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Abstract---Background: The genetic factors play an essential role in
the cell behavior and function in areas affected with cancer,
identifying them could help faster risk detection and mitigation of
cases that can be easily saved without much therapeutic intervention
at the primary stage itself. This review aims to develop comprehensive
evidence regarding genomics in oral cancer initiation, regulation, and
progress/inhibition. Material and Methods: A systematic review was
carried out of all the reported literature on genomics and proteomics
as biomarkers from January 2015 to December 2021 across 3
different search engines- Medline/PubMed, Google Scholar and
Scopus. There were 61 articles for the genetic components of oral
cancer after following the PRISMA guidelines. Results: Among the 61
articles a number of genes were identified which showed either over or
under expression in presence of cancer. All of the proteins showed a
rise in their levels in cancer cases compared to healthy cohorts and
premalignant cases. The levels of these proteins were also raised
significantly in the premalignant cases compared to the healthy
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patients. Conclusion: A conclusion can be drawn that not all gene
markers are raised; some show low expressions.
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Introduction

There is a need to consider genetic factors that regulate the invitation and
progression of oral cancer.[1] It is imperative to imitate better tests for early
detection and prompt treatment, especially among the high risk and vulnerable
groups such as tobacco addicts and those with familial tendencies for cancer.[2-
4] Genes play a crucial role in developing oral squamous cell carcinoma,
especially in the tongue and the buccal mucosa.[5] These can predict oral cancer
and assist in early diagnosis, especially in precancerous lesions and conditions.[6]
The cancer cells undergo modifications and exhibit abnormal metastases, causing
a rapid spread.[7] Interestingly reports state that the protein genomics is different
phenotypically inside the tumor cells while it is different outside the cells in the
tumor environment.[8] This review aims to collate genomics in oral cancer
initiation, regulation, and progress/inhibition.

Methodology

The review was registered with OSF (https://osf.io/yrqz8). The key concepts for
the literature search were- Genes in cancer, the familial pattern of inheritance,
alteration, codon, miRNA, DNA strand alteration, DNA repair, remodelling,
apoptosis, and metastasis/spread. Medline/PubMed, Scopus, Google Scholar
were used for literature search. The search was completed, from January to
February 2022. Only freely available full-text articles from January 2015 to
December 2021 were included.

Results

A search of various databases yielded 61 unique articles (Figure 01).
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Figure 01: PRISMA flow chart:

There were 61 studies selected for the final analysis of the genomic composition of
the review (Table 01), mostly the reports were based on Asian population.
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Table 01: Study details on genomics as biomarkers

Author (year)

Sample size

Target Gene

Conclusion

Cao et al; China | CAL-27, Tca8113, UM1 and | PDGFA miR-375 inhibited cell migration and invasion by targeting
(2016) [9] UM2 OSCC cell lines the tumor promoter PDGF-A in UM1 cells
Lim et al; Korea | YD-38 cell lines SEMAGA miR-203 induces apoptosis of YD-38 by targeting SEMA6A
(2017) [10]
Fang et al; China | 30 OSCC cases UCA1, SF1 UCA1 levels upregulated in OSCC cells
(2017) [11]
Cai et al; China | 14 cases of tumor PTPN11 MiR-186 expression inhibits cell growth; induces apoptosis
(2017) [12] through ERK and AKT pathways by targeting SHP2
Kawakubo- Tumor cell lines CHD9, WRN | miR-200c-3p induces invasion
Yasukoch et al;
Japan (2017) [13]
Zhang et al; China | 44 OSCC IGF-1R reduced miR-375 causes progression and poor survival
(2017) [14]
Rastogi et al; India | 20 OSCC HDAC9 miR377 is downregulated in OSCC and suppresses through
(2017) [15] upregulation of HDAC9 and by inhibiting proapoptotic
pathways via NR4A1/Nur77

