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Introduction

Saliva, or oral fluid, has long been of interest as a
substitute for blood and other body fluids for disease
diagnosis and disease/drug monitoring because it is
readily accessible, as it can be obtained non-invasive-
ly. However, saliva diagnostics are not widely used due
to the lack of well-defined salivary biomarkers for spe-
cific diseases, appropriate technologies for low sample
volume analysis, and social and medical professional
acceptance (1, 2).
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Abstract

Saliva can be easily
obtained in medical and
non-medical settings,
and contains numerous
bio-molecules, includ-
ing those typically found
in serum for disease
detection and monitor-
ing. In the past two
decades, the achieve-
ments of high-throughput
approaches afforded

by biotechnology and
nanotechnology allow for
disease-specific salivary
biomarker discovery and
establishment of rapid,
multiplex, and miniatur-
ized analytical assays.
These developments
have dramatically ad-
vanced saliva-based
diagnostics. In this
review, we discuss the
current consensus on
development of saliva/
oral fluid-based diagnos-
tics and provide a sum-
mary of recent research
advancements of the
Texas-Kentucky Saliva
Diagnostics Consortium.
In the foreseeable future,
current research on
saliva based diagnostic
methods could revolu-
tionize health care.

KEY WORDS:

Point of care, multiplexed
test, biomarkers, salivary
diagnostic, lab-on-a-chip,
AMI, cancer.

Tex Dent J;127(7):651-661.




Saliva/Oral Fluid-base

To fully realize the potential of saliva as a diag-
nostic fluid, the National Institute of Dental and
Craniofacial Research (NIDCR) of the National
Institutes of Health (NIH) has recently invested in
research efforts aimed at discovering and validat-
ing salivary biomarkers of disease, as well as in
the development of dedicated technologies for their
measurement. In the past few years, these efforts
have fostered interdisciplinary research projects
that allow clinicians, biologists, chemists, physi-
cists, engineers, and commercialization partners to
collaborate, investigate, discover, and translate the
potential of saliva to diagnose systemic disorders,
such as neoplastic, cardiovascular, metabolic, in-
fectious, and neurological diseases.

Based on the reported results of these initial
efforts, it may be envisioned that in the foresee-
able future, saliva-based diagnostic testing can
become a component in routine medical practice
in doctors’ offices and/or in the field for disease
diagnosis, prevention, screening, and monitoring.
Dental professionals who encounter saliva/oral
fluid in their daily professional life are perceived
as saliva experts in the medical field and can thus
play an important role in the future of salivary
diagnostics for dental and systemic diseases.

This brief review provides a description of sali-
vary physiology and provides an update on cur-
rent advances in salivary biomarker discovery
and validation derived from the combined efforts
of the Texas/Kentucky Saliva Diagnostic Con-
sortium including the University of Texas Health
Science Center at San Antonio, the University of
Kentucky, and Rice University. Further, herein
described is the development and application

of a powerful point of care nano-bio-chip (NBC)
technology that hosts saliva-based tests for the
measurement of biomarkers for local and sys-
temic diseases.

Saliva/oral fluid physiology

Oral fluid is usually referred to as whole saliva
that includes secretions from salivary glands, up-
per gastrointestinal and respiratory tracks, and
the gingival sulcus (crevicular fluid). Human sali-
vary glands produce about 500-1000 mL of saliva
per day by three distinct major salivary gland
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pairs, i.e., parotid, submandibular and sublin-
gual glands, and numerous minor salivary glands
in oral palatal, buccal, and labial mucosa. Glan-
dular, parotid, and submandibular/sublingual
saliva can be collected non-invasively. Microscop-
ically, a salivary gland secretory unit consists of
acina and a ductal system. There are two types of
acinar cells, i.e., serous and mucous, depending
on protein produced. The ductal system consists
of intercalated, striated, and excretory ducts.
Salivary secretion is tightly controlled by the
autonomic nervous system through a two stage
secretion — primary saliva produced by acinar
cells, followed by ductal system modification —
resulting in a hypotonic solution when it reaches
the mouth. Saliva is known to play essential
roles in lubrication, digestion, and host defense
since it contains electrolytes (e.g., Na*, K*, Cl-,
Ca*, HCO,, PO *), digestive enzymes (e.g., amy-
lase, lipases, proteases and DNAse/RNAse, etc.),
antimicrobial proteins (e.g., lysozyme, IgA, lac-
toferin, defensin, peroxidase, histatins, etc.), and
other major proteins (e.g., mucins, proline-rich
proteins, statherin, etc.).

