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Abstract
Oral cavity cancer (OCC) has become a prevalent malignancy worldwide. Despite, the current developments of diagnoses 
and therapies, the 5-year survival rate has persisted at a dismal of 50% in recent decades. Histopathological evaluation 
remains the golden standard method for cancer detection. However, in some cases the histopathological assessment may 
not be able to give a definitive diagnosis due to pitfalls in the interpretation of biopsy samples. There are well identified 
benign conditions in the oral cavity that could mimic malignancy. Hence, it is a timely approach to understand the utility 
of other emerging techniques which could be used in conjunction with the histopathological assessment. Attenuated total 
reflection Fourier-transform infrared (ATR-FTIR) spectroscopy has been employed extensively to diagnose various diseases 
by determining the chemical and molecular alterations. As a cost-effective, minimally invasive or non-invasive and label-free, 
bio spectroscopic technique this could be developed into an excellent diagnostic tool in the years to come. Besides this, OCC is 
known to alter the composition of metabolites in saliva. Analysis of the metabolomics in saliva of OCC patients could provide 
additional information that would be useful to establish a panel of biomarkers with regard to early detection. Furthermore, 
the rising epidemiological significance underlines the requirement of a better understanding of molecular mechanisms and 
the recognition of extrapolative tumor markers. Thus, gene expression analysis plays a vital role in identifying those genes 
related to the progression of this disease. In here, we review the potential applications of FTIR analysis in disease detection 
and metabolomics in verifying FTIR spectral data. Moreover, the genetic and epigenetic anomalies in OSCC will be briefly 
discussed along with the salivary biomarkers enabling the detection of this disease. 

Keywords: Attenuated Total Reflection- Fourier Transform Infrared (ATR-FTIR), Metabolites, Biomarkers, Histopathological 
Evaluation, Gene Expression Analysis
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Introduction
Oral cavity cancer (OCC) is among the most frequent malignancies 
worldwide, specifically in both developing and developed countries 
[1, 2]. Oral squamous cell carcinoma (OSCC) is considered as the 
most common histology and the key etiological factors of OSCC 
are tobbacco smoking and alcohol consumption [3]. It possesses 
different levels of differentiation and a tendency for lymph node 
metastasis [4]. OCC is classified as head and neck cancers and 
the head and neck squamous cell carcinoma (HNSCC) is the 6th to 
9th most common malignancy worldwide [5, 6]. In some research 
articles, OSCCs are classified under oropharyngeal cancer (OPC) 
and these oropharyngeal squamous cell carcinoma (OPSCC) 
has been bewildered with OSCC. Collectively, OSCC affected 
354,864 people and led to 177,384 deaths worldwide in 2018 [7]. 
The annual occurrence of OSCC is around 400,000 novel cases 
accounting for 2% of cancers in women and 4% of cancers in men 
[8-10] and about 145,000 deaths [http://globocan.iarc.fr/Pages/
summary_table_pop_sel.aspx]. Hence OCC on average has a ~ 
50% death rate.

OSCC is a preventable disease since tobacco smoking and alcohol 
consumption are the major risk factors and present in almost 90% 
of the cases [11]. They have a synergistic effect on the development 
of cancers [12-14]. Studies have revealed the association of 
the products of betel quid in the development of OSCC and the 
association of tobacco chewing with OSCC and Oral Potentially 
Malignant Disorders (OPMD) namely erythroplakia, Oral 
leukoplakia (OLK) and oral submucous fibrosis [15]. In addition to 
this, a variety of suspected risk factors including chronic irritation, 
poor oral hygiene, viral infections, occupational exposure, 
malnutrition along with low fruit and vegetable consumption and 
genetic factors have been identified for the development of OSCC 
[16, 17].

Conventional visual and tactile examination (CVTE) is used to 
adequately visualized OSCC but the precise diagnosis of subtle 
symptoms of early stages and inflammatory lesions are still difficult 
to detect [18]. This resulted in the diagnosis in advanced stages with 
low prognosis despite the developments in the treatments, which 
have resulted in an overall 5-year survival rate of approximately 
50% [8, 19-22]. Histomorphological assessment is the golden 
standard method for the identification of malignant lesions but they 
are performed only when the cancerous or pre-cancerous lesions 
are visible and contain substantial genetic alterations. Furthermore, 
these tissue biopsies stipulate information which only related to a 
limited portion of a tumor and at a specific time-point. But liquid 
biopsy which founded on various body fluids is considered as a 
novel perspective in cancer diagnosis as it is capable in providing 
information at successive time points on circulating tumor cells, 
molecules like DNA/RNA and extracellular microvesicles which 
indicate the plasticity of tumors [23, 24]. Therefore, saliva can be 
used as a promising biofluid for the early detection of biomarkers 
for both local and systemic diseases. Most importantly saliva 
possesses the advantages of accessibility and repeatability that it 
reduces the need for invasive and painful techniques or advanced/
sophisticated technical devices [25-27].

As histomorphological assessment is an invasive, time-consuming 
and a subjective technique, novel techniques are mandatory to detect 

the malignancies at an early stage. Thus, ATR/FTIR spectroscopy 
has become indispensable for the detection and the characterization 
of the molecular components of biological processes underlying 
OSCC and to identify those that play vital roles for the dynamic 
properties of tumor progression. The phenomenon behind this is 
the absorption of IR radiation by vibrational transitions in covalent 
bonds and it permits molecular imaging of complex biological 
samples [28]. The biochemical changes are associated with 
the morphological changes, symptomatic appearances, disease 
progression or treatment responses [29]. Rather than assessing 
the morphological differences, it analyses tissue samples at the 
molecular level before the morphological alterations arise [30]. 

Salivary biomarkers for OSCC detection, mRNA, proteins and 
microRNA have revealed potential to be clinically significant [31-
34]. Salivary metabolomics is also developing to diagnose OSCC 
along with Sjogren’s syndrome and OLK. The usage of salivary 
metabolites is trustworthy because these molecules might be 
transferred into saliva by many cells, such as tumor cells, in the oral 
cavity and the salivary glands. However, there are several salivary 
metabolomic studies which simply detected the metabolomic 
phenotypes in saliva but did not uncover the underlying biological 
mechanisms behind it. Therefore, extensive analysis of the field of 
salivary metabolomics is extremely important for the detection of 
OSCC at early stages along with the molecular components and 
their respective mechanisms [35, 36]. 

Despite the advancement in the therapeutic and surgical treatments, 
survival period of OSCC at five years is the lowest among major 
cancers, and continue to remain unchanged in the past two 
decades. The development in the epidemiological relevance 
of OSCC highlights the requirement of a better understanding 
of the molecular mechanisms underlying it and to recognise 
predictive tumor markers and therapeutic targets [37]. The gap 
in the understanding of its aetiology and lack of drugable targets 
are the prime reasons for lack of success in efficient treatments. 
Concentrating on this issue necessitates a large-scale analysis of 
gene expression profiles [38]. DDRT-PCR (Differential display 
reverse transcription-polymerase chain reaction) is an essential 
approach in this regard. It is capable to randomly sample the 
transcriptome and not constrained to a pre-defined set of genes 
like microarrays. And these cellular genes could precisely serve as 
predictive molecular markers for OSCC detection at early stages 
[39]. In this review, we focused on the capability of ATR/FTIR 
spectroscopy as a diagnostic tool for the detection of cancers 
and particular focus will also be given to verify the findings of 
ATR/FTIR spectroscopy using salivary metabolomics. Moreover, 
genetic and epigenetic anomalies of OSCC will be briefly discussed 
along with the salivary biomarkers which capable in detecting this 
disease. 

