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INTRODUCTION

Oral cancer is the sixth and third most common cancer 
globally and in India, respectively.[1] The incidence rate of  

oral cancer in India is over 83,000 new cases and 46,000 
deaths annually.[2] Approximately 90% of  oral cancer 
cases are diagnosed for squamous cell type carcinoma. 

Background: Harvey-Ras (H-Ras) is an important guanosine triphosphatase protein for the regulation of 
cellular growth and survival. Altered Ras signaling has been observed in different types of cancer either by 
gene amplification and/or mutation. The H-Ras oncogene mutations are well reported, but expression of 
the H-Ras gene is still unknown.
Objective: This study aimed to examine both protein and messenger-RNA (mRNA) expressions of H-Ras in oral 
squamous cell carcinoma (OSCC) and analyzed the association with risk habits and the clinicopathological 
profile of cases.
Methodology: A total of 65 tissue specimens of OSCC (case group) and equal number of normal 
tissues (control group) were included in this study. H-Ras protein and mRNA expressions were analyzed 
using immunohistochemical and quantitative real time-polymerase chain reaction techniques, respectively.
Results: The H-Ras protein was significantly overexpressed in the oral carcinoma group compared to the 
normal group (P = 0.03). Most of the OSCC cases showed positive staining with moderate expression, while 
negative and moderate staining was high in the control group. The majority of H-Ras positive cases were 
found in individuals with multiple risk habits including tobacco chewing. The risk of H-Ras positivity was 
1.46 times higher in smokers than non-smokers. H-Ras positivity increased in cases affected with buccal 
mucosa site and higher grade of carcinoma. Relative mRNA level of H-Ras was significantly elevated in 
oral carcinoma as compared with the control group (P ≤ 0.001). Protein and mRNA levels of H‑Ras in case 
group was poorly correlated.
Conclusion: H-Ras oncogene expression was markedly higher in oral carcinoma, and it can be a prognostic 
marker and target for an effective molecular therapy.
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Therefore, oral cancer is also called oral squamous cell 
carcinoma (OSCC).[3] Tobacco-related practices such as 
chewing or smoking, alcohol consumption and HPV are 
well-established risk factors for oral cancer. Moreover, 
approximately 10% of  OSCC cases were identified for 
HPV infection in the North Indian population.[4]

A number of  transforming cellular oncogenes have been 
identified and isolated from different types of  human 
tumor. Categorization of  these oncogenes provides an 
understanding of  cancer at the molecular level. In this 
context, attention has focused on the Harvey-Ras (H-Ras) 
gene in oral cancer. The RAS gene family consists of  three 
functional genes, H‑Ras, Kristen Ras (K‑Ras: isoform A and 
isoform B) and Neuroblastoma Ras (N‑Ras) encoding four 
highly similar, small and conserved Ras proteins (or p21 
proteins), which located on the inner surface of  the plasma 
membrane.[5]

The Ras proteins have intrinsic guanosine triphosphatase 
(GTPase) activity that transduces the growth signal from 
the cell surface to intracellular effectors through mitogenic 
activating protein kinase (MAPK), c‑Jun N‑terminal kinase 
(JNK) and p38‑kinase pathways, which regulate normal 
cell proliferation function.[6,7] The RAS GTPases activation 
regulates through cycle between GDP bound inactive and 
GTP bound active state with the help of  guanine nucleotide 
exchange factors and GTPase-activating proteins (GAPs).[8]

For the last two decades, it has been shown that Ras 
genes are frequently mutated in different types of  tumor 
and participate in their proliferation and maintenance.[9] 
G12D, G12V, G13D, G13R, Q61H and Q61R are possible 
missense mutations occurring at codons G12, G13 and 
Q61; but their frequencies are not consistent. A remarkable 
variation in incidence of  activational mutations of  H-Ras 
gene in different ethnic groups with oral cancer has been 
recognized to be very different (0‑55%).[10‑14] H-Ras gene is 
most commonly mutated gene than the K‑Ras and N‑Ras in 
oral cancer. Moreover, G12V, Q61 R and G13R are reported 
as predominant mutations in H-Ras gene.[15] A study defined 
that K‑Ras protein was highly expressed in advance stages of  
OSCC with higher grade carcinogenesis.[16] However, most 
of  the reports detailed the frequency of  all three isoforms of  
Ras gene mutations, but none of  them investigated the exact 
pattern of  H-Ras protein expression in cancers. Hence, in this 
perspective, we analyzed the H-Ras protein and messenger 
RNA (mRNA) expression in OSCC and normal tissues of  the 
oral cavity. In addition, an attempt was also made to identify 
an association of  H-Ras expression with clinicopathological 
profiles and risk habits in the North Indian population.

