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Abstract: One of the most frequent congenital orofacial defects is the cleft lip and palate. Local
tissue defense factors are known to be important in immune response and inflammatory and healing
processes in the cleft tissue; however, they have only been researched in older children during
mixed dentition. Thus, the aim of this study is to assess the distribution of LL-37, CD-163, IL-10,
HBD-2, HBD-3, and HBD-4 in children before and during milk dentition. The unique and rare
material of palate tissue was obtained from 13 patients during veloplastic surgeries during the
time span of 20 years. Immunohistochemistry, light microscopy, semi-quantitative evaluation, and
non-parametric statistical analysis were used. A significant decrease in HBD-3 and HBD-4 in the
connective tissue was found, as well as several mutual statistically significant and strong correlations
between HBD-2, HBD-3, HBD-4, and LL-37. Deficiency of HBD-3 and HBD-4 suggests promotion of
chronic inflammation. The scarcity of HBD-4 could be connected to the different signaling pathways
of dental pulp cells. Mutual correlations imply changes in the epithelial barrier, amplified healing
efficiency, and increased antibacterial line of defense. Deprivation of changes in IL-10 quantity points
to possible suppression of the factor. The presence of similar CD-163 immunoreactive substances
produced by M2 macrophages was also observed.
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1. Introduction

Orofacial clefts (OFC) are frequently occurring multifactorial birth defects that are
defined by the presence of aberrant gaps that can develop in the upper lip (CL), palate
(CPO), or upper lip and palate simultaneously (CLP) [1,2]. Based on the characteristics of
the affected cleft area, they are classified as either bilateral or unilateral and complete or
incomplete [1,2].

Orofacial clefts are one of the most prevalent inborn abnormalities in newborns across
the world, with an average occurrence rate of 1 per 700 newborns [1–4]. The incidence of
clefts varies based on race and ethnicity. CLP is more prevalent in Asian and European
populations and less prevalent in African populations; however, CPO occurs equally
throughout various ethnicities and populations [1,5]. In Europe, OFC incidence is more
frequent in Scandinavian and Northern European countries compared to other parts of
Europe [6,7]. Moreover, it has been observed that the incidence of CLP is more frequent in
males, but CPO occurrence frequency is much more prominent in females [1,5,7].

OFCs are mainly formed in the presence of any type of disruptions in facial tissue
cell migration, apoptosis, and differentiation or in the mechanisms of fusion, movement,
and merging of the facial processes that occur during the developmental process of the
orofacial region in the time period from fourth to twelfth week of embryological devel-
opment [1,2,4,8]. A cleft lip is mostly caused by an incomplete fusion of maxillary and
medial nasal processes, while a cleft palate is caused by a disrupted fusion of the palatal
shelves [4,8,9].
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Most commonly, these developmental disruptions are caused by various genetic
factors that are reinforced and amplified with several teratogenic factors occurring during
pregnancy, such as malnutrition, use of alcohol or tobacco, abnormal hormone levels, and
consumption of various toxins and medications [4,8,10].

Due to the nature of the defect, proper feeding, nutrition, breathing, and orofacial
region development is impaired for the newborn [1,10]. Additionally, the equilibrium of
bacterial microbiota changes, and, therefore, the orofacial region becomes more susceptible
to various bacteria-induced diseases and medical complications, such as lower respiratory
tract infections, caries, gingivitis, and opportunistic pathogen infections [11]. Therefore,
surgical treatments like cheiloplasty and/or palatoplasty are necessary to restore the
functions and aesthetics of the orofacial region, as well as various post-surgery treatments,
such as speech therapy, orthodontic correction of the occlusion and even follow-up surgery
in case of post-operation complications are often required [2,5].

It is also known that in children with orofacial clefts, the prevalence of inflamma-
tory processes in the orofacial zones is much more prominent; hence, tissue remodelation
and healing of the clefted areas is dysfunctional due to the constant presence of chronic
inflammation [12]. This raises the question of how and what type of cytokines and antimi-
crobial peptides and their deviations from the natural equilibrium promote the atypical
and prolonged immune response of the clefted tissue.

LL-37 cathelicidine is released in the epithelial tissue, bones, and bone marrow [13].
Its release is mainly carried out by keratinocytes, neutrophils, epitheliocytes, monocytes,
macrophages, leukocytes, and B-lymphocytes, as well as gingival, salivary gland, respira-
tory, gastrointestinal tract, and urinary pathways forming and coating epithelium [13,14].
Cathelicidine functions as a part of innate immunity, implementing structures that destroy
the membranes of the pathogen microorganisms that have infiltrated the body by form-
ing pores in membranes and, therefore, destroying these organisms [13,15]. It effectively
functions against bacteria, viruses, fungi, and parasites. Moreover, a high concentration of
cathelicidine in the body can induce the destruction of already preexisting biofilms and
the prevention of new biofilm formation [16,17]. In addition, it also ensures the imple-
mentation and control of organisms’ inflammatory response with increased chemotaxis,
cell proliferation, phagocytosis, regulated cell differentiation, inflammatory cytokine secre-
tion, various cell apoptosis, and parallelly induced tissue healing and angiogenesis [13,15].
In the realization of tissue healing and angiogenesis processes, the cooperation of LL-37
and human beta-defensin 3 (HBD-3) is also important because both molecules promote
epithelial cell and keratinocyte migration, differentiation, and proliferation [18]. In the
effect of LL-37, there is an increase in mast cell, neutrophil, monocyte, and lymphocyte
infiltration and degranulation in tissues, and also in IL-12 and IL-8 secretion, but a decrease
in interleukin 10 (IL-10) secretion [15,19]. Therefore, it promotes inflammation reaction and
functions as a proinflammatory mediator [15,19]. In the oral cavity, LL-37 is significant in
the maintenance of bacterial equilibrium homeostasis and the prevention of dysbacteriosis.