Techniques Used to Detect Cancer 
In today’s time, the cancers are mainly diagnosed through the 
microscopic evaluation of stained tissue samples by pathologists. 
These professionals observed certain samples only when 
cancerous or pre-cancerous lesions are observable and already 
contain significant genetic changes. Use of the histopathological 
diagnosis in cancer detection is time-consuming and invasive 
and the sensitiveness of the technique is heavily depending on 
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the subjective judgement made by the pathologists which lead to 
intra and inter-observer variations. On that account, misdiagnosis 
with high false negative and false positive rates are commonly 
observable [22]. In some instances, which accounts for about 10% 
of the pathological evaluation could not result in a firm diagnosis 
about the tumors. It is because of overlapping of histological 
features or that the tumor was poorly differentiated and the origin 
could not be identified [40]. Histopathological diagnosis requires 
a complex process of histochemical staining using different 
dyes, out of which the hematoxylin and eosin (H&E) has been 
the widely accepted routine staining method [41]. Apart from the 
histomorphological analysis, Toluidine blue (TB) staining method 
has been employed as a diagnostic aid in identifying high-risk 
OPMDs and early asymptomatic OSCCs. Majority of OSCC is 
headed by OPMDs, therefore identifying them at an early stage is 
significant in the management of this disease [42]. Varying degree 
of sensitivity and specificity for the detection of OPMD and OSCC 
using this test has been reported in the literature. Among them, a 
study conducted in India indicates 86.36% and 76.9% of sensitivity 
and specificity, respectively [43]. TB test has been proven to be 
effectively identifying satellite lesions but its reliability becomes 
questionable when detecting OPMD which exist as erosive or 
ulcerated lesions. Because it could lead to false-positive results as 
a result of false retention of stain in ulcerated and inflamed areas 
of the lesion [44, 45]. Therefore, effective diagnosis of cancer 
required more specific, effective and precise methodologies. 

What is FTIR spectroscopy?
FTIR spectroscopy is defined as a vibrational spectroscopic 
technique employed to optically probe the molecular alterations 
correlated with the diseased tissues [46-48]. This technique is used 
to scrutinize more conservative ways of analysis to determine 
characteristics within tumor samples and cells. It provides accurate 
and scrupulous assignment of the bonding types, functional groups 
and the molecular conformations. Spectral bands of the vibrational 
spectra are highly specific to the molecule and provide direct 
information regarding the biochemical composition [49, 50]. 
Though, FTIR and Raman spectroscopy are pertinent techniques, 
with their respective spectra complementary to one another, there 
are some differences between the two techniques. A most prominent 
difference is the type of samples that can be analysed. FTIR 
primarily used to analyse no aqueous samples, whereas Raman 
spectroscopy is as effectual for aqueous samples. This is the main 
drawback of FTIR spectroscopy; that its strong absorption bands 

of water [51-53]. To overcome this, further sample preparation or 
extraction procedures are unnecessary, for the aqueous samples 
like saliva and blood, air drying of the samples will eliminate the 
strong water absorption regions of the spectrum [54]. 

FTIR spectroscopy is mainly used to characterize the molecular 
structures by chemists. However, this technique is being used 
for many decades to examine biological specimens as a cancer 
diagnostic tool [55]. This is a relatively simple, reproducible, 
reagent-free technique and most importantly non-destructive to 
the samples. Moreover, it requires nanograms to micrograms of 
the sample with minimal preparation and it possesses a greater 
sensitiveness to the chemical alterations which occurred during the 
transformation from normal to a pathological state or during the 
treatment, thereby it can assist the recognition of novel biomarkers 
correlated with the disease [56]. The signature spectral fingerprint 
of intensity peaks created by the FTIR spectroscopy elaborates 
the multiplex parameters of the genome, lipidome, proteome and 
metabolome of the biological sample analysed. Interestingly, the 
biochemical fingerprint alterations are unique to the molecular 
changes of specific diseases and it provides precise diagnostic 
information about the patient’s health status. These biological 
substances absorb energy in the mid-IR region, from 4000 to 
400 cm-1 of the electromagnetic spectrum. The fingerprint region 
(1450–600 cm-1) is considered as the typical spectral region use 
to examine these specimens. In addition to this, the amide I and II 
region (1700–1500 cm-1) also used for further examination. Lower-
wavenumber regions are usually correlated with bending and 
carbon skeletal fingerprint vibrations, while higher-wavenumber 
region (3500–2550 cm-1) correspond to stretching vibrations 
including C–H, O–H, N–H and S–H bonds and this higher region 
is more prone to stronger moister absorption, thus signal to noise 
ratio is higher [57].

FTIR Spectroscopy for Disease Detection
FTIR spectroscopy seems to be the fastest-growing area in 
vibrational spectroscopy to the diagnosis of several cancers, 
including brain, breast, colorectal, endometrial, ovarian, prostate, 
skin and others. The IR fibre-optic probes equipped with ATR 
elements permit in vivo and in-situ diagnostic of easily reached 
organs including skin, oral cavity, colon and gastrointestinal 
tract through the colonoscopes and endoscopes [58, 59]. Though 
many other pathological conditions have been extensively studied 
using this technique and a few examples of the wide-reaching 
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applications of ATR-FTIR spectroscopy is briefed in Table 1. 
Table 1: Summary of the pathological conditions and their respective biomarkers analysed by ATR/FTIR spectroscopy.

Disease Sample analysed Spectral Biomarker Wavenumber
 (cm-1)

References

Rheumatoid arthritis Blood serum samples - 3000–2800 [60]
HIV/AIDS Blood serum lipids/fatty acids 

carbohydrates
glucose 
proteins 

3010 
1299 and 1498 

1035 
1600 and 1652 

[61]

Diabetes Human fingernail 
clippings

Glycation Increased absorption at 
1047

[62]

Lip cells HbA1c 1300-1400 [63]
Kidney diseases Human serum samples C=O in creatinine 

(Lactam)
(C=N) in creatinine

C=O and NH2 in urea
C=O in  urea
N-H in urea 

NH in creatinine 
Aliphatic CH3 in 

creatinine
C-N in urea

C-C-N in creatinine
N in creatinine (amine)

1705-1725 

1690-1640 
1680-1620
1670-1650 
1650-1620 
1565-1475 
1465-1440 

1420-1400 
1230-1100 
1000-1250 

[64]

Alzheimer’s disease Blood plasma and 
cerebrospinal fluid 

(CSF)

Amyloid-β peptides, 
β-sheet, amyloid-β 

peptides

1643 [65]

ATR-FTIR spectroscopy for cancer detection
This technique has been used to analyse various biological 
samples to develop better alternatives for cancer diagnosis and 
management. Compared to other biological samples blood and 
tissue samples are generally used in current day clinical diagnostics 
for the diverse number of diseases [60-66]. Suitable sample types 
for ATR-FTIR spectroscopy including tissues, cells and biological 
fluids are summarized in Table 2.

Table 2: Different biological samples analysed by the ATR/
FTIR spectroscopy.

Sample type References
Blood [67-73]
Tissues [40, 74-79]
Extracellular vesicles (EVs) [80-82]
Urine [83]
Bladder wash [84]
Bile [85]
Sputum samples [86, 87]
Saliva [82,88,89]

A recent study by [82], revealed that the salivary exosomes 
of OSCC and healthy individuals (HI) displayed a peak of 
absorbance intensity at 1033 cm− 1. The peak of absorbance 
intensity of HI exosomes in this region was considerably higher 
compared to OSCC [67-82]. Bands in this area are accountable for 
the vibrational modes of –CH2OH groups and the C–O stretching 
vibration as well as C–O bending vibrations of the C–OH groups 
of different carbohydrates (i.e. glucose, fructose and glycogen) 
[83-91]. Salivary exosomes of HI and OSCC appeared to be have 
another peak of absorbance intensity at 1072 cm− 1 where, OSCC 
being lower compared to HI [82]. This region is responsible for the 
symmetric stretching vibrations of the phosphodiester groups of 
nucleic acids (DNA and RNA) of the cell [90-92]. 

