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Abstract

Objective—To determine the utility of oral fluids for assessment of coronary and cardiovascular
(CVD) health.

Study Desigh—Twenty-nine patients with pre-existing CVD disease underwent an invasive
cardiac procedure (alcohol septal ablation or percutaneous coronary intervention) and provided
unstimulated whole saliva (UWS), sublingual swabs (LS), gingival swabs (GS) and serum at 0, 8,
16, 24, 48 hr. Concentrations of 13 relevant biomarkers were determined and correlated with
levels in serum and the oral fluids.

Results—Concentrations of the majority of biomarkers were higher in UWS than LS and GS.
Coronary and CVD disease biomarkers in UWS correlated better with serum than LS and GS
based on group status and measures of time effect. Seven biomarkers demonstrated time effect
changes consistent with serum biomarkers, including C-reactive protein and troponin 1.

Conclusions—Changes in serum biomarker profiles are reflected in oral fluids suggesting that
oral fluid biomarkers could aid in the assessment of cardiac ischemia/necrosis.
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Whole saliva is a unique fluid standard deviation derived from the major and minor salivary
glands. Its composition of organic and inorganic molecules, exfoliated cells, and microbes
makes it a rich resource for the assessment of health. Its diagnostic capacity has been
documented for nearly forty years! and reviewed in many papers.2-® Boosted by recent
funding from the National Institutes of Health, proteomic studies have revealed more than
1000 proteins and 19,000 unique peptide sequences in saliva.”- 8 Yet, clinical utility for
salivary diagnostics relative to the assessment of systemic disease has remained elusive.?-14

Use of oral fluids to assess aspect of systemic diseases, including cardiovascular disease
(CVD) is an area of interest to many investigators.1> Advantageous to scientists, several
serum biomarkers associated with inflammation, atherosclerosis, plaque stability and
myocardial damage are known and can appear in oral fluids.16-21 However, a factor not yet
well understood is which oral fluid would best reflect serum levels of these important
biomarkers. To address this, we hypothesized that unstimulated whole saliva (UWS) would
reflect myocardial status better than sublingual swabs (LS) or gingival swabs (GS). We
investigated this hypothesis using a unique set of patients who presented with a pre-existing
CVD (i.e., hypertrophic cardiomyopathy [HCM] or coronary artery disease [CAD]) and
were scheduled for an invasive cardiac procedure (alcohol septal ablation [ASA] or
percutaneous coronary intervention [PCI], respectively). We predicted that these conditions
and procedures would result in a spectrum of serum levels of CVD biomarkers with
significant spikes during the post-operative phase that would increase the probability that
these biomarkers would appear in oral fluids. In previous studies, serum levels of troponins
(Tn)I, creatine kinase (CK) and CK-MB have significantly increased in concentrations
among patients undergoing ASA.22: 23 |n addition, both matrix metalloproteinase (MMP)-9
and B-type natriuretic peptide (BNP) have demonstrated distinct biomarker trends in serum
during the first 48 hours following ASA.24 25 Here we report the novel findings that all
three oral fluids contained detectable levels of CVD biomarkers, with seven biomarkers in
UWS demonstrating time effect correlations with serum.

METHODS

Patients

Patients were eligible for study participation if they underwent ASA as treatment for HCM
or PCI for coronary artery disease at the University of Kentucky Chandler Medical Center
between May 1, 2007 and May 31, 2011. Diagnosis of obstructive HCM was based on
established clinical and echocardiographic criteria. At our institution, ASA is performed for
patients with HCM if they have severe symptoms (dyspnea, New York Heart Association
(NYHA) heart failure class 11l to IV, Canadian Cardiovascular Society (CCS) anginal class
310 4, or recurrent exercise-induced syncope) and are refractory to medical therapy with left
ventricular outflow tract gradients (L\VOT) at rest >30mmHg or with provocation =50
mmHg. Criteria for undergoing PCI were consistent with current guideline
recommendations and included those patients suffering from an acute coronary syndrome
(ACS) or with chest pain found to have coronary arteries containing blockages of >70%
stenosis considered to be the culprit lesion by the angiographer. Exclusion criteria included
age less than 18 years, unable or unwilling to provide informed consent or provide samples,
recently treated with chemotherapeutic drugs, anti-organ rejection drugs, or significant
immune modulators within the last 3 months or during the course of the study, febrile illness
or active infection at the time of enrollment, or were pregnant. Once screened, 21 patients
treated with echocardiography-guided ASA and 10 patients treated with PCI were enrolled.
Written informed consent was obtained from all patients before their procedure, and the
study was approved by the University’s Institutional Review Board. All study participants
were provided financial remuneration for their participation.
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Catheter ablation

