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Abstract: Background: Human beta-defensins (hBDs) are small cationic peptides of the epithelium
with broad antimicrobial and immune response-regulatory activities. hBDs are also related to
oncogenesis, and their secretion profiles are affected by radiotherapy treatment. The present study
aimed to investigate the oral cavity hBD 1-3 levels in head and neck cancer patients and its relation
to radiotherapy treatment. Methods: Sixteen head and neck cancer patients (all with a history of
smoking) were included in this study. Periodontal parameters were measured before radiotherapy,
and medical information was collected from registries. Oral rinses of the patients were collected
before radiotherapy; on the 1st, 3rd, and 6th weeks of radiotherapy; and the 1st month following
the end of radiotherapy. hBD 1-3 levels were measured using ELISA. Results: Oral hBD-1 levels
increased during radiotherapy at week 6 (p = 0.019). hBD-1 levels returned to pretreatment levels
after the end of radiotherapy. No significant change was detected for hBD-2 or hBD-3 levels during
or after radiotherapy. Conclusions: The constant expression of hBD-1, which is distinct from the
infection and inflammation-dependent expression profiles of hBD-2 and hBD-3, may explain why
this peptide is the only one affected by radiotherapy.
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1. Introduction

Human beta-defensins (hBDs) are a family of small antimicrobial peptides that are
produced by cells in a variety of tissues, including skin, intestine, lung, and oral cavity [1-3].
hBDs play a crucial role in protecting the body against various pathogens that include
periodontal pathogens, such as Porphyromonas gingivalis, Prevotella intermedia, Tannerella
forsythia, and Fusobacterium nucleatum, by acting as the first line of defense against infec-
tions [4-7]. In the oral cavity, hBD-1, hBD-2, and hBD-3 are produced by the epithelial
cells lining the oral mucosa, including the gums, cheeks, tongue, and lips. They are also
produced by the salivary gland cells and secreted into saliva [1-3]. hBD-1 is constitutively
expressed in various tissues, including oral and mucosal tissues, and is not generally up-
regulated by proinflammatory factors, such as cytokines and chemokines [8]. hBD-2 and
hBD-3, on the other hand, are typically inducible, meaning that their expression is activated
by certain stimuli, such as bacterial infection or inflammation [9].

Periodontitis is a chronic inflammatory disease caused by a combination of factors,
marked by an imbalance of bacteria in plaque biofilms and resulting in the gradual de-
terioration of the structures supporting the teeth [10]. The severity of periodontitis may
affect the salivary levels of hBDs, although the exact relationship between the two is not

Appl. Sci. 2023, 13, 2056. https:/ /doi.org/10.3390/app13042056

https://www.mdpi.com/journal/applsci


https://doi.org/10.3390/app13042056
https://doi.org/10.3390/app13042056
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/applsci
https://www.mdpi.com
https://orcid.org/0000-0002-1045-3930
https://orcid.org/0000-0002-1225-5751
https://doi.org/10.3390/app13042056
https://www.mdpi.com/journal/applsci
https://www.mdpi.com/article/10.3390/app13042056?type=check_update&version=1

Appl. Sci. 2023, 13, 2056

20f13

fully understood. Periodontally healthy individuals generally produce hBD-1 and hBD-2
in the granular and spinous layers of the stratified squamous epithelium of the gingiva.
hBD-2 is generally observed in the superficial layers of the epithelium, which indicates
its interactions with oral microflora [4]. Similarly, hBD-3 is usually found in both the
undifferentiated basal lamina of the stratified squamous epithelium and the junctional
epithelium. In individuals with periodontal disease, hBD-3 can also be detected in the
spinous and outermost layers of the gingival epithelium. It is thought that hBD-3 plays a
role in facilitating communication between the gingival epithelium and connective tissue,
as well as in linking innate and acquired immunity [4-6]. It is worth noting that the antimi-
crobial activity of hBDs may vary depending on the type of microorganism and the specific
conditions under which they are tested. Some studies have suggested that hBDs may be
more effective against certain types of bacteria than others, and the exact mechanisms with
which they exert their antimicrobial activity are not fully understood [4-7].

