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Abstract

Background: smoking cigarettes is linked to numerous systemic and oral
diseases, and affects both innate and adaptive immunity. Host defense
peptides, often known as antimicrobial peptides (AMPs), are components of
the innate immune system, classified as chemically active oligopeptides toxic

to harmful microbes.

Aims: The goal of this research was to shed light on the effect of cigarette

smoking on the production of host defense peptides in periodontitis patients.

Methods and Materials: Eighty-five participants were included in this
study. Periodontal health assessed by: PLI, GI, BOP, PPD and CAL. Saliva
samples were collected from all subjects. ELISA was carried out to estimate
the levels of beta defensin and cathelicidin. Statistical analysis was performed
using SPSS version 24. The ANOVA parametric test was used to determine
and detect the differences between independent study groups, and the Tukey
honestly significant difference (HSD)/post hoc test was performed to
determine if there is any statistical connection between two data sets
(intergroup comparison).

Results: The study findings showed both smokers and non smokers with
periodontitis had considerably greater levels of beta defensin and cathelicidin
than healthy controls. There was statistically significant reduction in beta
defensin between smokers and non smokers (p<0.001); whereas no
significant differences found between smokers and non smokers regarding

cathelicidin level.

Conclusions: These findings suggested that, in the context of periodontal
diseases, smoking can affect the protein levels of beta defensin but not the

levels of cathelicidin.
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INTRODUCTION

Periodontal diseases have an array of
inflammatory conditions that eventually
cause tooth loss by affecting the gingiva,
periodontal ligament and bone and being
implicated in systemic inflammation [1].
Periodontitis is a chronic multifactorial
inflammatory illness characterized by
dysbiotic dental biofilms. Bacterial biofilm
proliferation increases following altered
homeostasis within the oral cavity [2],
eventually, inflammation and disease arise as
a result of the interaction between these
microbiota and immune defense systems.
The key molecular pathways in the
pathogenesis of the periodontal diseases have
been identified and are connected to
activation of host-derived mediators that
allow for apical down growth of the bacterial
biofilm along the root surface, junctional
epithelium loss, and fibers damage of the
marginal periodontal ligament [3]. Although
periodontal pathogens are the main factor
responsible for the onset of periodontitis, the
host immune response also influences disease
progression and severity [4]. Host defense
peptides (HDPs), which are also referred to
as antimicrobial peptides (AMPs), are a class
of peptides that possess multiple functions.
Their primary biological function (in vivo) is
to eradicate harmful microorganisms,
including both Gram-negative and Gram-
positive bacteria, fungi, and viral infections.
AMPs are evolutionarily  conserved
molecules that participated in several aspects
of innate immune system, found in all
complex living organisms [5, 6]
Antimicrobial  peptides (AMPs) are
positively charged, amphipathic molecules
that adopt an alpha helical conformation.
They typically consist of 12-100 amino acid
residues. Antimicrobial medications
primarily eliminate bacteria by means of
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membrane interactions [7]. This mechanism
of action varies from that of classical
antibiotics, which are bacteriostatic drugs
that target particular cellular processes,
whereas AMPs are bactericidal with multiple
potential targets apart from their membrane
disruptions features [8].

Human beta defensin (HBD) participates
in innate immune defense during health and
regulates the interaction between the
microbiota and epithelial surfaces during
disease [9]. The primary barrier against oral
bacteria, the oral epithelium, is continually
exposed to over 500 bacterial species [10].
Yilmaz et al. [11] reported that patients with
periodontitis had higher levels of salivary
HBD in comparison to healthy controls.
Cathelicidin is an important AMP in
periodontal tissues protection from microbial
insults in the oral cavity [12]. Cigarette
smoking is regarded as one of the most
significant environmental risk factors, and it
has a direct impact on both the risk and
prognosis of periodontitis [13]. It is generally
accepted that smoking has several negative
effects on periodontal tissues, including a
chronic reduction in blood flow, changed
neutrophil function, altered production of
cytokines and growth factors, inhibition of
fibroblast proliferation and adhesion, and
reduced collagen and vascularity generation
are some of these impacts [14, 15]. This study
was conducted to identify possible influences
of cigarette smoking on the release of host
defense peptides (beta defensin and
cathelicidin) in smoker and non-smoker
periodontitis patients.

SUBJECTS AND METHODS

Study design: This study was a case-
control and cross-sectional study. It was
carried out at the Department of Basic
Sciences, College of Dentistry, University of
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Baghdad, between November 2022 and
February 2023. The study was authorized by
the ethical committee at Dentistry College/
University of Baghdad (Project no 797823 in
9\2\2023).

Subjects

85 patients were enrolled in this study
[The smoker group included 30 patients who
had smoked cigarettes regularly for at least
10 cigarettes per day over the past two years
[16], the non-smoker group include 30
patients with periodontitis and the remainder
25 subjects were assigned to the healthy
control group. The inclusion criteria used in
this study including the following: Good
general health with no history of any
systemic disease; patients had periodontal
pockets that were equal to or more than 4mm
and had at least 20 or more natural teeth with
loss of attachment more than 4mm and
participants had not had periodontal therapy
during the previous six months. The
exclusion criteria used in this study including
the following: Systemic diseases which may
affect the progression of periodontal disease;
previous periodontal therapy for the last six
months; the use of antibiotics and/or anti-
inflammatory medication in the last three
months.

