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INTRODUCTION 

Statement of the problem 

Up to forty percent of the US adult population experience symptoms of 

xerostomia, the feeling of dryness of the mouth, at some point in their lives. 

Although xerostomia is a subjective condition it is often associated with objective 

changes refering to salivary dysfunction, characterized by a decrease in the 

quantity and/or quality of saliva. These objective changes are accompanied by 

significantly reduced oral health and a lowered quality-of-life, manifesting as 

difficulty in talking, chewing and swallowing, sore or cracked tongue, dry or 

peeling lips, and increased dental decay and fungal infections. 

There are multiple causes of dry mouth, including chronic autoimmune 

diseases such as Sjogren's syndrome, side effects of radiation or chemotherapy, 

prescription medications, and psychogenic conditions such as fear, anxiety, and 

depression. Occasionally, there is no explanation for a dental patient's complaint 

of xerostomia leaving the provider and patient without a diagnosis or solution for 

proper treatment. 

Currently, xerostomia is diagnosed objectively by sialometry measuring 

stimulated and unstimulated salivary flow rates and subjectively through patient 

reported symptoms and history. Although patients may subjectively report a 

1 
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decrease in the quantity or quality of saliva, objective salivary testing by 

sialometry may not provide sufficient proof to show salivary dysfunction is 

present, demonstrating that this method of testing for defects in salivary glands is 

inadequate. 

Molecular biomarkers are cellular products that show changes associated 

with health and disease. Biomarkers can be used to aid in diagnosis, guide 

treatment, evaluate prognosis, monitor treatment response and detect disease 

recurrence and/or progression. At present, there are no recognized biomarkers 

for the clinical diagnosis of xerostomia. 

Existing treatments for xerostomia are limited to pharmacological salivary 

stimulants, mechanical stimulants, and topical salivary substitutes. Research 

has shown that green tea extracts contain polyphenols that are effective 

antioxidants, which have chemopreventive and anti-inflammatory effects. Thus, 

green tea polyphenols may provide a novel treatment for xerostomia. 

Studies examining the effects of green tea polyphenols on xerostomia in 

an animal model for Sjogren's syndrome (SS), together with preliminary human 

studies, have led to the identification of candidate molecular biomarkers for 

xerostomia that are altered in labial salivary gland biopsies of xerostomic 

patients. The identification of specific biomarkers in salivary gland tissue could 

potentially lead to their use for an objective diagnosis of salivary dysfunction. 

One such biomarker, found to be increased in the non-obese diabetic 

(NOD) mouse model for SS and reported to be increased in xerostomic patients, 
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is proliferating cell nuclear antigen (PCNA). This molecule is a key component of 

the DNA synthesis machinery, and is essential to the proliferation and repair of 

DNA The same animal studies found that Ki-67, a protein molecule essential for 

proliferation (but not repair) , is unchanged in both the NOD mouse model for SS 

and labial salivary glands of xerostomic patients. This indicates that the 

increased PCNA is not functioning in a proliferation role, but rather is involved in 

a DNA repair function resulting from DNA damage in the cell. 

Another biomarker of interest is p21 , a protein kinase molecule, due to its 

relationship with PCNA. p21 is a cyclin-dependent kinase inhibitor that is 

required for nucleotide excision and base excision repair and appears to function 

partly by modulating binding of specific proteins to PCNA. 

8-hydroxy-2-deoxyguanosine (80HdG) is also a biomarker of interest. 

80HdG is produced by oxidative damage of a substrate of DNA synthesis by 

reactive oxygen species and serves as an established marker of oxidative stress. 

Increased levels of 80HdG are associated with a number of pathological 

conditions including cancer, diabetes, and hypertension; all of which have been 

associated with xerostomia. 

The relationship of these three candidate biomarkers (PCNA, p21 , 

80HdG) to current diagnostic tools for xerostomia has not been evaluated 

previously. 
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Significance 

Identification of a novel biomarker profile for salivary dysfunction, 

specifically the up-regulation of PCNA and down-regulation of p21 in minor 

salivary gland biopsies, would have several advantages over existing diagnostic 

tools. A definitive, molecular, objective diagnosis could be provided for patients 

compared to the current method of testing for salivary dysfunction that consists of 

sialometry with limited sensitivity combined with subjective patient reported 

symptoms. An objective confirmation of salivary dysfunction at early stages may 

lead to a physician referral to evaluate the patient for known systemic diseases 

that are related to salivary dysfunction, such as Sjogren's syndrome, allowing for 

early diagnosis of the systemic disease. If a ratio of PCNA/p21 biomarkers did 

exist that could diagnose salivary dysfunction objectively, the absence of 

changes in these biomarkers in salivary gland tissue could potentially rule out 

salivary dysfunction as the cause of xerostomia. The search for a solution to dry 

mouth that is not related to systemic disease could then be tailored to titrating or 

changing a drug source (e.g. cholinergics), reducing or eliminating a food source 

(e.g.alcohol) or treating a psychogenic source (e.g. fright or depression). If novel 

biomarkers were found to objectively represent salivary dysfunction, insurance 

companies might approve payment for referral to the proper physician, allowing 

xerostomic patients to receive the quality of care needed to treat or properly 

manage their condition. More importantly, if salivary hypofunction could be 

diagnosed earlier, symptoms could be treated prior to damaging effects. The 
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identification of PCNA/p21 biomarkers (and potentially additional markers) in 

human tissue samples could provide the proof-of-concept foundation for future 

research to discover the exact mechanisms underlying the disorder and the 

development of new diagnostic methods. If the molecular profile proposed could 

be found in saliva samples, a minimally invasive testing method for salivary 

dysfunction could be made available. 
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REVIEW OF THE LITERATURE 

Saliva 

Salivary fluid is an exocrine secretion consisting of approximately 99% 

water, and contains a variety of electrolytes (predominantly sodium, potassium, 

calcium, chloride, magnesium, bicarbonate, phosphate) and proteins (enzymes, 

immunoglobulins and other antimicrobial factors, mucosal glycoproteins, traces 

of albumin and some polypeptides and oligopeptides of importance to oral 

health).1 The Collins English dictionary defines saliva as the "secretion of the 

salivary glands, consisting of a clear fluid that moistens the oral cavity, which 

prepares food for swallowing and initiates the process of digestion". Three pairs 

of major glands and numerous minor glands produce saliva in the oral cavity. 

The parotid , submandibular, and the sublingual glands are major oral salivary 

glands, while the hundreds of minor salivary glands, located throughout the 

mouth, are not individually named. 2 

Functions of saliva 

Saliva maintains oral homeostasis. The five main functions of saliva are: 

(1) lubrication and protection, (2) buffering and clearance, (3) antibacterial 

activity, (4) taste and digestion, and (5) maintenance of tooth integrity.2 Several 
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proteins produced in salivary glands often have more than one purpose. Listed 

below are several examples of salivary proteins and their functions. 3 

Table 1: Functions of Saliva in the oral cavity 

Antiviral 

Antifungal 

Buffering 

Digestion 

Mineralization 

Lubrication 

Tissue 

ns, histatins, mucin~eroxid :..:..=....::~--~ 
Cystatins, mucins 

Histatins ------------------------------~ 

Histatins, carbonic anhydrases 

Amylases, mucins 

Cystatins, histatins, proline-rich proteins, statherins 

1 Mucins, statherins _ 

Amylase, cystatin, mucins proline-rich proteins, statherins 
coati rotection 

·--~------------------------------------------~ 

Salivary Flow 

Salivary glands are constantly producing saliva in the mouth under 

unstimulated and stimulated conditions. Unstimulated saliva is the production of 

saliva at rest that serves to lubricate and moisturize oral tissues. Stimulated 

saliva is the production of saliva when some type of mechanical, gustatory, 

olfactory, or pharmacological stimulation is present. 1 A healthy person's mean 

daily saliva production ranges from 1 L to 1.5L.2 Listed in the table below are 

ranges of stimulated and unstimulated salivary flow. 1 



Table 2: Ranges of unstimulated and stimulated salivary flow 

Xerostomia 

0.25 - 0.35 mUmin 

0.1 - 0.25 mUmin 

<0.1 mU min 

1-3 mUmin 

0.7- 1.0 mUmin 

<0.7 mUmin 

8 

Xerostomia is defined as a subjective complaint of dry mouth that may 

result from a physical decrease in the production of saliva.4 Patients may or may 

not have a physical salivary flow deficiency with xerostomia but will still feel the 

uncomfortable effects of this condition. Xerostomic conditions inhibit the normal 

function of the oral cavity and can affect general well being. 5 

Xerostomia and quality-of-life 

Dry mouth can cause a decrease in quality-of-life. Xerostomia resulting 

from salivary insufficiency is associated with difficulties in chewing , swallowing, 

tasting, or speaking, which can result in poor diet, malnutrition, decreased social 

interaction, and depression.5 Tasting, swallowing, and speaking are activities 

often taken for granted, even though these activities can increase enrichment in 

a person's life. Dental decay is often associated with xerostomia, due to the loss 

of saliva's protective properties, possibly leading to tooth pain and esthetic issues 

that might make the patient self-conscious of smiling or going out in public. Dry 
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mouth symptoms can range from irritating to painful, and can be the source of 

significant morbidity.4 

Etiologies of Xerostomia 

It is important to realize that xerostomia is not a diagnosis.6 The sensation 

of dry mouth is a symptom with multiple potential causes, compounding the 

complexity of this condition.6 Medications, chronic disease, and radiation can 

cause xerostomia.7 Medications often cause this condition as an undesirable 

side effect by blocking cholinergic or adrenergic receptors that are utilized by the 

glands and nervous system to stimulate saliva flow. 7 These drugs may include 

atropine, antihistamines, amphetamines, anticholinergics, antidepressants or 

opioids.8 Chronic diseases that involve the salivary glands and have no cure, 

such as Sjogren's syndrome (by an as yet unknown mechanism), cause 

devastating dry mouth conditions. 9 Radiation treatment leads to atrophy of the 

secretory components of major and minor salivary glands destroying the ability of 

glands to produce saliva that may be temporary or permanent.4 

Sjogren's Syndrome 

Sjogren's syndrome is a chronic multisystem auto-immune mediated 

disorder characterized by inflammation of exocrine glands, such as salivary and 

lacnmal glands, leading to clinical symptoms of dryness, particularly of the 
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mouth and eyes, which can be severe and disabling.8 Xerostomia could be one 

of the first signs or symptoms of an undiagnosed condition. 

There are two forms of Sjogren's syndrome. The primary form is 

characterized by xerostomia and xeropthalmia and the secondary form, has at 

least one or both, xerostomia and xeropthalimia, and is accompanied by an 

autoimmune disease.7 Diagnosis of Sjogren's syndrome includes six objective 

and subjective criteria that were agreed upon by the American-European 

Consensus Group of 2002.10 Subjective criteria include complaints of ocular (I) 

and oral (II) dryness. Objective testtng completes the diagnosis. Ocular criteria 

(Ill) include a positive Schirmers test or ~4 ocular dye score. Oral criteria 

includes histopathology diagnosis of minor salivary glands (IV) of focal 

lymphocytic sialoadenitis and salivary gland involvement (V) to include low 

unstimulated whole salivary flow (S1.5mU15 minutes), parotid sialography 

indicating diffuse sialectasias without major duct obstruction, or salivary 

scintigraphy with delayed uptake and excretion. Serum testing for 

autoantibodies (VI) criteria includes the presence of autoantibodies Ro/SSA, 

La/SSB or both.10 Patients are classified as having primary Sjogren's syndrome 

if any 4 of the six criteria listed above are present and item IV or VI yields a 

positive result, or if 3 of the 4 objective criteria (Ill , IV, V, VI) are present and no 

other associated disease is noted. Patients are classified as having secondary 

Sjogren's syndrome if subjective criteria (1, II) plus any 2 from criteria Ill , IV, and 

V in addition to having a potentially associated disease. Exclusion criteria from 
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the diagnosis of Sjogren's syndrome includes a history of: past head and neck 

radiation treatment, hepatitis C infection, acquired immunodeficiency syndrome, 

pre-existing lymphoma, sarcoidosis, graft-versus-host disease, and use of 

anticholinergic drugs (for a time shorter than the 4-fold life of the drug).8
• 

10 

Current xerostomia treatments 

Treatments for xerostomia include the use of salivary substitutes and 

salivary stimulants. These treatments have limitations in their effectiveness. 

When using these products, one must decide what level of result they require to 

feel relief and consider the benefits verses the risks. 7 

Salivary substitutes 

Salivary substitutes are solutions designed to replace saliva. The most 

commonly prescribed saliva substitutes are the artificial salivas. 5 Biotene and 

Oralbalance are two products that serve as salivary substitutes and may be used 

together for a potential synergistic effect. Previously marketed versions of both 

of these products contained enzymes, specifically lactoperoxidase, lysozyme, 

glucose oxidase and lactoferrin, that may help to maintain a healthy balance of 

oral flora as well as lubricants aimed to keep the oral cavity moist.5 Recently, 

these enzymes have been removed from Biotene products made by GSK without 

explanation. Unfortunately, the positive effects of these products do not last long 
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and patients must constantly re-apply the artificial saliva to continue to feel relief 

of dry mouth.4
"
5 

Salivary stimulants 

Current treatment modalities approved by the FDA for treating xerostomia 

by salivary stimulation include the drugs, Pilocarpine and Cevimeline.9 These 

drugs are cholinergic agonists that increase salivary flow. However, these drugs 

act systemically and in addition to their desired effect, several undesirable side 

effects such as sweating, nausea, increased lacrimation, gastrointestinal 

stimulation and diarrhea, urinary frequency, bronchospasm, hypotension, and 

cardiac arrhythmia can also occur.5· 
7 These effects can be sufficiently 

debilitating they lead to non-compliance and cessation of medication. 

