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Summary Oesophageal Squamous Cell Carcinoma (ESCC) is one of the two main subtypes of
oesophageal cancer, affecting mainly populations in Asia. Though there have been great
efforts to develop methods for a better prognosis, there is still a limitation in the staging of
this affection. As a result, ESCC is detected at advances stages, when the interventions on the
patient do not have such a positive outcome, leading in many cases to recurrence and to a very
low 5-year survival rate, causing high mortality. A way to decrease the number of deaths is
the use of biomarkers that can trace the advance of the disease at early stages, when surgical
or chemotherapeutic methodologies would have a greater effect on the evolution of the
subject. The new high throughput omics technologies offer an unprecedented chance to screen
for thousands of molecules at the same time, from which a new set of biomarkers could be
developed. One of the most convenient types of samples is saliva, an accessible body fluid that
has the advantage of being non-invasive for the patient, being easy to store or to process. This
review will focus on the current status of the new omics technologies regarding salivaomics in
ESCC, or when not evaluated yet, the achievements in related diseases.
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1. Introduction Kazakhstan (/7). In this last country, ESCC is the 6th

major type of diagnosed cancer, with high mortality

Oesophageal Cancer (EC) has two main subtypes
with different pathological features, Adenocarcinoma
(EAC) and ESCC (/,2), representing between them
more than 90% of the detected cases (3). There is also
a different trend in the geographical distribution for
both EC subtypes, being that of EAC in the Western
world (4), while ESCC is especially present in Asia,
for example in China (5-7), Iran (8,9), Japan (10), or
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rates among women (9" place) and men (5" place) (/).
Early detection of ESCC and subsequent treatment
would be crucial in order to decrease mortality (/2), but
as indicated by several authors (4,/3-15) lack of early
stage diagnostic tools is one of the biggest problems
in ESCC diagnostics, especially because ESCC is
manifested as asymptomatic lesions at first stages.
Some of the current techniques used for diagnosis
are non-invasive imaging methods, as well as more
conventional ones that include computed tomography
(CT) scan, or endoscopic ultrasound (EUS). Some of
the difficulties that these techniques face are in the case
of EUS the limitation that tumour enlargement pose
for the passage of endoscope in advanced cases, or for
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CT the lower sensitivity displayed in comparison to a
combination of PET (Positron Emission Tomography)
and the use of 2-deoxy-2-('*F)fluoro-D-glucose
("F-FDG) (16). As previously indicated by Takeshita
(15) there have been advances in the use of several
techniques as those mentioned above, but still a late
detection happens at very advanced stages (/7,18),
when surgical interventions are not effective and lead to
recurrence and low survival rates (/9).

Besides, an additional problem for ESCC is the
multifactorial nature of its occurrence (20), and the
influence that different habits would have over the risk
of developing this disease, as it has been associated with
heavy smoking, drinking, or low intake of vegetables
or fruits (2/-23). The increased risk factor in this case
as indicated by Cheng and Day (22) may come as a
consequence from a direct contact of the potential
carcinogen with the epithelium, some existing transport
facilitating mechanism, or derived from compounds that
increase the cell turnover in the epithelial cells. Albeit yet
a controversial topic, there have been also studies trying
to correlate the occurrence of HPV infections and ESCC,
though results showed an elevated degree of variation
that did not yield a clear association between the viral
infection and the development of the disease (24-26).

A molecular feature that could be associated to the
development of this disease would serve as an indicator
for a more effective treatment. In this scenario,
the discovery of biomarkers would become a great
advantage for clinicians allowing an early diagnosis of
ESCC, as it has been for many other diseases, e.g. level
of serum creatinine as indicator of renal function. The
term biomarker (biological marker) can be defined as "a
characteristic that is objectively measured and evaluated
as an indicator of normal biological processes,
pathogenic processes, or pharmacologic responses to a
therapeutic intervention", definition that was proposed
at the 1998 National Institutes of Health Biomarkers
Definitions Working Group (27,28). Biomarkers can
aid in diagnosis, and an efficient way to discover
them is the use of available omics technologies.
Transcriptomics, Proteomics, or Metabolomics (TPM)
are relatively new high throughput techniques that allow
performing massive screenings of different molecules.
Each of them refer to the complete set of transcripts/
proteins/metabolites (respectively) and their quantity,
for a given cell with a given genotype, under certain
environmental conditions (including developmental or
physiological stage, as well as being under influence of
bioregulators) (29-32). After this definition, it comes
as a logic consequence that physiological changes
that accompany the development of a disease in
humans lead to changes in the TPM profile, that can
be observed and measured in a tissue, or indirectly
measured/observed in human fluids, e.g. urine, sweat,
saliva. Currently due to the development of omics
technologies, these profile changes can be detected

and analysed (29-32). The advantage of using TMP
"expression" biomarkers is that they are closely related
to the disease, as they are usually by-products of its
development. Metabolites are for example end-points
of all the system, being the final products of metabolic
pathways (33) and a reflection of the phenotype (34).
Therefore, this approach would yield biomarkers that
are potentially specific for the studied disease, and
have a potentially direct application (35). The use of a
combination of this new technologies (36), can largely
contribute in the understanding of each disease, their
evolution, and molecular mechanisms.

A very important point in studies concerning
cancer or other diseases, is the validation of the model
through testing in an independent set of samples (36).
This would be, for example, a set of individuals with
the same features as the control (healthy), and another
set of independent affected ones, which were not used
in the original screening. It will mean that the found
biomarkers have the power to potentially predict or
be associated with the disease in any given set of
samples that fulfil the disease conditions. Otherwise,
this would be (the necessary) technical validation of the
study. Biomarkers that are validated in this way can be
promising targets for further clinical testing assays.

Considering the final aim of developing biomarkers
to routinely use them for ESCC testing in clinical
settings, one of the most accessible and interesting
types of human samples is saliva (35). It has numerous
advantages, being easily accessible for clinicians, and
non-invasive for patients (37-39). Compared to imaging
techniques, saliva collection is methodologically less
demanding than a "*F-FDG PET assay (/6), allowing to
scale up the number of patients to sample. Compared
with other identification techniques as EUS, its
advantage is that saliva collection avoids the anxiety
that an endoscopy may cause to the patient, or the
potential disturbances afterwards. Other interesting
features of saliva in comparison to blood, is that saliva
does not need dedicated precautions for storage or
biosecurity, besides it does not clot (/4). Thus, its
handling is very convenient for any hospital facility
worldwide, especially in depressed or impoverished
areas.

