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Abstract 

Proliferative activity and differentiation of tumor’s cells is an essential parameter that 

determine the course and the prognosis of the disease. The aim of this study was to 

investigate the immunoexpression patterns for Ki-67, MCM3 and p27 in oral squamous 

cell carcinoma (OSCC) as well as to address the correlation with patient’s survival and 

clinicopathological features. Fifty-one patients were enrolled. The clinical (tumor size, 

tumor staging, lymph nodal involvement and survival) and pathological characteristics 

(differentiation grade) of the patients were recorded. The expression of Ki-67, MCM3 

and p27 was evaluated with immunohistochemical methods using paraffin blocks. The 

mean-age of patients was 63.89 year. The association was examined for statistical 

significance using chi-square test. Overall survival rates were estimated by the Kaplan-

Meier method and compared using a log rank test (P > 0.05). The results indicated a 

statistically immunostaining significance for the expression of Ki-67 and survival rate 

(p = 0,00882). From these results, the present study suggest that high Ki-67 expression 

found in OSCC patients may contribute to tumor growth and survival rate.  
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Introduction: 

Oral Squamous Cell Carcinoma (OSCC) represents 95% of all malign neoplasms that 

occur in the oral cavity [1,2]. It is an aggressive neoplasm with unpredictable biological 

behavior and unfavorable prognosis [3]. Actually, the decisions about therapeutic 

modalities used in OSCC are based on clinical features, including the tumor size (T), 

involvement of lymph nodes (N) and presence of distant metastasis (M), named TNM 

staging system [4, 43]. Although useful, these criteria do not explain why lesions 

diagnosed in early stage present a poor prognosis. In this sense, the identification of 

molecular markers associated to the tumor staging, lymph nodal metastasis, as well as 

the prognosis, may be useful tool to identify the lesion’s aggressiveness, especially 

those one in initial stage, as soon as in registering efficient chemotherapy that acts in the 

signalizing via that these proteins act [5].  Ki-67 is expressed in proliferative cells, but 

quickly disappears when the cell enters in a rest state. This characteristic has stimulated 

the use of Ki-67 to demonstrate a fraction of cells that is proliferating at a given malign 

neoplasm [6, 7]. The protein p27 is a suppressor tumor and mediates the formation 

CDK2-Cyclin, inhibiting the entrance on S cellular cycle stage [8, 9]. Other protein 

group that has been recently investigated is the Mini-chromosome Maintenance Proteins 

(MCM). These proteins are evolved in the early stages of the eukaryotic genome 

replication and is believed to serve as normal replication machinery component [10].  

All the six members of MCM family, MCM2 to MCM7, form an important complex 

and its regulation is essential to DNA replication [11, 12]. It has been recently 

demonstrated that the entry in the quiescent state by the cell causes a rapid 

disappearance of the Ki-67 protein, subsequently followed by the disappearance of 

MCM3 expression and an increase in p27 protein expression [13]. This information 

indicates that the assessment of these proteins can be a useful tool to establish which 
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cells are proliferating, at resting stage or differentiating. The aim of this study is to 

evaluate the association of two proliferation markers – ki-67 and MCM3 – and one of 

differentiation – p27 – associated with clinical ( age, gender, smoking, alcoholism, 

primary tumor site, tumor size, lymph node metastasis and disease stage), histological 

(high-differentiated, moderately-differentiated and poorly-differentiated) and survival 

criteria.  

 

Materials and methods 

Specimens and inclusion criteria 

A total of 51 paraffin-embedded biopsy specimens of OSCC from 33 (64.7%) males 

and 18 (35.3%) females for Ki-67; 27 (52.95%) males and 24 (47.05%) females for 

MCM3; 34 (66.66%) males and 17 (33.33%) females for p27 were selected in the 

period between 1996 and 2014 from the Service of Oral Pathology of the University 

Hospital João de Barros Barreto (Pará, Brazil). Samples were selected from patients 

(with a diagnosis confirmed by histopathology) who had primary tumours of the oral 

cavity with surgery as the only treatment modality. For analysis of the histologic grade 

were used 79 samples of tissue squamous cell carcinoma. The required data were 

obtained from patient records, summarized on standardized forms and stored in a 

database. The ethical committee of the University Hospital João de Barros Barreto 

approved this work under approval number 51641/12. 