Studies have shown that hBDs may play a role in immunomodulation in inflammatory
processes. This immunomodulation has the ability to modulate both natural immunity and
acquired immunity [11]. During the active stage of the disease, there is a greater abundance
of immunological disturbance caused by hBDs, which is associated with the disruption of
the numbers and function of peri- and intra-follicular inflammatory cells [12]. In terms of
function, hBDs play a role in regulating the chemotactic activity of various innate immune
cells and stimulating the release of various cytokines [13]. These findings imply that there
is a complex interplay between the host’s defense mechanisms and their role in maintaining
bacterial balance and responding to pathogens [12,14].

Cancer pathophysiology has been shown to be influenced by hBDs. [12,15-19]. Some
studies have suggested that hBDs may have anti-tumor properties, including the inhibition
of the growth and proliferation of cancer cells and the migration and invasion of breast
cancer cells, as well as reducing the formation of new blood vessels, which is an important
step in the development and progression of cancer [12,17,18]. However, other studies have
suggested that hBDs may also have pro-tumorigenic properties, meaning that they may
promote the development of cancer by stimulating the growth and proliferation of certain
cancer cells such as cervical cancer [20,21]. The relationship between hBDs and cancer is
complex and likely depends on the specific cancer type and the context in which hBDs
are expressed.

Head and neck cancer occurs in the tissues in certain parts of the head, throat, and
nasal cavity. It accounts for approximately 4% of all cancer types in the United States.
It is more common in men than in women, and the risk of developing head and neck
cancer increases with age. The risk factors for head and neck cancer include tobacco use
(smoking and smokeless tobacco), alcohol consumption, and certain infections, such as
human papillomavirus (HPV). The main types of this cancer are mouth, oral cavity, lip,
esophagus, nasal cavity, and laryngeal cancers [22]. Previous studies have suggested a
potential link between periodontal disease and an increased risk of head and neck cancers,
specifically oral cancer. The inflammation and infection associated with periodontal disease
may play a role in the development and progression of these types of cancers [23].

Radiotherapy is a standard treatment option for patients with head and neck cancer.
Radiotherapy involves the use of high-energy radiation to kill cancer cells and shrink
tumors. It can be used alone or in combination with other treatments, such as chemother-
apy, to eliminate tumoral tissue and improve patient outcomes. Radiotherapy can be
administered in different ways depending on the location and stage of the cancer. External
beam radiotherapy is the most common type of radiotherapy for head and neck cancer and
involves the use of a machine to deliver high-energy X-rays to the tumor from outside the
body. While it is an effective treatment for various cancer types, including head and neck
cancer, it can also have side effects, including radiotherapy-induced oral mucositis, changes
in taste, dry mouth, difficulty swallowing, and changes in saliva production [24-26].

According to the literature, the expression of hBDs may have different characteristics
in the presence of tumor tissue, and its secretory regulation may also vary depending
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on the type and anatomical location of the tumor [18,20,27-34]. To our knowledge, the
effect of radiotherapy on oral hBD 1-3 levels have not been described previously. In
the present study, we hypothesized that there are differences in the oral hBDs response
against radiotherapy, which are based on their distinct expression characteristics and anti-
tumorigenic properties. Therefore, we aimed to investigate oral hBD-1, hBD-2, and hBD-3
levels in individuals with head and neck cancer and the changes in their levels in relation
to radiotherapy.

2. Materials and Methods
2.1. Study Design and Population

The study design is presented in Figure 1. All head and neck cancer patients who
applied to the Radiation Oncology Department of Basaksehir Cam and Sakura City Hospital
during June 2021 and August 2022 were invited to the study. The head and neck cancer
patients who agreed to take part in the study gave their written and verbal consents (1 = 16).
The protocol of this study was approved by the Biruni University Ethics Committee (No:
2015-KAEK-67-22-05) and was conducted in accordance with the Helsinki principles. The
systemic diseases and smoking habits of the patients were recorded through their medical
reports and anamnesis.

