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Abstract: Background: The pathogenesis of oral squamous cell carcinoma is very complex and 
prognostic markers are difficult to find in these carcinomas of which the different subtypes have 
varying malignant potential. The study was conducted to examine the cellular distribution of MCM-2 
in oral squamous cell carcinoma and their value to predict lymph node metastasis. Materials and 
methods: Thirty paraffin blocks of OSCC (10 well differentiated, 10 moderately differentiated and 10 
poorly differentiated) were immunohistochemically stained with MCM-2 antibody. ANOVA and 
Tukey's tests were used for the statistical analysis, then correlation was performed between lymph 
node status and the mean percentage of MCM-2 expression. Results: All cases of OSCC express 
MCM-2 with variable cellular localization. There was a significant difference in the expression of 
MCM-2 between the different grades of OSCC cases. Using linear correlation analysis, a positive 
correlation was noted between the percentage of cases with positive lymph node metastasis and the 
mean area percentage of MCM-2 expression. Conclusions: Oral squamous cell carcinomas express 
MCM-2 with variable levels and cellular localization, consisting an important marker of biological 
behavior in these tumors. Further study with large sample size is recommended to assess their value in 
prediction of lymph node metastasis. 
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INTRODUCTION 

 
 Cancer is a genetic disease. In order for cells to start dividing uncontrollably, genes that regulate cell 
growth must be damaged (Vogelstein and Kinzler, 2004). In fact, a series of several mutations to certain classes 
of genes is usually required before a normal cell will transform into a cancer cell.  Only mutations in those 
certain types of genes that play vital roles in cell division, apoptosis (cell death), and DNA repair will cause a 
cell to lose control of its proliferation (Croce, 2008). 
 Around 95% of oral malignancies are oral squamous cell carcinomas (OSCC) (Montoro et al., 2008). 
OSCC is the sixth most common malignancy worldwide, which accounts for approximately 500,000 new cases 
of oral and pharyngeal cancer that are diagnosed annually and approximately 75% of these tumors occur in the 
developing world (Moore et al., 2000).  
 Regulation of the cell cycle is complex and involves a wide variety of genes and proteins, among which are 
the minichromosome maintenance (MCM) proteins that are essential replication initiation factors (Yang et al., 
2006) playing a vital role in the licensing of the origin replication. The MCM protein family consists of six 
major isoforms (MCM 2-7), which have similar biochemical functions (Tye, 1999) and are equally important for 
continuous chromosome replication after the activation of early origins of DNA replication (Labib et al., 2000). 
 As cells exit mitosis, these newly synthesized MCM proteins accumulate in the nucleus (early G1 phase) 
and assemble into pre-replicative complexes (Labib et al., 2001). The nuclear localization of the MCM 2-7 
complex is regulated by the cyclin-dependent kinases (CDKs) (Sclafani and Holzen, 2007). MCM 2-7 are 
imported into the nucleus when CDK activity is low in early G1 and exported from the nucleus during S phase 
when CDK activity is high (Labib et al., 2001). 
 Since MCM activity is essential for DNA replication in dividing cells and is lost in quiescence (Madine et 
al., 2000), MCMs are obvious markers for proliferation (Kodani et al., 2001; Stoeber et al., 2001; Forsburg, 
2004). Molecular studies suggested that increased levels of MCMs mark not only proliferative malignant cells, 
but also precancerous cells and the potential for recurrence (Going et al., 2002).  
 In breast cancers, increasing neoplasm grade is associated with increased MCM-2 expression (Fanshawe et 
al., 2005). MCM-2 up-regulation was also observed in esophageal, renal, and lung cancers (Lau et al., 2007). 
MCM-2 and MCM-5 proteins demonstrated increased expression in ovarian adenocarcinomas (Gakiopoulou et 
al., 2007).  Significant associations between MCM over-expression and high grade have also been described in 
prostate (Meng et al., 2001), urothelial (Korkolopoulou et al., 2005) and renal carcinomas (Rodins et al., 2002). 
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 Scott et al. (2006) stated that in OSCC, there was a very widespread expression of MCM-2. The highest 
labeling indices LI values were observed in the least differentiated OSCC. They added that high MCM LI values 
were seen in the surface layers in all the examined cases. Moreover, small clumps of sloughed immunopositive 
epithelial cells were frequently identified at the surface of OSCC (Scott et al., 2006). On the other hand, 
Szelachowska et al. (2006) demonstrated high prognostic value of MCM-2 in oral spinocellular cancer. 
 The present study aimed to evaluate the expression of MCM-2 in oral squamous cell carcinoma (with 
different grades) and their value to predict lymph node metastasis. 
  

