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Role of ERK in oral cancer progression in Pakistani population
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Abstract
Objectives: Oral cancer is highly prevalent in Pakistan and is becoming a global health priority. 
More than 90% of oral and oropharyngeal cancers are squamous cell carcinoma. The purpose 
of this study was to assess the role of the ERK pathway in oral cancer diagnosis and progression 
in the Pakistani population.

Materials & Methods: A total of 53 samples comprising of 25 well-differentiated grade I OSCC 
and 25 samples of poorly differentiated grade III  OSCC and 03 normal healthy samples were 
included in the study. All samples were processed for RNA extraction, and Real-Time PCR fol-
lowed by  RT PCR. The data so obtained are separately recorded for each gene, and the value 
was entered in the SPSS.

Results: ERK 1/2 showed increased expression level with the proliferation of the tumour cells. 
Mean Ct values for Normal was 38.1+ 0.11 1/RFU,  Grade I 20.43 + 1.08 1/RFU, &  Grade III 
9.11 + 1.25 1/RFU. Grade III has a significantly higher level of expression as compared to the 
healthy group (with p<0.01). No significant difference could be observed in the samples of healthy 
tissue as compared to grade I.

Conclusion: This study provides valuable data regarding the expression of ERK  among the Pa-
kistani population. Genetic alterations have a significant role in the initiation and progression of 
OSCC. We can say our data demonstrate a basis for the molecular diagnosis of OSCC and this 
information can be beneficial in future. 
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Asia OSCC is ranked as the second most frequent 
cancer5. It is a cause of great concern in Pakistan 
also, and the high incidence of oral cancer is seen 
in all areas of Pakistan6.

Tobacco (betel quid, areca nut) and alcohol 
consumption are the main causes of developing 
OSCC7. Other predisposing factors include human 
papillomavirus (HPV) infection, dietary deficiencies, 
chronic trauma,  exposure to radiations and genetic 
factors8. Recent advancements in research have en-
lightened the role of oncogenes and basic knowledge 
of the mechanisms controlling head and neck cancer 
development and progression9. Multiple signalling 
pathways, tumour suppressor genes and oncogenes 

Introduction
Oral Squamous cell carcinoma is one of the most 

common malignant neoplasm representing about 
90% of all oral malignancies1,2. The incidence of 
OSCC  varies according to geographic region, being 
more common in developing countries3. According to 
the World Health Organization, it is the eighth most 
common cancer worldwide4 whereas in Southeast 
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are involved in the development of OSCC. Among 
these, the most common ones are  p53, p16, Ras and 
Epidermal Growth Factor Receptor (EGFR)10. The 
overexpression of either EGFR or Ras can play a 
vital role in carcinogenesis by deregulating multiple 
intracellular pathways10. One of the major signalling 
routes downstream of EGFR is the mitogen-activated 
protein kinase (MAPK) pathway.

The MAPK signalling pathway is composed of 
four subfamilies, which includes the extracellular 
signal-regulated kinase (ERK)1/2, the c Jun N ter-
minal kinase (JNK) and p38 MAPKs11.

Up till now, among MAPK family, the ERK1 
and ERK2 have received the most attention12. The 
ERK signalling is associated with the proliferation, 
differentiation, apoptosis, angiogenesis, invasion 
and metas¬tasis of tumour cells13. Usually, an ex-
tracellular stimulus such as binding of growth factor 
or hormone to cell surface receptors starts the ERK 
signalling pathway and causes activation of ERK 
which gets translocated in the nucleus, where ERK 
activates transcription factors that govern the cellular 
responses14.

Development of oral squamous cell carcino-
ma (OSCC) is a multistep process which involves 
several environmental carcinogens causing genetic 
mutations and chromosomal abnormalities15. In spite 
of so many advances in the field of diagnosis and 
therapeutics in the past two to third decades still, 
the morbidity and mortality rate of OSCC has not 
improved significantly.

Better prognosis and survival rate is highly de-
pendent on the stage at which a tumour is diagnosed. 
Early identification of lesion is necessary to reduce 
the morbidity and mortality associated with oral 
cancers16. Therefore, there is an urgent need to gain 
a better understanding of the molecular mechanisms 
underlying the development of OSCC for improv-
ing early diagnosis and predicting the progression 
of cancer. So that new therapeutic targets can be 
identified to inhibit unwanted cellular mechanisms. 
The present study was conducted with the aim of 
identifying molecular markers, which would be use-
ful for diagnosing oral cancer at an early stage and 
predict the extent of malignant changes in OSCC in 
Pakistani population.

