FOLIAHISTOCHEMICA
ET CYTOBIOLOGICA
Vol. 50, No. 4, 2012

pp. 581-585

ORIGINAL STUDY

VI

VIA MEDICA

Evidence of interstitial Cajal-like cells
in the human gallbladder

Artur Pasternak! 2, Mariusz Gajda’, Krzysztof Gil*, Andrzej Matyjal,
Krzysztof A. Tomaszewski?, Jerzy A. Walocha?, Jan Kulig!, Piotr Thor*

IFirst Department of General, Oncological and Gastrointestinal Surgery, Jagiellonian University
Medical College, Krakow, Poland

’Department of Anatomy, Jagiellonian University Medical College, Krakow, Poland
3Department of Histology, Jagiellonian University Medical College, Krakow, Poland
*Department of Pathophysiology, Jagiellonian University Medical College, Krakow, Poland

Abstract: The aim of this study was to assess the presence of interstitial Cajal-like cells (ICLCs) in the human
gallbladder and to determine their distinctive characteristics on the basis of double immunohistochemical stain-
ing. Gallbladder specimens were obtained from 30 patients subjected to elective laparoscopic cholecystectomy
for symptomatic gallstone disease. Tissue samples were fixed in 4% phosphate-buffered paraformaldehyde,
processed, embedded in paraffin, and, after sectioning, routinely stained with HE. Tissue antigens were re-
trieved using the heat-induced epitope retrieval (HIER) method. For simultaneous visualisation of two anti-
gens, an indirect double immunofluorescence procedure was applied. ICLCs were defined as CD117-immunop-
ositive and tryptase-immunonegative objects. They were predominantly fusiform in shape with sparse branches
that were visible in some sections. ICLCs were observed throughout the organ including the gallbladder’s fun-
dus, body (corpus) and neck, being most numerous in the corpus. The ICLCs were detected almost exclusively
within the muscularis propria and they were arranged parallel to smooth muscle cells. The following subpopula-
tions of ICLCs were observed: ICLC-IM (intramuscular ICLCs) localised between smooth muscle fibres form-
ing one muscle bundle; and ICLC-IB (interbundle ICLCs) localised within the connective tissue separating
smooth muscle bundles. Thus, the presence of ICLCs in the human gallbladder was clearly identified, demon-
strated by double immunohistochemistry which was found to be a reliable method for differentiating ICLCs
from mast cells. (Folia Histochemica et Cytobiologica 2012, Vol. 50, No. 4, 581-585)
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technique and methylene blue staining to describe
spindle-shaped or stellate cells associated with auto-
nomic nerve endings of the intestine, and he proposed

Introduction

The term “interstitial cells of Cajal” (ICCs) refers to

several types of cells located in the musculature of
the gastrointestinal tract. In 1889, Santiago Ramon 'y
Cajal, a Spanish neuropathologist, used the Golgi
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the term “cellules interstitielles” [1, 2]. These cells were
subsequently re-discovered approximately 40 years
ago and they were successfully identified by electron
microscopy and immunohistochemistry [3-5]. A char-
acteristic feature of ICCs is the expression of trans-
membrane tyrosine kinase receptor proteins, includ-
ing the c-Kit receptor (CD117), which enables their
identification by immunohistochemical and molecu-
lar methods [6]. Signalling via c-Kit receptor is nec-
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essary for ICC development and phenotypic mainte-
nance. [CCs are known to act as sources of spontane-
ous, electric slow waves responsible for paced con-
tractions of the gastrointestinal tract (‘pacemaker
cells’). ICCs are also involved in the modulation of
enteric neurotransmission [7]. Disturbances in gas-
trointestinal motility after the loss of, or damage to,
ICCs have been widely reported in several clinical and
pathological conditions, including gastroparesis, con-
stipation, achalasia, Chagas disease, Hirschprung’s
disease, congenital hypertrophic pyloric stenosis, in-
testinal pseudo-obstructions, and diverticular disease
of the colon [6, 8-10]. Many authors have investigated
cells similar to ICCs located in other organs, including
the pancreas, urether, urethra, bladder, blood vessels,
male and female reproductive organs, mammary
glands, placenta, heart, and lungs [8, 11-17]. Cells that
resemble archetypal enteric ICCs are referred to as
interstitial Cajal-like cells (ICLCs). This term was pro-
posed by Popescu and Faussone-Pellegrini in 2010 to
be replaced by the entity — “telocytes”.