In addition to this, the spectral peaks at 2924 and 2854 cm− 1 were 
observed in the HI exosomes, allied to the absorption bands of 
symmetric and asymmetric C–H stretching vibrations of CH2 and 
CH3 methylene groups of fatty acids within the cellular membranes 
[90, 92]. Salivary exosomes of OSCC displayed peaks in the same 
location; but, their intensity was lower compared to those of HI 
[82]. The band at 1743 cm− 1 is accredited to the C=O stretching 
vibration in lipids of the cell [90, 92, 93]. The HI exosomes 
displayed a peak of absorbance intensity at this wavenumber 
compared to OSCC [82]. The protein spectra were located in the 
region of 1300–1800 cm− 1 wavenumbers [90]. Bands in this region 
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signify primarily the amide II, probably accredited to the region of 
transmembrane proteins [94]. Generally, the absorbance spectrum 
of the OSCC exosomes has a higher intensity compared to the HI 
at this region. For OSCC exosomes, a peak was identified at 1543 
cm−1, while the peak for the exosomes of HI was shifted slightly 
towards the right and being positioned at 1547 cm− 1 [82]. The 
spectral peak at 1543 cm− 1 is attributed to the amine II membrane 
proteins with oriented secondary structural components [94]. 
Salivary exosomes from OSCC patients displayed increased levels 
of these proteins compared to HI [82]. Another peak in the OSCC 
exosomes was observed at 1404 cm− 1, which is responsible for 
the C-H bending vibrations in acyl residues of lipids or amines 
[90, 92, 95]. Where, salivary exosomes of OSCC displayed a 
peak of absorbance intensity at this wavenumber compared to HI. 
For the exosomes of OSCC, the FTIR spectra were consistently 
contrasting from HI at certain wavenumbers including; 1072 cm− 1 
(nucleic acids), 2924 cm− 1, 2854 cm− 1 (membranous lipids) and 1543 
cm− 1 (transmembrane proteins) [82]. The Principal component 
analysis–linear discriminant analysis (PCA-LDA) discrimination 
model properly categorised the samples with a specificity of 89%, 
accuracy of 95% and sensitivity of 100%. Moreover, Support 
vector machine (SVM) indicated a training accuracy of 100% and 
a cross-validation accuracy of 89%. Ultimately, this flaunted the 
specific IR spectral signature for OSCC salivary exosomes, can be 
efficiently differentiated from HI exosomes based on identifying 
delicate alterations in the conformations of lipids, proteins and 
nucleic acids using ATR-FTIR spectroscopy [82].

Via ATR-FTIR spectroscopy, [88] examined saliva, from HI, breast 
cancer (BC) patients and benign patients to discriminate BC from 
both benign disease and controls. The potential spectral biomarker 
at 1302.9-1433 cm−1 was capable of distinguishing between 
human BC and HI with sensitivity and specificity of 90% and 80%, 
respectively. As well, it can differentiate BC from benign disease 
with sensitivity and specificity of 90% and 70%, respectively [88]. 
Taking this into account the conventional approaches employed 
in clinical practice including mammography, ultrasound, and 
magnetic resonance imaging (MRI), show sensitivities of 67.8%, 
83%, and 94.4% and specificities of 75%, 34%, and 26.4%, 
respectively [96]. Thus this indicate the potential capability of this 
technique in detecting BC with higher specificity and sensitivity. In 
addition to this, these results could improve the accuracy obtained 
for BC diagnosis [88]. FTIR spectroscopy permits the analysis of 
the entire biochemical signature including; carbohydrates, lipids, 
proteins and nucleic acids of a biological sample rather than 
focusing on a single specific protein as a biomarker [97]. Hence, 
the salivary ATR-FTIR spectra are exceedingly appropriate due 
to their speed, expediency and cost effectiveness, strappingly 
signifying this approach for BC screening [88]. 

As aware that higher absorbance of a particular spectral vibrational 
mode signifies the increase of a specific biomolecule [98]. The 
elevated absorbance levels of BC patients at the 1041 cm−1 

wavenumber is resulted by the increased levels of PO2
− symmetric 

stretching vibrations [vs (PO2
−)], which present in nucleic acids and 

glycogen. According to the previous studies which based on FTIR 
spectroscopy reported many alterations in the phosphate region, 
which correlate mainly with nucleic acids and carbohydrates [99]. 
The peak of absorbance intensities in the 1433–1302.9 cm− 1 region 

is mainly due to increased levels of COO− symmetric stretching 
vibrations [vs (COO−)], of proteins and lipids. It is believed that, 
the higher expression of PO2

− symmetric stretching vibrations [vs 
(PO2

−)] and COO− symmetric stretching vibrations [vs (COO−)] 
might be due to these molecules which initiated from blood and 
access to saliva by passive diffusion of lipophilic molecules (i.e. 
steroid hormones) or by active transport of proteins via ligand-
receptor binding [100]. Henceforth, saliva may contain biomarkers 
that reflect the pathophysiological condition of the body, such as, 
BC. There are number of putative salivary molecular biomarkers 
that are most likely changed in the presence of BC. And increased 
levels of certain proteins, carbohydrates and nucleic acids have 
been identified in the saliva of BC patients compared to the HI, 
which further corroborate with the findings of this study [86, 101-
104]. 

Plasma of prostate cancer (PC) patients has been studied with high 
throughput ATR-FTIR spectroscopy to reveal its potential in rapid 
and accurate diagnosis of the disease [73]. Where the FTIR spectra 
of plasma from HI indicates a peak of absorbance intensity at 1080 
and 1240 cm−1 compared to the plasma spectrum from PC patients. 
The abovementioned two bands in this region are allied to the 
symmetric and asymmetric stretching vibrations of phosphodiester 
groups, respectively [105]. The increase intensity in the bands at 
1120 and 1170 cm−1 are correlated with the carbohydrates. These 
bands showed a peak of absorbance intensity in plasma from HI 
compared to the PC patients. The protein spectra (region 1300–
1800 cm−1) were comparatively weak in the plasma from PC 
patients compared with that from HI [73]. The reduced protein 
content in the malignant tissues indicates an incited diversification 
of energy to accomplish increased energy requirement during the 
malignant stress of cells [106]. A decreased protein content was 
also observed in the FTIR spectra of serum from patients with 
lung cancer compared to HI [107]. The bands at 2800–3000 cm−1 
and 1740–1750 cm−1 were decreased, indicating the reduction of 
lipids and fatty acids in the plasma from PC patients. This may be 
resulted due to the decreased levels of triglycerides and fat in the 
region of malignant tissue as a result of the increased demand of 
energy in the development and progression of the carcinoma [108]. 
Further, the partial least squares discriminant analysis (PLS-DA) 
model categorised FTIR spectra of plasma from HI and PC patients 
with a sensitivity and specificity of 99% and 98.4%, respectively, 
and FTIR spectra of plasma from patients with different Gleason 
scores (GS) with a sensitivity and specificity ranging from 65% to 
80% [73].