M2 CD-163+ is a type of macrophage whose main role is to carry out tissue regen-
eration and control the immune response [20,21]. Macrophages form conglomerates in
tissue that has been affected by an injury and/or an infection. There, they function as
antigen-identifying and phagocytosing cells, as agents that mediate revascularization, tis-
sue regeneration, and inflammatory processes in the body and also carry out the immune
system’s transition from innate to adaptive immune response [20,21]. The M2 phenotype
of macrophages is mainly linked to anti-inflammatory actions and Th2-related immune
response [20,21]. M2 is crucial in the healing processes and in the secretion of IL-10,
arginase I, and TGF-β, which promote angiogenesis and the termination of inflammatory
responses [21–23]. Immunohistochemically, M2 macrophages are identified by their specific
membrane CD-163 hemoglobin scavenger receptors [20]. Increased CD-163 amounts in the
tissue are linked to M2 macrophage activity [20]. CD-163 expression is accelerated by M2
macrophage-secreted anti-inflammatory cytokines [24].
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IL-10 reduces inflammation in the case of tissue damage and also enhances the action
of innate immunity and tissue regeneration mechanisms [25]. The main function of this
cytokine, therefore, is to ensure immunosuppression and tissue homeostasis, which has
been disrupted by the inflammatory process’s mediated tissue damage [25]. IL-10 also
ensures that the inflammatory reaction against pathogens that have entered the body is not
extensively overactive and does not cause significant and non-reversible tissue damage [26].
The main IL-10-secreting cells are leukocytes, which, depending on the type of immunity or
stage of inflammatory reaction, can be differentiated either as T or B lymphocytes, NK cells,
macrophages, or neutrophils [25]. Therefore, IL-10 can be associated with an inflammation-
inhibiting action and increased CD8+ cytotoxic activity in the tissue, which results in a
noticeable anti-tumor directed action and activity [25,27]. Because the main role of IL-10 is
to stop inflammation, interferences and disturbances in its activation pathways often result
in prolonged and chronic inflammatory diseases [25].

Human beta-defensin 2 (HBD-2), HBD-3, and human beta-defensin 4 (HBD-4) are the
main defensins secreted by the oral cavity and gingival epithelium [28]. They are also found
in saliva, and gingival crevicular fluid, and the secretion of these defensins is initiated only
by infection or inflammation [28].

HBD-2 is an antimicrobial peptide whose main role is to shape innate immunity in the
case of inflammation and to promote the healing of wounded tissue [29]. It participates in
the immune response by boosting phagocytosis, proliferation, and the cells of the immune
system, as well as by decreasing the secretion of macrophage-made proinflammatory
cytokines and by decreasing the activity of C’ complement system in order to impede its
unreasonable and inadequate activation during the realization of innate immunity and
to promote the chemotaxis of various cells [28,30,31]. The spectrum of its functions also
includes the reconstruction of the mechanical barrier of the skin [28].

HBD-3 has similar properties in carrying out innate and adaptive immunity to HBD-
2 [32]. The specific characteristic property of HBD-3 in the realization of the immune
response is their ability to induce NK cell activity through TLR1 and TLR2 receptors
that are expressed in these cells [32]. While the immune response takes place, HBD-3 also
induces cells like keratinocytes to migrate and proliferate [28]. Furthermore, it can influence
fibroblast activity and the release of angiogenetic growth factors, resulting in faster healing
of tissue and wounds [28].

HBD-4 has an inherent ability to bind to lipopolysaccharide structures of bacteria cell
walls; therefore, in the process of inflammation, it provides high antimicrobial activity [33,34].
When binding to LPS, HBD-4 decreases proinflammatory actions induced by pathogenic
microbes, for example, by lowering IL-6, IL-1α, TNF- α, and TLR2 expression [34].

Because HBD-2, HBD3, and HBD-4 are crucial components of the inflammation-
induced immune response of the body, and the increase in their levels is distinctly observed
in the case of acute inflammation, these peptides can be potentially used as a diagnostic
tool and a therapeutic method that helps the epithelium of the oral cavity and the gin-
giva to heal faster and more effectively after an inflammation or surgical operations and
manipulations [31].

Although changes in tissue defense factor levels in clefted tissue have been researched
before, the data are scarce. In children ages 6 to 12, there is a statistically significant increase
in HBD-2, IL-10, and HBD-4 levels and a mutual correlation between human beta-defensins,
cathelicidine, and interleukin 10 [35]. This data suggests that in the case of clefted tissue,
human beta-defensins regulate the inflammatory process and promote healing, but IL-10
suppresses the overly active inflammation of the tissue [35].

However, the presence of local tissue defense factors and their connection to the
genesis of orofacial clefts and its associated inflammatory process has only been studied
in populations with permanent or mixed dentition. Therefore, in order to expand the
knowledge about possible causalities between cleft morphopathogenesis and tissue defense
factors and determine what type of changes in defense factor quantities are present in
clefted tissue, the present study aims to examine the distribution of local tissue defense



J. Pers. Med. 2024, 14, 27 4 of 20

factors in cleft lip and palate tissue for children before (birth–6 months) and during milk
dentition (6 months–3.5 years).

2. Materials and Methods
2.1. Material Characteristics of Subjects

This research was conducted in accordance with the 1975 Helsinki Declaration (as
revised in 2008). The study was independently reviewed and approved by the Ethical
Committee of the Riga Stradin, š University (22 May 2003; 17 January 2013; 5/25 June 2018).
Written informed consent for participation in the study and publication of the study data
was obtained from all the patients, which was given by parents after the nature of the study
had been fully explained.

In total, 13 patient tissue samples of soft palate were obtained during veloplastic
surgery in the Cleft Lip and Palate Centre of the Institute of Stomatology of Riga Stradins
University from children aged 8 to 12 months diagnosed with unilateral or bilateral cleft
lip and palate (Cheilognathouranoschisis dextra/sinistra/bilateralis).

