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Abstract
Purpose: Oral squamous cell carcinoma (OSCC) is mainly attributable to tobacco use 
which may cause errors in DNA synthesis leading to mutation. Eukaryotic cells have 
evolved the pathways to detect such damages. Disturbance in DNA damage signaling 
molecules might play a fundamental role in the pathogenesis of OSCC. Therefore, our 
aim of this study is to evaluate the protein expression of Mre11, Rad50, H2AX, 53BP1 
and BRCA1 in patients with OSCC. 

Materials and Method: Protein expression of Mre11, Rad50, H2AX, 53BP1 and BRCA1 
were studied immunohistochemically from paraffin embedded tumor tissues of 100 
patients with OSCC. Expression was scored by modified histoscore (H-score). Data were 
evaluated statistically using SPSS software. 

Results: Nuclear protein expression was observed for the Mre11, Rad50, H2AX and 
53BP1 while cytoplasmic expression was observed for BRCA1 protein. Significant 
association was observed between Mre11 protein expression and nodal extension 
(p=0.019), Rad50 protein expression and advance disease stage (stage I/II; p=0.015), 
53BP1 protein expression and buccal mucosa cancer (p=0.045). Further, amongst all the 
studied biomarkers, Mre11 was significantly associated with reduced relapse free 
survival (RFS) in both univariate (p=0.045) and multivariate survival (p=0.040) analysis. 
None of the other studied DNA damage signaling molecules were associated with 
reduced relapse or death rate after the adjuvant therapies.

Conclusion: Our results suggests that amongst all studied signaling molecules strong 
expression of Mre11 protein is associated with increased recurrence rate suggesting it 
might be used as prognostic tool in the analysis of tumor specimen of OSCC. 

Keywords: Oral squamous cell carcinoma; Mre11; Rad50; H2AX; BRCA1; 53BP1.

Introduction 
High incidence of oral squamous cell carcinoma (OSCC) is attributable to high 

prevalence of life style habits such as smoking, chewing tobacco and high alcohol 
consumption which functions as a cofactor. As a result of that every cell in the body 
experiences DNA damages such as single stranded breaks (SSBs) and double-strand 
breaks (DSBs). Such damages are particularly harmful to the cell as they causes base pair 
mismatch which is strongly associated with cancer susceptibility [1]. DNA damage can 
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have deleterious effects, as it interferes with DNA replication 
and transcription and ultimately results in mutations and 
chromosomal aberrations. In dividing cells, if DNA damages 
are not repaired, causes errors during DNA synthesis leading 
to mutations that can give rise to cancer. Thus, individuals 
with an inherited impairment in DNA repair capability are 
often at increased risk of cancer [2]. 

Previously, we have identified a mediator of DNA damage 
check point protein (MDC1) as a significant predictor of OSCC 
[3]. Therefore, we hypothesized that deficiencies in DNA 
damage signalling molecules might play fundamental roles in 
the pathogenesis of OSCC. These include several sensor proteins 
like Mre11, Rad50, H2AX, 53BP1 and BRCA1. Mre11 is a core 
protein of the MRN complex, co-localize at the site of DNA 
DSBs along with Nibrin and Rad50 and forms distinctive foci 
upon ionizing radiation [4-6]. Rad50 acts as a bridge at the 
junction of DNA DSBs and facilitates the recognition and 
processing of broken DNA ends by Mre11 exonuclease activity 
and holds the broken strand of DNA together during the 
repairing process [4]. Earlier, in head & neck cancers, Rad50 has 
been explored as a potential therapeutic target [7]. When 
mutation occurs in Rad50 gene it leads to the formation of an 
abnormally small, non-functional version of Rad50 protein. 
Further, one of the earliest steps in the cellular response to DSBs 
is the phosphorylation of histone H2AX at serine 139, resulting 
in γH2AX [8]. During 30 minutes after DSB formation, large 
numbers of γ-H2AX molecules form in the chromatin around 
the break site, creating a focus where proteins involved in DNA 
repair accumulate [9]. 53BP1 is known to be an activator of p53 
[10]. However, 53BP1 also has p53 independent functions, and 
deletion of both 53BP1 and p53 has a synergistic effect on 
tumor development and was considered to induce apopto sis by 
activating tumor-suppressor gene p53 [11] but recently, it has 
been found that 53BP1 plays a critical role in the DNA damage 
repair to maintain cell genomic stability and in prevention of 
tumor development [12,13]. BRCA1 is tumor suppressor and 
genome guardian protein [14]. It participates in processes such 
as cell cycle checkpoint; activation; transcription regulation and 
DNA repair [15]. Nuclear BRCA1 functions in transcriptional 
regulation, DNA damage response, repair and cell proliferation 
[16]. When localized in the cell cytoplasm triggers apoptosis via 
a p53-independent mechanism in human breast cancer cells 
[17,18]. BRCA1 gets fused to RAD51 and gets phosphorylated. 
This interaction between BRCA1 and RAD51 suggests a possible 
participation in the detection and recombination of DSBs. 