MATERIALS AND METHODS 
  
 Thirty paraffin blocks of oral squamous cell carcinoma were included in this study, all specimens collected 
from the archives of the pathological files of Oral Pathology Department, Faculty of Oral and Dental Medicine, 
Cairo University, General Pathology Department, Faculty of Medicine, Cairo, University and National Cancer 
Institute, Cairo University. From all specimens, 4 micrometer thick sections were prepared from paraffin blocks 
and stained with hematoxylin and eosin to confirm the diagnosis. Ten of the cases were diagnosed as well 
differentiated OSCC, 10 were diagnosed as moderately differentiated and the last 10 cases were diagnosed as 
poorly differentiated OSCC. Clinical information about lymph node metastasis was obtained from patients' 
medical records (summary of cases is displayed in table 1). 
 
Table 1: Correlation between lymph node status and mean percentage of MCM-2 expression. 

 Total number of cases Number of cases with 
positive lymph node 

metastasis 

Number of cases with 
negative lymph node 

metastasis 

Mean value 

Well differentiated 
OSCC group 

10 1 9 11.343 

Moderately differentiated 
OSCC group 

10 3 7 20.712 

Poorly differentiated 
OSCC group 

10 4 6 29.97 

 
Immunohistochemical Staining: 
 Tissues were deparaffinized in xylene and rehydrated, and were transferred for antigen retrieval based on 
the manufacturers’ recommendation. The slides were washed with phosphate buffer and separately incubated 
with MCM-2 (Lab Vision Corporation, USA) diluted at a ratio of 1:50 over-night. The slides were then washed 
again in PBS and incubated with biotinylated antibody for 30 minutes, and then were washed in PBS. Finally, 
the slides were incubated with peroxidase labeled streptavidin for 30 minutes and washed in PBS. Subsequently, 
DAB chromogen was applied for antibody staining (brown). The samples were stained with Mayer’s 
hematoxylin for 5 minutes, dehydrated and covered with cover glass.  
 
Immunohistochemical Evaluation: 
 Using the image analyzer computer system, the area percentage of MCM-2 immunoreactivity was evaluated 
in 5 high power fields (x400) in each slide, and then the mean value was calculated. The image analysis was 
performed using a computer system (software Leica Quin 500) consisting of color video camera, color monitor, 
CPU of IBM personal computer connected to the microscope. The image analyzer was first calibrated 
automatically to convert the measurement units (pixels) produced by the image analyzer program into actual 
micrometer units. 
 
Statistical Analysis: 
 All the obtained data from the computer image analysis were given as mean values ± standard deviation 
(SD) for statistical evaluation. The ANOVA test and Tukey’s tests for pairwise comparison were used to 
compare between the normal control group and the different grades of OSCC. Then, correlation was performed 
between lymph node status and mean percentage of MCM-2 expression in the different groups of OSCC. 
 
