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Abstract: CD117 (C-kit) is thought to play an important role in tumourigenesis. There are limited data in the literature 
concerning C-kit expression in retinoblastoma. To date, no immunohistochemical studies have been performed to 
assess the possible association of C-kit with vascular endothelial growth factor (VEGF) in retinoblastoma. This study 
was designed to investigate C-kit and VEGF immunoexpression in retinoblastoma, their relationship with prognostic 
parameters as well as the correlation between them. A prospective immunohistochemical study was conducted on 
56 retinoblastoma cases. Patients who had received preoperative chemotherapy were excluded. Positive C-kit and 
VEGF immunoreactivity was observed in 48.2% and 76.8% of retinoblastoma cases respectively. No C-kit immunos-
taining was seen in the adjacent uninvolved retina. However, VEGF expression was detected within its vasculature. 
Retinoblastomas with combined pattern of tumour growth revealed a highly significant positive C-kit expression (P = 
0.002) compared to cases with endophytic or exophytic growths. Also, positive C-kit expression was statistically high-
er in cases with optic nerve invasion (P = 0.001) and choroidal invasion (P ≤ 0.01) compared to negative cases. A 
highly significant positive VEGF expression was detected in cases with optic nerve invasion (P = 0.013) compared to 
negative cases. Moreover, a highly significant positive correlation was detected between C-kit and VEGF expression 
(P = 0.006). C-kit is a feature of more aggressive retinoblastomas, with increased expression in tumours spreading 
beyond the retina. Moreover, VEGF is vastly expressed in retinoblastoma and is associated with optic nerve invasion. 
Both C-kit and VEGF may represent potential therapeutic targets for retinoblastomas.
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Introduction

Retinoblastoma is a malignant neoplasm com-
posed of embryonic tumour cells from retino-
blasts of neuroepithelial origin. It is the most 
common intraocular tumour of childhood, with 
a relative incidence of 3% of all pediatric 
tumours [1]. In well-developed countries, reti-
noblastoma is rarely a life-threatening condi-
tion because of early diagnosis, but in underde-
veloped and developing countries, clinical diag-
nosis is made in advanced stages, and the 
mortality rate remains high [2].

Prognosis is affected by many risk factors, the 
most important of which is the extent of inva-
sion of the retinoblastoma into ocular coats 
and the optic nerve [3]. Very small tumours 
sometimes may be treated effectively using 

laser therapy or cryotherapy. However, larger 
tumours often require removal by enucleation 
of the affected eye. When retinoblastoma is 
treated in the early stages by enucleation, the 
cure rates approach 95% [4-6]. However in 
addition to the loss of vision, this therapeutic 
approach may leave the child with a facial 
deformity that worsens throughout life [7]. More 
advanced disease may require radiotherapy or 
chemotherapy in addition to enucleation. Both 
of these additional therapeutic regimes 
increase the probability that the surviving child 
will develop additional malignancies later in life 
[8]. Because of concerns about the significant 
morbidity and potential mortality associated 
with current therapies in the treatment of reti-
noblastoma, newer therapeutic modalities are 
being investigated [9].

http://www.ijcep.com
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CD117, also known as proto-oncogene C-kit or 
tyrosine-protein kinase Kit or Mast/stem cell 
growth factor receptor (SCFR), is a protein that 
in humans is encoded by the KIT gene [10]. 
C-kit proto-oncogene is located in the long arm 
of chromosome 4 and encodes a 145 kDa 
transmembrane tyrosine kinase protein that 
acts as a type III receptor [11]. When tyrosine 
kinase receptor binds its ligand SCF (stem cell 
factor), it transduces signals important in a 
variety of normal physiological and pathogenic 
processes, including cell survival and prolifera-
tion, migration, and differentiation [12]. 

Mutation of the C-kit gene results in a constitu-
tive activation of the C-kit protein, and it has 
been well documented in many tumours, such 
gastrointestinal stromal tumours (GIST) and 
myelodysplastic syndrome [13]. Response to 
targeted therapy by the tyrosine kinase recep-
tor inhibitor, imatinib mesylate (STI-571, 
Gleevec), in KIT-overexpressing malignancies 
such as GISTs has driven the desire to identify 
other tumour types which may also be candi-
dates for such a therapeutic approach [14]. To 
the best of our knowledge, there are limited 
data in the literature (only two studies) on C-kit 
immunohistochemical expression in retinoblas-
toma [11, 15]. 

