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Abstract

Introduction: Determination of the type of mutations in gastrointestinal stromal tumours (GIST) plays a major role in as-
sessing the risk of progression of the disease, and also allows determination of the clinical management and treatment. More
accurate GIST diagnosis is possible by using simultaneously various types of antibodies to immunohistochemistry methods in

routine procedures.

Aim: To evaluate the expression of CD117, DOG-1, and IGF-1R in patients with gastrointestinal stromal tumours, and analysis
of the impact of the examined protein expression on patient survival with emphasis on specific recognition and prognostication

of these tumours.

Material and methods: The protein expression was analyzed in 70 patients who had undergone surgical treatment for
mesenchymal tumours of the gastrointestinal tract, using the immunohistochemical method.

Results: Positive expression of CD117, DOG-1, and IGF1R included 95.71%, 88.57% and 11.43% of study GISTs, respec-
tively. Statistical analysis showed positive significant correlation between DOG-1 expression and histological type of tumour
(p = 0.024). Analysis of overall survival curves of 70 GIST patients according to expression of CD117, DOG-1, and IGF1R did not
show a tendency towards longer survival of patients with positive expression (p > 0.05).

Conclusions: Predictive factors determining the survival time of patients are strongly associated with morphological fea-
tures of tumours. A thorough analysis of each case plays a key role in predicting survival time of patients and may be a clue in

targeting the therapeutic procedure.

Introduction

Gastrointestinal stromal tumours (GIST) are defined
as specific soft tissue tumours. They are derived from
the multipotent precursor cells of Cajal, primarily re-
sponsible for the peristaltic movement of the tubular
organs of the gastrointestinal tract [1]. The vast major-
ity of these tumours (about 95%) are characterised by
the specific genetic profile of the mutation in the KIT
(tyrosine kinase gene) and/or PDGFRA (platelet-derived
growth factor receptor-a) gene. KIT and PDGFRA are
two highly homologous cell surface tyrosine kinase re-
ceptors for stem cell factor and platelet-derived growth
factor alpha, respectively. Gain-of-function mutations in

proto-oncogene c-KIT or PDGFRA have been thoroughly
identified molecularly and also considered as the main
factors that initiate carcinogenesis within Cajal cells.
Determination the type of mutations in stromal tu-
mours plays a key role in assessing the risk of progres-
sion of the disease, and also allows determination of the
clinical management and treatment. KIT receptor acti-
vating mutations occur in 60-70% of all GISTs, the most
common among them being exon 11 (in-frame deletions
or single nucleotide substitutions), exon 9 (duplications
—mostly in intestinal GISTs), and exon 17 (internal tan-
dem duplications — mostly gastric GISTs). PDGFRA mu-
tations occur almost exclusively in gastric GISTs, most
frequently in exon 18. The routine histopathological di-
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agnostic procedures include haematoxylin-eosin staining
to verify histological type of GIST tumours and immu-
nohistochemistry verification with antibodies panel [1].
Positive expression of the KIT (CD117) antigen (epitope
of the protein produced by the gene KIT) allows identi-
fication of GIST only in about 85% of cases (with a mu-
tation in the KIT gene) [2]. A small percentage of GISTs
(3-5%) are only focally positive or negative, and these
especially include gastric epithelioid GISTs with PDGFRA
mutations. CD117-negative GISTs are also wild-type
GISTs. For this reason, mesenchymal tumours should
be precisely analysed for possible GIST neoplastic trans-
formation, which allows the exclusion of possible false
negative diagnostic errors. More accurate GIST diagno-
sis is possible by innovative DOG-1 antibody (discov-
ered on GIST-1), which exhibits a positive protein ex-
pressed on the tumour cell surface regardless of the KIT/
PDGFRA mutation status [3]. DOG-1 protein is composed
of the eight transmembrane regions and functions as
a calcium ion-dependent chloride channel [4]. The gene
encoding the DOG-1 is located on chromosome 11q13
(other names: FLJ10261, TMEM16A, ORAQV2) [3]. Similar
to CD117, anoctamin-1 is also constitutively expressed
in Cajal cells and in the vast majority of GISTs, including
many KIT-negative GISTs, so that it supplements KIT in
the positive identification of GIST. It has been shown
that DOG-1 protein is characterised by high sensitivity
(89%) and specificity (94.8%) relative to stromal tumour
cells GIST [3, 4], and both cases are affected by the mu-
tation of KIT/PDGFRA and WT-GIST.