Potential alternative xerostomic treatments: green tea extracts 

Green tea comes from the tea plant, Camellia sinensis, and retains a very 

high content of polyphenols when it is processed.11 The word "green" in green 

tea means "unfermented" which means it is processed with little oxidation.12 

Over twenty years ago, an observation was made that where the 

consumption of green tea was high in Japan and China, incidence of Sjogren's 

syndrome, lupus and xerostomia was low.12 As a result, epidemiological studies 

were performed that showed the efficacy of green tea. One such study, of 8552 

Japanese male and female subjects in Japan, was reported in 1995. It showed 

life span was positively correlated with the amount of green tea consumed while 
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cancer, cardiovascular diseases, and diabetes mellitus were inversely correlated 

with green tea consumption.12 

Phenolic Compounds/Catechins 

Green tea polyphenols (GTPs}, also known as catechins, are compounds 

found in the leaves of green tea.12 Catechins are the primary compounds in 

green tea with health- contributing potentials. Epigallocatechin-3-gallate (EGCG) 

and epicatechin-3-gallate (ECG) are the major catechins present in green tea, 

with average contents of 7% and 3%, respectively.13 

Epigallocatechin-3-gallate (EGCG) 

Epigallocatechin-3-gallate (EGCG) is the most potent and abundant green 

tea polyphenol (GTP), and is the most widely studiedY One such study used 

NOD mice, representing a model for Sjogren's syndrome. This mouse strain also 

develop autoimmune diabetes. Thirty-six NOD mice were provided water only 

and thirty-six NOD mice were provided water with 0.2% EGCG. The results for 

the mice treated with EGCG + water were positive. It was found that EGCG 

delayed the onset of diabetes and reduced lymphocyte infiltration in saliva 

glands, autoantibody production, and apoptosis that leads to dysfunction of saliva 

glands. The proliferation marker PCNA was substantially elevated in NOD mice 

compared to the control strain (BALB/c}, and was decreased in saliva glands of 

NOD mice treated with EGCG.14 This animal study provides evidence that 
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molecular biomarkers indicating the health status of salivary glands in humans 

could exist. 

Biomarkers 

A biomarker is defined as "a characteristic that is objectively measured 

and evaluated as an indicator of normal biologic processes, pathogenic 

processes, or biological responses to a therapeutic intervention".15 Four different 

types of molecular biomarkers exist: metabolomic, transcriptomic, proteomic, 

and genomic biomarkers.16 Metabolomic biomarkers are based on the analysis 

of metabolites that are the intermediates and products of metabolism. 

Transcriptomic biomarkers are based on the analysis of RNA expression profiles. 

Proteomic biomarkers are based on the analysis of the protein profiles. Genomic 

biomarkers are based on the analysis of DNA (deoxyribonucleic acid) profiles.16 

Molecular biomarkers may be used for several different purposes, which include: 

detection of disease, staging of disease, prediction of responses to treatment, 

evaluation of treatment efficacy, monitoring of treatment and/or compliance, and 

monitoring the progression and or recurrence of disease.17 To evaluate the 

quality of a biomarker, a reliability and validity assessment of the biomarker 

should be performed. Reliability refers to the degree to which the results 

obtained by a measurement procedure can be replicated.18 Validity refers to the 

extent to which it measures what it is intended to measure.18 
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Using biomarker information obtained from Gillespie et al. (2008), an 

unpublished human study was performed by Ma et al. This study examined 

human salivary gland biopsies from xerostomic patients and evaluated apoptosis 

data and data on two biomarkers; Ki-67 and PCNA. Twenty subjects were given 

a questionnaire to obtain subjective data, and objective data on serology and 

labial salivary gland biopsy results were also obtained. The results, based on 

observer evaluation of immunohistochemically stained slides, included: apoptosis 

levels were comparable to non-xerostomic controls, low levels of Ki-67 

expression , and high levels of PCNA were found. Biomarkers that were 

evaluated in the present study include PCNA, p21 , and 80HdG. 

PCNA 

Proliferating cell nuclear antigen (PCNA), a cell cycle marker protein, is an 

essential component of eukaryotic chromosomal DNA replication and repair.19 

PCNA is composed of three identical monomers joined in a head-to-tail 

arrangement forming a circular homotrimer molecule, and is known as a DNA 

sliding clamp for DNA polymerase delta and epsilon.20 

Replication of DNA begins when DNA unwinds and splits into two strands 

resembling a fork. One strand is called the leading strand (5'-3') and the other is 

called the lagging strand (3'-5'). The ring shaped PCNA sliding clamp encircles 

DNA and provides a platform for polymerases to bind and assists with replication 

of both strands. The PCNA sliding clamp stabilizes DNA polymerase delta or 
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epsilon and aids in the continuous replication of the leading strand in an error 

free manner. The lagging strand is replicated in a discontinuous fashion by the 

replication of small sections of the DNA strand called Okazaki fragments that are 

later sealed together by the interaction of DNA ligase-1 and PCNA. 21 

Several different DNA repair pathways exist that require PCNA 

involvement. DNA repair pathways may include nucleotide excision repair 

(NER), base excision repair (BER), mismatch repair (MMR) and double-strand 

break repair (DSBR); all involve a DNA synthesis step requiring polymerase delta 

or epsilon, which indicates a function for PCNA. 19 

p21 

p21 is a member of a cyclin dependent kinase inhibitory protein family. It 

is a multifactorial protein with a central but incompletely understood role in the 

cell cycle response to DNA damage.22 p21 binds to PCNA in a 1:1 stoichiometry 

in the nucleus if DNA damage is detected.23 DNA damage results in an increase 

in the level of p53 protein which stimulates the expression of p21 .24 The binding 

of p21 to PCNA inhibits the initiation of the S phase in the cell cycle and prevents 

PCNA's replication function, possibly by blocking polymerase binding sites on 

PCNA, but does not prevent PCNA's repair function. 24 

Under normal conditions, DNA damage induces activation of the tumor 

suppressor protein p53 that in turn upregulates expression and activation of 

p21 .25 The p21 protein also acts as a cyclin-dependent kinase inhibitor of G1-

phase cyclin/CDK complexes (mainly cyclin E and cyclin A/CDK2), facilitating G1 
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arrest by preventing phosphorylation of hypophosphorylated Retinoblastoma 

protein (pRb). This maintains sequestration of the E2F transcription factor that is 

essential for expression of genes required for entry in S-phase. This would 

predict that in response to DNA damage, p21 levels should rise. Although often 

the case, there are various exceptions to this, depending on the type of DNA 

damage, and p21 levels can decline below basal levels under certain 

circumstances. 

Originally, p21 was thought to modulate DNA repair by direct interaction 

with PCNA, but this was based largely on over-expression studies. Recent 

evidence suggests a more complex process in normal cells, related to arrest of 

DNA synthesis at replication forks, due to the stalling of replicative polymerases 

at lesions. Replication across damaged DNA involves a switch to specialized 

DNA polymerases such as pol 11 (eta) in a process called translesion DNA 

synthesis (TLS). TLS polymerases are designed for speed and do not proofread, 

resulting in mutagenesis. In one current model, interaction of basal levels of p21 

with PCNA blocks pol-11 loading. The p21-PCNA interaction is coupled to E3-

ligase mediated ubiquintinylation and subsequent proteasomal degradation of 

p21 , triggered by replication fork stalling. This degradation is independent of the 

p53 status of the cell. Removal of p21 allows pol 11 to bind to PCNA and initiate 

TLS 26 
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80HdG 

8-hydroxydeoxyguanosine (80HgG) is one of the most common forms of 

reactive oxygen species induced DNA base lesion, and is considered a hallmark 

biomarker for oxidative stress. 27 Oxidative stress can be defined as a 

disturbance of oxidant-antioxidant homeostasis, potentially leading to cellular 

damage. 28 Increases in 80HdG levels have been implicated in a number of 

disorders, including cancer, neurodegenerative diseases, diabetes, and chronic 

inflammatory conditions.29 

The formation of the DNA lesion 80HdG is the result of a chain reaction 

that begins with the imbalance of redox reactions in the body. Redox reactions, 

the simultaneous loss and gain of electrons by molecules, are also known 

biologically as oxidant-antioxidant reactions. These reactions are the basis for 

numerous normal cellular metabolism processes such as biochemical pathways 

and cellular chemistry, biosynthesis and regulation. These cellular metabolism 

processes are regulated tightly. If an interference occurs in the oxidant

antioxidant balance and there is an increase in the pro-oxidant over the capacity 

of the antioxidant, reactive oxygen species will be present, resulting in oxidative 

stress that might lead to oxidative damage.27
· 

30 Reactive oxygen species (ROS) 

is a collective term that includes not only oxygen radicals (superoxide and 

hydroxyl) but also some non-radical derivatives of molecular oxygen such as 

hydrogen peroxide.31 ROS can react with cellular proteins or lipids, transforming 

them into oxidized forms, or bind with nucleiC acids turning them into mutated 
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forms. 28 ROS attacks at the C8 position of the nucleobase guanine or its 

nucleoside guanosine.32 The 8-0HdG lesion that forms can bind to thymidine 

rather than cytosine causing a transversion mutation.28 

Marker detection by immunohistochemistry 

Immunohistochemistry is the identification of a certain antigen in a 

histological tissue section or cytological preparation via an antibody specific to 

the antigen. 33 Species-specific antibodies are utilized to differentially stain the 

tissues for the antigen of choice. 34 The localization of the primary antibody is 

then visualized microscopically via an appropriate enzymatic or fluorescent 

detection system.33 

lmmunoenzymatic staining methods utilize enzyme substrate reactions to 

convert soluble chromogens into insoluble colored end products. After 

application of a primary antibody, and reaction with an enzyme-conjugated 

species-specific antibody amplification can be effected with systems such as 

horseradish peroxidase (HRP) and the substrate 3, 3' 

diaminobenzidinetetrahydrochloride (DAB), which is converted enzymatically to a 

highly insoluble brown end product precipitate in the presence of hydrogen 

peroxide DAB is often counterstained w1th hematoxylin that result in a blue 

contrasting color in the nuclei.34 

Brightfield microscopy is commonly utilized to view 

immunohistochemically stained samples. White light is transmitted from below 



20 

and viewed from above the sample. The color contrast seen in the sample is 

caused by absorbance of some of the transmitted light in dense areas of the 

stain. Samples viewed under this type of microscope appear dark against a 

bright background. This type of microscopy is relatevely simple to use and few 

complicated adjustments are needed. 

Immunofluorescence staining methods utilize chemically conjugated 

fluorescent dyes that label antibodies that bind directly or indirectly to the antigen 

of interest. The fluorescence is then quantified using a flow cytometer, array 

scanner or automated imaging instrument, or visualized using fluorescence or 

confocal microscopy.35 

Cell counting/quantification 

There are different techniques that can be utilized for counting or 

quantifying immunohistochemical staining of positive targeted cells including 

manual counting, semi-quantitative analysis, semi-automated counting , and 

(fully) automated counting. Manual counting is quantification by eye using a 

microscope and often a grid. Semi-quantitative analysis is scoring by estimation. 

Semi-automated counting is interactive counting on a screen after a digital image 

has been acquired . Fully-automated counting is non-interactive counting of 

dig1tal images by a software algorithm.36 
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Color deconvolution 

Often, the quantification of immunohistochemical staining in cells is 

confounded by overlapping of stained and counterstained regions that causes 

overlap in the absorption spectra of conventional stains and make repeatable 

quantification difficult.34 Ruifrok and Johnston developed a flexible mathematical 

method for separation of the color information in digital images called color 

deconvolution. 37 

Color deconvolution provides quantitative data and measures each stain 

color separately even when stains/colors are superimposed at the same location. 

The color of an object can be represented as a data point in a 3-dimensional 

space graph with red-green-blue axes. For a particular amount of white light, the 

light can be represented as a point in this graph, equidistant from each wall of 

the graph (i.e. equal proportions of red, green and blue; RGB) and connected to 

the origin by a vector line; the brighter the white light, the higher the intensity, the 

longer the line. In contrast, no light (which is black) would be represented as 

point 0, 0, 0 with no vector line present in the same 3-dimensional graph. For 

sections viewed by transmission, the observed color is the result of less of one or 

more of the three colors. Thus a red stain is the result of absorption of high 

levels of blue and green as the white light passes through, while the red is much 

less absorbed. A camera measures the amount of red, green and blue (RGB) 

light remaining (the intensity) after the white light passes through the sample. 

The ration of the intensity of R (or G or B) passing through to the intensity of the 
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R (or G or B) in the white light is the transmittance. This is converted to the 

absorbance (optical density, 00) for each channel by the Beer-Lambert 

equation: 

Abs =-log1o(RouURin) 

A line drawn from the origin (0,0,0) in the RGB absorbance space graph to the 

point representing the values of RGB after absorption can be considered to be a 

vector. For an object (such as a nucleus) of a particular color comprised of a 

mixture of two or more stains (each with their own RGB ratios), the observed 

color is a vector product of the vectors for the two separate colors. Color 

deconvolution uses a matrix calculation to separate a mixed color point into 

quantitative values for the two separate dyes that can then be charted.34 37 

Summary of current knowledge, what is not known and its 

significance 

Xerostomia is a subjective condition. It can be linked to known causes 

such as medications and radiation effects, unknown causes, and autoimmune 

diseases such as Sjogren's syndrome that are commonly characterized by 

salivary dysfunction. Diagnosis of xerostomia 1s limited to stimulated and 

unstimulated sialometry and patient reported symptoms that may result in 

conflicting data and to a questionable diagnosis. It is unknown if there is a valid 
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biomarker profile found in minor salivary gland biopsies that is common to the 

many causes of xerostomia that will indicate objectively a correct diagnosis of 

salivary dysfunction. 