METHODOLOGY

The present study was carried out in one of  the best tertiary 
care hospital of  North India, King George’s Medical 
University (K.G.M.U.) which is located in Lucknow, district 
of  Uttar Pradesh (U. P.) state, India. This medical university 
facilitates to the health needs of  people from the North 
India and the Eastern India as well. However, in this study, 
all the participants were belonged from the North India.

A total of  65 biopsies and surgically removed tumor 
tissues of  the oral cavity were collected from suspected 
and confirmed oral carcinoma cases from January 2013 to 
June 2016 at the Department of  Surgical Oncology and 
Department of  Oral and Maxillofacial Surgery, K.G.M.U., 
Lucknow, U.P., India. Only histopathologically confirmed 
OSCC tissue samples were included in the case group. Equal 
number of  age and sex-matched oral tissue samples from 
nonmalignant lesions of  the oral cavity were also collected 
as a control group. Only those nonmalignant tissue sections 
which showed no evidence of  dysplasia, i.e., normal 
cell morphology in histopathological examination were 
considered as controls. The study protocol was approved 
by the Institutional Ethics Committee, K.G.M.U., Lucknow, 
U.P., India. Demographic details and history of  risk habits 
were recorded using a predesigned standard questionnaire. 
Details of  clinical and pathological characteristics of  each 
patient were noted down from their case history sheet. 
Patients who had completed or were undergoing therapy 
or diagnosed for secondary or any other malignancy, were 
excluded from the study.

All tissue samples (cases and controls) were collected in 
4% formaldehyde solution for histological diagnosis and 
immunohistochemical analysis of  the H-Ras protein. Tissues 
collected in RNA later solution (Invitrogen, USA) were used 
for relative mRNA expression analysis. Hematoxylin and 
Eosin (HE) staining was performed to diagnose the type, 
grade and stage of  tumor in tissue sections according to 
WHO guidelines and the AJCC cancer staging manual for 
the histological and clinical classification of  oral lesions.[17,18]

The immunohistochemistry (IHC) of  the H‑Ras protein 
was performed on paraffin‑embedded 4 µm tissue sections. 
Detection of  the H-Ras protein was done using polyclonal 
primary antibody against H‑Ras (sc‑68743, Santa Cruz, USA; 
1:100 dilution) and horseradish peroxidase (HRP) enzyme 
labeled‑secondary antibody detection kit (TL‑015‑QHD, 
Thermo Fisher Scientific, USA) as per the manufacturer’s 
protocol. The sections were incubated overnight with 
the primary antibody at 4°C after blocking endogenous 
peroxidase activity with 3% hydrogen peroxide and protein 
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block reagent. Antigen retrieval of  tissue sections was 
done in Tris-EDTA buffer (pH 9.0) using Pascal retrieval 
system (Dako, Denmark). The HRP-labeled secondary 
antibody was applied on tissue sections with primary 
antibody and incubated for 30 min in a dark chamber at 
room temperature. Positive staining was visualized using 
diaminobenzidine (DAB) and counterstained with Mayer’s 
hematoxylin. Normal skin tissue was used as positive 
control for H-Ras protein.