2.1.1. Characteristics of Tissue Samples

The total area of each obtained tissue sample was approximately 2 mm2. The relatively
small size of the acquired samples represents the amount of tissue material that was not
needed for the patient during veloplastic surgery and was extra. If the surgery requested
all available tissue material to be used to close the clefted defect successfully, no samples
were taken.

2.1.2. Characteristics of Selected Patients

Overall, 6 of these patients were male, and 7 were female; the average age of the
cleft-affected patients was 9 months. The CLP of the right side was diagnosed for 5 of these
children, CLP of the left side—for 5 children, and CLP of both sides—for 3 children. Also,
2 of the patients had mothers with unfavorable influences during pregnancy—the use of
paracetamol or smoking during pregnancy. One patient’s mother was also diagnosed with
CLP. All patients underwent veloplastic surgery (Table 1).

Table 1. Information about the patients.

Patient Number Age (Months) Sex Diagnosis Surgery Remarks

237 8 M Cheilognathouranoschisis sinistra Veloplastic Mother with CLP
285 8 F Cheilognathouranoschisis dextra Veloplastic
319 8 F Cheilognathouranoschisis sinistra Veloplastic

335/1 8 F Cheilognathouranoschisis bilateralis Veloplastic
335/2 8 F Cheilognathouranoschisis bilateralis Veloplastic

261 9 M Cheilognathouranoschisis bilateralis Veloplastic
276 9 M Cheilognathouranoschisis bilateralis Veloplastic
326 9 F Cheilognathouranoschisis sinistra Veloplastic
332 9 M Cheilognathouranoschisis dextra Veloplastic
366 9 M Cheilognathouranoschisis sinistra Veloplastic
233 10 M Cheilognathouranoschisis dextra Veloplastic

298 11 F Cheilognathouranoschisis sinistra Veloplastic Mother smoked
during pregnancy

17 12 F Cheilognathouranoschisis dextra Veloplastic

362 12 F Cheilognathouranoschisis dextra Veloplastic Paracetamol
during pregnancy

Abbreviations: M—male; F—female; CLP—cleft lip and palate.

2.2. Selection Criteria of Patient Tissue Samples

Samples were selected using the inclusion criteria of (1) diagnosis of Cheilognathoura-
noschisis dextra/sinistra/bilateralis, (2) age before or during milk dentition [36], (3) both
genders, (4) absence of other congenital diseases, (5) absence of additional pathology that
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would contraindicate veloplastic surgery, (6) no visible inflammation, (7) indication for
plastic surgery and the exclusion criteria of (1) age during mixed or permanent dentition,
(2) presence of multiple congenital diseases, (3) presence of additional pathologies that
contraindicate plastic surgery, (4) visible signs of inflammation.

The inclusion criteria of patient age before or during milk dentition was selected
because this age is crucial to the development of the oral cavity. Developmental processes
during this age are highly affected by the eruption of milk teeth; therefore, significant
differences and variations can be observed when compared to the age of mixed dentition.
Moreover, this study broadens the field of research connecting CLP and local tissue defense
factors, whereas previous studies have only been conducted in older children during mixed
dentition [35]. No major limitations were related to the choice of patient age because both
age groups (before and during milk dentition and during mixed dentition) have been
chosen as subjects of research. The only minor potential limitation could be that acquisition
of the unique tissue material during veloplastic surgery is highly challenging due to the fact
that almost all of the material available is necessary for the surgeon to repair the patient’s
orofacial defect successfully. The young age of the patient also significantly contributes to
the scarcity of tissue material. Therefore, even with the lengthy tissue acquisition process
throughout the time period of 20 years, the availability of excess and unessential tissue
material may be scarce, and the obtainment of only 13 samples was possible. This extreme
difficulty in obtaining the tissue samples and the specific age group from before and during
milk dentition points out the significance and uniqueness of the material used in this study.

2.3. Selection Criteria of Control Tissue Samples

The control group tissue samples were collected from the Institute of Anatomy and
Anthropology of Riga Stradins University and consisted of post-mortem necropsies. The
5 control tissue samples of soft palate were obtained from 2 newborns that were affected
by sudden death syndrome, 2 newborns that experienced asphyxia by the umbilical cord,
and one 24-week-old individual that had been aborted due to the status of the maternal
health (Table 2). The inclusion criteria for the control group were the following: (1) the
absence of craniofacial clefts found on patient examination or in the patient’s anamnesis
and family history and (2) the absence of any other pathologies, congenital abnormalities,
or oral cavity tissue damage upon the clinical investigation of the body. The approval Nr.
2-PEK-4/492/2022 for the use of control group tissue was issued on 21 November 2022.
The approval Nr. 2-PEK-4/595/2022 for the use of control group tissue was issued on
14 December 2022.

Table 2. Information about the control group.

Control Number Age Sex Cause of Death

2b Newborn M Asphyxia by the umbilical cord
3b Newborn F Asphyxia by the umbilical cord
4b 24 weeks F Abortion due to the maternal health status
5b Newborn F Sudden death syndrome
6b Newborn F Sudden death syndrome

Abbreviations: M—male; F—female.

All of the examined patient and control group tissue samples were provided as a
donation with the authorization and permission of the deceased and the orofacial cleft
patient’s parents. Due to the fact that the control and patient group tissue samples belonged
to children in the age group before milk dentition, both groups were considered to be
mutually comparable.

2.4. Routine Staining

In order to fixate the obtained tissue samples, a solution of 2% formaldehyde, 0.2%
picric acid, and 0.1 M phosphate buffer with a pH value of 7.2 was used. Subsequently, a



J. Pers. Med. 2024, 14, 27 6 of 20

12 h long washing procedure with phosphate buffer, saline solution, and 10% saccharose
was performed. Lastly, the samples of tissue material were embedded in paraffin and
sectioned into 5–7 µm thin sections. Hematoxylin and eosin staining were performed to
assess the routine morphology of the samples [37].