Sample size

With the help of the website EPITOOLS
(https://epitools.ausvet.com.au/case
controls), the appropriate size of the sample
was determined using a confidence interval
0f 95% and an error margin of 5%.

Oral Examination

Clinical examination was performed by a
specialist dentist for every subject who was
enrolled in the study. The periodontal status
of all teeth was assessed using periodontal
probe of William's graduation, the clinical
periodontal parameters were included:
Plaque index, gingival Index, bleeding on

488

probing, probing pocket depth and clinical
attachment level.

Saliva Sample collection

All participants were instructed not to eat
or drink anything (except water) for at least 1
hour prior to saliva collection. participants
were instructed to rinse their mouths
repeatedly with sterile water and wait for 1-2
minutes for the water to flow out, then up to
2 ml of whole unstimulated saliva was
collected into tubes. The collected saliva was
centrifuged at 3000 rpm for 10 minutes, and
the resultant supernatant was collected and
stored at -20°C in eppendorf tubes until
further processing.

Measurement of Salivary Beta Defensin
and Cathelicidin Levels

Beta defensin and cathelicidin
concentrations in saliva were quantified
using an ELISA according to the Kkit's
instruction booklet (Shanghai, China).

Statistical analysis was performed using
SPSS version 24. The ANOVA parametric
test was used to determine and detect the
differences between three or more
independent groups, and the Tukey honestly
significant difference (HSD)/post hoc test
was performed to determine if there were any
statistical connection between two data sets
(intergroup comparison).

RESULTS

The current study included 60
periodontitis patients and 25 subjects with
healthy periodontium as controls. The
periodontitis patient groups included 30
males and 30 females, whereas the control
group included 13 males and 12 females. The
mean age of smoker periodontitis patients
was 41.10+ 12.89 years and 35.90+ 8.86 for
non-smoker periodontitis, whereas for
healthy individuals the mean age was
34.2749.79 years with no significant



Effects of Cigarette Smoking on Salivary Peptides in Periodontitis

Al-Ghurabi et al.

differences (p>0.05) observed between them.
Moreover, clinical periodontal parameters
(PI, GI and BOP) were significantly higher in
patient groups (smokers and non-smokers) as
compared to the control group. On the other

hand, there were no significant variations
regarding all periodontal parameters between
the smoker and non-smokers patient groups
(»>0.05), as shown in (Table-1).

Table 1: Age and clinical parameters in the three study groups

Study groups
Age (years) and
clinical PD Smoker with Non-smoker with Healthy p-value
parameters periodontitis periodontitis controls
(n=30) (n=30) (n=25)
Mean * SD 41.10+ 12.89%NS 35.90+8.86"NS 34.72+9.79°NS  0.620
Pl 1.89+0.69%NS 1.30+0.55"" 0.76+0.38%" 0.000
Gl 2.13+0.623NS 1.86+ 0.80° 0.60+0.10%" 0.000
BOP 0.35+ 0.043NS 0.36+0.02°" 0.04+ 0.0 0.000
PPD 4.18+1.583NS 4.07+ 1.52 - 0.830
CAL 4.76+2.953NS 4.66+ 2.08 - 0.138

a: a comparison of smokers and nonsmokers with periodontitis; b: comparison of smoker with
periodontitis and control groups; c: comparison of non-smoker with periodontitis and control groups

According to the findings of this research,
there were statistically significant differences
(< 0.05) in the mean salivary levels of beta
defensin and cathelicidin in the three
different study groups, as shown in Table 2.
However, the mean difference and intergroup
comparisons of mean values of beta defensin
and cathelicidin for all pairs of groups was
observed in Table 3, indicated a significant
decrease (p<0.05) in beta defensin level in
smokers’ group than non-smokers group.
There were also significant differences
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between the non-smokers group and the
control group, but not between the smokers’
group and the control group (p>0.05). In
addition, there were no statistically
significant variations in cathelicidin levels
between the smoking and nonsmoking
groups  (p>0.05), while there were
statistically significant differences between
the control group and each patient group
(smokers and nonsmokers p<0.05).
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Table 2: The difference in salivary mean levels of beta defensin and

cathelicidin in studied groups

Study groups
H%S;pcifézgse D el?irgggr?{i tis pr)]:rri](-)sdrgg![(iiil; Heal;[rr]ly_/ 2050)ntrol EAF\)NV;)I\SS
(n=30) (n=30) B
Beta-defensin
Range (101-748) (192-971) (82-588) 0.000"
Meanz SD 335.7£149.8 536.1+222.1 296.7+£153.1
Cathelicidin
Range (18-49) (16-59) (8-41) 0.001"
Meanz SD 33.55+9.3 37.84+10.6 27.51+7.73

Table 3: Intergroup comparisons of beta defensin and cathelicidin mean levels between all