Using an ATR probe equipped with a diamond crystal, urine 
was examined toward differentiation of ovarian cancer (OVC) 
and endometrial cancer (ENC) patients from HI [83]. The 
spectral peaks that showed significant difference between ENC 
and HI were the: 1593 cm−1 (P < 0.0001, 95% CI = −0.0179 to 
−0.012), 1508 cm−1 (P < 0.0001, 95%). Congruently, to ENC, the 
preponderance of the peaks indicates increased absorbance when 
OVC  was present, despite the peak at 1597 cm−1. Only two out of 
the six discriminatory peaks had lower absorbances in ENC, these 
were accredited to C–C vibrations of phenyl rings of the proteins 
(~1593 cm−1, Amide II) and CH2 vibrations of lipids (~1462 cm−1) 
[83]. This could be due to the elevated degradation of proteins 
along with the dwindled protein synthesis during cancer cachexia 



[109]. Another study also has implied that lipids and specifically 
cholesterol, were lower in blood samples of ENC than HI this 
possibly will explain the lower absorbance in the lipid region 
(~1462 cm−1) of ENC patients [110]. When compare the OVC 
patients with HI, the discriminatory peaks were primarily ascribed 
to proteins and nucleic acids. Elevated levels of these biomolecules 
were observed in OVC samples with an exemption of a peak 1597 
cm−1 which was delegated to C–C phenyl ring of proteins [83].

In this study, they have used three classification systems to 
calculate the diagnostic accuracy of spectroscopy to identify 
ENC and OVC. The optimal approach was PCA-SVM which 
recognised ENC with 95% sensitivity, 95% accuracy and 100% 
specificity, OVC with 96.3% specificity, 100% sensitivity and 
100% accuracy, which are remarkably high in comparison to 
the conventional molecular and imaging methods used in cancer 
detection [83]. The serum HE4 used for the ENC diagnosis possess 
a sensitivity and specificity of 45.4% and 95%, respectively [111]. 
A combination of three different biomarkers including ApoA-1, 
prealbumin and transferrin is capable in differentiating healthy 
samples from early-stage ENC with sensitivity and specificity of 
71% and 88%, respectively along with that healthy samples from 
late-stage cancer with sensitivity and specificity of 82% and 86 %, 
respectively [83]. But the ultrasonography only managed to detect 
ENC with a sensitivity and specificity of 90–98% and 35–54%, 
respectively [112]. MRI is capable of detecting early and advanced 
ENC with high sensitivity (87–100%) and specificity (90–99%) 
but stage Ic and II of the disease had considerably lower sensitivity 
(19–56%) however the specificity endured to be higher (86–96%) 
[113]. 

Serum CA-125 is currently use for the detection of OVC, achieve 
only a sensitivity of 50–60% for early stage of the disease and 
specificity of >95% [114, 115]. Furthermore, the transvaginal 
ultrasound (TVS), computed tomography (CT), MRI and power 
Doppler are highly expensive and possesses a sensitivity <90% for 
early OVC cases and have relatively high false positive fallouts 
which render them less beneficial for cancer screening [113]. Thus 
this indicate the efficacy of vibrational spectroscopy in diagnosing 
ENC and OVC from urine samples, with a higher accuracy. 
Being a simple, non-destructive, reagent free, label free and cost 
effective, biospectroscopic technique ATR/FTIR is considered as 
an ideal method for the detection of OVC and ENC and further 
improvement of the technique for larger population legions can 
make this the perfect cancer diagnostic tool for either a screening 
or diagnostic test for the years to come [83]. 

Paraffin-embedded tissue sections from 47 human subjects (8 HI, 
16 OLK, and 23 OSCC) has been studied with FTIR spectroscopy 

to identify spectral-biomarkers for the optimum diagnostic 
differentiation of OLK and OSCC [74]. A peak was observed at 
1043 cm−1 (symmetric PO2

- stretching in RNA and DNA) for HI and 
OLK, while the peak of OSCC patients was shifted to 1050 cm−1 
and the peak at 1109 cm−1 (v(CO), v(CC) ring (polysaccharides, 
cellulose) was found to be reduce gradually in both OSCC and 
OLK [74, 116]. In HI another peak was identified at 995 cm−1 
which is due to the ring breathing but it was found to be absent in 
both OSCC and OLK. For HI a peak was observed at 1385 cm−1 
(protein phosphorylation), while the peak of OLK and OSCC was 
slightly shifted towards right and been positioned at 1405 and 
1406 cm-1 respectively. Again in HI, there was a peak at 1550 cm−1 
(Amide II), which moved to 1548 cm−1 for OLK and to 1543 cm−1 
for OSCC [74]. The peaks at 1438 cm−1 and 1474 cm−1 in OSCC is 
resulted due to the changes in keratin expression [117]. There was 
an increased keratin deposition above the epithelium in OLK, and 
in OSCC distinct keratin pearls were observed [74]. 

During forward feature selection (FFS), 18 spectral wave numbers 
from the region 900–1800 cm−1, six each to differentiate HI vs. 
OLK (1628, 1385, 1088, 1775, 1704 and 1662 cm−1), HI vs. OCC 
(1782, 1713, 1665, 1545, 1409 and 1161 cm−1) and OLK vs. OCC 
(1032, 956, 1707, 1639, 1606 and 1565 cm−1) were identified. 
Further the six features acquired through FFS to discriminate HI 
and OSCC were the most significant, able to classify HI and OSCC 
with 81.3% sensitivity, 95.7% specificity and 89.7% of overall 
accuracy. The extracted features obtained by difference between 
mean spectra (DBMS) were also found to be highly significant, 
able to differentiate OLK and OSCC with 81.3% sensitivity, 
91.3% specificity and 87.2% overall accuracy. Therefore, this 
study proves that features selected through FFS for HI and OSCC 
discrimination and through DBMS can be used as significant 
spectral biomarkers for the classification of highly associated OLK 
and OSCC [74]. 

Collectively considering various cancer types which have been 
analysed by ATR/FTIR indicate that certain spectral regions can 
be identified as biomarkers to diagnose cancer (Table 3). These 
results suggested that spectral signals accredited to the amide I/
II (secondary structure of the protein), carbohydrates and nucleic 
acid oscillations are sensitive to changes related to the cancer 
progression. It indicates that even though the sample type/cancer 
considered not largely affect the respective biomarker which 
can be used to specifically identify cancer but slight deviations 
of spectral regions depict that different cancer types have their 
identical spectral regions specific for them. Therefore, further 
analysis is extremely important to uncover these unique spectral 
biomarkers for each cancer type.

Med Clin Res, 2021        Volume 6 | Issue 3 | 440www.medclinres.org



Table 3: Summary of the different cancer types and their respective biomarkers analysed by ATR/FTIR spectroscopy.

Biochemical Wavenumber
(cm−1)

Band assignment and component 
identified

Sample type
Saliva Blood

/
serum

Urine Tissue

OCC 1 OCC2 BC PC OVC ENC OLK OCC3

Carbohydrate 905-1012 Carbohydrates/phospholipids a r r r r r r r

1020-1050 ν(C-O), δ(C-O), v(CH2OH)/ v(C–O), 
ρb(C–O) of the C–OH groups of 
carbohydrates (glucose, fructose and 
glycogen) or v(C–O–O–C), v(C–O) 
coupled with ρb(C–O) of C–OH of 
carbohydrates or nucleic acid in 
absence of glycogen (v(PO2

