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Abstract

Aim: This study tests the hypothesis that salivary extracellular RNA (exRNA) biomarkers can be developet

for gingivitis detection and monitoring disease regression.

Materials and Methods Salivary exRNA biomarker candidates were developed from a total ®f 10
gingivitis and  ergingivitis individuals using Affymetrix's expression microarrays. The top ten
differentially expressed exRNAs were tested in a clinical cohort to determine if the discoverady sali
exRNA markers™for gingivitis were associated witlnickhl gingivitis and disease regression. For this
purpose, unstimulated saliva was collected from 30 randomly selected gingivigstsutije gingival and
plague indexes scores were taken at baseline, 3 & 6 weeks and salivary exRNAs were assayesldfy mean

reverse transcription quantitatipelymerase chain reaction.

Results Eight salivary exRNA biomarkers developed for gingivitis were statistically significantly changed
over time, consistent with disease regression. A panel of four salivary exfB¥PRR1A,INnc-TET3-2:1,
FAM25A, CRCT] can deéct gingivitis with a clinicalperformance of 0.91 area under the cuAEC),

with 71% sensitivity and 100% specificity.
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Conclusions The clinical values of the developed salivary exRNA biomarkers are assbaidh gingivitis
regression. They offer strong potential to be advanced for definitive validation anchiclaboratory

development test (LDT).

Clinical Relevance
Scientific rationale for study. Presently, the gold standard for diagnosisgmfgivitis includes mainly
clinical examination. As a companion diagnostics, scientifically based ewalwdtgingivitis would be very

beneficial as it is the most prevalent inflammatory disease in humans.

Principal findings:=Principles of prospective study design (PRoBE) and rigorous cliciassificationof
gingivitis led to'the development and validation of salivary exRNA biomarkersrigivifis detection, that
are associated with disease regression.

Discriminatory salivary exRNA biomarkers wedeveloped for gingivitis detection. Four salivary exRNA
panel can diseriminate gingivitis from healthy periodontium with a performah€@91 AUC, with 71%

sensitivity and 100%'specificity.

Practical implications: Salivary exRNA markers can be objectmelecular indicators of periodontal health

for disease detection as well as gingivitis regression.
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Introduction

Periodontal diseases are the most common inflammatory diseases in hunfaksebaum et al., 2017)
Gingivitis, the reversible form of the disease, is induced byatsamulation of bacterial biofilnthat can be
treated with professional biofilm removahd improvement in oral hygiengKim et al., 2013) If left
untreated, gingivitis may progss to an irreversible formperiodontitis, which involves bone and attachment
loss. Periodontitis.can advance to the point that it induces tooth mobility ahddss{Kim et al., 2013)It
may also adversely.influensgstemic health via cardiovascular dised&es et al., 2013) ischemic stroke
(Grau et al., 20049r cancergBinder Gallimidi et al., 2015, Mitsuhashi et al., 2015, Rajesh et al., 2Z048)
common risk factors for periodontitis could be divided into inherited (e.g. genetic sareamt those that are
acquired (e.g. socieconomic factors, poor oral hygiene, cigarette smoking and dialf{€iezspple et al.,
2017).

The quest to'develop salivary biomarkersgeriodontal diseases has been elugia@nnobile et al., 2009)
Despite the scientific acceptance of salivary biomarkers for tteetd®n of gingivitis(Kinney et al., 2011,
Lee et al., 2012, Shaila et al., 2013, Morelli et al., 2014, Henskens et al., t@98pbsence of definitively
validated biomarkers did not allow for such technology to receive regulatory approvabasatitig this
diagnostic test to.move into clinical practice. Presently, the gold standardriiprdetection and diagnosis
for gingivitis ,includes a comprehensive periodontal exam along with clinical ieaiom (i.e. redness,
swelling or gingival*bleeding) performed during dental examinations. Unfortunately, thiecabsf pain in
gingivitis often renders individuals unaware of their pathologic gingival conditioticydarly if they do not
have to visit the dentist regularfiim et al., 2013)While very helpful, clinical parameters do r@bvide
full information about theurrent status of theiseasectivity, patientspecific variationsgo notpredict nor
respondergor treatmentherapyand those whare*“at risk” for disease progressiqibersole et al., 2015)
Thus, it is desirable to develop objective and scientifically credible blmrsaifor early detection and
monitoring of periodontal diseases, especially that many ofatiectedcases are left undiagnosed and
untreated (Albandar and Kingman, 1999, Tomar and Asma, 2000).
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The applications of such biomarkersuldbe multiple. Firstly, theynight be used byommunityat largeas
selfadministered poirtf-care (POC) tests to screen for periodontal diseases, thus making people aware o
the pathology in their oral cavities anddncourage them teearch fora dental careThe chairside POC
devices will require minimal clinical training and resources, lead to simpler, moreftadtve and less
intensive treatmeniGiannobile, 2012)Due to close proximity of saliva to periodontal tissues and its easy
collection, salivaeonstitutes a valuabiagnosticsource, specifically as its collection is easy, repeatable and
can be performed bguxiliary pasonnel. In additionthe salivary biomarkerpresentan attractive tool for
guantitative & qualitative objective evaluation and monitoring of gingivitis for bo#ngsts and dentists.