Approximately 85% of paediatric GISTs and about
10-15% of adult GISTs do not show any mutations
in the KIT and PDGFRA genes and are defined as KIT/
PDGFRA wild type (WT) [2]. In a small group of patients
with WT-GIST there are other mechanisms suspected of
malignant transformation initiators that have not yet
been fully understood. Recent studies have suggested
that besides KIT or PDGFRA mutations, aberrations of
the insulin-like growth factor signalling pathway may
play an important role in GIST tumorigenesis. This path-
way consists of insulin-like growth factors (IGF1 and
IGF2), IGF receptors (IGF1R and IGF2R), and IGF-binding
proteins [5]. IGF1-R is a transmembrane protein belong-
ing to the tyrosine kinases family of receptors that bind
specifically to an IGF1 or IGF2 ligand. Activation of the
IGF1-R receptor by combining the ligands stimulates in-
tracellular signalling pathways (Ras-Raf-ERK/MAPK and
PI3K-AKT/mTOR) responsible for cell growth, prolifera-
tion, and apoptosis in normal tissues [6]. Overexpres-
sion of IGF1-R in many types of cancer, including breast,
prostate [7, 8], and lung cancer [9], has been reported.
Furthermore, it was found that the anti-apoptotic prop-
erties of IGF1-R allow tumour cells to resist the cytotox-
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ic properties of the drugs used in chemotherapy [7-9].
The ligand IGF1 functions primarily by activating the
IGF1R, whereas IGF2 can act through either the IGF1R or
through the insulin receptor A isoform. Particularly high
expression of IGF2 was reported in GIST and was cor-
related with a high rate of metastatic relapse in patients
treated for a local disease [10]. Strong expression of
IGF1-R has also been examined in stromal tumours [11,
12], where in the most common cases it was related to
WT-GIST. The role of IGF1-R as a factor involved with the
transformation of GIST unrelated to the genetic profile
of KIT or PDGFRA requires more studies because knowl-
edge of this area is still incomplete.

Aim

The aim of this study was to evaluate the expression
of CD117, DOG-1, and IGF-1R in patients with GIST in cor-
relation with clinico-pathological parameters. In this arti-
cle we also analyse the impact of the examined protein

expression on patient survival, with emphasis on specific
recognition and prognostication of these tumours.

Material and methods

The study enrolled a group of 70 patients surgical-
ly treated for gastrointestinal stromal tumours in the
Second Department of General and Gastroenterologi-
cal Surgery at the Medical University of Bialystok (Po-
land) from the year 2004 to 2010. Resected GISTs de-
rived from various localisations of the digestive track.
Five-micrometre thick sections were cut from paraffin
blocks and stained with haematoxylin-eosin (H + E).
Analysis of each GIST tumour included the following:
diameter (cm), histological features of the tumours (ep-
ithelioid cell type, spindle cell type, mixed cell type), and
mitotic index (the number of incorrect mitotic figures
counted in 50 high-power fields).

Immunohistochemical analysis

Formalin-fixed and paraffin-embedded tissue
specimens were cut on a microtome into 4-pm sec-
tions. The sections were deparaffinised in xylene and
hydrated in alcohol. Antigens were exposed through
citrate buffer heating (pH = 6.0) for 20 min and then
cooled for at least 20 min at room temperature. Af-
ter washing with distilled water and with PBS-buffer
(pH = 7.2) tissue sections were covered for five min-
utes with peroxidase blocking reagent (Novilink Poly-
mer Detection System, Novocastra) to block endog-
enous peroxidase, followed by additional washing
with the supplied buffer. Individual slides were then
incubated with antibodies: anti-CD117 (mouse poly-
clonal anti-human CD117; corresponding to amino
acids 927-942 of human Kit (c-Kit), Abcam; incuba-
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tion for 60 min at room temperature; dilution 1 : 100),
DOG-1 (rabbit monoclonal anti-human DOG-1.1 clone
K9, ThermoScientific; incubation 60 min at room tem-
perature, dilution 1 : 1 — ready to use), anti-IGF-1R
(mouse monoclonal anti-human IGF-1R, Abcam; incu-
bation for 24 h at room temperature, dilution 1 : 90).
The slides were washed three times with the buffer
and then incubated with Post Primary Block (Novilink
Polymer Detection System, Novocastra) for 30 min at
room temperature after extensive washing with TRIS.
Next, incubation was performed with Novolink Polymer
(30 min and washing with TRIS; Novilink Polymer De-
tection System, Novocastra). The colour reaction was
developed in DAB Chromogen (Novilink Polymer Detec-
tion System, Novocastra) according to the manufactur-
er’s instructions. The sections were then counterstained
with Meyer’s haematoxylin, dehydrated, and mounted.
The primary antibody solution in negative controls was
substituted with a PBS-buffer.

