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Human saliva proteomics has proven to be a novel approach in the search for protein biomarkers for non-
invasive detection of human cancers. This approach may also have implications within the process of
anti-cancer drug discovery. Information from saliva proteomic measurements may contribute to the
target discovery and validation, assessment of efficacy and toxicity of candidate drugs, identification of
disease subgroups, and prediction of responses of individual patients. In this article, we aim to give a brief
overview on human saliva proteome analysis, as well as its applications to cancer biomarker discovery.
Potential applications of saliva proteomics in anticancer drug discovery and development will also be

discussed.

Human saliva is a mixture of secretions from multiple salivary
glands, including the parotid, submandibular, sublingual, and
other minor glands lying beneath the oral mucosa. This com-
plex body fluid aids in the execution of multiple physiological
functions, such as oral digestion, food swallowing and tasting,
tissue lubrication, maintenance of tooth integrity, as well as
antibacterial and antiviral protection [1]. In addition to the
important role of maintaining homeostasis of the oral cavity
system, saliva is also very attractive as a diagnostic fluid, because
saliva testing is noninvasive, simple, safe, and cost-effective
[2,3]. There has been increasing interest in studying the human
saliva proteome and exploring the use of saliva protein
biomarkers for the detection of human diseases, such as cancers
and autoimmune diseases [4-6]. In this article, we will give
a brief overview on human saliva proteomics and its
application to the discovery of protein biomarkers for cancer
detection. The implications of saliva proteomics in anticancer
drug discovery and development will also be discussed. The
potential utility of salivary proteome analysis is summarized
in Box 1.

Corresponding author: Wong, D.T. (dtww@ucla.edu)

Saliva proteome analysis

Human saliva harbors a wide spectrum of peptides and proteins
that constitutes the human salivary proteome. These polypep-
tides not only play important roles in maintaining oral and
general health but may also serve as biological markers to survey
normal health and disease status. Therefore, analysis and catalo-
guing of the human salivary proteome will certainly be of great
interest to researchers within the fields of oral biology and saliva-
based diagnostics. Mass spectrometry (MS)-based proteomics has
been successfully applied to the identification of proteins and
their post-translational modifications in human whole and duc-
tal saliva [7-12]. Many of these studies were performed using
shotgun proteomics, which is based on multi-dimensional
separation, tandem MS (MS/MS), and database searching algo-
rithms. Shotgun proteome analysis is very efficient in cataloguing
and profiling of proteins, whereas 2D gel electrophoresis coupled
with MS (2-DE/MS) allows mapping of the proteome at the
protein level and visualization of protein modifications and iso-
forms [13,14]. Profiling of salivary glycoproteins and proteins in
distinct families has been recently demonstrated. The selective
enrichment of glycoproteins, followed by liquid chromatogra-
phy-tandem MS (LC-MS/MS) profiling, may appear to be a pro-
mising approach for finding biomarker and therapeutic targets in
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BOX 1

Potential utility of salivary proteomics at various stages
of drug discovery process

Candidate selection and validation

In certain disease models, salivary proteomics can be used to

establish diagnostic and prognostic capability of the proteins and
indicate particularly useful molecules to monitor the disease.

Clinical trials

For certain diseases, especially local diseases, saliva proteomics can
be run in parallel with established techniques to evaluate the
efficacy and safety of the approach in patients.

Post-launch personalized medicine
Salivary proteomics may help to establish the most useful patient
subgroup for treatment and allows simplified long-term follow-ups.

Clinical diagnosis and prognosis

If successfully validated, salivary protein markers may allow early
diagnosis and improve likelihood of successful treatment. Simple
detection devices need to be developed for the clinical use of
those markers.

cancers [15]. Analysis and characterization of cystatins, histatins,
proline-rich proteins, and their fragments in saliva provides
further insight in the assessment of their functions in the oral
cavity [16-20]. In addition, salivary proteome databases (http://
www.hspp.ucla.edu, http://fields.scripps.edu/public/project/sal-
iva/) have been established to centralize the acquired proteomic
data and annotate the identified saliva proteins. These databases
are fully accessible to the public for the query of the identified
proteins, which are linked to public protein databases. With the
data deposited and centralized, we can start to integrate large-
scale datasets from a variety of laboratories and also conduct
comparative analysis of saliva proteome to other body fluid
proteomes. Once we have a general catalogue of the human saliva
proteome, saliva proteomics can therefore, in principle, provide a
molecular profiling approach towards a deeper understanding of
oral biology and related disease pathogenesis. Because of its ready
accessibility, saliva is also an attractive medium for noninvasive
diagnosis and/or prognosis of human diseases. Proteomic analysis
of saliva over the course of disease progression could reveal
valuable biomarkers for early detection and monitoring of disease
status. Similarly, profiling of saliva proteins before and after
pharmacological treatments may provide clues regarding drug
efficacy and toxicity.