PCI

In all patients, arterial access was obtained from the femoral region and coronary
angiography was performed. A transeptal puncture was made in the interatrial septum and a
catheter was advanced into the left ventricular cavity to monitor LV pressures. A coronary
guide catheter was positioned in the left main coronary artery ostium and a guidewire was
advanced into the first septal perforating artery off the left anterior descending coronary
artery. Definity® contrast was injected during transthoracic echocardiography to assess the
localization and extent of the myocardial territory perfused by the target septal perforator. A
coronary balloon was inflated at the origin of the septal perforation artery and if no leakage
occurred and the perfused myocardial segment was considered responsible for the
occurrence of the LVOT gradient, approximately 1 mL of 96% ethanol was slowly injected
through the balloon into the vessel to be ablated. The balloon was deflated 5 minutes after
infusion of alcohol. This procedure was repeated in the same or additional septal perforators
until the LVOT gradient decreased to as low a gradient as possible, ideally zero mmHg.
After the procedure, patients were monitored for 72 hours to observe for potential adverse
events. Follow-up occurred in our cardiology clinic within the next two to four weeks where
repeat transthoracic echocardiography was performed.

In all patients, arterial access was obtained from the femoral artery and coronary
angiography was performed. Prior to angiography, antiplatelet agents were administered per
guideline recommendations and once the culprit lesion was identified, patients were given
antithrombotic agents also per guideline recommendations. A PCI was performed after first
advancing a coronary guide catheter to the culprit vessel. A coronary guidewire was then
advanced beyond the culprit lesion to the distal portion of the vessel. Over the guidewire,
predilation was performed using a coronary balloon and following this, a stent was deployed
at nominal pressures. For optimal stent expansion, some lesions were treated with rotational
atherectomy and some lesions were treated with post-dilation following stent deployment.
Additional stents were deployed as necessary to adequately revascularize the culprit vessel.
Final angiography was performed to verify no peri-procedural complications from the PCI.
Patients were monitored for a minimum of 12 hours for early post-operative complications.

Serum specimens

Serum, UWS, GS and LS samples were collected from each subject at baseline and at 8, 16,
24 and 48 hours post-procedure. Unstimulated whole expectorated saliva (5 mL) was
collected according to a modification in the method described by Navazesh.26 Subjects
rinsed their mouth with tap water, then expectorated whole saliva into sterile tubes
containing a protease inhibitor solution (SIGMAFAST, Sigma, St. Louis, MO.) while seated
in an upright position. Aware Messenger™ swabs (Calypte Life Sciences, Portland, OR)
were used to collect GS and LS. For GS, one swab was rubbed along the facial aspect of the
attached gingiva along the maxillary arch from the distal surface of the second molar region
to the midline and reversed and swabbed along the opposite side over a period of 20 -30
seconds. A second swab was used in a similar manner to collect the transudate from the
attached gingiva along the buccal surface of the mandibular arch. GS swabs were dounced in
their respective collection tube, then samples were respectively combined by pipetting. For
the LS, two Aware Messenger™ swabs were placed under the tongue simultaneously and
adjacent to the sublingual salivary duct. After 2 minutes, swabs were placed into their
respective collection tubes, dounced and combined into one tube. All samples were
transported to the local laboratory on ice, centrifuged, separated into aliquots and stored at
-80°C until analyzed. Unique to GS and LS, respective tubes were frozen at -20°C for at
least 24 hr, then thawed, centrifuged, aliquoted and frozen at -80°C until analysis.
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Immunoassays