Expression of CD117 and DOG-1 was determined
using a semiquantitative method and assessed as pos-
itive (reaction visible in > 20% of tumour cells) or neg-
ative (lack of reaction, or reaction present in < 20% of
cells). Expression of IGF-1R was also determined using
a semiquantitative method based on gradation of in-
tensity: negative (lack of reaction, or reaction present
in < 50% of cells. Specimens with a diffused, high (+++;
reaction visible in 76—=100% of tumour cells), or mod-
erate (++; reaction visible in 51-76% of tumour cells)
immunostaining were considered as positive. Positive
reactions were assessed in at least 500 cancer cells in
each tissue specimen under a light microscope (400x).

Follow-up lasted through September 2014 (range:
2-155 months). Patients did not receive adjuvant or
neoadjuvant therapy. Informed consent was obtained
from each subject.

Statistical analysis

Statistical analysis was conducted using statisti-
cal software STATA 11.1. Analysis of the relationship
between the studied subjects was performed using
contingency table and y? test (two sample Wilcoxon
rank-sum Mann-Whitney test and Kruskal-Wallis equal-
ity-of-population rank test). Relationships between ex-
pression of proteins were performed using Spearman
rank correlation test. Kaplan-Meier survival analysis
approach was employed to compare the overall surviv-
al rates of patients. A p-value < 0.05 was considered
statistically significant.

Results

Most of the GIST tumours (n = 43, 61.43%) were
located in the stomach. The second most frequent lo-

cation related to the small intestine (n = 15, 21.43%).
Two tumours (2.4%) were located in the retroperitone-
al space and one in the duodenum. In further analy-
sis they were included into the other locations (n = 3,
4.29%). Most of the tumours had a diameter less than
2 cm (n =40, 57.14%). Only three (4.29%) tumours had
a diameter excessing 10 cm. Analysing the histological
type of tumours, the most represented type was spin-
dle cells tumour (n = 43, 61.43%). The second group
included tumours with a predominance of epithelioid
cells (n =17, 24.29%). Analysis of the mitotic index (MI)
showed that 49 tumours in the study group (70.00%)
had less than five atypical mitoses counted in 50 HPF.
Higher IM > 5/50 HPF was observed in 21 (30.00%) tu-
mours from the entire group. Analysing the risk assess-
ment of the progression and metastasis of tumours ac-
cording to the AFIP classification [13] revealed that the
vast majority of cases had a low (40/57.14%) or a very
low (7/10.00%) risk of cancer progression.

Positive expression of CD117 was shown in 67
(95.71%) of the tumours. In three tested tumours
(4.29%) the absence of CD117 expression was ob-
served. A positive reaction was observed most com-
monly in the form of brown deposits localised in the
plasma membrane or in the cytoplasm of GIST cells. Sta-
tistical analysis revealed no correlation between CD117
expression in primary GIST and clinico-pathological pa-
rameters. A spindle cell GIST with strong and diffuse
cytoplasmic staining of CD117 is presented in Figure 1.
Figure 2 shows a spindle cell GIST with strong and dif-
fuse cytoplasmic and membrane staining of DOG-1.

The immunohistochemistry using DOG-1 antibody
demonstrated positive expression in 62 (88.57%) tu-
mours, and in 8 (11.43%) cases it showed a lack of
reaction. Intense membrane and cytoplasmic stain-
ing of tumour cells in paraffin sections was observed.
A statistically significant relationship was observed be-
tween DOG-1 expression and tumour histological type
(p = 0.024). Most cases with positive DOG-1 expression
were observed in spindle cells GISTs (40/70).

Expression of IGF-1R was positive in 8 (11.43%) cas-
es in the study group. The strongest colour reaction was
seen in 5 cases (5.95%), where more than 75% specif-
ically positive cells were found. The analysis of the dis-
tribution of IGF1R expression depending on the tumour
location, size and histological type, mitotic index, and
risk of progression revealed no significant correlation
(p > 0.05).