2.5. Immunohistochemical (IHC) Analysis

Standard streptavidin and biotin immunostaining methods [35,37] were used to pre-
pare the tissue samples and immunohistochemically detect the quantity of LL-37, CD-163,
IL-10, HBD-2, HBD-3, and HBD-4 tissue defense factors present in the selected tissue
specimens. In order to achieve antibody dilution, an antibody diluent (code-938B-05, Cell
MarqueTM, Rocklin, CA, USA) was used. Washing with TRIS buffer, blockage with 3%
peroxide solution, and repeated washing with TRIS buffer was performed. Subsequently,
1 h long incubation with primary antibodies and washing with TRIS buffer three times
followed. After the use of the HiDef Detection™ reaction amplificator (code 954D-31, Cell
MarqueTM, Rocklin, CA, USA) for 10 min, the tissues were again washed with TRIS buffer.
Following incubation with HiDef DetectionTM HRP Polymer Detector (code-954D-32, Cell
MarqueTM, Rocklin, CA, USA) for 10 min and then washed with TRIS buffer 3 times after-
ward. The tissue samples were then coated with DAB+ chromogenic liquid DAB Substrate
Kit (code 957D-60, Cell MarqueTM, Rocklin, CA, USA) for 10 min, rinsed under running
water, and counterstained with hematoxylin (code-05-M06002, Mayer’s Hematoxylin, Bio
Optica Milano S.p.A., Milano, Italy). As the last step of the immunohistochemical staining,
dehydration with increasing concentrations from 70◦ to 90◦ of ethanol was performed,
with the following steps of clarification with carboxylic acid and xylol and sealing with
a coverslip.

2.5.1. LL-37

Detection of LL-37 (orb88370, working dilution 1:100, Biorbyt LLC, St Louis, MO,
USA) was performed [35]. This defense factor is important in the pathogenesis of CLP
because it is one of the main immune system elements that protects the mucosa by directly
destroying pathogens and their membranes [13–15].

2.5.2. CD-163

Detection of CD-163 (ab87099, working dilutions 1:200, Abcam, Cambridge, UK) was
performed [35]. CD-163 is an important antigen that marks antimicrobial M2 macrophages,
whose main role is to perform tissue healing and immune response functions, especially in
tissues where inflammation is present [20,21].

2.5.3. IL-10

Detection of IL-10 (orb100193, working dilution 1:600, Biorbyt LLC, St Louis, MO,
USA) was performed [35]. IL-10 is one of the most powerful anti-inflammatory cytokines
that renews tissue homeostasis of inflammatory and damaged tissue by implementing
immunosuppressive actions [25].

2.5.4. HBD-2

Detection of HBD-2 (sc-20798, working dilution 1:100, Santa Cruz Biotechnology Inc.,
Dallas, TX, USA) was performed [35]. HBD-2 is a universal defensin that is secreted by
the epithelial cells of the oral cavity and gingiva [28]. Its main function is to regulate and
balance the immune responses of the tissue [29].

2.5.5. HBD-3

Detection of HBD-3 (orb183268, working dilution 1:100, Biorbyt LLC, St Louis, MO,
Children 2023, 10, 1162 4 of 15 USA) was performed [35]. This defense factor acts similarly
to HBD-2, but its course of action is more connected to increased tissue healing and the
elimination of specific types of bacteria [28,32].
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2.5.6. HBD-4

Detection of HBD-4 (ab70215, working dilution 1:100, Abcam, Cambridge, UK) was
performed [35]. HBD-4 is an essential defense factor that ensures protection of the tissue by
increased antimicrobial effects, stimulated IL-10 secretion, and improved tissue healing cell
proliferation [33,34,38,39].

2.6. Assessment of Local Tissue Defense Factor Quantity

The semi-quantitative counting method and light microscopy method were applied
to assess the relative quantity of LL-37, CD-163, IL-10, HBD-2, HBD-3, and HBD-4 pos-
itive structures in the epithelium and connective tissue of the prepared tissue sample
slides [40,41]. Positively stained structures visible in the visual field were evaluated by
the identifiers summarized in Table 3. Illustrative pictures of the stained tissue samples
were taken with a Leica DC 300F digital camera (Leica Microsystems Digital Imaging,
Cambridge, UK) and processed and analyzed with the Image Pro Plus program (Media
Cybernetics, Inc., Rockville, MD, USA).

Table 3. Identifiers used in the semi-quantitative evaluation of tissue defense factors [40,41].

Identifier Used Explanation

0 No positive structures in the visual field (0%)
0/+ Rare occurrence of positive structures in the visual field (12.5%)

+ Few positive structures in the visual field (25%)
+/++ Few to moderate numbers of positive structures in the visual field (37.5%)

++ Moderate number of positive structures in the visual field (50%)
++/+++ Moderate to numerous positive structures in the visual field (62.5%)

+++ Numerous positive structures in the visual field (75%)
+++/++++ Numerous to abundant positive structures in the visual field (87.5%)

++++ Abundance of positive structures in the visual field (100%)

2.7. Statistical Analysis

Statistical data processing was performed using the IBM SPSS (Statistical Package for
the Social Sciences) software version 26.0 (IBM Company, Chicago, IL, USA). For every
statistical assessment of the tests and results, a p-value < 0.05 was selected as statistically
significant [42]. Statistical analysis of the data was performed using methods of descriptive
and analytical statistics. Since the tissue defense factor levels were evaluated using the
semi-quantitative method, the obtained data were ordinal (non-numeric and arranged in a
specific and unchangeable order). Therefore, non-parametric tests were used to calculate
the results.

2.7.1. Mann–Whitney U Test

The Mann–Whitney U test was performed to detect statistically significant differences
in defense factor levels in the patient group and control group samples. The test shows
whether the distribution of variables in 2 separate groups is equal or not. Therefore, by
using it, it was possible to assess if the mean quantity of observed positive structures in the
patient group and in the control group were statistically significantly different [42].

2.7.2. Spearman’s Rank Correlation

Spearman’s rank correlation was used to determine and evaluate statistically signifi-
cant correlations between human beta-defensins and cathelicidine. The test shows the rate
at which the changes in one factor are connected to the changes in other factors [42].

