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IntRoductIon

 Lesions like leukoplakia, erythroplakia, oral erosive 
lichen planus and oral submucous fibrosis are common 
oral premalignant lesions and conditions.1 Oral squa-
mous cell carcinoma is a tumor of squamous epithelium 
of the oral cavity.2 Oral squamous cell carcinoma (OSCC) 
may arise from premalignant lesions of the oral cavity 
or may develop denovo.3 Oral Erosive lichen planus 
(OLP) is a T-cell- mediated chronic inflammatory oral 
mucosal disease and may also involve the skin. The 
progression of OLP to OSCC ranges from 0.4 to 6.5%.4 
Leukoplakia is a white patch or plaque that cannot be 
characterized clinically or pathologically as any other 
disease.5 The risk factors of malignant transformation 
of oral leukoplakia have been observed 0.13 to 17.5%.6 
Erythroplakia is a red patch seen on oral mucosa in 
the retromolar region and tongue but it may develop 

in any part of the oral cavity. As per literature 51% 
of erythroplakia progresses to invasive squamous cell 
carcinoma (SCC), 40% demonstrating carcinoma in 
situ, and 9% exhibiting mild-moderate dysplasia.7 Oral 
sub mucous fibrosis (OSF) is disease of oral submucosa 
and usually presents clinically with the formation of 
fibrous bands intraorally. The population using Areca 
nut usually in Asian countries are more at risk. Ma-
lignant transformation of OSF varies from 7-26%.8

 Oral squamous cell carcinoma is a life threatening 
health problem in all over the world especially in de-
veloping countries.9 OSCC is the sixth most common 
cancer in the world10, but it is the second most common 
cancer in Pakistan.11 Oral cancer is usually diagnosed 
in the old age especially after 60 years but now there 
is an alarming increase in the incidence of oral cancer 
at earlier age.12 OSCC is staged on the basis of clinical 
appearance and graded on the basis of histopathological 
features.13 Various genes and proteins are involved in 
the pathogenesis of oral premalignant and OSCC which 
affects the proliferative and apoptotic pathways.14 
Isoforms of Akt (Akt1, Akt2, Akt3) and Ras genes are 
involved in the transformation of normal epithelium 
to premalignant lesions and ultimately to OSCC.15
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ABStRAct

 Oral premalignant lesions and oral squamous cell carcinoma are significant health problems 
influenced by different predisposing factors and genetic alterations .The clinical and histological 
features alone cannot accurately predict whether potentially premalignant lesions of the oral mucosa 
will remain stable, regress or progress to malignancy. Methodology included extraction of RNA from 
paraffin embedded tissue samples, RT-PCR followed by PCR in 53 biopsy specimens of premalignant 
and malignant lesions. Results of this study indicate that Akt levels show a continuous rise from pre-
malignant lesions to grade II. (Akt1: Premalignant lesions 0.06 + 0.01 & in moderately differentiated 
Grade II OSCC 0.12 + 0.03; Akt2: Premalignant lesions 0.03 +0.00 & moderately differentiated Grade 
II OSCC 0.13 + 0.03 and Akt3: Premalignant lesions 0.02 +0.00 & moderately differentiated Grade II 
OSCC 0.06 + 0.01. KRas expression also increases as the grade of the cancer increases (premalignant 
lesions 0.02 +0.02 & Grade II OSCC 0.17 +0.01). Blocking these genes at the level of premalignant 
lesions may help to decrease the chances of progression into oral squamous cell carcinoma.
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 Molecular alterations in the premalignant lesions 
play an important role in the progression of OSCC.16 
Mutations in the RaS gene family are found in 30% 
of all human cancers and are also commonly seen in 
OSCC.17 Ras signaling has been shown to be sufficient 
to drive epidermal tumorigenesis either through over 
expression or by targeted expression of oncogenic form 
of Ras. Akt plays critical role in regulating growth, 
proliferation, survival, metabolism, and other cellular 
activities.18 Akt activation contributes to tumorgene-
sis, tumour induced angiogenesis and enhanced cell 
invasion.19,20 The oncogenic serine/threonine kinase 
Akt1 (also known as PKB) is a downstream effector of 
phosphatidylinositol 3-kinase and is frequently acti-
vated in human cancer.21 Persistent activation of Akt 
pathway has been reported in hNSCC.15

 Akt1, Akt2 and Akt3 are closely related serine/
threonine-protein kinases which regulate many pro-
cesses including metabolism, proliferation, cell survival, 
growth and angiogenesis.22 hyperactivation of Akt sig-
naling occurs in a wide variety of human precancerous 
and cancerous lesions.23

 In view of the importance of these genes we have 
designed the study which engaged (a) collection of 
premalignant lesions and GradeII OSCC samples (b) 
selected genes were subjected to real time PCR quan-
titative analysis to document the up regulation/down 
regulation of selected genes.

