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Abstract:

Background:

Different host proteins play a central role in cell response during bacterial infections, the Bcl-2-Associated X protein (BAX) and
Vascular Cell Adhesion Protein 1 (VCAM-1) are often reported in infective primary events during cell injury.

Objective:

The aim of this study is to evaluate the predictive value of these two proteins as biomarkers of oral bacterial infection, with particular
emphasis on the tongue, which plays an important role in microbial homeostasis in the mouth.

Methods:

Twenty-nine patients were recruited and divided according to the Periodontal Index (CPI), 4 of them were severely compromised
periodontal patients. Oral hygiene, gingival tissues and plaque presence were evaluated clinically. The laboratory analysis carried out
on tongue tissue included: total bacterial genomes, proportion of specific periopathogens and BAX -VCAM-1 expression rate, while
Reactive Oxygen Species (ROS) were measured in saliva.

Results:

Neither tongue microbiological status nor salivary ROS level corresponded with the state of disease. VCAM-1 mRNA expression
rate was comparable in all patients but, on the contrary, BAX expression resulted high in periodontally-compromised patients and
appears related to periodontal status in the analyzed subjects.

Conclusion:

This preliminary work suggests that the BAX protein is a possible candidate in a prognostic marker study for oral diseases started by
periodontal  bacteria.  For  example,  none  of  the  evaluated  clinical  and  microbiological  parameters  could  predict  the  presence,
prognosis  or  recurrence of  periodontal  diseases.  This  biomarker could be a valuable tool  in determining the risk,  diagnosis  and
prognosis of this human illness.
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1. INTRODUCTION

Oral  biofilm-related  diseases  are  among  the  most  common  bacterial  diseases  in  human  beings  [1  -  3].  In  fact,
periodontal disease, gingival bleeding and tongue infection (in patients with halitosis) are highly prevalent among adult
populations worldwide [2, 4].  Furthermore, these bacteria are responsible for common local symptoms such as bad
breath [5] and can be involved in important systemic diseases, such as atherosclerosis and cardiovascular deficiency [6].

Periodontal pathogens are normally located on the dorsum of the tongue and then on the sides of the teeth in the
periodontal pockets of periodontal patients. In fact, the dorsum of the tongue and periodontal pocket biofilms share a
related and similar  microbial  composition,  for  example in  anaerobic  Gram negative  species  [7  -  9]  and therefore  a
spread of tongue- periodontium bacteria, via saliva, could be possible in the same subject [10, 11].

To  date,  the  diagnosis  of  periodontal  diseases  (including  halitosis)  has  been  concentrated  on  clinical  and
microbiological analyses mainly on the bacterial side of the disease. Recently the principal periopathogens have been
identified  with  high  levels  of  specificity  be  means  of  Polymerase  Chain  Reaction  (PCR)  base  procedures  [12].
However,  these  methods  are  unable  to  determine  preclinical  stages,  sufficient  disease  prognostic  indexes,  or
recurrence/risk factors. In this context, host cell response showed a most important role during the infective process [13]
and  in  this  perspective,  different  authors  have  suggested  that  some  proteins  involved  in  apoptosis  and  in  adhesive
processes may be an important initial event in the microbial pathogenesis [14, 15].

VCAM-1 is a cellular membrane protein that mediates the adhesion of leucocytes to endothelial cells. This sialo-
glicoprotein is expressed in incipient lesions [16]. Weglarz et al. reported an increased expression of VCAM-1 induced
by the lipopolisaccharides of Desulfuvibrio desulfuricans (a rod-shaped, anaerobic, gram-negative bacterium) but no
other studies have been conducted on the role of this protein on oral bacterial diseases [17]. On the other hand, BAX
(Bcl-2-Associated  X  protein)  is  known  to  induce  cellular  apoptosis.  In  vitro  studies  have  demonstrated  that
Pseudomonas  aeruginosa,  Chlamydia  spp.,  Helicobacter  pylori  and  Mycobacterium  tuberculosis  induced  a  hyper-
expression of BAX, hypothesizing that the apoptosis served as a defense mechanism against these bacteria [18, 19].
Insufficient  evidence  can  be  found  regarding  the  role  of  BAX in  oral  inflammation.  Based  on  this  evidence,  other
authors have hypothesized that oral pathogens could also induce apoptotic stimulation, for example, during the shift
from commensal to pathogen in tongue biofilm microbiota. Consequently, they could increase the expression of these
proteins, which in turn could function as incipient inflammation diagnostic parameters.