On the basis of this information the aim of the present 
study was to investigate the association between the 
expression of Mre11, Rad50, H2AX, 53BP1 and BRCA1 status 
and various clinicopathological parameters in cohort of 
patients with OSCC and to evaluate the prognostic relevance 
of all variables in terms of survival.

Material and Methods
Patients 

A total of 100 previously untreated patients with 
histolpathologically confirmed OSCC of tongue and buccal 

mucosa enrolled at The Gujarat Cancer & Research Institute 
(GCRI) between year 2011 and 2014 were included in the study. 
Written consent of the patients prior to surgery was obtained. 
Clinical and pathological details were documented in a 
predesigned performa; which included age, gender and 
anatomic site, clinical TNM staging (tumor, node, and metastasis 
classification of malignant tumors according to American Joint 
Committee on Cancer), nodal status and histopathological 
differentiation. Out of 100 OSCC patients, 20% (20/100) patients 
had stage I, 22% (22/100) of patients had stage II, 18% (18/100) 
patients had stage III and 40% (40/100) patients had stage IV 
disease in current study. Postoperative treatment included 
radiotherapy and chemotherapy, instituted by the radiotherapy 
and medical oncology units of the GCRI, respectively (Table 1).

Follow-up study
Follow-up status of the patients was verified and regularly 

updated from the patients’ case files maintained at the GCRI. 
Patients were monitored for a minimum period of 24 months 
from the date of diagnosis for survival analysis. Out of 100, 
only 90 patients could be followed for a minimum period of 
24 months or died within that period were included for overall 
survival (OS) analysis out of which 43% (39/90) patients died 
within that period. While, out of them 12 patients who died 
because of the persistent disease within 24 months were 
omitted for relapse free survival (RFS) analysis. Thus, RFS was 
carried out in total 78 patients. Out of them 41% (32/78) 
patients developed recurrence within that period. RFS was 
expressed as the number of months from the date of surgery 
to the loco-regional relapse (Table 1). 

Table 1. Clinicopathological characteristics of OSCC patients 
included in the study

Parameters Total patients N (%)
100 (100)

Age (Range: 21-81 years)
Median : 45 Years
<45 
≥45 

47 (47)
53 (53)

Gender 
Male 
Female 

75 (75)
25 (25)

Anatomic site
Tongue
Buccal mucosa 

61 (61)
39 (39)

Tobacco habit
Absent 
Present 

14 (14)
86 (86)

Tumor size
T1/T2
T3/T4

71 (71)
29 (29)

Tumor stage
I (T1N0M0)
II (T2N0M0)
III (T1-3N0-1M0)
IV (T1-4N0-3M0-1)

20 (20)
22 (22)
18 (18)
40 (40)

Nodal status
Negative 
Positive 

59 (59)
41 (41)

Histologic grade
Well differentiated
Moderate/Poorly differentiated 

50 (50)
50 (50)

Treatment 
Surgery (s) followed by
RT
RT+CT

100 (100)
54 (54)
30 (30)
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Follow-up status (OS)
Alive 
Dead 

90 (100)
51 (57)
39 (43)

Follow-up status (RFS)
No recurrence 
Recurrence  

78 (100)
46 (59)
32 (41)

Immunohistochemistry (IHC)
Paraffin embedded section of OSCC tumor tissues (N=100) 

with 4-μm thickness were collected on 3-aminopropyletriethoxy 
silane - coated glass slides. Immunostaining was performed on 
sections as described previously [19]. Briefly, sections were 
deparaffinized in xylene and rehydrated in graded alcohol. The 
sections were incubated with hydrogen peroxide solution 
prepared in methanol for 15 minutes to quench the endogenous 
peroxidase activity and then cooked for 10 minutes with 10mM 
tri-sodium citrate buffer (pH-6.0) in boiling water bath for 
antigen retrieval. Thereafter, slides were incubated with primary 
antibodies at 4˚C overnight in a moist chamber. Before applying 
primary antibody, non specific conjugations were blocked 
using rabbit specific HRP/DAB (ABC) detection IHC kit (Abcam, 
Cambridge, UK). Primary antibodies with the appropriate 
dilution used in the study are depicted in Table 2. Antibody 
detection was achieved using 3, 3’-diaminobenzidin (DAB) as 
chromogen, counter stained with Mayer’s haematoxylin, 
dehydrated in ethanol, mounted in dibutyl phthalate xylene 
(DPX), cover slipped and then observed under light microscope. 
As a positive control tissue section with intense staining for the 
given marker was included with each staining procedure while, 
for negative control, the primary antibody was replaced with 
tris-buffered saline.