-) in RNA, 
DNA)

r a r a r r a a

1109/1110 v(CO), v(CC) ring (polysaccharides, 
cellulose)

r r r r r r a a

1120-1170 v(C-O) and ν(C-O-C) r r r a r r r r

1159-1174 v(C-O) of proteins and carbohydrates 
& (vas(CO-O-C) Protein/Carbohydrate/
Lipid

r r a r r r r r

Nucleic acids 878 C3’ endo/anti A-form helix r r a r r r r r

925-929 Left-handed helix DNA (Z form) r r r r r r a a

995 v(C-O) of ribose/v(C-C) of uracil ring 
of RNA

r r a r r r r r

1116 vs(P-O-C), vs(C-O(H)) of RNA r r r r r r r r

1040-1100 vs(PO2
–) of nucleic acids, phospholipids 

and ν(C-O) of saccharides
a a a a a a r r

1220-1240 vas(PO2
−)/Phosphodiester region and 

νas(PO2
−) of the phosphate group of 

phospholipids

a r a a r r a a

1373 v(C-N) of cytosine, guanine r r r r a r r r

2922 vas(CH2) of lipids and nucleic acid r r a r r r r r

Proteins 1160/1/2 ν(C-O), ν(C–O–H) of serine, threonine, 
tyrosine or γ (C–C), ρb(C–OH), v(C-O)
of polysaccharides or RNA ribose or 
Protein phosphorylation

a r r r r r a a

1220-1350 Amide III a r a a a a r r

1404/5/6 ρb(CH3) a a a r a a a a

1438 and 
1474

ρbas (CH2) of Keratin r r r r r r r a

1449-1451 ρb(CH3)/δs(CH3) a r a a r r r r

1458 ρbas (CH3) of Collagen r r r r r r a a

1480-1600 Amide II a a a a a a a a

1515 Tyrosine ring a r r r r r r r

1543 Transmembrane proteins r a r r r r r r
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1650 Amide I a r a a r r a a

3075 Amide B a r r r r r r r

3295-3328 Amide A a r r a r r r r

Lipids 1320 Fatty acids and amino acids, collagen r r r r r r a a

1462 CH2 vibrations r r r r r a r r

1600-1800 v(C=O) of fatty acids, triglycerides and 
cholesterol esters

r a r a r r r r

2800-2965 νs(CH2) of lipids and νas(CH2)/ νs(CH2) 
of CH2 and CH3 groups of fatty 
acids (within cellular membranes), 
triglycerides and proteins

a a r a r r r r

2873 νs(CH3) of lipids and protein side chains a r a a r r r r

2925-2936 vas(CH2) a a r a r r r r

2959 vas (CH3) of lipids, DNA, and proteins a r a r r r r r

Phospholipids/ 
fatty acids

600-900 Out-of-plane bending vibrations of C-H r r a r r r r r

1341 CH2 wagging/ ρb(CH2) a r r r r r r r

1400 νs(COO−) of fatty acids and ρb(CH3) of 
proteins

a r r r r r r r

OCC: Oral cavity cancer BC: Breast cancer PC: Prostate cancer OVC: Ovarian cancer ENC: Endometrial cancer OLK: Oral 
leukoplakia (Abbreviations: ν, stretching; δ, deformation; ρb, bending; as, asymmetric; s, symmetric). (OCC1 [118]; OCC2 [82]; BC 
[88]; PC [73]; OVC & ENC [83]; OCC3 & OLK [74]).

FTIR Spectroscopy as A Promising Tool for OSCC 
Detection Using Saliva Samples
It is evident from the spectra, that significant alterations in banding 
positions and relative intensities are correlated with the development 
of a tumor. Peaks observed at the spectral interval between 3600 
and 3000 cm−1 derived from C–H, O–H and N–H stretching modes 
of proteins whereas, the sturdy band at ~3286 cm−1 is due to amide 
A N–H stretching mode [116]. The band at 3073 cm−1 is ascribed 
to amide B ν(NH)/ν(CH) vibrations in proteins (α-amylase, 

albumin, cystains, mucins, proline-rich proteins, sIgA) [116-120]. 
Alternatively, the spectral region 3000–2800 cm−1 is rich in bands 
attributed to symmetric and asymmetric CH2 and CH3 stretching 
oscillations of lipid molecules [104, 116, 121, 122]. It has to be 
distinguished that the most obvious changes occur in the region 
between ~900 and 1300 cm−1. Nevertheless, some of the bands in 
this region may overlap. This fingerprint region is considered as 
a highly diagnostic region in assessing numerous cancer types [104, 
116, 119, 121-124] (Figure 1) (Figure 2). 

Figure 1: Typical normalized infrared spectrum from Dextran sodium sulphate (DSS) mice serum samples with biochemical 
assignments listed as, stretching vibration (v) (str.); bending vibration (ρb) (bend); in-plane bending (ip. bend); out-plane bending (oup. 
bend); deformation (δ) (def.); torsion (tor.); C2’/C3’ endo/anti (A/B-form helix) (endo/anti) conformation; guanine in a C3’ endo/syn 
conformation in the Z conformation of DNA (endo/syn).

Med Clin Res, 2021        Volume 6 | Issue 3 | 442www.medclinres.org



Band resulted at ~1078 cm−1 is allied to the asymmetric and 
symmetric PO2

− stretching from inorganic phosphates and PO4
3− 

group of phospholipids [125, 126]. This has shown that this 
spectral characteristic is correlated with the role of PO4

3− during the 
diseases [127]. Consequently, the extraordinary increase in ~1074 
cm−1 band intensity of the tumor mixus (TM) compared to the HI, 
associated with the disease development [127-131]. According to, 
evident displacement of the band position from 1078 cm−1 in HI 
group to 1074 cm−1 for OSCC, validates the contribution of PO4

3− 
upon the disease development. Apart from this, vibration comes 
from PO4

3− group is recognised in the spectra at ~1159, 1239, 985, 
and 936 cm−1 [125] (Figure 2). 

Figure 2: ATR-FTIR spectra of saliva samples: Control (spectrum 
averaged from five HI samples) and five salivary gland tumor 
(tumor mixus, TM) patients [118].

Besides, peaks obtained within 1000 to 1200 cm−1 spectral interval 
accredited to the C–O stretching vibrations from carbohydrates. 
Accordingly, bands at ~1021, 1040 and 1078 cm−1 instigate from 
sugar moieties (Figure 3d) [89, 128-130]. Though, most of the 
salivary proteins are glycosylated, these peaks can be ascribed to 
glycosylated α-amylase, mucins or other sugar residues vibrations 
[126, 130-133]. It has to be noted that band at ~1119 cm−1 is due 
to the ν(C–O) and ν(C–O–C) of carbohydrate vibrations in TM 
spectrum unveils significant enhancement in compared to HI group 
(Figure 3b and d) [116, 134]. Therefore, this spectral biomarker 
can be used to distinguish between the normal from cancer stages 
whereas, the 1119 cm−1 signal is reflected as a spectroscopic marker 
of TM [135]. Table 4 lists the most characteristic ATR-FTIR bands 
collectively with recommended band assignments for averaged 
spectra of HI and TM. By referring to the results obtained from 
these studies based on FTIR spectroscopy can be successfully used 
to differentiate HI from the TM, especially considering the spectral 
interval between 800 and 1300 cm−1 [118].

In addition to this, it evident significant alterations in the secondary 
structure of proteins (Figure 3) between the ATR-FTIR spectrum 
of HI and TM. It is worth pointing out that α-helix maximum 