The aim of the present study is to evaluate the levels of VCAM-1 and BAX protein production of epithelial cells
from the dorsum of the tongue in the presence of oral pathogens and to investigate the possibility of using these markers
for the detection of early stages of oral diseases.

2. MATERIALS AND METHODS

2.1. Patient Selection

Twenty-nine (29) subjects from the Clinical and University Dental Department of Cagliari,  Italy were recruited
based on the following inclusion criteria:

No systemic diseases;
Presence of at least 20 teeth (minimum 5 teeth per quadrant);
No oral lesions;
No removable prostheses;
No history of pharmacotherapy which could influence the outcome of the study;
No use of medications in the 6 months prior to treatment.

For each subject, the assessment of the oral status was performed by means of these clinical parameters:

Oral hygiene (poor, moderate, good, excellent);i.
Gingival tissues evaluated by means of a 2-score scale (0-pink gingival tissues, 1-red edematous gingiva);ii.
Periodontal status evaluated using a 4-score scale described by Ainamo et al, as CPI score, briefly: 0 = Healthy,iii.
1 = Bleeding, 2 = Calculus and bleeding, 3 = Shallow periodontal pocket 4-5 mm, 4 = Deep periodontal pocket
6 mm or more [20].
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Patients were divided into four groups:

 7 Periodontally healthy patients, CPI = 0.

 3 Subjects bleeding after probing, CPI = 1

 15 Moderate inflammatory state, CPI = 2

 4 Periodontally compromised, CPI = 3-4.

2.2. Sample Collection

Tongue biofilm and saliva samples were collected from male and female subjects (7 to 61 years old), recruited from
the Department of Dental Disease Prevention (AOU Cagliari).

For each patient, approval was obtained, and informed consent was given by patients for the collection of biological
samples. The study was approved by the Independent Ethic Committee (Prot. PG/2017/16799).

Informed consent was signed prior to study initiation. All patients were instructed to rinse with sterile water 10
minutes  prior  to  sample  collection;  then,  to  spit  saliva  directly  into  a  50  ml  “Falcon”  model  tube  (Thermo  Fisher
Scientific, Carlsbad, CA, USA) for the evaluation of the oxidative stress of the oral cavity cells. Afterward, two groups
of  samples  were taken from the tongue dorsum using a  single-use minibrush.  Sample collection from this  site  was
performed based on the evidence that the dorsum of the tongue serves as a reservoir for periopathogens [21]. One brush
was placed in 70 μl of DMSO (Dimethylsulfoxide, Carlo Erba, Milano, Italy) and further utilized for the detection of
periopathogens. The other brush was placed in 500 μl of TRIzol® (Invitrogen, Thermo Fischer, Carlsbad, CA, USA) for
the  extraction  of  human  RNA  and  further  analyses  of  gene  expression.  The  former  specimen  was  analyzed  with
quantitative and qualitative PCR- based methods to determine the total bacterial count and the proportion of specific
periopathogens:  Aggregatibacter  actinomycetemcomitans,  Prevotella  intermedia,  Porphyromonas  gingivalis,
Tannerella  forsythia,  and  the  latter  for  the  expression  of  VCAM-1  and  BAX  genes.

2.3. Molecular Analysis

As previously described, molecular analysis was focused on the detection of:

The salivary antioxidant concentration;1.
VCAM-1and BAX expression levels of tongue cells;2.
The periodontal pathogen profile of the tongue biofilm.3.

