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Introduction
The most common malignant epithelial neoplasm in the oral cavity 

is the oral squamous cell carcinoma (OSCC), representing over 90% of 
malignancies of the oral cavity. The information obtained in the clinical 
and histopathological examinations is not always satisfactory for the 
diagnosis and prognosis of these lesions. Therefore, more specific 
methods are used to allow the measurement of the cellular alterations 
present in these lesions by means of cellular and tissue markers. 

Biological biomarkers are cellular, structural and biochemical 
components that can define cellular and molecular alterations in both 
normal cells and those associated with malignant transformation. They 
can be divided into intermediate markers, which measure cellular and 
molecular alterations before the onset of the malignant neoplasm, and 
diagnostic markers, which are useful in confirming the malignant 
lesion established. The biomarkers with diagnostic purposes are used 
in the clinical management of individuals with cancer, helping in the 
process of staging, type of therapy, evaluation of treatment response, 
detection of recurrence and prognosis [1]. 

Several markers have been used in order to provide additional 
information about these tumors, including the inactivation of tumor 
suppressor genes, angiogenesis, apoptosis and cell proliferation 
markers, which have long been used in the study of cancer and is the 
focused of this study. Cell proliferation is a biological process vitally 
important to all living organisms due to its role in the growth and 
maintenance of tissue homeostasis [2]. The control of this important 
process is completely dysregulated in cancer [1,3] and the assessment 
of cell proliferation activity in tumors has become a common tool 
used by histopathologists in order to provide useful information for 
diagnosis, clinical behavior, and therapy. This review aims to discuss 
the main biological markers used to assess cell proliferation activity in 
oral squamous cell carcinoma addressing the most current research.

Review of Literature
Cell cicle and cell proliferation markers

Many of the molecular alterations that cause abnormal biological 
behavior of cancer cells are based on aberrations of cell cycle regulation. 

For example, tolerance to DNA damage, apoptosis resistance, and 
progression of cells with activated oncogenesis and/or inactivated 
tumor suppressor genes through multiple checkpoints resulting in 
increased genomic instability-all affect and/or are affected by cell cycle 
regulatory proteins [4].

The cell cycle consists of a series of phases during which there are 
changes that lead to cell division. Cell regulatory genes modulate the 
cell cycle in a highly sophisticated fashion, via a number of proteins [5]. 
The transition from one phase to the next is checked at a `checkpoint’ 
before the cycle can progress. The cell cycle consists of a stationary G0 
phase which, upon receipt of appropriate cell signals, is followed by 
entry into G1, S, and G2, before mitosis (M) (Figure 1) [5].

Checkpoint genes not only control transition between phases 
of the cell cycle but also coordinate cell cycle progression with cell 
signals. When DNA is damaged, there may be arrest of the cell cycle 
which can facilitate DNA repair. G1 arrest prevents replication of 
a damaged DNA template and G2 arrest allows the segregation of 
damaged chromosomes. Checkpoint genes can modulate regulation 
of the integrity of the genome if the DNA damage is such as not to 
immediately cause cell death. The main factors regulating cell cycle 
progression include cyclins and their kinases (cyclin-dependent kinases 
(CDKs)) and inhibitory enzymes, the retinoblastoma (Rb) protein, p21, 
p27 and p53 [4,5].

The decision to activate the cascade of events leading to DNA 
synthesis and ultimately cell division occurs at the restriction point 
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(R). The sum of signals accumulated in the first two-thirds of the G1 
phase may trigger cell cycle progression, cause the cell to revert to G0 
phase (or quiescence), or lead to cellular differentiation. After passing 
the restriction point late in G1, a cell will disregard exogenous signals 
and will enter DNA synthesis. Thus, the molecular mechanisms that 
control the progression through the restriction point are of central 
importance in governing entry into the cell cycle. After DNA synthesis, 
major intracellular insults, such as genomic damage or metabolic 
disruption can halt cell cycle progression, and the cells will be arrest 
at other checkpoints in S, G2, or M phase (Figure 1) [4]. Oral cancer 
appears as a consequence of multiple molecular genetic events in 
many chromosomes and genes. The consequence of this chromosomal 
(genetic) damage is cell dysregulation with disruption in cell signaling, 
cell growth cycle, and/or mechanisms to repair cell damage or eliminate 
dysfunctional cells.