Head and Neck Cancer Patients
(n=16)

Periodontal Examination
Oral Rinse Collection

Before Radiotherapy

Oral Rinse Collection
- 1stweek
- 3rd week
- 6thweek

Radiotherapy Treatment (6-7 Week)
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Figure 1. Study design.

Two expert oncologists (D.K. and 1.H.) designed the treatment plans of the patients
based on the pathology and radiography reports. The radiation doses were determined ac-
cording to the current National Comprehensive Cancer Network® (NCCN®) guideline [35].
Each patient received a personalized chemotherapy regimen based on their medical reports,
radiographic images, and NCCN® guidelines [35].

2.2. Periodontal Examination Procedure

All periodontal measurements were performed by a single periodontologist (M.K.)
before the radiotherapy (baseline). Teeth that could not be examined due to various
reasons (uncertain enamel-cementum junction, highly deformed teeth, teeth that were
too posterior due to mouth opening problems) were excluded. Probing depths for each
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tooth were measured using the Michigan probe (Hu—Friedy®, Chicago, IL, USA). The
probe was inserted into the periodontal pocket (the space between the tooth and gum) at
each of the six surfaces (mesial, buccal/labial, distal, lingual/palatinal, mesio-lingual or
palatinal, disto-buccal or labial) of the tooth, and the depth of the pocket was measured
by determining how far the probe could be inserted before it reached resistance. Clinical
attachment level (CAL) was used to measure the amount of support for each tooth provided
by the periodontal tissue. It was determined by subtracting the depth of the pocket from
the distance from the cementum-enamel junction (CEJ) to the bottom of the pocket. The CEJ
was used as a reference point, and in cases where it was not visible, a specialist periodontist
(MK) determined the reference point. Bleeding from probing (as a percentage) and plaque
index (PI) were also measured from the four surfaces of each tooth. These measurements
were used to evaluate the presence and amount of bleeding and plaque [26,36].

The periodontal disease classifications of the patients were determined as stages
(L, II, 1IL, IV) and grades (A, B, C), which was based on the 2018 Periodontal Disease
Classification [10]. Staging was classified to determine the severity of the disease based on
the extent of the destruction of the supporting structures of the teeth taking into account
the CAL at the sites with the greatest loss, radiographic bone loss, tooth loss due to
periodontitis, probing depths, pattern of bone loss, furcation lesions, number of remaining
teeth, tooth mobility, ridge defects, and masticatory dysfunction:

Stage I: Mild periodontitis with minimal loss of attachment and bone.

Stage II: Moderate periodontitis with moderate loss of attachment and bone.

Stage III: Severe periodontitis with significant loss of attachment and bone.

Stage IV: Very severe periodontitis with very significant loss of attachment and bone.

The grading was classified to determine the risk of periodontal disease progression
taking into account various factors, such as case phenotype, smoking, and hyperglycemia:

Grade A: Slow rate of progression

Grade B: Moderate rate of progression

Grade C: Rapid rate of progression

2.3. Oral Rinse Collection Procedure

Due to the decreased saliva secretion during radiotherapy and the procedural difficulty
it may cause in patients with head and neck cancer, the oral rinse was chosen as the
sample [25]. The oral rinse samples were collected before radiotherapy at the 1st week,
3rd week, and 6th week of radiotherapy, and at the 4th week following the completion of
radiotherapy. All patients were advised not to eat or drink anything for 1 h before collecting
the oral rinse sample. The oral rinse samples were collected as follows [25]: The patients
rinsed their oral cavity with clean water for 30 s and spit out; after a 1-min resting period,
they were instructed to rinse with 5 mL of sterile, distilled water for 30 s; the patients spit
the rinse water into a separate container, and the oral rinse samples were transferred to
eppendorf tubes with a sterile syringe; all samples were stored at —70 °C until the day
of analysis.