Purpose 

The purpose of this cross-sectional study was to analyze and compare the 

presence and ratio of a pair of potentially novel protein biomarkers, PCNA and 

p21 , in labial minor salivary gland biopsies through immunohistochemistry in both 

known xerostomic biopsies and healthy salivary gland biopsies with a view to 

identifying markers that can be objectively tested to indicate early salivary 

dysfunction. In addition. 80HdG biomarker levels were evaluated and compared 

in the same groups to identify the possible presence of DNA damage that might 

be the cause of salivary dysfunction. 

This study utilized archived labial salivary gland biopsies obtained 

previously from 21 known xerostomic patients that participated in a xerostomic 

clinical trial conducted at Georgia Regents University. For normal controls, 19 

known healthy patient archived biopsies were obtained from labial mucocele 

removal procedures that contained incidental healthy labial salivary glands. This 

study also utilized data that was collected on the first day of the xerostomic 

clinical trial , from the same 21 xerostomic patients from whom archived biopsies 

were utilized in this study to include data from the trial included stimulated and 
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unstimulated sialometry, response to a quality of life questionnaire, and a visual 

analog scale representing dry mouth symptoms. 

After immunohistochemistry evaluation and quantification by color 

deconvolution in the laboratory, PCNA and p21 ratio data as well as 80HdG 

data from the 21 xerostomic biopsies were matched to the corresponding patient 

from the xerostomic trial and correlated with diagnostic clinical data obtained to 

provide additional evidence supporting biomarker use to identify salivary 

dysfunction. 

Hypotheses 

Hypotheses #1 

PCNA and 80HdG will be increased, while p21 will be decreased in labial 

minor salivary gland biopsies obtained from known xerostomia patients in 

comparison to labial minor salivary gland biopsies from healthy subjects. 

Specific Aims 

1. To determine protein expression of PCNA and p21 as well as levels of 

80HdG by immunohistochemistry and statistically compare results from: 

i. Archived biopsies from human patients with xerostomia 

symptoms 

ii. Archived biopsies of healthy labial salivary glands obtained 

from mucocele removal 
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Hypotheses #2 

The PCNA:p21 ratio and 80HdG levels seen in biopsies of known 

xerostomic patients will correlate positively with objective and subjective clinical 

testing of corresponding xerostomic patients providing a more definitive objective 

diagnosis of salivary dysfunction compared to sialometry and patient reported 

symptoms alone. 

Specific Aims 

1. To collect data from current methods of testing for xerostomia 

i. Objective results of stimulated and unstimulated sialometry. 

ii. Subjective results of quality-of-life questionnaire responses 

iii. Subjective results of visual analog scores pertaining to dry 

mouth perception 

2. To correlate laboratory PCNA:p21 ratio and 80HdgG data with clinical trial 

data belong1ng to the same patient 

"'*** Note cross sectional data utilized in this study were obtained prior to the 

start of the lozenge therapy. 



MATERIALS AND METHODS 

Clinical trial 

Data utilized for this cross sectional study was obtained from the first 

appointmenVscreening appointment and the second appointmenVweek 0 data 

from a double-blinded, randomized, placebo-controlled xerostomia clinical trial 

testing the efficacy of a proprietary green tea-containing oral lozenge and 

archived normal salivary gland biopsies. 

To briefly describe the green-tea containing lozenge therapy clinical trial: 

Sixty volunteer xerostomic patients were recruited from a pool of new and 

previously diagnosed xerostomic subjects referred to the Clinical Center for Oral 

Medicine (CCOM) at Georgia Regents University (GRU). Figure 1 indicates 

inclusion and exclusion criteria. 
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A complaint of dry mouth as assessed 
by a response of 30mm or greater on a 
0 Mouth Visual Analo Scale 

Have received radiation to the head 
and neck regron. 

-~~~~~~~~-:----

Have primary or secondary Sjogren's Unable to read and understand the 
s ndrome. consent form. 
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-~----

An unstimulated whole salivary flow On greater than three drugs associated 
rate of <0.2mUmin. with xerostomia or salivary gland 

Over the age of 18. 

Taking less than three drugs 
associated with causing xerostomia or 
saliva land h ofunction. I 

h ofunction. 
--:---:--------------~ 

Require dento-alveolar surgery or 
extensive dental treatment during the 
course of the 

-:---:--~-:--~------~-:--~ 

Require hospitalization for any medical 
problem during the course of the study. 

----:---:--:-
Willing to use natural novel topical dry Unable to take green tea leaf extract 
mouth products. and/or ilocarpus jaborandi leaf extract. 
Willing to return for all study-associated Uncontrolled medical conditions that 
visits. 

1 
require changes in medication during 

. the course of the study 
Able to read, understand, and sign the I Regularly consume green tea and/or 
informed consent. components of pilocarpus jaborandi. 

Half of these subjects were randomly assigned to use green tea extract-

containing lozenges and the other half were given a placebo lozenge. The 

subjects were instructed to report salivary flow results at subsequent clinical 

appointments. Figure 2 indicates the schedule of events for each appointment. 



GREEN TEA EXTRACT-CONTAINING LOZENGE THERAPY 
CLINICAL TRIAL 

Screen Ina 

• 
[ O~lmm ] 

• EJ • Biopsy 
obtained or 

on file 

....__w-=~=-K_o _ _JI EJ EJ B • Informed consent ... 
Sialometry 

US/S ... 
Questionnaire 

QOL/VAS 

• 
Oraleum 

• Start lozenae 
t herapy 

• • 
Sialometry Sialometry 

US/S US/S 

~ - - Questionnaire ....... ....... I QOl/VAS 

EJr::J ~ L=.JL::J • • • 
[ 0"1 ~•m ] [ 0"1 oum ]I End of Clinical 

Trial 

Figure 1: Overview of Green Tea Extract- Containing Lozenge Clinical Trial 
S: Stimulated, US: Unstimulated, QOL: Quality of life, VAS: Visual analogue 
scale 
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The first appointment of the study consisted of screening procedures to 

confirm xerostomia through an oral exam and serology test. If the serology 

report did not reveal serum autoantibodies to either or both SSA (Ro) or SSB 

(La) antigens, a labial minor salivary gland biopsy was performed for diagnostic 

purposes if the patient did not have an archived biopsy on file. 

Biopsy selection for biomarker study 

The first 21 patients who entered the clinical trial with a biopsy were 

chosen for the cross-sectional novel molecular biomarker study. These patients 

were selected after the screening appointment. Listed in table 4 are the study 



patient numbers and their corresponding biopsy numbers. No other identifier 

information was used in the present study. 

Table 4: Study patient numbers and corresponding biopsy numbers 

Study patient # Xeromostomic Biopsy # 

4 11-1384 
5 09-1000 
7 09-1272 
8 11-1383 
13 10-1682 
14 11-1663 
15 12-1187 
16 12-0163 
17 12-0046 
18 10-592 
19 12-0313 
20 09-1001 
22 12-0436 
23 11-197 
24 11-1275 
25 12-0540 
26 12-0523 
27 12-0698 -
29 12-1159 
30 12-1452 
31 12-1152 

At the second appointment, all patients were administered informed 

consent, unstimulated sialometry, stimulated sialometry was obtained from 

consenting patients, and two questionnaires were administered: a quality of life 

and a visual analog scale. Data from the first 21 patients with a biopsy (listed in 

the table above) were obtained for use in this biomarker study after informed 
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consent was given by each patient. This clinical data collected , from the second 

appointment only, was correlated to the corresponding archived biopsies that 

were subsequently obtained and utilized for immunohistochemistry laboratory 

data in the present study. 

Unstimulated saliva collection 

Unstimulated saliva collection was performed before stimulated saliva 

collection. Patients were asked to fast for a minimum of 90 minutes before saliva 

collection with no stimulation: smoking, tooth brushing , drinking, or chewing gum. 

Saliva collection from the patient took place in a climate-controlled facility, while 

the patient was sitting in a comfortable chair, bend1ng slightly forward with an 

open mouth, allowing unstimulated saliva to passively collect into a funnel placed 

in the saliva collecting tube for a period of five minutes. The saliva collecting tube 

was weighed before and after salivary collection and the data was recorded. 

Figure 2 represents when and how sialometry was performed when collecting 

unstimulated saliva. 
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UNSTIMULATED SIALOMETRY 

90 Minutes Fasting 

While sitting quietly, bend slightly forward 

• 
Passively allow saliva to collect in funnel/collecting tube, 

5 minutes total 

Figure 2: Overview of Unstimulated Saliva Collection 

Stimulated saliva collection 
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l 

Stimulated saliva collection took place five minutes after unstimulated 

saliva collection. The patient was given a neutral wax to chew 45 times to 

produce stimulation of saliva glands. Again, saliva collection from the patient 

took place while the patient was sitting in a comfortable chair, bending slightly 

forward with an open mouth, allowing stimulated saliva to passively collect into a 

funnel placed in the saliva collecting tube for a period of five minutes. The saliva 

collecting tube was weighed before and after salivary collection and the data was 

recorded. Figure 3 represents when and how sialometry was performed when 

collecting stimulated saliva. 
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STIMULATED SIALOMETRY 

5 minutes after unstimulated saliva collection 

Chew wax 45-47 times, discard wax 

While sitting quietly, bend slightly forward 

Passively allow saliva to collect in funnel/collecting tube 
5 minutes total 

Figure 3: Overview of Stimulated Saliva Collection 

Quality-of-life questionnaire 
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Each xerostomic patient completed a quality-of-life questionnaire 

representing their opinions about their dry mouth. Patients matched a specific 

level of response to dry mouth symptoms when asked specific questions about 

their dry mouth condition. Table 5 lists the questions that each patient was 

asked to evaluate concerning quality of life. Each patient was asked to circle his 

or her response pertaining to the level of discomfort they experience: (1) Not at 

all (2) A little (3) Moderately (4) Quite a lot (5) Very much. 



Table 5: Quality of Life Questionnaire 

My Dry Mouth ........... . 

estricts the amount/type of food I can eat R 
G 
M 
R 
M 

Is 
M 

M 
T 

G 
D 
In 

ives me an uncomfortable feeling in my mouth 
akes me worry 

estricts my social life 
akes it awkward to eat in front of other people 
the cause of considerable tension 

akes me worry about the look of my teeth and mouth 
akes me feel depressed 

roubles my intimate relationships 
ives my food less or different taste 
iminishes my will to live 

vades every aspect of my life 

Visual analogue scale 
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Xerostomic patients were also asked to complete a visual analogue scale, 

which represented personal perception of their dry mouth. A 1 OOmm horizontal 

line was provided that indicated more negative results on the left and more 

posit1ve results on the right. The patient was asked to put a vertical mark on the 

horizontal line indicating their response to perceived dryness in their mouth. The 

distance from the start of the left side of the 1 OOmm horizontal line to the vertical 

line the patients indicates on the nght s1de of the honzontal line was measured in 

m1lhmeters, recorded, and analyzed . Table 6 indicates the questions that were 

asked on the visual analog scale. 



Table 6: Visual Analog Scale form questions 

Please make a VERTICAL mark on the horizontal line for each question to 
indicate how you feel today. 

How dry does your mouth feel most of the t1me? 

Dry as a desert 1 -------------------------------------------------------- -10 Not dry at all 

How comfortable does your mouth feel most of the time? 
Uncomfortable 1 ----------------------------------------------------------10 Comfortable 

How difficult is it to swallow DRY food without addit1onalliquids? 
Very difficult 1 ------------------------------------------- --------10 Not difficult 

1- --------
How difficult is it to swallow ANY food without additional liquids? 
Very difficult 1 ----------------------------------------------------- - ------ 10 Not difficult 

~------------------- -~--~~--------------------~ How difficult is it for you to speak without drinking liquids? 

Very difficult 1 -------------------------------------------------------------- 10 Not difficult 
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An oral exam was then performed. This appointment concluded the data 

collection utilized in the present novel biomarker study. Volunteers were then 

sent home with the lozenges and requested to consume at least four green tea 

extract containing lozenges daily for 8 weeks Patients were asked to return the 

lozenge pouches at their next appointment as a measure of compliance. Of 

note: Thirty of the volunteers received a lozenge with green tea extract products, 

serving as the study group, and thirty volunteers received a placebo lozenge that 

served as the placebo control group. Because th is study was double blinded 

neither the patient nor the operator was aware of who received the lozenge with 

the active ingredient. 

At the third/week 1 and fourth/week 4 appointment unstimulated and 

stimulated sialometry, quality of life, visual analog scale, and the oral exam was 
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repeated. Evaluation of patients occurred at four time points: prior to the start of 

therapy, at week "0" when the product is given to the patient and during lozenge 

therapy at week 1, week 4 and at week 8. 

At the fifth appointment/week 8, unstimulated and stimulated sialometry, 

quality of life, visual analog scale, and the oral exam were again repeated. This 

appointment supplied the final data collection and the clinical trial was completed. 

Novel molecular biomarker study 

The first 21 xerostomic subjects identified with an archived labial salivary 

gland (LSG) biopsy enrolled in the clinical trial and 19 normal non-xerostomic 

healthy subjects (LSG attached to mucocele removal biopsy), retrieved from the 

archives of the GRU oral pathology laboratory, were utilized in this cross

sectional study. Table 7 lists the xerostomic patient and normal control biopsy 

numbers. No other identifiers were provided to the current study. 
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Table 7: Li t f s 0 t xeros om1c an d t I b' con ro b num ers 
[oJ,.;uu1 u••u•J ( lriTil ffil. 