The interpretation of  H‑Ras protein expression in IHC was 
carried out in the tumor hotspot, including invasion fronts. 
Five hundred tumor cells were viewed at high‑magnification 
power (×40) in tumor hotspots and scored by assessing the 
cytoplasmic staining, using a semi-quantitative method in at 
least five fields. The staining score was ranged from 0 to +3; 
0 negative expression (<5% positive‑stained cells), +1 low 
expression (5%–20% positive‑stained cells), +2 moderate 
expression (21%–50% positive‑stained cells) and +3 strong 
expression (>50% positive‑stained cells). Scores of  2 and 
3 were defined as the H‑Ras positive expression.[19]

Relative mRNA expression of  the H‑Ras gene was 
analyzed by quantitative real time-polymerase chain 
reaction (qRT‑PCR). Total RNA was isolated from OSCC 
and control oral tissue samples by RNeasy Mini Kit (Qiagen, 
Germany). cDNA was synthesized from isolated RNA 
samples by reverse transcription, followed by PCR 
amplification with high capacity cDNA reverse transcription 
kit (Applied Biosystem, USA). qRT‑PCR was performed 
in Lightcycler 96 system (Roche, USA) using Power 
SYBR Green PCR Master Mix (Applied Biosystem, USA). 
The specific primers H‑Ras (NM001130442.1) forward 
5 ’ ‑ T T T G A G G A C A T C C A C C A G T A C A ‑ 3 ’ , 
reverse 5’‑GCCGAGATTCCACAGTGC‑3’ (product 
size 118 bp)[20] and β‑actin (XM006715764.1) forward 
5 ’ ‑ATCGTGCGTGACATTAAGGAGAAG‑3 ’ , 
reverse 5’‑AGGAAGGAAGGCTGGAAGAGTG‑3’ 
were used as internal control (product size 179 bp). The 
annealing temperature was standardized by Gradient PCR 
at 57°C–62°C for both gene, and 58°C was considered 
as final annealing temperature [Figure 1]. qRT‑PCR 
reactions for each sample were performed in triplicates. 
The qRT‑PCR thermal profile for H‑Ras and β-actin 
gene was 94°C: 10 min (94°C: 30 s, 58°C: 35 s, 72°C: 
1 min) ×45 cycles and final extension at 72°C for 5 min. 
Fold change was calculated by relative gene quantification 
method (2-ΔΔCT method).[21]

Statistical analysis
Statistical analysis was performed using SPSS software 
(version 16; IBM corp., IL, USA). Continuous data were 

summarized as mean ± standard error (SE), while categorical 
data in number and percentage. Two‑tailed Chi‑square test 
and unpaired t-test were used to assess the associations 
between two parameters. Correlation between two 
continuous data was calculated using Pearson’s correlation 
coefficient (r) method. Associations of  demographical 
characteristics, risk habits and clinicopathologic variables 
with H-Ras expression status were calculated with binary 
logistic regression method. Odd ratio (OR), with 95% 
confidence interval, was used to assess the risk value of  
biomarker. P < 0.05 was considered statistically significant.

RESULTS

HE-stained histopathological sections showed proliferated 
atypical squamous epithelial cell with high nuclear-
cytoplasmic ratio, enlarged hyperchromatic nuclei few 
having prominent nucleoli and variable amount of  scanty 
cytoplasm presenting low-grade dysplasia arranged in 
tubercular and cluster patterns. At places epithelial, keratin 
pearl formation was seen. Moderate (+2 score) and strong 
(+3 score) immunostaining of  the H‑Ras protein was 
observed in most cases. However, tissue sections of  oral 
nonmalignant lesions depicted normal squamous epithelial 
lining based on an intact basement membrane. Several 
cells of  normal tissue section exhibited the negative 
and moderate cytoplasmic immuno-reactivity of  H-Ras 
[Figure 2a-d].

The percentages positivity and expression patterns of  the 
H-Ras protein in case and control groups are shown in 
Table 1. Out of  a total of  65 cases, 39 cases (60%) showed 
H‑Ras positive expression whereas, 27/65 (41.5%) normal 
tissues expressed positive immunostaining. This difference was 
significantly associated with oral carcinoma (P = 0.03). The 
mean (±SE) percent positivity of  H‑Ras protein in the cases 
versus controls was 31.48 ± 2.5 versus 23.42 ± 2.5, respectively. 
The subcategorization of  percentage positive staining of  H-Ras 
illustrated that 10/65 OSCC cases showed negative expression, 
16/65 cases weak expression, 26/65 cases moderate expression 
and 13/65 cases showed strong expression. However, in the 

Figure 1: Two percent Agarose gel showing amplified product of 
H-Ras at different temperatures by gradient PCR
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we subcategorized group of  all cases and controls according 
to type of  risk habits; single, multiple (habituated with 
any two or more type of  tobacco-related and alcohol 
consumption habits) and no risk habit. It was shown that 
majority (61.5%) of  H‑Ras‑positive cases were attributed 
with multiple risk habits (OR = 1.36, P = 0.56) [Table 2].