The use of salivary basdétDCs wouldalsoenable the mderservd communities an improved access to oral
health programgs well asoffers theability to identify and monitothe patients at riskGianrobile, 2012)

Lastly, the dental;"pharmaceutical & oral healtare companies could use them for optimizing the
pharmaceutical efficiency such as adeqsaiecton of target patientspptimal dose selection, and to assess
the performancesofithe curresndtive compounds ithe developmenaf their new oral hygiene products such

as toothpastes,»mouthwashes, etc

This study addresses tnemet clinical need of assessing host factors as a companion diagnostics to detec

gingivitis and monitoits treatmentesponse.

Materials and-methods

Ethics statement

The sample collection was approved by the Institutional Review Board (IRB) at the Universélfam
at Los Angeles (UCLA)or both thediscovery phase (IRB#10-000505) atiwe clinical stage (IRB#15
001957) of the study. Each participant had to sign the informed consent.

Discovery phase

Based on the™prospectigpecimercollection and retrospectiMainded-evaluation(PRoBE study design
(Pepe et al., 2008paliva was collected prospectively from 750 human subjects at the UCLA School of
Dentistry. The inclusion and exclusion criteria greesentedn Figure 1.Subjects were classified as healthy

or gingivitis according to research and clinical critéRegure 1).

Prior to a clinical evaluatigrunstimulatedvhole saliva was collected for every subjeStibjects were asked
to avoid oral hygiene measuyesating, drinking or gum chewingt least 1 h prior to saliva collection. All
subjects rinsed with tap water (10 mL) for 30 s about 10 prior to saliva collection and expectorated.

Clinical samples were collected into sterile tubdasting 510 min percollection (at least 5 mL of saliva),
This article is protected by copyright. All rights reserved



and kept on icethroughthe entire processAll samples were processed, around 1 hour after collection.
Samples were firstly centrifuged in a refrigerated centrifage2400 x g for 15 mirat 4°C, and the
supernatanivas processed immediatdlyr the concurrent stabilization of proteins and RNA by the inclusion
of a protease inhibitococktail [aprotinin, 3-phenylmethylsulfonyl fluoride3- PMSF (SigmaAldrich, St.
Louis, MO, USA), sodium orthovanadateNa3VvO4) (SigmaAldrich, St. Louis, MO,USA)] and RNase
inhibitor [Invitrogen"SUPERase- In RNase Inhibitor (Thermo Fisher ScienfMistin, TX, USA)]based on

our saliva standard operating procedure (SOP) (Henson and Wong, Rd€) samples weadiquoted into
smaller cryp-vials, labeled and frozen a80°C.

Afterwards,salivary exRNA was extracted using the RNeasy Micro Kit (Qiaggrmantown, MD, USA
including DNase"’ | 'digestion. Samples with good purity QC (OD 260/280 ~1.8) were profiled using the
GeneChip Human*Transcriptome Affymetrix HTA 2.0 expression aifBlysrmo Fisher Scientific, Austin,
TX, USA)].

Pilot Clinical Researeh Study

The pilot study censisted of two stages: clinical and laboratory.