11-1384 08-91 
09-1000 08-204 
09-1272 08-206 
11-1383 08-340 
10-1682 08-368 
11-1663 08-480 
12-1187 08-511 
12-0163 08-519 
12-0046 08-528 
10-592 08-549 

12-0313 08-574 
09-1001 08-578 
12-0436 08-597 
11-197 08-668 

11 ·1275 08-715 
12-0540 08-6151 
12-0523 08-6152 
12-0698 08-6441 
12-1159 08-6442 
12-1452 
12-1152 

Subjects' biopsy diagnosis, sex, age, serological data, and histological 

diagnosis, if previously archived , were obtained from GRU CCOM files. Table 7 

provides a list of study numbers, biopsy numbers and correlating biopsy 

diagnosis. Table 9 provides a list of sex and ages of clinical trial patients 

identified by the same parameters as table 8. Table 10 provides a list of SSA, 

SSB, ANA serology results, and histopathology results identified by study 

number and biopsy number. 
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ASG Exhibiting Focal Sclerosing Sialaden1tis 
~~--~----~+-A~S~G~W-Ith __ N_o~P~a-th-o-log~aiChange ------------------------~ 

G with Occasional Foci of Nonspecific Inflammation 

and Vermillion Mucosa 

12-0046 Exhibiting Focal Sclerosing Sialadenit1s 
~~=-~~~--~--~~~----------~ 10-592 ASG Lobules with Multiple Foci Periductal Lymphocytic Infiltrates 

ASG w1th occasional Foe~ of Nonspecific Inflammation 
t---------1---:- -------------------i 