To assess the strength of the correlation, the following definition of Spearman’s rho
(rs) values was used, where rs = 0.00–0.19 was interpreted as a very weak correlation,
rs = 0.20–0.39 as a weak correlation, rs = 0.40–0.59 as a moderate correlation, rs = 0.60–0.79
as a strong correlation, and rs = 0.80–1.00 was interpreted as a very strong correlation [4].
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The summary of all the steps taken that have been described in the section on materials
and methods are outlined in Figure 1.

Figure 1. Flowchart illustrating the sample selection and processing steps [35].

3. Results
3.1. Routine Staining

The control showed no deviance from the features of standard healthy tissue—the
presence of normal non-keratinized stratified squamous epithelium and underlying mu-
cosal connective tissue was observed (Figure 2a). The patient group tissue displayed
patchy epithelial vacuolization, hyperplasia of basal cells, and subepithelial infiltration of
inflammatory cells (Figure 2b).
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3.2. LL-37

In the control group, the median quantity of the LL-37 positive structures in the ep-
ithelium was few to moderate (+/++) with fluctuation from none to moderate to numerous,
but in the connective tissue—it was moderate (++) with no fluctuations (Figure 3a, Table 4).
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samples. (a) Control sample with moderate LL-37 positive structures in the epithelium and moderate
LL-37 positive structures in the connective tissue (arrows), LL-37 IMH, 200×; (b) patient sample with
moderate to numerous LL-37 positive structures in the epithelium and numerous LL-37 positive
structures in the connective tissue (arrows), LL-37 IMH, 200×.

Table 4. Semi-quantitative evaluation of defense factors in the epithelium and connective tissue for
the control group.

Sample
Number

LL-37 CD-163 IL-10 HBD-2 HBD-3 HBD-4
E CT E CT E CT E CT E CT E CT

2b 0 ++ 0 + U U 0 ++ 0 +++ 0 ++
3b +/++ ++ + ++ ++ 0 +/++ 0 +++ ++ + +
4b +++ ++ U U + + +/++ + 0 + 0 +
5b ++/+++ ++ U U ++ + 0 0/+ ++ + ++ 0
6b +/++ ++ ++ ++ U U + 0 +/++ + +++ ++

Median +/++ ++ + ++ ++ + + 0/+ +/++ + + +

Abbreviations: IL-10—interleukin 10; HBD-2—human beta-defensin 2; HBD-3—human beta-defensin 3; HBD-4—
human beta-defensin 4; E—epithelium; CT—connective tissue; U—unable to determine.

The median quantity of LL-37 positive structures in the epithelium of the patient
group was few to moderate (+/++), with fluctuations from none to abundant. The median
quantity of LL-37 positive structures in the connective tissue of the patient group was
moderate (++), with fluctuations from none to numerous (Figure 3b, Table 5).

Table 5. Semi-quantitative evaluation of defense factors in the epithelium and connective tissue for
the patient group with Cheilognathouranoschisis.

Sample
Number

LL-37 CD-163 IL-10 HBD-2 HBD-3 HBD-4
E CT E CT E CT E CT E CT E CT

237 ++++ +++ +/++ +++ +++ + +++ ++ +++ 0 +++ 0
285 ++ +++ 0 + 0 0/+ 0 0 0 0 0 0
319 +/++ +++ +/++ + ++ + +/++ 0/+ 0/+ 0 0/+ 0

335/1 ++/+++ ++ 0 0 0/+ 0 +/++ 0 0/+ 0 0 0
335/2 +/++ 0 0/+ 0 +++ + 0 0/+ 0 0 0 +

261 ++ ++ +/++ ++/+++ +/++ 0/+ 0 0 0 0/+ 0 0
276 + 0 0 ++/+++ ++ ++ 0 ++ ++ 0 0 0
326 +++ +/++ + 0 +++ 0/+ ++/+++ +/++ ++ 0 0 0
332 0 ++ + 0 +/++ ++ 0/+ + + + 0 0
366 0 0 0 0/+ 0 0/+ 0 +++ 0 0 0 0
233 N ++ N +/++ N ++ N +/++ N +/++ N 0
298 +/++ +/++ 0/+ + ++++ +/++ 0 0 0 0 0 0
17 N 0 N 0 N ++ N +/++ N + N 0/+

362 0 0 0 0/+ 0 +/++ 0/+ 0 0 0 0 0
Median +/++ ++ 0/+ + ++ + 0/+ + 0/+ 0 0 0

Abbreviations: IL-10—interleukin 10; HBD-2—human beta-defensin 2; HBD-3—human beta-defensin 3; HBD-4—
human beta-defensin 4; E—epithelium; CT—connective tissue; N—no epithelium.
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A comparison of the control group and patient group using the Mann–Whitney U test
illustrates no statistically significant difference (U = 27.5, p = 0.799) in the structures of the
epithelium and no statistically significant difference (U = 25, p = 0.391) in the structures of
the connective tissue (Table 6).

Table 6. Comparison of the patient and control group median values for semi-quantitively evaluated
defense factors in the epithelium and connective tissue.

9
LL-37 CD-163 IL-10 HBD-2 HBD-3 HBD-4

E CT E CT E CT E CT E CT E CT

Patient group +/++ ++ 0/+ + ++ + 0/+ + 0/+ 0 0 0
Control group +/++ ++ ++ + ++ + + 0/+ +/++ + + +
U-test value 27.5 25.0 13.5 11.5 18.0 13.5 28.0 30.5 23.5 6.0 16.5 9.0

p-value 0.799 0.391 0.082 0.244 1.000 0.362 0.879 0.687 0.506 0.005 0.160 0.014

Abbreviations: IL-10—interleukin 10; HBD-2—human beta-defensin 2; HBD-3—human beta-defensin 3; HBD-4—
human beta-defensin 4; E—epithelium; CT—connective tissue; U-test value—Mann–Whitney U test value.