Numerous techniques have been developed to detect and quantify 
proliferating cells in various malignancies. The pioneer method was 
based on the counting of mitosis figures using a light microscope, but 
this way only cells present in the M phase could be quantified due to 
its specific feature in the hematoxylin-eosin staining [6]. Techniques 
to evaluate cells that were present in the S phase of cell cycle were 
developed later. One of them was based on the use of the tritium labeled 
thymidine (tritiated thymidine) and the other involved the use of another 
pyrimidine analogue, the bromodeoxyuridine (BrdU). The results 
obtained with both techniques were similar. However, the technique 
of BrdU had the disadvantage of requiring prior administration of the 
pyrimidine analogue in patients. In addition, these techniques were 
difficult and costly, time consuming and often requiring sophisticated 
equipment, limiting its routine use by pathologists [6,7].

Recently, other techniques have been used for the measurement 
of cell proliferation rate including flow cytometry, which analyzes the 
percentage of cells in specific phases of the cell cycle and other techniques 
with immunohistochemistry, genomics and proteomics techniques 
[7]. The proliferative activity of a tissue or a tumor is measured by 
determining the mean growth fraction and mean cycle time of cells. The 
growth fraction, i.e. the proportion of the cells committed to the cycle, 
may be easily assessed by Ki-67 or MIB-1 antibodies, which identify an 
antigen expressed in G1, S and G2 phases of cycling cells. The M-phase 
can be evaluated by counting the mitotic figures. S-phase fraction (SPF) 

can be assessed by incorporation techniques, such as the in vivo or in 
vitro incorporation with titrated thymidine (TH3) or BrdU or flow 
cytometry analysis of the DNA, or the immunohistochemical detection 
of proliferating cell nuclear antigen (PCNA), a nuclear protein involved 
in DNA synthesis. Cell cycle time can be evaluated by the potential 
doubling time, a procedure that requires in vivo intravenous BrdU 
infusion, or by the quantification of the argyrophilic proteins associated 
with the nucleolar organizer regions (AgNORs) [1,8]. Therefore, the 
cell proliferation markers can be grouped into three main categories: 
(a) growth fraction markers, such as Ki67, (b) cycle-specific markers 
(e.g., PCNA), and (c) cell cycle time markers (e.g., AgNOR), strictly 
related to the rapidity of cell proliferation [8]. Some of markers of cell 
proliferation in oral cancer are discussed below.

Cell proliferation markers in oscc

Cell cycle time markers

•	 AgNORs: The nucleolar organizer regions (NORs) are 
the regions of chromatin corresponding to the secondary 
constrictions of chromosomes responsible for transcription of 
ribosomal RNA (rRNA). They are intimately associated with the 
nucleolus, which plays an important role in cell proliferation 
controlling and protein synthesis [9].

The NORs are argyrophilic regions and can be viewed on the silver 
staining, and so are named argyrophilic proteins associated with NORs 
(AgNORs), i.e., a group of nucleolar proteins with high affinity for silver 
and that are easily identified as black dots located exclusively in whole 
nucleolar area [10]. The expression of AgNORs is strictly related to the 
doubling time and cell rapidity, and studies in different tumors revealed 
that malignant cells often present higher amounts when compared to 
non-malignant cells [11].

Moreover, when evaluated in the invasive front of oral carcinomas, 
the AgNOR were highly correlated with poor prognosis when 
compared with the evaluation to the fullest extent of the tumor [8,12]. 
According to Piffkò et al. [12], the rapidity of cell proliferation evaluated 
by AgNOR quantification is probably the kinetic parameter which 
correlates better with the outcome of OSCC. This finding suggests the 
use of an aggressive surgical approach for those patients with a high 
AgNOR quantity. Recently, Lopez-Blanc et al. [13] state that variations 
in AgNOR epithelial could serve as practical biomarker to assess 
changes in the risk of cancer in the oral mucosa. 

