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Abstract
Background  Oral squamous cell carcinoma (OSCC) is a commonly occurring malignancy with complex genetic alterations 
contributing to its development. The H-Ras, a proto-oncogene, becomes an oncogene when mutated and has been implicated 
in various cancers. This systematic review aims to research to what extent H-Ras expression and mutation contribute to 
the development and progression of OSCC, and how does this molecular alteration impacts the clinical characteristics and 
prognosis in patients with OSCC.
Methods  A thorough electronic scientific literature search was carried out in PUBMED, SCOPUS, and GOOGLE SCHOLAR 
databases from 2007 to 2021. The search strategy yielded 120 articles. Following aggregation and filtering all results through 
our inclusion and exclusion criteria total 9 articles were included in our literature review. It has also been registered with 
PROSPERO (CRD42023485202).
Results  It was found that mutations in the Ras gene commonly reported in hotspots at codons 12, 13, and 61 resulting in the 
activation of downstream signaling pathways causing abnormal and uncontrolled cell growth. This systematic review has 
shown an increased prevalence of H-Ras mutation in well-differentiated OSCC and also the prevalence of H-Ras mutation 
in individuals engaging in multiple risk behaviors, particularly chewing tobacco, demonstrated a significant association with 
a higher prevalence of H-Ras positivity.
Conclusion  This review sheds light on the prevalence of H-Ras mutations, their association with clinical characteristics, 
and their potential implications for OSCC prognosis. It also enhances our comprehension of the molecular mechanisms that 
underlie OSCC and paves the way for further research into targeted treatments based on H-Ras alterations.
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Introduction

Oral squamous cell carcinoma (OSCC) stands out as the 
most common malignant tumor affecting the oral cavity, 
representing 80 to 90% of all malignancies in this area [1]. 
It is a medical condition associated with high morbidity and 
mortality along with a compromised quality of life. OSCC 
accounts for the majority of oral malignancies with only 
50–60% of cases exhibiting a 5 year survival rate [2]. The 
habits, environment, and genetic factors interplay to form 
the risk factors for OSCC. The tongue is the anatomical 
location that is most commonly affected [3, 4]. Moreover, 
the primary etiological factor for squamous cell carcinoma 
affecting the lower lip is intense exposure to sunlight [5]. 
While smoking and alcohol consumption are recognized as 
significant risk factors for OSCC, it’s essential to highlight 
that only a fraction of individuals who engage in these habits 
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ultimately develop oral cancer [6]. Due to the limited dura-
tion of exposure to significant risk factors, such as prolonged 
sunlight exposure and the use of tobacco and/or alcohol, 
young individuals face a distinct set of circumstances. Stud-
ies propose variations in the etiology of Oral Squamous Cell 
Carcinoma (OSCC) between younger and older patients 
[7–11]. Furthermore, some research indicates that younger 
individuals with OSCC are more likely to be nonsmokers 
and nondrinkers [9, 10, 12]. This observation implies that 
there are likely other genetic factors at play in the onset and 
advancement of the disease.

Although multiple cancer-related genes have been dis-
covered as possible therapeutic targets, there are only a few 
molecular treatment options available for OSCC. Therefore, 
surgery is still the first line of treatment [13]. Numerous 
genes have been reported to play a crucial role in the etiol-
ogy of OSCC in recent literature [14, 15]. Literature search 
has revealed that approximately 30% of human tumors 
harbor mutations in either K-Ras, N-Ras, or H-Ras genes 
that are vital components of the Ras-Raf-MEK-ERK-MAP 
kinase signaling pathway [16]. The Ras-Raf-MEK-ERK-
MAP kinase signaling pathway regulates cell cycle pro-
gression and apoptosis in various cell types. Therefore, key 
genes and their subsequent proteins can be significant targets 
for cancer therapeutics.