Saliva is a human fluid that is originated mostly
in three salivary glands (parotis, submandibularis and
sublingualis), as well as a number of minor glands, and
the fluid from gingival crevice (37,40). It is a complex
mixture of exudates derived from mucosa, plasma,
microflora (or what we will refer as oral metabiome/
microbiome), epithelial cells, small metabolites and
different transcripts, among other minor compounds
(41-44). This complexity must be considered as a very
important feature for its study. Regarding the protein
content, some studies reported that approximately
20%-30% of the proteins that can be found in blood
plasma are present in saliva (45,46). According to
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Castagnola et al., most of the proteins (more than 90%
of representation) are not from gland secretory origin,
but common to other body fluids or tissues. However,
despite this abundance, common proteins account only
for 15% w/w of the salivary proteome, something
that has to be considered as a potential drawback for
biomarker discovery studies (4/). An aspect of saliva
that cannot be forgotten, of importance because it can
affect the results, is the human oral microbiome (47,48).
It can be defined as the population of different bacterial
species that inhabit the oral cavity, while they form part
of the whole human microbiota. Taking in account all
of the above mentioned features from saliva, there is
room for discovery of different biomarkers associated
to the development of ESCC.

In conditions of disease, human saliva can reflect
the physiological state as occurs in blood (49,50).
This has been demonstrated in the work of Asatsuma
et al. (51) (Table 1), in which they found significant
differences in a protein between the healthy patients
compared with the ones affected by primary Sjogren's
syndrome (pSS). Nevertheless, this disease affects
salivary and lachrymal glands (52), and it could be
thought that these type of alterations are easier to trace
in saliva than other conditions, for which could not be
possible the discovery of useful biomarkers. Then it is
important to address here the important findings in a
disease that is not directly related with the oral cavity,
Breast Cancer (BC), where saliva was the sample of
choice. A successful example is the study of Zhang and
collaborators (53) (Table 1), where they discovered
and validated eight mRNA biomarkers and a protein
biomarker, having a 92% accuracy in the tested sample
set.

It is then clear that saliva diagnostics is a powerful
tool and at the same time a promising biofluid. The
current status regarding ESCC salivaomics will be
reviewed when available in the following sections for
the three main current high throughput technologies:
transcriptomics, proteomics, and metabolomics. For
clarity, the most promising results in salivary biomarker
discovery have been briefly resumed in Table 1.

2. Transcriptomics

Transcriptomics studies and quantifies the set of RNA
molecules produced by the genome as a result of the
environmental influences, or the developmental stage. A
major question that has to be addressed is the stability
of RNA in saliva. It is a common presumption that RNA
cannot be stable in saliva (54) due to its labile nature
and the presence of RNases in the oral cavity (55). A
further complication for cancer studies is the reported
higher activity of RNases in gastric cancer patients (56),
leading to a higher degradation of total RNA in the oral
cavity of affected subjects. If that described situation
applies for other types of cancer, being ESCC of our

interest, chances to find intact RNA are lower and thus
the capability to discovery useful potential biomarkers
will decrease vastly. There have been successful studies
focusing on saliva as the sample material for oral
squamous cell carcinoma (OSCC), for example the
work of Li and collaborators (55) (Table 1), where they
found more than 1,600 differentially expressed genes.
However some other studies (54) have described that
the observed signalling molecule was in fact DNA, not
RNA, what complicates the analysis. Notwithstanding,
Li and colleagues were the first ones to observe more
than 3,000 different RNA transcripts in human saliva
(44) (Table 1), according to what they report in a more
recent study from their laboratory, in which Park and
colleagues (57) (Table 1) further characterized the
stability of RNA in saliva. This latter study tested
whether informative RNA molecules exist in saliva
or not through different molecular biology assays. As
reported (57) , until 2004 most of the detected RNA
had a viral or bacterial origin. In this study Park and
colleagues (57) used a 22,283 cDNA probes microarray
(Agilent Affymetrix Human Genome U133A) to
test the complexity of several oral saliva samples in
terms of number of distinct transcripts that could be
detected, having found more than 6,000 in the whole
saliva. Regarding stability, one of the possibilities that
they indicate for the stability of RNA in saliva is the
association with mucin, protein that would protect from
degradation, as well as other type of macromolecules.
Are there additional sources of cell free circulating
RNA in saliva? Amidst the possible origins some
authors have indicated apoptotic processes (58), while
other studies report the presence of exosomes (59,60).
In keeping with this last possibility, Ogawa and
collaborators (59) (Table 1) found for the first time the
presence of exosomal vesicles in whole saliva samples
from humans.

For efficient biomarker discovery, the release of
RNA from the apoptotic cells has to occur in a quantity
that allows an early identification and efficient tracking
of the disease. The appearance of RNAs in latter stages
of the disease will not have such a clinical value for
ESCC, as there are other available techniques that
were mentioned in the previous section, and because
of the current critical need for early markers. In that
way, the presence of exosomes and their nature as a
communication mean between distant cell types (6/-64),
can be a key point to exploit biomarker discovery. That
would be of a great interest in the case of ESCC, as the
chances for detecting apoptotic derived RNA may not
be so big during early stages than in advanced ones, but
still tumorigenic cells may be starting to derive RNA
containing exosomes for communication while the
lesion is not yet detectable.

More interesting developments related with saliva
that focused on studying BC and their potential salivary
biomarkers, were achieved by Zhang and collaborators
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Table 1. Most promising advances regarding biomarker discovery in saliva

Methodology Model of study Discovery Importance Ref.

ELISA; sandwich EIA pSS Significantly increased levels of Use of saliva to study differences Asatsuma
MMP-9/TIMP-1 and MMP-9 in pSS  between affected patients and healthy etz al. (51)
patients ones

Affymetrix Human Genome Healthy subjects 3,000 different RNA transcripts in ~ Large scale methodology to study Li

UI33A human saliva transcriptomics in saliva etal. (44)

Array

Affymetrix Human Genome OSCC 1,600 differentially expressed genes Differentially expressed genes between — Li

UI33A affected patients and healthy ones et al. (55)

Array through large scale approach

Affymetrix microarray BC Discovery and validation of eight  Salivary biomarkers in a disease not Zhang

platform/2D-DIGE mRNA, and a protein biomarker related with oral cavity, broadening et al. (53)
(92% accuracy) the field

Affymetrix Human Genome Healthy subjects Characterization of RNA stability in ~ Observation of the association with  Park

UI33A saliva mucin and other macromolecules, for ez al. (57)

Array protection against degradation

Peptide sequencing/MALDI-  Healthy subjects Exosomes in saliva samples First time report of exosomal vesicles Ogawa

TOF-MS in whole saliva samples from humans etal. (59)

miRNA microarray EC Different miRNA profiles in saliva  Four validated miRNA biomarkers in ~ Xie
derived from healthy patients and  EC etal. (70)
affected ones

RNAseq Healthy subjects 20-25% of sequenced reads that align ~ First whole RNAseq in saliva Spielmann
to the human genome, while another ~ samples from healthy human subjects, et al. (43)
30% aligns to HOMD methodology to differentiate microbiota

from human moiety

RNAseq Healthy subjects Human oral and gut microbiome and  Establishment of patient self-collection ~ Franzosa
transcriptome differences of samples etal. (72)

RNAseq PD Oral metabiome differences between ~ Found differences in the diversity of  Jorth
healthy microbiome and disease  the community between disease and et al. (73)
microbiome healthy states