Growth fraction markers

•	 Ki-67: The monoclonal antibody Ki-67 was first identified at 
the University of Kiel, Germany, and obtained through the 
67th tissue culture plate [3]. The Ki-67 is a nuclear non-histone 
protein, with unknown chemical structure and molecular 
weight ranging from 345 to 395 kDa. It is encoded by a gene 
located on chromosome 10q25, containing phosphorylation 
sites for a variety of kinases [3,14,15], playing roles in cell 
cycle regulation, synthesis of ribosomes and also being related 
to survival, malignancy and prognosis of various neoplasms, 
including OSCC. The expression of Ki-67 occurs during all 
phases of the cell cycle except in the G0 phase and in the early 
G1 phase, and it increases as cell proliferation progresses, 
especially in the S phase, with peaks in G2 and M phases, being 
degraded rapidly after mitosis [15].

In the study of growth fraction in human tumors, the application 
of Ki-67 is an easy and useful method because it can provide useful Figure 1:
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information for the prognosis of the lesions. In OSCC, the increased 
rate of Ki-67 has been correlated with poor survival, high degree of 
malignancy and histological grading in the invasive front (Table 1) [15-
22]. 

Cycle-specific markers

•	 PCNA: PCNA is a ring shaped trimeric complex with essential 
roles in DNA synthesis associated with both DNA replication 
and repair. PCNA forms a sliding platform required for 
the processivity of DNA polymerases δ and ε during DNA 
replication [23]. Due to its mobility inside nuclei, PCNA is 
dynamically presented in a soluble or chromatin-associated 
form. The heterogeneity and specific modifications of PCNA 
may reflect its multiple functions and the presence of many 
binding partners in the cell [24]. PCNA interacts with proteins 
involved in the cell cycle regulation and controls checkpoints, 
functioning as an essential component in the machinery of 
DNA replication [23,25]. Studies have shown that PCNA 
helps DNA polymerase-δ by removing nucleotides, forming a 
quaternary complex with the p21 protein, cyclin D and CDK 
[24]. Therefore, the expression of this antigen is not only related 
to cell proliferation, but also with different functions such as 
in nucleic acid metabolism, DNA repair, chromatin assembly 
and RNA transcription [23,25]. The results of major studies on 
OSCC can be found in Table 1 [17,19,22].

Cyclins 
The cyclins together with cyclin-dependent kinases (CDKs) are 

proteins responsible for the orderly progression of cells through the 
cell cycle. Changes in the genes encoding these proteins as well as 
changes in the expression of these proteins are found in the process 
of carcinogenesis. Overexpression of this protein leads to uncontrolled 
cell proliferation and tumor development [26]. 

The cyclins can be subdivided into G1 cyclins, which regulate the 

passage of cells in the G1 phase to the S phase (cyclins C, D1-D3, E) 
and mitotic cyclins that facilitate the passage of the cells during mitosis 
(cyclins A and B) [27]. Cyclins are synthesized during specific phases 
of the cell cycle. Each type will appear in sequence and its function is to 
activate the CDKs that are in inactive form. The first cyclin to increase 
in the cell cycle is cyclin D. It arises in the mid G1 phase and is no 
longer detected at the S stage. During the G1 phase it activates CDK4 
and this complex has a vital role in the cell cycle, as it phosphorylates 
the retinoblastoma protein (Rb), promoting cell replication, after E2F 
is released. The E2F stimulates the transcription of cyclin E, which 
binds to CDK2 in the S phase, stimulating the synthesis of DNA [28]. 
The transition from G2 to M is initiated by the transcription of cyclin 
A, which forms a complex with CDK2 and regulates the events of the 
mitotic prophase. The carcinogenic process involves the acquisition of 
mutations that culminate with the abnormal expression of proteins, 
many of them involved in cell cycle control [29]. 