SCF, the ligand for the C-kit receptor, has been 
implicated in the regulation of neoplastic angio-
genesis. SCF is produced by several types of 
tumor cells and stimulates mast cell migration, 
proliferation and degranulation. Mast cells 
accumulate within and around solid tumours 
and can release many angiogenic factors, 
including vascular endothelial growth factor 
(VEGF) [16]. To date, no immunohistochemical 
studies have been performed to assess the 
possible association between C-kit and VEGF in 
retinoblastoma.

This study was designed to evaluate C-kit and 
VEGF immunohistochemical expression in reti-
noblastoma after enucleation relating the 
results with clinicopathological prognostic fac-
tors as well as finding a correlation between 
these two tumor markers. 

Materials and methods

Study population

A prospective case study was conducted in 
Ocular Oncology clinic, Ophthalmology and 

Pathology departments, Ain Shams University 
Hospital in the period between January 2009 
and January 2013. The study included 56 chil-
dren newly diagnosed as retinoblastoma with 
advanced disease in at least one eye. 

All children were subjected to full history taking, 
including data on age, sex, the nature of com-
plaint (its onset, course and duration), family 
history and consanguinity, any previous investi-
gations, and any lines of treatment. Fundus 
examination using the indirect ophthalmoscope 
with scleral indentation was performed under 
general anesthesia with full pupillary dilatation. 
Fundus photography using fundus camera 
(GENESIS D, KOWA MEDICALS, Japan) was 
made and the clinical findings were document-
ed. Staging was recorded according to interna-
tional classification of retinoblastoma [17]. 
Ocular ultrasonography was performed to 
determine tumour dimensions and to confirm 
the presence of intraocular calcification. 
Computed tomography of the orbits and brain 
was conducted to detect any intracranial exten-
sion and trilateral retinoblastoma. A magnetic 
resonance imaging was not obtained as a rou-
tine method of examination except in cases 
with no visualization of the optic nerve head 
during clinical examination. 

Enucleation was done for eyes with an exten-
sive tumour filling more than half of the globe or 
tumour in anterior segment with or without 
rubeotic glaucoma.

Following enucleation and histopathological 
analysis of the specimens, postoperative sys-
temic chemotherapy for 3-6 cycles [vincristine 
(1.5 mg/m2), etoposide (200 mg/m2) and car-
boplatin (560 mg/m2)] was given for cases with 
combined massive choroidal invasion and post-
laminar optic nerve infiltration to avoid extra 
ocular relapse (protocol of our institution). Also 
proper treatment was given for the less 
advanced eye in those patients with bilateral 
disease. Follow up of all patients was done 
every month postoperatively by ophthalmologi-
cal examination and every six months by mag-
netic resonance imaging of the orbit and brain 
to detect early tumour recurrence.  

Patients who had received preoperative adjunc-
tive treatments, such as chemotherapy were 
not included in the study since these treat-
ments could influence the interpretation of 
immunohistochemistry.
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Ethics statement

All patients who participated in this study 
signed a written, informed consent before sur-
gery. The study was approved by the Research 
Ethical Committee at Faculty of Medicine, Ain 
Shams University.

Histopathological analysis

Hematoxylin and Eosin stained slides were 
examined for the histopathologic diagnosis and 
cell differentiation status. The specimens were 
classified as well differentiated (presence of 
foci of Flexner-Wintersteiner rosettes or fleu-
rettes), poorly differentiated (absence of these 
structures) or moderately differentiated (pres-
ence of isolated Homer-Wright rosettes) [18]. 
Optic nerve invasion was considered present 
only if tumour cells could be identified beyond 
the lamina cribrosa, and choroidal invasion was 
considered present when tumour cells were 
seen to infiltrate through Bruch’s membrane. 
Minimal choroidal invasion was considered 
present when tumour cells had destroyed 
Bruch’s membrane without invading the cho-
roid to depth, with a maximum of three micro-
scopic cell clusters and massive choroidal inva-
sion indicating any choroidal involvement that 
was not minimal [11].