Harvey-Ras (H-Ras) is the first discovered human proto-
oncogene [17]. The gene has received a lot of interest, par-
ticularly in oral cancer patients. Over the past two decades, 
there has been evidence indicating frequent mutations in Ras 
genes across various tumor types, highlighting their involve-
ment in tumor proliferation and maintenance [18]. This is 
attributed not just to the challenging nature of directly inhib-
iting Ras proteins but also to the remarkable capability of 
Ras-mutant cancers in rendering therapeutic agents ineffec-
tive, thereby enhancing tumor fitness [19, 20].

The H-RAS is a small G-protein in the Ras superfamily 
that possesses inherent guanosine triphosphatase (GTPase) 
activity, facilitating the transmission of growth signals from 
the cell surface to intracellular effectors via mitogenic acti-
vating protein kinase (MAPK), c‑Jun N‑terminal kinase 
(JNK), and p38‑kinase pathways. These pathways play a 
crucial role in regulating normal cell proliferation functions 
[21, 22]. The HRAS protein functions as a molecular tog-
gle, alternating between the active Guanosine triphosphate 
(GTP)-bound state and the inactive Guanosine diphosphate 
(GDP)-bound state. When activated by binding to GTP, 
HRAS transmits downstream signals to various cellular 
pathways, including the Raf-MEK-ERK pathway. Mutations 
in the RAS gene result in the mutant RAS protein losing its 
capacity to exchange GTP with GDP, leading to sustained 
activation of the protein. HRAS protein becomes constitu-
tively active therefore it is continuously signaling for cell 
growth and proliferation, even when it should not be. This 

uncontrolled signaling can lead to the formation of tumors 
and promote cancer progression [23].

In this systematic review, our objective is to offer insights 
into the potential role of H-Ras in the development of oral 
cancer and to analyze the status of H-Ras gene mutations in 
OSCC to gauge the possibility of targeting H-Ras for thera-
peutic benefits in OSCC patients.

Methods

Protocol and Registration

This systematic review adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines. It has also been registered with PROSPERO 
(CRD42023485202).

Criteria for Studies to be Considered (PICOS)

Participants Any age and gender with clinically and 
histologically diagnosed cases of oral squamous cell car-
cinoma.
Interventions H-Ras gene mutation.
Control Normal Individuals without OSCC.
Outcomes Expression and Mutation of H-Ras gene in 
OSCC patients.
Studies Original studies.

Data Sources

A thorough electronic scientific literature search was car-
ried out in PUBMED, SCOPUS, and GOOGLE SCHOLAR 
databases from 2007 to 2021.

Search Strategy

The search was created by combining the keywords with 
AND/OR Boolean without any language or time restrictions. 
Keywords used for the electronic literature search were 
(HRAS mutation) OR (mutation of HRAS) OR (mutation 
of HRAS in OSCC) (HRAS in oral cancer) OR (mutation of 
HRAS in oral cancer) (oral cancer) AND (HRAS).

Inclusion Criteria

(a)	 Original studies containing primary data
(b)	 Studies including humans with oral squamous cell car-

cinoma as subjects (i.e., no cell line models or animal 
models) were permitted.
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Exclusion Criteria

(a)	 Experimental studies, reviews, letters, abstracts, opin-
ion articles, case reports, case series, and book chapters 
were excluded from the analysis.

(b)	 Studies using non-human subjects.
(c)	 Studies in languages other than English were excluded.

Screening and Study Selection

Two blinded reviewers independently chose the studies to 
be included [PD, RD]. The search was conducted in January 
2022. After the title and abstract were reviewed, 120 papers 
were chosen for full-text review. The first reviewer (PD) 
identified irrelevant papers based on their title and abstracts 
and excluded them. Two reviewers (PD, RD) independently 

screened the full texts of all possible qualified studies and 
examined them for duplicates.

Literature Search

The search strategy yielded 120 articles. Fifty duplicate arti-
cles were excluded, and 40 articles were excluded following 
title and abstract analysis. Assessment of the full text was 
done for 30 articles. After aggregating and filtering all the 
results according to our predefined criteria, 15 articles were 
excluded as some studies were done on animals and few 
studies were on cell lines. After the screening, a total of 9 
[24–32] articles were included in our literature review. The 
total number of participants included was  697 across differ-
ent countries. Additional articles were also included in the 
study to increase the comprehension. (Fig. 1).