The strongest connection of oncogenesis with the cyclins comes 
from the study of cyclin D1, one of the most important regulators of 
the cell cycle. The expression of cyclin D1 in the G1 phase of the cell 
cycle appears to be dependent on the activation of ERK 1 and 2.The 
ERK is a MAP kinase. The family of MAP kinases includes ERK 1, 2, 
JNK and p38. The MAP kinases are activated by various extracellular 
stimuli and they transfer extracellular signals from the cytoplasm to 
the nucleus. The MAP kinases constitute one of the signal transduction 
pathways that culminate in the activation of transcription factors. These 
transcription factors generated by different signaling pathways act 
coordinately in regulating the expression of genes that encode proteins 
that control, for example, the cell cycle. The sustained activation of this 
pathway has been associated with activation of cyclin D1 and cell cycle 
progression [21].

Overexpression of cyclin D1 has been correlated with a shorter 
G1 phase, reduced dependence on growth factors and abnormal cell 
proliferation. This abnormal cell growth may favor the occurrence of 
other genetic alterations required for tumorigenesis. This overexpression 

References Markers Main findings

Esposito et al. 
(17) Ki67 and PCNA There was no correlation of Ki67 and PCNA with TNM staging, nor with the degree of malignancy.

Bettendorf, 
Herrmann (16) Ki67 No correlation could be established between the Ki-67 immunostaining and histological and clinical parameters. Highly significant 

inverse correlation was found between the Ki-67, the stroma/tumour proportion and the degree of keratinization.
Tumuluri et 
al. (3) Ki-67 Well-differentiated tumors having the lowest mean Ki-67 immunostaining.

Kurokawa et 
al. (14) Ki-67 and p53 Overexpression of Ki-67 and p53 at the deep tumor invasive front of OSCC is associated with histologic grade of malignancy.

Myong et al. 
(19) PCNA and Ki67 Immunostaining increased in tumors with cervical lymph node metastasis. Ki-67 and clinical stage as independent prognostic factor 

in evaluating survival in patients with OSCC.

Kim et al. (18) Ki67 The higher immunoexpression of Ki-67 was associated with a worse survival rate, suggesting that may be useful in predicting the 
prognosis of OSCC.

Watanabe et al. 
(22)

Ki-67, PCNA and 
Cyclin B1

The expression of Ki-67 and cyclin B1 were significantly stronger in OSCC than normal oral mucosa. The levels of Ki-67 were higher 
in floor of the mouth. Cyclin B1 showed a positive correlation with histological grade. PCNA was higher in the normal oral mucosa 
than in the OSCC.

Angadi et al. 
(26) Cyclin D1 Overexpression of cyclin D1 in OSCC. High immunostaining was associated with a histological grade of malignancy. 

Thomson et al. 
(29) Cyclin A High immunostaining was associated with a worse clinical outcome suggests a role for cyclin A as a predictive tool in the clinical 

behavior of the OSCC.

Wang et al. (21) Cyclin D1, 
ERK1/2 e Ki67

The expression of Ki67, ERK1/2 and cyclin D1 was significantly stronger in OSCC than in normal oral mucosa. Positive correlations 
were observed between ERK1/2 and cyclin D1, and between ERK1/2 and Ki67, indicating that the MAP kinase pathway is involved 
in the OSCC.

Mishra et al. 
(28) Cyclin D1 Percentage of immunopositivity and intensity of labeling for cyclin D1 was significantly higher in poorly differentiated compared to 

well differentiated OSCC, suggesting an association between expression of cyclin D1 with the severity of dysplasia and carcinomas.

Table 1 Cell proliferative activity in oral squamous cell carcinoma.
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has been correlated with other proliferation markers (Ki67, PCNA) and 
associated with various tumors such as breast, liver, colon, esophagus 
and lung. This aberrant expression has also been associated with a 
poor survival, poor prognosis, with smoking cigarettes habit, the more 
advanced clinical stages and a higher risk of metastasis and recurrence 
in oral squamous cell carcinoma [26, 29].

