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Abstract  

Oral squamous cell carcinoma (OSCC) is a major global health problem with a relatively 

low-moderate 5-year survival rate. OSCC is often preceded by lesions and conditions known 

as oral potentially malignant disorders (OPMD) that have an increased risk of malignant 
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transformation. Despite advances in diagnostic technology and cancer research, the prognosis 

of OSCC remains poor as it is frequently detected a late stage. Understanding the molecular 

pathways involved in oral carcinogenesis provides a platform to identify biomarkers that may 

allow the early detection of OSCC and accurate prediction of the malignant potential of 

OPMDs. In addition, specific molecular inhibitors can be developed to target these important 

pathways and allow advanced therapeutic management to improve the prognosis of this 

malignancy. A common feature across a number of different cancers is the dysfunction of cell 

cycle moderator proteins known as cyclin-dependent kinases. This review summarises the 

current literature regarding the role of cyclin-dependent kinases in oral carcinogenesis with a 

particular focus on cyclin-dependent kinases 4 (CDK4) and 6 (CDK6). This is of particular 

relevance as CDK4 and CDK6 inhibitors have shown some promising results in other cancer 

types, and are interesting potential treatments for OSCC.  

 

Introduction 

Oral cancer presents a significant disease burden. In 2018, there were 354,864 new cases of 

lip and oral cavity cancer globally, with 177,384 deaths.
1
 Oceania has the highest age-

standardised rate (ASR) incidence for both sexes of 7.4/100,000 per person, while the global 

ASR incidence is reportedly 4.0/100,000 per person.
2
 In Australia, the number of newly 

diagnosed lip, oral cavity and oropharyngeal cancers has increased from 1,263 to 2,037 cases 

during the period from 1982 to 2013.
3 

 

Approximately 90% of malignant tumours of the oral cavity and oropharynx are oral 

squamous cell carcinoma (OSCC), arising either de novo or developing from oral potentially 

malignant disorders (OPMDs).
4,5

 The latter is more commonly seen, with a worldwide 

prevalence of 4.47% (95% CI=2.43-7.08).
6 
Despite the improvement in knowledge pertaining 

to OSCC as well as advances in diagnostic approaches and multidisciplinary treatment, the 
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relative 5-year survival rate of OSCC remains at approximately 50%.
4 
Delayed detection and 

diagnosis has been postulated as one of the main reasons for the poor prognosis of OSCCs.
4
 

The identification of reliable biomarkers, especially those detectable in OPMDs and early 

OSCCs, may serve as a method to develop targeted molecular-based therapy for the early 

diagnosis and management of OSCCs.
7 

 

OPMDs are oral lesions and conditions that have an increased risk of malignant 

transformation to OSCC.
8 

The persistence of OPMDs have the ability to cause additional 

complexity when detecting and diagnosing OSCCs. Currently, both clinical features and 

histopathological evidence of epithelial dysplasia are used to assess the potential for 

malignant transformation of OPMDs.
7,8

 Generally, the use of these indicators combined with 

other modalities for monitoring mucosal lesions, are able to identify high-risk lesions before 

they transform into malignancy. However, due to variations and inconsistencies, the detection 

and diagnosis of OSCC can either be missed or delayed, causing issues with further 

surveillance and subsequent treatment. Therefore, a more definitive means of detection with 

the use of reliable biomarkers is paramount for the early and effective detection of OSCCs 

and OPMDs.
7 

 

The development of OSCCs can be attributed to a number of risk factors including tobacco 

use, alcohol consumption, poor or deficient diet, betel nut chewing practices, 

immunodeficiencies,
 
excessive ultraviolet radiation exposure for lip cancers and human 

papillomavirus infection specifically for oropharyngeal tumours.
9-11 

Mutation of regulatory 

tumour suppressor genes (TSGs) and proto-oncogenes is responsible for carcinogenesis due 

to their vital role in regulating the cell cycle.
5
 Proto-oncogenes encode for growth factors and 

their receptors, transcription factors, cyclins and cyclin-dependent kinases (CDKs). When 
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mutation of the proto-oncogene DNA segment leads to the aberrant proliferation of cyclins or 

CDKs, disruption in the regulation of the cell cycle occurs, contributing to the progression of 

OSCC.
12 

 

Of the CDKs, CDK4 and CDK6 in particular have been widely researched for their role in 

breast cancer.
13

 It has been found that the cyclin D1-CDK4/6 complex is dysregulated in the 

early stages of breast carcinogenesis where cyclin D1 is often found to be overexpressed.
14

 It 

has also been found that the complex is important for the maintenance and progression of 

breast cancer.
15

 In light of the therapeutic potential of CDK4 and CDK6 in breast cancer, its 

applicability to oral cancer has recently been of considerable interest. As there is currently 

only sparse evidence available in the literature about the role of CDK4 and CDK6 in oral 

cancer, further research into this area is required to drive the development of potential 

therapeutics. 