Results: 
 All cases of OSCC demonstrated positive MCM-2 immunoreactivity with variable degree & site specificity 
of positivity. Most of the well differentiated cases showed a nuclear MCM-2 reaction, expressed along the 
periphery of the epithelial cell nests, and at the invasive fronts. On the other hand, the central cores of the cell 
nests mostly showed negative MCM-2 reaction (fig. 1a).  
 Few cases showed both nuclear and cytoplasmic MCM-2 reaction, expressed also around the periphery of 
the epithelial cell nests. A strictly cytoplasmic immunoreaction distributed over the malignant cells arranged in 
the cell nests was observed in some instances. A single case showed MCM-2 immunostaining along the cell 
surface membranes of the tumor cells (fig.1b). 
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 Immunostaining of the moderately differentiated cases revealed nuclear MCM-2 reaction with cytoplasmic 
expression distributed along the periphery of the epithelial cell nests, extending into the suprabasal cells and to 
the middle thirds of the cell nests, while the central cores showed negative reaction (fig.1c).  
 In addition, MCM-2 expression was noted at the invasive fronts of the tumor. Moreover, MCM-2 positive 
immunoreaction was also evident in the nuclei of the small nests of malignant epithelial cells invading the 
underlying C.T and surrounding numerous dilated blood vessels. Few cases showed strict cytoplasmic 
expression only distributed over the cells arranged in nests. 
 Most poorly differentiated cases of OSCC cases showed both positive nuclear and cytoplasmic MCM-2 
immunoreaction, the expression was widespread all over the malignant squamous epithelial tissues (fig. 1d).  
 The highest value for MCM-2 immunoreactivity was recorded in the poorly differentiated squamous cell 
carcinoma (29.97± 5.677), while the lowest value was recorded in the control (5.009±1.398), (Fig.2, table1). 
ANOVA test revealed the difference between different grades of squamous cell carcinoma was statistically 
significant (p=0.000). 
 

 

 
Fig. 1: MCM-2 expression patterns in oral squamous cell carcinoma. (a)Photomicrograph of a case of well 

differentiated OSCC showing positive nuclear MCM-2 reaction along the periphery of cell nests (MCM-
2 X100). (b) Photomicrograph of a case of well differentiated OSCC showing positive cytoplasmic and 
membranous MCM-2 reaction along the borders of the  epithelial cells in the  cell nests (MCM-2 X200). 
(c) Photomicrograph of a case of moderately differentiated OSCC showing nuclear  and cytoplasmic  
MCM-2  expression in the basal and some suprabasal cells of the cell nests  (MCM-2 X200). (d) 
Photomicrograph of a poorly differentiated OSCC case showing positive nuclear MCM-2 
immunoreaction distributed all over the malignant squamous epithelium. Positive cytoplasmic MCM-2 
immunoreaction is also shown in some epithelial cells (MCM-2x400). 

           
 Using linear correlation, the percentage of cases with positive lymph nodes and the mean area percentage of 
MCM2 expression revealed a positive correlation (r=0.983, Fig.3) 
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Fig. 2: Mean area % of MCM-2 immunoreactivity. 
 

 
 
Fig. 3: Scatter plot showing correlation between lymph node status and mean percentage of MCM-2 expression. 
 
Discussion: 
 Oral cancer is a major public health issue worldwide and it remains a highly lethal and disfiguring disease 

(Al-Rawi and Talabani, 2008). Despite considerable advances in the diagnostic and therapeutic techniques 