2.4. The Radiotherapy Treatment Procedure

Radiation therapy was carried out in accordance with the NCCN® guidelines [35]. A
personalized, patient-specific, thermoplastic mask was crafted for immobilization during
treatment, and the region between 1 cm above the frontal sinus and the manubrium stern
was simulated to be within the range of a 3-mm cross-section using a Toshiba Aquilian
computed tomography (CT) simulator. The obtained CT images were then transferred to
the Monaco treatment planning system for further analysis. To determine the treatment
areas, the CT images were fused with PET/CT scans taken for the disease’s staging. An
expert in radiation oncology contoured the fused images to establish target areas and
critical structures in the head and neck region.

For the patients with head and neck cancer, treatment of the primary tumor and
affected lymph nodes was scheduled at 1.8-2.0 Gy/day and a total of 70-72 Gy. In many
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head and neck cancers, 1.8-2 Gy/day for regional lymph nodes and a total of 50.4-54 Gy
radiotherapy were planned, as comprising the entire neck. In the case of lymph node
involvement in the imaging, the dose was increased to 66 Gy. In postoperative cases, 60 Gy
was targeted for RO resection, 66 Gy for R1 resection, and 70-72 Gy for R2 resection for
primary tumor targets. A total of 50.4-54 Gy radiotherapy treatment plans were scheduled
for all neck lymphatics after surgery at 1.8-2 Gy/day. In cases of pathological lymph node
involvement, the dose was elevated to 60 Gy. The doses were limited for high-risk organs
to preserve normal structures.

For the treatment, the IMRT plans were approved by the radiation oncologist, which
permitted RT to be delivered to clinical target volumes while ensuring that the high doses
did not exceed 95% of the dose defined in the treatment area, and that areas hotter than
7-10% of the total dose were not formed. Each patient was set up on the Elekta Synergy
linear accelerator, and the patients were treated with 6 MV energy and photons.

2.5. Beta-Defensin Analysis

Commercial ELISA kits were used to determine the concentrations of human beta-
defensins 1-3 (Peprotech, catalog numbers 900-M202, 900-M172, 900-M210). Standards
for hBDs 1-3 were provided in the ELISA kit. The analyses were performed according
to the manufacturer’s instructions with the exception that samples and standards were
assayed in duplicates, not triplicates, due to the low volume of the samples. A 1:30 dilution
was used for the hBD-1 analysis, and hBD-2 and hBD-3 were analyzed from undiluted
samples. The absorbances of the samples were read at 405 nm wavelength with a Multiskan
FC Microplate photometer (Thermo Fisher Scientific catalog number 51119000), and the
data were treated with Skanlt software V.3.1.0.4 (Thermo Fisher Scientific catalog number
5187139). Readings were obtained at 5-min intervals as instructed by the manufacturer, and
readings from 25 min were chosen for further analysis. In order to account for any levels of
hBD-1, hBD-2, and hBD-3 that were below the limit of detection (LOD) of the assay, values
under the LOD were substituted with half of the LOD of each ELISA kit [37]. Specifically,
hBD-1 levels below the LOD were substituted with 2 pg/mL, hBD-2 levels below the LOD
with 8 pg/mL, and hBD-3 levels below the LOD with 31 pg/mL.

2.6. Statistical Analyses

The statistical analyses were performed using SPSS V26.0 (IBM, Armonk, North Castle,
NY, USA). The statistical differences in the hBD 1-3 levels between visits were analyzed with
the Friedman test. The Wilcoxon signed-rank test was used for the post-hoc comparisons
of the hBD-1 levels between each visit. Five outliers (6.25%) were removed during the
Wilcoxon tests. A p value of <0.05 was accepted as significant.

3. Results
3.1. The Demographic and Periodontal Characteristics of the Patients

This study included 16 head and neck cancer patients with a mean age of 51.8 & 14.03
(3 female and 13 male). All patients had a history of smoking at least 10 cigarettes per
day for a minimum of 5 years. Table 1 presents the systemic conditions and medications
used by the patients. It was reported that seven of the patients did not have any systemic
diseases besides their oncological conditions. Four of the patients had diabetes, three
had chronic obstructive pulmonary disease, two had cardiovascular disease, and two had
hypothyroidism. The medications used by the patients were as follows: Four of the patients
used Metformin hydrochloride, three used ipratropium bromide, three used acetylsalicylic
acid, two used levothyroxine sodium, one used atorvastatin, and one used metoprolol.