Immunohistochemical staining

Four micrometer sections of formalin-fixed and 
paraffin-embedded tissue samples of the stud-
ied cases were prepared. Immunohistochemical 
(IHC) staining was performed using primary 
antibodies; the rabbit polyclonal C-kit antibody; 
clone A4502 (Dako Cytomation; Dako Canada, 
Mississauga, Ontario, Canada) at a dilution of 
1:30 and rabbit polyclonal VEGF antibody; Cat. 
#RB-9031-R7 (Thermo Fisher Scientific Inc., 
Fremont, CA) at a dilution of 1:200. Avidin-
Biotin immunoperoxidase complex technique 
was used according to Hsu et al. [19] by apply-
ing the super sensitive detection kit (Biogenex, 
CA, USA). The prepared tissue sections were 
fixed on poly-L-lysine coated slides overnight at 
37°C. They were deparaffinized and rehydrated 
through graded alcohol series. Then, sections 
in case of C-kit were bathed in a 10-3 m sodium 
citrate buffer (pH 6.0) after bringing the solu-
tion to a boil in a pressure cooker and boiled for 
20 min while maintaining the pressure. The 
slides in case of VEGF were placed in a target 

retrieval solution with high pH (pH 9.9), and 
antigen retrieval was performed overnight at 
40°C. 

After quenching in 3% hydrogen peroxide and 
blocking for 5 min, the sections were incubated 
overnight at 4°C for c-kit and for one hour for 
VEGF. Biotinylated anti-mouse immunoglobulin 
and streptavidin conjugated to horseradish per-
oxidase were then added. Finally, 3, 3’-diamino-
benzidine as the substrate or chromogen was 
used to form an insoluble brown product. 
Hematoxylin was used as counterstain for C-kit 
and VEGF. Sections of GIST and angiosarcoma 
were used as positive control for C-kit and VEGF 
respectively. Negative controls had primary 
antibody replaced by buffer.

Interpretation of immunohistochemical stain-
ing

Immunohistochemical analysis of C-kit and 
VEGF was performed by a single blinded pathol-
ogist (one of the authors) without any prior 
knowledge of the clinicopathological data. C-kit 
was evaluated for cytoplasmic and membra-
nous expression and VEGF for cytoplasmic 
expression. Analysis was performed using com-
puterized Image Analyzing Software (Special 
SIS starter. version 3.2, Olympus, Germany) 
connected to an Olympus microscope (model 
BX51, Olympus Japan).

C-kit was evaluated according to the percent-
age of positively stained tumour cells in at least 
five areas at a magnification of 400x using a 
scoring method utilized previously [11]. 
Samples were considered positive when more 
than 30% of the cells presented distinct posi-
tive immunostaining. 

VEGF staining was also evaluated on the basis 
of the percentage of positive cells, and classi-
fied as follows: more than 10% of the cells 
staining were graded as positive. No detectable 
staining or < 10% of cells staining was graded 
as negative [20].

Statistical analysis

All data were coded and statistically analyzed 
using the SPSS version 13.0. Continuous vari-
ables are expressed as mean and standard 
deviation. Description of qualitative variables 
was in the form of numbers and percentages. 
Chi-square and Fisher’s exact tests were used 
to compare qualitative variable. The level P ≤ 
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0.05 was considered the cut-off value for sig-
nificance. Differences were considered highly 
significant when P ≤ 0.01. Pearson’s correlation 
coefficient (r) was performed to test the corre-
lation between C-kit and VEGF expressions and 
different clinicopathological variables. Event-
free survival was estimated by using Kaplan-

Meier method. Log rank test was used to com-
pare time-to-event variables by levels of a fac-
tor variable. Event was defined as death caused 
by the tumour, associated with treatment or 
due to second malignancies. Follow up time 
was calculated from date of enucleation to the 
date of last contact with each patient.

Figure 1. Retinoblastoma: (A) Well differentiated tumour with foci of Flexner-Wintersteiner rosettes, (B) Well differ-
entiated tumour with foci of Flexner-Wintersteiner rosettes and fleurettes, (C) Poorly differentiated tumour, (D) Area 
of retinoblastoma illustrating the sleeve pattern of growth around central blood vessels. The three cuffs of viable 
neoplastic cells are well demarcated from the surrounding necrotic cells, (E) Massive invasion of the choroid, (F) 
Post laminar optic nerve invasion [hematoxylin-eosin, original magnification, (A-C) × 400; (D-F) × 200].
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Results