While salivary gland cells synthesize and secrete
many salivary components, serum contents such
as cytokines, antibodies, hormones, and drugs
can also be transferred to saliva by passing
through capillary walls in salivary gland tissues.
These molecules travel though the basement
membrane and salivary cell barriers to enter
saliva involving possible mechanisms of passive
transcellular diffusion, paracellular ultrafiltra-
tion, energy dependent active transport, and/

or pinocytosis (3-5). The relationship of salivary
molecule concentration to blood (or saliva/plasma
ratio; S/P) is influenced by serum/saliva pH, mo-
lecular pKa, molecular weight, lipophilicity, and
protein binding. Serum components can also be
transported to whole saliva via gingival fluids or
mucosal cells. Additionally, normal human whole
saliva contains numerous normal and pathogenic
microorganisms (e.g., bacteria, fungi, or viruses)
and their metabolites, as well as multiple cell
types shed or migrated from oral mucosa or gin-
gival crevices. Therefore, saliva provides a large
number of analytes that are comparable to blood
for disease diagnosis and monitoring (Table 1).



Saliva/oral fluid
as diagnostic fluid

Saliva provides biological
materials, e.g., mammalian
and microorganism pro-
teins, DNAs, and cells for
potential medical and law
enforcement use. Dentists
and oral biologists have
utilized the culture counts
of Streptococcus mutans
and lactobacillus from sali-
va to predict caries risk (6).
It is well known that saliva
samples have been used for
forensic DNA testing. The
development of salivary/
oral fluid-based diagnos-
tics has focused on testing
hormones, drugs, and an-
tibodies with some success
in the past few decades.
For example, commercial-
ized saliva based testing
systems have been used for
detection of HIV antibodies
with high specificity and
sensitivity similar to blood
testing (7). Antibodies to
hepatitis B, C, and several
other infectious pathogens
(e.g., rubeola and dengue)
can also be detected in
saliva (8). Further direct
detection of local or sys-
temic infectious pathogens
in saliva such as bacteria,
viruses, and fungi is also
possible by using salivary
culture and/or polymerase
chain reaction (PCR).

The salivary/oral fluid
based home testing sys-
tem of estradiol has been
used to predict premature
birth. Changes in salivary
levels of estrogen, testos-
terone, progesterone, and
electrolytes have been used
for monitoring or assessing

Table 1.

Biomarker Discovery and Strategies for Saliva/0Oral Fluid Diagnostics

Potential Biomarkers Strategies of Saliva Diagnostics
Electrolytes: Na*, K*+, HCO?*, Ca?, Multiplex:
PO,% Multiple samples
Multiple analyses
Proteins (Proteome)
Salivary proteins
Salivary serum components

High sensitivity and specificity

Miniaturization:

Transcriptome mRNA and miRNA Portable
profiles Nanotechnologies: lab-on-a-
chip (LOC)

DNA: mammalian cells (epithelial
and inflammatory cells and micro-
organisms (e.g., bacteria, fungi,
viruses) ’