 

Immunohistochemistry 

Three micrometer mounted sections fixed in 4% formalin were dewaxed with xylene 

and dehydrated in different ethanol gradients. The slides were immersed in 10 mM 

EDTA (pH 8.0) for 15 min in a microwave oven. Peroxidase activity was blocked with 
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6% hydrogen peroxide and methanol solution in two baths (15 min each) at room 

temperature. Endogenous peroxidase quenching was performed by a 6% hydrogen 

peroxide and methanol solution (v/v) in two baths (15 min each). After washing in Tris 

buffer (pH 7.4), slides were incubated with the primary antibodies for anti-ki67 (1:150, 

Dako, Clone MIB-1, Carpinteria, CA, USA), MCM3 (1:100, Dako, Clone 101, 

Carpinteria, CA, USA), and anti-p27 (1:200, Dako, clone SX53G8, Carpinteria, CA, 

USA) for 18h at 4°C. The slides were subsequently exposed to the avidin–biotin 

complex (LSAB-Kit + HRP; Dako Cytomation) and to the 3,3′-diaminobenzidine 

chromogen (DAB+; Dako Cytomation).  

Sections were counterstained with Mayer’s haematoxylin, dehydrated in ethanol, 

cleared in xylene and mounted. Breast cancer tissues were used as positive control for 

all antibodies. The negative control was obtained by omitting the primary specific 

antibody during the reaction. The reaction results were considered positive when brown-

stained cells were observed, characterizing the presence of DAB in the 

immunohistochemistry reaction. The sections that underwent immunohistochemical 

reactions were analyzed by a quantitative system of points to reduce possible distortions 

related to the heterogeneity of samples. The scoring system was previously published in 

the literature [14]. The analysis was based on intensity and distribution of staining. The 

distribution of stained cells was analysed as follows: 0 (0%), 1 (1% to 50%), and 2 

(51% to 100%). The intensity of staining was rated as follows: 0 (no staining), 1 (mild 

staining), 2 (moderate staining), and 3 (strong staining). The immunostaining for all 

used antibodies was considered positive when cells from any tumor mass layer were 

observed. In addition, the immunolabelling was considered specific when the 

immunoreactivity was mostly restricted to the nuclear region. Two independent 

pathologists blind to the experimental groups evaluated the immunolabelled sections. In 
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the event of disagreement, the two pathologists observed the sections to achieve a 

consensus. 

Statistical analysis 

Data were analyzed using the Statistical Package for Social Sciences software for 

Windows, version 18.0 (SPSS Inc, Chicago, IL, USA). Associations between Ki-67, 

MCM3 and p27 expression and clinicopathological parameters were examined for 

statistical significance using a chi-square test. Overall survival rates were estimated by 

the Kaplan–Meier method and compared using a log rank test. A P value of <0.05 was 

considered significant. 

Evaluation of histological grade and clinicopathological features 

The histological assessment followed the parameters of the World Health Organization 

[44] and was carried out by two pathologists without prior knowledge of the clinical 

data of the patients. The relationships between ki67, MCM3 and p27 protein and 

clinicopathological features, including age, gender, tabagism, alcohol intake, primary 

tumor site, tumor size, lymph node metastasis, disease stage were assessed in 51 

samples and histological grade were assessed in 79 samples. 

 

Results  

The required data were obtained from patient records, summarized on standardized 

forms and stored in a database. The mean patient age was 63.89 (range, 36-95) years. 

The mean follow-up of the patients was 39.5 months (range, 36-43). In our study, there 

were no cases with distant metastasis.  The patients’ clinicopathological features are 

summarized in table 1 for Ki-67, table 2 for MCM3 and table 3 for p27. The chi-square 

test showed no statistical difference between Ki-67, MCM3 and p27 immunolabelling 

and other clinicopathological features, as age, gender, smoking, alcoholism, primary 
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tumor site, tumor size, lymph node metastasis, disease stage and histological grading. 

The Kaplain-Meier test analyzed the general survival for Ki-67, MCM3 and p27. 

Ki-67 expression is related with overall survival 

Immunohistochemical staining for Ki67 is widely used as a surrogate for proliferation 

in tumor samples, being an important tool to analyze its association with prognosis. The 

results showed positive immunostaining for Ki-67 in 40/51 (78,43%) (Fig.1a) and 

negative immunolabelling for Ki-67 in 11/51 (21.57%) samples. Patients that expressed 

Ki-67, later one month of follow-up have 96%  of probability of survival and after 36 

months of follow-up is 26,83% (Fig.2a). The overall survival for Ki-67 indicates that a 

patient with positive expression is lower than a patient with negative (log-rank test, p = 

0,00882) (Fig.3). It was confirmed by hazard Cox that a patient with positivity for Ki-67 

has five times more risk of death than a patient with negative Ki-67 immunoreactivity. 