Clinicopathological features

The study included 24 boys (42.9%) and 32 
girls (57.1%). The mean age at diagnosis was 
20.94 months ± 11.75 SD (range: 3-48 mon-
ths). Positive family history of the disease was 
found in three patients (5.3%). First degree 
consanguineous marriage between the parents 
was reported in four patients (7.1%). Leucocoria 
was the most common presentation in 50 
patients (89.3%). Out of the remaining 6 
patients (10.7%), two patients suffered from 

strabismus, two patients had proptosis 
and in the last two patients, the tumour 
was accidentally discovered during rou-
tine examination. Bilateral disease was 
found in seven patients (12.5%) and uni-
lateral in 49 patients (87.5%). Fifty six 
eyes were in group E according to the 
international classification of retinoblas-
toma (all unilateral cases and the 
advanced eyes in bilateral cases) for 
which enucleation was indicated. Two out 
of the remaining seven eyes of the bilat-
eral cases were in group A for which they 
received local therapy and five eyes were 
in group B for which chemoreduction and 
focal consolidation laser therapy was 
given. A combined exophytic and endo-
phytic pattern of growth was seen in 31 
(55.4%) patients, and an endophytic pat-
tern was seen in 21 (37.5%) patients 
while the exophytic pattern was seen 
infrequently in 4 (7.1%) patients. 
Moderately differentiated tumors were 
the most frequent type; 27/56 (48.2%), 
followed by poorly differentiated tumours; 
20/56 (35.7%) and well differentiated 
tumours; 9/56 (16.1%). Thirty five cases 
(62.5%) displayed spread to the choroid 
and 26 (46.4%) to the optic nerve (post-
laminar not spreading to the surgical mar-
gin) (Figure 1). Clinical and pathological 
data for the studied cases are represent-
ed in Table 1.

Immunohistochemical expression of C-kit 
in retinoblastoma

Positive C-kit immunoreactivity was 
observed in 48.2% (27/56) of retinoblas-
toma cases. All the positive samples 

Table 1. Clinicopathological characteristics in children 
with retinoblastoma (n = 56)

Retinoblastoma cases
Variable n (%)
Mean age (months) ± (SD) 20.94 ± 11.75
Sex 
•	 Boys 24 (42.9%)
•	 Girls 32 (57.1%)

Tumour laterality
•	   Unilateral 49 (87.5%)
            Right eye 16 (28.6%)
            Left eye 33 (58.9%)
•	   Bilateral 7 (12.5%)
Pattern of tumour growth
•	     Endophytic 21 (37.5%)
•	 Exophytic 4 (7.1%)
•	 Mixed 31 (55.4%)
Degree of differentiation
•	 Well differentiated 9 (16.1%)
•	 Moderately differentiated 27 (48.2%)
•	 Poorly differentiated 20 (35.7%)
Choroidal invasion
•	 Negative 21 (37.5%)
•	 Positive
            Minimal
            Massive 

35 (62.5%)
24/35 (68.6%)
11/35 (31.4%)

Optic nerve invasion
•	 Negative 30 (53.6%)
•	 Positive 26 (46.4%)
Extent of Invasion 
•	 No invasion beyond retina 14 (25.0%)
•	 Choroidal invasion only 16 (28.5%)
•	 Optic nerve invasion only 7 (12.5%)
•	 Both choroidal and optic nerve invasion 19 (34.0%)
n: number of cases.

exhibited cytoplasmic staining with membra-
nous accentuation (Figure 2). No immunostain-
ing was seen in the adjacent uninvolved retina. 
Regarding the pattern of growth of retinoblasto-
mas, all the four exophytic tumours (100%) as 
well as 58.1% (18/31) of tumours with mixed 
growth pattern showed positive C-kit expres-
sion compared with only 23.8% (5/21) of endo-
phytic tumors. A highly significant positive 
expression was detected in cases with com-
bined pattern of growth (P = 0.002) (Table 2). 

Nineteen out of 26 retinoblastoma cases with 
optic nerve invasion (73.1%) displayed positivi-
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Table 2. C-kit and VEGF immunohistochemical expression and different clinicopathological variables 
in retinoblastoma cases (n = 56) 

C-kit expression VEGF expression

Variable n (%)
Negative
n = 29 
(51.8%)

Positive
n = 27

(48.2%)
P-value

Negative
n = 13 

(23.2%)

Positive
n = 43
(76.8%)

P-value

Pattern of growth 

    Endophyic 21 (37.5%) 16 (76.2%) 5 (23.8%) 0.002 (HS) 5 (23.8%) 16 (67.2%) 0.51 (NS)

    Exophytic 4 (7.1%) 0 (0.0%) 4 (100.0%) 0 (0.0%) 4 (100.0%)

    Combined 31 (55.4%) 13 (41.9%) 18 (58.1%) 8 (25.8%) 23 (74.2%)

Degree of differentiation

    Well & moderately differentiated 36 (64.3%) 16 (44.4%) 20 (55.6%) 0.98 (NS) 7 (19.4%) 29 (80.6%) 0.26 (NS)

    Poorly differentiated 20 (35.7%) 13 (65.0%) 7 (35.0%) 6 (30.0%) 14 (70.0%)