MEtHodoLoGY

 Collection of Specimen: Tissue specimens were 
collected from two public and three private hospitals. 
Biopsy was taken from the suspected sites of oral cavity 
after taking proper written consent. Sample size was 
calculated by taking the prevalence of oral cancer pa-
tients in Pakistan.11 The following formula was used 
for samples calculation.24 n= z2(1-a/2) P(1-P) / d2.

 Total 53 samples were processed which included 25 
samples of premalignant lesions, 25 samples of moder-
ately differentiated oral squamous cell carcinoma and 03 
samples of normal tissue. Normal samples were taken 
to identify the baseline gene expression as a reference. 
Tissue samples were included in the study after confir-
mation of histopathological report. All those patients 
which had a history of chemotherapy or radiotherapy 
or had a history of recurrence after surgical excision 
were excluded from the study. Sample processing: 
The Formalin Fixed Paraffin Embedded blocks were 
used to have 10-15 tissue sections (5 µm thick) cut on 

microtome. The specimens were transferred to –40 °C 
freezers.

 Total RNA Isolation: Dewaxing of each sample was 
done and total RNA was extracted with Mini Total 
mRNA isolation kit. The real time PCR reactions were 
set up for each sample after reverse transcriptase (RT-
PCR) reactions.

RESuLtS

 LUX primers were designed to see the dynamics of 
Akt and KRas. Glyceraldehyde 3-phosphate dehydroge-
nase (GAPDh) was used as housekeeping gene. The Ct 
(Cycle Threshold) values were recorded for each sample. 
Every gene samples was run twice for PCR for gene 
amplification and their mean was taken for accuracy. 
The data so obtained was recorded for each gene. Oral 
premalignant samples (n=25), Grade II OSCC samples 
(n=25) and (n=3) normal tissue samples were processed 
to see the dynamics of Akt/Ras pathways. The amplifi-
cation was assessed by observing the ct inverse value 
after comparing with the normal samples expression. 

dIScuSSIon

 Increasing incidence of OSCC and failure to improve 
survival rates calls for a better understanding of oral 
cancer pathogenesis at molecular level and its thera-
peutic management. Role of genetic component in the 
development of OSCC has being discussed in several 
studies.25,26 In spite of recent advancements the basis 
of this genetic susceptibility is not well understood. In 
general, the transformation of normal epithelium into 
pre-malignant lesions and then into OSCC involves 
the activation of oncogenes along with simultaneous 
inactivation of tumor suppressor genes.27 The key dereg-
ulated signaling pathways in head and neck (hNOSCC) 
include PI3-K/AKT and Ras pathways. Mutations in ras 
gene result in oncogenic activation and pathogenesis of 
various cancer including lung, pancreatic, and colorectal 
carcinoma and OSCC.28). It has been observed that in 
head and neck oral squamous cell carcinoma there is 
higher frequency of mutations in KRas genes in Asian 
countries as compared to western countries.29

 The KRas protein is a GTPase and converts a 
molecule of GTP into another molecule called GDP. To 
transmit signals, the KRas protein must be turned on 
by attaching to a molecule of GTP. The KRas protein 
is turned off (inactivated) when it converts the GTP to 
GDP. When the protein is bound to GDP, it does not 
relay signals to the cell’s nucleus.30 When KRas has a 
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TABLE 1: EXPRESSION OF GENES IN ORAL POTENTIALLy MALIGNANT LESIONS AND GRADE (II) 
ORAL SQUAMOUS CELL CARCINOMA

Gene    tissue type Mean
ct values
(1/ RFu)

Median
ct values
(1/ RFu)