In addition, in statistical analysis we did not observe
any significant correlation between IGF1R expression
and CD117 and DOG-1 (p > 0.05). Detailed characteris-
tics of the study group and distribution of expression is
shown in Table I.
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Figure 1. Spindle cells GIST with strong and dif-
fuse cytoplasmic staining of CD117 (c-kit) (400x)

Patients overall survival range was 2-155 months.
At the time of analysis, 12 patients had died (it has
not been determined whether the death was associ-
ated with the disease). There was no statistically sig-
nificant dependence of survival time according to the
expression of CD117, DOG-1, and IGF1R (p > 0.05).
Comparison of survival curves over the course of the
remaining antibodies did not indicate significant differ-
ences between the positive expression or its absence
(p > 0.05). During analysis, IGF1R survival curves
showed a tendency to longer survival in patients with
positive expression (p = 0.079) but it was not statisti-
cally significant in our small group of patients. Figures
3-5 show the dependence of the probability of survival
of patients with GIST to CD117, DOG-1, and IGF1R ex-
pression, respectively.

Discussion

Gastrointestinal stromal tumours are a group at
high risk of malignant transformation, presumably de-
rived from stem cells and the specialised interstitial
cells of Cajal (ICCs). In our study group of 70 patients
surgically treated at the Second Department of General
and Gastroenterological Surgery of the Medical Uni-
versity of Bialystok on the basis of positive expression
of CD117 antigen diagnosis of GIST was approved in
63 (95.71%) patients. As it turned out, the result of
KIT expression was not sensitive enough for all cases. Cur-
rent research on the GIST genetic profile demonstrates
that mutation of the proto-oncogene c-KIT, besides
mutation in the tyrosine kinase KIT gene, is also mani-
fested by changes in PDGFRA. Studies using molecular
biology techniques have identified that both genes en-
code highly homologous transmembrane glycoprotein
of the same name. These glycoproteins are of a type |ll
receptor tyrosine kinase family. Its overexpression is
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Figure 2. Spindle cells GIST with strong and
diffuse cytoplasmic and membrane staining of

DOG-1 (400x)

associated with somatic mutations that lead to a con-
stant and ligand-independent autophosphorylation of
the kinase receptor KIT or PDGFRA. This leads to chang-
es in conformation of the receptor and the intracellular
signal transduction pathways, such as PI3K/AKT, MAPK,
and STAT [14, 15]. Overexpression of these receptors is
highly specific for GIST and is the most important cri-
terion in the diagnosis and classification of microscopic
treatment of patients to highly specific small-molecule
tyrosine kinase inhibitor [16].

Diagnostic standards of GISTs suggest that histo-
pathological diagnosis of GIST should be based on im-
munohistochemically positive expression of CD117 or
DOG-1 [17, 18]. Although these antibodies are gener-
ally used interchangeably, the positive expression has
a slightly different biological dimension [19, 20]. The
physiological function of DOG-1 is not fully understood.
West et al. [21], on the basis of microarray gene analysis
of DOG-1 and the results of in situ hybridisation and im-
munohistochemistry, suggests that this marker is part of
the ion transporter family as yet unclassified. The pres-
ence of a strong expression of DOG-1 was not exactly
specified. This protein is either involved in the signal
transduction pathway for the receptor kinase type Ill,
or a random marker specific for GIST, unrelated to the
mutation status [22]. Regardless of the physiological role
of DOG-1, the fact that this marker is correlated with pa-
tient survival is important in the stromal tumour onco-
genesis. Kang et al. [23] in his research showed that neg-
ative DOG-1 expression is an independent prognostic
factor for shorter overall survival (p = 0.002). Our results
partially confirm this thesis, indicating that the positive
immunoreactivity of GIST cells in the direction of DOG-1
could result in longer survival, but the low number of pa-
tients in the group does not give statistically significant
results. Despite this, our results show positive statistical
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correlation between DOG-1 expression and histological
type of tumour (p = 0.024). Some data suggest that
histological type may also impact the prognosis of GIST
patients. Singer et al. [24], in a report of 48 patients, re-
ported that the 5-year recurrence-free survival rate was
significantly higher among patients with spindle cell as
compared to epithelioid or mixed histology. However,
others report a prognostic influence of the degree of
cellularity but not histologic subtype [25].

Studies on large populations of patients with GIST
have shown that approximately 1-2% of GIST tumours
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are CD117 and DOG-1 negative. Lopes et al. [4] and No-
velli et al. [26] documented, respectively, 0.9% and 1.6%
of such cases. This GISTs occurring in adults who do not
harbour KIT or PFGFRA mutations are defined as KIT/
PDGFRA wild type (WT).