RNAseq Healthy subjects exRNAs as micro RNA, Piwi- Characterization of diverse RNA Bahn
interacting RNA, and circular RNA species from saliva. etal. (74)

Peptide sequencing/MS Healthy subjects Characterization of the salivary  First catalogue of metaproteome, Jagtap
metaproteome serving as a reference for future studies et al. (76)

Subtractive proteomics OSCC Differential levels of proteins  Verification of results in independent Hu

approach, combination of between healthy and affected patients ~ set of patients and healthy subjects, et al. (81)

separation techniques: LC, promising biomarkers

LC-MS/MS, QqTOF MS

CE-TOF-MS BC, OC, PC, PD 57 metabolites for accurate prediction ~ Shows the feasibility to obtain Sugimoto
of the probability of each disease valuable information and biomarkers et al. (85)

from saliva, in a variety of cancer
discases

ELISA: enzyme-linked immunosorbent assay; EIA: enzyme immunoassay; pSS: primary Sjogren's syndrome; MMP-9: metalloproteinase-9 ;
TIMP-1: tissue inhibitor of metalloproteinase-1; 2D-DIGE: two-dimensional difference gel electrophoresis; BC: Breast Cancer; OSCC: Oral
Squamous Cell Carcinoma; MALDI-TOF-MS: matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; EC: Oesophageal
Cancer; PD: periodontal disease; HOMD: Human Oral Microbiome Database; exRNAs: extracellular RNAs; LC: liquid chromatography; MS:
mass spectrometry; QqTOF: quadrupole-quadrupole-time-of-flight; CE: Capillary Electrophoresis; OC: oral cancer; PC: pancreatic cancer.

(53) (Table 1) through a microarray platform. Amidst
their results, it was found that 1,402 genes had > 2 fold
up-regulation, while 2,447 > 2 fold down-regulation

biomarker discovery when comparing affected subjects
to healthy ones. A further selection of the 27 top up-
regulated candidates based on p-value and fold-change

in their saliva samples. Their findings indicate that
saliva is a relatively good source of transcripts for

(p < 0.01, fold change > 10) allowed them to select
potential candidates, that in the next stage of their
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study were validated through RT-PCR. This last assay
rendered 11 positive genes out of 27 genes. To be able
to complete their study, the 11 candidates were tested
in an independent sample (30 BC patients, 63 controls),
having found 8 pre-validated markers (53).

Microarray is a platform that despite its limitations
or a lower resolution compared with RNAseq, the
new high throughput platform for transcriptomics,
can be still very useful for studies in saliva, as it has
been demonstrated in the reviewed papers using this
approach in miRNA ESCC profiles. If a search over
the studies that focused on ESCC and microarrays
is performed directly in Gene Expression Omnibus
(GEO) using the keywords "ESCC" and "array", the
outcome gives back more than 300 results. However,
up to date and to our knowledge, no study in the
salivary ESCC transcriptome has been performed using
this platform yet, according to the last bibliographic
searches performed using keywords as "saliva",
"microarray", and "ESCC" or "oesophageal squamous
cell carcinoma". The exception to that comes from
several studies that focused in miRNA characterization
and identification using salivary samples (as well as
tissues).

In one of those studies, Ishibashi and colleagues (65)
used a microarray platform to analyse ESCC expression
profiles between normal and cancer affected samples
from 12 individuals. The 24 paired samples come either
from the tumour area with more than 80% of tumour
cells, or from normal tissue at least 4 cm away from
the affected zone. An interesting option for microarray
analysis in ESCC, has been the comparison of tumour
cells with cell lines overexpressing an important gene
for tumour progression (66), or a different splice variant
(67), as it can aid to clear many questions about the
development of the disease. Both of these studies have
been carried out in the same laboratory, and show the
potential of transcriptomics, as well as other type of
complementary technologies, to address fundamental
questions in molecular biology being an alternative
for obtaining a higher resolution profile than classic
approaches.

Identification of miRNAs in ESCC has been a
promising research area with a number of studies
published in the field. Matushima et al. (68) have
studied ESCC cell lines that were moderate and well
differentiated, as well as a control squamous epithelial
oesophageal line, through a microarray platform for
miRNA. Besides, they have performed functional
studies increasing or decreasing the expression of miR-
205, a miRNA overexpressed exclusively in ESCC
cell lines. Additional assays included estimation of
wound healing, cellular invasion and migration, or
evaluation of the regulation target, that in this case was
zinc finger E-box binding homeobox 2 (ZEB2). An
important feature of the work of Guo and collaborators
(69), is that they obtained the distinct miRNA profiles

for ESCC tumour samples in frozen archival tissues,
having obtained 46 differentially expressed ones. They
established a minimum set of 7 that can differentiate
between cancer and normal tissues. Despite the
degradation, miRNA profiles in these stored samples
were displaying similar values to that of fresh tissues,
enlightening the use of the extensive tissue archives
to gain better understanding of the disease. Some
significant examples with saliva samples can be found
in the recent work of Xie and collaborators (70), where
they found different miRNA profiles in saliva derived
from healthy patients and Oesophageal Cancer (EC)
affected individuals, with four of them validated in
a set of independent individuals, through a miRNA
microarray. According to them, their work has been the
first to assess the miRNA content in EC. Comparing
both of the above mentioned studies, it seems that
saliva renders less information, though is still valuable
resource for biomarker discovery in terms of miRNAs.
As it was pointed out by Xie (70), saliva can be
considered an end point of blood circulation, having
a certain degree of representation of the molecules in
blood, stating that it serves for diagnostic purposes.
Further broadening this point, Wang and collaborators
(71) carried out a meta-analysis in several papers
studying ESCC miRNA profiles in Asian populations,
including that of Xie et al. (70). They observed that
miRNA profiles in blood have a bigger diagnostic
accuracy than those derived from saliva. Despite this
observation, miRNA based diagnostics is a promising
field in saliva (as well as blood), due to the higher
stability, reproducibility, correlated concentrations to
some types of cancers, or ease of detection through RT-
qPCR (71).

Within the new RNAseq methodologies there
have been promising discoveries focusing on saliva,
as the work of Spielmann and colleagues (43) (Table
1), in which they highlight the power of salivary
transcriptome as a diagnostic tool for human diseases
using a massive RNA sequencing approach. With a
similar methodological approach, Franzosa (72) (Table
1) revealed the importance of RNA studies in related
locations to ESCC within human body by studying
human oral and gut microbiome and transcriptome. The
work of Spielmann and collaborators (43) is the first
whole RNAseq in saliva samples from healthy human
subjects, broadening to new studies in the field that will
focus on the differences between healthy and affected
samples. Both types of approaches have not been used
in ESCC yet, and could therefore pose a great source of
different biomarker tools. As it was mentioned above, the
oral microbiome is an important part to consider when
studying saliva. Spielmann and collaborators (43) report
a 20-25% of sequenced reads that align to the human
genome, while another 30% aligns to the Human Oral
Microbiome Database (HOMD). They have detected
more than 4,000 genes (coding and non-coding), while

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2015; 9(4):247-257. 252

structural integrity of the transcripts was conserved
(43). Considering the potential of the metabiome as
a diagnostic tool, there has been a close study in the
oral metabiome between healthy and affected patients
of periodontal disease (73) (Table 1), having found
differences in the diversity of the community in both
cases. A very interesting suggestion was that metabolic
pathways are conserved while there are geographical,
ethnical, and food consuming factors that may alter
the species presence. If this gets demonstrated, we
may expect that microbiome in ESCC affected patients
displays different expression patterns to that one
observed in healthy subjects, and this could serve as a
prognostic marker for the development of the disease.
Another study using RNAseq in salivary samples was
performed afterwards by Bahn and colleagues (74)
(Table 1). They carried out a similar massive study on
the cell free component of salivary samples than that
of Spielmann (43), but focused on extracellular RNAs
(exRNAs) as micro RNA, Piwi-interacting RNA, and
circular RNA.