Automated and self-powered
Point of care (POC)

female reproductive cycles and overall health (3, 4). It is also well ac-
cepted to assess a subject’s stress level by measuring salivary cortisol
level in psychological studies (4, 9). The salivary steroid hormone levels
are preferred by many investigators because hormones in saliva are in
free form (active form) in contrast to in serum where most hormones are
protein bound which complicates the estimation of true activity. Saliva
has been widely studied as a medium for pharmacokinetic and thera-
peutic drug monitoring (2, 3). The usefulness of saliva for drug monitor-
ing is dependent on the saliva/plasma (S/P) ratio that has already been
established for numerous drugs, a list which is continually expanding.
In recent years, there has been vast interest from law enforcement agen-
cies to develop oral fluid based point of detection methods for illegal
drugs and/or legal intoxication limits, resulting in an international
cooperative study for roadside testing (e.g., European Commission on
Roadside testing assessment (Rosita)) (3, 10, 11). In this study, a large
number of recreational and illicit drugs (e.g., amphetamine, opium,
alcohol, lysergic acid diethylamide, marijuana, and phencyclidine, etc.)
and their metabolites have been evaluated in saliva samples in compari-
son to their serum counterparts. In addition, the various commercial
oral testing prototypes for drug detection will be evaluated with labo-
ratory validation. Salivary cotinine and thiocyanate contents are also
commonly used for documenting tobacco use and second-hand smoke
exposure. A summary of current and potential saliva/oral fluid diagnos-
tics is listed in Table 2. The future application of saliva/oral fluid diag-
nostics for medical use, epidemiological studies, and law enforcement is
dependent on the availability of reliable point-of-care systems.

Current challenges and advances in salivary/
oral fluid diagnostics

The challenge for successful use of saliva for medical diagnostics re-
sides in maximizing the advantages and overcoming the disadvantages
of using saliva/oral fluids. Compared to serum samples, the volume of
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Saliva/Oral Fluid-based

saliva that can be obtained
is relatively limited and
disease-specific salivary
biomarkers are still largely
unknown. However, saliva
can be obtained by patients
themselves or by personnel
with little medical training.
Furthermore, saliva col-
lection is associated with
less stress and discom-
fort to the patient/donor.
Therefore, saliva-based
diagnostics can be applied
in medically disadvantaged
areas or non-conventional
medical settings, such as
in developing or under-
developed countries, re-
mote rural areas, patients’
homes, as well as in the
dentist’s office or neighbor-
hood pharmacy.

Recent studies have dem-
onstrated improvement of
sensitivity and specificity
using a combination of
multiple biomarkers in-
stead of a single biomarker
in disease detection (12,
13). Therefore, a successful
saliva/oral based diagnos-
tic should provide accu-
rate, non-invasive, disease-
specific, multi-analyte and
rapid outcome measure-
ments, as well as be por-
table and cost-effective.
Current efforts emphasize
the discovery and valida-
tion of disease biomarkers
in saliva, the development
of multiplexed nanotech-
nologies (lab-on-a-chip)

for point-of-care, and their
ultimate translation into
the real world through an
industrial partner (Table 1).

»

lagnostics

Table 2.

Current and Potential Use of Strategies for Saliva/0ral Fluid Diagnostics

Current existing assays with active Potential use in near future

development of new detection systems

Autoimmune diseases (22, 23)
Autoantibodies:
Sjbégren’s syndrome
Allergic markers

Pharmacological monitoring (11)
Therapeutic drugs
Law enforcement applications
Drug intoxication
lllicit drugs
Forensics
Smoking exposure
Cotinine and thiocyanate

Cardiovascular diseases (13)
Acute myocardial infarction
Cardiac risk

Cancer screening and diagnosis
(19, 36-38)
Oral cancer
Breast cancer
Cancer-specific markers

Steroid hormones (4) .
Cortisol, estrogen, testosterone, and
progesterone

Infectious diseases (35)
Antibody testing: HIV, HCV and
HBV
Antigen detection: Bacterial, Viral,
Fungal DNA/RNA/Protein
Microorganism recovery:

Periodontal diseases (20, 39)