Optic nerve invasion 

    Absent 30 (53.6%) 22 (73.3%) 8 (26.7%) 0.001 (HS) 11  (36.7%) 19 (63.3%) 0.013* (HS)

    Present 26 (46.4%) 7 (26.9%) 19 (73.1%) 2 (7.7%) 24 (92.3%)

Choroidal invasion

    Absent 21 (37.5%) 17 (81.0%) 4 (19.0%) ≤ 0.01 (HS) 5 (23.8%) 16 (76.2%) 0.43 (NS)

    Present 35 (62.5%) 12 (34.3%) 23 (65.7%) 8 (22.9%) 27 (77.1%)
n: number of cases, NS: non-significant, HS: highly significant, (*); fisher’s exact test.

Figure 2. C-kit expression in retinoblastoma: (A) Strong cytoplasmic positivity with membranous accentuation, (B) 
The same field with higher magnification power, (C) Moderate positivity, (D) Weak positivity [Immunohistochemistry, 
original magnification, (A) × 200; (B-D) × 400].

ty for C-kit compared with only 26.7% (8/30) of 
cases without invasion. A highly significant posi-

tive C-kit expression was detected in cases 
with optic nerve invasion (P = 0.001) (Table 2).
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Moreover, a highly significant positive C-kit 
expression was found in cases with choroidal 
invasion (P ≤ 0.01) where 65.7% (23/35) of reti-
noblastoma cases with choroidal invasion 
showed positive C-kit immunoreactivity. 
However, only 19% (4/21) of cases without cho-
roidal invasion showed positive expression 
(Table 2). As an additional investigation of this 
relationship, choroidal invasion was further 
stratified as “minimal” or “massive”. It was 
found that 91% (10/11) of cases with massive 
choroidal invasion displayed positive C-kit 
expression compared to only 54.2% (13/24) of 
cases with minimal choroidal invasion. The 

increased C-kit expression with massive choroi-
dal invasion was shown to be statistically sig-
nificant (P = 0.05) (Table 3). 

To study the relationship between C-kit and the 
degree of tumour differentiation, the speci-
mens were divided into two groups. Group I 
included the moderate and well-differentiated 
tumours while group II was composed of poorly 
differentiated tumours. In group I, 55.6% 
(20/36) of the specimens displayed positivity 
for C-kit, whereas 35% (7/20) of specimens in 
group II showed positive expression. There was 
no statistically significant difference between 

Table 3. C-kit and VEGF immunohistochemical expression and extent of choroidal invasion in 
retinoblastoma cases (n = 35)

C-kit expression VEGF expression
Variable n (%) Negative n = 12 Positive n = 23 P-value Negative n = 8 Positive n = 27 P-value
Extent of choroidal invasion
    Minimal 24 (68.6%) 11 (45.8%) 13 (54.2%) 0.05 (S) 7 (29.2%) 17 (70.8%) 0.38 (NS)
    Massive 11 (41.4%) 1 (9.0%) 10 (91.0%) 1 (9.0%) 10 (91.0%)
n: number of cases, NS: non-significant, S: significant.

Figure 3. VEGF expression in retinoblastoma: (A) Strong cytoplasmic positivity, (B) The same field with higher mag-
nification power, (C) Moderate positivity, (D) Weak positivity [Immunohistochemistry, original magnification, (A) × 
200; (B-D) × 400].
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the two groups as regards C-kit expression (P = 
0.98) (Table 2). 

Immunohistochemical expression of VEGF in 
retinoblastoma

Positive VEGF immunoreactivity was detected 
in 76.8% (43/56) of retinoblastoma cases. 
VEGF immunostaining was noted in the cyto-
plasm of the neoplastic cells (Figure 3). It was 
also expressed within vasculature of adjacent 
uninvolved retina.

VEGF expression was more frequent in tumours 
with optic nerve invasion than in those without 
optic nerve invasion. This finding was statisti-
cally highly significant (P = 0.01) (Table 2). 

The majority of tumors with choroidal invasion 
(77.1%) were also positive for VEGF. However, 
there was no statistically significant difference 
between cases with negative and positive cho-
roidal invasion (P = 0.43) (Table 2) or cases 
with massive and minimal choroidal invasion (P 
= 0.38) (Table 3). 

No statistically significant difference was found 
between various patterns of tumour growth (P 
= 0.51) or different degrees of tumour differen-
tiation (P = 0.26) (Table 2) regarding VEGF 
expression.