Fig. 1   PRISMA flowchart 
depicting the identification, 
screening, and inclusion of 
articles for consideration in the 
review

Records identified from:
Databases (n = 120 )
Pubmed- 80
Google Scholar- 40

Records removed before 
screening:

Duplicate records removed 
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Records removed following 
title and abstract analysis (n 
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Records screened
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Data Extraction and Qualitative Synthesis

The following parameters were obtained from the studies 
that were included: Author, publication year, country of 
study, the total number of cases, control sample, method 
used, mutation of the gene, mutation about tumor location, 
and outcome of the study. Using a Microsoft Excel spread-
sheet, the data were recorded and summarized. No statistical 
analysis was performed.

Quality Assessment

Refer to Table 1.

Results

Refer to Table 2.

Discussion

High mortality and morbidity associated with oral cancer 
particularly OSCC have intrigued researchers to direct stud-
ies towards identifying genetic/molecular changes that are 
responsible for carcinogenesis. Since genetic changes form 
the basis of carcinogenetic changes it becomes crucial to 
identify and gauge them. Ras genes are crucial players in 
several key pathways of cell growth. It is well understood 
that their mutation can significantly affect the transformation 

of normal tissues to malignancy [33, 34]. Therefore, it 
becomes crucial to understand and explore this gene and its 
mechanism of downstream signaling.

Ras Gene: The Basic Knowhow!

The Ras-Raf-MEK-ERK-MAP kinase signaling pathway 
couples cellular response to growth signals and Ras genes 
are an active component of this system. Therefore, mutations 
causing activation of this pathway can lead to the develop-
ment of cancer [35]. Mutations in the Ras gene commonly 
occur at specific regions known as “hotspots,” which results 
in constant activation of downstream signaling pathways 
driven by Ras [36].

Mutations in Ras genes have been reported with sig-
nificant variations across different types of human cancer 
and ethnicities [37]. The Ras gene family has 3 functional 
Ras genes—H-Ras (Harvey-Ras), K-Ras (Kristen-Ras- iso-
form A and isoform B), and N-Ras (Neuroblastoma-Ras) 
which encodes four nuclear receptors. Although compared 
to the K-Ras and N-Ras genes, the H-Ras gene undergoes 
fewer mutations. But K-Ras and N-Ras mutations are not 
frequently seen in head and neck malignancies, there the 
H-Ras mutations predominate [38].

Mechanism of Action of Ras Gene in Oral 
Carcinogenesis

The Ras gene serves as an upstream controller of the 
Raf-MEK-ERK pathway. Alterations in the Ras gene and 
subsequently in the RAS protein have been identified as 
significant contributors to the initiation and advancement 

Table 1   Risk of bias assessed by the Joanna Briggs Institute critical appraisal checklist for cross-sectional studies

Criterias: 1. Is the review question clearly and explicitly stated? 2. Were the inclusion criteria appropriate for the review question? 3. Was the 
search strategy appropriate? 4. Were the sources and resources used to search for studies adequate? 5. Were the criteria for appraising studies 
appropriate? 6. Was critical appraisal conducted by two or more reviewers independently? 7. Were there methods to minimize errors in data 
extraction? 8. Were the methods used to combine studies appropriate? 9. Was the likelihood of publication bias assessed? 10. Were recommen-
dations for policy and/or practice supported by the reported data? 11. Were the specific directives for new research appropriate?
 + yes (> 70% of total score), ? unclear (50–70% of total score), − no (< 50% of total score), ↓—low risk of bias, →—moderate risk of bias, ↑—
high risk of bias

