Neoplasma 61, 3, 2014 305

d0i:10.4149/neo_2014_039

Primary cilia in gastrointestinal stromal tumors
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The primary cilium is a solitary, sensory, non-motile microtubule-based structure that arises from the centrosome and is
projected from the surface of most human cells. The objective of the current pilot study was to conduct an investigation of
presence and frequency of cilia in gastrointestinal stromal tumors (GIST).

The presence of primary cilia in GIST was evaluated in 9 patients, including 8 primary tumors and 1 liver metastasis. In
2 patients the presence of primary cilia was evaluated not only in the primary tumor, but also in recurrence: in 1 patient in
recurrence without previous treatment with imatinib and in 1 patient in recurrence after treatment with imatinib. The pri-
mary cilia of GIST cells were immunofluorescently stained with primary monoclonal anti-acetylated tubulin alpha antibody
and cell nuclei with DAPI.

We observed 9985 nuclei of cells of GISTs and 425 primary cilia in total. The median of frequency of primary cilia in cells
of GISTs in all examined samples was 4.26%, in primary tumors was 4.32% and in metastases was 3.64%, respectively.

This pilot study provides the evidence of the presence of primary cilia in GISTs in different organs. Primary cilia were
identified in all examined cases of GIST, including primary tumors, metastases and recurrent lesions without and with previ-

ous treatment with imatinib.
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The primary cilium is a solitary, sensory, non-motile micro-
tubule-based structure that arises from the centrosome and is
projected from the surface of most human cells. The presence of
a primary cilium on the surface of a cell is not permanent, limited
to the quiescent G, (G,) phase and early S phase of the cell cycle.
Primary cilia are present on most vertebrae cell types [1].

Primary cilia are active in the sensing of chemical and
mechanical signals from the extracellular environment [2].
In primary cilia are present receptors, ion channels and signal
pathways specific to the functions of the tissues in which they
are located. Primary cilia actively participate in the regulation
of platelet derived growth factor (PDGF), epidermal growth
factor (EGF), Hedgehog, Wnt and mammalian target of
rapamycin signaling pathways, and affect cytosolic calcium
fluxes [3].

Primary cilia are firmly interconnected with the cell cy-
cle. In post-mitotic cells, the centrosome, being composed

of two centrioles surrounded by pericentriolar material,
migrates toward the cell surface, where the mother centriole
differentiates into a basal body that nucleates microtubules
to cause the occurrence of the primary cilium [4]. Disassem-
bly of the primary cilium precedes cell cycle re-entry, the
initiation of DNA synthesis, and mitosis [5]. The association
between the ciliary cycle and the cell cycle is, however, not
only dependent on availability of centrioles, but also on
the active participation of several proteins involved in cell
division in the control of ciliogenesis. Conversely: certain
ciliary proteins have been reported as directly regulating
the cell cycle [3].

Gastrointestinal stromal tumors (GIST), generally driven
by oncogenic KIT or platelet-derived growth factor receptor
alpha (PDGFRa) mutations, are the most commonly found
mesenchymal tumors in the gastrointestinal tract. GIST are
usually found in the stomach (60%) and small intestine (30%),
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but may also appear anywhere in the gastrointestinal tract and
the intra-abdominal soft tissues. Tumor size and mitotic count
are the primary prognostic parameters for GIST which can
show spindle cell or epithelioid morphology [6]. Based on the
results of prospective trials demonstrating disease control in
the majority of the patients, with median survival in respond-
ing patients being around 6 years [7, 8], imatinib, a tyrosine
kinase inhibitor, was established as the therapy of choice for
patients with metastatic inoperable GIST [9].

GIST are thought to arise from the interstitial cells of Cajal
or their precursor cells. Interstitial cells of Cajal are localised
between the two muscular layers of the gastrointestinal tract
and are involved in the regulation of peristaltic movements
[10]. Primary cilia were observed on the surface of the inter-
stitial cells of Cajal in the rabbit [11], rat duodenum [12] and
mouse stomach [13]. The presence of primary cilia in 4 patients
with human gastric GIST cells has been already observed in
a ultrastructure study [14]. The objective of this study was
to investigate the presence and the frequency (quantity) of
primary cilia in GISTs in different organs in primary tumors,
metastases and recurrent lesions without and with previous
treatment with imatinib.