3.3. CD-163

In the control group, the median quantity of the CD-163 positive structures in the
epithelium was moderate (++), with fluctuations from none to numerous, but in the
connective tissue, it was few (+), with fluctuations from rare to moderate (Figure 4a,
Table 4).
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Figure 4. Immunohistochemistry of the CD-163 positive structures in the control and patient tissue
samples. (a) Control sample with numerous CD-163 positive structures in the epithelium and rare
CD-163 positive structures in the connective tissue (arrows), CD-163 IMH, 200×; (b) patient sample
with moderate CD-163 positive structures in the epithelium and moderate to numerous CD-163
positive structures in the connective tissue (arrows), CD-163 IMH, 200×.

The median quantity of the CD-163 positive structures in the epithelium of the patient
group was rare (0/+) with fluctuations from none to few to moderate. However, the
median quantity of the CD-163 positive structures in the connective tissue was a few (+)
with fluctuations from none to moderate to numerous (Figure 4b, Table 5).

A comparison of the control group and patient group using the Mann–Whitney U test
illustrates no statistically significant difference (U = 13.5, p = 0.082) in the structures of the
epithelium and no statistically significant difference (U = 11.5, p = 0.244) in the structures of
the connective tissue (Table 6).
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3.4. IL-10

In the control group, the median quantity of the IL-10 positive structures in the
epithelium was few to moderate (+/++) with fluctuations from few to moderate, but in the
connective tissue, it was rare (0/+) with fluctuations from none to few (Figure 5a, Table 4).
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Figure 5. Immunohistochemistry of the IL-10 positive structures in the control and patient tissue
samples. (a) Control sample with moderate weakly stained IL-10 positive structures in the epithelium
and few IL-10 positive structures in the connective tissue (arrows), IL-10 IMH, 200×; (b) patient
sample with numerous IL-10 positive structures in the epithelium and moderate IL-10 positive
structures in the connective tissue (arrows), IL-10 IMH, 200×.

The median quantity of IL-10 positive structures in the epithelium of the patient group
was moderate (++) with fluctuations from none to abundant. The median quantity of
IL-10 positive structures in the connective tissue of the patient group was few (+), with
fluctuations from none to few to moderate (Figure 5b, Table 5).

A comparison of the control group and patient group using the Mann–Whitney U test
illustrates no statistically significant difference (U = 18, p = 1.000) in the structures of the
epithelium and no statistically significant difference (U = 13.5, p = 0.362) in the structures of
the connective tissue (Table 6).

3.5. HBD-2

In the control group, the median quantity of HBD-2 positive structures in the epithe-
lium was few (+) with fluctuations from none to few to moderate, but in the connective
tissue, it was rare (0/+) with fluctuations from none to moderate (Figure 6a, Table 4).
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Figure 6. Immunohistochemistry of HBD-2 positive structures in the control and patient tissue
samples. (a) Control sample with few to moderate HBD-2 positive structures in the epithelium and
moderate HBD-2 positive structures in the connective tissue (arrows), HBD-2 IMH, 200×; (b) patient
sample with numerous HBD-2 positive structures in the epithelium and moderate HBD-2 positive
structures in the connective tissue (arrows), HBD-2 IMH, 200×.
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The median quantity of HBD-2 positive structures in the epithelium of the patient
group was rare (0/+) with fluctuations from none to numerous. The median quantity of
HBD-2 positive structures in the connective tissue of the patient group was few (+), with
fluctuations from none to numerous (Figure 6b, Table 5).

A comparison of the control group and the patient group using the Mann–Whitney U
test illustrates no statistically significant difference (U = 28, p = 0.879) in the structures of the
epithelium and no statistically significant difference (U = 30.5, p = 0.687) in the structures of
the connective tissue (Table 6).

3.6. HBD-3

In the control group, the median quantity of HBD-3 positive structures in the ep-
ithelium was few to moderate (+/++) with fluctuations from none to numerous, but in
the connective tissue, it was few (+), with fluctuations from few to numerous (Figure 7a,
Table 4).

J. Pers. Med. 2024, 14, x FOR PEER REVIEW 14 of 23 
 

 

3.5. HBD-2 
In the control group, the median quantity of HBD-2 positive structures in the epithe-

lium was few (+) with fluctuations from none to few to moderate, but in the connective 
tissue, it was rare (0/+) with fluctuations from none to moderate (Figure 6a, Table 4). 

  
(a) (b) 

Figure 6. Immunohistochemistry of HBD-2 positive structures in the control and patient tissue sam-
ples. (a) Control sample with few to moderate HBD-2 positive structures in the epithelium and mod-
erate HBD-2 positive structures in the connective tissue (arrows), HBD-2 IMH, 200×; (b) patient 
sample with numerous HBD-2 positive structures in the epithelium and moderate HBD-2 positive 
structures in the connective tissue (arrows), HBD-2 IMH, 200×. 

The median quantity of HBD-2 positive structures in the epithelium of the patient 
group was rare (0/+) with fluctuations from none to numerous. The median quantity of 
HBD-2 positive structures in the connective tissue of the patient group was few (+), with 
fluctuations from none to numerous (Figure 6b, Table 5). 

A comparison of the control group and the patient group using the Mann–Whitney 
U test illustrates no statistically significant difference (U = 28, p = 0.879) in the structures 
of the epithelium and no statistically significant difference (U = 30.5, p = 0.687) in the struc-
tures of the connective tissue (Table 6). 

3.6. HBD-3 
In the control group, the median quantity of HBD-3 positive structures in the epithe-

lium was few to moderate (+/++) with fluctuations from none to numerous, but in the con-
nective tissue, it was few (+), with fluctuations from few to numerous (Figure 7a, Table 4). 
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Figure 7. Immunohistochemistry of HBD-3 positive structures in the control and patient tissue sam-
ples. (a) Control sample with moderate HBD-3 positive structures in the epithelium and connective
tissue (arrows), HBD-3 IMH, 200×; (b) patient sample with numerous HBD-3 positive structures
in the epithelium and patchy moderate HBD-3 positive structures in the connective tissue (arrows),
HBD-3 IMH, 200×.