ASG with a Single Focus of Periductal Lymphocytic Infiltration 

Sialadenitis and:-=-~-:-:-:----:=---...,-;:--:-=-a-m_m_a~t~io-n--1 

24 ASG with Occasional Foc1 of Nonspecific Inflammation 
r-~=--~~~~~~ --:--~~~--~~----~ 

25 w1th at least Two Foci of Periductal Lymphocytic I ltration and Acmar 

26 

t-Yrllnnrmn Focal Sialadenitis and Ductal Ectasia 

ASG w1th Multiple Foci of Prominent PendUCtal Lymphocytic Infiltration 

31 
~~~~~~ -----~ 

ASG Exhibiting Focal Sclerosing Sialaden1t1s 

ASG: accessory salivary gland 



Table 9: Sex and age of clinical trial patients identified by study number and 
biopsy number 

12-1187 

12-0163 

12-0046 

12-1159 

12-1452 

12-1152 

68 

60 

53 

38 
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Table 10: SSA, SSB, ANA, histopathology identified by study number and biopsy 
number· RIO: rule out· SS: S ren 's rome 

NEITHER CONFIRM NOR R/0 SS 

--.---=-:,......,..,~-+-:C,.....,.ONSISTENT WITH SS 

~NE NEITHER CONFIRM NOR 

EGATIVE · POSITIVE J coNsiSTENT WITH ss __ _ 

NONE NONE NEITHER CONFIRM N~O-=R-::R/:-:-0=--:o-SS-=---~ 
09-1001 NEGATIVE NEGATIVE NEGATIVE CONSISTENT WITH SS 

-l--- ----
12-0436 NEGATIVE NEGATIVE NEGATIVE NEITHER CONFIRM NOR R/0 SS 

11-197 NONE NONE NONE CONSISTENT WITH SS 

,__..,...,.. ____ ........... ____ ---1-_N_EGATIVE . NEGATIVE I NEITHER CONFIRM NOR RIO ss 

NEGATIVE POSITIVE CONSISTENT WITH SS ---------! 
~==~~~~~~~~~~~---~ 

NONE NEITHER CONFIRM NOR R/0 

I NEGATIVE I ~EITHER CONFIRM NOR R/0 

NEGATIVE NEITHER CONFIRM~=-=--=R-:-::/0:-S=-=s=---~ 
NEGATIVE [ CONSISTENT WITH SS 

EGATIVE NEITHER CONFIRM NOR R/0 SS 

The GRU Pathology Core lab performed hematoxylin (H) and eosin (E) 

staining of sections for reference and immunohistochemical staining for 

candidate biomarkers, PCNA, p21, and 80HdG in both xerostomic and healthy 

biopsies. Identification of cells positive for PCNA, p21 , and 80HdG was 

performed under the direction of Dr. Hsu's laboratory at Georgia Regents 

University. The data collected from the xerostomic biopsies was then correlated 

to corresponding patient data collected from the second day of the clinical trial. 
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Figure 4 indicates a diagram representing the cross sectional study "Identification 

of Novel Molecular Biomarkers for Diagnosis of Salivary Dysfunction" 

Identification of Novel Molecular Biomarkers 
for Diagnosis of Salivary Dysfunction 

ARCHIVED ARCHIVED 
XEROSTOMIC BIOPSIES HEALTHY BIOPSIES 

-¥ -¥ 
BIOPSY LAB EVALUATION ~ GROUP 

PCNA ratio COMPARISON 

p21 ratio 

1 

HUMAN CLINICAL TESTING CORRELATION 
Unstimulated sialometry ANALYSIS 

Stimulated sia lomet ry 

Quality of life 

Visual analog scale 

Figure 4: Overview Identification of novel molecular biomarkers for diagnosis of 
salivary dysfunction. PCNA: Proliferation cell nuclear antigen 

Immunohistochemistry 

PCNA Immunohistochemistry was performed as follows: PCNA (Rabbit 

polyclonal) Kit: Envision + was utilized. To begin the process, four micron 

sections were cut from each paraffin block containrng a biopsy (obtained from 

GRU oral pathology lab) and the section was subsequently mounted on treated 

slides (Superfrost plus, VWR Scientific Products, Suwanee, Ga.). The slides 
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were then air dried over night. The next day, the slides were placed in a 60°C 

oven for 30 minutes to soften any remaining wax. Slides were then 

deparaffinized and placed in graded alcohol baths for three minutes each, 

concluding with a distilled water bath to ensure no wax remained. To ensure 

target epitopes were exposed, slides were pretreated with Target Retrieval 

Solution (Dako Corp, Carpinteria, CA; PH 6.0) and incubated using a steamer 

(Black and Decker rice steamer) for 1 0 minutes. The reaction was stopped by 

rinsmg the slides in distilled water. lmmunoenzymatic staining methods were 

then utilized. Horseradish peroxidase (HRP) was the enzyme used to label the 

antibody-antigen complex. Endogeneous peroxidase activity was quenched with 

0.3% H20 2 in distilled water for 5 minutes, followed by distilled water for only 2 

minutes, and slides were then placed in 1x phosphate buffered saline for 5 

minutes. Next, slides were incubated with the primary antibody PCNA (rabbit; 

optimal antibody dilution of 1 :500) for 30 minutes at room temperature followed 

by two changes of 1 x phosphate buffered saline. Slides were then incubated with 

a labeled polymer conjugated to goat anti-rabbit immunoglobulins (Envision+ -

HRP kit, Dako Corp. Carpinteria, CA.) for 30 minutes and rinsed in two changes 

of 1 x phosphate buffered saline. Bound antibody was detected with the DAB+ 

substrate kit (Dako-DAB+ substrate kit for perox1dase-HRP, Carpinteria, CA). 

DAB is an acronym for the chromagen 3, 3' diaminobenzidinetetrahydrochloride 

that is an electron donor and upon being OXIdized produces a brown end product. 

Slides were then counterstained with hematoxylin (Richard-Allan Scientific, 
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Kalamazoo, Ml) which produces a blue counterstain primarily in nuclei. After the 

slides were properly stained, a cover slip was placed over the section and 

secured with mounting medium in order to protect the tissue and allow for greater 

clarity when looking at the slide under the microscope. Note: Negative control 

slides underwent the same protocol with the exemption of the primary antibody. 

Immunohistochemistry for p21 was performed as follows: p-21 (Rabbit 

polyclonal) Kit: Envision +. To begin the process, four micron sections were cut 

from each paraffin block containing a biopsy (obtained from GRU oral pathology 

lab) and the section was subsequently mounted on treated slides (Superfrost 

plus, VWR Scientific Products, Suwanee, Ga.). The slides were then air-dried 

over night. The next day, the slides were placed in a 60°C oven for 30 minutes 

to soften remaining wax. Slides were then deparaffinized and placed in graded 

alcohol baths for three minutes each, concluding with a distilled water bath to 

ensure no wax remained. To ensure needed epitopes were present, slides were 

pretreated with Target Retrieval Solution (Dako Corp, Carpinteria, CA; PH 6.0) 

and incubated using a steamer (Black and Decker rice steamer) for 10 minutes. 

The enzymatic reaction was stopped by rinsing the slides in distilled water. 

lmmunoenzymatic staining methods were then utilized. Horseradish peroxidase 

(HRP) was the enzyme used to label the antibody-antigen complex. 

Endogeneous peroxidase activity was quenched with 0.3% H20 2 in distilled water 

for 5 m1nutes followed by distilled water only for 2 minutes, and then was placed 

in 1x phosphate buffered saline for 5 minutes. Slides were then incubated 
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(maintained under specific conditions in order to promote a particular reaction) 

with the primary antibody p21 (rabbit; optimal antibody dilution of 1 :200) for 30 

minutes at room temperature followed by two changes of 1x phosphate buffered 

saline. Slides were then incubated with a labeled polymer conjugated to goat 

anti-rabbit immunoglobulins (Envision+ - HRP kit, Dako Corp. Carpinteria, CA.) 

for 30 minutes and rinsed in two changes of 1 x phosphate buffered saline. 

Bound antibody was detected with DAB+ substrate kit (Dako-DAB+ substrate kit 

for peroxidase-HRP, Carpinteria, CA). Slides were then counterstained with 

hematoxylin (Richard-Allan Scientific, Kalamazoo, Ml). Upon being oxidized , 

hematoxylin produces a blue end product. After the slides were properly stained , 

a cover slip was placed over the section and secured with mounting medium in 

order to protect the tissue and allow for greater clarity when looking at the slide 

under the microscope. Note: Negative control slides underwent the same 

protocol with the exemption of the primary antibody. 

80HdG immunohistochemistry was performed as follows: 80HdG (Goat). 

To begin the process, four micron sections were cut from each paraffin block 

containing a biopsy (obtained from GRU oral pathology lab) and the section was 

subsequently mounted on treated slides (Superfrost plus, VWR Scientific 

Products, Suwanee, Ga.). The slides were then air dried over night. The next 

day, the slides were placed in a 60°C oven for 30 minutes to soften remaining 

wax. Slides were then deparaffinized and placed rn graded alcohol baths for 

three minutes each, concluding with a distilled water bath to ensure no wax 
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remained. To ensure needed epitopes were present, slides were pretreated with 

Target Retrieval Solution (Dako Corp, Carpinteria, CA; PH 6.0) and incubated 

using a steamer (Black and Decker rice steamer) for 1 0 minutes. The enzymatic 

reaction was stopped by rinsing the slides in distilled water. lmmunoenzymatic 

staining methods were then utilized. Horseradish peroxidase (HRP) was the 

enzyme used to label the antibody-antigen complex. Endogeneous peroxidase 

activity was quenched with 0.3% H202 in distilled water for 5 minutes followed by 

distilled water only for 2 minutes, and then was placed in 1 x phosphate buffered 

saline for 5 minutes. Slides were then incubated (maintained under specific 

conditions in order to promote a particular reaction) with the primary antibody 

80HdG (goat; optimal antibody dilution of 1.1500) overnight at 4 °C. The next 

day the slides were allowed to come to room temperature followed by two 

changes of 1x PBS. Slides were then incubated with F(ab') 2 fragments of 

Donkey anti-Goat lgG (H&L; Jackson lmmuno Research Laboratories, West 

Grove PA; optimal antibody dilution of 1 :300) for 1 hour at room temperature, 

then rinsed in two changes of 1 x phosphate buffered saline. Bound antibody was 

detected with DAB+ substrate kit (Dako-DAB+ substrate kit for peroxidase-HRP, 

Carpinteria, CA). Slides were then counterstained with hematoxylin (Richard

Allan Scientific, Kalamazoo, Ml). Upon being oxidized, hematoxylin produces a 

blue end product. After appropriate staining of the slides, a cover slip was placed 

over the section and secured with mounting medium 1n order to protect the tissue 

and allow for greater clarity when looking at the slide under the microscope. 
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Note: Negative control slides underwent the same protocol with the exemption of 

the primary antibody. 

Image Acquisition 

Images of DAB-hematoxylin stained sections were acquired at 200x 

magnification using a Zeiss Axiolmager M2 Microscope with brightfield light 

microscopy. Images were taken of objects to include as many cell types and 

structures as possible that can be found in a minor salivary gland: intralobular 

ducts, tubuiloacini, and serous demilunes. Cell types were not evaluated 

separately. Images that contained inflammatory infiltrates were avoided to 

enable the visualization of as many glandular quantifiable nuclei as possible. 

The entire 20x field of nuclei were evaluated. 

Kohler illumination was performed before acquiring digital images to 

accurately observe and capture the transmitted light image and to ensure optimal 

image quality. A digital background correction was performed after the slide was 

removed. This provided uniformly illuminated images and increased resolving 

power 

Images were captured using a Zeiss Ax1o Cam MRc5 digital camera. This 

camera has a 5 megapixel resolution and a 36 b1t RGB color depth. The Zeiss 

Axio Cam MRc5 was connected to both the microscope and a computer 

employing a Fire Wire connection allowing direct connection to the computer, 
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100% computer-controlled camera operation and rapid live image speeds. Light 

and camera settings were standardized, and the same settings used for all 

sess1ons. The images were captured with a 20x objective lens and were saved 

in zvi (Zeiss Vision Image) format for quantification. The images were also 

converted to jpeg format and saved for presentation purposes. All images were 

stored on an external hard drive. 

The image acquisition and management software utilized was AxioVision 

Rei 4.8.2. This system acquires high-resolution images with up to 16 bit 

(monochrome) and 3x16 bit (color). This software contains an automatic 

measurement program that facilitated the counting of nuclei through semi

automated interactive counting and recorded the red-green-blue (RGB) values of 

each nucleus. To accomplish the needs of this study, the automatic 

measurement program contained within this software was programmed by the 

regional Zeiss specialist and the file entitled MaryS.xml. 

The data analysis software utilized for color deconvolution were Prism 

(v6.0, Graphpad), Gaussian Mixture Modeling Software38 and Microsoft Excel. 

Both the GMM and Prism program were downloaded and compiled on an iMac 

computer. The Microsoft Excel program was used with both iMac and PC 

operating systems. 

A total of 120 slides, to include xerostomic and control, were 

photographed at least once. Table 11 is a complete list of all samples 

photographed. 



Table 11 : Biopsy numbers of all slides utilized in the biomarker study 

08-578 
08-597 
08-668 
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Random slides were chosen to be photographed more than once. Table 

12 is a complete list of all samples with multiple fields photographed from a 

single slide. 
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Table 12: Biopsy numbers of all slides with multiple fields photographed 
( nated as a B or C 

Quantification of positive cells 

Slides stained immunohistochemically for 80HdG, PCNA or p21 , with 

DAB and counterstained with hematoxylin, were initially scored by an observer 

as described previously for mouse glandular tissues by Gillespie et al. 14 and as 

performed for human minor glands with PCNA by Ma et al (unpublished). Cells 

or nuclei were classified as positive or negative, and the proportion of positive 

cells expressed as a percentage. 

To begin a semi-automated interactive quantification of positive cells, a zvi 

digital file was opened in the AxioVision Rei 4.8.2 Image Acquisition and 

Management software semi-automatic measurement program described earlier 

(MaryS.xml). Figure 5 shows a typical digital image prior to quantification. 
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Figure 5: Image from zvi digital file Xerostom1c 80HdG 09-1000 

Within the automatic measurment program, the dig1tal 1mage was sized 

utilizing the first screen labeled the measurement program management page 

(screen 1 ), with +/- under the image. The followmg screens were advanced 

through, accepting preset parameters: bnghtness, contrast and gamma value 

(screen 2), sigma filter (screen 3), shading correction (screen 4), and edge 

enhancement (screen 5). In the segmentation screen (screen 6), the program 

was used to select objects automatically according to the programmed threshold 

values. 
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The digital image this produced was then evaluated manually for 

additional objects that needed selecting using a digital stylus. Figure 6 shows an 

example of stylus use for interaction with the semi-automatic quantitative 

computer program. 

Figure 6: example of stylus use for interaction with the program 
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In the next screen, entitled deletion of artifacts, filling of holes (screen 7), 

the field chosen to quantify was again evaluated. Figure 7 demonstrates a 

completed chosen field. 

Figure 7: Image with nuclei selected 
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After advancing to the next screen entitled automatic object separation 

(screen 8), the computer software separated (segmented) objects automatically. 

Figure 8 demonstrates a presegmented image. Note the conjoined nuclei in the 

duct. 

Figure 8: Pre-segmented image 
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After automatic segmentation, the process was refined manually in the 

next screen entitled interactive processing of the measurement mask (screen 8). 

Figure 9 demonstrates a post-segmented image. 

Figure 9: Post segmented image 
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After segmentation was completed, highlighted (selected) artifacts were 

removed by clicking inside an object or drawmg a rectangle around the objects. 

Figure 1 0 demonstrates an image with objects identified that should not be 

counted as nuclei. Figure 11 demonstrates an image with extraneous objects 

removed . 

Figure 10: Image with objects identified that should not be counted 
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Figure 11 : Image with unwanted objects removed 

The measurement properties screen (screen 9) is preset by the 

programmed automated measurement program. Finally, the last screen, entitled 

measurement (screen 1 0), measured the image as seen in figure 12. 

This screen offered a last chance to delete or reactivate single objects by clicking 

into the object. The image was manually evaluated and approved for 

quantification. 
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Figure 12: Last image before counting 

The program was then closed and two documents were generated and 

saved in Excel format. One document contained the RGB values for each 

cell/nucleus counted. The second document contained the number of cells 

counted. Figure 13 shows a region of an Excel spreadsheet of RGB values and 

figure 14 shows the Excel spreadsheet of number of regions counted . 
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Figure 13: Representative excel form of red, green, blue values 
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-. 

Figure 14: Representative excel spreadsheet of number of regions counted 

Color Deconvolution 

The mathematical process of color deconvolution used here started with 

brightfield microscopy. Brightfield microscopy was utilized to transmit white light 

to visualize stained samples. A white light source is an equal mix of red, green 

and blue light. Transmittance is the fraction of light which is transmitted (i.e. 

passes through) a sample. Specifically, the ratio of the intensity of red, green or 

blue light passing through the stained sample to the intensity of the red, green or 

blue light in the incident white light 1s the transmittance. The 

pigments/chromagen used to stain the samples absorb energy in the visible light 

range (380-760nm). The type of chromagen utilized will determine what color is 

absorbed, and to what extent DAB was the chromagen used in this study. The 

--
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observed color (the combination of transmitted red, green, and blue light) is the 

light that is not absorbed by the stain. Thus, a red stain is the result of absorption 

of high levels of blue and green as the white light passes through, while the red is 

much less absorbed. Absorbance is related to the fraction of light that is 

absorbed by the stain (i.e. DAB). Absorbance, also known as optical density, is 

the log1o value of the ratio of transmitted/incident light intensities. 

Color deconvolution mathematically separates the amount of light/color 

observed for an object stained with 2 or more stains into the amounts resulting 