New cell proliferation markers

Mcm and geminin: Minichromosome maintenance proteins 
(MCM) are proteins that regulate the cell cycle. MCM promotes 
the initiation of DNA synthesis and geminin helps regulate cellular 
differentiation and proliferation. Both have been used as effective 
markers for early detection of cancer, especially in samples with 
suspected malignant epithelial tumor [30].

MCM proteins (2 to 7) are required for DNA replication and 
initiation of the cell cycle [30]. Their ability to be expressed during all 
phases of the cell cycle gives these proteins the capacity to identify cells 
capable of proliferation. MCMs are expressed in abundance in all phases 
of the cell cycle but they are degraded in cells that have exited the cell 
cycle, such as quiescent, senescent or differentiated cells [28]. MCM-5 
and MCM-2 have been proposed as potential prognostic markers in 
dysplastic lesions and cancer [1,11]. 

The geminin is present from the transition from G1 to the S phase 
until the onset of the M phase of the cell cycle. It regulates the initiation 
of the cell cycle by preventing a re-replication [20,30]. Therefore, the 
geminin labelling index identifies the number of actively proliferating 
cells that have progressed past G1 phase but have not exited mitosis [28]. 
The geminin overexpression has been correlated with poor prognosis in 
breast, kidney and colorectal cancers [20].

Tamura et al. [20] found correlation between MCM-7 and 
histological grade in OSCC, where increased immunostaining was 
observed in the poorly differentiated type. The survival rate was 
significantly lower in patients with a high labeling index for MCM-7 
than in less. However, in OSCC the survival rate for patients with high 
immunostaining for geminin was significantly higher than in those 
with less immunostaining.

Szelachowska et al. [34] evaluated the immunoexpression of MCM-
2 protein and Ki67 in OSCC and compared their prognostic value 
suggesting that the expression of MCM-2 protein can be used not only 
to estimate the proliferative index, but also as a prognostic factor for the 
survival of patients with OSCC. A correlation between the expression 
of MCM-2 and Ki-67 was significant. No significant correlation could 
be detected between the proportion of cells with MCM-2 and Ki-67 
expressions and the remaining clinicopathological factors studied.

Gueiros et al. [35] evaluated the clinicopathological features 
and immunohistochemical expression of proliferation markers in 
oral tongue squamous cell carcinomas (OTSCC). Elevated MCM-
2 immunoexpression was related to nodal recurrence and advanced 
disease stage, Ki-67 with distant metastasis and geminin was related 
to perineural invasion, failed to show any significant association with 
clinical features, favoring one possible poor prognosis. 

The combined use of these two new biomarkers with the Ki-67 may 
provide important information about the rates of proliferation [36]. 
Torres-Rendon et al. [30] still believe that the MCM-2 is a proliferation 
marker superior to Ki67 due to its ability to identify cells that have not 
entered the cell cycle, but have the ability to divide. The relationship 
geminin/Ki-67 can potentially evaluate the relative length of the G1 

phase. Another suggested prognostic parameter is the ratio MCM-2/
Ki-67 [37] which can estimate the proportion of cells able to proliferate 
(early G1).

Conclusion
The squamous cell carcinoma remains one of the major malignancies 

of the oral cavity. The study of cell proliferation is paramount for 
the assessment of tumor behavior, and the studies described above 
demonstrate that this parameter has been continually linked with the 
assessment of prognosis, patient survival and also with tumor staging. 
Proliferation markers provide important information when predicting 
the prognosis of patients with OSCC, so histopathological grading 
systems together with proliferation marker expression may be useful 
tools for evaluating the biological behavior of OSCC. Despite the 
advances in diagnosis and cancer therapy, understanding the functions 
of these biomarkers provides important tools in formulating an 
adequate treatment plan for oral squamous cell carcinoma. 
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