Bacterial, Viral, Fungal cultures

Development of analytical technologies in the post genomic era has al-
lowed for large scale identification of proteins/peptides (proteome) and
ribonucleic acids (RNA; transcriptome), and their functions/structures
in cells and fluids. The high throughput proteomic studies have cata-
logued at least 1,166 proteins in the major salivary gland secretions, of
which 914 are recovered from parotid and 917 from submandibular/
sublingual ductal saliva, with 57 percent of these proteins present

in both glandular saliva (14). The proteome of human minor salivary
gland secretion showed 56 proteins, 12 of these proteins have never
been indentified in the glandular saliva (15). Analysis of human whole
saliva and plasma has identified a total of 1,939 proteins in whole
saliva, with 740 proteins in glandular saliva proteomes and 597 saliva
proteins in plasma (16). More surprisingly, the salivary transcriptome
(RNAs) has been discovered using microarray profiling in recent years.
It is estimated that approximately 3,000 messenger RNAs (mRNAs)
have been identified in cell-free whole saliva. Most recently, the pres-
ence of microRNA (miRNA; -50) was also discovered in whole saliva.
Unlike mRNA, miRNA consists of 18-24 nucleotides transcribed from
non-protein coding genes and regulates protein translation through
an RNA-induced silencing complex (RIST) (17). These advances have
provided a large number of salivary molecular targets, e.g., proteins
and RNAs, for disease biomarker discovery. Several investigators have
already attempted to use high throughput technologies and current
salivary proteomic and transcriptomic knowledge for biomarker dis-
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covery in the areas of oral cancer, breast cancer,
periodontal diseases, cardiovascular disease, and
Sjoégren’s syndrome (13, 17-23).

In the past few years, multiplex biomarker detec-
tion systems have emerged through remarkable
progress in the development of lab-on-a-chip
(LOC) and point-of-care (POC) technologies (24).
The goal of these efforts is to build automated,
miniaturized, and multiplexed platforms for rapid
assays and readout. In general, the principles of
conventional enzyme-liked immunosorbent assay
(ELISA) and/or nucleic acid hybridization are
applied often with either electrochemical sensors
or a microbead reactor (12, 13, 25). The electro-
chemical approach uses gold electrode arrays
(multiplex chips) in which one set of electrodes
(i.e., working, counter, and reference electrodes)
is used for one analyte measurement applied
with the cyclic square wave electrical field to
facilitate chemical reaction, followed by ampero-
metric readout (12). The UCLA School of Den-
tistry “UCLA Collaborative Oral Fluid Diagnostic

Research Center” is the leading institute for this
nano/micro-electrical-mechanical development.
Alternatively, the microbead reactor system
developed by the Texas-Kentucky Saliva Diagnos-
tic Consortium consists of porous bead sensors
consisting of a nano-net of agarose fibers serving
as a chemical reaction matrix sequestering and
concentrating analytes. The beads are placed in
a microchip holder with each bead serving as

a 3-dimensional reactor. Multiple beads can be
placed in the holder with modulation of their an-
alyte specificity through the capturing antibody
they are conjugated to, providing a multi-analyte
testing platform. The reaction reagents are deliv-
ered through a self-contained microfluidic infra-
structure and the measurement is reported by
nano-particle fluorescent particles or dyes that
are conjugated to detecting antibodies. This ap-
proach results in increased signal to noise ratios
and amplification several orders above conven-
tional assays (24) (Figure 1).

A. B.

5 d

"

NBC loading dock

b

capture analyte S
antibody Fluor- bead sensor
labeled microfiuidics
detection
antibody
D. LCD Display/Keypad

C, analysis chamber

Figure 1. Microbead-based reactor systems: Agarose microbeads that serve as single enzyme-linked immunosorbent as-
say (ELISA) reactor sensors (a) are arrayed in microchips (b) assembled into a disposable microfludic cassette that can be
inserted into an analyzer (d) for automated assay execution and processing of image data acquired within this optical sensor

(Modified from Jokerst et al. Nanomedicine, 2010 (24)).
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Saliva/Oral Fluid-based Diagnostics

The Texas/Kentucky Saliva Diagnostics Consor-
tium is in the forefront of developing 3-D bead
saliva/oral fluid diagnostics for cardiovascular,
cancer, and periodontal diseases (13, 26, 27).