The association of  clinicopathological profile of  OSCC 
cases and H-Ras-protein expression is presented in Table 3. 
Buccal mucosa was the most common affected site in both 
H-Ras positive as well as negative cases. H-Ras protein 
expression was detected in most of  Stage III (28.2%) and 
Stage IV (59%) oral cancer patients. In histopathological 
investigations, H-Ras positivity was enhanced in higher 
grade carcinoma. Most cases with lymph node involvement 
showed H-Ras positive expression.

In the present study, out of  the total tissue samples of  both 
groups, nine tissue samples of  OSCC cases and thirteen tissue 
samples of  control samples were dropped out due to either 
insufficient samples or poor yields of  isolated total RNA. 
The H‑Ras mRNA fold change level in cases (n = 56) range 
(min‑max) 0.46–6.38, median 1.28 and mean ± standard 
deviation [SD] 1.62 ± 1.02 was analyzed. However, in the 
control group, mRNA fold change range was 0.34–2.47 with 
a median value of  0.97 and mean ± SD 1.10 ± 0.50. mRNA 
level of  H‑Ras was significantly elevated in oral carcinoma 
compared to control group (P ≤ 0.001) [Figure 3].

The Pearson’s correlation test showed a poor positive 
correlation in between protein and mRNA levels of  H‑Ras 
in the case group. However, in the control group, protein 
and mRNA levels were significantly correlated with each 
other [Figure 4].

Table 1: H‑Ras protein expression and percentage positivity 
in cases and controls
H‑Ras protein Case  

n=65 (%)
Control 

n=65 (%)
P

Percentage positivity
Positive 39 (60) 27 (41.5) 0.03*
Negative 26 (40) 38 (58.5)

Expression
Negative 10 (15.4) 20 (30.8) 0.13
Weak 16 (24.6) 18 (27.7)
Moderate 26 (40) 19 (29.2)
Strong 13 (20) 8 (12.3)

Mean (%)±SE positivity 31.48±2.5 23.42±2.5 0.09

*Significant, P value obtained by Chi‑square test and unpaired t‑test. 
SE: Standard error

control group, 20/65 samples presented negative expression 
followed by moderate, weak and strong expression.

Among H‑Ras positive cases, most cases (26/39; 66.7%) 
were from the age group 41–60 years. In controls, H‑Ras 
positivity was more frequent in the age group ≤40 years 
compared to 41–60 and >60 years age groups. In this study, 
H-Ras positivity was high in males in both case and control 
groups. All the demographic variables of  both groups did 
not show any significant association with H‑Ras positivity. 
Nearly 82.1% of  H‑Ras‑positive cases were associated with 
habit of  tobacco chewing, and 74.1% of  controls with 
H-Ras positive expression had similar habits. Moreover, 
a higher risk (1.46) of  H‑Ras positivity was estimated in 
smokers than nonsmokers of  control group. Furthermore, 

Figure 3: Relative messenger RNA expression of the H-Ras gene in 
case and control groups. Prominent horizontal line and star marks of 
boxes present the median and extreme values of fold change. Upper 
and lower bars present the distance of the 10th to 90th percentile from 
the median. The open circle indicates to outliers