Clinical stage

For analysis of 'saliva samples, 30 volunteers (age@b).8diagnosed with gingivitis were included in this
study. Figure &~presents thadlusion and exclusion criteria. The duration of this project was 7 weeks
(including 1 week pretrial training “washduperiod to check if there are any allergic reactions to
toothpaste’s ingredientsand involved the sametreatmentprotocol for gingivitis such a®rushing with
toothpastesontaining, 1000 ppm sodium monofluorophosphate (MFP) (CoeRalt@olive CompanyNew
York, NY, USA).“Each volunteemwas instructed to brush the whole mouth with a full ribbon of the
toothpaste for 1 mitwice daily. The subjects expectorated and rinsed with water. Subjects returned for a
clinic visit at baseline B), 3 and 6weeks to dnate saliva samples prior to the clinical examinatidre T
protocol for colleetion and processing of saliva was the same as describedigse(discovery phase), but
saliva was collected only in the morningsd immediately frozen aR0°C for about 3} hours until further

analysis.
Laboratory stage

Validation phase
The direct saliva transcriptome analysis (DSTA)
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For the validation phase, the direct saliva transcriptome analysis (DSTA) was performe@shahfice

saliva supernatant instead of isolated messenger RNA (mRNA) for saliva transcriptomic deteetienalL,

2011). The validation was performed by means of reverse transcription quantitative polymerase chair
reaction (RTqPCR)in saliva taken from 30 gingivitis individuals in the clinical phase at B, 3 and Kswee
The gPCR associated with meltingrve analysis was conducted by the use of the LightCycler® 480 Real
Time PCR System*(Roche Life Scientegianapolis, IndianaUnited Statesyvith a fixed thermaktycling

program.

Statistical analysis

Kruskal\Wallis and €hisquared testwere performed to compare markers betwkealthy and gingivitis
groupsin the diseevery phase of transcriptomic analysis. In the validation phase, thsisanhvariance
(ANOVA) was doneat a significance level of p 0.05. In addition, the logistic regression analysis in R was
used to construetsthe:final panel of biomarkers using the “best glm” furastotthe best Akaike Information
Criterion (AIC)] =A=palred ttest along with the 95% confidence interval (Cl) wasduto comparthe Loe
Silness Gingival Index (GljLoe, 1967)and theQuigley and Hein Plaque Index (PIl) (Turesky Modification)
(Quigley and Hein, 1962, Turesky et al., 1980pres over different time periodaurthermoregeneralized
estimating equation (GEE) models were added to show the overall trebhatsnarker changesver time
Finally, interindividual variability between two different clinical investigataas examined (theneanof

each examiner’s patients clinical scores at each time)p®im¢ examiners in the study followed the same
patients through the investigatiohhe statistical analyses were performed using R V3.1.2 (R Core Team
2014. R: A language and environment for statistical computing. R Foundation for Statisicputhg,
Vienna, Austria) and SAS V9.4 (SAS Institute Inc., Cary, NC, USA), wthiee randomizatio was
performed using the online statistical computing web programming “Sealed erivelope

(https://sealedenvelepe.com).

RESULTS

Clinical outcomes

In the discovery phase, the stugsoup consisted of 100 subjects, includiB@ gingivitis subjects (22
males & 28 femalesgged 26.4t 6.77, and 50 healthy individuals aged 2¥.8.67 (23 males & 27 females).
The scores for the gingivitis group were: %21.1% for Marginal Bleeding IndexMBI) (Loe, 1967,
Muhlemann and Son, 197ahd 2.5+ 0.7mm forProbingPocket DepthHPD) (Ramfjord, 1959), \wile for
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the healthy group, the results were following: 2.4.6% for MBI and 2.1 0.8mm for FPD. The participants

were mainly of White origin (73%)ut also Asian (1%), black or African Ameriaa (10%).

The validation phase included 30 subjects (13 males & 17 females), agetl 282 The participants
were mainly of White origin (75%), but also Asian (20%) and black or African Aarefi5%).The aveage
Gl scores were _at Screeningcf) 1.75+ 0.2, at B— 1.814+ 0.18, at 3weeks— 1.684+ 0.26 and at 6
weeks—1.46 +0.55, while the average Pl scores were following: at Scr 2t22934, at B— 2.307+
0.34, at 3weeks— 2.054+ 0.33 and at Gveeks— 1.86+ 0.36 (Supplemental Table 1Both Gl and PI
showed significantly decreased scores over time due to good oral hygiene regimengeimgd by brushing

with toothpaste¢Figure 2) The Gl scores improved for 60% and Pl for 93.3% of subjects over the period of

6 weeks.