from each stain. The numerical output for each stain is a measure of the 

absorbance for that stain. For the DAB stain, th1s is in turn roughly proportional 

to the amount of target antigen present in that object (DAB also scatters as well 

as absorbs light, so the relationship is not linear). The procedure requires a 

measurement of the RGB channel absorbance values for each stain individually 

as a reference basis for the separation. Three tissue sections were stained with 

DAB only and three stained with hematoxylin only, photographed, and RGB 

intensity data for at least 1000 nuclei captured. These data were plotted as 

histograms using Prism for evaluation of the shapes of the RGB data 

distributions. For distributions with one predominant peak (DAB RGB channels), 

the median value for each channel intensity was determined. For distributions 

with two clear peaks (hematoxylin RGB channels), each channel distribution was 

analyzed using GMM to separate it into two Gaussian distributions. The mean 

values for each of the two peaks in each channel were then determined. 
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Similarly, for white light, the distribution of values were assessed using Prism and 

a median value used to represent channel incident light intensity. 

The single stain RGB channel intensity peak values were converted to 

peak transmittance values by dividing by the corresponding median intensity of 

the color channel for incident white light. These values were converted to peak 

absorbance values that were then converted into normalized absorbance values. 

A matrix inverse table, the color deconvolution matrix, was then created utilizing 

the normalized absorbance results. 

Transmittance was converted to the absorbance (optical density, OD) for 

each red , green, blue channel by the Beer-Lambert equation: 

Abs =-log1o(RouURin) 

Next, to obtain correct balancing of the absorption factor for each stain, 

the channel values for each stain/peak (Pxr; Px9; Pxb) were normalized by 

calculating: 

Pxr(norm) = Pxr /...J( Pxr
2 + Pxg 

2 + Pxb 
2

) 

This results in a normalized 3 x 3 optical density matrix. As a check, the 

colors represented by the RGB values for each peak in this matrix were 

evaluated by conversion to transmittance and then to a 0-255 intensity scale 

value for each channel. These numbers were then input into an online program 
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that outputs a standardized hex value for a color and gives a visual 

representation (http://www.colorschemer.com/online.html). 

From the normalized matrix, the color deconvolution matrix was obtained 

by calculating the matrix inverse through an online program 

(http://www.bluebit.gr/matrix-calculator/default.aspx). 

To perform color deconvolution of a double-stained nucleus, each objects 

RGB intensity values was converted to transmittance, then absorbance values 

using Excel. To separate the contribution of each stain to an objects total stain, 

an orthogonal representation of the stains forming the image was performed by 

matrix multiplication of the individual object RGB values by the color 

deconvolution matrix in an Excel spreadsheet. The results of this calculation are 

a greyscale value for the color contribution of each stain/peak to the overall RGB 

values of the object. Thus, the obtained object values for the DAB chromogen 

represent a quantification of the amount of staining for the particular antigen 

tested. 

Histograms and descriptive statistics for deconvolved grey-scale nuclear 

chromogen values were obtained for each patient slide by importing the Excel 

values into Prism. Median values used for further statistical analysis. To 

establish an estimate of within-section variance for the donor samples, two 

separate areas (and in one case three) were analyzed for biopsies that are listed 

above in Table 11 . 
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Correlation of Lab data to Clinical data 

Correlation analysis was used to examine the associations of the biopsy 

laboratory results for PCNA, p21 , PCNA/p21 ratio, and 80HdG with objective 

and subjective data obtained from each xerostomic patient from the clinical trial 

described above. These objective and subjective data included unstimulated 

(UWS) and stimulated (SWS) sialometry, results from a quality of life 

questionnaire (QOL), and results from a visual analog scale (Questions Q1-Q5 

and total score VAS). Data were also obtained on patient demographics and 

clinical characteristics, including age, SSA serology, SSB serology, ANA, and 

histopathology. The Shapiro-Wilk test was used to determine if the assumption 

of normality was reasonable for all continuous and ordinal variables in the study. 

For the correlation analyses, if normality was rejected for either variable, 

Spearman's correlation was used as the measure of association. If normality 

was accepted for both variables, Pearson's correlation was used. Partial 

correlation analysis was used to adjust these correlations for the effect of age. 

Either Analysis of Variance (ANOVA) or the median test was used to compare 

the levels of the categorical variables (SSA serology, SSB serology, ANA, etc.) in 

terms of the continuous variables, depending on whether the continuous variable 

was normally distributed or not. The biomarker data obtained from the salivary 

gland b1ops1es for the xerostomic clinical trial subjects were compared with data 

obtained from the archived salivary gland biopsies from the sample of healthy 

subjects. Either the unequal variance t-test or the median test was used for this 
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analys1s, depending on whether normality was accepted for the biomarker in both 

groups. All analyses were performed using SAS 9.3 (SAS Inc., Cary, NC, 201 0). 

A significance level of 0.05 was used for all statistical tests, unless otherwise 

noted. Continuous and ordinal data were summarized using mean ± SO, 

median, range, or interquartile range, as appropriate. 



RESULTS 

Clinical testing results 

All 21 patients that were recruited by the Clinical Center for Oral Medicine 

(CCOM) at Georgia Regents University (GRU) for the xerostomic green tea 

lozenge clinical tria l and utilized in this cross-sectional novel biomarker study 

completed the clinical trial. All patients in this study were female. Females were 

chosen by chance as the first 21 patients participating in the clinical trial with an 

available archived biopsy were female which is typical of the dry mouth 

population generally due the fact that Sjogren's is seen in more women to men 

9:1.5 The age range of the study population was 31- 76 years of age with a 

median age of 60. Xerostomia is often seen in an older population due to 

medications, systemic diseases and head and neck radiotherapy.7 It is quite 

possible that some of the xerostomia symptoms were caused by medications 

prescribed by physicians which is the most common cause of dry mouth to date. 

Eight out of the twenty-one patients in this study (38%) of the patients had 

histopathology that was consistent with Sjogren's syndrome. The primary form of 

Sjogren's syndrome is characterized by two symptoms, one of which is 

xerostomia (the second being xeropthalmia). Two patients with histopathology 

that could ne1ther confirm nor rule out Sjogren's syndrome had a lab report on file 

that indicated positive serology: one was positive for SSA and one for SSB. 

63 
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These limited serology findings were not enough to diagnose Sjogren's according 

to the American-European study group on classification criteria for SS but these 

patients may be in the early stages of the disease and the xerostomic 

signs/symptoms may be an early manifestation of Sjogren's syndrome. The 

secondary form of Sjogrens syndrome is related to either xerostomia or 

xeropthalmia and is accompanied by an autoimmune disease. Potentially, the 

objective early diagnosis of salivary dysfunction through biomarkers could lead to 

not only the discovery of primary Sjogren's but quite possibly to an autoimmune 

disease that if treated could temper the progression of rheumatoid arthritis for 

example 

Climcal data collected on the 2"d vtsit, prior to the intake of green tea 

containing lozenges, was utilized in this study. Table 13 provides an overview 

of data that was collected on this second visit indicating xerostomic responses. 

All data is recorded by correlating study numbers and biopsy numbers. 
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Table 13: Overview of data from 2"d visit clinical trial; UWS: unstimulated whole 
saliva; SWS: stimulated whole saliva; VAS: visual analog scale (total score); 
QOL: quality of life 

og-1ooo 59 

7 09-1272 24 
8 11-1383 83 

13 10-1682 0.65 2.15 

14 11-1663 0 0.24 

15 12-1187 0 0.39 93 38 
16 12-0163 0 0.19 9 49 

17 12-0046 0 0.9 211 22 

18 10-592 0.06 0.47 81 45 

19 12-0313 7.01 5.82 205 26 

20 09-1001 0.23 226 27 

22 12-0436 0 91 35 

23 11-197 0.6 126 27 

24 11-1275 0 31 40 

25 12-0540 0 17 30 

26 12-0523 0 0 sa 
27 12-0698 0.46 13 

29 12-1159 0.14 20 

30 12-1452 0 37 

31 12-1152 0.29 0.65 34 

Unstimulated whole saliva was collected as described in figure 2 and prior 

to stimulated whole saliva. A flow rate of <0.5mU5 min indicates hyposalivation 

whtle a flow rate of >1 .25 mU 5 min indicates normal saliva flow as presented in 

Table 2 The graph seen in Figure 15 provides a visual comparison of 

unstimulated whole saliva flow rates provided by all 21 xerostomic patients. 

Patient #19 is clearly highly unusual, with an unstimulated flow rate 14 fold higher 
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than the threshold for hyposalivation, and 5.6 fold higher than a normal saliva 

flow rate. 
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Figure 15: Comparison of unstimulated whole saliva provided by all xerostomic 
patients 

Stimulated whole saliva was collected as described in figure 3, five 

minutes after collecting unstimulated whole saliva. A flow rate of <3.5mU5 min 

indicates hyposalivation while a flow rate of >5mU 5 min indicates normal saliva 

flow as presented in Table 2. The graph seen in Figure 16 provides a visual 

comparison of stimulated whole saliva flow rates provided by all 21 xerostomic 
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patients. Again, patient #19 was highly unusual, with a stimulated flow rate 1. 7-

fold higher than the threshold for hyposalivation, and 1.2-fold higher than the 

threshold for normal. 
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Figure 16: Comparison of stimulated whole saliva provided by all xerostomic 
patients 

The v1sual analog scale questionaire has a total possible point score of 

500mm with each question being worth up to 1 OOmm All 5 questions (table 5) 

were presented as non-leading questions that required a calibrated response. A 

score of 5mm total indicated a negative visual analog response and a score of 



68 

500mm indicated a positive visual analog response. Figure 17 provides a 

graphical of visual analog scale responses provided by all 21 xerostomic 

patients. 

Visual Analog Scale 
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Figure 17 Companson of visual analog scale provided by all xerostomic patients 

Individual responses to the visual analog scale were recorded. Table 14 

indicates responses from each of the five questions (table 5) asked on the visual 
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analog scale. To review, a 100mm horizontal line was provided along with 

questions. The patient was asked to put a vertical mark on the horizontal line 

indicating their response to perceived dryness in their mouth. To indicate a more 

negative response, the patient provided vertical line was placed closer to the left. 

To indicate a more positive response, the patient provided vertical line was 

placed closer to the right. The distance from the start of the left side of the 

1 OOmm horizontal line to the vertical line provided by the patient was measured 

and recorded . A smaller measurement indicated a more extreme xerostomic 

response. All data is recorded by correlating study numbers and biopsy numbers. 
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Table 14: Individual VAS question answers from 2"d visit clinical trial ; VAS: visual 
analog scale; Q: uestion 

09-1000 15 14 0 6 24 59 
7 09-1272 3 5 5 5 6 24 
8 11-1383 26 21 1 11 24 83 
13 10-1682 54 54 81 So 46 315 
14 11-1663 17 23 16 18 11 as 
15 12-1187 17 7 24 30 15 93 
16 12-0163 6 0 0 3 0 9 
17 12-0046 27 60 43 61 20 211 

18 10-592 2 0 18 so 11 81 

19 12-0313 39 43 15 17 91 205 

20 09-1001 23 29 66 66 42 226 

22 12-0436 12 25 7 24 23 91 

23 11-197 29 6 24 31 36 126 

24 11-1275 7 6 2 4 12 31 

25 12-0540 3 8 2 2 2 17 

26 12-0523 0 0 0 0 0 0 
-

27 12-0698 24 17 17 32 23 113 

29 12-1159 47 47 51 91 21 257 

30 12-1452 20 18 2 23 6 6g 

31 12-1152 22 23 14 2 7 68 

The quality of life questionaire has a total possible point score of 60 with 

each question being worth up to 5 points. Each question had the possible 

answer of 1 = Not at all, 2= a Iitie, 3= moderately, 4= quite a lot, 5 = very much. 

All questions (table 4) were presented with a negative connotation pertaining to 

the effect xeristomia had on the patients life. A score of 12 total points indicated 

a positive quality of life in general and a score of 60 total points indicated a poor 
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quality of life. The graph seen in Figure 18 provides a graphical comparison of 

quality of life responses provided by all 21 xerostomic patients. 

Quality of Life 

31 

30 

29 

27 

26 58 
25 

24 

23 

# 
22 

t; 20 

.~ 19 
-g 18 
V') 17 

16 

15 

14 

13 

8 

7 

5 

4 

0 j 10 20 30 40 60 so 
Points 

Figure 18: Comparison of quality of life responses provided by all xerostomic 
patients 

Patient #19 has confounding clinical trial objective and subjective results. 

The unstimulated flow rate was 7.01 mU5 min. The stimulated flow rate was 

5.02mU5 min. It is very unusual that unstimulated flow rate would be higher than 

stimulated flow rate. Both flow rates are above "normal" flow rates and the 

unstimulated flow rate is over 4 times what would be expected in a non-
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xerostomic healthy patient. This patient reported a subjective score of 205mm 

out of 500mm which indicated this patient felt their mouth is relatively dry. This 

patient reported a subjective score of 26 out of 60 possible points on the quality 

of life questionnaire which meant this patient felt they have a poor quality of life 

due to the dryness of their mouth. The extreme objective data does not match 

the subjective data complaint of dry mouth. For these reasons it was felt this 

patient did not belong in the typical xerostomiapopulation that this study is 

evaluating. This patient was excluded from further analysis. 

IHC results 

The following images (figures 19-24) are representative of the results from 

immunohistochemistry staining of xerostomic and normal minor salivary glands 

listed in Table 10. Figures 19 and 20 represent xerostomic and normal samples 

respectively for PCNA staining. Figures 21 and 22 represent xerostomic and 

normal samples respectively for 80HdG staining. Figures 23 and 24 represent 

xerostomic and normal samples respectively for p21 staining. Regions 

containing representative areas with intralobular ducts, tubuiloacinar cells and 

serous demilunes, but not inflammatory infiltrates, were selected for capture in 

each slide. Brown DAB chromagen stain is evident in many cells in either the 

nucleus and/or the cytoplasm (depending on the target antigen) as is blue 

hemotoxyhn stain in the nucleus. In all photos, DAB is evident in ductal nuclei, 
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and in mucous portions of serous demilues. Asc1nar nuclei appear to have a 

mixed population of DAB-prominent and hematoxylin-prominent staining. 



Imaging 

PCNA 
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F1gure 20: Representative image of control PCNA: Biopsy #08-204 
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BOHdG 
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p21 

ln1t1al attempts to quantify the proportion of positive cells by direct 

observation were made as described previously by Ma et al. (unpublished human 
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study entitled "Immunohistochemical Evaluation of Labial Salivary Glands in 

Xerostomic Patients") and Gillespie 14 in human mmor salivary gland tissue and 

for rodent glands respectively. However, the direct observation results were 

found to be unreliable because values were difficult to reproduce when the same 

single observer re-evaluated the previously quantified sample. When different 

observers quantified the same sample, they too arrived at highly discordant 

values. This was thought to be the result of nuclei with different amounts of 

chromagen staining overlapping different amounts of hematoxylin staining that 

confounded the observer's ability to separate the "positive" versus the "negative" 

nuclei, compounded by a more continuous than dichotomous (positive/negative) 

stainmg pattern. Therefore, semi-automated interactive quantification of positive 

cells was utilized and quantitative color deconvolution was performed to provide 

an objective measure of IHC staining of nuclei. 

The semi-automated interactive quantification computer program provided 

the number of regions/nuclei counted for each sample which was at least 1000 

cells. Table 15 indicates the number of nuclei counted in xerostomic samples 

and table 16 indicates the number of nuclei counted in normal samples. This 

large number of nuclei over a large section area increases the reliability of the 

measurement and reduces (but doesn't elimmate) any effect of glandular 

heterogeneity, if present. 
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The semi-automated interactive quantification computer program provided 

the RGB values for each object/nuclei that was counted. Table 17 is a 

representative partial table of the RGB values produced by the semi-automated 

computer program for the first few nuclei selected from the xerostomic sample 

80HdG biopsy #09-1000. These values were then utilized in the deconvolution 

process that quantified the amount of positive DAB chromagen in each sample. 



Table 17: Representative table of partial RGB values: xerostomic 80HdG 
xerostomic 09-1 000 

,720 
33,408 000 
23,232.000 

--+----....:.35, 7 44 000 
,704 000 
.584 000 

------1 
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Deconvolution 

White light source analysis 

To establish a deconvolution matrix for each dye, a minimum of 1000 

nuclei were selected from one 20x field in each section of three slides stained 

with just one dye. To establish a white light baseline, the semi-automated 

interactive quantification computer program was utilized to evaluate at least 1000 

values for white light transmitted through a blank slide. The same microscope 

settings for the LED light source were used throughout the study. The 

