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Abstract

Gastric cancer is one of the aggressive tumors which has a poor prognosis due to the late detection. It is asymptomatic cancer and most of the
cases gastric cancer are diagnosed at advanced stages. From the usual invasive methods of screening, the use of saliva as a non-invasive diagnostic
method is gaining much attention. Nowadays researches have shed light on the use of saliva as a diagnostic tool and many studies have identified
various salivary biomarkers for the early detection of gastric cancer. But the lack of validated biomarkers in this field can be considered as a drawback,
which can be dealt with the enhancement of preclinically validated biomarkers by assimilating them to credible biomarker panels.

Introduction

Gastric cancer (GC) is one of the most common malignancies
and the third leading cause of cancer-related death worldwide
[1]. According to the International Agency for Research on Cancer,
in the year 2018 alone, 1,33,701 cases have been reported all
over the world, i.e. 6.1% of the total number of cases. Alcohol
intake, smoking and dietary factors such as high salt intake and
genetics, are suggested to be associated with the development of
gastric cancer [2]. GC is an aggressive tumor which carries a poor
prognosis due to advanced- stage detections. Thus, it is critical to
developing a method that can diagnose the disease at an early stage

to allow for better treatment options. Currently, for GC, there are

Discussion
Table 1: Salivary diagnostic biomarker candidates for gastric cancer.

limited early diagnostic and screening methods such as biopsy,
endoscopy, enhanced CT and upper gastrointestinal angiography
[3]- To identify a non-invasive means of early diagnosis or screening
for gastric cancer is important in the current scenario. As a non-
invasive diagnostic technique, diagnostics with saliva has become
an engaging indicator to assess the physiological and pathological
states [4-7]. Few studies have investigated the relevancy of
salivary biomarkers in the detection of gastric cancer. The various
categories of salivary biomarkers such as small protein biomarkers,
small metabolite biomarkers exRNA biomarkers, D-amino acid

biomarkers etc. were discussed in this mini-review.

1 Protein biomarkers CSTB, TPI1, DMBT1 Tandem Mass Tag (TMT) technology Hua Xl[g(])' etal.
. . . HPLC- MS with Surface-Enhanced Raman Yunsheng Chen,
2 Small metabolite biomarkers Tau, Gly,Gln, EtN, His, Ala, Glu, Hyl, Pro, Tyr Scattering (SERS) sensors etal. [9]
. SPINK?7, PPL, and SEMA4B, MIR140-5p and Feng Lj, et al.
3 exRNA biomarkers MIR301a RT-PCR [10]
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4 N and O- linked glycans 18fucosylatedN/O- linked glycans AAL-magneticparticle conjugate Jian S[};li'] etal.
5 DAA (D-Amino acids) bio- D-alanine. D-proline Non-invasive biosensing system with lumi- | Zhikun Zhang, et
markers 0P nescent DNA/silver nanoclusters al. [12]

The salivary biomarkers are broadly classified into four
categories such as protein biomarkers, small metabolite biomarkers,
exRNA biomarkers, and D-amino acid biomarkers. Each category
and the biomarkers related to the category are illustrated in Table
1 with the methods used. This is followed by a brief discussion of
each biomarker (Table 1).

Protein Biomarkers: Amoung the protein biomarkers, CSTB
(Cystatin B promotes cell proliferation and migration and also
suppresses apoptosis, thus, encouraging the GC development [13].
TPI1 (triosephosphate isomerase) acts as an anti-drug resistance
agent in GC [14], and DMBT1 (deleted in malignant brain tumors
1 protein) upregulation can be found in across all types of GCs.
Tandem Mass Tag (TMT) technology was used to analyse and
compare salivary proteins. Selected proteins were verified using
ELISA [8].

Small metabolite biomarkers: From the saliva ten amino
acids (Tau, Gly,Gln, EtN, His, Ala, Glu, Hyl, Pro, Tyr) were identified
as small metabolite biomarkers using high-performance liquid
chromatography-mass spectrometry (HPLC- MS) and the ten
amino acids were detected in saliva using surface-enhanced Raman
Scattering (SERS) sensors. Rather than individual amino acids, the
combination of these biomarkers helps in distinguishing early GC

patients from advanced GC patients [9].

exRNA biomarkers: All three SPINK7, PPL, and SEMA4B were
found downregulated in GC. These genes are expressed mainly in
Esophageal squamous carcinoma, lung cancer etc. The MIR140-
5p can suppress the proliferation and invasion of GC by regulating
YES1[15].
proliferation and invasion in GC by targeting RUNX3 [16]. From the

Also, upregulation of MIR30la can promote cell

transcriptome and miRNA profiles of saliva samples, the exRNAs
were verified using RT-qPCR [10].

N and O-linked glycans: A total of 18 fucosylated N/O-linked
glycans were found in saliva samples of GC patients. Alterations
in glycans affect the glycoproteins which may contribute to the
malignant transformation in GCThefucosylated glycans were
isolated from the samples using the AAL- magnetic particle

conjugates [11].

DAA (D-amino acid) biomarkers: Due to the higher
concentration of D-alanine and D- proline in GC they were selected
as biomarkers for GC diagnosis. Then using a non-invasive
biosensing system with luminescent DNA/silver nanoclusters these
DAAs were identified from the saliva sample of GC patients at early
stage indicating the suitability of the method for early diagnosis of
GC.
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Conclusion

The cancer screening techniques intend to find cancers at an
early stage. This includes blood test, DNA tests, scientific imaging
etc. But most of them are invasive methods. Here, non-invasive
cancer screening may be considered as a boon. The role of saliva
as a non-invasive screening method in cancers is essential. Saliva
is a body fluid which is a mixture of secretions from numerous
salivary glands. The biological functions of saliva maintain oral and
systemic health. Researchers are developing salivary diagnostic
tools for the detection of oral and systemic diseases such as gastric
cancer, colorectal cancer, Esophageal cancer etc. The salivary
biomarkers are important non-invasive diagnostic biomarkers.
But the FDA approved established salivary biomarkers may be
stated to be absent. Researches are going on and many biomarkers
have been diagnosed and tested preclinically. The amalgamation
of the recognized biomarkers, i.e. a biomarker panel, might be a
tremendous way to facilitate saliva as a biomarker for the early

identification of cancers which include gastric cancers.
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