Salivary protein biomarkers for human cancer
detection

The term, biomarker, refers to measurable and quantifiable biolo-
gical parameters that can serve as indicators for health and
physiology-related assessments, such as pathogenic processes,
environmental exposure, disease diagnosis and prognosis, or phar-
macologic responses to a therapeutic intervention. Analyzing the
proteomic content of tissues or fluids over the course of disease
progression could reveal ‘protein signatures’ indicative of specific
disease status. Such ‘signatures’ may be used extensively in future
medical diagnostics. Saliva diagnostics are very attractive because

of noninvasive sample collection and simple sample processing.
For patients, the noninvasive collection procedure for saliva dra-
matically reduces anxiety and discomfort and simplifies procure-
ment of repeated samples for monitoring over time [21].
Compared to tissue biopsies, saliva is an easily accessible fluid
and, therefore, a large number of saliva samples can be enrolled for
clinical proteomic studies. This allows enough statistical power for
a robust study design, and true signatures can be unveiled for
disease detection.

Some preliminary studies have suggested that salivary proteins
can serve as biomarkers for human cancer detection. The soluble
fragments of human epidermal growth factor receptor-2 (HER2)
and cancer antigen CA 15-3 were found to be significantly up-
regulated in the saliva samples of breast cancer patients compared
with those of healthy controls and patients with benign tumors
[22,23]. Testing of HER2 in saliva may be promising for monitoring
progression and recurrence of breast cancer [24]. Saliva from
patients with oral squamous cell carcinoma (OSCC) or head and
neck squamous cell carcinoma (HNSCC) contains signature pro-
teins, such as TNF-alpha, interleukin (IL)-1, IL-6, IL-8, CD44,
fibronectin, defensin-1, hyaluronidase, telomerase, cytokeratin
19 fragment (CYFRA 21-1), tissue polypeptide antigen, and cancer
antigen CA125, which are potentially useful as diagnostics, if
successfully validated [25-33]. Using subtractive proteomics and
immunoassays, we have recently identified and validated five
protein biomarkers for OSCC detection, including Mac-2 binding
protein, catalase, calgranulin B, Profilin, and CDS59 [34].

Early detection is a key question that needs to be addressed in
almost all types of cancers. In OSCC, if the cancer is detected at T1
stage, the five-year survival rate is over 80%, compared to 20-40%
if the cancer is diagnosed at later stages (T3 and T4). Several
preliminary studies have shown the potential of salivary proteins
for early detection of OSCC. The levels of certain proangiogenic,
proinflammatory cytokines, such as TNF-alpha, IL-1, IL-6, and IL-
8, were found to be significantly increased in the saliva of patients
with oral premalignant lesions (OPMLs) compared to controls, and
also significantly elevated in the saliva from patients with OSSCs
compared to those with OPMLs [30,35]. The levels of the cyto-
kines, TNF-alpha, IL-1-alpha, IL-6, IL-8, and vascular endothelial
growth factor (VEGF) were also found at elevated levels in saliva
from patients with oral lichen planus compared to normal con-
trols. These studies suggest that NF-kappaB-dependent inflamma-
tory cytokines may have diagnostic potential for monitoring
disease activity in patients with premalignant lesions [36-38].

The clinical utility of these putative biomarkers has been lim-
ited, so far, because of questions with respect to their overall
accuracy. Further retrospective validation of these candidates
needs to be conducted, preferably, using a different technology
platform. There is also concern about using inflammatory proteins
(e.g. cytokines) as disease biomarkers. Perhaps a rational approach,
when designing a biomarker study, would be to include a second
inflammatory disease group, in addition to a healthy control
group, to reveal the truly cancer-associated alterations. For
instance, patients with periodontal disease can be enrolled as a
second control group, in order to test the diagnostic value of those
inflammatory proteins in OSCC. Tumor-specific autoantibodies
could be present in human saliva for cancer detection. For
instance, the p53 autoantibody level in saliva was found to corre-
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late with the serum levels in OSCC; monitoring of the salivary
levels of p53 antibody may offer a specific method for detection of
a subset of OSCC with p53 aberrations [39]. Proteomics tools,
especially protein arrays, may be used to discover specific anti-
bodies as potential biomarkers for OSCC/HNSCC or, possibly,
other cancers. In addition, many discovered biomarkers or ther-
apeutic targets in human cancers are glycoproteins. Targeting the
glycoproteins in saliva may prove to be a promising approach to
cancer biomarker discovery. Lastly, the development of quantita-
tive proteomics tools, especially isotope labeling/tandem MS and
protein arrays [40,41], represents significant advances in proteo-
mics. These quantitative profiling technologies only requires small
amount of clinical samples for analysis. With these novel tools, we
can obtain the much-needed quantitative information on saliva
proteins associated with disease pathogenesis.