microscope white light source had a very narrow, symmetric RGB distribution 

across the field of view, so a mean of the individual values for each channel was 

used as the numerator for calculation of object transmittance values. 

Hematoxylin analysis 

Three slides were stained with hematoxylin only and a minimum of 1000 

nuclei were selected. Table 18 lists the biopsy number and number of nuclei 

evaluated to obtain hematoxylin data (RGB values for each nucleus selected). 

Table 18. B1opsy number and number of nuclei evaluated to obtain hematoxylin 
data 

Biopsy # Number of nuclei evaluated 

~ ~ ~ ~ ~~~;~A----,-1...;.~.;.~~-:-:~:----_-_-_-_-----------------------------1_, 
t-:r:i:1663-2 1845 

RGB values were exported to an Excel spreadsheet, and data for each 

channel then imported into the statistics software package Prism (v6.0, 
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Graphpad). A histogram was generated for each channels data distribution using 

the default histogram setting (auto first and last bin centering, 0.2 steps) 

The hematoxylin distribution data showed two peaks (bimodal distribution) 

1n the histogram for each color channel as seen in figure 25. This could have 

been due to two colors present in the staining, and/or two sets of color 

intensities. 

Hematoxylin 11-1663 

400· 

en 
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300· :::1 
CQ 
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Figure 25: Hematoxylin RGB channel intensity distribution histogram: Biopsy # 
11-1663. Note two distinct peaks in the red and green channels, and a shoulder 
1n the blue 

To convert the bimodal distribution seen with hematoxylin into two 

separate normal distributions, a bootstrap statistical analysis of the data 

distribution for each channel was performed using the program GMM (Muratov) 
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to test the probability of two peaks in the distribution and to derive descriptive 

statistical values for each peak within each color channel. The GMM program 

was Installed using XCode on an iMac, and run in a Terminal window. GMM 

uses parametric bootstrapping to find a p value for bimodality based on chi

square, peak separation and kurtosis. The program gives an output assigning 

each object to one of two Gaussian peaks, with probability and intensity value for 

the objects in the channel, and derives a mean value for each peak. 
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Table 19: Mean Hematoxylin transmittance single stain values from GMM 

The means for the RGB channel intensity peaks for the hematoxylin (low 

and high mean peak) stained nuclei on each of the three slides were converted 

to transmittance values by dividing the mean channel intensity measured in the 

white light, and each channel's values averaged across the three slides. The 3 

slide averages and standard deviations for each RGB channel and peak 

transmittance were calculated . Table 19 provides the values for each 

hematoxylin peaks RGB mean transmittance single stain value from GMM 

analysis. The resulting transmittance values were converted to optical density 

using the Beer-Lambert equat1on. Table 20 shows the mean hematoxylin 

absorbance/optical density single stain values listed in a matrix. 

The mean coefficient of variance was 2.56%.±0.90, indicating consistent 

estimation of staining intensity in each channel across the three slides quantified. 

Conversion to a 255 scale and hex code allowed the peak color to be visualized. 
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Peak 1 is a medium purplish blue (8796D2; RGB: 135, 150, 21 0)}, peak 2 is a 

pale purplish blue (BEC6DF; RGB 190, 198, 223). 

Next, to obtain correct balancing of the absorption factor for each stain, the 

channel values for each stain/peak (Pxr; Px9 ;pxb) were normalized by calculating: 

Pxr(norm) = Pxr /-./( Px/ + Pxg 2 + Pxb 2) 

Table 21 shows the resulting normalized hematoxylin absorbance/optical 

density single stain values listed in a matrix. 

DAB Chromogen analysis 

Three slides were stained with DAB chromogen only and a minimum of 

1000 nuclei selected for quantification of staining . Table 22 lists the biopsy 

number and number of nuclei evaluated to obtain DAB (RGB values for each 

nuclei selected). 

Table 22· Biopsy number and number of nuclei evaluated to obtain DAB data 

Biopsy # Number of nuclei evaluated 
11-16638 2440 
11-1663C 3347 
11-16630 3506 -----------------------------------~ 

RGB values were exported to an Excel spreadsheet, and data for each 

channel then imported into the statistics software package Prism (v6.0, 
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Graphpad). A histogram was generated for each channels data distribution using 

the default histogram setting (auto first and last bm centering, 0.2 steps) 

The DAB distribution data showed a relatively narrow profile with one prominent 

peak (approximately unimodal distribution) as seen in figure 26. 
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Figure26: DAB chromogen RGB channel intensity distribution histogram: Biopsy 

#11-1663B 

Cropping to the region around the peak, each slide red channel showed a 

normal distribution, but the G and B channels did not (p<0.0001; D'Agostino and 

Pearson omnibus normality test): the distributrons had a narrow peak (kurtosis 

>2) and were skewed to the right (skewness >1.74). 

The means for the RGB channel intensrty peaks for the DAB stained 

nucler on each of the three slides were converted to transmittance values by 

drvrdrng the mean channel intensity measured in the white light, and each 
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channel's values averaged across the three slides. Table 23 shows the mean 

DAB transmittance single stain values. 

The resulting transmittance values were converted to optical density using 

the Beer-Lambert equation. Table 24 shows the mean hematoxylin 

absorbance/optical density single stain values. 

Table 24. Mean DAB absorbance sta1n values 
R G B 

DAB ~~~ 

The single channel values determined from each slide were very close; 

overall , for the RGB channels on the 3 slide the mean CV was 1.53%_±0.69, 

indicating cons1stent estimation of sta1mng intensity 1n each channel across the 

three slides quantified from one biopsy. Therefore, the median channel values for 

the 3 slides were averaged. Conversion to a 255 transmittance scale and hex 

code gave a light grey-brown color (B6B1A4; RGB: 182, 177, 164). 

Next, to obtain correct balancing of the absorption factor for each stain, the 

channel values for each stain/peak (Pxr; Px9 ;pxb) were normalized by calculating: 

Pxr(norm) = Pxr /..J( Px/ + Pxg 2 + Pxb 
2

) 
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Table 25 shows the resulting normalized DAB absorbance/optical density 

single stain values. 

Table 25· Normalized DAB absorbance sin le stain values 

Color deconvolution matrix 

From the normalized matrix of DAB, hematoxylin peak 1, and hematoxylin 

peak 2, the color deconvolution matrix was obtained by calculating the matrix 

inverse (http://www.bluebit.gr/matrix-calculator/default.aspx). Table 26 presents 

the resulting color deconvolution matrix values that were calculated . 
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Table 26: Color Deconvolution Matrix values 

This matrix was utilized to obtain separate DAB, hematoxylin peak 1 and 

peak 2 stain values present in each selected nucleus by color deconvolution. 

Nuclear RGB values from each individual selected nuclei (at least 1 000) were 

matrix multiplied by the color deconvolution matrix to provide a grey-scale value 

for each of the three stain colors allowing hematoxylin peak 1 and 2 to be 

separated out from the combination of stains. Only the DAB stain was of interest 

because it provided the amount of optical dens1ty needed to determine how 

positive a nucleus was for the antigen of 1nterest; the hematoxylin peak 1 and 

peak 2 stains were disregarded. Figures 27, 28, and 29 represent PCNA, 

80HdG, and p21 (respectively) histograms of xerostomic and normal 

deconvolved DAB data. There are indications of a shoulder or second peak at 

higher OD values, but this was not analyzed further. 
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Figure 27 Representative histograms of xerostomic and normal deconvolved 
DAB PCNA data. Absorbance data was binned 1n Increments of 0.2. 
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F1gure 28 Representative histograms of xerostomic and normal deconvolved 
DAB 80HdG data Absorbance data was binned in increments of 0.2. 
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Figure 29: Representative histograms of xerostomic and normal deconvolved 
DAB p21 data Absorbance data was binned in increments of 0.2. 

Biomarker analysis 
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Figures 30, 31 , 32 show scatter plots of median values for PCNA, 80HdG, 

and p21 in normal and xerostomic glands. A trend of lower values in xerostomic 

glands can be seen for all three candidate markers. Note: This data does 

include data from patient #1 9. 
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Figure 30· Comparison of optical denstty DAB linked to PCNA in normal and 
xerostomtc samples 
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Ftgure 31 · Companson of optical density DAB linked to 80HdG in normal and 
xerostomic samples 
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F1gure 32: Comparison of optical density DAB linked to p21 in normal and 
xerostomic samples 
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The biomarkers were compared between the xerostomic patients in the 

clinical trial and the healthy subjects (this analysis does not include patient #19). 

The Shapiro-Wilk test indicated that the assumption of normality was acceptable 

for PCNA, p21 , and PCNA/p21 ratio, but not for 80HdG. Thus, the unequal 

vanance t-test was used to compare the xerostom1c patients vs. the healthy 

subjects m terms of PCNA, p21 , and PCNA/p21 rat1o, whereas the median test 

was used to compare the two groups 1n terms of 80HdG (excluding patient #19 

as discussed above). The two groups differed s1gmficantly in terms of PCNA and 

p21 , with both markers being significantly lower in the xerostomic glands in 
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comparison to normal. 80HdG approached, but did not reach, significance at 

alpha = 0.05 for being lower in xerostomic glands. Table 27 indicates the 

resulting values from the unequal variance t-test and the median test as well as 

the p-value significance. 

rison of Xerostomic Patients and Health Sub· 

*Significant at the 0.10 level. 
**Significant at the 0.05 level. 
•Mean ±S.D. 
tMedian ± interquartile range 

0. 

< 

0.0 

The association of each biomarker with each of the others was examined 

separately for the xerostomic patients and the healthy subjects by Spearman 

correlation analyses. The only significant correlations found were between 

PCNA and PCNA/p21 ratio in the healthy subJects (rs = 0 93, p<0.001), and in the 

xerostom1c patients (rs = 0.95, p<O 001) 
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Correlations: Lab vs Clinical 

Data were obtained and analyzed for 20 xerostom1c subjects with archived 

biopsies who participated in the clinical trial (excluding #19 for reasons previously 

discussed, n = 20). All 20 subjects were female. Age ranged from 31 to 76 

(mean 58.5 ± 11 .6, median 60.5). The assumption of normality was accepted for 

Q1 , Q5, QOL, and age. It was rejected for Q2, Q3, Q4, SWS, UWS, and VAS. 

For the biomarkers, normality was accepted for PCNA, p21 , and PCNA/p21 ratio, 

and rejected for 80HdG. Since so many of the clinical trial variables were not 

normally distributed, Spearman correlation was used to measure all of the 

associations examined in this study. One advantage of Spearman's correlation is 

that it measures any type of monotonic association between variables, whereas 

Pearson correlation only measures linear assoc1at1on 

The only biomarker that was significantly associated with any of the 

continuous or ordinal clinical trial variables was p21 (Table 28). There were 

significant Spearman correlations between p21 and Q5 (rs = 0.57, p = 0.009) and 

between p21 and VAS (rs = 0.48, p = 0.034). Figure 33 and figure 34 show 

scatterplot representations of the correlations between p21 verses Q5 and p21 

verses VAS respectively. 
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Figure 33: Scatter plot for QS versus p21 
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Figure 34 Scatter plot for VAS versus p21 
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In addition, the association of p21 with three other clinical trial variables almost 

reached statistical significance: Q2 (rs = 0.42, p = 0 067), Q3 (rs = 0.38, p = 0.10), 

and 04 (rs = 0.44, p = 0.053). Figure 35, 36 and 37 show scatterplot 

representations of the correlations between p21 verses Q2 , p21 verses Q3, and 

p21 verses Q4 respectively. The sialometry results were not significantly 

associated with any of the biomarkers; the largest such Spearman correlation 

was between UWS and 80HdG (rs = -0.30, p = 0.221) (Table 28). 
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Figure 35: Scatter plot for Q2 versus p21 
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Figure 36· Scatter plot for 03 versus p21 
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Table S • 

Biomarker Clinical Correlation p-value 
Variable Coefficient 

_ PCNA a1 0.09 0 698 
a2 0.37 0106 
a3 0.35 0134 
a4 0.33 0149 
as -0.02 0 949 

aoL 0.10 0 673 
sws -0.19 0.428 
uws -0.19 0 427 
VAS 0.24 0.299 
Age 0.50 0.025** 

p21 a1 0.22 0.361 
a2 0.42 0 067* 
a3 0.38 0 099* 
a4 0.44 0 053* 
as 0 57 0.009** 

aoL -0.34 0.142 
sws 0 28 0.229 
uws 0.29 0.218 

- --

VAS 0.48 0 034** 
Age 0 11 0 645 

r-PCNA/p21 a1 0.02 0 947 r-
a2 0.30 0196 
a3 0.21 0 366 
a4 0.26 0 278 
as -0.11 0640 

aoL 0.16 0.491 
---sws -0.23 0.331 

uws -0.22 0 357 
VAS 0 12 0.613 
Age 0 41 0.071* 

80HdG a1 0.24 0.343 
a2 0.13 0.603 
a3 -0.08 0 759 
a4 -0.02 0 925 
as 0 09 0.716 

aoL -0.16 0.519 
sws -0.16 0 520 

---

uws -0 30 0 221 
VAS 0.07 0 798 
Age -0 06 0 801 

~ -
*Significant at the 0 10 level. Note: Two subjects had missing data for 80HdG 
**Significant at the 0.05 level. 



100 

Age was significantly associated with PCNA (rs = 0.50, p = 0.025) and with 

several of the clinical trial variables: Q1 (r5 = 0.55, p = 0.013), Q3 (rs = 0.54, p = 

0.015), Q4 (rs = 0.54, p = 0.014), and VAS (r5 = 0.54, p = 0.015). Thus, each of 

the Spearman correlations of the biomarkers with the clinical variables were 

adjusted for the effect of age using partial Spearman correlation (Table 29). After 

adjusting for age, the p21 biomarker was still significantly associated with both 

QS (rs = 0.56, p = 0.012) and VAS (rs =0.50, p = 0.030). As with the unadjusted 

Spearman correlations, the largest adjusted Spearman correlation between the 

sialometry results and a biomarker was between UWS and 80HdG (rs = -0.30, p 

= 0.237) (Table 29). Adjusting for age made no difference in terms of the 

Significance of the correlations between the clinical trial variables and PCNA, 

PCNA/p21 ratio, and 80HdG. 



Table 29: PartialS earman Correlation Coeffic 

uws 
VAS 

· Srgmficant at the 0.10 level. 
**Significant at the 0.05 level. 

0 1 -;__----1-
-0 01 
0 04 --~- _....:;;,;,.;;;...;;...;;:.. __ _, 
-020 
0.32 
-0 13 
-0.22 
-0.13 
0.30 
0 16 
-0 05 
0.01 

Note· Two subjects had missing data for 80HdG 
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For the categorical clinical trial variables (SSA serology, SSB serology, ANA, and 

histopathology), there were no significant differences in mean biomarker levels 

between levels of these variables (data not shown). However, for histopathology, 

the comparison of those biopsies cons1stent with Sjogren's syndrome (n = 8, 

median = 0.55) vs. those that could neither confirm nor rule out SS (n = 10, 

median = 0.28) almost reached statistical significance in terms of 80HdG using 

the median test (p = 0.065). 



DISCUSSION 

Xerostomia, the feeling of dryness of the mouth, is a subjective condition 

with several etiologies, one of which is salivary dysfunction, consequently 

xerostomia is characterized by a decrease in the quantity and/or quality of saliva. 

This glandular secretion is essential for function and maintaining oral health , and 

dry mouth is accompanied by diminished quality-of-life. Patients with this 

condition may report a decrease in the quantity or quality of saliva, but 

unfortunately objective sialometry test results may not correlate with reported 

symptoms and diagnosis may not occur until more severe symptoms are evident. 

The goals of this proof of principle study were to evaluate candidate biomarkers 

in a ratio that could be used to objectively dtagnose salivary dysfunction and to 

posttively correlate them to the current methods of clinical testing for xerostomia 

(objective and subjective) to provide strength to their validity. Clinically, if a 

testable biomarker could be found , a dentist could ask subjective questions that 

are positively correlated with the target biomarker, objectively screen for the 

biomarker, and refer to the appropriate physician for diagnostic testing. 

Ulttmately, tf candidate biomarkers prove to be present in tdentifiable ratios, 

future research could focus on finding these markers tn saliva. 

Thts study utilized a population of xerostomtc pattents that participated in a 

xerostomic randomized double-blinded placebo controlled clinical trial. Criteria to 
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participate in this study included subjective complaints of dry mouth (xerostomia) 

and Sjogren's syndrome (SS)-mediated salivary gland hypofunction. These 

patients were identified from a pool of prev1ously diagnosed xerostomic subjects 

and new xerostomic subjects referred to the Clinical Center for Oral Medicine at 

GRU. Specific inclusion criteria consisted of: (1) a complaint of dry mouth as 

assessed by a response of 30mm or greater on a Dry Mouth Visual Analog Scale 

(VAS); (2) having primary or secondary Sjogren's syndrome; (3) over the age 18; 

(4) taking less than three drugs associated with causing xerostomia or salivary 

gland hypofunction; (5) Willing to use natural novel topical dry mouth products; 

(6) prior minor salivary gland b1opsy and serology from Sjogren's 

syndrome/Xerostomia work up; (7) willing to return for all study-associated visits; 

(8) able to read, understand, and s1gn the informed consent. Limited patient 

demographics were collected if available to include gender, age, serology labs, 

and histopathology. The patient pool consisted of a typ1cal xerostomic population, 

with the exception of #19, who was highly unusual. 

Sialometry results were as expected for xerostomic patients and the 

amount of saliva flow in both unstimulated and stimulated sialometry was 

generally very low for all but #19. Patient #19 had conflicting subjective and 

obJeCtive s1gns and symptoms. This patient had a very high salivary flow 

compared to the rest of the population (UWS 7.01 , SWS: 5.82). For these 

reasons, this pat1ent was excluded from the statistical analyses. The presence of 