 

CDKs and oral carcinogenesis 

In the carcinogenesis process, the dysregulation of cell-cycle control is a substantial 

prerequisite.
16

 Hanahan and Weinberg stated eight features of cancers known as the 

hallmarks of cancer.
17

 Current knowledge strongly supports that CDK dysregulation is 

implicated in several hallmarks of cancer such as sustaining proliferative signalling,
18

 

resisting cell death,
16

 inducing angiogenesis,
19

 activating invasion and metastasis,
20

 and 

energy metabolism.
21
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CDKs are a family of protein kinases with multiple functions, one of which is to regulate the 

cell cycle (Figure 1).
22

 Specifically, they act as checkpoints and drivers for the smooth 

transition from one phase to the next. Two groups of CDKs have been identified - those that 

regulate progression of the cell cycle (CDK1-4, CDK6), and those that regulate gene 

transcription via RNA polymerase II (RNAPII; CDK7-9, CDK12). The function of each 

CDK is unique, yet they serve a similar overall purpose, which is to ensure that the 

progression of the cell cycle is orderly and results in normal cells. CDK activity can be 

inhibited by cyclin-dependent kinase inhibitors (CDKIs) and activated by the formation of 

protein complexes with specific cyclins which allows modulation of their functions.
23 

 

It is also worthy to remember that cyclin and CDKs work together to control the cell cycle, 

and neither CDKs nor cyclin work alone.
23

 Therefore, CDKs bind to cyclin to form a cyclin-

CDK complex where cyclin acts as a regulator, and CDKs act as a catalyst.
23

 Interestingly, in 

each stage of the cell cycle, there is a specific cyclin-CDK complex responsible for the 

regulation of the associated stage. Overall, the progression of the cell cycle is controlled by 

sequential activation and inactivation of cyclin-CDK complexes.
23 

The role of CDKs in oral carcinogenesis has attracted researcher interest for many years. 

Several studies reveal an alteration of the expression of CDKs in oral squamous cell 

carcinoma (OSCC).
24-27

 In this regard, Ansari et al. analysed the TCGA database in order to 

identify the level of dysregulation of cell cycle genes among 24 different human cancers and 

the impact of these genes on patient survival. Interestingly, head and neck squamous cell 

carcinoma was ranked among the top four cancers by means of deregulated cell cycle genes. 

Moreover, the median gene expression of all CDKs (mainly CDK4 and CDK6) was greater 

than the global gene expression, supporting a significant role of CDKs in oral 

carcinogenesis.
28
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The first group of CDKs (CDK1-4, CDK6) control progression from one stage of the cell 

cycle to the next. CDK1 binds with cyclin B1, which results in the progression from G2 to M 

phases. It also maintains pluripotency and genomic stability in stem cells. Down-regulation 

of CDK1 results in loss of pluripotency and its overexpression has been correlated with 

ovarian cancer and OSCC.
2,29-31 

CDK2 binds to cyclin E, resulting in the progression from 

late-G1 to S phases. CDK2 expression is amplified in OSCC, which enhances pRB 

phosphorylation and results in rapid and uncontrolled entry into the S phase of the cell 

cycle.
23

 CDK4 and CDK6 bind with cyclin D1 which results in the progression from G1 to S 

phases. This is mediated by the hyperphosphorylation of the CDK4/CDK6/cyclinD1 complex, 

which inactivates retinoblastoma protein (pRb) and releases the transcription factor E2F 

which permits entry into the S phase.
14

 There is evidence that both CDK4 and CDK6 are 

overexpressed in OSCC, suggesting that these enzymes may play a role in the development 

of OSCC. Overexpression of CDK4 was evident in dysplastic oral leukoplakia as well as 

OSCC, suggesting that CDK4 may be an early signal of OSCC development.
32,33

 In contrast, 

CDK6 expression was correlated with a more advanced tumour state.
32,33 

 

Interestingly, Mihara et al. revealed that CDK2 expression was significantly correlated with 

lymph node metastasis, tumour differentiation, mode of tumour invasion, and a shorter 

survival period.
34

 Likewise, Chen et al. showed that CDK1 expression was significantly 

correlated with recurrent tumours and lymph node metastasis. Therefore, CDK1 was 

considered a poor prognostic indicator among patients with OSCC.
25

 Furthermore, 

Poomsawat et al. documented that CDK4 and CDK6 were overexpressed in OSCC compared 

to normal tissue.
27

 Similarly, Ansari et al. revealed that overexpression of CDK6 is 

significantly correlated with a reduction in patient survival.
28
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The second group of CDKs (CDK7-9, CDK12) regulate gene transcription by acting on 