Pharmacoproteomics

Pharmacoproteomics refers to applications of proteomics used in
the drug industry, including target identification and validation,
discovery of efficacy and toxicity biomarkers, and investigations
into mechanisms of drug action or chemo-resistance. Although a
few new anticancer drugs have reached the market, more than
80% of drugs for all indications entering clinical development do
not get marketing approval, with many failing late in develop-
ment often in Phase III trials, because of unexpected safety issues
or difficulty in determining efficacy. These factors contribute to
the high costs of cancer drug development and clearly show the
need for faster, more cost-effective strategies for evaluating drug
effectiveness and safety and defining patient subgroups that can
benefit from these treatments [42]. Proteomics may have a poten-
tial role in these applications, because proteins are the primary
effectors of drugaction and proteomic analysis represents a global
approach to monitoring protein alterations in response to drug
administration.

Human cancer is a very heterogeneous disease and multiple
cellular and etiological pathways are involved in the process of
oncogenesis. This implies that multiple protein molecules should
be simultaneously targeted as an effective strategy to counter the
disease. Apart from helping us to understand the molecular patho-
genesis, the cancer-associated proteins identified by proteomics
may serve as potential therapeutic targets or may be used to classify
patients for clinical trials. Proteome analysis may also offer a
strategy to validate the targets. For instance, investigation of
cellular proteomes perturbed with matrix metalloproteinase
(MMP) inhibitor drugs suggests that, in addition to identification
of new MMP substrates, quantitative proteomics can provide
valuable information for target validation and drug efficacy before
commitment to clinical trials [43].

Those proteins whose levels are modified in response to drug
administration could provide vital clues with respect to drug
effectiveness and toxicity. These proteins, if constantly validata-
ble, may serve as efficacy or toxicity biomarkers to guide clinical
trial studies. Similarly, analyses of protein profiles before and after
pharmacological treatments could also confirm the mechanism of
drug action and provide insight for new drug discovery [44]. In
addition, particular biomarkers (e.g. HER2) may be used to classify
patient subgroups and therefore customize therapeutic strategies
for specific patients, which could eventually lead to personalized

therapy for individual cancer patients. The positive outcome of
these pharmacoproteomics applications may potentially reduce
the time and cost of clinical research while concomitantly increas-
ing patient safety and reducing the risk associated with the devel-
opment of new therapies.

Efficacy biomarkers

In oncology, a special class of extensively evaluated biomarkers of
efficacy (surrogate endpoints) that generally correlate with desired
clinical outcomes, can be used as a basis for corporate decisions, as
well as for gaining accelerated provisional regulatory approval of a
drug [45]. In general, these efficacy biomarkers must be mechan-
istically linked to the disease process and significantly capture the
treatment effect of a drug. The pretreatment variability of an
efficacy biomarker must be small compared to the changes in
the biomarker concentration or activity produced by therapy.
The effect of drugs on a proposed efficacy biomarker must be
sustained, to allow determination of efficacy [46—48]. These bio-
markers can impact drug development strategies, thereby aiding
corporate decision-making about advancing compounds and
improving the productivity of the overall development process.
Saliva testing is a noninvasive procedure that can be repeated on
the same patients without causing significant distress. This makes
it especially well suited for time-course experiments. Identification
of protein expression changes through salivary proteomics, parti-
cularly secreted proteins, may allow the development of simple
procedures to assay drug efficacy in preclinical and clinical phases.
Alternatively, a proven drug efficacy biomarker, previously dis-
covered and validated in tissue biopsies, may be further tested in
saliva samples from the patients with the same type of cancer. If
successfully evaluated and validated, a simple saliva assay of the
drug efficacy biomarker can then be established for the entire drug
development process.