Measurements 6 clinical parameters

Due to the longermsperiod of the study and large time difference between performing the discovéing and
validation phases;.there was a change in the current protocol for the enrollment oietits pab the study
between the tarstages. The MB(Loe, 1967, Muhlemann and Son, 19&bplied in the discovery phase,
was replaced latemithe validation phase, with the more commonly used indices sugh(hse, 1967)xnd
Pl (Quigley and=Hein, 1962, Turesky et al., 197@) the determination of the gingivitis statdhe PPD
(Ramfjord, 1959)was measured in both phases of the study. In the discovery phaseya2Pised to
differentiate between healthy (nqeriodontal disease) (PPD < 4mimd gingivitis (PPD < 4mm)from
periodontitis XSmm)w(apart from radiographic assessment). In the validation phase, only patients with
diagnosed gingivitisvere included Studysubjects could not have aRPDdeeper than 5mm (except for 3rd
molars) to be enrolled in the research project.

Investigation of:petential clinical evaluators bias
The were no_significant intexaminer differences between the clinical evaluators, except for time point 6
weeks,which could'petentially affect the Gl and PI scores (Supplementary Figure 1). Teispise the fact

that all examiners were initially calibrated.

Discovery of salivary exRNA biomarker candidates for gingivitidoy HTA Microarray profiling
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The 25 salivary exRNA biomarker candidates were identified from a discoveryt ablmandomly selected

50 gingivitis and 50 age/genderatched healthy controls (Table 1) (Figure 1j.tkese, 10 differentially
expressed exRNA biomarker candidates between gingivitis and healthy groupesdweameed for validation

by means of RIQPCR using an independent cohort of 30 gingivitis subjects in the pilot clinical research
study. Those exRNA biomarker candidates were selected based on their known iassodiat
inflammation "and=periodontal diseases, lowatue (p < 0.05) and high absolute fold change in their

expression levels between gingivitis and healthy groups.

Validation of 10 salivary exRNA biomarker candidates for gingivitis byRT-qPCR

Eight out of 1Qvalidated exRNA targetsvere concordant with the HTA 2.0 microarray ddfeable 2),
including 4 decreasecexRNAs [SPRR1A (m1), LGALS3 (m4), FAM25A (m7),CRCT1 (m10)] and 4
increase®xRNAS|[INc-TET3-2:1 (m2), RP®M65F6.2 (M3), GALNT10 (m5), SOX4 (m&)yer time(B — 3
weeks 3 weeks=6=weeks,B — 6 week$ (GEE pvalues < 0.001) (Supplemental Figure 2, Supplemental
Table ). Figures3spresents a plot with fold changes and 95% confidence intervals (Cls) foragkehah B,

3 and 6 weeksThe increase in their alteration legetompared to the initial dataight be a result of the

interindividual variability in exRNA patterns.

Logistic regression-analysis

The potential clinical discriminatory power of the developed salivary exRNAyifagivitis detection was
evaluated. Logistiaegression analysis of 8 validated exRNwesealedthat four exRNA markemodel
[SPRR1A (m1), InCTET32:1 (m2), FAM25A (m7), CRCT1 (m10)] could potentially provide a
discriminatory performance of 0.91 AUC (area under the curve) with 71% sepsatidt100% specificity
(Figure4).

Discussion

Saliva is a complexsbody fluidhat is composed afique molecular constituen(sroteins, DNA, RNA etc)
that can be “discriminatory for oraind systemic disease screenidgtectionand monitoring(Kaczor
Urbanowicz et al., 2017)The development of nemvasive salivary tesbased on molecular biomarkers
could have impactfuklinical applications providing accurate andeattime monitoring of periodontal
disease actiwt for the general public at home or at the dentalic. Although proteins are thessential

effectors of cellular functiorthe eukaryotic complexity and phenotypic variatilies in a control oftrans
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acting RNAs- noncoding RNASNncRNAs) (Wong, 2015) NcRNAs regulate diverse biological functions,
thus beingvery attractivefor the development of new target therapies and discovery of new diagnostic
biomarkers in human body fluids, including saliva (Ainsztein et al., 2015). The human salivaryiptanse

was firstly described in 2004 (Li et al., 200#)llowed by the intense investigations in the following years
(Nussbaumer et al., 2006)he revealedtomplexexRNA compositionof saliva @compass mostly RNAS,

but also ncRNAs"such &sng norrcoding RNAs (IncRNAs)microRNAs (miRNAs), small nucleolar RNAs
(snoRNAs), piwi-interactingRNAs (piRNAs), etc.(Wong, 2015) Among all ncRNAs, small ncRNAs are

the most exploited exRNAs in saliva, particularly miRNAs that play an important role in regulatingsvariou
biological processegNelson et al.,, 2003)while the currentknowledye of INCRNAs is still largely
uninvestigated (Kung et al., 2013).