Patients and methods

Patients. Tumor tissue blocks of 9 patients with GIST, 5 men
and 4 women, with a median age 62 (range 41-75) years treated
between May 2001 and March 2011 at Charles University
Medical School Teaching Hospital’s Department of Oncology
and Radiotherapy in Hradec Kralove, Czech Republic were ex-
amined (Table 1). The anatomical location of primary tumors
was as follows: stomach in 4 patients, omentum in 2 patients,
jejunum in 1 patient, ileum in 1 patient and sigmoid colon in

Figure 1. Primary cilium of omentum GIST co-stained for y-tubulin
(a specific marker of centrosomes) and acetylated a-tubulin. Cell nuclei
stained with blue DAPI, magnification 100x. Scale bar 5 um.

Table 1. Examined GIST

Patient Location Age Sex Size Mitotic
number (mm) index
1 stomach 65 F 50 4/50
2 stomach 80 M 63 50/50
3 primary tumor
stomach;
PC examined only in 48 M 40 50750
liver metastasis
4 stomach 73 F 70 20/50
recurrence in liver
after imatinib
5 omentum 62 F 95 25/50
omentum 60 F 50 20/50
7 jejunum 40 M 35 40/50
recurrence
in retroperitoneal LN
without imatinib
ileum 63 F 110 10/50
z‘oﬁzn;‘d 51 M 190 30/30

Abbreviations: PC - primary cilia; LN - lymph nodes

1 patient. All patients had a histologically verified GIST with
immunohistochemically positive antigen ¢-KIT and CD-34.

The presence of primary cilia was retrospectively evaluated
in GIST in 8 primary tumors and 1 liver metastasis (patient
number 3). Moreover, in 2 patients the presence of primary
cilia was evaluated not only in the primary tumor, but also in
the recurrent lesion: in 1 patient in the recurrence without
previous treatment with imatinib (patient number 7) and
in 1 patient in the recurrence after treatment with imatinib
(patient number 4). This patient was treated with a 400 mg
dose of imatinib daily.

Immunofluorescence. For the immunofluorescence detec-
tion of primary cilia in formalin-fixed, paraffin-embedded
tissues, histological sections were deparaffinised in xylene
followed by rehydration, plus antigen retrieval for 40 minutes
at 96°C in 0.1M citrate buffer (pH adjusted to 6). Following
light washing, sections were treated with 0.05% Tween 20 for
5 minutes. This was followed by incubation in blocking solu-
tion (1% goat serum, 0.1% Triton X-100 in PBS) for 30 minutes.
The next step was to incubate the sections in primary antibody
(monoclonal anti-acetylated a-tubulin antibody produced in
mouse, dilution 1:4000, clone 6-11B-1, Sigma-Aldrich) for 60
minutes at room temperature. After washing in PBS, sections
were incubated in secondary antibody (Alexa fluor 594 don-
key anti-mouse IgG (H+L) conjugate, Invitrogen) for 1 hour
at room temperature. The samples were gently washed again
in PBS, before slices were mounted with mounting medium
containing 4’,6-diamidino-2-phenylindole (VECTASHIELD
Mounting Medium with DAPI, Vector Laboratories) for nuclei
labelling. Centrosomes were immunofluorescently stained
with anti gamma tubulin (Figure 1).
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Assessment. Samples were evaluated by an immunofluo-
rescent microscope Nikon Eclipse 80i. Twenty photos with
camera Quad Scan XC-HR300 with immersion lens, magni-
fication 1000x, were performed of each case. Primary cilia and
cell nuclei were counted manually because of the 3-dimen-
sional location of primary cilia and cell nuclei. The percentage
of primary cilia on GIST cells was counted as a proportion of
primary cilia in cell nuclei.

The mitotic index rate of GIST was expressed as the number
of mitoses per 50 high power fields using the 40x objective
(total area 5 mm? in 50 fields) [15].

Results

The presence of primary cilia was evaluated in a total of
9985 GIST cells, including 8141 cells in 8 primary tumors
and 1844 cells in 3 metastases (Table 2). Primary cilia were
observed in all examined GIST including all primary tumors,
metastases and recurrence, in patients without or with previ-
ous imatinib treatment. In 9985 GIST cell nuclei a total of
425 primary cilia were observed. Thus the mean frequency of
primary cilia in GIST cells was 4.26% (range 1.17-9.62%).In 8
primary tumors 232 primary cilia were observed in 6386 cell
nuclei, with a median frequency of primary cilia GIST cells
4.32% (range 1.17-9.62%). In 3 metastases 143 primary cilia
were observed in 3599 cell nuclei, with a median frequency
of 3.64 % (range 2.34-5.24%). There was no difference in the
frequency of primary cilia between GIST in different organs.