The purpose of this study was to assess whether
ICLCs occur in the human adult gallbladder and to
determine their distinctive immunophenotypic char-
acteristics on the basis of the double immunohis-
tochemical staining protocol in gallbladders from
patients operated for gallstone disease.

Material and methods

Gallbladders investigated in this study were obtained from
30 patients (eight males, mean age 51.9 = 10.7 years and
22 females, mean age 52.9 = 15.1 years) undergoing elective
laparoscopic cholecystectomy for symptomatic gallstone
disease. Cases of acute cholecystitis were excluded from the
study. All patients were surgically treated in the First De-
partment of General, Oncological and Gastrointestinal Sur-
gery at the Jagiellonian University Medical College in 2010.
The study was conducted in conformance with the moral,
ethical, regulatory and scientific principles governing clini-
cal research. All surgical samples were retrieved with the
ethical approval of the Jagiellonian University Bioethical
Committee (protocol number - KBET/30/B/2010) conform-
ing to the Declaration of Helsinki guidelines.

Fresh gallbladder specimens were cut longitudinally,
opened from the fundus to the neck and rinsed thoroughly
with PBS (phosphate-buffered saline, 0.01 M, pH 7.4). Tis-
sue samples were fixed in 4% phosphate-buffered paraform-
aldehyde, processed and embedded in paraffin. Serial sec-
tions were cut and mounted on poly-L-lysine-coated glass
slides. The sections were deparaffinised in xylene, rehydrat-
ed through a graded series of alcohol, and transferred to
PBS prior to staining. One part of the gallbladder sections
was subjected to routine staining with haematoxylin and
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eosin (H&E) and the other was used for immunohistoche-
mical evaluation.

Immunoperoxidase staining of ICLC cells and mast cells.
Tissue antigens were retrieved using the heat-induced
epitope retrieval (HIER) method. The sections were incu-
bated in a citrate buffer (pH 6.0) for 15 min in a microwave
oven (250 W, 96°C) followed by cooling at room tempera-
ture. Endogenous peroxidase activity was blocked with 3%
hydrogen peroxide in methanol for 20 min. A pre-incuba-
tion step was performed with 5% normal goat serum and
0.5% Triton X-100 for 20 min to reduce non-specific bind-
ing and to increase penetration of the antibodies. The sec-
tions were incubated overnight at room temperature in hu-
mid chambers with a primary human anti-c-Kit antibody
(1:150; rabbit polyclonal C-kit/CD117 antibody, DakoCy-
tomation, Glostrup, Denmark). The sections were rinsed in
PBS and incubated for 1 h at room temperature with a mix-
ture of a horseradish peroxidase-conjugated goat anti-rab-
bit antibody (1:500; cat. 111-035-144, Jackson IR, West
Grove, PA, USA). Histoenzymatic reaction was developed
with 3,3’-diaminobenzidine (DAB-kit, cat. 34065, Pierce,
Rockford, IL, USA) and slides were slightly counterstained
with Mayer’s haematoxylin. Finally, sections were dehydrat-
ed in alcohols, cleared with xylol and mounted in Entellan
medium (Merck, Germany).