Zhuang et al; China | 61 cases PPP2R5A inhibition of miR-218 improves cisplatin sensitivity
(2017) [86]
Zhuang et al; China | 110 OSCC patients ANp63 increased ANp63 expression, reduced miR-138-5p
(2017) [17] expression has poor prognosis
Wang et al; China | 40 cases HOXA9 miR-139-5p suppresses cell mobility by targeting HOXA9
(2017) [18]
Sun and Zhang; | Not specified HK2 Restored HK2 expression in miR-143 overexpressing cells
China (2017) [19] exhibited oncogenic effects
Moon et al; Korea | 7 oral cancer cell lines and 2 | miRNA level of miR-145-5p predetermines sensitivity to
(2017)[20] immortalized human  oral photodynamic therapy

keratinocyte cell lines
Wang et al; China | 40 OSCC TRIM 14 miR-195-5p with TRIM14  suppresses proliferation,
(2017) [21] migration, and invasion
Min et al; Korea TRAF6 miR-146a-5p upregulation causes proliferation
(2017) [22]
Peng et al; Taiwan miRNAs miR-1 is novel bio signature in lymph node metastasis
(2017); [23]
He et al; China |3 OSCC COL1A1 miR-133a-3p inhibits the proliferation, migration through
(2017) [24] targeting COL1A1 and reducing expression
Shi et al; China | 20 oral cancer and peri | NOX4 The interplay of miR-99a-5p and NOX4 affects OSCC cell
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(2017) [25] cancerous tissues activities

Li et al; China | 6 OSCC cases CCL2, IL-8 miR-124 is downregulated due to DNA hyper methylation

(2017) [26]

Shang et al; China | 21 OSCC cases CDK4/6 down-regulation of CDK6 and Cyclin D1 in Tca8113

(2017); [27] indicates ant proliferative function of miR-9

Tseng et al; Taiwan | 2 OSSC cases Smad2 levels of miR-21-3p is associated with OSCC cell invasive

(2017) [28] ability

Peng et al; China | OC3, FaDu, SCC25, HSC3, | PDCD7 miR-134 enhances OSCC progression by decreasing the

(2018) [29] OECM1 and SAS cell lines expressions of PDCD7, E-cad

Kim et al; Korea | 68 OSCC cases miR-155-5p | miR-155-5p associated with aggressive nature and rapid

(2018) [30] relapse of early-stage OSCC

Li et al; China | 20 OSCC samples CAMK2N1 Down-regulation of miR-182-5p expression attenuates

(2018) [31] tumor growth, cell survival, and proliferation by regulation
of the AKT/ERK1 /2 /NF-kB signaling pathways

Lien et al; Taiwan | 154 OSCC cases CCL4 Higher levels of CCL4 expression is associated with

(2018) [32] advanced tumor status

Kim et al; Korea | YD-38 cell line BMI-1 miR-203 is associated with suppression of Bmi-1

(2018) [33]

Nagai et al; Japan | 71 primary  OSCC, 28 | TIMP2 miR-205-5p  directly regulates TIMP-2  expression,

(2018) [34] metastatic lymph node tissue suppresses pro-MMP-2 activation by regulating TIMP-2
expression

Zheng et al; China | 86 OSCC cases BIN1 Overexpression of BIN1 inhibits the proliferation, migration,

(2018) [35] and invasion ability

Li et al; China | 48 cases RASSFS miR-214  suppresses KB cell apoptosis through

(2018) [306] downregulation of RASSFS expression and inhibition of
FOXO3a phosphorylation, BIM expression

Wang et al ; China | 40 OSCC patients DKK1 miR-1-3p suppresses the transit of SCC-4 cells from GO/G1

(2018); [37] to S and induced apoptosis

Wang et al; China | 18 adult cases of OSCC AKTS3, miR-16 inhibits cell proliferation and induced apoptosis

(2018) [38] BCL2L2 through decreasing the downstream genes AKT3, BCL2L2

Li et al; China | Lab Model CD44-ROCK | miR-218-5p negatively regulates OSCC invasiveness by

(2018) [39] targeting the CD44-ROCK pathway

Lv et al; China | 23 OSCC cases Notchl miR-495 exerts an inhibitory effect through Notchl

(2018) [40]

Yuan et al; China | 20 OSCC tissues RIG-I negative association between RIG-I mRNA and miR-545

(2018) [41] expression

Ningning ; China | hTERT-OME, oral cancer cell | GFI1 expression of miR-650 is 6.5 folds more than normal cells

(2018) [42] lines

Feng et al; China | 21 OSCC cases NLRP3 miR-22 suppresses OSCC through NLRP3
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(2018) [43]

