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Introduction
Retinoblastoma (Rb) is a malignant tumor of the developing retina 

that occurs in children, usually before age of five years [1]. However, it is 
an uncommon tumor accounting for 3% of all childhood malignancies 
in developed countries [2].  There is indirect evidence that it may be 
more frequent in some developing areas, such as Latin America, Africa, 
and India [3].  The estimated incidence of retinoblastoma in India is 
about 2000 a year [4]. An epidemiological study of pediatric tumors 
at a tertiary care centre in India revealed that retinoblastoma affected 
14% of the study population. Retinoblastomas arise within the retina to 
form soft white tumor masses that expand within the vitreous cavity of 
the eye, and if untreated, mostly invade through the sclera, or along the 
optic nerve, or hematogenously via the choroids, in turn posing a risk 
for metastasis [5]. Current management modalities for retinoblastoma 
include enucleation, external beam radiotherapy, plaque radiotherapy, 
laser photocoagulation, hyperthermia and cryotherapy [6].

With the development of techniques, molecular biology research 
has indicated that p53 tumor suppressor gene plays an important role 
in DNA transcription, cell growth and proliferation, DNA repair and 
various metabolic processes. p53 abnormalities such as gene mutation 
and depletion can lead to the altered intracellular signal transduction 
pathways as well as loss of the regulation of cell growth, apoptosis, 
and DNA repair, which are responsible for carcinogenesis [7]. Murine 
double minute gene 2 (Mdm2), is an oncogene (the corresponding 
human homologous gene is hdm2). Mdm2 protein can be combined 
with p53 to inhibit p53 function of growth supervision, leading to 
cell overgrowth into tumor [8]. There are not many studies on p53 
expression in retinoblastoma patient’s inspite of its crucial role in 
tumorigenesis. Knowledge on Mdm2 expression in retinoblastoma 
patients is also not adequate. Therefore, we detected the expression of 
p53 and mdm2 in retinoblastoma by immunohistochemistry, analyzed 
their relationships with clinicopathological parameters and then 
investigated the influence on the biological activity of retinoblastoma. 
Ours seems to be the first report to demonstrate the p53 and Mdm2 
expression and their correlation with histopathological features.

Materials and Methods
The specimens of patients with retinoblastoma treated by 

enucleation, either as a form of primary treatment or because  of 
conservative treatment failure, were included in the study. All human 

retinoblastoma tissue samples were obtained in accordance with the 
tenets of the Declaration of Helsinki. Paraffin embedded blocks from 
60 cases derived from enucleation of retinoblastomas was used for 
immunohistochemistry. The tumors were classified into two groups: 
group 1 (n=49), tumour samples obtained from enucleated eyes as 
a part of the treatment and the patients were not subjected to either 
preoperative or postoperative chemotherapy; group 2 (n=11), tumor 
samples obtained from enucleated eyes of patients who received 
preoperative chemotherapy.

Antibodies and chemicals
For the detection of p53 protein, mouse monoclonal anti-p53 

antibody (clone DO-7, Santacruz Biotechnology, USA) was used. 
Primary mouse monoclonal anti-Mdm2 antibody (SMP14, Santacruz 
Biotechnology, USA) was used for Mdm2 staining. The immunostaining 
kit (Thermo Scientific, USA) was used for immunohistochemical 
detection.

Histopathological features
Retinoblastomas were graded microscopically into two groups 

according to the predominant pattern of differentiation. All tumor 
slides were reviewed and examined for invasion of choroid, optic nerve, 
and orbital invasion. Choroidal invasion was classified as either focal 
invasion or diffuse invasion of the choroid. For optic nerve invasion, 
postlaminar involvement and invasion of the surgical end of the optic 
nerve were considered. Invasions were expressed in progressive grades 
as moderate and strong. 

Immunohistochemistry
The immunohistochemical expression of p53 and Mdm2 consisted 
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of several  steps. Four micrometer thick specimen sections were 
deparaffinized  with xylene and rehydrated through graded ethanol 
washes. Endogenous peroxidase activity was blocked by a 10 min wash 
of 3% hydrogen peroxide in methanol. To optimize immunostaining, 
antigen  exposure was performed by microwave heating of the 
sections  in citrate buffer (pH 6.0) for 15 minutes. Nonspecific 
protein binding was blocked using a 1% bovine serum albumin (BSA)/
Tris-buffered  saline (TBS, pH 7.6) solution during a 30 min wash. 
Sections were incubated with primary antibody. After 1 hour incubation 
with the primary antibody at room temperature, sections were washed 
and incubated with biotinylated secondary antibody (Labvision, 
USA) for 30 min. Immunostaining visualization was enabled by the 
3, 3-Diaminobenzidine (DAB) chromogen. Sections were lightly 
counterstained with hematoxylin. Breast carcinoma sections were used 
as positive control for p53 and Mdm2 expression. Immunoreactivity 
was scored as the number of positive tumor cells over total tumor cells. 
Percentage scores were subsequently categorized using the 0% cutoff as 
negative, cutoff of ≤ 10% as moderate and ≥ 10% as strong expression. .