Table 2. Primary antibodies used for expression of DNA damage 
signaling molecule

Antigen Primary antibody Dilution Staining pattern

Mre11 Rabbit monoclonal, clone:31H4
(Cell signaling technology, 4847) 1:50 Nuclear

Rad50 Mouse monoclonal, clone:13B3
(Genetex, GTX70228) 1:50 Nuclear

H2AX Rabbit monoclonal, clone: EPR895
(Genetex, GTX62983) 1:1000 Nuclear

BRCA1 Mouse monoclonal, clone:GLK-2
(Santa cruz biotechnology, sc-56030) 1:10 Cytoplasmic

53BP1 Rabbit polyclonal
(Invitrogen, A14034) 1:200 Nuclear

Interpretation of IHC
All the sections were scored separately by two individual 

observers in a blinded fashion. Sections were scored using 
modified Histo-score (H- score) method in which all the 
sections were scored on the basis of percentage of positive 
cells and staining intensity [19]. Thereafter, the staining was 
divided between weak and strong protein expressing groups 
according to the median H-score value of each of the studied 
biomarker which was 30, 45, 160, 60 and 120 for Mre11, 
Rad50, H2AX, BRCA1 and 53BP1, respectively. Protein 
expression below median H-score was interpreted as ‘weak’ 
protein expression and above median H-score as ‘strong’ 
protein expression.

Statistical analysis
All statistical data were analyzed by SPSS software version 20. 

An association between protein expression and clinicopathological 

parameters were calculated using two-tailed chi square test. 
Correlation between two parameters was calculated using 
Spearman’s correlation coefficient (r). Estimates of univariate 
disease-free survival (RFS) and overall survival (OS) were calculated 
using the Kaplan-Meier method and the differences were assessed 
by the log-rank test. Multivariate survival analysis was carried out 
using Cox regression forward step-wise model. All P values were 
two-tailed and a <0.05 level was considered statistically significant.

Results
Incidence of protein expression and correlation with 
clinicopathological parameters

In the set of 100 OSCC patients of the current study, the 
incidence of protein expression of DNA damage signaling 
molecules was at following rates; Mre11 68% (68/100), Rad50 
87% (87/100), BRCA1 86% (86/100) while for H2AX and 53BP1 
it was 100% (100/100). Amongst studied molecules, nuclear 
protein expression was observed for Mre11, Rad50, H2AX and 
53BP1 while cytoplasmic protein expression was observed for 
BRCA1 in patients with OSCC (Figure 1). 

Figure 1. Representative images of IHC staining of A) Negative 
staining, B) Mre11; Nuclear staining, C) Rad 50; Nuclear staining, D) 
H2AX; Nuclear staining, E) BRCA1; Cytoplasmic staining, F) 53BP1; 

Nuclear staining in patients with OSCC (original X 40x)

Correlation between biomarker expression and 
clinicopathological parameters

Clinicopathological characteristics of the OSCC patients 
included in the present study was age, gender, site of tumor, 
habit, tumor size, clinical stage, nodal status and tumor 
differentiation. Strong expression of Mre11 protein was 
significantly higher in patients with nodal extension (p=0.019; 
Figure 2A) whereas protein expression of Rad50 was significantly 
higher in patients with advanced stage disease (p=0.015; Figure 
2B). Strong expression of 53BP1 protein was significantly higher 
in patients with buccal mucosa cancer as compared to patients 
with tongue carcinoma (p=0.045; Figure 2C). However, neither 
strong nor weak expression of H2AX, BRCA1 was associated 
with any of the clinicopathological parameters mentioned 
above. Protein expression of combined DNA damage signaling 
molecule analysis results are depicted in Table 3, which 
indicated that Rad50 was significantly positively correlated with 
H2AX (p=0.008) and 53BP1 (p=0.024). While, H2AX was 
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significantly positively correlated with 53BP1 (p=0.001). However, 
expression of Mre11 protein expression did not show any 
significant correlation with protein expression of other studied 
DNA damage signaling molecules.