As compared to other systems, this approach is
cost-effective and more flexible than any other
LOC system reported in the literature. For ex-
ample, the bead reactor can be replaced with a
thin-polymeric membrane for analyzing cell isola-
tion/trapping from saliva or serum or oral brush
biopsy samples, e.g., oral cancer cell studies.

Current efforts to develop a saliva-based nano-
biochip test for acute myocardial infarction (AMI)
at the-point-of-care, particularly in the emergen-
cy settings, and for cytological diagnosis of oral
cancers are briefly described below.

Oral fluid-based lab-on-a-chip
testing for detection of acute
myocardial infraction (AMI] in
pre-hospital settings

Cardiovascular disease remains the leading
cause of death in developed countries, includ-
ing the United States. Coronary artery disease
(CAD), a major component of cardiovascular
diseases, caused one of every five deaths in the
United States in 2004, while CAD mortality

was at 451,326. In 2010, an estimated 785,000
Americans will have a new coronary attack, and
about 470,000 will have a recurrent attack. Itis
estimated that an additional 195,000 silent first
myocardial infarctions occur each year. Every 26
seconds, an American will have a coronary event,
and about every minute someone will die from

it (28). The survival of AMI is dependent on how
soon intervention can be initiated. Early diagno-
sis and early intervention is the key for a good
patient prognosis.

Currently, electrocardiogram (EKG or ECG) is
standard equipment in the emergency medical
services (EMS) ambulance setting and is used
as a diagnostic standard for emergency triage of
patients with chest pain and/or unconscious-
ness. A typical EKG abnormality for an AMI is

a ST segment elevation (STEMI). Unfortunately,
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EKG alone only identifies ~35 percent of all AMI
cases admitted to the emergency department
(ED) and misses the remaining 65 percent (NSTE-
MI) that do not exhibit the characteristic EKG
changes. The triage of potential AMI cases in the
ED depends on supplemental blood testing that
often includes cardiac troponins T and I (cTnT,
cTnl), creatine kinases-MB (CK-MB), total CK and
myoglobin (MYO) (13). However, these tests are,
for the most part, limited to the clinical labora-
tory setting and the few that have been developed
for point of care testing lack the analytical and
clinical sensitivity and specificity to efficiently
diagnose AMI (29). Furthermore, the invasive
nature of blood testing and the absence of a sen-
sitive enough test on a point of care instrument
that could perform such a test preclude use of a
blood test in an ambulance setting. There is in-
deed a need to have a non-invasive test with the
required analytical and clinical performance that
could be used in an ambulance setting to mini-
mize the time from diagnosis to treatment of AMI
patients. Saliva presents itself as an ideal fluid in
this situation (Figure 2).

To achieve this goal, our collaborative research
group has first evaluated the potential use of
AMI biomarkers in saliva. Unstimulated whole
saliva was collected within 48 hours from more
than 80 patients with a definitive diagnosis of
AMI and from more than 80 healthy controls.
Samples were assayed for 21 cardiac related
proteins using conventional methodologies, such
as LUMINEX, ELISA and Beckman Access instru-
mentation. Data gathered demonstrated cardiac
biomarkers/proteins such as C-reactive protein
(CRP), myeloperoxidase (MPO), interleukins, ma-
trix metallo-perteinase-9 (MMP-9), and cellular
adhesion molecule-1 (SICAM-1), can be detected
in saliva samples but, most importantly, demon-
strated a capacity to differentiate healthy controls
from AMI patients. Strikingly, the logistic regres-
sion and receiver operating characteristics (ROC)
analysis shows that AMI diagnosis was greatly
improved with combination of EKG and the AMI
proteins in saliva (13). For example one model
has shown that the area under the ROC curve
(AUC) was improved from 0.75 to 0.94 if the EKG
readout was combined with salivary markers CRP
and MPO 13 (Figure 2).