peak frequency decreased for the TM spectrum (1634–1640 
cm−1; Figure 2a-e) in compared to the spectrum of HI (1644 cm−1; 
Figure 2 control) [118]. Concurrently, the β-sheet maximum band 
frequency (1543 cm−1; Figure 2 control) elevated for the TM 
patients (Figure 2a-e) [104, 116, 119-122, 130]. Reason for this 
might be the variations in the extent of intermolecular H bond 
in α-helical and β-sheet structures [136]. Moreover, the most 
intense band emerging at 1648 cm−1 accredited to ν(C=O), (CN) 
and δ(NH) vibrations from α-helix. Deconvolution split resulted 
from two additional bands at 1664 and 1641 cm−1 as a result of the 
disordered structure-solvated [νs(C=O)] and unordered structure 
[ν(C=O)], respectively (Figure 3a and c). Apart from this, the 
content of α-helical conformation was reduced noticeably for TM 
(Figure 3a and c; Table 4) [118]. It may be due to the development 
of β-sheet structures [137]. It is worthwhile to note that, the 
relative intensity of 1631 cm−1 band caused by the β-sheet structure 
[ν(C=O)/ν(C=C)] significantly decline upon the development of 
cancer [118]. Contrariwise, the 1615 cm−1 spectral signal attributed 
to the β-sheet formation [ν(C=C)] elevated considerably for TM 
spectral data [104, 116, 119-121, 130] (Figure 3a and c). It is worth 
mentioning that peaks originated at ~1403 [νs(COO−), ρb(CH3)] 
and 1450 cm−1 [ρb(CH3)/δ(CH2/CH3)] reveal increased intensity 
for the TM (Figure 2). Besides this, the peak at 1543 [ρb(NH), 
ν(CN), amide II], 1515 [trosine ring, α-amylase, albumin, cystains, 
mucins, proline-rich proteins, sIgA] and 1315 cm−1 [ν(CN), 
ρb(NH), amide III (α-amylase, albumin, cystains, mucins, proline-
rich proteins, sIgA) are prominent spectral features for proteins. 
These results undoubtedly evident that the secondary structure of 
proteins in HI samples vary largely from that in the TM samples 
[118] (Figure 3a and c).

Figure 3: Curve-fitting analysis of amide I/II with second 
derivative spectra (a) and the 900–1200 cm−1 spectral interval (b) 
of TM patients and amide I/II with second derivative spectra (c) 
and the 900–1200 cm−1 spectral interval (d) of HI. (e) Averaged 
ATR-FTIR spectra of saliva samples from five HI and five salivary 
gland tumour patients [118].
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Table 4: Wavenumber and suggested band assignments for averaged ATR-FTIR spectra of HI and TM  [118].

FTIR bands (cm−1) Band assignment Component identification References
Control TM
924 936 ν(PO2

−) Inorganic phosphates [125]
δ(COH), δ(COC) Carbohydrates [116, 123]
νas(CH3–N) Phospholipids [116, 123]

975 985 ν(PO2
−) Inorganic phosphates [125]

1021 ν(CO), δ(C–O–H) Glycosylated α-amylase, mucins or other sugar residues [116,125,126]
1040 1038 ν(CO), ρb(C–O–H) Glycosylated α-amylase, mucins or other sugar residues [116,125,126]
1078 1074 νs(PO2

−) Inorganic phosphates [116,125,126]
νs(PO2

−), νas(PO2
−) Phosphate group of phospholipids [89,104,116,121-

124,138]
ν(CO), ρb(C–O–H) Glycosylated α-amylase, mucins or other sugar residues [89,126,139]
ν(C–O), ν(C–O–C) Carbohydrates [121,139]
νas(PO2

−) Inorganic phosphates [116]
ν(CO), ν(C–O–H) Serine, threonine, tyrosine of proteins [119,123,124]

1239 1243 νas(PO2
−) Phosphate group of phospholipids [104,116,121,126]

νas(PO2
−) Inorganic phosphates [104,116,134]

1315 1315 ν(CN), ρb(NH) Amide III (α-amylase, albumin, cystains, mucins, proline-
rich proteins, sIgA)

[116,119,121,123]

1341 1343 ρb(CH2) Phospholipids, fatty acid, triglyceride, amino acid side 
chains

[116]

1407 1403 νs(COO−) Fatty acids [116,119,121,123]
ρb(CH3) Proteins [104,116,124]

1451 1450 ρb(CH3)/δ(CH2/CH3) Proteins/lipids [104,116,121]
1515 1513 Tyrosine ring Proteins (α-amylase, albumin, cystains, mucins, proline-

rich proteins, sIgA)
[104,116, 

119,120,122,123,130]
1543 1546 ρb(NH), ν(CN) Amide II

1527 ρb(NH), ν(C=N), ν(C=C) Amide II
1615 1619 ν(C=C) Amide I: β-sheet structure
1631 1631 ν(C=O)/ν(C=C) Amide I: β-sheet structure
1648 1653 ν(C=O), δ(CN), δ(NH) Amide I: α-helix

1641 ν(C=O) Amide I: unordered structure
1680 1677 ν(C=O) Amide I: unordered random coils and turns

1664 νs(C=O) Amide I: disordered structure-solvated
1692 1690 ν(C=O), ν(CN), ρb(NH) Amide I: anti-parallel β-sheet
2850 2851 νs(CH2) Lipids (cholesterol and mono/diglycerides of fatty acids) [104,116,119-

122,140,141]2873 2874 νs(CH3) Lipids, protein side chains
2936 2935 νas(CH2) Lipids
2962 2961 νas(CH3) Lipids, protein side chains
3073 3074 ν(NH)/ν(CH) Amide B/ring (α-amylase, albumin, cystains, mucins, 

proline-rich proteins, sIgA)
3286 3282 νas(NH) Amide A
Abbreviations: ν, stretching; δ, deformation; ρb, bending; as, asymmetric; s, symmetric.
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Salivary metabolomics to verify ATR/FTIR Spectroscopic 
Findings
Metabolomics is referred as a novel promising “Omics-
discipline” in systems biology, claiming to explore the entire set 
of metabolites exist in a biological system [142]. It is an analytical 
tool employed in conjunction with pattern recognition approaches 
and bioinformatics to distinguish metabolites and monitor their 
alterations in biofluids or tissues [143, 144]. Salivary metabolomics 
has become an emergent area in OSCC and OLK and beneficial 
to investigate these molecules which transported into saliva 
by different cells like tumors [145]. Interestingly, the results of 
salivary metabolomics further verify the findings of ATR/FTIR 
spectroscopy of different cancers. In which, the uncontrolled tumor 
growth is a characteristic feature of aggressive carcinogenesis, 
which depends on the nitrogen and carbon sources and energy to 
support dysregulated cancer cell progression [146, 147]. A study by 
[148]. revealed that, the three basic amino acids (histidine, lysine, 
and arginine) involve in the urea cycle and polyamine metabolism 
were found to be down regulated in OSCC. As mentioned by [149, 
150], these pathways are not only providing profuse amount of 
nitrogen but also promotes hyperproliferative disorders in various 
cancers. This corroborate with the absorbance intensities of the 
protein spectra (region 1300–1800 cm−1) of the plasma of PC 
patients [73], urine of ENC patients [83] and serum of lung cancer 
patients [107] where it shows comparatively weak intensities 
indicating towards the increased consumption of proteins. But it is 
contrast with the findings of [82] for OSCC exosomes as it shows 
higher intensity for this region compared to HI.

Further, considerable alterations in the aminoacyl transfer RNA 
(tRNA) biosynthesis pathway highlights the dysregulation in 
mRNA translation for protein synthesis [151, 152]. Moreover, the 
upregulation of ketoleucine, indole-acetate, and 3-hydroxypheny-
lacetate and down regulation of desaminotyrosine revealed abnor-
mal metabolism of leucine, tryptophan, phenylalanine, and tyro-
sine, respectively [148]. Glutamine addition endorse the decrease 
in glutamine and associated elevation of glutamate by the process 
called glutaminolysis [153]. Reduced levels of glucose and elevat-
ed lactase suggests the on-going increased glycolysis [154]. This 
is further validated by the lower absorbance intensity at 1033 cm-1 
(attributed to different carbohydrates including; glucose, fructose 
and glycogen [90,91]) in OSCC compared to HI [82] and the in-
creased intensity in the bands at 1120 and 1170 cm−1 (allied with 
carbohydrates) in the plasma from HI compared to the PC patients 
suggesting the increased utilization of carbohydrates in cancer 
cells [73]. 