(Shaw et al., 2009), OSCC continues to present a poor prognosis with an estimated 5-year survival rate of only 
56% in the United States and Western Europe (Moore et al., 2000). 
 Recent studies have proposed that MCM proteins may be sensitive proliferation markers and may serve as 
novel biomarkers for prognostication and diagnosis of various premalignant and malignant lesions (Stoeber et 
al., 2001; Fanshawe et al., 2005; Vargas et al., 2008). 
 The superior sensitivity of the MCM proteins over the standard proliferation markers such as Ki-67 resides 
in the fact that MCMs identify not only cycling cells, but also non-cycling cells with proliferative potential 
(Stoeber et al., 2001). Other proliferation markers in current use, such as proliferating cell nuclear antigen 
(PCNA) and Ki-67, provide only a limited assessment of cell cycle state (Daidone and Silvestrini, 2001).  
 In the current study, the immunohistochemical reactivity of MCM-2 in the normal control specimens was 
expressed mainly in the basal and suprabasal cells of the normal stratified squamous epithelium, with very few 
reactive cells in the middle third and a totally negative reaction in the superficial third. These results are in 
accordance with Chatrath et al. (2003), Chong-Jin et al. (2008). These findings indicate that cell division is 
confined to the basal and suprabasal cells, whereas the superficial cells have lost their proliferative ability.  
 In contradiction, Torres-Rendon et al. (2010) found that MCM-2 protein was located mainly in the 
suprabasal compartment only. The absence of MCM-2 expression in a significant proportion of basal cells was 
explained by assuming that these cells are in a temporary G0 state, as a part of a self-defense mechanism to 
maintain a controlled cell proliferation of the oral mucosa. 
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 In the present study, MCM-2 was detected in all tissue sections 30/30 (100%) of OSCC (well, moderately 
and poorly differentiated tumors). Almost similar percentages of MCM-2 expression were previously detected 
in laryngeal squamous epithelial lesions (Gouvea et al., 2010), in epithelial ovarian tumors (Gakiopoulou et al., 
2007), breast cancers (Gonzalez et al., 2003) and colorectal cancer (Guziñska-Ustymowicz et al. 2009a). The 
present finding suggests that MCM-2 may play a significant role in oral carcinogenesis. 
 In the current study, the positive MCM-2 immunoreaction was detected in the nuclei of the tumor cells in 
all the grades of OSCC, and this is in accordance with the findings obtained by Kodani et al. (2003), Chatrath et 
al. (2006), Torres-Rendon et al. (2009). This could be explained by the notion that when cells exit mitosis, these 
newly synthesized MCM proteins accumulate in the nucleus (early G1 phase) and assemble into pre-replicative 
complexes (Labib et al., 2001).  
 On the other hand, some cases in the current study showed cytoplasmic MCM-2 expression along with the 
nuclear one, a finding which is considered by Kodani et al. (2003), Chatrath et al. (2006), Torres-Rendon et al. 
(2009), Vargas et al., (2008), Forsburg, (2004), Ahn and Chang (2010) and Chong-Jin et al. (2008) to be non-
specific.  However, some recent studies noted cytoplasmic reaction, either along with a nuclear expression or 
exclusively in salivary gland carcinomas and benign and malignant adrenocortical tumors (Ghazy et al., 2011) 
and (Szajerka et al., 2008) respectively. 
 The cytoplasmic localization of MCM-2 could be explained by the fact that in S phase of the cell cycle, 
nearly the whole amount of MCM proteins dissociate from the chromatin, leaving only a small fraction bound to 
regions of un-replicated DNA (Labib et al., 2001). Subsequently, during G2/M phase, MCM proteins are absent 
on chromatin and are detectable predominantly in cytoplasm where they later undergo enzymatic degradation 
(Labib et al., 2001).  
 Few of the cases examined in the current study showed MCM-2 expression along the cell surface 
membrane of tumor cells, a result that might be explained by the possibility of presence of surface receptors on 
the cell membrane, however, MCM-2 protein exhibited cytoplasmic or nuclear localizations according to most 
studies (Forsburg, 2004; Vargas et al., 2008; Szajerka et al., 2008). However, a similar finding was reported by 
Going et al. (2002) who detected membranous staining of MCM-5 protein which is one member of MCMs 
protein family that shares many similar structural components  with MCM-2 (Forsburg, 2004).  
 In the well differentiated cases of OSCC, positive nuclear immunoreactions was evident at the periphery of 
the epithelial cell nests and at the invasive fronts, while the core of the cell nests showed negative reaction. 
These observations are in accordance with Szelachowska et al. (2006), Scott et al. (2006) and Gouvea et al. 
(2010), which highlights the active proliferative state of these tumor cells.  
 Some well differentiated OSCC cases in this study showed both cytoplasmic and nuclear MCM-2 
expression, a result that is considered by Kodani et al. (2003), Chatrath et al. (2006), Torres-Rendon et al. 