3. Proteomics

The development of proteomics has been notable in
different body fluids as urine, blood and saliva, as
Amado and colleagues (75) have indicated. One of
the features that they highlighted was the convenience
of adding proteases inhibitors, due to the presence of
proteases from bacteria and saliva which may affect
the downstream procedure. As it has been already
mentioned in the introduction, most of the proteins in
saliva (90%) are shared with blood, but they represent
only 15% w/w (41), while there have been studies
reporting that 20-30% of the proteins in saliva can be
found also in plasma (45,46). An interesting question
that arises in here, and in agreement with Amado (75),
is about how many of those proteins belong to the
human moiety, or to the metabiome. An answer to that
question was obtained by Jagtap and collaborators (76)
(Table 1), in a deep study of the salivary metaproteome
of healthy subjects, where they found that most of the
detected proteins had a human origin, being non-human
peptides present in much lower quantities. Additionally
they determined over 200 different bacterial species.
Their focus was the salivary supernatant, which
largely remains free of bacterial component, as the
pellet fraction collects the bacteria present in the oral
cavity after the initial centrifugation. Even though, by
using pooled samples from 6 individuals, they were
able to find bacterial peptides in this fraction. Besides
these significant discoveries, their study can serve as
a reference for future studies that will focus on the
differences between healthy subjects and those affected
by a disease, especially ESCC. An extensive review
on the topic was written by Uemura and collaborators
(77), which focuses on the proteomics advances

regarding EC in its two main forms, ESCC and EAC.
This thorough revision of the bibliography, gives a
precise idea of the status until 2014 of the usage of
proteomics for different downstream applications, such
as early detection, prediction of lymph node metastasis,
therapy response prediction, prognostic prediction,
as well as the applications in the development of
novel therapeutics, or the elucidation of molecular
mechanisms of action. Although all of those studies
reviewed by Uemura are focused mainly on serum or
biopsy samples from ESCC or EAC tissues, they give a
complete perspective on what has been done until date
using the available proteomic approaches. Equally as
interesting, is the review written in 2012 by Qi et al. (78)
which focused exclusively on ESCC proteomics, yet
there were no reported studies using saliva as the source
for proteins.

One of the included studies in the paper from
Qi, was a proteomic profiling of cancer tissues from
Chinese ESCC subjects, carried out by Du and
collaborators (79), who found differential expression
of 22 proteins (17 up- and 5 down-regulated) through
MALDI-TOF (Matrix-Assisted Laser Desorption/
ionization- Time of Flight) or LC-ESIT-IT MS (Liquid
Chromatography-Electrospray/lonization Ion Trap)
approaches. According to Uemura (77), this work can
be classified into the group of prognostic prediction
biomarkers, considering that one of their findings was a
correlation between poor prognosis and the expression
levels of calreticunin, and 78-kDA glucose-regulated
protein (GRP78) (79). The biological functions that
were represented in the differentially expressed proteins
are related with terms as glycolysis, regulation of
transcription, cell proliferation, cell motility or cell
signal transduction among others, what is related with
the kind of processes that occur within a group of
malignant cells, for example the Warburg effect (80).

But coming back to the field of salivaomics,
one interesting approach was followed by Hu and
colleagues, who used saliva as the source material to
study the proteome of 64 healthy subjects compared
with another group of 64 affected patients, although
the disease in this case was OSCC (87) (Table 1).
The methodology included a subtractive proteomics
approach for their in-depth study, through a combination
of separation techniques such as LC and LC-MS/MS,
together with a QqTOF MS. About the methodologies,
further explanation of the techniques can be consulted
in the two above mentioned reviews from Uemura (77)
and Qi (78). In their study Hu and colleagues concluded
with a verification of their experimental results, being
promising targets for biomarker discovery in OSCC.
Regarding saliva and ESCC, we were not able to find
studies relating both, only the reported ones using saliva
in related affections as OSCC. This situation makes
proteomic biomarker discovery in ESCC a promising
and unexplored field of research.
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4. Metabolomics

A remarkable review about the application of
metabolomics for biomarker discovery can be found
in the work of Armitage and Barbas (82). They have
highlighted a variety of key pathways that are altered
in cases of cancer, but considering all the potentially
involved metabolites there is no current platform
that can detect all of them at the same time. The
choice of analytical platform can range between the
two main techniques used in metabolomics analysis,
one of them being MS (Mass Spectrometry) based
approaches, with a deep profiling capacity; and NMR
(Nuclear Magnetic Resonance). The latter has the
advantage of being fast and reproducible (83), while
there is no need to disrupt the tissues or samples, a
feature that can be used for in vivo studies as showed
by Morvan and Demidem (84), where they analysed
the response of tumours to a chemotherapy treatment
in tissues and mice. Albeit these advantages, it shows
lower resolution than MS based choices, for which
there have been advances in separation techniques
with the coupling of MS to different complementary
methodologies, for example CE-MS (Capillary
Electrophoresis), GC-MS (Gas Chromatography), or
LC-MS (Liquid Chromatography) (82).

Unfortunately, up to date there have been no
published studies on metabolite analysis in saliva
of ESCC patients. However some works as that of
Sugimoto et al. (85) (Table 1), used the saliva of
subjects affected in breast (30 subjects), oral (69
subjects), and pancreatic cancers (18 subjects), as well
as periodontal disease (11 subjects), compared with a
set of 87 healthy ones. In their approach they used a
combination of CE-TOF-MS methodologies, having
found a set of 57 metabolites for accurate prediction
of the probability of each disease. Moreover, they
show that it is possible to obtain valuable metabolomic
information and biomarkers from saliva, in a variety
of cancer diseases that affect other areas of the human
body than oral cavity. One of the important metabolites
discovered, choline, is relevant because choline-
containing metabolites participate in phospholipid
metabolism of cell membranes, and that has been
associated to malignancy, as it has been reported
by other authors that is a reflection of the increased
proliferation state of tumorigenic cells.