S. No Study Criteria Final score and 
quality of studies

Risk of bias

1 2 3 4 5 6 7 8 9 10 11

1 Sathyan et al. [24] ( +) ( +) ( +) ( +) ( +) ( +) ( +) ( +) (−) ( +) ( +) High quality (10) ↓
2 Murugan et al. [25] ( +) ( +) ( +) ( +) ( +) ( +) ( +) ( +) (−) ( +) ( +) High quality (10) ↓
3 Koumaki et al. [26] ( +) ( +) ( +) ( +) ( +) ( +) ( +) ( +) (−) ( +) ( +) High quality (10) ↓
4 Simion I Chiosea et al. [27] ( +) ( +) ( +) ( +) ( +) ( +) ( +) ( +) (−) ( +) ( +) High quality (10) ↓
5 Chang et al. [28] ( +) ( +) ( +) ( +) ( +) ( +) ( +) ( +) (−) ( +) ( +) High quality (10) ↓
6 Roodi et al. [29] ( +) ( +) ( +) ( +) ( +) ( +) ( +) ( +) (−) ( +) ( +) High quality (10) ↓
7 Krishna et al. [30] ( +) ( +) ( +) ( +) ( +) ( +) ( +) ( +) (−) ( +) ( +) High quality (10) ↓
8 Nishant et al. [31] ( +) ( +) ( +) ( +) ( +) ( +) ( +) ( +) (−) ( +) ( +) High quality (10) ↓
9 Uchibori et al. [32] ( +) ( +) ( +) ( +) ( +) ( +) ( +) ( +) (−) ( +) ( +) High quality (10) ↓
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of oral cancer [39, 40]. Ras is activated by various fac-
tors like EGF, tumor necrosis factor (TNF) and Protein 
Kinase C (PKC) activators [41]. Extracellular signals 
bind to the receptors. Then the activated receptor binds 
to Grb2, which interacts with the proline-rich sequence of 
Son of Sevenless (SOS) to form the Receptor-Grb2-SOS 
Complex. When SOS binds to the tyrosine phosphoryla-
tion site on the receptor or receptor substrate protein, it 
triggers the movement of cytoplasmic SOS to the mem-
brane. This relocation leads to a significant concentration 
of SOS near Ras. SOS and Ras-GDP interaction take place 
therefore SOS and Ras-GDP promote the replacement of 
GDP with GTP. This activates Ras and initiates the Ras 
pathway (Fig. 2).

Evidence of H‑Ras Mutation in Oral Carcinogenesis

Literature has several reports where H-Ras mutations have 
been identified as a significant contributor to the patho-
genesis of oral cancer. Research conducted in three dis-
tinct regions of India revealed diversity in Ras mutations, 
encompassing variations in both the percentage of muta-
tions and the specific types of Ras genes affected. Das 
et al. studied fifty oral cancer specimens using selective 
oligodeoxynucleotide hybridization and restriction frag-
ment length polymorphism analysis of polymerase chain 
reaction amplified products and observed mutation of the 
H- Ras gene in 28% of its total cases [42]. A previous 
study by Munirajan et al. analyzed the mutation of the 
H-Ras gene by polymerized chain reaction-single-strand 
conformation polymorphism (PCR-SSCP) and direct 
sequencing of 46 oral SCCs. During this study, the author 
discovered that the H-Ras gene had mutations at codons 12 
(in 6 cases), codon 13 (in 1 case), and codon 59 (in 1 case) 
in 8 out of 46 cases, i.e. 17% of all its cases [43]. Similarly, 
Saranath et al. examined 57 primary oral cancer samples 
from Indian patients and observed 37% mutation in H- Ras 
gene. Among these, eight samples exhibited mutations at 
codon 12, one at codon 13 and thirteen at codon 61 [44].