patient #19 in this small population of xerostomics is a classic example of "that 
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patient" with a chief complaint of dry mouth for which no treatment is available 

because most treatments are designed to increase saliva. The ability to test for 

biomarkers in a patient such as this would be very valuable. Of the remaining 20 

patients: half had unstimulated whole saliva flow recorded as zero (50% of 

xerostomic population). For 3 of those 10 patients, their stimulated whole saliva 

flow remained zero. All other patients had varying amounts of stimulated salivary 

flow ranging from 0.06- 2.15 mU5min. 

These results show that often when a patient complains of dry mouth, their 

salivary glands are not always completely damaged and the gland is able to 

produce some saliva. However there are those whose glands appear to be so 

damaged that they are unable to produce saliva even after stimulation. There 

would be great value in diagnosmg salivary dysfunction early so that the level of 

function seen in salivary glands could be preserved or even improved upon if 

possible. 

The visual analog scale (VAS) asked 5 different subjective questions that 

pertained to the patients perception of how severe their dry mouth is. The 

questions were as follows: 1) How dry does your mouth feel most of the time? 2) 

How comfortable does your mouth feel most of the time? 3) How difficult is it to 

swallow DRY food without additional liquids? 4) How difficult is it to swallow ANY 

food without additional liquids? 5) How difficult 1s it for you to speak without 

dnnkmg lrqUJds? Each question is scored by 100 possible points/mm with the 

maximum points achievable being 500 There were no patients with a score of 
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500 The median score was 83 which means the majority of the patients felt their 

mouth was "as dry as a desert". The highest score was from patient #13 with 315 

points and the lowest score was from patient #26 with 0 points. Patient #13 had 

an UWS rate of 0.65 mU5min and a SWS rate of 2.15 mU5min and felt that they 

had a moderately dry mouth even though they had very low salivary flow rates. 

Patient #19, our outlier with above average amounts of saliva flow, reported a 

score of 205, which means this patient with at least adequate amounts of saliva 

perceived they had a dry mouth. 

The quality of life (QOL) questionnaire consisted of a series of 12 

subJective questions that require a response of not at all , a little, moderately, 

quite a lot, and very much. These questions Indicate how the patient feels their 

xerostomic condition is affecting the quality of the1r day-to day-life. Each 

question 1s worth 5 points for a possible total of 60 points. There were no 

patients with a score of 60. The median score was 34, which means the majority 

of the patients felt their quality of life was poor. However, the patients above and 

below the median value were different from those above and below the median 

score. The highest score was patient #26 with an almost perfect score of 58 

points (this same patient scored the lowest VAS score) and the lowest score was 

patient #27 with 13 points (VAS score of 113) People may perceive dryness in 

their mouth, but it affects their quality of life 1n different ways and to different 

degrees However, the majority of patients feel xerostomia is a detriment to their 

quality of life 1n some way. 
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Compared to the previous studies referenced, this project was unique in 

the use of semi-automatic quantification and color deconvolution to evaluate 

levels of candidate markers in tissue sections, rather than manual quantification 

methods. Semi-automatic quantification not only counted several selected 

regions with efficiency, the computer program also provided RGB values that 

were vital to the color deconvolution calculations. Color deconvolution was 

invaluable in this study because when looking at a slide manually, it was very 

difficult to decide which nuclei were positive (DAB brown stain) and which were 

not (hematoxylin blue stain). It was also observed that the nuclei of both 

xerostomic and normal samples had vary1ng degrees of DAB brown stain, which 

may confound the reproducibility of quantifications made manually only. Color 

deconvolution separated the amount of different stains mathematically and 

allowed the observer to determine quantitatively the amount of DAB stain so that 

comparisons of the different levels of biomarkers present in xerostomic and 

normal samples could be made. 

Molecular biomarkers may be used to detect or stage disease, predict 

response, determine efficacy of treatment, monitor progression or recurrence of 

disease, and monitor patient compliance. Three such biomarkers that were 

evaluated in this study were PCNA, 80HdG and p21 . PCNA 1s Involved in DNA 

proliferation and DNA repair depending on Intracellular signaling. 80HdG is a 

DNA les1on that is caused by oxidative damage. p21 inhibits PCNA's replication 

function by blocking certain polymerase b1nd1ng sites in the nucleus, but allows 
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its repair function to continue. This study predicted that PCNA and 80HdG would 

be increased, while p21 would be decreased in labial minor salivary gland 

biopsies obtained from known xerostomic patients in comparison to labial minor 

salivary gland biopsies from healthy subjects. These predictions were based on 

results from animal studies utilizing the NOD mouse model and humal studies 

with the candidate biomarkerss PCNA; and the relationship between 80HdG, 

DNA oxidative damage and the role of PCNA repair. p21 was chosen because 

of its effects on PCNA. After analysis of imaging, AxioVision Rei 4.8.2 Image 

Acquisition and Management software (semi-automatic), the use of Prisim, GMM, 

and color deconvolution it was found the candidate biomarkers tested in this 

study did not behave as predicted. This was unexpected because in the mouse 

model PCNA was clearly increased. The previous human studies using manual 

evaluation presented the same challenges that the current study had with the 

difficulty of identification of a "positive" cell. In the current human study, color 

deconvolution was utilized to improve the accuracy of the quantification. When 

PCNA, 80HdG and p21 were evaluated individually in this human study, all three 

were decreased in xerostomics compared to normals. When comparing the 

biomarkers PCNA and p21 they did have a strong statistically significant 

decrease in xerostomic patients compared to normal patients (p-value 

0 002,<0.001 respectively) , while 80HdG did not quite reach significance for a 

decrease (p-value 0.054). However, there were indrcations that this marker also 

decreases in xerostomics. These markers are therefore candidates for further 
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examination. However, it is interesting that two out of the three markers did not 

behave as predicted . It is quite possible that the NOD mouse and humans have 

different cellular mechanisms for SS-Iike pathology that would cause PCNA, and 

80HdG to behave in the manner that was opposite of that predicted. It was very 

surprising to find 80HdG showing a decreased trend in the xerostomics of this 

study and not the normals. Oxidative stress is often blamed for the destruction of 

tissues due to the imbalance of oxidants and antioxidants. Increased oxidative 

stress would lead to DNA damage and an increase in 80HdG, associated with 

prevention of the cell from producing a normal amount saliva. Conversely, if the 

normal samples used here are truly normal, then the presence of significant 

levels of 80HdG in glandular cells would fit a model where normal glands need 

some level of oxidative stress to function properly. Consistent with this, salivary 

glands produce hydrogen peroxide as a component of antimicrobial systems and 

therefore xerostomics could have lower oxidative stress as the gland fails and 

loses the capacity to produce the necessary ROS (hydrogen production). 

This study predicted PCNA:p21 ratios and 80HdG levels seen in biopsies 

from known xerostomic patients would correlate positively with objective and 

subjective clinical testing of corresponding xerostomic patients. It was thought 

that this positive correlation would prov1de mcreased support for an objective 

diagnosis of salivary dysfunction compared to s1alometry and patient reported 

symptoms alone. The PCNA:p21 ratio was not statistically significant (p-value 

0.604) and did not correlate positively with objective and subjective clinical 
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testing of corresponding xerostomic patients. Because PCNA and p21 both 

decreased in xerostomics, the ratio between the two of them would not be 

expected to be informative. Quite possibly the product of the two may be more 

indicative of salivary dysfunction. However, more studies are needed to quantify 

what the diagnostic threshold of the product would be. 

Correlation analysis was performed between the biomarkers and the 

current objective test of sialometry. 80HdG did not show significant correlation 

with any of the objective data patients provided. It was found that neither the 

PCNA:p21 ratio or 80HdG evaluated thrs study were significantly associated wrth 

the clinical objective testing of sialometry. When considering unstimulated and 

stimulated whole sialometry respectively: PCNA:p21 ratios had a p-value of .357 

and .613; 80HdG had a p-value of .221 and .798. When correlation analysis 

was performed between the individual biomarkers alone that originally were 

evaluated as a ratio, it was determined that no signrficant correlation existed. 

When considering unstimulated and stimulated whole sialometry respectively: 

PCNA had a p-value of .427 and .229; p21 had a p-value of .229 and .218. This 

tells us that the amount of saliva flow a person can produce is not predictive of 

the levels of the biomarkers we chose as objective markers for salivary 

dysfunction. When using the Spearman Correlation Coefficient, age did show 

significance with two of the biomarkers: specifically PCNA (p-value 0.25) and the 

PCNA/p21 ratio (p-value 0.071 ). It was thought that age may be a confounding 

variable so the Partial Spearman Correlation Coefficrent was utilized. The 
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significance of the correlations between the clinical trial variables and PCNA, 

PCNA/p21 ratio, 80HdG did not change after adjusting for age. This tells us that 

even without considering age, which is a risk indicator for xerostomia, the 

biomarkers studied here are still potential candidates for future studies. When 

correlating the biomarkers individually with subjective clinical data and after 

adjusting for age, p21 was the only biomarker that proved to have statistical 

significance. p21 had the strongest statistical significance when correlated with 

the visual analog scale (p-value .030) and question 5 (p-value 0.012) from the 

visual analog scale which asked "How difficult is it for you to speak without 

drinking liquids?". This is potentially due to the fact that speaking is an activity 

that typically occurs all day long and is vital to communication with other people. 

It may be more noticeable to patients due to the fact that most everyone has a 

cell phone and uses it frequently throughout the day. p21 had a slight statistical 

significance when correlated with question 2 (p- value 0.081) from the visual 

analog scale which asked "How comfortable does your mouth feel most of the 

time?" and question 4 (p-value .051) which asked "How difficult is it to swallow 

ANY food without additional liquids?". Question 4 and 5 are more absolute and if 

patients feel they are affected but not every second of the day they may respond 

with a little more favorable response. Out of the three biomarkers evaluated, p21 

shows the most promise as an objective biomarker that may be tested for to 

objectively diagnose salivary dysfunction after subjective symptoms of 

xerostomia have been reported. 
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Limitations 

This study revealed several issues that can be considered for future, 

larger scale evaluations of candidate markers. First, the ideal normal control 

would be minor glands obtained from normal volunteers, but these cannot be 

obtained due to risk concerns and IRS limitations. It is presumed that the 

mucocele samples used are indeed representative of normal minor salivary 

glands. However, by definition, at least some abnormality was present in the 

glandular region excised, and the mucocele was in close proximity to the 

examined tissue. It is not known to what extent this could be reflected in the 

discrepancy between the results obtained here and those seen in animal studies. 

Second, although a large number of nuclei were evaluated in this study, they 

were generally from the same region of the gland. It 1s not known to what extent 

heterogeneity in these markers (and glandular function) exists within the gland. 

This could be addressed by quantification of multiple sections from one gland. 

Due to time and budget constraints, this was not feasible for the present study. 

Third, it is possible that different cell populations show different responses to the 

conditions driving xerostomia. This may be the explanation for the indications of 

two peaks within the distributions for the three markers. Indeed, a pilot 

exammation using GMM to separate the peaks gave results consistent with this 

poss1b11ity. Manual separation of nuclei mto ductal and tubuloacinar cells during 

selection is feasible, but would be time consuming. Fourth, although DAB is an 
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excellent chromogen for brightfield visualization, it does not give a direct, linearly 

proportional stain intensity to the amount of underlying antigen. Two color 

fluorescence and confocal microscopy gives a linear response that is readily 

quantified. However, it is more difficult to assign cell type, the stain is not stable, 

and confocal microscopy is more expensive to conduct. 

Future research 

The search for biomarkers to diagnose salivary dysfunction should 

continue, and the three markers examined here warrant further examination. 

There are several options to improve upon this study. Potentially, more images 

could be produced so that more sites could be quantified. With a larger sample 

size, the analysis may be more accurate. In this study, cells without cellular 

infiltrate were chosen for quantification. Cells close to the inflammatory infiltrate 

might more consistently represent what is occurring in damaged salivary gland 

cells. Separating out the different cell types may prove to be advantageous. 

Different locations in the minor salivary gland contribute unique products and 

perform individual functions that can disturb the homeostasis of the gland if it is 

not functioning properly. If the majority of the gland is normal, yet one small but 

important aspect of the mechanism is m1ssing, the gland may become 

dysfunctional. Choosing another staining method for biomarkers such as 

fluorescence may improve the ability to quantify objects chosen. It would be 

interesting if more than one biomarker could be stained on the same slide, for 
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instance as with 2 color fluorescence. It would be extremely advantageous if a 

fully automated processor could be utilized for objective quantification. Although 

this was a proof of principal study in search of biomarkers found in minor salivary 

glands, the long term goal is to look for those biomarkers in saliva. Future 

studies may start with the search for biomarkers in salivary fluid. The collection 

of saliva is much easier and ethical in both xerostomic and healthy patients, 

morbidity is much lower compared to a surgical biopsy, and patients may be 

more likely to agree to participate in a clinical human study. 



CONCLUSION 

This study tested the hypothesis that the candidate biomarkers PCNA and 

80HdG will be increased, while p21 will be decreased in labial minor salivary 

gland biopsies obtained from known xerostomic patients in comparison to labial 

minor salivary gland biopsies from healthy subjects. It was found that instead, 

both PCNA and p21 biomarkers had a strong statistically significant decrease in 

xerostomic patients compared to normal patients, while 80HdG did not quite 

reach Significance for decrease. The significant difference between xerostomics 

and normals for PCNA and p21 indicates these biomarkers are valid markers that 

warrant further examination in the application for diagnosis of xerostomia. Given 

the relatively modest size of the present study, the candidate marker 80HdG still 

warrants further consideration. PCNA did not behave in the manner predicted 

based on animal and earlier human studies. This could reflect, in part, 

differences between the human disease and the NOD mouse model, different 

stages in the human disease affecting PCNA levels, or differences in the method 

of quantification. 

The second hypothesis tested in this study stated the PCNA:p21 ratio and 

80HdG levels seen in biops1es of known xerostomic patients will correlate 

pos1t1vely with objective and subjective clinical testing of corresponding 

xerostom1c patients providing a more defin1t1ve objective diagnosis of salivary 

dysfunction compared to sialometry and patient reported symptoms alone. None 
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of the biomarkers were significantly associated with sialometry results that are 

currently used as objective testing for xerostomia (in combination with subjective 

testing). The PCNA:p21 ratio was not statistically significant and did not correlate 

positively with objective and subjective clinical testing of corresponding 

xerostomrc patients. This was not surprising after observing that both PCNA and 

p21 decreased in xerostomic compared to normal patients. This relationship 

does not allow these biomarkers to be evaluated in a ratio proportion. When 

correlating 80HdG data to clinical data, 80HdG did not correlate with clinical 

data significantly with any of the obJective data patrents provided. When 

correlating the biomarkers individually with subjective clinical data and after 

adjusting for age, p21 was the only biomarker that proved to have statistical 

significance. p21 showed a statistically significant good correlation with the 

visual analog scale and question 5 from the visual analog scale which asked 

"How difficult is it for you to speak without drinking liquids?". p21 had a slight 

statistical significance when correlated with question 2 from the visual analog 

scale which asked "How comfortable does your mouth feel most of the time?" 

and question 4 which asked "How difficult is it to swallow ANY food without 

additional liqurds?". This indrcates that p21 shows the most promise as a 

biomarker that may be tested to diagnose salivary dysfunction objectively after 

subjective symptoms of xerostomia have been reported . 
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