The median quantity of HBD-3 positive structures in the epithelium of the patient
group was rare (0/+) with fluctuations from none to numerous. The median quantity of
HBD-3 positive structures in the connective tissue of the patient group was none (0), with
fluctuations from none to few to moderate (Figure 7b, Table 5).

A comparison of the control group and the patient group using the Mann–Whitney U
test illustrates no statistically significant difference (U = 23.5, p = 0.506) in the structures of
the epithelium and a statistically significant difference (U = 6, p = 0.005) in the structures of
the connective tissue (Table 6).

3.7. HBD-4

In the control group, the median quantity of HBD-4 positive structures in the epithe-
lium was few (+) with fluctuations from none to numerous, but in the connective tissue, it
was few (+), with fluctuations from none to moderate (Figure 8a, Table 4).

The median quantity of HBD-4 positive structures in the epithelium of the patient
group was none (0), with fluctuations from none to numerous. The median quantity of
HBD-4 positive structures in the connective tissue of the patient group was none (0), with
fluctuations from none to rare (Figure 8b, Table 5).

A comparison of the control group and the patient group using the Mann–Whitney U
test illustrates no statistically significant difference (U = 16.5, p = 0.16) in the structures of
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the epithelium and a statistically significant difference (U = 9, p = 0.014) in the structures of
the connective tissue (Table 6).
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Figure 8. Immunohistochemistry of HBD-4 positive structures in the control and patient tissue
samples. (a) Control sample with numerous HBD-4 positive structures in the epithelium and moderate
HBD-4 positive structures in the connective tissue (arrows), HBD-4 IMH, 200×; (b) patient sample
with no HBD-4 positive structures in the epithelium and connective tissue (arrows), HBD-4 IMH,
200×.

3.8. Correlations in the Epithelium and the Connective Tissue of Cheilognathouranoschisis Affected
Patient Group

With the use of the Spearman’s rank correlation coefficient, a strong and statistically
significant correlation (rs = 0.6–0.79) was obtained between the quantity of HBD-2 positive
structures in the epithelium and HBD-3 positive structures in the epithelium (rs = 0.697,
p = 0.012), HBD-2 positive structures in the epithelium and HBD-4 positive structures in
the epithelium (rs = 0.602, p = 0.038), and LL-37 positive structures in the connective tissue
and HBD-4 positive structures in the epithelium (rs = 0.601, p = 0.039).

A moderate and statistically significant correlation (rs = 0.4–0.59) was obtained be-
tween the quantity of HBD-2 positive structures in the connective tissue and HBD-3 positive
structures in the epithelium (rs = 0.575, p = 0.05).

The statistically significant correlations of the tissue factors in the patient group tissue
samples are organized in Table 7.

Table 7. Statistically notable Spearman’s rank correlation coefficient comparison analysis between
tissue defense factors in the patient group.

Strength of Correlation Correlations between Tissue Defense Factors in Patient Group rs p-Value

Strong association
(0.6–0.79)

HBD-2 in epithelium and HBD-3 in the epithelium 0.697 0.012
HBD-2 in epithelium and HBD-4 in the epithelium 0.602 0.038

LL-37 in connective tissue and HBD-4 in the epithelium 0.601 0.039
Moderate association

(0.4–0.59) HBD-2 in connective tissue and HBD-3 in the epithelium 0.575 0.050

Abbreviations: HBD-2—human beta-defensin 2; HBD-3—human beta-defensin 3; HBD-4—human beta-defensin
4; rs—Spearman’s rho value.
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4. Discussion

In our study, statistically significant differences between the patient group and control
group tissue samples were found in HBD-3 and HBD-4 positive structures of the connective
tissue (but not in the structures of the epithelium), where the patients showed a notable
decrease in the occurrence of both HBD-3 and HBD-4. Thus, we speculate on the com-
mon decrease in two important local antimicrobial proteins. Interestingly, previous studies
indicate that HBD-3 shares some similar anti-inflammatory functions with HBD-2 [32].
Moreover, HBD-3 notably increases the pace of tissue and wound healing with the ability
to influence fibroblast activity, keratinocyte proliferation, and the release of angiogenetic
growth factors [28]. On the other hand, the main antimicrobial protein HBD-2 positive
structures in the patient and control groups remain statistically insignificantly different,
which suggests that in orofacial cleft patients before or during milk dentition, the shared
HBD-2 and HBD-3 function of anti-inflammatory actions remains unaffected. In contrast,
HBD-3’s distinctive function of healing properties is severely decreased. The lack of statis-
tically significant changes in HBD-3 immunoreactive structures in the epithelium implies
that keratinocyte induction during healing processes is unaffected; however, the decrease
in this tissue defense factor in the structures of connective tissues points to the fact that
this irregularity directly affects the activity of fibroblasts and angiogenetic growth factor
expression. This observation leads us to believe that in patients with orofacial clefts, the
healing of connective tissue is suppressed, and the decrease in HBD-3 positive structures
promotes the chronic state of inflammation and probably the prolonged immune response
that is a distinct feature of the cleft-affected tissue. This suggestion can be explained by
a study conducted by Özdemir et al., where in the process of continuous and chronic in-
flammation, the amount of pathogen and host organism-produced proteases increases [29].
Therefore, these proteases that act as the host organism’s protective reaction to infection
and inflammation can simultaneously make HBD-3 susceptible to degradation and decrease
its prevalence in the inflammation-affected tissue [29]. However, in a similar study of cleft
patients of mixed dentition age conducted by Den, isova et al., the difference between the
immunoreactive HBD-3 structures in the patient and control group tissue samples was not
statistically significant [35]. This was because Den, isova’s study was conducted with samples
obtained from older patients (during mixed dentition aged 6 to 12 years [35]), which may
suggest that HBD-3 expression simultaneously and gradually increases with the maturation
of the body and tissues as a protective reaction against the prolonged inflammation to
successfully eliminate it and induce the healing process of damaged tissue.