The basis of biomarker research success in periodontologylévébop a diagnostimethod that will have a
potential to faverably affect clinical decisionaking, patient outcomes and healthcare provi@@tsllab,
2017). Periodontal=disease is time consuming and expensiveedt thus prevention anéarly detection
constitutes significarfiealthcare benefi{Ghallab, 2017)Thus it would be desirable to develop biomarkers
for early detection and monitoring of periodontal diseasatamicéatment response (Giannobile et al., 2009).
In the present study, the objective was to validate exRNA biomarkers for gingindigp @valuate their
potential tomeniterdiseaseegression. Eighsalivary exRNAsshowedsignificant positive correlatioof
their expression levels with improving clinical measu(@s, Pl) due to the introduced treatment (brushing
teeth) thus making them potentially useful in monitoring the current activity of dismagdtstreatment
response.The identified exRNAs arenostly involved in inflammatory response, antimicrobial activity,
innate immune response, apoptosis, neutrophil, eosinophil & macrophage chemothlztne homeostasis,
that is consistent with the current literature as periodontal diseases are mostly inflammatayiy ianolr
involved in immunespathwayfGhallab, 2017)Table 3) Interestingly, only very fewof them had been
previously repeortedwin different biofluidsout none of themhave beenidentified in human saliva
Specifically, IN€ERNAS havearousen a lot of widespread interest in recent years as potentially associated in
inducing particular diseases or developmental processes, but knowledge of the pagrtitudgenetic
mechanisms by which they act is still limited. Therefore, it is notrsimg, thatin the current literatureyot
much information can be founaboutthe developedn this studythree INcRNA biomarkersf gingivitis
(SPRR1A,Inc-TET3-2, RP5965F6.2). It isknown only that SPRR1A(m1) is a regeneratiorassociated
gene(Starkey et al.,, 2009while IncTET3-2:1 (m2) acts as an epigenetic mediatbangemeijer et al.,
2009) (Table 3).
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In addition,our studyalsorevealed 5 mRNA RNAs (LGALS3, GALNT10, SOX4, FAM25A, CRCThat
arean emerging and flourishing field for noninvasive diagnostic applications. Thefickian of saliva
derived mRNA in normal and cancer patiefhfiset al., 2004, Hu et al., 2008nd other forensic applications
(Juusola and Ballantyne, 200bave opened up a new avenue for further clinical usageording to the
literature,LGALS3 (m4) can be informative on the inflammatoayd bacteriahature of gingivitis due to
their connectivity"to“the diseaselated features such as its involvementspecific cellular (apoptosis,
neutrophil, eosinophibnd macrophagechemotaxis, etc.and biological functions &ntimicrobial activity
etc) (Raz et al., 1991(Table 3).As expectedin gingivitis due to gum inflammation, decreased levels of
LGALSS3 canbe ebserved, that is concordant with 6odings.In turn, alterations irSOX4 (m6) expression,
induced by tramsforming growth factor belBGp), regulateT helper type 2 (TH2) celtriven airway
inflammation(Kuwahara et al., 2012)vhile downregulation oFAM25A (m7) (observed &oin our study)
indicatesincreased risk for inflammation and infectiodisease (Wang et al., 2014, Mauritz et al., 2010,
Deloukas et al.;*2004).astly, CRCT1 (m10)s reported tde associated with early stages of Alzheimer's
disease (AD)jn"which transcriptome changes affecting cell signaling, inflammation and nesmission
pathways take place befotiee neuropathology in brains occun addition, he involvement of CRCT1 in
protectionagainst infectiorandinflammationis currently being explore(ParraDamas et al., 2014)rable

3). Thus, the potential role of th8 validatedin this studyexRNAs in pathogenetic mechanisms of

periodontal diseasesan be explained through their biological roles and potential fundfiaine 3).

The major advantagef the studywas the use of saliva, collected in a prospective aaygpotential non
invasive diagnastic sourder detection and monitoring of gingivitis. Secondly, our study feasisel on
long RNAs as mtential salivary biomarkers gferiodontaldiseasesincluding novel finding of INcCRNAs
while the current literature reports mostly on short RNAs (microRNAs) with ratinsatisfactory
performancgSchmailz et al., 2016, Kagiya, 2016, Ogata et al., 2QB8}ly, the use of DSTA method, that
omits the step=of*RNA extraction, seems to be much more convenient and practical wayoompegfthe

experimerdl stageas RNAisolationfrom saliva isnot easy to perform anmequires diligent protocol.