The antioxidant level in saliva was measured by a spectrophotometric procedure with Sat Test, (mf ODONTOVIS
Farmantis, Parma, Italy) following the manufacturer’s instructions. Saliva antioxidant status was expressed as mEq/L of
vitamin  C  [22].  BAX  -VCAM-1  gene  expression  was  performed  by  RT-real  time  PCR.  All  PCR  primers  for
quantification of VCAM-1/BAX expression were designed on the GenBank sequences: NM 004324, for BAX; NM
080682 for VCAM-1 gene and NM 001101 for reference housekeeping gene (Beta-actin). The primer sequences were
5’-3’:

BAX: F-GCTTCAGGGTTTCATC; R-CCTTGAGCACCAGTTT;
VCAM-1: F-ACCACCCCAGAATCTA; R-GAGGGCCACTCAAAT;
Beta actin: F-GCATGGGTCAGAAGG, R-AGGCGTACAGGGATAG.

Where: F = forward oligos and F = reverse

These  primer  pairs  spanning  293  to  297  bp  segments  were  designed  by  standard  procedures  described  in  the
literature [12]. All primer pairs were checked for their efficiency on serial dilutions of cDNA. Quantitative RT PCR was
essentially  as  previously  described  [23].  Retro-transcription  was  carried  out  by  using  the  ImProm-II  Reverse
Transcriptase  Kit  (Promega,  Fitchburg,  WI,  USA).  Quantitative  real  time  PCR  was  performed  in  a  Light  Cycler
apparatus  (Roche,  Basel,  Switzerland)  by  using  the  Light  Cycler  DNA-Master  SYBR  Green  I  Kit  (Roche,  Basel,
Switzerland). Relative gene expression was analysed by using the 2-ΔΔCT method [24 - 26]. Molecular microbiological
analysis for the periodontal pathogens of the tongue by conventional PCR was performed with the method described by
Orrù et al. [12], and using 1μl of DMSO suspension. All RNA samples were measured with the quantitative method
(Qubit® RNA HS Assay Kit, Lifetechnologies, Carlsbad, CA, USA) according to the manufacturer’s instructions.
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2.4. Statistical Analysis

The absolute quantification of total bacteria with real time PCR was performed by Escherichia coli standard curve
following a previously published protocol [27]; linear correlation R2 ranged from 0.97 to 0.99. For each analysis, three
distinct biological replicas were made and quantitative data were expressed as mean ± SD. Values of changes in gene
expression above 2 or below 0.5 were considered significant.

3. RESULTS

3.1. Comparison of Tongue Biofilm Amount with Antioxidant Response in Saliva

The total bacterial count was evaluated in healthy and periodontally-compromised patients. Absolute quantification
revealed that the total  bacterial  count varied significantly between the analyzed subjects,  from 5 × 104  to 3.4 × 108

bacterial genomes /µl DNA extract (Fig. 1).

Fig.  (1).  Antioxidant  levels  in  saliva,  in  29  subjects  sorted  by  tongue  bacteria  amount.  The  rhomboidal  dots  represent  the
periodontally-compromised patients (CPI score ≥ 3).

The  results  suggested  that  tongue  biofilm  amount  or  periodontal  condition  did  not  show  any  correlation  with
salivary stress. In fact, the salivary oxidative stress was quite constant between healthy and periodontally- compromised
subjects, although the latter presented a higher total bacterial count, P > 0.01 (Fig. 1).