Double immunofluorescence staining. After antigen retriev-
al, sections were preincubated with normal serum as de-
scribed above (hydrogen peroxide-blocking step was omit-
ted). For the simultaneous visualisation of two antigens, an
indirect double immunofluorescence procedure was used
[18, 19]. The sections were incubated overnight at room tem-
perature in humid chambers with a mixture of primary an-
tibodies: human anti-c-Kit (1:150; rabbit polyclonal C-kit/
/CD117 antibody, DakoCytomation, Glostrup, Denmark)
and human anti-mast cell tryptase (1:800, mouse monoclonal
antibody, DakoCytomation, Glostrup, Denmark). The sec-
tions were rinsed in PBS and incubated for 1 h at room tem-
perature with a mixture of a Cy3-conjugated goat anti-rab-
bit antibody (1:600; cat. 111-165-144, Jackson IR, West
Grove, PA, USA) and a biotinylated goat anti-mouse anti-
body (1:600; cat. 115-065-146, Jackson IR, West Grove, PA,
USA). The primary and secondary antibodies were diluted
in the same solution as used in the pre-incubation step. Af-
ter washing in PBS, the slides were incubated with DTAF-
conjugated streptavidin (1:500; cat. 016-010-084; Jackson
IR, West Grove, PA, USA) for 1 h. After a final rinse in
PBS, the nuclei were counterstained with DAPI (1:30,000,
D9542; SigmaAldrich, St. Louis, MO, USA) for 30 seconds.
The sections were covered with a coverslip and Vectashield
medium (H-1000; Vector Laboratories, Burlingame, CA,
USA) to minimise photobleaching of fluorophores. Stained
sections were examined with an Olympus BX50 brightfield/
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/epifluorescence microscope (Olympus, Tokyo, Japan). For
fluorescence observations, the microscope was equipped
with mercuric burner and filter sets: U-MNG, U-MNIBA
and U-MWA for the detection of Cy3 (red), DTAF (green)
and DAPI (blue) fluorescence, respectively. Images were
recorded using an Olympus DP71 digital CCD camera con-
trolled by Olympus AnalySIS FIVE software, stored as TIFF
files and analysed using Java ImageJ [20].

The use of mast cell tryptase staining allowed us to iden-
tify and distinguish c-Kit-positive mast cells from ICLCs and
highlighted the morphological variability of mast cells. The
potential misidentification of ICLCs and mast cells was pre-
vented by performing only c-Kit immunohistochemical. For
the assessment of immunohistochemical reaction (CD117
and mast cell tryptase) specificity, human ileum and GIST
(gastrointestinal stromal tumour) archival paraffin blocks
were used as control material (positive control).

Results

Histopathological examination exhibited traits of mild
chronic cholecystitis in all patients enrolled in this
study (Figure 1A). Immunoperoxidase staining al-
lowed only the detection of numerous CD117-immu-
nopositive cells in all layers of the gallbladder’s wall
(Figure 1B). The double immunofluorescence pro-
tocol was used to specifically identify ICCs/ICLCs.
These cells were defined as c-Kit-immunopositive nu-
cleated cells that lacked mast cell tryptase co-expres-
sion (tryptase-immunonegative). The presence of
such cells was confirmed in reference material — ile-
um and GIST (Figure 1C and D, respectively). In gall-
bladders, ICLCs were predominantly fusiform in
shape with branches that were visible in some sec-
tions. ICLCs were observed throughout the gallblad-
der, including the fundus, body (corpus) and neck,
although they were mostly located in the body. The
ICLCs were detected almost exclusively within the
muscularis propria and were located primarily paral-
lel to smooth muscle cells. However, in a few cases,
the ICLCs were localised within the connective tis-
sue separating the smooth muscle bundles. Thus, the
following subpopulations of ICLCs were observed:
ICLC-IM (intramuscular ICC) localised between
smooth muscle fibres forming one muscle bundle; and
ICLC-IB (interbundle ICLCs) localised within the
connective tissue separating smooth muscle bundles
(Fig. 1E and F). The ICLCs were generally sparsely
distributed in other parts of the gallbladder’s wall.
They typically appeared individually or in small clus-
ters of 2-3 cells, but they did not form a global net-
work as was clearly seen in the small intestine (Fig-
ure 1C).
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Discussion

The aim of this study was to determine whether in-
terstitial Cajal-like cells exist in the human adult gall-
bladder and to identify their distinctive immunophe-
notypic characteristics. Generally, ICCs are difficult
to identify. The classical identification of ICCs in the
Gl tract has been based on their ultrastructural char-
acteristics [21]. Recently c-Kit receptor tyrosine ki-
nase immunolocalisation has been used as a reliable
marker of ICC presence in the GI tract and ICLCs in
other organs [§, 11, 21]. In this study, immunohis-
tochemistry was used to identify c-Kit immunoposi-
tive interstitial Cajal-like cells. However, mast cells
also show c-Kit immunoreactivity and are abundant
in the wall of the human gallbladder. Therefore, we
used simultaneous anti-mast cell tryptase detection
to better distinguish mast cells from ICLCs. Morpho-
logical characteristics of ICC have been shown to be
species- and tissue-dependent, and have been divid-
ed into different classes according to their location in
the GI tract [16].