Figure 2. Representative bar chart showing correlation of protein 
expression with clinicopathological parameters A) Mre11 protein 
expression with nodal status, B) Rad 50 protein expression with 

tumor stage, C) 53BP1protein expression with anatomic site

Table 3. Intercorrelation of DNA damage signaling molecules in 
patients with OSCC
Mre11 Rad50 H2AX BRCA1

Rad50 r +0.060 
p 0.552 

H2AX r +0.113 +0.263 
p 0.263 0.008* 

BRCA1 r -0.105 +0.161 +0.049 
p 0.297 0.111 0.625 

53BP1 r +0.110 +0.226 +0.341 +0.085 
p 0.277 0.024* 0.001* 0.402 

*statistically significant

Survival analysis
Univariate Kaplan-Meier survival analysis revealed that 

patients with strong expression of Mre11 protein had a 
significant reduced RFS (p=0.045; Table 4; Figure 3) whereas 
none of the other studied DNA damage signaling molecules 
were associated with reduced relapse. However, Mre11 failed 
to show any significant association with overall survival 
(Figure 4). At the same time all of the studied biomarker 
Mre11, Rad50, BRCA1, H2AX and 53BP1 failed to show any 
significant association with shorter OS in patients with OSCC. 
However, multivariate survival analysis by Cox regression 
forward step wise model showed Mre11 as a significant 
independent prognosticator in predicting reduced relapse 
rate in patients with OSCC (B= 0.764, HR=2.147, p=0.040).

Table 4. Univariate relapse free survival analysis of DNA damage 
signaling molecules using Kaplan-Meier survival function in 

patients with OSCC
Variables N=78 Patients Relapsed N (%) Log-rank df p
Mre-11
Weak 
Strong 

37
41

11 (30)
21 (51) 4.006 1 0.045

Rad-50
Weak 
Strong 

38
40

15 (39)
17 (42) 0.091 1 0.763

H2AX
Weak 
Strong 

44
34

17 (39)
15 (44) 0.298 1 0.585

BRCA1
Weak 
Strong 

44
34

19 (43)
13 (38) 0.183 1 0.669

53BP1
Weak 
Strong 

50
28

21 (42)
11 (39) 0.076 1 0.783

Figure 3: Kaplan-Meier survival curve for RFS in total OSCC patients 
(N=78) with Mre11 expression. Expression of strong Mre11 was 

significantly related to high incidence of disease relapse than those 
with weak Mre11 expression in total OSCC patients

Figure 4. Kaplan-Meier survival curve for OS in total OSCC patients 
(N=90) with Mre11 expression. Expression of Mre11 failed to show 

any significant association with overall survival

Survival analysis in relation to treatment offered
Kaplan-Meier univariate survival analysis did not show 

any significant correlation of protein expression of studied 
DNA damage signaling molecules with RFS or OS when 
treated with surgery followed by either radiotherapy or 
chemo-radiotherapy in patients with OSCC (data not shown). 

Discussion 
Numerous factors are thought to be involved in DNA 

damage signalling, processing and repair. However, present 
study evaluated clinical significance of DNA damage sensor 
molecules such as Mre11, Rad50, H2AX, BRCA1 and 53BP1 and 
correlated with various clinicopathological parameters and 
analyzed its role in the disease outcome. In the present study, 
a significant high incidence of strong Mre11 protein expression 
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was found in patients with lymphnode positivity than patients 
with lymphnode negativity indicating its association with 
aggressive tumor behavior. Additionally, in patients with serous 
ovarian cancer also, a significant high expression of Mre11 was 
noted in moderately differentiated tumors [20]. In current 
study, a significant high incidence of strong Rad50 protein 
expression was found in patients with advanced stage (stage 
III/IV) disease indicating its expression increases with disease 
advancement. In accordance, Ali-Fehmi et al observed an 
association of Rad50 protein expression with advanced disease 
stage in patients with ovarian cancer [21]. However, BRCA1 
protein expression was not significantly correlated with any of 
the clinicopathological parameters in current study. In serous 
ovarian cancer, strong BRCA1 protein expression was 
significantly correlated with advanced stage disease and 
suggested its utility as prognostic factor in analysis of tumor 
biopsies and in determination of circulating tumor cells [21]. 
Further, a significant high incidence of strong 53BP1 protein 
expression was observed in patients with buccal mucosa cancer 
suggested an association of 53BP1 expression with excessive 
DNA damage to buccal mucosa due to longer exposure of 
tobacco to the buccal mucosa as compared to tongue. In lung 
adenocarcinoma, 53BP1 was correlated with advanced tumor 
stage, habit of cigarette smoking and lymphovascular invasion 
reflecting its association with increased tumor cell growth, 
metastasis and poor prognosis [22].