3.2. Periopathogens, Periodontal Status and Oxidative Salivary Stress

The  greatest  prevalence  of  periopathogens  in  these  samples  was  found  for  Tannerella  forsythia  and  Prevotella
intermedia,  (Table  1).  One  patient’s  tongue  was  shown  to  be  infected  with  low  Leukotoxic  genotype  652  of
Aggregatibacter actinomycetemcomitans.  T. forsythia  was the most  prevalent  periopathogen,  present  in 92% of the
samples.  These  results  are  in  accordance  with  a  previous  study  on  the  frequency  of  periodontal  bacteria  found  in
Sardinian  patients  [12],  even in  healthy subjects,  suggesting the  possible  existence  of  low pathogenicity  clones.  In
accordance with Socransky’s previous findings, P. intermedia was detected in 25% of patients, 20% and 57% in healthy
and periodontally-compromised subjects, respectively (Table 1) [23, 28]. The presence of these bacterial species in
healthy subjects may suggest the existence of a commensal status of oral microbiota where this bacterial count has not
reached the critical mass necessary to express pathogenicity, or following the absence of high pathogenicity clones. It
was noticed that patients resulting positive for P. intermedia, were positive for T. forsythia as well. It was also observed
that the periodontal condition was not related to either tongue periodontal bacteria profile, or to salivary stress.
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Table 1. Results of classic PCR according to patients’ periodontal status.

CPI P.g. P.i. A.a. T.f. mEq/L Vitamin C Saliva
- - - - - Value Mean Median

4 Pos Pos - Pos 1812 - -

3 Pos Pos - Pos 3469 - -

3 - - - Pos 2692 2266 2252

3 - - - Pos 1093 - -

2 - - - Pos 2235 - -

2 - - - Pos 1637 - -

2 - - - Pos 2293 - -

2 Pos - - - 2576 - -

2 - Pos - Pos 4587 - -

2 Pos - - Pos 1369 - -

2 - - - Pos 2547 - -

2 - - - Pos 2343 - -

2 - - - Pos 1958 2358 2293

2 - Pos - Pos 1470 - -

2 - - - Pos 3208 - -

2 - - - Pos 2561 - -

2 - - - Pos 1623 - -

2 - - - Pos 3317 - -

2 Pos - - Pos 1652 - -

1 - - - Pos 2504 - -

1 - - - Pos 2409 2409 2143

1 - - - Pos 1500 - -

0 - - - Pos 1877 - -

0 - Pos Pos Pos 3049 - -

0 - - - Pos 2402 - -

0 - Pos - Pos 1645 2323 2323

0 - Pos - Pos 2917 - -

0 - - - - 2323 - -

0 - - - - 2307 - -
Legend: P.g. (Prophyromonas gingivalis), P.i. (Prevotella intermedia), T.f. (Tannerella forsythia), A.a. (Aggregatibacter actinomycetemcomitans).
Pos = detectable DNA, [> 100 copies /ul].

3.3. Expression of VCAM-1 and BAX Genes

Of the total 29 subjects recruited, four resulted as being periodontally-compromised. RT PCR analysis performed in
RNA samples from tongue samples showed that VCAM-1 gene was not expressed in periodontal or in healthy subjects
(data not shown), while a significant motif was detected with the real time PCR of BAX gene in these patients. Fig. (2)
shows the list of patient rankings according to a different scale of periodontal index (CPI score) evaluated with BAX
gene expression (fold of housekeeping gene B-actin). The results show an increase in media end median values in gene
expression from healthy to periodontally- compromised patients. For example, the severely compromised periodontal
patient (PZ 1, CPI = 4, Table 1), showed the greatest BAX expression value, 21 fold in comparison with housekeeping
gene, while the control healthy patient (PZ 26) showed a BAX expression of 1.
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Fig.  (2).  BCL2  Associated  X  (BAX)  gene  expression  pattern  in  29  subjects  ordered  by  periodontal  status  (CPI  from  0  to  4).
Horizontal line - represents the median, while X = media values for each group. The patient with the worst clinical parameters (CPI =
4) showed the highest BAX expression value.