The patients were exposed to a mean dose of 6481.75 (+£567.21) cGy of radiation
therapy. The patients received a mean of 31.12 (£3.44) days of radiation therapy. Eight
of the patients (50%) received chemotherapy in addition to radiotherapy. Cisplatin was
used in concurrent chemotherapy with radiotherapy. Neo-adjuvant chemotherapy, in-
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cluding gemcitabine and three cycles of Cisplatin, was administered to the patients with
nasopharyngeal cancer.

The initial clinical periodontal parameters of the patients are specified in Table 2.

Table 1. Patient characteristics.

Patient Characteristics

Age (in years) Mean + SD
Gender

Female

Male
Systemic Condition n (%)

Healthy

Type II Diabetes

Chronic Obstructive Pulmonary Disease
Cardiovascular Diseases

Hypothyroidism
Medication n (%)

No Medication

Metformin HCI

ASA

Ipratropium bromide
Levoythroxine Sodium

Atorvastatin
Metoprolol
Smoking (>10 cigarettes a day,
more than 5 years)
Yes
No
Primary Tumor Types n (%)
Nasopharynx CA
Oral CA
Larynx CA
Parotid CA
Chemotherapy n (%)
Yes
No
Total radiotherapy dose (cGy) Mean + SD

51.81 £+ 14.03

3 (19%)
13 (81%)

7 (44%)
4 (25%)
3 (19%)
2 (12%)
2 (12%)

7 (44%)
4 (25%)
3 (19%)
3 (19%)
2 (12%)
1(6%)

1(6%)

16 (100%)
0 (0%)

8 (50%)
3 (19%)
3 (19%)
2 (12%)

8 (50%)
8 (50%)
6481.75 + 567.21

Abbreviations: CA: Carsinoma, SD: Standard deviation, ASA: Acetylsalicylic acid.

deviation.

Table 2. The initial clinical periodontal parameters of the patients. Abbreviations: SD: Standard

Number of Teeth mean (SD)
Stage of Periodontitis

Stage I

Stage I

Stage III

Stage IV

Grade of Periodontitis
Grade A

Grade B

Grade C

Bleeding on Probing (%) mean (SD)

Plaque Index (%) mean (SD)

Probing Depth (mm) mean (SD)

Clinical Attachment Level (mm) mean (SD) 2.68 (£1.3)
Clinical Attachment Level (%) at least one tooth

>4 mm

>6 mm

21 (+6.7)

NN QU

0
0
16
48 (420)
88 (+13)

3.72 (+1.44)

13
7
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3.2. Oral hBD-1, hBD-2, and hBD-3 Levels during and after the Radiotherapy

Out of a total of 80 samples, the hBD-1 and hBD-2 levels of 23 samples (28.7%) and hBD-
3 levels of 61 samples (76.3%) were below the LOD. Oral hBD-1 levels increased constantly
with the initiation of the radiotherapy and reached its peak levels at treatment week 6
(p = 0.013). These levels decreased after the completion of the radiotherapy (p = 0.019)
(Figure 2). No difference was observed in the oral hBD-2 and hBD-3 levels during or after
the radiotherapy (p > 0.05). According to the Friedman test, only the hBD-1 levels differed

between the groups (p = 0.034).
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Figure 2. Cont.
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Figure 2. Oral cavity hBD levels before radiotherapy, 1st week of radiotherapy treatment, 3rd week
of radiotherapy treatment, 6th week of radiotherapy treatment, and 1 month following the end of
radiotherapy treatment *. (a) hBD-1, (b) hBD-2, (c) hBD-3. * Statistical differences in the hBD 1-3
levels between visits were analyzed with the Friedman test. The Wilcoxon signed-rank test was used
for the post-hoc comparisons of the hBD-1 levels between each visit. As the Friedman test did not
indicate any statistical difference for hBD-2 and hBD-3, pairwise analysis was not performed.