Univariate survival analysis by Kaplan-Meier revealed that 
strong Mre11 protein expression was significantly associated 
with high incidence of disease relapse in patients with OSCC. 
On the other hand, few studies on Mre11 expression have 
suggested an association of high Mre11 expression with 
improved survival rate in patients with colorectal cancer, breast 
cancer and bladder cancer [23,24]. Such discrepancy in the 
results might be because of difference in cell morphology, 
scoring method, patient inclusion criteria and treatment and 
geographical difference of conducted study. It has been also 
observed that germ line mutations in Mre11 complex genes 
lead to hereditary susceptibility to breast and/or ovarian cancer 
development which may play a role in other cancers too [25]. 
While, univariate survival analysis failed to show significant 
difference in incidence of disease relapse and death with Rad50, 
BRCA1 protein expression in OSCC patients which might be 
because of the either mutation in Rad50 gene or the activation 
of apoptotic pathway in which DSB repair pathways are blocked. 
Additionally, Rad50 is associated with several proteins such as 
BRCA1, ATM and CHK2 responsible for the hereditary 
susceptibility to ovarian and breast cancer development [25]. 
The present study did not show prognostic significance of the 
H2AX on disease relapse and death in OSCC patients. Further, a 
contradictory study showed that a significant reduced OS was 
observed in OSCC patients with positive expression of γH2AX 
protein [26]. The γH2AX also did not show significant association 
with disease outcome in patients with colorectal cancer, 
however, a tendency of worse survival was observed in those 
patients who had loss of γH2AX and underwent the pre-
operative radiotherapy suggesting that DSB repair deficient 
tumors were radioresistant [27]. Further, higher levels of γH2AX 

proved as a significant predictor for reduced OS in patients with 
non-small cell lung cancer, triple negative breast cancer and in 
endometrial cancer [28]. The possible reason of such difference 
in finding could be due to the phosphorylation of H2AX which 
occurs only after the development of DNA DSBs [26]. Further, 
Chen et al reported BRCA1 in 17 breast tumors and these 
tumors exhibited cytoplasmic expression of BRCA1 suggested 
such aberrant staining pattern could be due to the intragenic 
mutation which ultimately leads to the loss of function of 
BRCA1 protein in patients with breast cancer [29]. In current 
study, 53BP1 protein expression did not show any significant 
correlation with RFS and OS in patients with OSCC. In pancreatic 
cancer, 53BP1 expression was not found to be correlated with 
various clinicopathological parameters and patients’ survival. 
However, low expression of 53BP1 protein expression was 
found to modify the prognostic value of other predictive factors 
of pancreatic cancer such as level of CA 19-9 and lymphnode 
ratio (LNR) in such a way that high CA 19-9 and high LNR were 
associated with worse OS in pancreatic cancer while, with high 
53BP1, LNR and CA19-9 were no longer associated with OS 
[30]. 

In relation to treatment, Mre11, Rad50, H2AX, BRCA1 and 
53BP1 protein expression failed to demonstrate reduced 
relapse or death rate in subgroup of patients treated with 
surgery alone, surgery followed by radiotherapy and surgery 
followed by chemo-radio therapy (data not shown). Further, 
when these sensor molecules were correlated with each other, 
it was observed that, Mre11 did not show any significant 
correlation with any of the sensor molecule of the DDR 
pathway. A significant positive correlation was noted of Rad50 
with H2AX and 53BP1 while, H2AX was significantly positively 
correlated with 53BP1, indicating that activation of any of the 
MRN complex molecule (Mre11/Rad50/Nibrin) may lead to 
initiation of further repair cascade. 

To conclude, by profiling key signaling molecules of DNA 
damage repair (DDR) pathway in OSCC patients we have 
demonstrated that protein expression of Mre11 and Rad50 
are strongly associated with disease advancement in OSCC. 
Further, strong expression of Mre11 protein is associated with 
increased recurrence rate suggesting their potential utility as 
prognostic tool in the analysis of tumor specimen. Moreover, 
as OSCC represents an especially lethal cancer with higher 
recurrence rate and limited therapeutic options, we believe 
that these association studies further underpin the DDR 
pathway as a novel area of potential therapeutic intervention 
for OSCC.
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