In four out of nine, i.e. (44.4%) studies included in this 
systematic review; it was observed that mutation at Codon 
12 was reported in a significant number of cases. Addition-
ally, mutations were also reported at other codons like 
codon 13, codon 62 and codon 61 [24–26, 31]. Ten cases 
harbored a mutation in H- Ras gene in a study done by 
Murugan et al. Out of these ten cases, two novel mutations 
were identified. The first mutation involved the insertion 
of three nucleotides (GGC) between codons 10 and 11 
(10Gly11), whereas codon 62 (E62G) harbored the second 
mutation, a missense mutation [25].
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Mutation Analysis Through Polymerase Chain Reaction 
and DNA Sequencing

Employing next-generation sequencing (NGS) in the context 
of head and neck squamous cell carcinoma (HNSCC) has 
resulted in the discovery of previously unidentified mutated 
oncogenes. This advancement has also contributed to the 
creation of predictive biomarkers. In clinical samples, vari-
ous coding exons were examined. Primer pairs for PCR and 
sequencing were designed after which PCR products were 
purified and sequenced. Sequences were analyzed using 
Sequencing Analysis software. In six of the included stud-
ies, 8.4% of the cases were found to have a mutation in the 
H-Ras gene [24–27, 31, 32]. The H-Ras gene has six exons 
and codes for a polypeptide of 189 amino acids and a molec-
ular weight of 21 kDa. as reported by Sanchez-Montenegro 
et al. [45]. As indicated by the data from the catalogue of 
somatic mutations in cancer (COSMIC), among the 114 
documented mutations of H-Ras in OSCC, the majority are 
characterized as point mutations occurring in codons 12, 13, 
or 61 and some other locations. The cases reported were 59 
cases (52%), 22 cases (19%), 21 cases (18%) and 12 cases 
(11%), respectively [46].

Mutation Analysis Through Quantitative Real‑Time PCR 
(qPCR)

Roodi et al. employed quantitative real-time PCR (qPCR) 
on OSCC and reported that the mRNA level expression of 
H-Ras was significantly higher, showing a threefold eleva-
tion (p = 0.044) when compared to the normal mucosal tis-
sue of the oral cavity [29]. The levels of H-Ras mRNA fold 
change in patients (n = 56) were investigated later by Krishna 
et al.; they varied from 0.46 to 6.38, with a median of 1.28 
and a mean standard deviation [SD] of 1.62 ± 1.02. The 
mRNA fold change in the control group, in contrast, ranged 
from 0.34 to 2.47, had a median value of 0.97, and had a 

mean SD of 1.10 ± 0.50. In particular, the H-Ras mRNA 
level showed a substantial increase in oral cancer compared 
to the control group (p 0.001) [30]. The elevated presence 
of H-Ras in tissue biopsies from OSCC, as documented by 
these investigations, suggests the involvement of this onco-
gene in cancer development among these individuals.

Identification of Mutation Through Multiplex PCR 
and Primer Extension Analysis

Chang et al. examined tissues obtained from a group of 79 
patients diagnosed with OSCC and analyzed the samples 
using multiplex PCR and primer extension techniques to 
investigate the frequency of RAS gene mutations in exons 
2 and 3. Among these patients, H-Ras mutations were 
detected in 10/79 individuals (12.66%). Among the 10 iden-
tified H-Ras mutations, all were linked to residue 12. These 
included 9 cases of GGC → AGC mutation (G12S) and 1 
instance of GGC → TGC mutation (G12C) [28].

Immunohistochemical Analysis of H‑RAS Protein

It is understood that to judge whether the genetic changes 
translate into altered protein expression too, the immunohis-
tochemical (IHC) analysis of the H-RAS protein is consid-
ered. Krishna et al. used IHC to analyze the H-RAS protein 
in tissue samples from OSCC. They found that 39/65 cases 
(60%) showed positive H-RAS expression, but no statisti-
cally significant differences were observed between the case 
and control groups in the subcategories of H-RAS expres-
sion. Also, a majority of tissue samples exhibited moderate 
levels of positive immunostaining for H-RAS [30].