Materials and Methods
The current study was conducted in Centre of 

Research of Molecular Medicine throughout three 
years. After taking ethical clearance, the collection of 
oral cancer samples were started. A total of fifty-three 
(53) samples were included in the study. Out of this 
fifty-three, twenty-five (25) were well-differentiated 
grade I OSCC, whereas another set of twenty-five 
(25) samples was of poorly differentiated grade III 
OSCC. Three samples of normal tissue were also 
included in the study. 

Patients of all ages having oral cancer either 
Grade1 or Gerade III OSCC were included in the 
study, whereas patients are having a history of ra-
diotherapy or chemotherapy were not included in the 
study.   Grade 1 samples showed hyperchromatism, 
increased mitosis, altered nucleus cytoplasmic ratio 
and other features of dysplasia. Overall they had less 
than 25% of undifferentiated cells. Whereas Grade 
III samples show features of minimal keratinization, 
abundant nuclear polymorphism, increased mitosis. 
Further cells showed lack of orientation, loss of 
polarity, loss of cohesiveness and invasion. Overall 
OSCC Grade III tissue samples had 75% or more of 
undifferentiated cells.

All samples were processed for RNA extraction 
and Real-Time PCR (RT PCR). To run the samples 
of RNA in the Multiplex RT-PCR format, specific 
Evergreen primers were designed for ERK-1 and 
ERK-2. Extracted RNA was subjected to PCR for 
generating cDNA. This cDNA was used as a template 
for multiplex RT-PCR. Quantification was done with 
primers for 45cycles, and the mean Ct (Cycle Thresh-
old) values of each group were used to draw the graph 
with standard error represented as vertical solid Bars. 
The computer data generated by Multiplex RT-PCR 
was represented by Relative Fluorescent Unit (RFU) 
as generated by CFX- Manager. The data so obtained 
are separately recorded for each gene, and the value 
was entered in the SPSS.

Results
ERK 1/2 showed increased expression level 

with the proliferation of the tumour cells. Mean Ct 
values for normal samples were 38.1+ 0.11 1/RFU,  
whereas the mean values of Grade I OSCC samples 
were 20.43 + 1.08 1/RFU. Grade III OSCC samples 
had a significantly higher level of expression as 
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Fig: 1 Expression of ERK1 in well differentiated (Grade I) 
and poorly differentiated (Grade III) Oral Squamous Cell 

Carcinoma

Fig: 2 Curve Estimation: Expression of ERK1 in well-dif-
ferentiated oral squamous cell carcinoma (Grade I) and 

poorly differentiated oral squamous cell carcinoma  
(Grade III)

Fig: 3 Expression of ERK2 in well differentiated (Grade I) 
and poorly differentiated (Grade III) Oral Squamous Cell 

Carcinoma

compared to a healthy group showing the mean value 
of &  Grade III 9.11 + 1.25 1/RFU (with p<0.01). 

The data of the genes showed progressive chang-
es in two grades of oral carcinoma: well-differentiat-
ed Grade1 and Poorly differentiated Grade III OSCC 
tissue. It is seen that both Erk-1 and Erk- 2 expression 
raised to 1- fold from normal in well-differentiated 
tissues, and the rise continued to 4--folds in poorly 
differentiated tissues.  This continues to rise between 
the two grades of oral cancer showed that ERK-1 
and ERK- 2  plays an important role in promoting 
cell proliferation.

Fig1  shows expression of ERK-1 in Normal, 
Grade I and Grade III tissues samples of OSCC as 
histograms. Presence of * on a vertical bar is showing 
the significant/non-significant or highly significant 
value taken from the Oneway ANOVA after applying 
the tukeys. Results of our study clearly show that 
there are increased expression levels of ERK1 with 
high proliferation rate which is seen more in grade 
III as compared to grade I OSCC.

Figure2 In this figure the grades are shown in 
arbitrary units on the X-axis, and reciprocal of Ct 
values are shown on Y-axis.  Curve estimation was 
plotted by taking mean Ct values of well-differen-
tiated oral squamous cell carcinoma Grade I and 
poorly differentiated oral squamous cell carcinoma 
Grade III. Dotted lines represent the inverse of Ct 
values. A straight line is the trend line which shows 
the expression of genes in different grades of OSCC.