In parallel to discovering salivary AMI biomark-
ers, the critical steps for salivary marker mea-
surement using NBC technology include ambu-
lance sample collection, temperature, humidity,
reagent stability, mechanical disturbance of

the instrument, compromised light source, and
sample contamination are being developed and
standardized. Here, the NBC-based sensor sys-
tem is in development as a portable, modular
device dedicated to saliva-based diagnosis of AMI
(Figure 1) (24). In Figure 1, an example of a fluo-
rescence micrograph of a LOC multiplex assay for
salivary CRP, IL-18, MYO, and MPO in healthy
control, NSTEMI, and STEMI patients is shown
(13). The results demonstrate the increased ex-
pression of AMI biomarkers in saliva from NSTE-
MI and STEMI cardiac subjects as compared to a
healthy control. This promising evidence suggests
that saliva-based tests using the NBC system
could provide a more convenient rapid screening
method for initial and subsequent cardiac events
in pre-hospital stage AMI patients.

Exfoliative cytology based on
nano-bio-chip sensor platform
for oral cancer detection

Oral cancer is a global health problem afflicting
more than 300,000 people worldwide each year.
In the United States, greater than 35,000 new
cases and nearly 7,600 deaths were estimated in
2009 (30). Despite surgical and therapeutic ad-
vances in the treatment of oral cancer, the 5-year
survival rate (approximately 50 percent remains
among the lowest for all major cancers. At the
present time, early diagnosis and intervention

is the key for a better prognosis underscoring

the value of advanced screening and diagnostic
techniques for oral cancer and, more importantly,
pre-cancerous lesions.

As compared to the conventional surgical bi-
opsy procedure, an approach that is rapid and
less invasive is desirable for early detection and
screening. Recently, non-invasive exfoliative
cytology using OralCDx® Brush Test (OralScan
Laboratories, Suffern, NY) has been widely pro-
moted for oral cancer screening. This technique
is based on quantitative cytomorphometry and
DNA aneuploidy with computer-assisted analysis
(31). However, the limited specificity of current
cytology-based analysis is still a major hindrance

for early oral cancer detection and intervention
(82, 33). Since exfoliative cytology also gath-

ers cellular DNA, RNA, and protein biomarkers,
new diagnostic techniques targeting early tumor
biomarkers and molecular transformation could
enhance the role and utility of oral cytology in
clinical diagnostics.