The mainlimitation ofsthe studyvere thanterindividual differences in scoring of Pl and Gl, teayjgesthat

a better system,oflinical evaluation forgingivitis is largely needed, such as changes in expression levels of
exRNA biomarkers, that can be used as companion diagnostic tool for periodontal @aatletaminations.

In addition, the same inclusion and exclusion criteria for clinical evaluafidghe periodontal status (the
same periodontal indices for both discovery and validation phaseslecommended toe used for the
enrollment of the subjects into thmoject. Lastly, a comprehensive study of the variety of exRNAs and
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further increasedasnpling is needed in order to establish the sensitivity and specificity of the final panel of

salivary exRNA biomarkers for gingivitis.

In fact, different groups have studied the exRNA composition of saliva for @etedtperiodontal diseases.
Inflammatory mRNA markers fanterferon gammalfNy) and tumor necrosis factor alpHBENFo) can be
detected in whale"saliva to monitor the status of periodontal disease in tiygledtes patientsGomes et al.,
2006). mRNA expression of human beta deferkirand -2 in the gingival tissue are associated with
gingivitis, aggressive and chronic periodostifvardarSengul et al., 2007). Also, the expression levels of
Toll-like receptors (TRL)TLR2, -4, -7, -9 interferonalphal [FN-al) (Kajita et al., 2007)and MYD88
MRNAs were sighificantly lower in gingivitis than in severe periodontitis les{@tsaderi et al., 2014). In
addition, four miRNAs (hsmiR-451, hsamiR-223, hsamiR-4865p, hsamiR-3917) were significantly
overexpressed, and 7 (hsaR-1246, hsamiR-1260, hsamiR-141, hsamiR-1260b, hsaniR-203, hsamiR-
210, hsamiR-205)=were underexpressed by sfoltl in a diseas# compaed to healthy gingivgStoecklin
Wasmer et al.,2042)n turn, Bochenek et al. reports about downregulatiom@®NA ANRIL associated

with atherosclerosis, periodontitis and several forms of cancer (Bochenglk61a).

Several stdies in the last decades have focused on finding a precise method for the diagnosis of deriodont
disease in its=early=stages, such as gingivitis, as well as to monitor its treatment and ipnogress
periodontitis Interleukin 1 betgIL-1B) can be considered as an indicator of periodontal disease progression
(Nazar Majeed et al., 2016yvhile matrix metalloproteinas8 (MMP-8) may indicateresponse to therapy
(Sexton et al., 2011)Additionally, macr@hage inflammatory proteiho. (MIP-1a) appeared to increase
prediction of periodontitis progressiofFine et al., 2009and to decreasis levelsfollowing periodontal
therapy(Al-Sabbagh et al., 2012, Sexton et al., 2011).

Recent advaneeswin: transcriptomic htghoughput technologies are sheddiaghew light on salivary
biomarker discavery, which cardvancesalivary diagnosis of periodtal diseases to a higher lev&livary
biomarkers for periodontal diseases neetiawethe intended clinical contexb obtainapproval from the
Food and Drug Administration (FDA). THRRMBE design applied in our study, greatly facilitates the future
translationof the_biomarkers into the everyddgntalpractice(Kim et al., 2013) Our results indicate that
salivary exRNAs represent a promising source of biomarkers for gingivitis &sasvelonitoring disease
regressionAlthough challengegmerge using salivaseems to have hright future in early detectionof

periodontal diseases ambnitoring of periodontal treatment outcomes.
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Gene Accession Gene Symbol Log2 Log2 Log2 Fold P-value RNA
change
(gingivitis)  (healthy)  Fold type
change