In our specimens, the ICLCs were detected almost
exclusively within the muscularis propria. They typi-
cally appeared individually or in small clusters of 2-3
cells, but they did not form a global network. Howev-
er, the ICLCs/ICCs networks are best seen in whole
mounts (2D-3D visualisation), therefore the failure
to see networks is due to the nature of preparations
used (thin paraffin sections), which did not allow for
the determination of this architectural organisation.

The reports concerning ICLC distribution and
number are conflicting for many reasons including:
difficulties in visualising ICLCs in formalin-fixed,
paraffin-embedded tissues despite HIER, proper
human tissue handling (e.g. fixatives), the use of an-
tibodies with varying sensitivities, and the lack of re-
liable quantification protocols. Establishing control
values and standardised protocols for tissue collec-
tion, fixation, and ICLC visualisation is required [22].

Although we have documented the presence of
interstitial Cajal-like cells in the human gallbladder,
their function still remains unknown. ICLCs have
been proposed to play a role as pacemakers in many
organs. The existence of ICLCs in the gallbladder
suggests that these cells may be involved in pacing
electrical rhythmicity, imposing presumably the
rhythm of bile release. We hypothesise that they could
have a function similar to that of ICC in the gut. In-
deed, there is growing evidence that the gallbladder’s
ICLC:s are responsible for these processes and that
their function may be influenced by numerous patho-
logical factors (e.g. cholesterol in gallstone disease)
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Figure 1. Sections of human ileum, gastrointestinal tumour and gallbladders stained by HE, immunoperoxidase and
immunofluorescence methods to present ICCs/ICLCs and mast cells. In Figures C-F, CD117-immunopositive reactions
were shown by red, tryptase-positive by green colour and cell nuclei were counterstained with DAPI (blue). A. Wall of the
human gallbladder, mild chronic inflammation. H&E staining, total magnification 100 X. B. Muscularis propria of human
gallbladder stained for c-Kit (immunoperoxidase reaction). Note the numerous c-Kit-immunopositive cells (brown); 400 X.
C. Muscularis propria from human ileum (positive control). Numerous c-Kit-positive and tryptase-negative interstitial
Cajal cells (ICCs, red colour) forming a complex network are present (arrows). Few mast cells (c-Kit-positive and trypta-
se-positive) are indicated by arrowheads; 400 X. D. Section of gastrointestinal stromal tumour (GIST, positive control)
shows numerous c-Kit-positive and tryptase-negative cells (arrows); 400 X. E. Muscularis propria of human gallbladder.
Numerous c-Kit-positive and tryptase-negative ICLCs are located in the connective tissue separating smooth muscle
bundles (ICLC-IB, arrows) and are seen between smooth muscle cells (asterisk). Mast cells are indicated by arrowheads;
magnification 400 x. F. Cross-section of gallbladder wall presents inter-bundle ICLCs (ICLC-I1B) marked with arrows.
Mast cells are indicated by arrowheads; 400 X
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[23]. Elucidation of the role of interstitial Cajal-like
cells in the human gallbladder may contribute to new
treatment options for gallbladder motility disorders,
present in gallstone disease, for example.

In conclusion, interstitial Cajal-like cells were
found throughout the wall of the human gallbladder
and were present mainly within the muscularis pro-
pria. Double immunofluorescence using anti-CD117
and anti-mast cell tryptase antibodies represents
a reliable method of identifying ICLCs and differen-
tiating them from the numerous mast cells present in
the gallbladder’s wall.
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