kit negative (fig.1). However, it
is not mandatory for ICCs or ICLCs to label with c-kit antibodies, and electron microscopy (EM) is best
suited for identifying this cell type [24].

Bladder samples from six Wistar rats were used for immunohistochemistry (IHC) and transmission
electron microscopy (TEM). In IHC, desmin antibodies labeled only the detrusor muscle, while a-SMA
positive labeling was found in the suburothelial band, the submucosa, and the inner layer of the
detrusor muscle. Also perivascular cells and myoepithelial cells were a-SMA positive. In TEM, the
suburothelial band had a layered structure, consisting of inner, middle and outer suburothelial layers
(ISUL, MSUL and, respectively, OSUL). THE ISUL contained electrono dense fibroblast-like cells
(FLCs), the MSUL consisted of two subtypes of myoid cells (MyCs | and IlI) which were finally
diagnosed as smooth muscle cells (MyCs | = SMCs) and myoid ICCs (MyCs ll), while the OSUL
contained collagen-embedded interstitial cells (ICs). At this time the diagnosis of suburothelial TCs
should be regarded with caution.

1. Sui GP, Wu C, Fry CH. Characterization of the purinergic receptor subtype on guinea-pig suburothelial
myofibroblasts. BJU Int. 2006; 97: 1327-1331.

2. Fry CH, Sui GP, Kanai AJ, Wu C. The function of suburothelial myofibroblasts in the bladder. Neurourol
Urodyn. 2007; 26: 914-919.

3. Neuhaus J, Heinrich M, Schlichting N, Oberbach A, Fitzl G, Schwalenberg T, Horn LC, Stolzenburg JU.

[Structure and function of suburothelial myofibroblasts in the human urinary bladder under normal and
pathological conditions]. Urologe A. 2007; 46: 1197-1202.

4. Sui GP, Wu C, Roosen A, lkeda Y, Kanai AJ, Fry CH. Modulation of bladder myofibroblast activity: i
mplications for bladder function. Am J Physiol Renal Physiol. 2008; 295: F688-697.
5. Roosen A, Datta SN, Chowdhury RA, Patel PM, Kalsi V, Elneil S, Dasgupta P, Kessler TM, Khan S,

Panicker J, Fry CH, Brandner S, Fowler CJ, Apostolidis A. Suburothelial myofibroblasts in the human
overactive bladder and the effect of botulinum neurotoxin type A treatment. Eur Urol. 2009; 55: 1440-
1448.

6. Cheng S, Scigalla FP, Speroni di Fenizio P, Zhang ZG, Stolzenburg JU, Neuhaus J. ATP enhances
spontaneous calcium activity in cultured suburothelial myofibroblasts of the human bladder. PLoS One.
2011; 6: e25769.

193



10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

24,

Heinrich M, Oberbach A, Schlichting N, Stolzenburg JU, Neuhaus J. Cytokine effects on gap junction
communication and connexin expression in human bladder smooth muscle cells and suburothelial
myofibroblasts. PLoS One. 2011; 6: e20792.

Eyden B. Are there myofibroblasts in normal bladder? Eur Urol. 2009; 56: 427-429.

Kubota Y, Hashitani H, Shirasawa N, Kojima Y, Sasaki S, Mabuchi Y, Soji T, Suzuki H, Kohri K. Altered
distribution of interstitial cells in the guinea pig bladder following bladder outlet obstruction. Neurourol
Urodyn. 2008; 27: 330-340.

Grol S, Essers PB, van Koeveringe GA, Martinez-Martinez P, de Vente J, Gillespie JI. M(3) muscarinic
receptor expression on suburothelial interstitial cells. BJU Int. 2009; 104: 398-405.

McHale NG, Hollywood MA, Sergeant GP, Shafei M, Thornbury KT, Ward SM. Organization and function
of ICC in the urinary tract. J Physiol. 2006; 576: 689-694.

Cunningham RM, Larkin P, McCloskey KD. Ultrastructural properties of interstitial cells of Cajal in the
Guinea pig bladder. J Urol. 2011; 185: 1123-1131.

Kim SO, Oh BS, Chang Y, Song SH, Ahn K, Hwang EC, Oh KJ, Kwon D, Park K. Distribution of
interstitial cells of Cajal and expression of nitric oxide synthase after experimental bladder outlet
obstruction in a rat model of bladder overactivity. Neurourol Urodyn. 2011; 30: 1639-1645.

Gevaert T, De Vos R, Van Der Aa F, Joniau S, van den Oord J, Roskams T, De Ridder D. Identification
of telocytes in the upper lamina propria of the human urinary tract. Journal of Cellular and Molecular
Medicine. 2012; 16: 2085-2093.

Zheng Y, Zhu T, Lin M, Wu D, Wang X. Telocytes in the urinary system. J Transl Med. 2012; 10: 188.
Popescu LM, Faussone-Pellegrini MS. TELOCYTES - a case of serendipity: the winding way from
Interstitial Cells of Cajal (ICC), via Interstitial Cajal-Like Cells (ICLC) to TELOCYTES. Journal of Cellular
and Molecular Medicine. 2010; 14: 729-740.

Nicolescu MI, Bucur A, Dinca O, Rusu MC, Popescu LM. Telocytes in parotid glands. Anat Rec
(Hoboken). 2012; 295: 378-385.

Hinescu ME, Gherghiceanu M, Mandache E, Ciontea SM, Popescu LM. Interstitial Cajal-like cells (ICLC)
in atrial myocardium: ultrastructural and immunohistochemical characterization. Journal of Cellular and
Molecular Medicine. 2006; 10: 243-257.

Popescu LM, Gherghiceanu M, Hinescu ME, Cretoiu D, Ceafalan L, Regalia T, Popescu AC, Ardeleanu
C, Mandache E. Insights into the interstitium of ventricular myocardium: interstitial Cajal-like cells (ICLC).
Journal of Cellular and Molecular Medicine. 2006; 10: 429-458.

Popescu LM, Ciontea SM, Cretoiu D. Interstitial Cajal-like cells in human uterus and fallopian tube. Ann
N Y Acad Sci. 2007; 1101: 139-165.

Rusu MC, Nicolescu Ml, Jianu AM, Lighezan R, Manoiu VS, Paduraru D. Esophageal telocytes and
hybrid morphologies. Cell Biol Int. 2012; 36: 1079-1088.

Popescu LM, Manole CG, Gherghiceanu M, Ardelean A, Nicolescu MI, Hinescu ME, Kostin S. Telocytes
in human epicardium. Journal of Cellular and Molecular Medicine. 2010; 14: 2085-2093.

Popescu LM, Gherghiceanu M, Suciu LC, Manole CG, Hinescu ME. Telocytes and putative stem cells in
the lungs: electron microscopy, electron tomography and laser scanning microscopy. Cell Tissue Res.
2011; 345: 391-403.

Huizinga JD, Faussone-Pellegrini MS. About the presence of interstitial cells of Cajal outside the
musculature of the gastrointestinal tract. J Cell Mol Med. 2005; 9: 468-473.

Figure 1. The suburothelial layer (arrow) in human bladder is a-SMA/vimentin/CD34 positive (A, B and,
respectively C) and CD117 negative (D).
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