A recent review has been published by Abbassi
Ghadi (86) focused on studies using any type of
sample in gastric and oesophageal cancers, being the
most interesting studies for ESCC salivaomics, those
performed in biofluids as serum or urine. The variety
of analytical platforms from the studies included in
this review range from GC-MS, High Resolution-
Magic Angle Spinning-NMR, CE-MS, LC-MS, and
Selected Ion Flow Tube-Mass Spectrometry. Due to
the inherent differences in each platform, sensitivity,

sample preparation, or type of sample source, there was
a notable variability among the reviewed references,
having found that glutamine is the most consistent
biomarker for both cancers across many studies. An
interesting idea highlighted by these authors is that
potentially useful biomarkers should be further tested in
other analytical platforms, and using different statistical
approaches, to lower as much as possible the false
positives discovery.

Wu and colleagues (87) focused on the screening of
20 paired samples from the same patients affected by
EC (18 ESCC and 2 EAC), including both non-affected
tissue and tumour samples (with at least 90% cancer
cells), resulting in the identification of 20 metabolites
through GC-MS. Other metabolomics studies focusing
exclusively on ESCC as the disease model, include
the one from Yang and collaborators (88), where they
have studied the profile changes in ESCC tumours at
different stages derived from tissue samples using a
NMR based approach. They have addressed, according
to their results, the possibility that some metabolic
changes arises before any morphological alterations
could be detected, and that is precisely what could pose
an advantage in the early screening of this disease. Jin
and collaborators (89) have pointed out that ESCC
metastasis advances primarily through the lymphatic
system, acting as well as a key prognostic factor. In
their study they used GC-MS to elucidate the possible
alterations in a set of ESCC serum samples (including
metastatic and non-metastatic ones), versus healthy
controls. One of the key elements of their study was
the evaluation of the metabolomics differences in those
subjects with lymph node metastasis. They have found
a marked Warburg effect (80) on ESCC cells due to the
enhanced glycolysis, which leads to decreased levels
of glucose and glutamine in blood, as well as a notably
higher content of lactic acid. This last metabolite was
found in higher quantities in those patients with lymph
node metastasis than non-metastatic ESCC subjects.
Some other metabolites usually associated with tumour
cells, are for example the observed increased levels
of certain long chain fatty acids, that could be derived
from a stronger de novo fatty acid biosynthesis, with
some fatty acids being up-regulated in the metastatic
samples compared with non-metastatic ones. Glutamine
is another metabolite that was found to be decreased
in metastatic cells, at its lowest levels from the three
groups. They demonstrated that a combination of
altered metabolites in cancer cases, could be used as
a metabolomic signature for discrimination between
patients in different stages.

Xu and collaborators (90) studied the metabolomics
differences in ESCC, through a RR-LC-MS (Rapid
Resolution) platform. They analysed different blood
samples from healthy and affected patients, as well
as other samples derived from ESCC patients that
underwent a chemoradiotherapy treatment, being

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2015; 9(4):247-257. 254

divided in two groups, Overall Responders and
non-Overall Responders. Among their results, 11
of the discovered metabolites were classified as
tentatively potential biomarkers, while another set
of 18 metabolites were classified in other group that
potentially will serve as biomarkers for the diagnosis of
ESCC. In keeping with the results from the study of Jin,
there was an observation of an abnormality in the levels
of several fatty acids. A similar finding was reported by
Liu et al. (91), who used peripheral blood in order to
isolate cell-free plasma through a UPLC-ESI-TOF-MS
(ultraperformance liquid chromatography-electrospray
ionization-accurate time-of-flight) platform, having
found 6 metabolites related with the phospholipids
metabolism, out of 11 potential metabolite biomarkers.

5. Conclusion

Despite the potential drawbacks that saliva may have,
as lower representation of molecules that could be used
as biomarkers in comparison with other body fluids, a
higher degree of degradation of its components due to
the exposure of the oral cavity to the open environment,
or an enhanced RNase activity as reported for some
cancer types, it has been demonstrated by many authors
that it is possible to use saliva as a sample source, as it
has been reviewed through this text.

Amidst its many advantages, it is an easily
accessible biofluid, that fulfil the requirements for fast
and efficient collection for many hospital settings all
over the world, with minimum storage and biosecurity
measurements, while it represents a non-invasive way
to test patients, increasing their well-being. Once that
the biomarkers have been validated and approved for
their clinical use, the type of analysis that can be carried
out to test for the different molecules as metabolites,
proteins, or transcripts are relatively easy performed
with minimum technical requirements. It is only for the
discovery of those biomarkers when sophisticated and
dedicated technologies must be applied.

For example, the transcription levels for given
expression biomarkers can be carried out through RT-
gPCR an accurate and quick method available at any
diagnostic facility nowadays. In the case of proteins
or metabolites, a targeted approach can be followed
as well, what makes analyses more affordable. In
agreement with the reviewed bibliography, we can
conclude that a panel of biomarkers that cover the
three main omics will have more discriminating power
than focusing on measuring separately gene or miRNA
expression, proteins, or metabolites.

There has not been a great development of
salivaomics in ESCC patients despite the successful
stories from other type of cancers, except for those
efforts in miRNA analysis of saliva. Thus, it is a
promising field for ESCC biomarker discovery with
enough room for improvement.

Acknowledgements

This work has been funded by the Ministry of
Education and Science of the Republic of Kazakhstan.

References

1. McCabe ML, Dlamini Z. The molecular mechanisms
of oesophageal cancer. Int Inmunopharmacol. 2005;
5:1113-1130.

2. Greenawalt DM, Duong C, Smyth GK, Ciavarella ML,
Thompson NJ, Tiang T, Murray WK, Thomas RJS,
Phillips WA. Gene expression profiling of esophageal
cancer: Comparative analysis of Barrett's esophagus,
adenocarcinoma, and squamous cell carcinoma. Int J
Cancer. 2007; 120:1914-1921.

3. Daly JM, Fry WA, Little AG, Winchester DP, McKee
RF, Stewart AK, Fremgen AM. Esophageal cancer:
Results of an American College of Surgeons patient care
evaluation study. J Am Coll Surg. 2000; 190:562-572.

4. Vaughan TL. From genomics to diagnostics of
esophageal adenocarcinoma. Nat Genet. 2014; 46:806-
807.

5. Hu YC, Lam KY, Law S, Ying Chuan Hu, King Yin
Lam, Law S, Wong J, Srivastava G. Identification of
differentially expressed genes in esophageal squamous
cell carcinoma (ESCC) by cDNA expression array:
Overexpression of Fra-1, Neogenin, Id-1, and CDC25B
genes in ESCC. Clin Cancer Res. 2001; 7:2213-2221.

6. Jiang Y, Li Q, Zhao J, Lv J. Identification of a novel
fusion gene (HLA-E and HLA-B) by RNA-seq analysis
in esophageal squamous cell carcinoma. Asian Pac J
Cancer Prev. 2014; 15:2309-2312.

7. Takikita M, Hu NAN, Shou JZ, Giffen C, Wang QH,
Wang C, Hewitt SM, Taylor PR. Fascin and CK4 as
biomarkers for esophageal squamous cell carcinoma.
Anticancer Res. 2011; 31:945-952.