4. Discussion

Various studies indicated that the expressions of hBDs, which play a role in the health
of periodontal tissues and the maintenance of oral mucosal integrity, can be suppressed
during the development and progression of cancer [1,9,30,34,38—41]. The characterization
of hBDs in the oral cavity is important in the presence of head and neck cancer that is
directly or indirectly related to the oral region, as well as in disease therapeutic processes,
such as radiotherapy with a local irritant effect. The present study is, to the best of our
knowledge, the first one to investigate the relationship between hBD levels in oral fluids
and radiotherapy in head and neck cancer cases.

The prevalence of head and neck cancer in the general population is quite low; there-
fore, the number of participants was limited. Although a relatively small number of patients
(n = 16) were included in this study, all patients were followed up during and after radio-
therapy, which is the main strength of the present study. A periodontally healthy control
group was not included into the study design. Since periodontal status may have an effect
on intraoral hBD levels, the clinical periodontal parameters of the patients were measured
before treatment. Clinical periodontal parameters after radiotherapy were not included in
this study since the study covered an average radiotherapy period of 6 weeks, which is
a relatively short period of time for the significant progression of periodontal disease. A
decreased salivary flow due to the radiotherapy process is frequently encountered in pa-
tients with head and neck cancer [42]. Gingival crevicular fluid, another intraoral fluid, can
only provide information about the site of the tooth from which the sample is collected and
its practically unsuitable for head and neck cancer patients due to its procedural difficulty.
Therefore, considering the ease of application and standardization advantages, oral rinse
analysis was preferred in our study.

Upon examination of our study cohort, it is apparent that the participants utilize a
plethora of medications based on their systemic conditions. There is a scarcity of research
on the impact of these medications on human beta-defensin (hBD) secretion. According
to the literature, specific medications may alter hBD levels. For instance, the utilization
of metformin, a medication commonly used in diabetic circumstances, may enhance hBD
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expression [43]. Nevertheless, further studies are needed to comprehensively understand
the influence of these and other medications on hBD secretion.

In our study, a statistically significant increase in oral hBD-1 secretion was observed
during the radiotherapy. It is an interesting finding that the hBD-1 secretion, which is
generally stable and unaffected by inflammation [1,8], increased during the radiotherapy.
Although some studies have been conducted to examine the effects of radiation on hBD
expression, studies directly examining the effects of radiation therapy on hBD expression
are quite limited [44—47]. Koerdt et al. showed that radiation therapy applied to oral cancer
patients reduced cutaneous hBD secretion [44]. In this study, the decrease in cutaneous
hBD expression was interpreted as potentially increasing the risk of microbial infection [44].
On the other hand, there are also studies in the literature showing that ultraviolet B (UVB)
radiation can directly induce hBD secretion from keratinocytes [45-48]. When our study’s
findings are evaluated together with the literature data, it becomes clear that radiation
creates a complex background that can affect oral hBD-1 expression by changing the host—
microbial balance and through direct effects on tissues. Considering the anti-tumorigenic
effects of hBD-1 [49], there is a need for further studies investigating the radiotherapy-
stimulated hBD-1 activation as part of cancer treatment.