Addressing this clinical need, research groups

at Rice and the University of Texas Health Sci-
ence Centers at San Antonio and Houston have
adapted the bead-based NBC sensor system to
establish a platform for whole cell analysis of
tumor biomarkers in oral exfoliative cytological
specimens (34). The cellular-NBC sensor replaces
the microbead array, found in the saliva-based
NBC design, with a porous membrane that func-
tions as a micro-sieve to capture and screen
cells from a cytology suspension (Figure 3). Once
captured, “on membrane” immunofluorescent
assays reveal the presence and isotype of inter-
rogated cells via automated microscopic imaging
and analysis. This technique and its potential in
oral diagnostics were recently described in a pilot
study examining both molecular and morphologi-
cal biomarkers associated with oral dysplasia
and malignancy (34). Here, the oral epithelial
cells (<10um) were captured on a membrane filter
(0.4pm pore size) followed by immunofluorescent
labeling for the well-known epidermal growth fac-
tor receptor (EGFR) biomarker. Concurrently, the
cytoplasm and nuclei were stained with fluores-
cent dyes Phalloidin and DAPI, respectively, for
cytomorphometric measurements (Figure 3). The
nuclear area, nuclear diameter, N/C ratio, and
EGFR expression were found to be significantly
altered in malignant and dysplastic oral lesions
as compared to normal control epithelial cells.
Logistic regression and ROC curve analysis fur-
ther identified the morphological features as the
best predictors of disease individually, AUC < 0.93
(97-100 percent sensitivity and 86 percent speci-
ficity), while a combination of morphometric and
EGFR biomarker expression further enhanced
discrimination power between cancerous/precan-
cerous and healthy conditions to an AUC 0.94
(97 percent sensitivity and 93 percent specificity;
Figure 3). These results suggest that the com-
bined cytomorphometry and EGFR panel likely
holds the greatest potential for cancer detection
and diagnosis. Yet, the true diagnostic need lies
not in the identification of oral cancer but in the
identification of dysplastic, premalignant lesions.
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Figure 2 Saliva AMI testing in ambulance: (a) 12 lead EKG used by paramedics to transmit initial findings to emergency room
physicians (left). The portable saliva-based diagnostics NBC platform can complement EKG for the identification of AMI cases.
(b) Logistic regression and ROC analysis using serum and salivary biomarkers in conjunction with EKG exhibited improvement
of diagnosis of AMI. The EKG and AMI biomarkers of 42 healthy controls, 46 AMI (23 NSTEMI and 23 STEMI) are measured
and compared. In serum, the ROC curve was improved from 0.81 to 0.92 in triage biomarkers (cTnl, myoglobin and CK-MB)
were used as diagnostic indexes (left). However, the combined use of salivary CRP and MPO in conjunction with EKG (right),
produced an excellent ROC 0.94 (i.e., >90 percent specificity and sensitivity of AMI diagnosis). (c) Multiplex lab-on-a-chip
(LOC) for AMI biomarker antigens screening. Examples of fluorescence micrographs of a LOC multiplex assay for CRP, IL-18,
MYO and MPO are shown for non-AMI control, (d) NSTEMI and (e) STEMI patients. NEG, negative; CAL, calibrator (Modified
from Floriano et al. Clin Chem, 2009 40).

An 850-patient clinical study targeting oral CDﬂClUSiDn
dysplasia using an expanded biomarker panel is
currently underway and aims to further validate
the clinical utility of the NBC system for early
detection of high-risk premalignant oral lesions.
With continued advances in cancer biomarker
discovery and sensor technology, rapid and POC
screening for cancer is likely achievable.

Saliva and oral fluids contain multiple biomarker
materials that can be readily obtained in conven-
tional and non-conventional medical or medical
laboratory settings. With current advancements
in the development of nano-bio-technology,
saliva is now closer to meet its full capability to
be used as a diagnostic fluid at the point of care.
While oral fluid/saliva-based diagnosis of AMI is
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Figure 3. Application
of the cell-based NBC
sensor system for cyto-
logical assessment of
healthy and cancerous
oral mucosa. (a) Exfo-
liative cytology speci-
mens were obtained
using the OralCDx®
cytobrush (http.//www.
sopreventable.com/

How2Use.htm); (b)
Next, cells were cap-
tured on the membrane
filter (panel i) followed
by EGFR immunolabel-
ing (panel ii, green) and
staining of the cell cyto-
plasm (red) and nuclei
(blue) for morphometric
measurement; (c) Rep-
resentative images of
healthy epithelia (panel
i) and a cancerous le-
sion (panel ij) examined
using the NBC sensor
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demonstrated, use of a saliva-based test is not Acknowledgements

intended to replace current serum based diagno-
sis, but simply to complement it. Current major
challenges are discovery of disease specific mark-
ers, determinations of specificity and sensitivity
of the specific tests, and standardization of saliva
collection methods and holding solutions. Once
these challenges are met, saliva-based diagnos-
tics can be validated within the context of large
clinical studies en route to final approval by the
Food and Drug Administration (FDA) for ultimate
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