NONHSAT006501.2 SPRR1A 12.89742 14.43722 -1.53979 -2.90754 0.04399 IncRNA
NM_001137548 FAM25C 9.449203 10.52453 -1.07532 -2.10720 0.02859 mRNA
NM_032488 CNFN 9.38666 10.45155 -1.06488 -2.09200 0.03430 mMRNA
NM_005621 S100A12 7.61813 8.60196 -0.98382 -1.97770 0.01329 mRNA
NM_001146157 FAM25A 10.04811 10.99101 -0.94289 -1.92238 0.02341 mRNA
AJ243662 @ e 6.83282 7.74533 -0.91250 -1.88231 0.02857 mRNA
NM_019060 CRCT1 6.65030 7.49772 -0.84741 -1.79928 0.04585 mRNA
NM_000700 ANXA1 7.64696 8.40568 -0.75872 -1.69199 0.02765 mRNA
NM_001010909 MuUC21 6.73042 7.46782 -0.73739 -1.66715 0.03425 mRNA
NM_178435 LCE3E 6.76232 7.45423 -0.69191 -1.61542 0.00179 mRNA
NM_001010909 MUC21 6.80567 7.49384 -0.68817 -1.61124 0.02851 mRNA
NM_001145641 SRRM5 5.68198 6.32151 -0.63953 -1.55782 0.01259 mRNA
NM_198321 GALNT10 6.72602 6.10266 0.62336 1.54046 0.00012 mRNA
NONHSATO071649 Inc-TET3-2:1  5.88087 5.26156 0.61930 1.53613 0.00027 IncRNA
NM_003064 SLPI 6.70889 7.31280 -0.60391 -1.51983 0.04956 mMRNA
NM_002272 KRT4 6.46975 7.07260 -0.60285 -1.51871 0.02572 mRNA
NM_002010909 MUC21 6.77905 7.37802 -0.59896 -1.51463 0.0313BRNA
NR_003225 LGALS3 6.43733 7.01092 -0.57358 -1.48822 0.02500 mRNA
NM_001001435 CCL4L1 6.07940 6.65177 -0.57237 -1.48696 0.0247RNA
NM_001005234 OR1L3 6.00336 6.51749 -0.51412 -1.42812 0.00028 mRNA
AJ420500 SOX4 5.82488 5.31805 0.50683 1.42092 0.01984 mRNA
OTTHUMTO0000003370  ------- 5.49779 5.99039 -0.49259 -1.40697 0.00089 INncRNA
NONHSAT005224 RP5965F6.2 5.95182 5.46229 0.48953 1.40398 0.00067 IncRNA
XM_294900.1 AL832615 5.93299 6.41925 -0.48626 -1.40080 0.00036 mMRNA
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25 BC127843 PET100 6.50932 6.99539 -0.48607 -1.40062 0.03033 mMRNA

Table 1. The list of 25 significantly differentially expressed salivary exRNA biomarkedidates between gingivitis

and clinically periodontallyealthy individuals (Affymetrix HTA 2.0 microarray analysis).
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Association with disease

No. Gene Gene Accession Microarray Fold PCR slope
change
Symbol

direction p-value direction  p-value

ml SPRRIA NONHSAT006501.2 - 0.044 - <0.001
m2  Inc-TET32:1 NONHSAT071649 + <0.001 + <0.001
m3  RP5865F6.2 NONHSAT005224 + <0.001 + <0.001
m4  LGALS3 NR_003225 - 0.025 - <0.001
m5  GALNT10 NM_198321 + <0.001 + <0.001
m6  SOX4 AJ420500 + 0.020 + <0.001
m7  FAM25A NM_001146157 - 0.023 _ 0.003

m8  AL832615 XM_294900.1 - <0.001 NS* 0.867

m9  SLPI NM_003064 - 0.049 NS* 0.088

m10 CRCT1 NM_019060 - 0.046 - <0.001

*NS- nonsignificant

Values reported as direction of effect ahd pvalue for statistical significance

Table 2.Concordance of the 10 salivary exRNA biomarker changes with initial microarray data.
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m2

m3

m4

m5

m6

Gene symbol

Gene Accession

SPRR1A

Inc-TET3-2°1

RP5965F6.2

LGALS3

GALNT1O

AJ156166

SOX4

NONHSAT006501.2

NONHSAT071649

NONHSAT005224

NR_003225

NM_198321

AJ420500

Function/Biological Role

epidermatitis development, keratinocyte
differentiation and keratinizatiofGibbs et al. 1993,
Stemmler et al., 2009)

assessment ofi¢ regenerative potential of injured
neurongStarkey et al., 2009)

a member of the tealeven translocation (TET) gene
family, that plays a role in the DNA methylation

procesgLangemeijer et al., 2009)

has not been reported yet in the publications.

a member of the galectin family of carbohydrate
binding proteins that play a role in apoptosis, innate
immunity, neutrophil, eosinophil & macrophage
chemotaxis and negative regulation of endocytosis;
antimicrobial activity against bacteria and fungi
(http://www.genecards.oygRaz et al., 1991)
association with increased risk for rheumatoid
arthritis (Atabaki et al., 2017)