According to our findings, there were a high number of samples that were under
the LOD of the applied analysis protocols (hBD-1 28.7%, hBD-2 28.7%, and hBD-3 76.3%).
hBDs are the predominant form of antimicrobial peptides found in periodontal tissues. The
quantitative detection of hBDs in oral fluids has been applied in various oral conditions, and
the loss of hBD is not routinely encountered [41,50-55]. Studies have shown that individuals
with periodontitis could have higher levels of hBDs in their saliva compared to individuals
without periodontitis [52-54,56,57]. Additionally, research has also shown that there is a
positive correlation between the severity of periodontitis in diabetic individuals and hBD
levels, meaning that as the severity of periodontitis increases, so do hBD levels [56,57].
Pereira et al. found that patients with periodontitis displayed elevated levels of HBD-2
and hBD-3 in their oral fluids compared to healthy individuals [52,53]. Vardar-Sengul
et al. also reported that mRNA gene expression of hBD-1 is up-regulated in patients
with chronic periodontitis [54]. When we evaluate together the literature data and the
periodontal condition of our own study group, we are interpreting the values detected
below the LOD as being a loss (absence or very low levels of hBD expression). Our study
raises the potential that the loss of hBD in oral fluids, including before radiotherapy, may
be caused by cancer. There are various studies showing that there is a loss of hBD in oral
cancers [18,29,30,40,58-61]. It was demonstrated that hBD-1 expression is significantly
lower in oral squamous cell carcinoma, a common type of head and neck cancer, compared
to healthy gingival tissue [18,29,30,60]. Besides oral cancer, hBD-1 release was found to
be significantly down-regulated in epithelial renal cancer, prostate cancers, hepatocellular
cancer, lung cancer, cutaneous squamous cell carcinoma, and other cancer types including
basal cell of the skin [40,58,61-64]. Donald et al., 2003 concluded that hBD-1 is not expressed
in 90% of renal cancer patients and 82% of prostate cancer patients [40]. hBD-1 mRNA
is known to be ubiquitously actively secreted in healthy individuals including mucosal
tissues [34,65]. Similar to hBD-1, hBD-2 has also been shown to have lower expression in
oral squamous cell carcinoma (OSCC) than in healthy oral cells [30]. Meyer et al., 2004
found that hBD-2 concentrations may decrease in patients with tonsillar cancer in the
head and neck cancer group when compared to normal tissues in a study on patients with
tonsillar cancer in the head and neck cancer group [59]. On the other hand, the expression
of hBD-3 in cancer cases is contradictory. Although some studies involving squamous cell
oral cancers have shown that hBD-3 is released more than hBD-1 and hBD-2, there are
also opposite findings in the literature. [20,28-31]. Among the study participants of ours, a
significant loss of hBD-3 was found (76.3%) in the pre-radiotherapy stage. It is suggested
that human hBD-3 helps to facilitate communication between the gingival epithelium and
connective tissue, as well as plays a role in linking innate and acquired immunity [45]. It
has been shown that hBD-3 can inhibit the development of periodontitis by suppressing
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the inflammatory response in macrophages and reducing cytokine secretion [45,64,65]. In
addition to playing important roles in the preservation of periodontal and mucosal health,
the therapeutic contribution of hBD-3 in the treatment of periodontal disease has been
studied for years [46,66-68]. Transplantation of hBD3-expressing periodontal ligament cell
sheets may have the ability to stimulate the growth of new bone, making it a potential
agent for promoting bone repair and regeneration [46]. Li et al. found that modified
human periodontal ligament cells with the hBD-3 gene showed strong expression of genes
related to bone formation and high levels of calcium deposition [68]. These findings also
suggest that the loss of hBD-3 that may occur as a result of cancer can increase the risk of
periodontal disease progression and tissue deterioration. Finally, hBD expression in cancer
cases varies depending on the type and location of the cancer, and hBD suppression may
be caused by a variety of complex mechanisms. While DNA methylation is involved in
the secretory regulation of hBD-2 in people with oral cancer, the Nuclear factor kappa b
(NF-«B) pathway may be involved in the regulation of hBD-2 in people with esophageal
cancer [32,67]. hBD-1 is suppressed by the EGFR-ERK-MYC pathway in colon cancers,
while hBD-1 is suppressed by the PAX-2 transcriptional pathway in prostate cancers [66,68].
While the EGER pathway for hBD-3 is effective in OSCC cases, the tumor-suppressor p-53
protein may be involved in HPV-related oropharyngeal cancer cases [31,39]. When our
findings are combined with the data from the literature, it is possible to conclude that the
presence of cancer may play a role in the suppression of hBD release in a broader area,
including the surrounding tissues, and that highly complex mechanisms are involved in
this process.

5. Conclusions

In the limitations of this study, radiotherapy in patients with head and neck cancer
regulates oral hBD levels differently. The constant expression of anti-tumorigenic hBD-1,
which differs from the infection and inflammation-dependent expression profiles of hBD-2
and hBD-3, may partly explain why only this peptide is affected by radiotherapy.
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