The relationships between ki67 and clinicopathological features demonstrated any 

significance, including age, gender, smoking, alcoholism, primary tumor site and 

histological grade.  

MCM3 is not related with overall survival or clinicopathological features 

Recent studies have proposed that MCM7 may be sensitive proliferative and prognostic 

markers of various malignant tumors. Our results showed positive immunostaining for 

MCM3 in 44/51 (86,27%) (Fig. 1b) and negative immunolabelling for MCM3 in 7/51 

(13,73%) samples. For MCM3, the general survival rate later one month of follow-up is 

92,10%, but presented 12,30% later 43 months of follow-up (Fig. 2b). The relationships 

between MCM3 and clinicopathological features, including age, gender, smoking, 

alcoholism, primary tumor site and histological grade had no significant data.  

P27 is not related with overall survival or clinicopathological features 
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Studies to evaluate expression of cell-cycle regulatory proteins p27 have been showing 

diagnostic or prognostic value. We have had positivity for p27 in 39/51 (76,47%) 

(Fig.1c) and negative immunolabelling for p27 in 11/51 (21.57%) samples. In addition, 

p27 showed later one month of follow-up is 90,09%, and later 36 months of follow up is 

24,50% (Fig. 2c). The relationships between p27 and clinicopathological features, 

including age, gender, smoking, alcoholism, primary tumor site and histological grade 

presented no significance on the analysis. 

The tumor size, lymph nodal involvement and tumor staging are related with survival 

rates 

Clinicopathological characteristic as tumor size, lymph node involvement and tumor 

staging have been related as symptoms of poor prognosis for OSCC.  In our study, the 

Kaplain-Meier curve indicates that the survival rate of a patient with OSCC size T3 or 

T4 is significantly lower than a patient with size T1 or T2 (log-rank test, samples Ki67 

p= 0.000029;  samples MCM3 p= 0.0063; samples P27 p= 0.00055) (Fig.4). In samples 

of p27, the Kaplain-Meier curve indicates that the survival rate of a patient with OSCC 

lymph nodal disease N2 or N3 is significantly lower than a patient with N0 or N1 (p = 

0,0429) (Fig. 5). The survival rate for a patient with disease staging III or IV is lower 

than a patient with staging I or II (log-rank test, samples Ki67 p= 0.00101; samples 

MCM3 p= 0.00831; samples P27 p= 0.000209) (Fig. 6).   

 

Discussion 

OSCC is the most frequent cancer that presents lymph nodes involvement and distant 

metastatic potential [15]. Although a better understand of cancer progression have been 

made in the last few years, the prognosis of OSCC is still presented with less than 50% 

of patients free of disease in 5 years [16, 40]. Based on it, the immunohistochemical 
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reaction represents a useful technique to evaluate the aggressiveness of several human 

malignancies when associated to clinical and histopathological aspects [17].  

In this study we explored the immunoreactivity pattern for three important markers of 

proliferations and differentiation (Ki-67, MCM3 and p27) in OSCC samples and their 

relation with clinicopathological features and survival rates. The overall survival for 

positive Ki-67 expression is lower than a patient with negative immunoreactivity. 

Nonetheless, tumor size T3 and T4 decreases the survival when related to T1 and T2, as 

well as, the survival rate of patients with lymph node metastasis N2 and N3 is 

significantly lower than in patients with N0 or N1. Additionally, the survival rate for a 

patient with disease staging III or IV is lower than a patient with staging I or II.  

In our previous study [18], we investigated the expression of Ki-67, MCM3 and p27 in 

oral leukoplakia and OSCC samples, which was noted that mutual antagonism between 

the circuits that control cell proliferation and cell differentiation, once the expression of 

p27 was lower in cases ki67 and MCM3 were high. When they related the 

immunostaining of p27 and MCM3 in all samples, they observed a strong correlation, 

which did not happen with the correlation between p27 and Ki-67. They related that this 

difference may be attributed to the fact that MCM3, besides being expressed in 

proliferating epithelial cells, perhaps, immunostained cells that were ready to enter the 

cell cycle. Based on it, we started to explore the relation of these proteins in OSCC 

associated to clinocopathological features and survival rates.  