4. DISCUSSION

The results obtained in this study are restricted to a limited number of patients followed as a cohort. Even though
this was a limit, the present protocol could be used for subsequent studies investigating the possibility of using genetic
expression as a biological marker for the prognosis of oral diseases caused by periodontal pathogens. It is a fact that up
till  now,  even  the  most  advanced  microbiological  diagnostic  tool  normally  used  for  microbiological  analysis,  for
example, PCR real time, is unable to identify the preclinical stages of periodontal diseases [23, 27 - 30] or to predict an
incipient risk for this illness. This is determined by the fact that in biofilm related diseases: (1) the pathogenicity of a
biofilm depends on a bacterial count of pathogens that overpasses the critical count/mass, (2) for pathogens that have
the same critical count/mass, the virulence of the biofilm depends on clonal populations of different pathogens [31], and
(3) there are different levels of individual susceptibility consequent to the interaction between genetic and behavioural
factors [32 - 34] . The etiologic diagnosis of infection on the dorsum of the tongue is important not only for the risk that
the related biofilm could present for possible periodontal infection, but also because some authors have suggested that
the systemic dissemination of these pathogens, albeit accidental, i.e. tongue scraping, could become a risk factor for
cardiovascular infections [35, 36]. This study was based on the hypothesis that biochemical signals released from host
cells  during  infection  could  have  a  prognostic  function  in  the  characterization  of  the  tongue’s  pathogenic  biofilm.
Qualitative microbiological analyses for the detection of specific pathogens did not correspond to a presence of oral
disease, as pathogens were also detected in healthy patients (albeit in smaller amounts), which is in accordance with
previous studies [37, 38]. The presence of these bacterial species in healthy subjects may suggest the existence of no
pathogenic stages in the tongue biofilm, where the bacterial count or its pathogenic potentiality has not reached the
critical mass necessary to express pathogenicity. For example, T. forsythia was the most prevalent periopathogen in this
study, present in 92% of the samples from both healthy and diseased patients.  This result  is  supported by previous
studies on the frequency of periopathogens found in Sardinian patients, even in healthy subjects, suggesting the possible
existence of low pathogenicity clones [12]. It was noticed that most patients resulting positive for P. intermedia, were
positive for T. forsythia as well. It was also observed that tongue infection was not related to periodontal condition and
oral  hygiene.  The  same  result  was  obtained  from the  quantification  of  salivary  anti-oxidants.  Of  the  two  analysed
genetic markers (VCAM-1, BAX), VCAM-1 was not present in the samples examined. It can be speculated that this
protein  is  probably  expressed  in  the  incipient  stages  of  bacterial  colonization,  which  is  a  hypothesis  that  could  be
evaluated in the future in vitro and in vivo studies. On the other hand, BAX expression was greater in infected patients.
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The extended range of expression values of BAX in these patients may be related to the different critical mass of the
high pathogenic periopathogens present in the respective tongue biofilms. This hypothesis may justify the distribution
of tongue biofilm (bacteria/samples) in subjects ranked according to BAX gene expression. The results show that the
regression of tongue biofilm and expression of BAX genes go in opposite directions. If this could also be confirmed
even by other studies, it might suggest the protective role of non-pathogenic tongue biofilm on cell health. These results
are in accordance with previous studies reporting the important physiological role of bacterial biofilm in modulating
taste [39].

Two critical points are present in this study: the first is characterised by the low number of samples analysed, while
a second limit, in our opinion, is the fact that the study was restricted to just one region (tongue) of the oral tissues. In
fact, we have speculated on the need for further studies/experiments to investigate the probably interesting role of the
Bcl-2 associate X protein as a biological indicator of pathogenic biofilm on the tongue and on other tissues, i.e. gum and
periodontal region. In fact, as demonstrated by other microbiological studies, the presence of this protein is strictly
related to host cell injury during bacterial infection, for example, as an apoptotic activator [40, 41]. In this context Bcl-2
could reveal the presence of an altered microbiota in the oral tissues, with a great presence of pathogenic anaerobes able
to damage the epithelium of the tongue, as well as other oral tissues, such as, for example, the periodontal district.

CONCLUSION

Until  now,  proteomics  and  genomics  have  served  as  the  major  biological  tools  in  comprehending  periodontal
disease. This work provides a further suggestion for some new approaches. In particular, the study of the oral tissues of
mRNAs related to cell damage could be a valid tool for periodontal disease prediction and control.

Links/Footnotes

 Human gene Database (BAX) = https://www.genecards.org/cgi-bin/carddisp.pl?gene=BAX

 BAX on wikigenes = https://www.wikigenes.org/e/gene/e/581.html
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