Figure 2: Photomicrograph showing HE section and immunohistochemistry 
images of diagnosis and H-Ras protein expression: (a) HE-stained 
tissue section of oral squamous cell carcinoma (OSCC) case (digital 
magnification, ×100), (b) IHC image showing strong cytoplasmic 
immunoexpression in oral squamous cell carcinoma (DAB, digital 
magnification, ×100), Inset shows the brown color-stained H-Ras 
positive cells (OSCC) (DAB, digital magnification, ×400), (c) HE of 
normal tissue section of nonmalignant lesions of oral cavity (digital 
magnification, ×100), (d) Weak immunostaining in normal tissue (DAB, 
digital magnification, ×100), Inset shows brown colored H‑Ras positive 
cells (DAB, digital magnification, ×400)

dc

ba
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Table 3: Association of H‑Ras protein expression with clinicopathological variables in oral squamous cell carcinoma cases
Characteristics OSCC cases (n=65) H‑Ras expression (n=65) OR (95% CI) P

Positive n=39 (%) Negative n=26 (%)

Oral cavity sites
BM 27 16 (41.0) 11 (42.3) NA 0.25
LA 14 9 (23.1) 5 (19.2)
UA 9 5 (12.8) 4 (15.4)
Tongue 5 1 (2.6) 4 (15.4)
Lips 3 2 (5.1) 1 (3.8)
RMT 3 3 (7.7) 0
Palate 3 3 (7.7) 0
FM 1 0 1 (3.8)

Histological grade
WD 45 26 (66.7) 19 (73.1) Reference
MD 17 10 (25.6) 7 (26.9) 1.04 (0.34‑3.24) 0.94
PD 3 3 (7.7) 0 ‑ 1.0

TNM stage
I + II 12 5 (12.8) 7 (26.9) Reference
III 16 11 (28.2) 5 (19.2) 3.08 (0.64‑14.66) 0.16
IV 37 23 (59.0) 14 (53.8) 2.30 (0.61‑8.66) 0.22

Node
Absent 19 10 (25.6) 9 (34.6) Reference
Present 46 29 (74.4) 17 (65.4) 1.53 (0.52‑4.52) 0.44

P value obtained by binary logistic regression method. BM: Buccal mucosa, LA: Lower alveolus, UA: Upper alveolus, RMT: Retromolar trigone, 
FM: Floor of mouth, WD: Well differentiated, MD: Moderately differentiated, PD: Poorly differentiated, TNM: Tumor, node and metastasis, CI: 
Confidence interval, OR: Odds ratio

Table 2: Association of H‑Ras protein expression with demographic characteristics and risk‑habits in cases and controls
Characteristics H‑Ras expression 

Cases (n=65)
OR (95% CI) P H‑Ras expression 

Controls (n=65)
OR (95% CI) P

Positive 
n=39 (%)

Negative 
n=26 (%)

Positive 
n=27 (%)

Negative 
n=38 (%)

Age (years)
≤40 8 (20.5) 8 (30.8) Reference 13 (48.2) 17 (44.7) Reference
41‑60 26 (66.7) 15 (57.7) 1.73 (0.54‑5.57) 0.35 12 (44.4) 17 (44.7) 0.98 (0.35‑2.77) 0.97
>60 5 (12.8) 3 (11.5) 1.66 (0.29‑9.44) 0.56 2 (7.4) 4 (10.6) 0.98 (0.19‑5.16) 0.98

Gender
Male 30 (76.9) 19 (73.1) Reference 20 (74) 22 (57.9) Reference
Female 9 (23.1) 7 (26.9) 0.81 (0.26‑2.55) 0.72 7 (26) 16 (42.1) 0.43 (0.15‑1.28) 0.13

Marital status
Unmarried 1 (2.6) 5 (19.2) Reference 3 (11.1) 10 (26.3) Reference
Married 38 (97.4) 21 (80.8) 9.04 (0.99‑82.65) 0.05 24 (88.9) 28 (73.7) 3.08 (0.76‑12.5) 0.11

Residence area
Urban 17 (43.6) 7 (26.9) Reference 13 (48.1) 21 (55.2) Reference
Rural 22 (56.4) 19 (73.1) 0.48 (0.16‑1.39) 0.17 14 (51.9) 17 (44.8) 1.17 (0.44‑3.14) 0.74

Risk habits
Tobacco chewing

No 7 (17.9) 2 (7.7) Reference 7 (25.9) 17 (44.8) Reference
Yes 32 (82.1) 24 (92.3) 0.38 (0.07‑2.00) 0.25 20 (74.1) 21 (55.2) 2.55 (0.87‑7.45) 0.08