Lai et al; Taiwan | 3 human cell lines ACOX1 miR-31-5p-ACOX1 axis constitute an oncogenic switch in

(2018) [44] cancer progression

Wang et al; China | 26 OSCC tissue pairs MTDH miR-655 overexpression suppresses cell proliferation and

(2018) [45] invasion by targeting MTDH and regulating the PTEN/AKT

pathway

Lin et al; Taiwan | 70 OSCC cases CCNG2 repression of CCNG2 by miR-1246 leads to elevated

(2018) [46] oncogenicity

Wei et al; China | 40 OSCC cases SOX4 Overexpression of miR-199a-5p suppressed invasion and

(2019) [47] migration of OSCC cells by blocking SOX4/EMT pathway

Huang, Sing and Li; | SCC9 and the primary normal | Smad2 miR-18a-5p upregulation promoted cell viability, migration

China (2019) [48] human oral keratinocyte cell and invasion of OSCC cells and inhibited cell apoptosis in
linings vitro by activating the TGF-f1/Smad?2 pathway

Mahmood et al; | 100 samples Smad?2 serum miR-21 levels reflects tissue mir21 expression

Pakistan (2019) [49]

Chen et al; China; | 52 OSCC cases GLUT1 miRNA-10a is upstream activator of GLUT1

(2019); [50]

Chen et al; China | 134 OSCC samples FGF2 miR-23a-3p is prognostic biomarker

(2019) [51]

Kurihara- 49 OSCC cases CDH1 miR-29b-1-5p is an oncomiR

Shimomura et al;

Japan (2019) [52]

Kao et al; Japan | 43 OSCC cases SIRT3 partial reversion of miR-31 driven phenotypic changes

(2019) [53] modulated by means of profound SIRT3 expression

Xie et al; China | 36 cases COL10A1 secretion of hBMSCs inhibit COL10A1 and inhibit

(2019) [54] proliferation, invasion, and migration of oral cancer cells

Shi et al; China | 20 OSCC cases, 10 normal | LIMK1 upregulation of miR-106a is inhibits proliferation

(2019) [55] tissue

Chen et al; Taiwan | OSCC cell lines PRXL2A miR-211-TCF12 oncogenic axis upregulates PRXL2A

(2019) [56] expression by transcriptional activation

Wang et al; China | 20 OSCC cases CYP3AS5 upregulation of miR-543 promotes cell proliferation,

(2019) [57] invasion and migration by inhibition of CYP3AS expression

Zeng et al; China | 254 OSCC patients YAP1 miR -138 is a prognostic biomarker for OSCC

(2019) [58]

Leong et al; China | 25 OSCC cases RALBP1 Over expression of RLBP1 increases glucose uptake, aerobic

(2019) [59] glycolysis mediated ATP synthesis

Wu et al; China | 62 OSCC cases ARID2 miR-155-5p-ARID2 axis regulated migration and invasion by

(2019) [60] facilitating EMT

Lihua et al; China | 50 OSCC tissues FBXW7 miR-223 expression is higher
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(2019) [61]

Lu et al; China | 157 OSCC tissues GRAP miR-654-5p targets GRAP

(2019) [62]

Chen et al; China | 70 OSCC tissues CD36 miR-1254 is downregulated

(2019) [63]

Wei et al; China | 60 OSCC tissues IKKpB miR-199a-5p is as suppressor via the IKKp, inhibits
(2019) [64] activation of the NF-kB pathway

Wei et al; China | OSCC cell line SCAI inhibition of miR-5100 inhibits migration and invasion of
(2019) [65] TCA8113 cells via SCAI expression

Sun et al; China | 47 OSCC patients miR-382-5p | CAF-derived exosomes transport miR-382-5p, contribute to
(2019) [66] migration and invasion

Hsing et al; Taiwan | 35 OSCC cases TMEM182 upregulation of miR-450a reduces cellular adhesion to
(2019) [67] matrix by targeting TMEM 182, enhances tumor invasion
Chao et al; Taiwan | 40 OSCC samples DDRI1 Aberrant methylation of ANKI causes epigenetic silencing of
(2019) [68] ANK1, miR-486-3p

He et al; China | OSCC cell lines IL32/AKT miR-29b-3p suppresses the IL32/AKT signaling axis