Statistical analysis

The Mann-Whitney test was used to analyze the relation between 

the percentage of p53 and Mdm2 postive tumors and their invasion and 

differentiation. Pearson Chi-square test was used to see the statistical 
significance between parameters. Statistical analysis was performed on 
computer (SPSS ver. 11.5; SPSS, Chicago, IL).

Results
We have studied tumor samples of 60 retinoblastoma patients 

having mean age of 2.8 ± 1.85 years (Table 1). The sample size comprised 
of 60 eyes enucleated for retinoblastoma from 38 male patients (63.3%) 
and 22 female patients (36.7%). Twenty two (36.7%) of the 60 cases 
were bilateral. Histopathological assessment of tumors revealed that 8 
(13.3%) tumors were well differentiated while rest was categorized as 
poorly differentiated. Of the 60 eyes, 11 (18.3%) had a history of prior 
treatment i.e. chemotherapy while 49 (81.7%) had received no prior 
treatment. The incidence of high-risk histopathologic features was 
reported in 38 (64.4%) cases (Table 1).

Although both groups had advanced disease, there was no 
significant  difference between the groups in variables such as age 
(p=0.67), sex (p=0.82) and tumor laterality  (uni- or bilateral) was 
observed (p=0.74).

There were 22 (36.7%) tumors with no high risk features i.e. 
invasion of optic nerve, choroid, ciliary body and sclera while 38 
(63.3%) tumors having high risk features (Table 2). Among the 38 
tumors with invasion, 24 (40%) had optic nerve invasion. There were 
21 (35%) tumors with choroidal invasion. There were 12 (20%) tumors 
with invasion of both choroid and optic nerve. The cases have shown 
a correlation between degree of differentiation and high risk features. 
Six out of 8 (75%) well differentiated tumors have not shown any high 
risk feature (p=0.04). Severe necrotic area was reported in 22 out of 38 
(57.9%) patients having high risk features.

Considering all the patients, p53 expression was observed in  21 
(35%) of the tumors (Figures 1A and 1B). Six out of these 21 (28.6%) 
cases have shown strong positivity for p53. Three group 2 patients have 
shown mild immunoreactivity for p53 while no patient had strong p53 
expression. Sixteen high risk patients expressed p53, out of which 4 
(25%) have shown strong positivity. Though there was no correlation 
in p53 and high risk features statistically. Positive Mdm2 expression 
was reported in 21 (35%) of the tumors (Figures 1C and 1D). Strong 

immunoreactivity against Mdm2 was reported in 3 (14.3%) of 21 cases. 
Five patients from group 2 have shown Mdm2 immunopositivity out 
of which only one was strong expression. Positive expression of Mdm2 
was shown by 16 patients showing high risk features though only 3 
(18.75%) cases were strongly positive. There were 6 (10%) patients who 
were positive for both p53 and mdm2. Strong expression of both p53 
and Mdm2 was not reported in any of cases. Out of these 6 patients, 
four (75%) have also shown high risk features (r=0.78, p=0.03). 

Clinical outcome

Patients were followed up by minimum 16 months. There was 
recurrence in two high risk cases in which one patient had undergone 
preoperative chemotherapy while one patient had not received any 
prior treatment before enucleation. Three patients had died due to non 
ocular reasons during follow-up.

Discussion
p53 tumor suppressor gene located at 17q13.1, which can induce 

cell apoptosis [10]. Wild-type p53 protein inhibits cell proliferation, 
halts cell division at the G1 checkpoint, and facilitates the injured 
DNA repair [10]. p53 protein can induce cell apoptosis to prevent 
the mutated DNA passage to the next generation in case of the failed 
DNA repair [11]. Due to the loss of cell supervision of p53 protein after 
mutation, cell is susceptible to entry of S phase with injured DNA and 
the genetic instability is the source of gene mutation and chromosomal 
aberration, leading to cell malignant change and tumor formation. 
Half life of wild type p53 is very short, hence its immunohistochemical 
detection is not possible but mutated p53 or wild type p53 stabilized 
by some other mechanism can be detected by immunohistochemistry 
[12]. p53 mutations are rarely reported in Rb. Mdm2, also an oncogene, 
is located at 12q13.14 [13]. The major function of Mdm2 is to inhibit 
the transcription activation by p53 as well as to prevent carcinogenesis 
[14]. As the target gene of p53 transcription, Mdm2 can combine with 
p53 to form a refined feedback regulation loop [15]. Wild type p53 gene 
induces the high expression of Mdm2 protein, which, in turn, inhibits 
p53 transcription activity and strictly controls p53 protein level [16]. 
Mdm2 overexpression can block the p53-mediated transactivation, 