All samples were analyzed in duplicate within three months of storage. Levels of the classic
cardiac biomarkers cardiac Tnl, CK-MB, myoglobin (MYQ) and BNP were analyzed using
a Beckman Access in the hospital CLIA certified laboratory. Concentrations of serum CRP,
tumor necrosis factor (TNF)-a., soluble CD40 ligand (sCD40L), interleukin (IL)-1p, IL-6,
adiponectin, MMP-9, MPO and soluble intracellular adhesion molecule (SICAM)-1 were
determined in duplicate using Luminex® 1S100-based multiplex kits (Millipore, St. Charles,
MO, USA) according to the manufacturer’s directions in the University of Kentucky Center
for Oral Health Research laboratory. Standards were included on all runs and all results are
reported within the linearity of the assays.

Statistical analysis

RESULTS

Continuous demographic variables were presented as mean and standard deviation (SD) and
discrete demographic variables as frequencies and percentages. Biomarker levels were
presented as mean and SD by fluid and patient group. The two sample t-test was used to
compare means between the groups for each fluid type. Similar results were obtained by
basing the comparisons on the Wilcoxon rank sum statistic (results not shown). To
determine if mean levels of a biomarker varied with time a linear mixed model for a single
group repeated measures design was constructed. All statistical analyses were performed
using the PC SAS 9.2 (SAS Institute Inc., Cary, NC, USA) with statistical significance
determined at p<0.05 level.

Of 31 patients enrolled, 29 provided samples before and after the procedure and completed
the study. Characteristics of the 19 ASA and 10 PCI patients are shown in Table 1. The
majority of patients who underwent ablation were female, white and non-tobacco users.
Patients who received PCI were predominantly male, tobacco users and older. All were
Caucasian and alcohol use was infrequent in both groups. Over 90% had comorbid systemic
diseases. No complications occurred during the PCI or in the immediate post-operative
period. In 8 of 19 septal ablation patients complete heart block developed in the immediate
post-operative period necessitating placement of a permanent pacemaker.

Baseline biomarker levels in serum and UWS provide insight into clinical utility

Samples procured at baseline from the two groups were analyzed for 13 biomarkers
associated with CVD to identify which oral fluid demonstrated clinical utility. Here we
predicted that the pre-existing CVD would provide a spectrum of relevant biomarker levels
in the baseline samples. Table 2 shows the serum, UWS, GS and LS concentrations detected
at baseline in each group. Overall the mean concentrations displayed by the ASA patients
were similar to those of the PCI group, except for serum BNP. Mean serum levels of
adiponectin, BNP, CK-MB, CRP, IL-6, MMP-9, MPO, MYO, TNFa, sCD40-L and
SICAM-1 were significantly higher (ranging from 2- to more than 20,000-fold) than
concentrations in most oral fluids (p<0.001). Only IL-1p in UWS was higher in
concentration than serum, whereas Tnl approximated serum levels in UWS, and GS levels
approximated serum levels of IL-6. In general, the majority of biomarker concentrations in
UWS were higher than those in GS and LS regardless of the CVD group, with the exception
of CRP which was near equivalent in GS and UWS.

Figure 1 shows the mean baseline concentrations of the 13 biomarkers for the entire study
population. Here the relative magnitude differences in biomarker levels are evident with
UWS consistently providing significantly higher biomarker concentrations (1 to 4 logs
higher) than the other oral fluids (p<0.001), with the exceptions of MYO (UWS vs. LS),
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MMP-9 (UWS vs. GS), and MPO (UWS vs. both GS and LS). These data thus indicate that
the swab samples provided similar concentrations as UWS for select biomarkers.