(2020) [69]
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Discussion

A previous systematic review has enumerated other genes; different to the ones in
the present review. [70] OSCC from leukoplakia at an accuracy rate of 97.8%.
Another study 7 genes with more than 95% rate of accuracy to differentiate
between cases of mild dysplasia and hyperplasia from those who have higher
grades of dysplasia and OSCC.[71] Various genes such as glycoprotein tenascin
and osteopontin bring about the inhibition of the macrophage functions and help
to enhance the survival of metastases in cases of squamous cell carcinoma.
Arachidonate 5-lipoxygenase is the major enzyme-producing eicosanoid, which
plays a role in the progression and metastasis. Overexpression of Stanniocalcin-1
in oral squamous cell carcinoma is associated with tumor aggression and poor
prognosis. Other altered genes such as-laminin 5, moesin, and ezrin are
associated with the invasiveness of oral cancer. These genes undergo interface
with keratinocyte adhesion and are linked to the membrane-cytoskeletal. A varied
array of genes are decreased in the expression in tumor progress. Keratins 4, 13,
and 15 and occludin, that determines the structure, and genes that suppress the
tumor as-BRUSH-1, MXI1, and oxidative stress response 1; lose their degree of
expression in tumors.[70] There are a group of 102 epithelial predictor genes with
predictiveness accuracy up to 100% for NO status and 77% for N+ status, and
overall accuracy of 86%. [70,71] They encode the components of the extracellular
matrix that are involved in the adhesion of the cell. Nguyen et al. reported a panel
of 8 genes that accurately predicts metastases.[72] PTHLH gene encodes the
protein of the hormones of the parathyroid family.[32] CD9+ACTB and
CD9+CD82 correlate with the metastasis of the cervical lymph node while
CD151+GAPDH correlates with outcome of mortality. They adversely affects
adhesion of cells, transduction of signals, proliferation, metastasis, cell
differentiation, immunocytes activation, cell fertilization and viral infection. [73]
The role of the other genes like CDKN2A/pl16, pl16INK4A and p15INK4B in cell
cycle and senescence, CDH1/E-cadherin in cell adhesion, PTEN in differentiation,
survival, proliferation, invasion, apoptosis; DAPK1 in apoptosis, MGMT and MLH1
in altered DNA repair, RARB2 in proliferation, RASSF1/2 in cell cycle, apoptosis,
and microtubule formation; APC in cell proliferation, Survivin in proliferation and
apoptosis, p14(ARF) and RARS in cell proliferation, division, angiogenesis is well
established.[74] CYP raised levels indicate a higher risk of squamous cell and
metastasis.[57] A variant allele of CYP2A6 (rs28399433) is associated with a low
risk for cancer.[70,74] rs1934951 is associated with a higher risk of oral
cancer.[75] Decreased VEGF-C expression and lymphangiogenes is modulated by
miRNA genes.[32] There is a difference in distribution of the vascular endothelial
growth factor (VEGF) gene C/T polymorphism between healthy and oral cancer
patients.[76] VEGF plays a role in the process of neovascularization as an
angiogenic factor.[32] Tumor protein p53 studies were not recently reported,
though it is a well-known genetic biomarker, associated with apoptosis and cell
cycle control. [70] Mutation of the encoding p53 gene (TP53) and its higher
concentration is associated with poor prognosis. These genes are missing with
regards to the other forms of oral cancer apart from OSCC. The genetic
biomarkers are neither single nor appear in group for specific form/stage of
cancer. Genetic screening may help to understand the propensity towards cancer;
its rate of progression or help to predict the mortality rates. The role of genes
when other active factors are active is to be evaluated further. The cost factor, its
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usefulness in cases of other oral inflammation along with cancer; associated co-
morbidities and with low risk cases is to be reported across different groups.
There is a lack of uniformity in reporting biomarkers in oral cancer. It is yet to be
a regular practice to screen cases for genetic markers in practice.

Conclusion

Of the 61 articles selected for the gene biomarkers in oral cancer only a few were
similar to the previous reports. The genes associated with oral cancer can serve as
an adjunct to the clinical assessment and other diagnostic screening methods.
The role of such genes when other factors are present and active is to be further
evaluated.
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