Figure 1: Immunohistochemical detection of p53 and Mdm2 protein in 
retinoblastoma tissue. A) and B) Retinoblastoma sections showing nuclear 
reactivity for p53, C) and D) Retinoblastoma sections showing nuclear 
reactivity for Mdm2.
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S.No. Sex Age (Years) Therapy Laterality Differentiation High risk p53 Mdm2
1 Female 3 No Unilateral Poorly High risk 2 -
2 Male 0.3 No Unilateral Poorly - - -
3 Female 5  No Bilateral Poorly High risk - -
4 Female 5 No Unilateral Poorly - 2 1
5 Female 1.5 No Unilateral Poorly - - 1
6 Female 3 No Unilateral Poorly High risk - 1
7 Female 4 chemo Bilateral Poorly - - -
8 Male 4.5 No Bilateral Poorly - 1 -
9 Female 1 No Unilateral Well - - -
10 Female 1 No Unilateral Well - 2 -
11 Female 3 No Unilateral Poorly - - 1
12 Male 7 No Bilateral Poorly High risk - 1
13 Female 5 No Unilateral Poorly High risk - -
14 Male 4 chemo Unilateral Poorly High risk - 1
15 Female 3 No Unilateral Poorly High risk 2 -
16 Male 5 No Bilateral Poorly High risk - 1
17 Male 0.1 No Unilateral Poorly High risk 1 -
18 Male 0.3 No Bilateral Poorly High risk - 1
19 Female 3 No Unilateral Poorly High risk - 1
20 Male 4 chemo Unilateral Poorly - - -
21 Male 0.75 chemo Bilateral Well - - -
22 Male 2 No Unilateral Poorly - 1 1
23 Male 0.3 No Unilateral Well - - -
24 Male 2 No Bilateral Well - - -
25 Female 1.5 No Unilateral Poorly High risk - 1
26 Male 3 No Unilateral Poorly High risk - 1
27 Male 6 No Unilateral Poorly - - 1
28 Male 2.5 No Unilateral Well - - -
29 Male 6 No Bilateral Poorly High risk 1 -
30 Female 5 No Unilateral Poorly High risk - -
31 Male 5 chemo Unilateral Poorly High risk - -
32 Male 0.75 chemo Unilateral Poorly High risk 1 -
33 Male 4 No Bilateral Poorly High Risk - 2
34 Male 1.5 No Bilateral Poorly High risk - -
35 Male 6 No Unilateral Poorly High risk - -
36 Female 2.5 No Unilateral Poorly High risk 1 -
37 Male 1 No Unilateral Poorly - - -
38 Female 3.5 chemo Unilateral Poorly - - -
39 Male 0.5 No Bilateral Poorly High risk - 2
40 Female 1.5 No Unilateral Poorly - - -
41 Male 1.3 No Unilateral Poorly High risk - -
42 Male 1 No Bilateral Poorly High risk 1 -
43 Male 4 No Bilateral Well High risk 2 1
44 Female 2.5 No Bilateral Poorly High risk 1 -
45 Female 3 No Bilateral Poorly - - -
46 Male 5 No Unilateral Poorly High risk 1 -
47 Female 1.5 No Unilateral Well High risk - 1
48 Male 0.5 No Unilateral Poorly High risk 1 -
49 Male 6 chemo Unilateral Poorly - - 1
50 Male 3 chemo Bilateral Poorly High risk - -
51 Male 1.5 No Bilateral Poorly High risk - -
52 Male 2.5 No Bilateral Poorly - 1 -
53 Male 2.5 No Bilateral Poorly High risk - -
54 Male 0.5 chemo Unilateral Poorly High risk 1 1
55 Male 2.5 chemo Unilateral Poorly High risk 1 1
56 Male 2 No Unilateral Poorly High risk 1 -
57 Male 7 chemo Unilateral Poorly High risk 1 2
58 Male 0.3 chemo Bilateral Poorly - - -
59 Female 1.2 No Unilateral Poorly High risk 2 -
60 Female      2 No  Unilateral        Poorly     - - -

Table 1: Clinicopathological features as well as p53 and Mdm2 expression in retinoblastoma patients.
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depriving p53 gene of antineoplastic activity [17]. Mdm2 gene 
amplification has been found in 36% of all types of sarcomas, 10% of 
well differentiated glioma as well as esophageal cancer, neuroblastoma, 
anaplastic astrocytoma [18]. 