8. Moghanibashi M, Jazii FR, Soheili ZS, Zare M,
Karkhane A, Parivar K, Mohamadynejad P. Proteomics
of a new esophageal cancer cell line established from
Persian patient. Gene. 2012; 500:124-133.

9. Noori S, Monabati A, Ghaderi A. The prevalence of
human papilloma virus in esophageal squamous cell
carcinoma. Iran J Med Sci. 2012; 37:126-133.

10. LinY, Totsuka Y, He Y, Kikuchi S, Qiao Y, Ueda J, Wei W,
Inoue M, Tanaka H. Epidemiology of esophageal cancer
in Japan and China. J Epidemiol. 2013; 23:233-242.

11. Rakhimova S, Akilzhanova A, Zhukov Y, Omarov M,
Zhumadilov Z. Esophageal cancer in Kazakhstan: Multi-
omic research challenges. Cent Asian J Glob Heal. 2014;
3:3-4.

12. Su H, Hu N, Yang HH, Wang C, Takikita M, Wang Q-H,
Giffen C, Clifford R, Hewitt SM, Shou JZ, Goldstein
AM, Lee MP, Taylor PR. Global gene expression
profiling and validation in esophageal squamous cell
carcinoma and its association with clinical phenotypes.
Clin Cancer Res. 2011; 17:2955-2966.

13. Xie GX, Chen TL, Qiu YP, Shi P, Zheng XJ, Su
MM, Zhao AH, Zhou ZT, Jia W. Urine metabolite
profiling offers potential early diagnosis of oral cancer.
Metabolomics. 2012; 8:220-231.

14. Zhang A, Sun H, Wang P, Wang X. Salivary proteomics
in biomedical research. Clin Chim Acta. 2013; 415:261-

www.ddtjournal.com



255 Drug Discoveries & Therapeutics. 2015; 9(4):247-257.
265. framework. Clin. Pharmacol Ther. 2001; 69:89-95.
15. Takeshita N, Hoshino I, Mori M, Akutsu Y, Hanari N, 28. Strimbu K, Tavel JA. What are biomarkers? Curr Opin

18.

20.

21.

22.

23.

24.

25.

26.

217.

Yoneyama Y, Ikeda N, Isozaki Y, Maruyama T, Akanuma
N, Komatsu A, Jitsukawa M, Matsubara H. Serum
microRNA expression profile: miR-1246 as a novel
diagnostic and prognostic biomarker for oesophageal
squamous cell carcinoma. Br J Cancer. 2013; 108:644-
652.

Barber TW, Duong CP, Leong T, Bressel M, Drummond
EG, Hicks RJ. "F-FDG PET/CT has a high impact on
patient management and provides powerful prognostic
stratification in the primary staging of esophageal
cancer: A prospective study with mature survival data. J
Nucl Med. 2012; 53:864-871.

Li Y, Zhang Q, Peng B, Shao Q, Qian W. Identification
of glutathione S-transferase omega 1 (GSTO1) protein
as a novel tumor-associated antigen and its autoantibody
in human esophageal squamous cell carcinoma. Tumor
Biol. 2014; 1:10871-10877.

Chen B, Fang WK, Wu ZY, Xu XE, Wu J, Fu JH, Yao XD,
Huang JH, Chen JX, Shen JH, Zheng CP, Wang SH, Li
EM, Xu LY. The prognostic implications of microvascular
density and lymphatic vessel density in esophageal
squamous cell carcinoma: Comparative analysis between
the traditional whole sections and the tissue microarray.
Acta Histochem. 2014; 116:646-653.

Mariette C, Balon JM, Piessen G, Fabre S, Van Seuningen
I, Triboulet JP. Pattern of recurrence following complete
resection of esophageal carcinoma and factors predictive
of recurrent disease. Cancer. 2003; 97:1616-1623.

Zhang X, Lin P, Zhu ZH, Long H, Wen J, Yang H, Zhang
X, Wang DF, Fu JH, Fang Y, Rong TH. Expression
profiles of early esophageal squamous cell carcinoma
by ¢cDNA microarray. Cancer Genet Cytogenet. 2009;
194:23-29.

Yokoyama A, Omori T, Yokoyama T. Risk appraisal
and endoscopic screening for esophageal squamous cell
carcinoma in Japanese populations. Esophagus. 2007;
4:135-143.

Cheng KK, Day NE. Nutrition and esophageal cancer.
Cancer Causes Control. 1996; 7:33-40.

Takezaki T, Shinoda M, Hatooka S, Hasegawa Y,
Nakamura S, Hirose K, Inoue M, Hamajima N, Kuroishi
T, Matsuura H, Tajima K. Subsite-specific risk factors
for hypopharyngeal and esophageal cancer (Japan).
Cancer Causes Control. 2000; 11:597-608.

Cao F, Han H, Zhang F, Wang B, Ma W, Wang Y, Sun
G, Shi M, Ren Y, Cheng Y. HPV infection in esophageal
squamous cell carcinoma and its relationship to the
prognosis of patients in northern China. Sci World J.
2014;2014:804738.

Hu JM, Li L, Chen YZ, Pang LJ, Yang L, Liu CX, Zhao
J, Chang B, Zou H, Qi Y, Liang WH, Li F. Human
papillomavirus type 16 infection may be involved in
esophageal squamous cell carcinoma carcinogenesis in
Chinese Kazakh patients. Dis Esophagus. 2013; 26:703-
707.

Liyanage SS, Li Q, Zheng Y, et al. The relationship
between Human Papillomavirus and oesophageal
squamous cell carcinoma in China — A review of the
evidence. AID. 2013; 3:17-34.

Atkinson AJJ, Colburn WA, DeGruttola VG, DeMets DL,
Downing GJ, Hoth DF, Oates JA, Peck CC, Schooley
RT, Spilker BA, Woodcock J, Zeger SL. Biomarkers and
surrogate endpoints: Preferred definitions and conceptual

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

HIV AIDS. 2010; 5:463-466.

Fernie AR, Trethewey RN, Krotzky AJ, Willmitzer
L. Metabolite profiling: From diagnostics to systems
biology. Nat Rev Mol Cell Biol. 2004; 5:763-769.

Han X, Aslanian A, Yates JR. Mass spectrometry for
proteomics. Curr Opin Chem Biol. 2008; 12:483-490.
Baye TM, Abebe T, Wilke RA. Genotype-environment
interactions and their translational implications. Per
Med. 2011; 8:59-70.

Wang Z, Gerstein M, Snyder M. RNA-Seq: A
revolutionary tool for transcriptomics. Nat Rev Genet.
2009; 10:57-63.

Holmes E, Wilson ID, Nicholson JK. Metabolic
phenotyping in health and disease. Cell. 2008; 134:714-
717.

Zhang A, Sun H, Yan G, Wang P, Wang X. Metabolomics
for biomarker discovery: Moving to the clinic. Biomed
Res Int. 2015. DOI:10.1155/2015/354671.