The energy fueling was affected by the changes in creatine 
metabolism (creatine, creatinine), acyl carnitine (acetyl carnitine, 
butyryl carnitine), free fatty acids (oleic acid, linoleic acid) and 
monoacyl glycerol [MG (20:4)] for mitochondrion β-oxidation 
[148]. As well, purine and pyrimidine metabolism pathways 
became abnormal in premalignant tumors, where the following 
metabolites were significantly changed (inosine, hypoxanthine, 
adenosine, thymidine, uridine, guanosine, cytosine), which are 
the building blocks for nucleotide replication in cell proliferation 
[155, 156]. The lower absorbance intensity at 1072 cm−1 of 
salivary OSCC exosomes, 1080 (symmetric stretching vibrations 
of the phosphodiester groups of nucleic acids of the cell) and 1240 

cm-1 (asymmetric stretching vibrations of phosphodiester groups) 
of serum of PC patients, suggest the increased utilization of 
nucleotides for the DNA replication and cell proliferation [73, 82]. 
Moreover, the abnormalities in choline (choline, phosphocholine) 
and sphingolipid metabolism (sphingosine, phytosphingosine) 
indicating the dysregulation in cell proliferation [157, 158]. The 
spectral bands at 1743 cm−1 (C=O stretching vibration in lipids of 
the cell [90-92]) shows peak intensity for salivary exosomes of 
HI compared to OSCC indicating the decreased levels of lipid in 
OSCC patients [82]. Further, the relatively lower absorbance of 
the plasma spectrum of PC patients in the regions of 2800–3000 
cm−1 and 1740–1750 cm−1 [73] and lipid region (~1462 cm−1) of 
ENC patients [83] signifying the increased utilization of lipids and 
fatty acids in cancerous cells. 

This further validates the fact that findings of vibrational spec-
troscopy correlated with the salivary metabolomic studies. Thus 
salivary metabolomics can be considered as a method of verify-
ing the FTIR spectroscopic findings. Moreover, it further proves 
that FTIR spectroscopy is a better approach for cancer diagnosis, 
screening, monitoring and management, but the challenge is to de-
cipher this method in routine cancer diagnosis. Being a simple, 
non-invasive, inexpensive, biospectroscopic method ATR-FTIR 
spectroscopy can be a practical and most importantly a perfect di-
agnostic tool for the clinical practice. But the majority of these 
studies were conducted for smaller populations. Consequently, 
larger population-based clinical trials are extremely important to 
ascertain its utility in an actual clinical environment and to bright-
en the barriers in executing this technique and need to overcome 
them. To validate the technique mass patient legions with varying 
stages and different grades of cancer are highly compulsory [159].

Genetic and molecular alterations associated with OSCC
The development of an OSCC involved multistep processes 
including the accumulation of multiple genetic alterations resulted 
by genetic predisposition and specific risk factors including 
alcohol consumption, chronic inflammation, and viral infections. 
Collectively, all these factors can lead to a wide range of genetic and 
molecular alterations. The alterations primarily influence two large 
groups of genes; oncogenes and tumor suppressor genes, which can 
be either inactivated or overexpressed through mutations, deletions,  
loss of heterozygosity (LOH), or epigenetic modifications such 
as methylation. The advancement in molecular biology helps 
better understanding of OCC and consequently aiding in the early 
diagnosis and together with development of novel personalized 
treatment methods. Carcinogenesis is a multistep process which 
is resulted due to both environmental and genetic factors [160]. 
In 1988 [161], mentioned about different mechanisms contributed 
in carcinogenesis of the oral mucosa and differentiated between 
two major groups; physical mechanisms, chemical mechanisms 
and viral mechanisms. Later [162], delineated six characteristic of 
cancer, which include acquisition of growth signalling autonomy 
(oncogenes), growth-inhibitory signals (tumor suppressor genes), 
evasion of apoptosis, cellular immortalization, angiogenesis, and 
ultimately, invasion and metastasis.

Apart from in situ hybridization, Southern and Northern blot 
analysis, PCR, and automatic DNA sequencing microarray 
technology is particularly beneficial for establishing general 
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gene expression patterns and for screening for differential gene 
expression. However, the microarray results needed to be validated 
using an alternative method such as Northern blot analysis or 
quantitative real-time (RT) PCR. Currently, quantitative RT-PCR 
(qRT-PCR) is considered as the most reliable and reproducible 
gene quantification technique available and it is widely used 
for validating gene expression results acquired from microarray 
technology [163-165]. Over the past few years researches have 
combined DNA microarray hybridization with other molecular 
methods such as qRT-PCR to determine the gene expression 
in OSCC. Huge number of studies based on DNA microarray 
technology become successful in determining the gene expression 
profile of HNSCC and in OSCC in particular [160]. The majority 
of these studies have concluded that there is a possible correlation 
between different genes and OSCC. The possible functions of 
many genes have been already identified but still a gigantic 
repertoire of genes involved in this pathogenesis remains to be 
uncovered. Based on the results provided by the microarray studies, 
these novel genes can be investigated individually to reveal their 
function and the nature. 

Genetic and epigenetic anomalies in OSCC
In this section, we have categorised the genetic and epigenetic 
abnormalities correlated with OSCC corresponding to the type 
of structure affected (chromosome, allele, oncogene, tumor 
suppressor gene or nucleotide) and the type of abnormalities 
(polymorphism, point mutation, deletion and other alterations) 
[160]. According to [166], numerous tumor suppressor genes 
including LRP1B, CASP8, CASP10, BARD1, ILKAP, PPP1R7, 
and ING5 get affected by the frequent chromosomal aberrations 
(deletions) at 2q21-24, 2q33-35, and 2q37. A recent paper by 
[167], revealed that loss of alleles 3p14 and 9p21 occurs early in 
the development of OSCC and can even occur in simple keratosis. 
Furthermore, a high frequency of LOH at chromosomal loci 13q 
and 17p has been identified in OPMD and early carcinomas [168]. 
The region that affected by LOH possess essential genes. Also, 
chromosome 9 seems to be one of the regions that changed mostly 
and earliest in tumor development; allelic losses at 9p21 have 
been identified in the majority of OPMD and early OSCCs [169]. 
This region possesses genes which code for the cyclin dependent 
kinase inhibitors p16 and p14, two important regulators of cell 
proliferation. Additionally, 3p25, 3p21 and 3p13-14 regions of 
chromosome 3, comprise of chromosomal aberrations in OCC, 
though it is not yet confirmed which genes are affected [170]. 
Meanwhile, allelic losses at 5q21-22, 22q13, 4q, 11q, 18q and 21q 
are frequently found in correlated with advanced tumor stages and 
poorly differentiated carcinomas [171].

Abnormalities in certain oncogenes including ErbB1 (Her-1), 
ErbB2, and N-, K- and H-ras have no significant role in OCC 
development [172-175]. Overexpression of CCND1, which 
encode for the synthesis of cyclin proteins, induce the cyclin D1 
protein production, which has been related with poor prognosis 
in early-stage oral tumors [176-178]. Tumor suppressor gene 
abnormalities are also identified in malignant oral lesions. Where, 
OSCC are characterized by deviant expression of at least one 
of the members of the retinoblastoma (pRb) family of growth 
suppressor proteins. For an example, CDKN2A encodes for the 
protein p16 which located at locus 9p21. This is considered as 

one of the most vulnerable areas of the human genome in OCC, 
meanwhile p14, the alternative transcript of the CDKN2A, is often 
deleted in malignant lesions in oral cavity. Furthermore, TP53 is 
considered as the most important tumor suppressor genes in human 
and the functions of this gene and its molecular system have been 
suppressed in many tumors, including OCC [179-181]. Moreover, 
three single nucleotide polymorphisms identified in the promoter 
region of the DNMT3B gene-C46359T [-149C>T], -238T>C, and 
-579>T may possibly play a vital role in several cancers, including 
OSCC [182]. Also, the most common epigenetic change in DNA is 
methylation. Ras associated family genes (RASSF) were altered in 
OSCC. Particularly, they identified that RASSF2 to be methylated 
in 26% of OSCC tumors examined [183]. In conclusion, oral 
carcinogenesis is a process which governs by multiple factors; 
involving various genetic processes that can amend the function 
of oncogenes, tumor suppressor genes and other molecules. These 
subsequent abnormalities can elevate the production of growth 
factors and several cell surface receptors thereby increase the 
transcription or levels of intracellular messenger factors. These 
alterations can sequentially lead to loss of tumor suppressor 
activity; thereby increase the cellular proliferation, weakening of 
the cell cohesion, invasion and metastasis [160].