Immunohistochemical expression of both C-kit 
and VEGF in retinoblastoma

Comparing the expression levels of C-kit and 
VEGF in each case, out of 27 retinoblastoma 
cases with positive C-kit expression, 25 cases 
(92.6%) also showed VEGF expression. A highly 
significant difference was found between posi-
tive and negative cases (P = 0.01) (Table 4).

Correlation between each of C-kit and VEGF 
expression and different clinicopathological 
variables

Pearson’s correlation coefficient was done 
between each of C-kit expression and VEGF 

nificant positive correlation between VEGF 
expression and presence of optic nerve inva-
sion (r = 0.34, P = 0.009). Moreover, a highly 
significant positive correlation was found 
between C-kit expression and VEGF expression 
(r = 0.36, P = 0.006) (data are not tabulated).

Relationship between event-free survival and 
histopathological features

The mean period of follow up was 23.5 months 
± 13.2 SD (r: 5-48 months). Two (3.57%) out of 
56 retinoblastoma cases died due to extra ocu-
lar extension and intracranial metastasis of the 
disease within 5 and 9 months respectively 
after enucleation, adjuvant chemotherapy and 
despite treatment of central nervous system 
metastasis. These two patients revealed com-
bined choroidal and optic nerve invasion as 
well as positive C-kit and VEGF expression. 

The estimated event-free survival at 4 years for 
all patients was 96.4%. However, it was 80% for 
patients with combined massive choroidal and 
optic nerve invasion and 100% for patients with 
intraretinal disease and patients with other his-
topathological features. No significant differ-
ence in event-free survival distribution was 
found between groups (P = 0.1). Figure 4 repre-
sented the event-free survival curve.

The event-free survival of the cases with posi-
tive C-kit expression was 92.6% and it was 
100% for the negative cases. No significant dif-
ference was found between the two groups 
using Log rank test (P = 0.13).

The event-free survival of the cases with posi-
tive VEGF expression was 95.3% and it was 
100% for the negative cases. No significant dif-
ference was found between the two groups 
using Log rank test (P = 0.43).

Discussion

Retinoblastoma is the most common intraocu-
lar tumour in childhood [1]. Because of con-

Table 4. C-kit and VEGF immunohistochemical expression 
in retinoblastoma cases (n = 56)

VEGF expression
C-kit expression

Negative n (%) Positive n (%) P-value
29 (51.8%) 27 (48.2%)

Negative 13 (23.2%) 11 (38.0%) 2 (7.4%) 0.01 (HS)
Positive 43 (76.8%) 18 (62.0%) 25 (92.6%)
n: number of cases, HS: highly significant.

expression and different variables: 
age, sex, tumor growth pattern, 
degree of differentiation and pres-
ence of choroidal or optic nerve inva-
sion. A highly significant positive cor-
relation was detected between C-kit 
expression and presence of choroidal 
invasion (r = 0.53, P ≤ 0.0001) as well 
as optic nerve invasion (r = 0.46, P = 
0.0003). There was also a highly sig-
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cerns about the significant morbidity and 
potential mortality associated with current 
therapies in the treatment of retinoblastoma, 
newer therapeutic modalities are being investi-
gated [9].

C-kit gene encodes a tyrosine kinase receptor 
related to platelet-derived growth factor 
(PDGF)/colony-stimulating factor 1 (CSF-1) [21]. 
The C-kit pathway has been shown to be 
involved in a number of physiological and path-
ological processes, including hematopoiesis, 
spermatogenesis, melanogenesis, and onco-
genesis [22]. 

Two mechanisms of C-kit activation exist: auto-
crine and/or paracrine activation by its ligands 
and ligand-independent activation by mutation. 
Ligand-dependent activation of C-kit depends 
on the engagement of its ligand (SCF). The 
binding of C-kit by SCF induces phosphorylation 
and activation of the C-kit signal transduction 
pathway. This type of activation occurs during 
some normal physiological processes, and dur-
ing oncogenesis of some cancers [23, 24].

In GIST, several groups have studied the clinical 
implication of the KIT mutation status of exon 
11 and were able to establish a possible rela-
tionship between these mutations and malig-
nant behaviour. The activating mutations lead 
into ligand-independent activation of the tyro-
sine kinase of KIT and have been shown to 
have a transforming effect in vitro [25, 26].

The proto-oncogene C-kit has received wide-
spread attention due to the development of 
effective novel inhibitory therapeutics such as 
imatinib mesylate, and the successful treat-
ment of tumours such as GISTs which are 
known to overexpress the receptor in more 
than 95% of cases [14]. 