Grouping

Beta-defensin
Smoker vs. non-smoker
smoker vs. control

non-smoker vs. control

Cathelicidin
Smoker vs. non-smoker

smoker vs. control

non-smoker vs. control

study groups.
Mean difference Tukey's HSD
(p-value)
-200.2 0.000"
39.47 0.697NS
48.62 0.000"
-4.29 0.188Ns
6.64 0.049"
10.33 0.000"

DISCUSSION

The oral epithelium functions as a barrier
that prevents pathogens and other potentially
hazardous elements, such as cigarette smoke,

from invading; Antimicrobial peptides (AMPs)
are commonly secreted in reaction to oral
microorganisms or bacterial toxins, serving as
a protective mechanism against the growing
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colonization of pathogens. This renders them
appropriate biomarkers for the identification of
periodontal diseases [17,18]. According to our
study inclusion criteria, it was expected that
clinical measurements would differ between
those with and without periodontitis. The
periodontal conditions of patients in both
groups with periodontitis (smokers and non-
smokers) were similar, allowing the evaluation
of smoking habit effect on AMP’s regulation
without the interference of different
paeriodontal disease severity.

The clinical findings of the current research
demonstrated that smoking has a considerable
impact on the levels of salivary beta-defensin,
but has no significant effect on the levels of
cathelicidin. Reduced peptides levels were
observed in smoker patients with periodontitis
compared to the non-smokers  with
periodontitis. In fact, the mechanisms by which
cigarette smoking exacerbates inflammation in
chronic inflammatory diseases are not fully
understood and the effect of smoking and its
toxic products on AMP regulation should be
futher explored. It is generally accepted that
smoking inhibits the activation of a person's
innate immune system in response to bacterial
infection. Inadequate functioning of the innate
immune system has been shown to potentially
play an important role in smoking-related
disorders. Our study findings consistent with
results of Soldati et al, 2022 study which
suggested that smoking has a negative impact
on GCF HBD levels; reduced levels of GCF
HBD were observed in diseased sites of
smokers compared to the same sites of non-
smokers [19]. In support of these findings, an
in vitro study conducted by An et al., 2021
revealed that nicotine may function as an anti-
inflammatory agent and has an inhibiting
impact on the production of beta-defensin [20].

On the other hand; in 2014, Ertugrul and
colleagues found that smoker patients with
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gingivitis or with generalized severe
periodontitis displayed greater GCF levels of
hBD 2 than non-smoker patients did. [21].
While a previous study found a significant
decrease in hBD 1 and 2 gene expression in
non-inflamed gingival biopsies of smokers
compared to non-smokers [22]. Evidence
suggests that smoking has been linked with
alterations in the oral microbiome in
periodontitis patients. In subgingival plaque
samples, smokers had a larger number of
periodontopathogenic microorganisms than
nonsmokers [23]. Furthermore, smoking has
been associated with cytotoxic and
immunosuppressive effects on periodontal
tissues. It reduced blood flow, the attachment
and migration of fibroblast cells, the
proliferation of oral tissue, as well as
influenced neutrophil function. As a result of
altered neutrophil functions in smokers, it is
probable that neutrophils cannot migrate to
inflammatory sites within the time limit
needed or cannot function effectively. This
may be the reason that AMPs are expressed
at low levels, in response to pathogenic
invasion and inflammation [24, 25].

The results of the present study showed
that low levels of beta defensin and
cathelicidin were encountered in healthy
controls as compared to patients groups.
These findings were similar to previous
studies’ findings [26, 27]. On the contrary,
some results indicated that chronic
periodontitis patients expressed less HBDs
than healthy controls [28]. The location and
expression of AMPs can be affected by
periodontal infection and inflammation [29].
The relationship between AMP levels and
periodontal disease remains controversial in
the scientific literature.

Cathelicidin is a crucial AMP associated
with the defense mechanism of periodontal
tissues against microbial invasion [30].
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Compared to healthy gingival tissue, its
production was greater in inflamed gingival
tissue [31]. In the current research, a
comparison of smokers and non-smokers in
relation to the cathlicidin level revealed no
statistically significant differences; this result
coincides with Lopes et al (2021) findings
[32]. In a previous study of (Tiirkoglu et al,
2016) observed that non-smoker patients
with chronic periodontitis exhibited a greater
level of cathelicidin in their gingival
crevicular fluid (GCF) compared to smoker
patients with periodontitis [33]. Additionally,
it was proven by Takeuchi et al. in 2012 that
salivary cathelicidin concentrations have
been associated with a breakdown of
periodontal tissue in individuals who have
chronic  periodontitis [34]. Moreover,
Turkoglu et al. (2009) discovered that
individuals who suffered from chronic
periodontitis had considerably greater levels
of LL-37 in the gingival crevicular fluid than
periodontally healthy patients had [33].
Further investigations are suggested to
determine the precise association between the
severity of periodontitis and the level of this
peptide in smokers and nonsmokers
considering the conflicts reported in the
findings of clinical studies. The sample size
in this study was relatively small, and only
two categories of antimicrobial peptides
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