UWS is a better fluid for identifying biomarkers of ablation than LS and GS

While the baseline concentrations of the targeted biomarkers were generally higher in UWS
than LS and GS, we were interested to know which oral fluid displayed concentrations
consistent with serum concentrations reflective of myocardial damage. To this end, we
analyzed the time effect profile of the biomarkers in both CVVD groups, but present data
from only the ablation group in that the ablation procedure induced greater myocardial
damage and more significant time effect changes than the PCI. Five time points were
analyzed; one immediately before the ASA/PCI and then at 8, 16, 24 and 48 hr after the
procedure. As shown in Table 3, nine serum biomarkers displayed significant kinetic
patterns associated with the ASA procedure. In serum, the cardiac enzymes (CK-MB, MYO,
Tnl) as well as IL-6 and CRP displayed significant relationships with time. Of the oral
fluids, UWS was most reflective of the kinetic relationship in serum, with 8 biomarkers
displaying a significant time effect. In contrast, GS displayed only six biomarkers with time
effect and LS displayed only three. Biomarkers that were consistent in displaying a
significant time effect in both serum and UWS were: IL-6, MMP-9, SICAM-1, sCD40-L,
CRP, Tnl and adiponectin. Significant time effects in both serum and GS occurred with
IL-6, MMP-9, CRP and adiponectin. Only CK-MB and Tnl showed significant time effects
in both LS and serum.

DISCUSSION

The diagnostic workup for the identification of CVD utilizes many strategies including
medical history, physical examination, serum biomarkers, stress testing, electrocardiogram
and advanced imaging technologies. Of these, blood tests provide insight into biological
aspects of CVD including signs of inflammation, atherosclerosis, plaque stability and
myocardial necrosis. In as much as serum analytes enter the oral cavity through diffusion
and ultrafiltration at the level of the acinar cells?’, mucosa and periodontal sulci?8, we
sought to determine which oral fluid might reflect levels of serum biomarkers of CVD
status. Our analysis of more than 500 specimens obtained from collection of serum and three
oral fluids from 29 patients with pre-existing CVD demonstrated that the majority of 13
biomarkers of CVD are in highest concentration in UWS. In addition, we found that UWS
provides a time effect biomarker profile more similar with serum than LS and GS, and select
biomarkers associated with myocardial necrosis are evident in oral fluids.

The collection of saliva is advantageous for being noninvasive, rapid and easy to perform by
minimally trained personnel. Moreover, saliva’s content of many analytes derived from
serum makes it a potentially powerful tool for screening, diagnosis and monitoring of
systemic conditions, including CVD. This could be important when CVVD emergencies arise
in which oral samples could be collected and analyzed during patient transport to the
hospital. Also in select CVD emergencies, patients may be unconscious dictating that the
collection of oral fluid be performed by swabbing of the mouth. We studied patients who
had HCM or CAD to help uncover which type of oral fluid would contain CVD biomarkers
of interest. These patients underwent an invasive cardiac procedure that produced either
extensive myocardial damage (/7.e., ASA) or minimal to moderate damage (PCI) that
provided a spectrum of CVVD biomarker levels. In our studies, each of the oral fluids
contained detectable levels of CVD-associated biomarkers; however, UWS displayed better
characteristics than GS and LS. Specifically, concentrations were higher and the time effect
displayed in serum was more similar with UWS than the other fluids.
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A promising finding of this research was that the serum cardiac enzymes, representative of
cardiac damage, displayed time effects in oral fluids. Here, Tnl in UWS and LS, and CK-
MB in LS demonstrated a time effect relationship similar to the changes observed in serum.
Although there are no comparative studies performed in ablation or PCI patients, similar
findings were reported by Mirzaii-Dizgah et al. who observed that salivary CK-MB reflected
well with serum values in patients who had suffered an acute myocardial infarction.2
Although population and methodological differences are apparent between these two
studies, both findings provide proof-of-principle that cardiac enzymes appear in oral fluids
and can reflect ongoing cardiac damage.