Std. Error Range P value

KRas Normal 35.88 35.66 0.22 35.66 - 36.33 p<0.01
Premalignant 17.58 17.00 0.74 16.00 - 35.00
Grade II OSCC 6.06 5.99 0.04 5.66 - 6.33

Akt1 Normal 20.03 23.99 0.23 23.66 - 24.44 p<0.01
Premalignant 17.46 16.67 0.50 16.00 - 24.00
Grade II OSCC 9.02 8.02 0.88 5.00 - 24.00

Akt2 Normal 38.36 38.25 0.11 38.25 - 38.59 p<0.01
Premalignant 37.54 38.25 0.56 28.29 - 39.49
Grade II OSCC 8.90 7.83 1.22 6.00  - 38.00

Akt3 Normal 42.00 41.69 0.33 41.66 - 42.66 p<0.01
Premalignant 42.84 42.51 0.24 41.23 - 45.00
Grade II OSCC 18.37 16.33 1.55 15.03 - 44.00

Table1: Indicates the mean, Standard Error and P-values calculated by one way annova in normal, premalignant  
and moderately  differentiated  (Grade II) OSCC. The mean values were calculated from data of 53 samples.      
*----nonsignificant  ** ----significance <0.05  ***--------highly significant.< 0.01

Figure: 1 show the values of Akt1, Akt2, Akt3 and kRas compared to normal values obtained in various stages. 
A total of 53 samples were used for estimation of the genes in normal, premalignant and moderately differenti-
ated tissue. In all cases y-axis is presented by inverse of Ct values. The X axis present various tissues analyzed. 
(a) Akt1 b) Akt2 (c) Akt3 (d) kRas.
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mutation, the KRas switch becomes stuck in the “on” 
position. KRas is constantly telling the cell to grow, 
which may lead to out-of-control cell growth and can-
cer.31 These signals instruct the cell to grow and divide 
or to mature and take on specialized functions.

 In this study all 53 analyzed samples showed 
significant increase of Kras from Premalignant to 
grade II OSCC tissues. Our study is in line with other 
studies which shows that K-ras expression contributes 
significantly in the progression of OSCC. Tidyman 
in his study concluded that amplification of K-ras in 
oral cancer results in an overactive mitogenic signal 
which in turn results in an increased proliferative and/
or survival response contributing in the development 
of hNSCC.32 In another study by Avruch it was sug-
gested that Epidermal growth factor receptor (EGFR) 
is frequently overexpressed in head and neck cancers, 
via the Ras-Raf-MAP-kinase pathway.33 Their study 
also explained that activation of Raf kinase, via acti-
vation of Ras, is thought to play an important role in 
premalignant lesions and carcinogenesis. These studies 
are in agreement with our study that shows increase 
expression of K-ras in oral premalignant lesions and 
increases with the increase in grade of cancer contrib-
uting in the initiation of oral cancer.

 Activation of Akt is a frequent event in human 
hNSCC because active Akt has been detected in OSSC 
with increased levels of expression and localization 
correlating with the progression of the lesion. Activa-
tion of PI3Ks in the Akt signaling pathway is the first 
step in the stimulation of receptor tyrosine kinases.34 
Panowant has described in a study that once PI3K gets 
activated, these enzymes generate 3´-phosphoinositides 
in the membrane, thereby causing its activation. PKB/
Akt then phosphorylates and regulates the function 
of multiple cellular proteins.15 It has been observed in 
another study that Akt levels increases as epithelial 
cells undergo dysplastic transformation.23 Findings of 
Shin suggest that there is activation of PI3K-AKT signal 
pathway in precancerous and cancerous oral lesions.35 
hay in another study established the involvement of 
Akt in pre-malignant lesions and malignant lesions.36 
Although Akt 1, Akt 2, and Akt 3 share high sequence 
homology, clinical studies suggest the existence of iso-
forms-specific roles of Akt in multiple human cancer.37

 J Lim investigated the association between the 
expression of activated Akt, clinico pathological factors 
and validity of Akt as a prognostic factor in OSCC and 
concluded that Akt activation is a significant prognos-
tic indicator for OSCC.38 These studies correlate with 

our study which explains that the Akt isoform levels 
are increased in the both pre-malignant and grade II 
OSCC.

concLuSIon

 Blocking the Akt and KRas pathways at the level of 
premalignant lesions may help to decrease the chances 
of progression into oral squamous cell carcinoma.
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