We found that the relation of Ki-67 expression indicates that the patient tended to have 

an overall survival lower than a patient with negative immunostaining, presenting 5 

times more risk of death than a patient with negative Ki-67 immunoreactivity, while the 

expression for MCM3 showed no significant data. Some studies have commonly 

recognized that proliferation-associated antigen Ki67 was one of the best known 
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predictors for survival in patients with malignant diseases [19, 20], such as in lung 

cancer [21], breast cancer [22] and prostate cancer [23]. Because of its high sensitivity 

and marking specificity to cell proliferation in neoplastic tissues, it has been used to 

evaluate the neoplasm’s aggressiveness [16].  

Actually, one of the most innovative proteins used as proliferative markers is the MCM 

family (MCM2 to MCM7), more specifically MCM3. Some studies have evaluated the 

expression of the protein and its relation with poor prognosis in malignant melanoma 

[41], astrocytoma [24] and medulloblastoma [25]. All the six types of this family 

protein are plentiful in the cellular cycle, but its expression rapidly decline during the 

quiescence and cellular differentiation, which makes them specific proteins that may be 

used in the cellular cycle. The antibodies MCM proteins detect more proliferative cell 

than other proliferation markers, such as Ki-67 and the Proliferating Cell Nuclear 

Antigen (PCNA) [26]. Although it has been related that MCM3 is a better proliferative 

marker than Ki-67 [18, 42], our results showed none relation between MCM3 

immunoreactivity and clinicopathological rates or survival.  To the best of our 

knowledge, it has never been described in the literature a study that verify the survival 

degree and immunostaining related to MCM3 in OSCC.  

P27 is a cell cycle regulator that was identified as a CDK inhibitor of the cyclin 

E/CDK2 complex [27]. It mediates cell cycle arrest by impairing the ability of cyclin E 

to promote G1-S transition. This function is regulated primarily by the amount of 

nuclear p27 [28]. P27 degradation via ubiquitination causes cyclin E activity and cell 

cycle progression [9]. Deletions, methylations and protolithic aberrations may generate 

a lower P27 expression [29]. 

p27 expression has been described as an important predictor associated with poor 

prognosis of patients [27, 30], such as in laryngeal squamous cell carcinomas [31],  
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OSCC and oropharynx [32] . In our study we have not found any prognostic 

significance in OSCC associated with p27. Perisanidis et al. [33] assessed the 

association between clinicopathological variables including the survival of the patients 

and the expression of biomarkers and observed any relationship between 

clinicopathological features and survival, what is in accordance to our results. The only 

significant data was the relation of p27 expression with an increase of the risk of lymph 

nodal involvement [34, 35].  

Additionally, we showed the clinicopathological features associated to patient’s 

survival. The overall survival rate of a patient with OSCC size T3 or T4 is lower than a 

patient with size T1 or T2 [36, 37, 38]. Aditionally, the overall survival demonstrated 

that a patient with tumor staging III or IV is lower than a patient with staging I or II 

[39].   

Thus, in our work, Ki-67 expression was related with a decrease in the survival rate. As 

well as, the poor prognosis was related with the tumor size. It was observed a decrease 

in the survival rate for samples of p27 and lymph node metastasis. In addition, for Ki-

67, MCM3 and p27 showed a decrease of survival when tumor size and disease stage 

were analyzed. In conclusion, differentiation studied the major factor in the prognosis 

was index proliferation by Ki-67 expression and  size tumor. We suggest studies with 

more than 5-years of follow up to evaluates the behavior of the proteins. 
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Figure Legends 

Fig. 1 Immunostaining in oral squamous cell carcinoma. a samples of Ki67. b samples 

of MCM3. c samples of P27 (40x magnification).  
 
Fig. 2 Kaplan-Meier curve showing the proportion of patients according to overall 

survival. a samples of Ki67. b samples of MCM3. c samples of P27. 

 

Fig. 3 Kaplan-Meier curve showing difference between Ki67 expression -positive and -

negative patients, p=0.0082. 

 

Fig. 4 There was significant difference in survival associated and tumour size (T -

status). a samples of Ki67 (p= 0.000029). b samples of MCM3 (p= 0.0063). c samples 

of P27 (p= 0.00055). 

 

Fig. 5 There was significant difference in survival associated and lymph node 

metastasis (N –status) for samples of P27, p=0.0429. 