A few earlier studies have revealed that the H-RAS pro-
tein has a role in the metabolism of normal cells and is not 
just present in cancerous tumors [37]. The above results 
by Krishna et al. [30] align with the research conducted by 
Cutilli et al., where they investigated the tumor suppressor 

Fig. 2   Diagram illustrating the sequential steps in the activation of the Ras gene
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p53 and H-Ras oncogene through immunohistochemical 
and genetic analysis in Oral and maxillofacial neoplasms. 
They found that the H-RAS protein was significantly over-
expressed immunohistochemically in the majority of patients 
(12 out of 15 cases; 80%) [47]. Similar results were found by 
McDonald et al., 68% of cases of head and neck squamous 
cell carcinoma stained positive for H-RAS protein [48].

Correlations of H‑Ras Mutation with Other Key 
Regulators of Oral Carcinogenesis

H‑Ras and G1 Cell Cycle Regulators

Additionally, a significant relationship was found between 
the H-Ras mutation and the G1 phase of the cell cycle regu-
latory proteins cyclin D1 and CDK4. The signal transduc-
tion pathway Ras–Raf–MEK–ERK plays a crucial role in 
governing cell-cycle advancement across various cell cat-
egories through the modulation of transcription factors. Ras 
exerts its influence during various stages of the cell cycle, 
encompassing the early G1 phase, the transition from G1 
to S, and the G2/M phase [49]. In a previous study, it was 
documented that elevated p16 expression and reduced cyclin 
D1 levels were linked to a positive outcome in cases of oral 
carcinoma [50]. There was also an increase in the expres-
sion of p16 and Rb proteins. Williams and colleagues [51] 
documented that the absence of the Rb tumor suppressor 
results in reduced proliferation in tumor cells having mutated 
Ras genes. The noticeable increase in Rb expression within 
Ras-mutated cases might create a conducive setting for Ras-
driven oncogenesis.

H‑Ras and Cox‑2 Expression

According to Roodi et al., there was a notable and statisti-
cally significant increase in Cox-2 expression which is an 
enzyme within the prostaglandin pathway, in tumor tissue 
(an increase of 11.5-fold, p < 0.0001). They demonstrated 
the relationship between the mRNA levels of Cox-2 and 
H-Ras. As compared to normal gingival biopsy tissues of 
healthy individuals minimal Cox-2 expression at the mRNA 
level was detected. However, they also proposed that acti-
vation and overexpression of H-Ras during carcinogenesis 
might upregulate Cox-2 and elucidate the role of inflamma-
tory responses in oncogene mutations and the advancement 
of cancer [29]. The Ras family presents itself as a suscepti-
ble target for diverse environmental mutagens and lifestyle-
related elements like smoking and alcohol consumption. 
It was observed that Cox-2 is easily stimulated in reaction 
to such factors. These findings align with the observations 
made by Lee et al., who studied invasive rat liver epithelial 
cells and proposed that H-Ras might exert specific control 

over MMP-9 and Cox-2 by triggering the ERKs and IKK-
IkBa-NFkB signaling pathway [52].

Clinicopathological Correlation

Evaluation of clinical and pathological data seems crucial 
along with mutational status to explore any existence of 
an association between H-Ras mutation and tumor grade 
(Table 2).

Tumor Grade

A potential link between H-Ras mutations and the differen-
tiation status of OSCC, with an emphasis on well-differenti-
ated tumors in some studies, has been found. Murugan et al. 
in their study observed that there was a significant portion of 
H-Ras mutations that were identified in well-differentiated 
squamous cell carcinomas (p = 0.0356). One mutation was 
discovered in a tumor that was only moderately differen-
tiated, out of the total of ten. Nine of the mutations were 
found in well-differentiated tumors [25]. Consistent with 
this, Krishna et al. illustrated that among 45 well-differenti-
ated cases, 26 (57.7%) displayed elevated levels of H-RAS 
protein. While among 17 moderately differentiated cases, 
10 exhibited similar higher expression [30]. Nonetheless, 
these variations did not yield statistically significant dif-
ferences. Batta and Pandey also demonstrated that out of a 
total of 8 mutated cases of the H-Ras gene, 5 cases of well-
differentiated and 3 cases of moderately differentiated oral 
squamous cell carcinoma were seen [31]. Whereas Dimitra 
Koumaki et al. in their study revealed that 2 case of H-Ras 
mutated case were moderately differentiated oral squamous 
cell carcinoma [26]. Roodi et al. when considering tumor 
grade, analysis revealed a statistically significant increase in 
H-Ras expression among tumors diagnosed as moderately to 
poorly differentiated compared to well-differentiated tumors 
(p = 0.033) [29]. However, the variations in findings and the 
lack of statistical significance in some instances indicate 
the complexity of this relationship and the need for further 
research to elucidate the precise role of H-Ras in differentiat-
ing oral squamous cell carcinomas.