Significant time-effects in serum were also observed in UWS, and to a lesser extent with
GS, for adiponectin, CRP, SICAM-1, sCD40L. Promising results were also observed with
Tnl, IL-6 and TNFa in UWS. These findings indicate that CVVD changes associated with
atherosclerosis, inflammation and myocardial damage produce a diverse picture of
biomarker concentrations, and monitoring of these processes using compartmentalized
biological fluids (7.e., serum and oral fluids) could have benefit in the context of the clinical
presentation for understanding the kinetics of infarction and post-infarct complications.
Also, while our data suggest that UWS is a better fluid than GS and LS, these data should be
considered preliminary and interpreted with caution. Several sensitivity issues still need to
be addressed. For example, all samples were frozen and thawed prior to analysis, and the
effects of freeze-thawing on concentrations of these biomolecules in oral fluids are not well
known. Second, the time-effect analysis presented in this report lacks the sensitivity to
detect individual time points that may be significantly different from baseline; thus we plan
to explore this issue in future analyses. Third, a specific biomarker may demonstrate a sharp
peak in concentration that occurs between the assessed time points, and the time-effect
analyses performed would fail to address this possibility. Lastly, our study population was
not healthy thus the utility of these fluids should be further analyzed in healthy controls and
in non-cardiac patients for a more specific documentation of the value of these oral fluid
analytes in monitoring CVD and/or cardiac events.

Our findings suggest that oral fluids contain CVD biomarkers that have the potential for
identifying patients who have suffered myocardial ischemia/necrosis. The data support UWS
as a fluid for CVD biomarker detection; however GS/LS could also yield important
information regarding select biomarker levels. Additional studies are needed to help validate
this panel for the assessment of CVD-related disorders.
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Figure 1.

Analyte concentrations by fluid category and biomarker groups: A) Myocardial damage, B)
inflammation-associated, C) acute phase protein and proteinases, D) lipid metabolism and
atherosclerosis. Bars represent mean values (ng/mL, natural log) and mean standard errors
for the entire study population except for BNP, IL-1pB, IL-6, TNFa, sSCD40-L that are pg/mL
as indicated with T. Significant differences between concentrations (p<0.05) are indicated by
different colored bars as determined by t-test.
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Demographics of the study population.

Ablation PCI
N=19 N=10

Age (yrs, mean +/- SD) 58.58 +/- 13.41 | 66.1+/-9.31
Female (%) 63.2 10
White (%) 100 100
Current Tobacco Use (%) 47.4 60
Current Alcohol Use (%) 10.5 0
PreviousM1 (%) 15.8 60
Comorbid conditions™ 94.7 90

*

Most common comorbidities were hypertension, coronary and peripheral artery disease, diabetes mellitus and cardiac arrhythmia.
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P values of biomarkers displaying time effect by fluid category after the ablation procedure.

Table 3

Biomarker Serum Uws Gingival Swab (GS) | Lingual Swab (LS)
Adiponectin 0.05029 0.00008 * 0.00190 % 0.68569
BNP 0.08779 0.28779 0.13080 0.01438
CK-MB <0.00001*" | 0.26881 0.33710 0.00190
CRP <0.00001 "7 | 0.00018* 0.00028 0.42259
IL-1B 0263657 | 0.05954 0.03847 0.72920
IL-6 <0.00001* | 001283 0.01008™ 0.97779
MMP-9 0.00079 0.03863 0.03336 0.06385
MPO 0.65702 0.07573 0616867 0.26365
MYO <0.00001% | 042032 0.48751 0.28580
sCD-40L 0.00023* | 0.00776 0.18001 0.64264
SICAM-1 002836 | oo304* 0.00256* 0.23747
TNFa 0.19329 0.01565 0.10107 0.92526
nl <0.00001*7 | 0.03975 0.87367 0.02455

Data were log transformed and analyzed using a linear mixed model for a single group repeated measures design.

*
indicates p value was < 0.01 when ablation and PCI patients combined and analyzed

findicates p value was < 0.01 when only PCI patients were analyzed
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