(2009), Vargas et al., (2008), Forsburg, (2004), Ahn and Chang (2010) and Chong-Jin et al. (2008) to be non-
specific, which is not in accordance with the present study. Very few cases showed membranous staining of 
MCM-2 which is in accordance with Going et al. (2002) who detected membranous staining of MCM-5 protein 
in dysplastic squamous oesophageal epithelium and Barrett’s mucosa.   
 As for the moderately differentiated OSCC cases, this study showed that MCM-2 immunoreaction was 
evident in the peripheral portions of the cancer nests, specifically in the basal and suprabasal cells and extended 
into the middle thirds of the epithelium, showing stronger intensities at the invasive fronts in some cases, while 
negative in the central core of keratin pearls. These findings are in accordance with Kodani et al. (2003), 
Chatrath et al. (2006), Torres-Rendon et al. (2009).  
 Some of the moderately differentiated OSCC cases included in this study expressed positive MCM-2 
immunoreactivity in the cytoplasm only or along with a nuclear expression, and this is in contrast with the 
findings of Kodani et al. (2003), Chatrath et al. (2006), Torres-Rendon et al. (2009), whose findings revealed 
strictly nuclear MCM-2 expression. However, other cases in the current study showed strictly nuclear MCM-2 
expression, scattered over the cell nests, which is in accordance with Kodani et al. (2003), Chatrath et al. 
(2006), Torres-Rendon et al. (2009).  
 The increased MCM-2 expression in the peripheral tumor cells and at the invasive fronts suggests a high 
rate of cellular proliferation and assists the subsequent invasion of the surrounding structures. 
 Concerning the poorly differentiated cases of OSCC, the positive immunoreaction of MCM-2 was 
distributed all over the malignant epithelial cells, indicating the considerable proliferative behavior of OSCC of 
higher grades in accordance with the findings of Kodani et al. (2003), Chatrath et al. (2006) and Torres-Rendon 
et al. (2009) who found that the positive immunoexpression of MCM-2 was increased and more distributed 
among the malignant epithelial cell layers in the lesser differentiated grades of OSCC..  
 Using computer image analysis, the present study revealed that the MCM-2 positive expression increased 
with the histological grade of the tumor, where the well differentiated cases showed the least expression 
(mean=11.343) followed by the moderate cases (mean=20.712), while the poorly differentiated cases showed 
the highest expression of MCM-2 (mean=29.97) with a highly statistically significant difference (p=0.000). This 
finding is in accordance with other studies in OSCC (Kodani et al., 2003; Chatrath et al., 2003; Scott et al., 
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2006; Torres-Rendon et al., 2009), in salivary gland neoplasms (Vargas et al., 2008; Ghazy et al., 2011) and in 
non-benign epithelial ovarian tumors (Gakiopoulou et al., 2007).  
 The association between MCM-2 expression and higher tumor grades   might be   explained   by   the fact   
that in   cancer, differentiated neoplastic cells tend to grow and spread at a slower rate than undifferentiated or 
poorly differentiated cells, which lack the structure and function of normal cells and grow uncontrollably (Evan 
and Vousden, 2001). Therefore, the withdrawal of cells from the cell cycle into differentiated state is coupled 
with down-regulation of MCM2 expression (Shetty et al., 2005). However, these findings are in contrast of 
those of Ahn and Chang (2010) who noted no significant relationship between MCM-7 expression and the 
histological grade of esophageal SCC.  
 This study also noted high LI of MCM-2 in cases with lymph node metastasis and a positive correlation was 
found between the percentage of cases with positive lymph nodes and the mean area percentage of MCM-2 
expression (r=0.983), suggesting that high MCM-2 LIs might predict high rate of cellular proliferation and 
subsequent invasion of the surrounding structures leading to a poorer prognosis, which is in agreement with 
Chong-Jin et al. (2008), Szelachowska et al. (2006) using MCM-7, Vargas et al. (2008) and Guzińska-
Ustymowicz et al. (2009a) in which MCM-2 over expression was associated with lymph node metastasis.  
 Given the above mentioned findings, it can be suggested that MCM-2 may serve as an important indicator 
to evaluate the biological behaviors of OSCC such as proliferation and invasion. Furthermore, MCM-2 may be 
used as potential therapeutic target.   
 
Conclusion: 
 From the current study, it was concluded that MCM-2 protein plays a significant role in the development 
and progression of OSCC. Moreover, a correlation exists between the expression of MCM-2 and the histological 
grade of OSCC, with higher MCM-2 expression in poorly differentiated tumors, and a positive correlation exists 
between the positive lymph node metastasis and the mean area percentage of MCM2 expression. Hence, MCM-
2 can be used as a proliferation marker, since its expression is elevated in rapidly dividing cells.  
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