Salivary biomarkers for OSCC detection
The genetic aberrations of cancer cells result altered gene 
expression patterns, which can be detected much before the 
resulting cancer phenotypes are established. Molecular biomarkers 
are these alterations that emerge exclusively or preferentially in 
cancer, compared with normal tissue of the same origin [184]. 
Accurate identification of such biomarkers can contribute to new 
avenues and establish major targets for early cancer detection and 
cancer risk assessment. Over the past few years, a large number of 
nucleic acid based biomarkers have been identified as novel and 
powerful tools for cancer detection [185-187]. However, many of 
them have been identified either in cancer cell lines or in biopsy 
specimens from late invasive and metastatic cancers. Still we 
are unable to succeed in detecting cancers at earliest stages with 
biomarkers [188-198].

Furthermore, the invasiveness of biopsies makes it unbefitting 
for cancer detection in high-risk populations. This suggests 
the requirement of developing novel diagnostic tools that can 
improve early cancer detection. The identification of molecular 
markers in body fluids previse the development of cancer in its 
earliest stage or in precancerous stages. On that account, saliva 
meets the requirements for highly effective, non-invasive and 
accessible diagnostic medium. A large amount of human RNA can 
be reliably detected in saliva initiate to a novel clinical approach, 
salivary transcriptome diagnostics [33]. Few salivary biomarkers 
for OSCC are summarised in Table 5. 

Further studies are mandatory to identify whether the deviant 
expressions of these genes leads to the development of OSCC 
in human. Moreover, the biological significance of differential 
expression of such genes in head and neck/oral cancer should 
be investigated. Recognition of cancer-related genes that are 
unfailingly altered in cancer patients will provide information not 
only regarding the diagnostic markers but also intuitions about 
the molecular components involved in head and neck cancer 
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development [33]. By these discoveries, it emphasizes that even 
though plentiful large-scale gene expression analyses have been 
conducted for OSCC, a gigantic repertoire of genes involved in 
this pathogenesis remains concealed. Functional significance of 
some of the genes mentioned are not yet recognised and further 

characterization is warranted in order to assess their potentiality as 
molecular markers and/or novel therapeutic targets.

Table 5: Salivary biomarkers for OSCC detection

Gene Gene name Function Locus Gene expression References

B2M (2-microglobulin) Anti-apoptosis; antigen presentation 15q21-q22.2 Upregulated [33]
DUSP1 Dual specificity 

phosphatase 1
Protein modification; signal 
transduction; oxidative stress

5q34

FTH1 Ferritin, heavy 
polypeptide 1

Iron ion transport; cell proliferation 11q13

G0S2 (Putative 
lymphocyte G0-G1 
switch gene)

Cell growth and/or maintenance; 
regulation of cell cycle

1q32.2-q41

GADD45B Growth arrest and 
DNA-damage-
inducible

Kinase cascade; apoptosis 19p13.3

H3F3A H3 histone, family 
3A

DNA binding activity 1q41

HSPC016 Hypothetical 
protein HSPC016

Unknown 3p21.31

IER3 Immediate early 
response 3

Embryogenesis; morphogenesis; 
apoptosis; cell growth and 
maintenance

6p21.3

IL1B Interleukin 1 Signal transduction; proliferation; 
inflammation; apoptosis

2q14

IL8 Interleukin 8 Angiogenesis; replication; calcium-
mediated signalling pathway; cell 
adhesion; chemotaxis; cell cycle 
arrest; immune response

4q13-q21

MAP2K3 Mitogen-activated 
protein kinase 
kinase 3

Signal transduction; protein 
modification

17q11.2

OAZ1 Ornithine 
decarboxylase 
antizyme 1

Polyamine biosynthesis 19p13.3

PRG1 Proteoglycan 1, 
secretory granule

Proteoglycan 10q22.1

RGS2 Regulator of 
G-protein signalling 
2, 24 kDa

Oncogenesis; G-protein signal 
transduction

1q31

S100P S100 calcium 
binding protein P

Protein binding; calcium ion 
binding

4p16

SAT Spermidine/
spermine N1-
acetyltransferase

Enzyme, transferase activity Xp22.1
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 GLTP Glycolipid transfer 
protein

Transfer various glycosphingolipids 
(GSLs)  through membranes and 
involved as potential regulators 
of cell processes mediated by the 
GSLs.

12q24.11 [188,189]

ZKSCAN1 Zinc finger protein 
with KRAB and 
SCAN domains 1

Suppress the transcription through 
collaboration with transcriptional 
intermediary factor 1 ß (TIF1- ß)

7q22.1 [190]

PCNA Proliferating Cell 
Nuclear Antigen

Co-factor of DNA polymerase 
delta, is an essential component 
of cellular DNA replication 
mechanism.  It works as a 
loading clamp for the replication 
machinery.

20p12.3 [191]

DAPH1 or 
mDia1

Diaphanous related 
formin 1

Cytoskeletal remodelling 5q31.3 [192]

TNKS2 Tankyrase 2 Multifunctional protein and 
overexpression of TNKS2 resulted 
in a quick initiation of the necrotic 
cell death

10q23.32 Down regulated [193,194]

PAM Protein associated 
with c-Myc

A binding partner for c-Myc and 
also regulates cAMP-mediated 
signalling which in turn regulate 
diverse cellular responses related to 
cell communication

5q21.1 [195,196]

TUBB2C Tubulin beta 4B 
class IVb

Isotype of β- tubulin. However, 
the functional significance of this 
isotype is not known.

9q34.3 [37]

CLEC3B C-type lectin 
domain family 3 
member B

Tissue modelling 3p21.31 [197,198]

Conclusion
In conclusion, saliva can be considered as a first-line diagnostic 
tool to detect early stages of cancer. ATR-FTIR spectroscopy is 
efficacious for discriminating between HI and tumor samples. It 
has been illustrated the significant alterations in the secondary 
structure of proteins upon the development of cancer. FTIR imaging 
has the potential to stipulate information regarding the alterations 
befalls during cancer development but large scale studies are 
highly important to validate the technique as an effective cancer 
diagnostic tool. Salivary metabolomics illustrate its competence 
as a promising tool in the cancer detection and prediction of the 
disease but incompetence in revealing the stage of the disease. 
Moreover, salivary metabolomic study findings further verify the 
spectral biomarkers of ATR/FTIR spectroscopy. Which highlight 
the fact that, standardizing the protocol and surmounting the 
limitations will be useful to establish ATR/FTIR as a trustworthy, 
highly sensitive and a specific method of cancer detection. 
Moreover, several genes have been identified related to OSCC 
but there is a repertoire of genes involved in the pathogenesis that 
have not been disclosed yet. Molecular studies based on the gene 
expression are mandatory to uncover the molecular mechanisms 
behind the initiation, development and progression of the disease. 
To summarize, the purpose of our review is to make aware the 
readers about OSCC and to convey the emerging information 

regarding the novel and unconventional approaches in early 
detection of this disease based on salivary samples. 
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