RNAPII. CDK7 has an important role in controlling mRNA synthesis (via pre-initiation 

complexes) and overall gene expression, thus determining cell cycle progression.
35

 It is 

involved in transcription initiation via the phosphorylation of RNAPII, which initiates an 

activation cascade of CDKs involved in transcription.
36

 An increased expression of CDK7 is 

seen in invasive human cutaneous squamous cell carcinoma cases.
36

 However, its expression 

in OSCC, specifically, has not yet been elucidated. CDK8 combines with three other proteins 

(cyclin C, Med12 and Med13) to form a “CDK8 subcomplex” that acts to negatively regulate 

transcription. This permits fine-tuning of the transcription process.
37

 CDK8 has been 

observed to be overexpressed in many types of cancers, mostly of gastrointestinal origin.
2
 Its 

over-expression is also evident in human laryngeal SCC and is related to advanced stages of 

the cancer.
38,39  

CDK9 forms a complex with cyclin T and cyclin K in order to promote 

transcription elongation by phosphorylating RNAPII.
40 

Mutations in CDK9 increases its 

production and consequently increases anti-apoptotic protein expression, leading to the onset 

of cancer.
40

 Its over-expression is mostly linked to lymphoma and chronic lymphocytic 

leukaemia.
40

 The expression patterns of CDK9 in OSCC have yet to be reported. CDK12 has 

roles in the DNA damage response as well as in cellular and developmental differentiation, 

however the exact mechanism by which CDK12 acts in the transcriptional regulation of these 

genes is not yet fully understood. Over-expression of CDK12 has been demonstrated in 

breast and ovarian carcinogenesis, but has not yet been investigated in OSCC.
41 

 

Over-expression of CDKs, in particular CDK4 and CDK6, has been shown to contribute to 

cell-cycle dysfunction in a range of cancer types. Currently, there is minimal evidence 

regarding the role of CDKs in the development and progression of OSCC, however we 

suggest that it is a promising area of investigation. 
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Expression of CDKs in OPMDs 

As the expression and role of CDKs in OSCC has been demonstrated, it is reasonable to 

assume that CDK expression plays a role in OPMD formation or development. To date, there 

are a limited number of studies that have explored the relationship between CDKs and 

OPMDs and these have primarily focussed on the expression of CDK4 and CDK6. Overall, 

the literature tends to postulate a gradual increase in CDK4 expression with increasing grades 

of dysplasia, suggesting that CDK4 is a catalyst in early oral carcinogenesis. Studies by 

Miliani de Marval et al.
42

 and Niwa et al.
43

 have demonstrated that exposure of carcinogens 

such as 4-nitroquinoline 1-oxide and 7,12-dimethybenzanthracene (DMBA) in rats and 

transgenic mice resulted in the over-expression of CDK4 in pre-malignant lesions.
42,43 

Similarly, the gradual increase in the expression of CDK4 through tissue samples ranging 

from hyperkeratosis, oral epithelial dysplasia (mild, moderate, and severe), and OSCC has 

been demonstrated by Chen et al.
44 

Furthermore, this evidence has been consolidated by a 

study conducted by Shyam et al. whereby an immunohistochemical assay was conducted in 

samples of normal tissue, OPMDs (leukoplakia samples) and OSCC and a gradual increase in 

expression of CDK4 was found with increasing grades of dysplasia.
45 

 

CDK6 tends to be expressed in established OSCC in contrast to CDK4 which is a key marker 

in the early transformation from epithelial dysplasia to OSCC. This concept was explored by 

Poomsawat et al., when they showed that CDK4 was over-expressed in oral leukoplakia with 

mild dysplasia and OSCC compared to normal mucosa.
33

 CDK6 however was only over-

expressed in OSCC, with no difference in expression between oral leukoplakia with or 

without dysplasia and normal mucosa.
33
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Overall, CDK4 seems to be over-expressed in OPMD and OSCC, but CDK6 is found in 

established OSCCs. Despite these findings, there seems to be insufficient evidence to deduce 

prognosis and clinical outcomes from the expression of CDKs in OPMDs. 