Homo sapiens putative tumor suppressor mRNA
(https://www.ncbi.nlm.nih.gov/nuccorgBoultwood
et al., 2000)

apoptosis pathway leading to cell death as well as to
tumorigenesis;

mediation of downstream effects of parathyroid
hormone (PTH) and PTklated protein (PTHrP) in
bone developmerghttp://www.genecards.orp)

obesity and type 2 diabetes (Ragvin et al., 2010)

airway inflammation (Kuwahara et al., 2012)
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http://www.genecards.org/cgi-bin/carddisp.pl?gene=LGALS3�
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m7 FAM25A NM_001146157 ¢ inflammation and infectious disease, decrease in
immune respons@Vang et al., 2014, Mauritz et al.,
2010, Deloukas et al., 2004)
m10 CRCT1 NM_019060 ¢ linkage to esophageal can¢&u et al., 2016and
oropharyngeal squamous cell carcinorgiasterson
et al., 2015)
e early Alzheimer's diseagelated stagegRarra-
Damas et al., 2014)
e promotion of tumor cell apoptosis and upregulation
of the expression of apoptosislated proteins (Wu et
al., 2016)

Table 3.Descriptionoffunctions and biological roles of validated exRNAs for gingivitis.

Figure legends

Figure 1. Study design flow chart.
Figure 2. Comparison of the Gingival Index and the Plaque Index scores over time.

Figure 3. Validation of HTA 2.0 Affymetrix array profiling results by RJPCR. A plot presenting the fold changes
and 95% confidence interval (Cl) for each of 10 salivary exRNA biomarkers on the log bealefor the following

periods: baseline 6 weeks, 3 weekb weeks and baselire3 weeks.
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Figure 4. Performance of salivary exRNA biomarkers to classify gingivitis from healthjests with no periodontal
disease [baseline to 6 weeks], [4 exRNAs: SPRRDA), INcTET3-2:1 (m2), FAM25A (m7), CRCT1 (m10)] [0.91
AUC, 71% sensitivity, 100% specificity].

Supplementary Figure/1.Clinical evaluator investigation over time (at screening, baseline, 3 and 6 weeks).

Supplemental Figure 2.Statistically significanbverall trends for each of the 8 validated salivary exRNAs across all 3

time points (at baseling, 3 & 6 weeks).

This article is protected by copyright. All rights reserved



STUDY DESIGN

I. ENROLLMENT M. YALIDATICN PHASE

amspective cilleivm ol szliva thon 550 sahjes (PReTS design J0mee gt palicres

lselectlcm crltevla

Laboratovlal stage
RIEES aamples o |

ulislaluoval,
visual sigrs el

Tneluslon erirerla
s gnluiede Lape Il e
et long Lo s il
Toxelusinm eriteriuz smedrg,
apraiemre disenses, ansmahle dink

{

T AF [T AR 5
CRICE{N 2, I Ny l_ Toxalusiim cr

Il DISCOVERY PHASE LRt

o . e
soné & prriadretd  benlrhy ik sers Faous Leaeans, Jeud e sl vl
!

verr s L. goder

A G, DnpeLnad sl AR - e ol Filaalicg

o Lraker Fant <l o) IRERTRY ] " s Ines
) limetiom, e i ikl .
Selection criteria FEIR 21l o, Frach ot gl
ol Il

s the: i srds i
Ranadeigizaliva

PE Pl B
e carires

jcpe_12930_f1.tiff

Author I\/Ianuscrip

This article is protected by copyright. All rights reserved



Gingival index (mean, 95% {1} Plague index (mean, 95% C1)
28 P

Ra7] I

2% =

4 T

1k re|

PFlague index

o Baseline week 3 week B ' Baseline weeli 3

jcpe_12930_f2.tiff

Author Manuscript _

This article is protected by copyright. All rights reserved

b

week 6



prm———
narkerl e
—_—
mzrkerd
markerd e — .
markerd
merkerh -
B
e —
arkers
mzrker?
markerdl |
marked A I —
= Bassline - 8 wanks
Tigrker D ————— " Swesk -Swesks
- ~ Bassline - 3 waeks
k| & 4 2 ] 2 £ [

Ayerage fold change [25% CI)

jcpe_12930_f3.tiff

Author Manuscript

This article is protected by copyright. All rights reserved



Gingivitis vs Healthy Model: Four RNA Markers (m1, m2, m7, m10)

= y g ! e

@
=]

L RS S
[~

SENSITIVITY

0.4

0z

T T T t T T T
<02 0.0 0.2 0.4 06 08 1.0 12
1-SPECIFICITY

jcpe_12930_f4.tiff

Author Manuscript

This article is protected by copyright. All rights reserved