C-kit expression was studied in pediatric solid 
tumours, being observed in 100% of synovial 
sarcomas, 100% of “rhabdoid” rhabdomyosar-
comas, 83% of osteosarcomas, 77% of embry-
onal rhabdomyosarcomas, 71% of Ewing 
tumours, 55% of neuroblastomas and 52% of 
Wilms’ tumours [27]. There are limited data in 
the literature concerning its expression in 
retinoblastoma. 

Figure 4. Kaplan-Meier estimates of the proportion of patients survived at 4 years with various histopathological 
features.
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In the current research, positive C-kit expres-
sion was found in 48.2% of the studied retino-
blastoma cases. This result raises the possibil-
ity that imatinib mesylate could be a therapeu-
tic option in these tumors. Our results are in 
agreement with Barry et al. [11] who detected 
positive C-kit immunostaining in 52.38% of reti-
noblastoma cases. However, Bosch et al. [15] 
observed positive C-kit expression in only 
19.2% of retinoblastomas. Although the same 
antibody was used as in our work, the dilution 
in their study was much weaker (1:300). This 
difference may partly explain the discrepancy 
between their results and ours. Another expla-
nation would be that the authors used TMA, in 
which only a small fraction (0.6 mm diameter) 
of each specimen is used compared with a 
standard slide. It may be possible that a par-
ticular area of a tumour included in the array 
was negative whereas other areas would be 
positive. 

In the present study, a highly significant correla-
tion was found between increased C-kit expres-
sion and pattern of tumour growth, optic nerve 
invasion as well as choroidal invasion. Parallel 
to our results, Barry et al. [11] found a strong 
correlation between C-kit expression and histo-
pathological features of worse prognosis 
including optic nerve and choroidal invasion. In 
contrast to Barry et al. [11], we found that cases 
with massive choroidal invasion displayed a 
statistically significant increase in C-kit expres-
sion compared to cases with minimal invasion.

Our data are in concordance with the data pub-
lished by Bosch et al. [15] and Barry et al. [11] 
who revealed no statistical significant relation-
ship between C-kit expression and degree of 
tumour differentiation. 

Retinoblastomas are rapidly growing tumours 
that frequently outgrow their blood supply 
resulting in extensive areas of necrosis. The 
characteristic microscopic features of retino-
blastomas include concentric arrangement of 
proliferating viable cells forming sleeves around 
blood vessels. At the periphery of the sleeves 
the cells of the retinoblastoma become necrot-
ic. The growth rate of retinoblastomas is more 
dependent on the ability of the tumour to 
induce neovascularization than on the inherent 
growth rate of the neoplastic cells [28].

Angiogenesis is a critical process in tumour 
progression that not only provides the growing 

tumour with required oxygen, nutrients, and 
growth factors but also provides the circulatory 
access that allows tumour cells to metastasize 
[29, 30]. Previous studies [31] have reported 
that angiogenic potential in retinoblastoma cor-
relates with invasive growth and metastasis 
and that these two factors are associated with 
poor prognosis. Tumour angiogenesis is regu-
lated by a variety of both positive and negative 
regulatory molecules [29, 32]. When the net 
effects of the positive regulatory factors over-
whelm the effects of the negative factors, the 
recruitment of preexisting blood vessels and 
growth of new vessels into tumours occurs, in a 
process known as the “angiogenic switch” [32]. 
Among the most important proangiogenic 
determinants of the angiogenic switch is the 
level of VEGF expression by tumour cells [29].

VEGF is a glycoprotein that can combine with 
heparin and has a relative molecular weight of 
34-46 KD [33]. It participates in the formation 
of the vascular tumour stroma [11]. It is known 
that VEGF messenger RNA is expressed in reti-
noblastoma neoplastic cell and that VEGF, 
which is secreted from neoplastic cells, influ-
ences nearby endothelial cells and functions as 
a paracrine mediator [34]. In vitro, studies have 
shown that VEGF stimulates endothelial cell 
division and migration [35].

In our study, 76.8% of retinoblastomas showed 
positive VEGF expression. Our results are con-
sistent with those published by Zhou et al. [36] 
and Wang et al. [37] who detected positive 
VEGF immunoreactivity in 72.5% and 64.7% of 
retinoblastomas respectively. However, Arean 
et al. [18] found higher rates of expression 
(98%). 