Zhang A, Sun H, Wang P, Han Y, Wang X. Recent
and potential developments of biofluid analyses in
metabolomics. J Proteomics. 2012; 75:1079-1088.
Cowin PA, Anglesio M, Etemadmoghadam D, Bowtell
DDL. Profiling the cancer genome. Annu Rev Genomics
Hum Genet. 2010; 11:133-159.

Bonne NJ, Wong DT. Salivary biomarker development
using genomic, proteomic and metabolomic approaches.
Genome Med. 2012; 4:82.

Zhang Y, Sun J, Lin C-C, Abemayor E, Wang MB, Wong
DT. The emerging landscape of salivary diagnostics.
Oral Health Dent Manag. 2014; 13:200-210.
Romano-Keeler J, Wynn JL, Maron JL. Great
expectorations: The potential of salivary "omic"
approaches in neonatal intensive care. J Perinatol. 2014;
34:169-173.

Aps JKM, Martens LC. The physiology of saliva and
transfer of drugs into saliva. Forensic Sci Int. 2005;
150:119-131.

Castagnola M, Cabras T, Vitali A, Sanna MT, Messana I.
Biotechnological implications of the salivary proteome.
Trends Biotechnol. 2011; 29:409-418.

Takeda I, Stretch C, Barnaby P, Bhatnager K, Rankin
K, Fub H, Weljie A, Jha N, Slupsky C. Understanding
the human salivary metabolome. NMR Biomed. 2009;
22:577-584.

Spielmann N, Ilsley D, Gu J, Lea K, Brockman J, Heater
S, Setterquist R, Wong DTW. The human salivary RNA
transcriptome revealed by massively parallel sequencing.
Clin Chem. 2012; 58:1314-1321.

LiY, Zhou X, St. John MAR, Wong DTW. RNA
profiling of cell-free saliva using microarray technology.
J Dent Res. 2004; 83:199-203.

Yan W, Apweiler R, Balgley BM, et al. Systematic
comparison of the human saliva and plasma proteomes.
Proteomics Clin Appl. 2009; 3:116-134.

Bandhakavi S, Stone MD, Onsongo G, Van Riper SK,
Griffin TJ. A dynamic range compression and three-
dimensional peptide fractionation analysis platform
expands proteome coverage and the diagnostic potential
of whole saliva. J Proteome Res. 2009; 8:5590-5600.
Dewhirst FE, Chen T, Izard J, Paster BJ, Tanner ACR,
Yu W-H, Lakshmanan A, Wade WG. The human oral
microbiome. J Bacteriol. 2010; 192:5002-5017.
Turnbaugh PJ, Turnbaugh PJ, Ley RE, Ley RE, Hamady

www.ddtjournal.com



Drug Discoveries & Therapeutics. 2015; 9(4):247-257.

256

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

M, Hamady M, Fraser-Liggett CM, Fraser-Liggett CM,
Knight R, Knight R, Gordon JI, Gordon JI. The human
microbiome project. Nature. 2007; 449:804-810.

Walsh RJ, Sek WK, Yao Y, Jallal B, Kiener PA, Pinkus
JL, Beggs AH, Amato AA, Greenberg SA. Type |
interferon-inducible gene expression in blood is present
and reflects disease activity in dermatomyositis and
polymyositis. Arthritis Rheum. 2007; 56:3784-3792.
Wakugawa M, Nakamura K, Kakinuma T, Onai N,
Matsushima K, Tamaki K. CC chemokine receptor 4
expression on peripheral blood CD4+ T cells reflects
disease activity of atopic dermatitis. J Invest Dermatol.
2001; 117:188-196.

Asatsuma M, Ito S, Watanabe M, Takeishi H, Nomura S,
Wada Y, Nakano M, Gejyo F, Igarashi A. Increase in the
ratio of matrix metalloproteinase-9 to tissue inhibitor of
metalloproteinase-1 in saliva from patients with primary
Sjogren's syndrome. Clin Chim Acta. 2004; 345:99-104.
Borchers AT, Naguwa SM, Keen CL, Gershwin ME.
Immunopathogenesis of Sjogren's syndrome. Clin Rev
Allergy Immunol. 2003; 25:89-104.

Zhang L, Xiao H, Karlan S, Zhou H, Gross J, Elashoff D,
Akin D, Yan X, Chia D, Karlan B, Wong DT. Discovery
and preclinical validation of salivary transcriptomic and
proteomic biomarkers for the non-invasive detection of
breast cancer. PLoS One. 2010; 5:1-7.

Kumar S V, Hurteau GJ, Spivack SD. Validity of
messenger RNA expression analyses of human saliva.
Clin Cancer Res. 2006; 12:5033-5039.

LiY, St John MA, Zhou X, Kim Y, Sinha U, Jordan RC,
Eisele D, Abemayor E, Elashoff D, Park NH, Wong
DT. Salivary transcriptome diagnostics for oral cancer
detection. Clin Cancer Res. 2004; 10:8442-8450.
Kharchenko SV, Shpakov AA. Regulation of the RNAse
activity of the saliva in healthy subjects and in stomach
cancer. Izv Akad Nauk SSSR Biol. 1989; 1:58-63.

Park NJ, LiY, Yu T, Brinkman BMN, Wong DT.
Characterization of RNA in saliva. Clin Chem. 2006;
52:988-94.

Tzimagiorgis G, Michailidou EZ, Kritis A, Markopoulos
AK, Kouidou S. Recovering circulating extracellular or
cell-free RNA from bodily fluids. Cancer Epidemiol.
2011; 35:580-589.

Ogawa Y, Kanai-Azuma M, Akimoto Y, Kawakami H,
Yanoshita R. Exosome-like vesicles with dipeptidyl
peptidase IV in human saliva. Biol Pharm Bull. 2008;
31:1059-1062.

Palanisamy V, Sharma S, Deshpande A, Zhou H,
Gimzewski J, Wong DT. Nanostructural and transcriptomic
analyses of human saliva derived exosomes. PLoS One.
2010; 5:e8577.

Mathivanan S, Ji H, Simpson RJ. Exosomes: Extracellular
organelles important in intercellular communication. J
Proteomics. 2010; 73:1907-1920.

Braicu C, Tomuleasa C, Monroig P, Cucuianu A,
Berindan-Neagoe I, Calin GA. Exosomes as divine
messengers: Are they the Hermes of modern molecular
oncology? Cell Death Differ. 2014; 22:34-45.

Liao J, Liu R, Yin L, Pu Y. Expression profiling of
exosomal miRNAs derived from human esophageal
cancer cells by solexa high-throughput sequencing. Int J
Mol Sci. 2014; 15:15530-15551.

Raposo G, Stoorvogel W. Extracellular vesicles:
Exosomes, microvesicles, and friends. J Cell Biol. 2013;
200:373-383.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Ishibashi Y, Hanyu N, Nakada K, Suzuki Y, Yamamoto
T, Yanaga K, Ohkawa K, Hashimoto N, Nakajima T,
Saito H, Matsushima M, Urashima M. Profiling gene
expression ratios of paired cancerous and normal tissue
predicts relapse of esophageal squamous cell carcinoma.
Cancer Res. 2003; 63:5159-5164.