In 2008 Lorincz et al. [27] identified and character-
ised precursors of ICCs as phenotype IGF1R*, KIT*°ov,
CD44+, CD34+, and Insr+. This study suggested also that
differentiation of ICC precursors into mature ICCs is
driven by IGF1 and IGF1R pathway and may play an
important role in GIST pathogenesis and development.
In the same year, Tarn et al. [11] suggested a significant
genetic defect in the IGF-1R gene as another means of
tumorigenesis in GISTs, which is manifested by over-
expression of the IGF-1R protein. Furhter studies have
shown overexpression of IGF1R at the mRNA and pro-
tein level without IGF1R genomic amplification, which
suggests that another mechanism may be involved [12,
28]. The molecular basis of IGF1R overexpression in WT
GISTs has not yet been explained and mechanisms oth-
er than copy number abnormalities or activating muta-
tions are responsible [29].

Expression of IGF-1R in the present study using im-
munohistochemistry methods showed a positive reaction
in 8 (11.43%) cases. Despite our group including only
70 patients, the proportion of positive tumours seems to
be similar to latest results of Lasota, where, during exam-
ination of a large number (1078) of GIST cases, 8% were
IGF1R positive [30]. In our study, all IGF1R+ GISTs have
more than 50% stain-positive tumour cells. One of them
was negative for DOG-1 and CD117, with characteristic
morphological features of GIST cells. We observed no sta-
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tistically significant correlation between pathological fea-
tures and IGF1R expression (p > 0.05). Analysis of overall
survival curves of 70 GIST patients according to expres-
sion of IGF1R (Figure 5) shows a tendency towards longer
patients survival with positive expression (p = 0.079). Va-
laddo et al. [31] presented conflicting results — in his re-
search on 59 patients with GIST, higher IGF1R expression
did not affect progression-free and overall survival. There
was also a statistically significant association between
IGF1R expression and type of response to imatinib treat-
ment (p = 0.05) — higher IGF1R expression was related to
lower objective response. In both outcomes there is the
need to verify the results on a larger group of patients.

Braconi et al. [32] showed that overexpression of
the IGF-1R receptor with increased amount of the ligand
(IGF1 and IGF2) correlate with disease recurrence in pa-
tients with diagnosed and treated GIST. IGF pathway
disruption and IGF1R inhibition are currently investigat-
ed as rational therapeutic targets in both mutant GIST
and wild-type GIST. Research in this area suggests that
examination of IGF1R expression is important in deter-
mining the response.

Overexpression of IGF1R is one of the alternative
drivers responsible for acquired imatinib resistance [11,
33, 34]. Advanced clinical trials over the mechanism of
action of small molecule inhibitors of IGF-1 receptor
(NVP-AEW541) or interfering RNA showed induction of
cytotoxicity in GIST cell lines in vitro [34]. The cytotoxic
effect was observed both in imatinib-resistance mutant
GIST cell lines and imatinib-sensitive cells. This proves
that IGFR-1 pathway is an important driver of oncogen-
esis, and inhibition can potentially be used as primary
therapy in wild-type GIST and as a complementary ther-
apy in mutant GISTs.

Subsequent research proved that IGFR1 expres-
sion in WT GISTs is associated with SDHB (succinate
dehydrogenase B) deficiency [35, 36]. New therapeu-
tic guidelines for imatinib-resistance WT GISTs include
emerging therapeutic targets and potential agents re-
lated with IGF1R inhibition [33]. A phase Ib study of
monoclonal antibody R1507 (in preclinical studies and
limited clinical setting) and a phase Il trial of linsitinib
demonstrated promising results [37, 38].

Conclusions

Many study results show that the survival time of pa-
tients with stromal tumours depends on numerous fac-
tors. The presence or absence of specific morphological
features of the tumour affects directly the prognosis of
the patient. It is also the basis for classifying or excluding
patients from a drug program, using inhibitors of tyrosine
kinase inhibitors (Imatinib, Sunatinib) or second thera-
peutic strategy using PI3K/AKT/mTOR inhibitors, heat

shock protein 90 inhibitors, IGF1R inhibitors, and immune
therapy. Predictive factors determining the survival time
of patients are strongly associated with the morphological
features of the tumours. A thorough analysis of each case
plays a key role in predicting survival time of patients and
may be a clue in targeting the therapeutic procedure.
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