Tobacco smoking
No 16 (41.0) 10 (38.5) Reference 10 (37.0) 18 (47.3) Reference
Yes 23 (59.0) 16 (61.5) 0.89 (0.32‑2.48) 0.83 17 (63.0) 20 (52.7) 1.46 (0.54‑3.96) 0.45

Alcohol consumption
No 22 (56.4) 19 (73.1) Reference 21 (77.8) 25 (65.8) Reference
Yes 17 (43.6) 7 (26.9) 2.09 (0.71‑6.13) 0.17 6 (22.2) 13 (34.2) 0.50 (0.16‑1.55) 0.23

Types of risk habit
Single habit 11 (28.2) 10 (38.5) Reference 9 (33.2) 12 (31.6) Reference
Multiple habits 24 (61.5) 16 (61.5) 1.36 (0.47‑3.95) 0.56 14 (51.8) 16 (42.1) 0.96 (0.31‑2.94) 0.94
No habit 4 (10.3) 0 ‑ 0.99 4 (14.8) 10 (26.3) 0.44 (0.10‑1.86) 0.26

P value obtained by Binary logistic regression method. CI: Confidence interval, OR: Odds ratio

DISCUSSION

This study shows the presence of  H-Ras gene expression 
in oral cancer and normal control groups, examined by 

immunohistochemical and quantitative real‑time PCR 
procedures. As similar to our previous study Krishna 
et al.,[22] the prevalence of  OSCC found in this study was 
also high in males aged 41–60 years. Tobacco‑related risk 
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habits were more highly associated with OSCC cases in this 
study. The clinicopathological profile showed that buccal 
mucosa was the most affected site in oral cancer cases. 
The majority of  oral cancer patients had advanced stages 
of  tumor at the time of  clinical investigations in the study.

The Ras family proteins are often deregulated in various 
types of  human cancer. In the last three decades, various 
in vitro and in vivo studies confirmed that there is a significant 
association of  specific mutated Ras family genes and their 
altered products with particular types of  tumor.[23] The 
altered Ras signaling may also participate in the progression 
and development of  other types of  pathologies besides 
cancer and developmental syndromes such as non-obese 
diabetes and diabetic retinopathy.[24] Mutations in any one 
of  three members of  the Ras family are common events 
in human tumorigenesis. Several studies reported that 
most oncogenic mutations predominantly affect the K‑Ras 
locus and express altered protein in oral carcinoma and 
some other cancer.[25‑27] However, very few studies have 
attempted to correlate the variant feature of  the H-Ras gene 
in different types of  cancer[28] while its protein and mRNA 
expression patterns in oral cancer are still unexplored. 
Hence, in this context, we have tried to elaborate the H-Ras 
gene expression in oral cancer of  the Northern India 
population. We have analyzed that the H-Ras protein was 
significantly overexpressed (60%) in OSCC as compared 
to normal tissues (41.5%) of  oral mucosa. Our findings 
are in concordance with Cutilli et al., who carried out 
immunohistochemical and genetic research on the tumor 
suppressor p53 and H‑Ras oncogene in oromaxillofacial 
neoplasms. They found immunohistopathological 
overexpression of  the H-Ras protein in the majority of  
cases (12/15 cases; 80%) and 60% cases mutated for this 
gene.[29] Similarly, McDonald et al. also obtained H-Ras 
positive staining in 68% of  cases of  head and neck 
squamous cell carcinoma and this is in agreement with 
the findings of  the present study.[30] We did not find any 

significant statistical difference in subcategories of  H‑Ras 
expression between case and control groups, whereas most 
tissue samples presented H-Ras positive immunostaining at 
moderate levels. According to the previous literature, the 
H-Ras protein occurs not only in malignant tumors but 
also in the metabolism of  normal cells.[31]

H-Ras positivity in our study groups was regardless 
of  age, gender and residential area of  patients. In this 
investigation, the frequency of  H-Ras positive expression 
was higher in patients who had tobacco-related habits such 
as chewing and smoking. Genetic alteration and increased 
immunoexpression level of  Ras genes in tumors may 
reflect etiology and ethnic origins. Chang et al.[32] found that 
smoking, tobacco and betel quid chewing accounted for the 
high incidence of  Ras mutations in the Indian subcontinent. 
In our investigation, most of  the oral cancer patients 
had tobacco or multiple risk habits. A study conducted 
elsewhere reported that H-Ras mutations in codons 12, 
13 and 61 related with tobacco use in oral carcinomas.[10] 
Hence, we can hypothesize that overexpression of  H-Ras 
protein in the present study groups may be due to the 
presence of  mutant-type of  protein.