 It has been shown in our study that p53 protein expression rate 
was 28.6% (6/21) in Mdm2 positive cases and 38.5% (15/39) in Mdm2 
negative cases. Four out of six (67%) samples showing coexpression 
of p53 and Mdm2 were also having poor prognostic histopathological 
features hence indicating a possible role of p53 and Mdm2 expression 
in aggressiveness of tumor. We found that immunoreactivity of both 
p53 and Mdm2 was within the nucleus in the cases having coexpression 
of both the protein. A well documented model for Mdm2 regulation 
of p53 is that Mdm2 binds to p53 transactivation domain and p53 is 
transported to cytoplasm, ubiquitinated and degraded in cytoplasmic 
proteasomes [19]. However there are other proteins like p14ARF inhibits 
Mdm2-directed transport of p53 to the cytoplasm and attenuates 
Mdm2-mediated degradation of p53 causing stabilization of wild type 
p53 [20]. Epigenetic silencing of p14ARF is reported in many tumors 
[21]. It is thus interesting to know the role of p14ARF in interaction 
with p53/Mdm2 expression in retinoblastoma. In p53 postive/Mdm2 

negative cases transactivating loop between p53 and Mdm2 may be 
disturbed and expression of p53 does not induce the expression of 
Mdm2, which in turn can not perform the process of ubiquitination. It 
has been shown in previous studies that overexpression of Mdm2 is not 
necessary in Rb as well as in many other tumors [22,23]. 

Seventy five percent of well differentiated tumors have not shown 
any invasion which was in accordance with most of the solid tumors. 
Invasive tumors have shown dense nectrotic area as reported in many 
other tumors. Calcification was also reported in necrotic cases which 
were consistent with the observation of Reese and Shivde et al. [24]. 
Most of the patients showing high risk features were on postoperative 
chemoprophylactic treatment. There was not many recurring events 
hence we could not do any survival analysis.

The findings in our study suggest that the transactivating negative 
feedback loop was disturbed in p53 positive/Mdm2 negative cases and 
hence p53 expression was independent of Mdm2 expression. Though 
coexpression of p53 and Mdm2 may be caused by some other players 
of the transactivating loop. The poor prognostic features are correlating 
positively to each other and though they are correlating with p53 

Table 2: Patients with High-risk histopathologic features.

Case No ON Choroid Sclera Ant. Seg. Iris CB Necrosis Calc. Postenucleation                      Chemoprophylactic treatment/present status

1 ++ 0 0 0 0 0 0 0          +                                                                                                                                                
                                                                            

3 ++ + 0 0 0 0 + +          +
6 ++ + 0 0 0 0 0 0          + 
12 0 0 0 0 + 0 ++ +          -
13 ++ + 0 0 0 0 0 0          +
14 0 + 0 + + + ++ +          -
15 0 + 0 0 0 0 ++ +          -
16 0 + 0 + + + 0 0          -
17 + 0 0 0 0 0 ++ +          +
18 ++ ++ + 0 + + ++ +          + 
19 ++ + 0 0 0 0 0 0 Recurred
25 + 0 0 0 0 0 ++ 0         +
26 0 0 0 + + + + 0         -
29 ++ + 0 0 0 0 0 0         +
30 ++ + 0 0 0 0 0 0         +
31 0 + 0 0 0 0 0 0          -
32 0 + 0 0 0 0 0 0          -
33 ++ 0 0 0 0 0 0 0         +
34 ++ 0 0 0 0 0 ++ 0         +
35 ++ + 0 0 0 0 ++ 0         +
36 + 0 0 0 0 0 0 0          -
39 0 + 0 + + + 0 0          -
41 0 + 0 0 0 0 + 0          -
42 0 0 0 0 + + + +          -
43 0 + 0 0 0 0 ++ 0          -   
44 + 0 0 0 0 0 ++ 0          -
46 ++ ++ 0 0 0 0 ++ +         +
47 ++ 0 0 0 0 0 + 0         +   
48 + 0 0 0 0 0 0 +          -
50 0 0 0 0 + + + +          -
51 + ++ 0 0 0 0 ++ 0         +
53 + 0 0 0 0 0 0 0          -
54 + + 0 0 0 0 + +         +
55 0 ++ + 0 0 0 + +         +
56 + + 0 0 0 0 + 0        +
57 ++ 0 0 0 + + + +        Recurred
59 + 0 0 0 0 0 0 0        +
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and Mdm2 coexpression, it gives a picture of the correlation among 
different histopathological features and cell cycle regulatory proteins’ 
expression. These results indicate that p53 may not always regulate 
expression of its own inhibitor, Mdm2 in human retinoblastoma. All 
these findings suggest that along with Mdm2, some other regulatory 
mechanisms as well as molecules may be likely to involve in p53 
expression and dysfunction.  
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