Habit Association

Individuals who practiced numerous risk behaviors, such as 
chewing tobacco, were shown to have a substantial number 
of H-Ras positive cases. Six of the included studies exhibited 
habit association with the H-Ras gene [25, 28–32]. Earlier 
research has indicated a noteworthy correlation between 
chewing tobacco and heightened rates of H-Ras mutations 
in individuals with OSCC [43, 44]. Significantly, nitroso-
containing compounds have gained acknowledgment due 
to their propensity to provoke H-Ras mutations, especially 
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in experimental animal models simulating skin and breast 
cancer [53, 54]. This lends credibility to the idea that nitroso 
compounds originating from tobacco might contribute to the 
emergence of OSCC. In a study by Murugan, it was observed 
that patients with tobacco-related habits such as chewing 
and smoking exhibited a greater occurrence of H-Ras posi-
tive expression [25]. The genetic modifications and height-
ened immunoexpression levels of Ras genes within tumors 
could potentially mirror the underlying causes and ethnic 
backgrounds of the patients. Chang et al. study noted that a 
majority of oral cancer patients were engaged in tobacco use 
or multiple risk behaviors [55]. Another investigation by Xu 
J et al. revealed a link between tobacco use and oral cancer 
cases with H-Ras mutations in particular codons 12, 13 and 
61 [56]. Therefore, it is reasonable to suggest that the pres-
ence of the mutant form of the protein may have contributed 
to the participants in Krishna et al. study having an enhanced 
expression of the H-Ras protein. Smokers were 1.46 times 
more likely than non-smokers to test positive for H-Ras [30]. 
Similarly, Uchibori et al. also observed that H-Ras mutations 
were associated with chewing tobacco (p < 0.05) [32].

Gender Correlation

Upon gender-based analysis, a noteworthy contrast emerged 
in the distribution of H-Ras mutations. Specifically, females 
exhibited a heightened frequency of H-Ras mutations. Two 
of the included studies showed a slightly higher mutation in 
females than males. The predominant mutations identified 
in the study done by Sathyan et al. (65% being G4A transi-
tions and 20% G4T transversions) have been associated with 
exposure to carcinogens found in tobacco. This suggests that 
the elevated occurrence of H-Ras mutations among women 
could potentially be attributed to the widespread habit of 
tobacco chewing among them [24]. But in contrast to this 
Krishna et al. in his study observed a higher H-RAS pro-
tein expression in males rather than females (73.1%) [30]. 
Whereas, Roodi et al. reported no sex-dependent differences 
in their study [29].

The Road Ahead‑Targeting H‑Ras

Even a decade ago, RAS inhibitors were extremely diffi-
cult to find, to the extent that RAS was labeled as ‘undrug-
gable’. But unlike K-Ras and N-Ras, H-Ras is prenylated 
exclusively by Farnesyltransferase and therefore its inhibi-
tor (Farnesyltransferase inhibitor—FTIs) could be useful 
for treating H-Ras-mutant cancers. Also, as evident from 
the above data significant mutation in the H-Ras gene is 
observed in individuals diagnosed with oral squamous cell 
carcinoma, it can be deduced that targeting H-Ras seems 
promising in oral cancer therapeutics.