With regard to clinicopathological parameters of  
OSCC cases, no significant association was observed 
between H-Ras positivity and tumor sites. Moreover, 
another striking finding of  current study that out of  
27 buccal carcinoma cases 16 cases (59.2%) showed 
overexpression of  H-Ras while only one case of  tongue 
carcinoma (1/5 cases; 20%) was positively stained for 
H‑Ras. This finding is partially consistent with a study 
by Trivedi et al., in which 45% patients with buccal 
mucosa cancer showed higher H-Ras protein expression 
whereas this was 39% in tongue carcinoma patients.[33] 
Vairaktaris et al. examined the expression of  H-Ras in an 
experimental model of  chemically induced oral cancer 
in sequential stages of  carcinoma; the expression was 
found to be progressively increased during all stages of  
oral carcinogenesis.[19] In agreement with this, the present 
study demonstrated that 26/45 well‑differentiated cases 
and 10/17 moderately differentiated cases exhibited higher 
expression of  H‑Ras protein; however, the difference 
was statistically insignificant. The results of  other studies 
are also supported by this analysis.[13,30,32] The expression 
pattern of  H-Ras in the different stages of  cancers is 
ambiguous. Enhanced expression of  H-Ras was also 
defined in early stages of  urinary bladder cancer.[34] 
However, in the current study, H-Ras expression was 
more pronounced in the stages of  more advanced tumor 
and this is in accordance with previous study.[30] We also 
demonstrated the relative mRNA expression of  the 

Figure 4: Correlation between protein and messenger RNA expression 
of H-Ras in case and control groups
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H‑Ras gene. In our cases, mRNA mean fold change of  
H‑Ras was significantly higher in comparison with normal 
mucosal tissue of  the oral cavity (P ≤ 0.001), in harmony 
with K‑Ras gene expression.[35] The H-Ras oncogene was 
also overexpressed in laryngeal and other types of  head 
and neck cancer.[36,37] Overexpression of  the H-Ras gene 
promoted gastric cancer aggressiveness by activating 
VEGFA/PI3K/AKT pathway and Ras/Raf/MAPK 
signaling.[38] A study also established the association 
of  K‑Ras and PI3K/AKT pathways in advance stages 
of  oral cancer.[16] This suggested a strong association of  
upregulated H-Ras gene in oral cancer.

Our study also illustrated a significant positive correlation 
between the H‑Ras protein and mRNA levels of  controls, 
although a poor insignificant correlation was analyzed in 
the OSCC group. The exact interpretation of  this finding 
remains unclear, but previous Indian studies based on 
etiological factors and mutational status of  Ras oncogenes 
indicate that rare mutations or transcriptional splicing in 
H-Ras gene might be related to overexpression or mutant 
type H-Ras protein in tumoral tissues. More studies are 
required on the functional and mutational gene expression 
of  H-Ras in oral carcinogenesis.

CONCLUSION

The present findings indicate that the H‑Ras oncogene is 
markedly upregulated in oral carcinoma compared with 
normal oral cavity. H-Ras positivity was higher in those 
patients who use tobacco or have multiple risk habits. 
The highest score of  H-Ras expression was observed in 
well-differentiated carcinoma and advanced stage tumor. 
This suggested that enhanced H-Ras expression in oral 
carcinoma of  the North Indian population is probably 
due to their risk habits and genetic alteration. This study 
highlighted the H-Ras gene expression in oral cancer, 
which may extend our knowledge for better prognosis 
and molecular-targeted therapy by inhibiting well known 
MAPK and PI3K signaling pathways.
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