Studies on the prognostic value of VEGF expres-
sion in retinoblastomas revealed conflicting 
results. Concomitant with Zhou et al. [36] we 
found a significant positive correlation between 
VEGF expression and optic nerve invasion. 
Moreover, Yuan S and Song H [38] found that 
VEGF expression was related to invasion and 
metastasis. In contrast, Arean et al. [18] 
observed no significant correlation between 
VEGF expression and optic nerve invasion. 
Parallel to Arean et al. [18], the present study 
found no statistical significant relationship 
between VEGF and choroidal invasion. 

Previous studies concerning the relationship 
between VEGF expression and degree of tumor 
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differentiation in retinoblastomas revealed dis-
crepancy in the results. Arean et al. [18] report-
ed that of the 7 patients with well-differentiat-
ed retinoblastoma, 2 showed focal and weak 
VEGF staining, whereas the other 5 had strong 
and diffuse staining. These results differ from 
those of Kerimogglu et al. [39], who measured 
angiogenesis (micro vessel density) and found 
higher levels in poorly differentiated retinoblas-
tomas. Moreover, Zhou et al. [36] stated that 
VEGF expression was significantly higher in the 
undifferentiated pattern than in the rosette 
pattern. In the current research, no statistical 
correlation could be detected between VEGF 
and degree of tumor differentiation.

To the best of our knowledge, the current study 
reports for the first time the direct relationship 
between C-kit and VEGF immunoreactivity in 
retinoblastoma. A significant positive correla-
tion was detected between these two proteins 
in the studied cases. Low oxygen tension regu-
lates VEGF expression by enhancing transcrip-
tion of VEGF gene and by stabilization of its 
mRNA. It is now clear that the transcription fac-
tor hypoxia-inducible factor (HIF)-1α is the 
major regulator of VEGF transcription in 
response to hypoxia [40, 41]. Activation of C-Kit 
by SCF leads to a predominantly HIF-1 α -medi-
ated enhancement of VEGF expression [42]. 
Boesiger et al. [43] showed that, in response to 
SCF (the ligand for the C-kit receptor), mouse or 
human mast cells can rapidly release vascular 
permeability factor/VEGF by degranulation and 
can then sustain release by secreting newly 
synthesized protein. Inhibition of C-Kit signaling 
with imatinib could have clinically relevant anti-
angiogenic effects by inhibiting VEGF expres-
sion [42]. Angiogenesis inhibition strategies 
have many advantages when they are com-
pared to other approaches to anti-cancer ther-
apy. Unlike most tumour cells, endothelial cells 
are readily accessible from the blood circula-
tion and as genetically stable cells they are not 
likely to develop resistance to cytostatic thera-
py [44]. 

Chemoprophylaxis is necessary for patients 
with tumor extending to the surgical margin of 
the optic nerve and is likely to be beneficial in 
preventing metastasis in patients with tumor 
extending beyond the lamina cribrosa. 
Chemoprophylaxis was not offered to patients 
with prelaminar optic nerve disease or isolated 
choroidal involvement [45, 46]. In the present 

study, chemoprophylaxis was given to 10 cases 
with combined massive choroidal and post-
laminar optic nerve invasion. Two of them 
developed metastasis and died. No correlation 
was found between C-kit and VEGF expression 
and the risk for metastasis and survival of 
those patients receiving postoperative 
chemotherapy. 

In conclusion, C-kit protein is expressed in 
nearly half of the retinoblastoma patients. Our 
paper provides convincing evidence that retino-
blastoma should be included in the list of C-kit-
expressing cancers. C-kit expression is a fea-
ture of more aggressive retinoblastoma, with 
increased expression in tumours spreading 
beyond the retina. Results suggest that the 
C-kit molecular pathway may be important in 
retinoblastoma growth, and point to its use as 
a target for therapy with imatinib mesylate. 
However, further studies for example on the in-
vitro effect of C-kit inhibition by imatinib mesyl-
ate on retinoblastoma cell lines must be under-
taken to test the possibility of treatment of 
patients with such drug. The present study con-
firms VEGF expression in retinoblastoma. It is 
associated with optic nerve invasion. Our data 
suggest that the use of anti-VEGF therapies in 
retinoblastoma may be efficacious in targeting 
immature neovessels within the tumour and 
reducing tumour progression. Our study dem-
onstrates for the first time the positive relation-
ship between C-kit and VEGF in retinoblastoma. 
Results suggest that inhibition of C-Kit signal-
ing with imatinib might result in inhibition of 
tumour angiogenesis. However, further studies 
are necessary to clarify the mechanisms of 
C-kit expression in order to be effective in 
developing therapeutic strategies. 
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