At the time of analysis, 8 patients were alive, and 1 patient
had died. Median follow-up was 7.8 (range 1.5-11.3) years.

Discussion

To the best of our knowledge, this study provides the first
data about the presence and the frequency of primary cilia on
cells of GIST in metastases and recurrence, without or with
previous treatment of imatinib.

The frequency of primary cilia has been characterized in
several other types of tumors. In the study with the transmis-
sion electron microscope, 9481 cells from 74 bone and soft
tissue tumors (malignant and benign) were examined [16].
The median frequency of cells with primary cilia was as fol-
lows: chondrosarcoma 8.1%, malignant schwannoma 5.9%,
Ewing sarcoma of bone 3.0%, osteosarcoma 2.5%, enchodroma
2.0% and benign nerve tumors 1.1% [16]. In the study with
immunofluorescent staining of clear cell renal cell carcinoma,
using anti-acetylated a-tubulin primary monoclonal antibody,
the median frequency of tumor cells with primary cilia was
7.8%, whereas the median primary cilia frequency was mark-
edly increased in papillary renal cell carcinoma (43.3%) [17].
In the study with immunofluorescent staining of breast carci-
nomas, using anti-acetylated a-tubulin primary monoclonal
antibody, rare primary cilia 0.03% were observed in cancer
epithelial cells only in the triple-negative breast carcinoma
[18]. In comparison with studies in other tumor types, the
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Table 2. Frequency of primary cilia in GISTs
Patient Location Number of Number % of cells
number cells of nuclei with PC
with PC (cells)
stomach 39 596 6.54
stomach 12 1025 1.17
3 primary tumor
stomach;
PC examined only o2 1753 >4
in liver metastasis
4 stomach 28 353 7.93
recurrence
in liver 22 604 3.64
after imatinib
5 omentum 19 1175 1.62
omentum 96 998 9.62
jejunum 24 729 329
recurrence in ret-
roperitoneal LN 29 1240 2.34
without imatinib
8 ileum 28 697 4.2
? z‘oglzfld 36 813 443
Sum 425 9985 4.26
Median 32 771 4.2

Abbreviations: % - percentage; PC - primary cilia; LN - lymph nodes

median frequency of primary cilia on GIST cells is similar to
other sarcomas.

The median frequency of primary cilia in 4 patients with
gastric GISTs in the ultrastructure study with transmission
electron microscopy was slightly higher than 5% [14]. The
median frequency of primary cilia in 3 patients with gastric
GISTs in our immunofluorescent study was 6.54, 1.17 and
7.93%, respectively. Data in the present study with different
method are in agreement with previously published report.

As cultured cells enter quiescent phase of the cell cycle,
a growing proportion of the population is ciliated [4]. In this
study only one case of GIST (patient number 1 with primary
tumor in stomach) had a low mitotic index of 4/50, but the
frequency of primary cilia of GIST cells in this primary tu-
mor (6.54%) was comparable with frequency of primary cilia
of GIST cells in primary tumors with high mitotic indices
(range 1.17-9.62%). In this study, no correlation was observed
between mitotic index and the frequency of primary cilia of
cells of GIST.

The presence of primary cilia in primary tumors as well
as in the recurrent GIST was examined only in two patients.
In both patients the frequency of primary cilia in recurrence
decreased in comparison with primary tumor: in patient
number 7 it decreased from 3.29% in the primary tumor in the
jejunum to 2.34% in the recurrence in retroperitoneal lymph
nodes, and in patient number 4 it decreased from 7.93% in the
primary tumor in the stomach to 3.64% in the recurrence in
the liver. Primary cilia were observed in recurrence without
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(2.34% in patient number 7) and also with previous treatment
of imatinib (3.64% in patient number 4).

After proof of the presence of primary cilia in GIST, future
studies should address the molecular composition of these
structures. Primary cilia are composed from approximately
300-500 types of proteins [19]. The biological functions of
most of these molecules are currently unknown. Different
receptors, ion channels and signal pathways are indentified in
primary cilia in different tissues. So far there is no information
about the receptors, ion channels or signal pathways that are
specific for primary cilia in GIST. Genes and proteins involved
in the formation, structure or function of the primary cilia may
represent new targets for treatment [19].

In conclusion, primary cilia are present in GIST at a median
frequency in 4.26% of GIST cells. Primary cilia were present
in all of the examined GISTs, including primary tumors, me-
tastases and recurrence without and with previous treatment
of imatinib.
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