 

Significance and therapeutic potential of CDKs in OSCC and OPMD 

There is potential for CDKs to be used as molecular biomarkers to detect malignant 

transformation of OPMDs in addition to OSCCs. Several studies have elucidated the use of 

CDK4 and CDK6 in particular as potential biomarkers and targets for cancer therapy. Table 1 

illustrates the current published studies that have examined CDK4 or CDK6 expression in 

specimens of OSCCs and OPMDs. With surveillance of these biomarkers, there is an 

opportunity to track the changes that OPMDs undergo and potentially diagnose OSCCs at an 

earlier and less advanced stage, and henceforth improve patients’ chances of survival. There 

is also potential for CDKs to be used as therapeutic targets in cancer treatment.
46

 Inhibiting 

specific CDKs seems to be the key; there are pan-CDK inhibitors and newer selective CDK 

inhibitors (CDK4/6-selective drugs) that utilise specific miRNAs currently under 

investigation. At present, there are three CDK4/6 inhibitors tested in clinical trials - 

palbociclib, ribociclib and abemaciclib. The effects of these drugs have been studied 

extensively in breast cancer and display promising clinical outcomes.
13

 Interestingly, the 

efficacy and safety of the CDK4/6 inhibitor ribociclib combined with letrozole for first-line 

treatment in women with hormone receptor–positive/HER2-negative recurrent or metastatic 

breast cancer has been studied and their results were very encouraging.
47

 Further research is 

required to ascertain whether the same concept of CDK4/6 inhibitor drugs can be applied in 

OSCC patients in light of various studies showing the importance of CDK4/6 over-

expression in OSCC. 
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Conclusions 

Dysfunction in normal cell cycle processes and aberrant turnover of cells are key contributors 

to cancer development. With this notion, cell cycle moderator enzymes or CDKs have been 

investigated for their role in carcinogenesis with a particular focus on the expression levels of 

CDK4 and CDK6.  However, there is a limited amount of evidence available that 

quantitatively demonstrates expression levels of these biomarkers in OPMDs and OSCCs. 

Hence, with further research and a greater understanding of the role of CDKs in oral 

carcinogenesis, there is the possibility of using particular CDKs not only as biomarkers for 

early detection of OPMDs and OSCCs, but also as potential therapeutic targets in order to 

actively treat and control cancer progression and ultimately reduce morbidity and mortality 

rates. 
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Table 1: Studies which have examined CDK4 or CDK6 expression in OSCCs and OPMDs 

 

No.  Authors, Year Type of 

Study 

Type and Number 

of Samples 

Biomarkers Tested Methods of Detection 

of CDKs 

Results 

1 Chen et al., 

1999
44

 

Retrospective 15 OSCC 

30 OPMD 

CDK4 

p16 

Immunohistochemistry Overexpression of CDK4 in 

OSCC 

Progressive overexpression 

of CDK4 in increasing 

grades of dysplasia 

2 Koontongkaew et 

al., 2000
48

 

Retrospective 47 OSCC 

6 pharyngeal 

squamous cell 

carcinoma 

CDK4 

p53 

pRb 

cyclin D1 

Immunohistochemistry Overexpression of CDK4 

 

3 Niwa et al., 

2001
43

 

Prospective 50 rats exposed to 

carcinogens (tongue 

& oral mucosa)  

10 rats unexposed 

to carcinogens  

CDK4 

pRb 

cyclin D1 

PCNA 

Immunohistochemistry  

Western blotting  

Gradual overexpression of 

CDK4 in premalignant 

lesions 

4 Miliani de 

Marval et al., 

2004
42

 

Prospective K5-CDK4 / K5-

cyclin D1 double 

transgenic mice 

skin & papilloma 

CDK4  

cyclin D1  

Immunohistochemistry  

Western blotting 

Overexpression of CDK4 

results in progression of 

malignancy 

5 Poomsawat et al., 

2010
33

 

Retrospective 15 OSCC 

14 oral leukoplakia 

with dysplasia 

20 oral leukoplakia 

without dysplasia 

CDK4  

CDK6 

Immunohistochemistry 

 

Overexpression of CDK4 

and CDK6 in OSCC 

Overexpression of CDK4 in 

oral leukoplakia with 

dysplasia  
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12 normal mucosa  

6 Luo et al., 2012
49

 Prospective OSCC cell lines 

(CAL27, WSU-

HN6 and SCC25) 

Effects of 

Metformin with 

cyclin D1, CDK4 

and CDK6 in OSCC 

Immunohistochemistry 

Flow cytometry 

Underexpression of CDK4 

and CDK6 in cells treated 

with Metformin 

Loss of cyclin D1 

expression in cells treated 

with Metformin 

Increased apoptosis in cells 

treated with Metformin 

7 Shyam et al., 

2014
45

 

Retrospective  30 OSCC  

15 oral leukoplakia  

17 normal oral 

tissue  

CDK4 Immunohistochemistry Progressive overexpression 

of CDK4 in increasing 

grades of dysplasia 

Progressive overexpression 

of CDK4 from poorly 

differentiated to well 

differentiated OSCC 

8 Shang et al., 

2018
50

 

Prospective 21 OSCC Effects of miR-9 in 

OSCC with CDK6 

and cyclin D1 

biomarkers 

Flow cytometry Underexpression of CDK6 

and cyclin D1 
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Figure 1: Cyclin and CDK function in the cell cycle. Adapted from: Luftul et al (2016)
 22 
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