Classification of cancer patients and prediction of drug
response

The development and administration of molecular-targeted ther-
apeutics requires diagnostic tools to monitor and predict indivi-
dual response to therapy, in order to maximize drug efficacy and
minimize the risk or severity of adverse events. Accurate prediction
of an individual patient’s drug response is an important prerequi-
site of personalized medicine. Once a compound is in clinical
trials, data on molecular profiles associated with response to
therapy would be a tremendous resource. This information base
could be used to determine why a drug fails in a particular patient,
to formulate guidelines for patient stratification in subsequent
trials to improve the likelihood of establishing safety and efficacy,
and to develop diagnostics that could be marketed with a drug that
is specific to a particular patient subgroup [49]. Saliva proteome
analysis during preclinical or exploratory clinical development
may allow the discovery of candidate markers for the prediction of
drug response. A proof-of-principle study has been demonstrated
to measure proteinase activity in saliva and proteinase inhibition
after systemic treatment with different proteinase inhibitors. After
treatment, drug concentration could be determined in saliva
and concomitant decreases in salivary proteinase activity were
observed, demonstrating that saliva testing could be used to assess
the in vivo modulation of their targets by these inhibitor drugs [50].
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In a recent study, the levels of TNF-alpha, IL-1-alpha, IL-6, and IL-8
were found to be significantly decreased following dexamethasone
treatment of those patients with OLP; IL-1-alpha and IL-8 were
detected at levels that were not significantly significant from
controls [51]. These preliminary investigations indicated that
salivary testing of proteins might be applicable for monitoring
the therapeutic response of patients, though one should exercise a
degree of caution when using inflammatory proteins as biomar-
kers for therapeutic response.

Cancer patients can also be classified, based on altered protein
expression profiles, and subsequently, statistical methodologies
can be used to develop predictors for patient subgroups. These
predictors can help define what patients may benefit from the
targeted therapy [48]. A good example would be trastuzumab, a
humanized monoclonal antibody targeted against HER2 [52]. This
oncoprotein is over-expressed in 25-30% of patients with breast
cancer and is associated with a more aggressive clinical course and
shortened survival in these patients. In clinical practice, ~20% of
breast cancer patients identified by this biomarker are chosen for
the trastuzumab treatment. Even though FDA-approved immuno-
histochemical and flurorescence in situ hybridization (FISH) meth-
ods are now available for assessing HER2 over-expression, these
methods are only semi-quantitative and interpretation could be
operator-dependent [53]. Since HER2 is present in human saliva
[22,23], incorporation of this marker in both clinical trials and
practice might assist in the classification of breast cancer patients.
The established assays for salivary proteins, such as HER2, can help
determine which patient subgroups are most likely to benefit from
such a molecular-targeted therapy.

Toxicity biomarker

Toxicoproteomics is the use of global protein expression technol-
ogies to detect up-regulation and down-regulation of genes asso-
ciated with drug toxicity risk; it allows for better understanding of
the effects of environmental and genetic factors, both in episodes
of acute exposure to toxicants and in the long-term development
of disease [54]. The rising costs of drug development and high
failure rate at later stages of development are putting pressure on
pharmaceutical companies to reduce clinical attrition and max-
imize decision-making at the preclinical stage. One of the keys to
reducing the cost and time of drug development is early and
accurate safety evaluation of candidate drugs. Therefore, toxicity
(safety) biomarkers are clearly required for screening compounds
in preclinical studies and clinical trials for determining target
organ toxicities. Serum proteomic patterns produced by MS have
been linked to the major organ toxicities of candidate drugs [54].
Similarly, saliva proteomic patterns or biomarkers may be revealed
for in vivo toxicity (safety) assessment when molecular-targeted
chemotherapy for OSCC/HNSCC reaches the clinic. Incorporation
of high-throughput screening of these toxicity biomarkers in
saliva from patients with OSCC/HNSCC or other cancers into
preclinical studies such as hit-to-lead screening, lead screening,
and preclinical validation might be possible.

Summary and perspective

Current efforts in human saliva proteomics are mainly devoted to
the identification and cataloguing of proteins in human whole
and glandular saliva based on shotgun proteomics and 2-DE/MS

approaches. With a comprehensive list of saliva proteins at hand, a
next step would be to identify significant changes in saliva protein
composition associated with disease processes. These alterations
may represent potential diagnostic and/or prognostic markers that
could be used in a clinical context for noninvasive detection and
monitoring of human diseases. The application of the salivary
proteomics may be explored for early detection of human cancers,
predicting aggressiveness and prognosis, and surveillance for can-
cer recurrence, which may eventually lead to simple clinical tools
for early detection and monitoring of cancers such as OSCC/
HNSCC.