Wu B, Li C, Du Z, Zhou FEI, Xie J. Functional analysis
of the mRNA profile of neutrophil gelatinase-associated
lipocalin overexpression in esophageal squamous cell
carcinoma using multiple bioinformatic tools. Mol Med
Rep. 2014; 10:1800-1812.

Wu B, Lv G, Zou H, Du Z, Wu J. Exploration of potential
roles of a new LOXL2 splicing variant using network
knowledge in esophageal squamous cell carcinoma. The
Scientific World Journal. 2014; 2014:431792.
Matsushima K, Isomoto H, Yamaguchi N, et al.
MiRNA-205 modulates cellular invasion and migration
via regulating zinc finger E-box binding homeobox 2
expression in esophageal squamous cell carcinoma cells.
J Transl Med. 2011; 9:30.

Guo Y, Chen Z, Zhang L, et al. Distinctive microRNA
profiles relating to patient survival in esophageal
squamous cell carcinoma. Cancer Res. 2008; 68:26-33.
Xie Z, Chen G, Zhang X, Li D, Huang J, Yang C, Zhang
P, Qin Y, Duan Y, Gong B, Li Z. Salivary MicroRNAs
as Promising Biomarkers for Detection of Esophageal
Cancer. PLoS One. 2013; 8:¢57502.

Wang Y, Wang Q, Zhang N, Ma H, Gu 'Y, Tang H, Xu Z,
Gao Y. Identification of microRNAs as novel biomarkers
for detecting esophageal squamous cell carcinoma in
Asians: A meta-analysis. Tumor Biol. 2014; 35:11595-
11604.

Franzosa EA, Morgan XC, Segata N, Waldron L, Reyes J,
Earl AM, Giannoukos G, Boylan MR, Ciulla D, Gevers D,
Izard J, Garrett WS, Chan AT, Huttenhower C. Relating
the metatranscriptome and metagenome of the human
gut. Proc Natl Acad Sci U S A. 2014; 111:E2329-2338.
Jorth P, Turner KH, Gumus P, Nizam N, Buduneli N,
Whiteley M. Metatranscriptomics of the human oral
microbiome during health and disease. MBio. 2014; 5:1-
10.

Bahn JH, Zhang Q, Li F, Chan T, Lin X, Kim Y, Wong
DTW, Xiao X. The landscape of MicroRNA, Piwi-
Interacting RNA, and Circular RNA in human saliva.
Clin Chem. 2014; 230:221-230.

Amado FML, Ferreira RP, Vitorino R. One decade of
salivary proteomics: Current approaches and outstanding
challenges. Clin Biochem. 2013; 46:506-517.

Jagtap P, Mcgowan T, Bandhakavi S, Tu ZJ, Seymour S,
Griffin TJ, Rudney JD. Deep metaproteomic analysis of
human salivary supernatant. Proteomics. 2012; 12:992-
1001.

Uemura N, Kondo T. Current advances in esophageal
cancer proteomics. Biochim Biophys Acta (BBA)-
Proteins Proteomics. 2014; 1584:687-695.

Qi YJ, Chao WX, Chiu JF. An overview of esophageal
squamous cell carcinoma proteomics. J Proteomics.
2012; 75:3129-3137.

Du XL, Hu H, Lin DC, Xia SH, Shen XM, Zhang Y,
Luo ML, Feng Y Bin, Cai Y, Xu X, Han YL, Zhan QM,
Wang MR. Proteomic profiling of proteins dysregulated
in Chinese esophageal squamous cell carcinoma. J Mol
Med. 2007; 85:863-875.

Kim JW, Dang CV. Cancer's molecular sweet tooth and
the Warburg Effect. Cancer Res. 2006; 66:8927-8930.

www.ddtjournal.com



257

Drug Discoveries & Therapeutics. 2015; 9(4):247-257.

81.

82.

83.

84.

85.

86.

87.

Hu S, Arellano M, Boontheung P, Wang J, Zhou H,
Jiang J, Elashoff D, Wei R, Loo J, Wong DT. Salivary
proteomics for oral cancer biomarker discovery. Clin
Cancer Res. 2008; 14:6246-6252.

Armitage EG, Barbas C. Metabolomics in cancer
biomarker discovery: Current trends and future
perspectives. J Pharm Biomed Anal. 2014; 87:1-11.
Emwas AHM, Salek RM, Griffin JL, Merzaban J.
NMR-based metabolomics in human disease diagnosis:
Applications, limitations, and recommendations.
Metabolomics. 2013; 9:1048-1072.

Morvan D, Demidem A. Metabolomics by proton
nuclear magnetic resonance spectroscopy of the response
to chloroethylnitrosourea reveals drug efficacy and
tumor adaptive metabolic pathways. Cancer Res. 2007;
67:2150-2159.

Sugimoto M, Wong DT, Hirayama A, Soga T, Tomita M.
Capillary electrophoresis mass spectrometry-based saliva
metabolomics identified oral, breast and pancreatic
cancer-specific profiles. Metabolomics. 2010; 6:78-95.
Abbassi-Ghadi N, Kumar S, Huang J, Goldin R, Takats
Z, Hanna GB. Metabolomic profiling of oesophago-
gastric cancer: A systematic review. Eur J Cancer. 2013;
49:3625-3637.

Wu H, Xue R, Lu C, Deng C, Liu T, Zeng H, Wang Q,
Shen X. Metabolomic study for diagnostic model of

88.

89.

90.

91.

oesophageal cancer using gas chromatography/mass
spectrometry. J. Chromatogr. B Anal. Technol. Biomed.
Life Sci. 2009; 877:3111-3117.

Yang Y, Wang L, Wang S, Liang S, Chen A, Tang H,
Chen L, Deng F. Study of metabonomic profiles of
human esophageal carcinoma by use of high-resolution
magic-angle spinning 1H NMR spectroscopy and
multivariate data analysis. Anal Bioanal Chem. 2013;
405:3381-3389.

Jin H, Qiao F, Chen L, Lu C, Xu L, Gao X. Serum
metabolomic signatures of lymph node metastasis of
esophageal squamous cell carcinoma. J Proteome Res.
2014; 13:4091-4103.

Xu J, Chen Y, Zhang R, Song Y, Cao J, Bi N, Wang J,
He J, Bai J, Dong L, Wang L, Zhan Q, Abliz Z. Global
and targeted metabolomics of esophageal squamous cell
carcinoma discovers potential diagnostic and therapeutic
biomarkers. Mol Cell Proteomics. 2013; 12:1306-1318.
Liu R, Peng Y, Li X, Wang Y, Pan E, Guo W, Pu Y,
Yin L. Identification of plasma metabolomic profiling
for diagnosis of esophageal squamous-cell carcinoma
using an UPLC/TOF/MS platform. Int J Mol Sci. 2013;
14:8899-8911.

(Received July 3, 2015, Revised August 1, 2015; Accepted
August 25, 2015)

www.ddtjournal.com