 

Fig. 6 There was significant difference in survival associated and tumor stage. a 

samples of Ki67 (p= 0.00101). b samples of MCM3 (p= 0.00831). c samples of P27 (p= 

0.000209). 
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Tables and figures 

 

Table 1 Association between Ki67 immunostaining and clinicopathological variables 

Clinicopathological 
characteristic 

Ki67  p-valueᵃ 
Negative (%) Positive (%) 

N =51 11 21,57 40 78,43   

Age 
<= 40 years 1 1,96 2 3,92 0,610 
> 40 years 10 19,61 38 74,51 
Gender 
Female 3 5,88 15 29,41 0,530 
Male 8 15,69 25 49,02 
Smoker 
No 4 7,84 15 29,41 0,945 
Yes 7 13,73 25 49,02 
Alcohol intake 
No 6 11,76 19 37,25 0,679 
Yes 5 9,80 21 41,19 
Primary site    
Tongue/Floor of the mouth 7 13,73 16 31,37 0,163 
Others 4 7,84 24 47,06 
Size tumor (T) 
1 or 2 7 13,73 19 37,25 0,343 
3 or 4 4 7,84 21 41,18 
Lymph node metastasis (N) 
0 or 1 11 21,57 32 62,75 0,106 
2 or 3 0 0,00 8 15,68 
Stage 
I or II 7 13,73 16 31,37 0,163 

 III or IV 4 7,84 24 47,06 
Histological Gradingᵇ 
Well differentiated 2 15,38 11 16,67 

 

Moderately differentiated 6 46,16 29 43,94 0,987 
Poorly differentiated 5 38,46 26 39,39  

a Chi-square test; ᵇ n = 79  
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Table 2 Association between MCM3 immunostaining and clinicopathological variables 

Clinicopathological 
characteristic 

 
MCM3  p-valueᵃ 

 Negative (%) Positive (%) 
N =51 7 13,73 44 86,27   

Age 
<= 40 years 0 0,00 3 5,88 0,476 
> 40 years 7 13,73 41 80,39 
Gender       
Female 3 5,88 21 41,18 0,811 
Male 4 7,84 23 45,10 
Smoker 
No 1 1,96 16 31,37 0,250 
Yes 6 11,76 28 54,91 
Alcohol intake       
No 2 3,92 26 50,99 0,132 
Yes 5 9,80 18 35,29 
Primary site    
Tongue/Floor of the mouth 4 7,84 20 39,22 0,565 
Others 3 5,88 24 47,06 
Size tumor (T)       
1 or 2 3 5,88 23 45,10 0,643 
3 or 4 4 7,84 21 41,18 
Lymph node metastasis (N) 
0 or 1 5 9,80 36 70,59 0,520 
2 or 3 2 3,92 8 15,69 
Stage         
I or II 3 5,88 21 41,18 0,811 
III or IV 4 7,84 23 45,10 
Histological Gradingᵇ 
Well differentiated 1 12,50 14 19,72  

Moderately differentiated 4 50,00 25 35,21 0,698 
Poorly differentiated 3 37,50 32 45,07  

a Chi-square test; ᵇ n = 79 
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Table 3 Association betweenP27 immunostaining and clinicopathological variables 

Clinicopathological 
characteristic P27   p-valueᵃ 

 Negative (%) Positive (%) 

N =51 12 23,53 39 76,47   
Age 
<= 40 years 0 0,00 2 3,92 0,424 
> 40 years 12 23,53 37 72,55 
Gender       
Female 3 5,88 14 27,45 0,484 
Male 9 17,65 25 49,02 
Smoker 
No 4 7,84 10 19,61 0,602 
Yes 8 15,69 29 56,86 
Alcohol intake       
No 6 11,76 14 27,45 0,382 
Yes 6 11,76 25 49,03 
Primary site    
Tongue/Floor of the mouth 5 9,80 17 33,33 0,906 
Others 7 13,73 22 43,14 
Size tumor (T)       
1 or 2 7 13,73 16 31,37 0,292 
3 or 4 5 9,80 23 45,10 
Lymph node metastasis (N) 
0 or 1 9 17,65 34 66,67 0,310 
2 or 3 3 5,88 5 9,80 
Stage         
I or II 5 9,80 15 29,41 0,842 III or IV 7 13,73 24 47,06 
Histological Gradingᵇ 
Well differentiated 3 14,29 12 20,69  
Moderately differentiated 12 57,14 25 43,10 0,537 
Poorly differentiated 6 28,57 21 36,21  

a Chi-square test; ᵇ n = 79 
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Fig.1   

 

 

 

 

Fig. 2 
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Fig. 3 

 

 

 

Fig. 4  
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Fig. 5  

 

 

 

Fig. 6  

 