Saliva proteomics is undoubtedly a promising approach for the
identification of protein markers for certain human diseases.
However, there are several issues that could complicate the devel-
opment of biomarkers into useful diagnostic and prognostic
agents. First, whole saliva, in contrast to serum, is not constant
in its composition because of changes in salivary flow and a
differential contribution from the different salivary glands, or
other sources, within the oral cavity [55]. Physiological variations
in the salivary proteome between individuals or even within one
individual exist [56,14], and, therefore, determining minor
changes in certain disease-relevant markers remains a major chal-
lenge. This suggests the need for a systematic study of the variables
affecting the production of protein content in human saliva and
means of standardization of sample collection and handling pro-
cedures for saliva biomarker studies. Secondly, human saliva con-
tains a large number of proteins differing by the extraordinary
dynamic range. How to deplete the highly abundant proteins such
as amylase and proline-rich proteins needs to be addressed.
Thirdly, considering multifactorial etiology and heterogeneity
of oncogenic pathways complicate building biomarker prediction
models, robust study design and statistical strategies should be
strictly followed in clinical proteomic studies in order to reveal
valuable prediction models forecasting malignant potential [57-
59]. Most tumors result from an inter-dependent series of genetic
alterations, rather than a single decisive event. Thus, a prediction
model often needs to seek a set of potential predictors, which
collectively improve the prediction power. Finally, it is also chal-
lenging to translate markers from proteomic investigations into
real-world diagnostic or prognostic applications. Approval of use
of a marker or set of markers for a given clinical decision relies on
the results of a large-scale multicentric clinical trial (e.g. TAILORx
and MINDACT trials) [60,61], and approval of the use of the
detection technology for that purpose. Microfluidics-based plat-
forms are currently being developed under a National Institute of
Dental and Craniofacial Research (NIDCR) initiative, which may
lead to simple detection devices for the clinical use of salivary
protein markers [21].

There is an enormous need to develop more effective and less
toxic therapeutic approaches to treat cancer. The opportunities for
pharmacoproteomics to impact the study of differential gene
expression applied to drug discovery and optimization can be
remarkable. These advances will likely include the discovery of
new drug targets, the confirmation of expected action(s) of
mechanism of a drug, the assessment of drug efficacy and toxicity,
and the identification of disease subgroups and prediction of
treatment responses of individual patients. These applications
may benefit the entire drug discovery and development process
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by reducing failure rates at all stages of the development pipeline,
fastening the transition from discovery to clinical trials, and
facilitating more successful therapies for patient subgroups.
Within the next few years, affordable platforms for quantitative
and high-throughput proteomics will be developed. These proteo-
mics tools will be fully investigated on saliva protein biomarker
discovery for cancer detection and treatment. Saliva represents
a readily accessible body fluid that may be repeatedly sampled for
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Elsevier celebrates two anniversaries with
a gift to university libraries in the developing world

In 1580, the Elzevir family began their printing and bookselling business in the Netherlands, publishing
works by scholars such as John Locke, Galileo Galilei and Hugo Grotius. On 4 March 1880, Jacobus
George Robbers founded the modern Elsevier company intending, just like the original Elzevir family, to
reproduce fine editions of literary classics for the edification of others who shared his passion, other
‘Elzevirians’. Robbers co-opted the Elzevir family printer’s mark, stamping the new Elsevier products
with a classic symbol of the symbiotic relationship between publisher and scholar. Elsevier has since
become a leader in the dissemination of scientific, technical and medical (STM) information, building
a reputation for excellence in publishing, new product innovation and commitment to its STM
communities.

In celebration of the House of Elzevir's 425th anniversary and the 125th anniversary of the modern
Elsevier company, Elsevier donated books to ten university libraries in the developing world. Entitled
‘A Book in Your Name’, each of the 6700 Elsevier employees worldwide was invited to select one of the
chosen libraries to receive a book donated by Elsevier. The core gift collection contains the
company’s most important and widely used STM publications, including Gray’s Anatomy, Dorland’s
lllustrated Medical Dictionary, Essential Medical Physiology, Cecil Essentials of Medicine, Mosby’s
Medical, Nursing and Allied Health Dictionary, The Vaccine Book, Fundamentals of Neuroscience, and
Myles Textbook for Midwives.

The ten beneficiary libraries are located in Africa, South America and Asia. They include the Library of
the Sciences of the University of Sierra Leone; the library of the Muhimbili University College of Health
Sciences of the University of Dar es Salaam, Tanzania; the library of the College of Medicine of the
University of Malawi; and the University of Zambia; Universite du Mali; Universidade Eduardo
Mondlane, Mozambique; Makerere University, Uganda; Universidad San Francisco de Quito, Ecuador;
Universidad Francisco Marroquin, Guatemala; and the National Centre for Scientific and Technological
Information (NACESTI), Vietnam.

Through ‘A Book in Your Name’, these libraries received books with a total retail value of
approximately one million US dollars.

For more information, visit www.elsevier.com
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