Tipifarnib is an FTI that prevents H-Ras binding to the cell 
membrane. Therefore, recently it has emerged as a promising 
treatment for H-Ras mutant cancers. Currently, two phase 2 
clinical trials are ongoing where Tipifarnib is being used on 
HNSCC patients [57].

In a single-arm, open-label phase II trial (NCT02383927) 
by Alan et al. [58] the effectiveness of tipifarnib in mHRAS-
related malignancies in 30 patients with recurrent and/or meta-
static (R/M) HNSCC was evaluated. The trial considered an ad 
hoc analysis of the initial 16 HNSCC patients with mHRAS 
variant allele frequency (VAF) data and also enrolled partici-
pants with mHRAS VAF equal to or exceeding 20% (high 
VAF). The primary endpoint focused on the objective response 
rate, while secondary endpoints included the evaluation of 
safety and tolerability. The patients were administered oral 
doses of tipifarnib at either 600 or 900 mg twice daily on days 
1–7 and 15–21 within 28 day cycles. During the administra-
tion of tipifarnib, the median progression-free survival was 
recorded as 5.6 months and the median overall survival (OS) 
reached 15.4 months [58].

Concurrently, in a recent study, Coleman et  al. also 
observed an increased trend toward improvement in overall 
survival in cohorts exhibiting oncogenic mutations in H-Ras in 
HNSCC (3–4%) receiving treatments such as tipifarnib which 
otherwise had poor clinic outcomes without targeted therapy 
[59].

The FDA has granted breakthrough therapy approval for 
Tipifarnib in H-Ras mutant cancer. Future research could 
explore targeting the α4–α5 interface using a nanobody such 
as NS1 to disrupt HRAS self-association by binding directly 
to the α4–α5 interface. This approach aims to decrease the 
activation of downstream pathways and inhibit cell prolifera-
tion while preserving RAS localization and GTPase activity 
unaffected [60].

Recently, a novel mechanism for RAS auto-inhibition 
called “membrane occlusion” has emerged as a potential 
approach to target RAS protein–protein interactions. In this 
process, RAS forms direct interactions with the lipid mem-
brane, effectively isolating the effector binding interface of 
RAS from the cytosol. In this process, a tiny molecule called 
Cmpd2 is used to help occlude the membrane and reduce RAS 
binding to the RAF’s RAS-binding domain. Cmpd2 can bind 
to the region where RAS and the lipid membrane interact. 
Because the RAS-effector interface is substantially conserved, 
this approach has the potential to successfully block all RAS-
initiated downstream signaling pathways [61].

Limitations

This systematic review acknowledges limitations asso-
ciated with the type and quality of the relevant literature 
under examination. The qualitative analysis of the literature 
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emphasizes the necessity for standardization in both study 
design and methods. This standardization is crucial for 
achieving comparable results, thereby enhancing the grow-
ing body of evidence and providing clarity to the existing 
knowledge. Certainly, the literature exhibits significant 
heterogeneity, encompassing not only methodological vari-
ations but also differences in population characteristics, 
lifestyle habits, and culture. These diverse factors have the 
potential to exert influence on the outcomes. Another limi-
tation of this systematic review is that the inclusion crite-
ria restricted the search to studies in the English language, 
those with accessible full texts, and published studies. Con-
sequently, the potential for selection and publication bias is 
likely to be present in the findings.

Conclusion

The associated mortality and morbidity of oral cancer have 
directed for exploration of key genetic changes that can be 
targeted for therapeutic benefits. Ras genes are vital partici-
pants in major cell growth pathways. Therefore, any muta-
tion in the Ras gene can significantly affect the transforma-
tion of normal tissues to malignancy. Mutations in the Ras 
gene commonly reported in hotspots at codons 12, 13, and 
61 resulting in the activation of downstream signaling path-
ways cause abnormal and uncontrolled cell growth. The cur-
rent targeted therapies though appear promising but newer 
treatments focussing on specific mutant types can facilitate 
anticancer therapy targeting H-Ras in OSCC.
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