Figure: 3 Expression of ERK2 in Normal, Grade 
I and Grade III tissues samples of OSCC is shown 
as histograms in figure 4.16. Presence of * on a ver-
tical bar is showing the significant/non-significant 
or highly significant value taken from the Oneway 
ANOVA after applying the Tukeys.

Figure: 4 In this figure the grades are shown in 
arbitrary units on the X-axis and reciprocal of Ct 
values are shown on Y-axis.  Curve estimation was 
plotted by taking mean Ct values of well-differen-
tiated oral squamous cell carcinoma Grade I and 
poorly differentiated oral squamous cell carcinoma 
Grade III.   Dotted lines represent the inverse of Ct 
values. A straight line is the trend line which shows 
the expression of genes in different grades of OSCC.

Discussion
Head and neck cancer is a  global health concern 

with an approximate diagnosis of 630,000 new pa-
tients each year resulting in more than 350,000 deaths 
annually17.  Almost  90% of head and neck cancers 
are squamous cell carcinomas arising either in the 
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mucous membranes of the mouth or oropharynx  18. 
Sometimes oral cancer develops from precancerous 
lesions or potentially malignant disorders of the oral 
cavity and hence contributing towards the high bur-
den of oral cancer19.  Both the development of oral 
precancerous lesions or cancerous lesions depends 
on genetic and epigenetic factors.

Tobacco, alcohol, diet and nutrition, viruses, 
radiation, ethnicity, oral thrush, immunosuppression, 
use of mouthwash, syphilis, dental factors, occu-
pational risks all come under epigenetic factors20.  
These risk factors may cause the initiation of genetic 
events through chromosomal alteration or mutations 
in genetic material leading towards progression and 
development of oral cancer through the propagation 
of events at both cellular and clinical levels21. Oral 
squamous cell carcinogenesis is a multistep process 
in which multiple genetic events occur that alter the 
normal functions of oncogenes and tumour suppres-
sor genes. 

EGFR is a cell surface tyrosine kinase trans-
membrane receptor.  When cell surface receptor 
binds to its specific ligand, they initiate a cascade 
of intracellular biochemical steps causing down-
stream activation of complex interacting signalling 
pathways which include the Ras/Raf/MEK/ERK 
and the Ras/PI13K/PTEN/AKT/mTOR pathways22. 
Ras/Raf/MEK/ERK cascade reaction is an important 
signalling pathway in MAPKs23.

Mitogen-activated protein kinase (MAPK) is a 
serine-threonine kinase that is activated by various 
extracellular stimuli. An extracellular signal-regulat-
ed kinase (ERK1 and ERK2), a MAPK subfamily, 

are activated by many oncogenes24.  

To understand the cross-talks between these 
pathways and the role of the Erk pathway in oral 
cancer progression in Pakistani population, we 
conducted this research project. Our study shows an 
almost 1fold increase of ERK1/2 in well-differentiat-
ed tissues which rise to 4-fold increase as the tissue 
progresses to poorly differentiated stage which is in 
line with the study of Wang. He also concluded that 
the expression of activated ERK1/2 and Ki-67  were 
significantly stronger in OSCC  than in normal oral 
mucosa and these were more with a moderately or 
poorly differentiated grade of carcinoma25.

Results of our study are also following the study 
of Inoue Kazuya in 2003 as he observed that extra-
cellular signal-regulated kinase (ERK), a MAPK 
subfamily, is activated by many oncogenes including 
Ras and Raf, which are closely associated with cell 
growth and differentiation. He concluded that ERK 
provides a good clue for assessing the progression 
or prognosis of OSCC26. The studies mentioned 
above are closely related to our findings as we also 
observed that ERK1/2 are expressed in both grades, 
but slight more expression has been noticed in poorly 
differentiated OSCC.

Genetic alterations play a vital role in the process 
of cancer development and progression. We can say 
that our data demonstrate a basis for the molecular 
diagnosis of OSCC and may be useful in innervating 
the pathways which are involved in the initiation and 
progression of tumours. This information combined 
with histopathological reports can further improve 
our understanding regarding the prognosis of oral 
squamous cell carcinoma. 

The effects of mitogen-activated protein kinases 
(MAPKs) and particularly extracellular signal-regu-
lated kinase 1/2 (ERK1/2) signalling in OSCC have 
not been thoroughly investigated. Further studies 
on larger sample size are needed to improve the 
understanding of genes and signalling pathways for 
better diagnosis and prognosis of oral squamous cell 
carcinoma.
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