HBD-4 has been previously described as a defense factor that binds to the lipopolysac-
charides of bacterial cell walls and ensures antimicrobial effects combined with the decrease
in TNF-α, IL-1, and TLR2 expression [33,34]. HBD-4 is also connected to the stimulated
expression of IL-10, increased keratinocyte proliferation and migration, and fibroblast
angiogenin synthesis [38,39]. Typically, with the presence of bacterial LPS and/or inflam-
matory process and tissue damage, an increased release of HBD-4 has been noted as a part
of the organism’s defense mechanism [34,43–46]. Yet, in our study, HBD-4 immunoreactive
structures in orofacial cleft patient tissue samples were presented in a very limited way.
This suggests that the absence of HBD-4 in patients with Cheilognathouranoschisis indi-
cates the parafunction of host tissue defense mechanisms, making the damaged tissue more
susceptible to infections and the development of chronic inflammatory processes. Contrary
to our results, in a study conducted by Den, isova et al., an increase in the HBD-4 positive
structures was discovered in the cleft-affected tissue of patients during mixed dentition [35].
This indicates a significant difference in the expression mechanisms of HBD-4 in the tissue
of cleft-affected children before and during milk dentition and in children during mixed
dentition, which can be connected to the variation in teeth present. Moreover, this variation
seems to affect only the cells of connective tissue because no statistically significant differ-
ences were observed in the epithelium, neither in our study nor in the study by Den, isova
et al. [35]. In a study conducted by Kim et al., it was noted that the human dental pulp
cells of permanent teeth secrete inflammatory factors that upregulate the expression of
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HBD-2 (TNF-α and IL-1) [47]. Based on these results, it can be speculated that the presence
of mixed dentition and its pulp cells can also similarly upregulate the expression of HBD-4.
Hence, it leads us to believe that the cells of mixed dentition and its periodontium contain
some type of signaling pathways that can influence HBD-4 expression and are not present
in the cells of milk dentition. In children with CLP, there possibly is a congenital defect
in signaling pathways that provide normal expression of HBD-4. With the eruption of
permanent teeth, different pathways are formed; thus, they can induce not only normal
but also excessive expression of HBD-4. Therefore, this factor can finally carry out its
functions and participate in tissue healing. It can also be speculated that the change in
signaling pathways and increase in HBD-4 secretion during mixed dentition is connected
to the fact that teeth eruption is a traumatic process during which the connective tissue
and epithelium of the oral cavity are damaged and, therefore, more susceptible to infection
and penetration of bacteria. The increase of the HBD-4 quantity possibly functions as
the host organism’s defense mechanism in order to prevent the proliferation of bacteria
and increase tissue healing in the site of newly erupted teeth for the sake of protection
of the new structure. And, because in the cleft-affected tissue, inflammation is already
present before the eruption of secondary dentition, the physiologically normal increase in
HBD-4 expression over-activates as a reaction to the chronic inflammation in an effort to
reduce it by stimulating keratinocyte proliferation and migration, fibroblast activity and
angiogenetic factor release.

Interestingly, a presence of immunoreactive HBD-4 structures in cleft-affected tissue
was observed only in tissue samples where the mother had a previous history of CLP. This
could indicate a possible connection between inheritance and HBD-4 secretion regulating
gene and signaling pathway expression. The results of this study, with the simultaneous
decrease in both HBD-3 and HBD-4, are also consistent with a study conducted by Yanagi
et al., where HBD-4 and HBD-3 showed supplementary and similar effects [43,44]. Hence,
future studies can further evaluate the connection between these two factors.

A statistically notable strong positive correlation was established between the quantity
of HBD-2 and HBD-3 positive structures in the epithelium. The synergy of both peptides
has been previously observed in other cases of chronic inflammation, like periodontitis,
chronic rhinosinusitis, and COPD [33,48,49]. It is also noted that both HBD-2 and HBD-3
share similar anti-inflammatory functions by increasing chemokine and cytokine secretion,
proliferation of epithelial and connective tissue cells, like fibroblasts and keratinocytes, as
well as promoting wound and damaged tissue healing [32,50]. Similar to a study by Viksne
et al., the positive correlation of HBD-2 and HBD-3 in our study could be connected to
changed functions of the epithelial barrier in the cleft-affected tissue for patients before or
during milk dentition [49]. Moreover, a statistically significant moderate positive correlation
was also identified between the quantity of HBD-3 positive structures in the epithelium and
HBD-2 positive structures in the connective tissue. This would lead us to believe that in the
case of orofacial cleft for children before or during milk dentition, HBD-2 expresses several
functions that differ in the epithelium and the connective tissue. Based on findings of a
study conducted by Umehara et al., where it was discovered that HBD-2 in the connective
tissue mainly acts as an important chronic wound healing agent, it could be assumed that
the presumably changed functions of the epithelial barrier with the synergetic correlation
of HBD-2 and HBD-3 observed in our study, could also induce altered connective tissue
cell activity with the whole purpose to promote more effective tissue healing [39].

Additionally, a statistically significant strong positive correlation was established
between the quantity of HBD-2 and HBD-4 positive structures in the epithelium. HBD-2
and HBD-4 function as anti-inflammatory agents that provide the defense of the epithelium
and are produced by keratinocytes in the case of upregulated expression of inflammation-
modulating molecules, like TNF-α, IL-β, and INF-γ [51]. In previous studies, it has been
observed that there could be a possible synergetic link between HBD-2 and HBD-4 in
the role of inhibiting bacterial infection in respiratory tract tissue, as well as it has been
established that the expression of these peptides can be regulated by the same factors,
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like retinoic acid [43,44,51]. Because HBD-4 is especially known for its ability to bind to
bacterial LPS, the discovery of our study could suggest that in the case of cleft lip and
palate in children aged from 6 months to 2 years, there is a presence of altered antibacte-
rial functions of the epithelial barrier that are carried out by HBD-4 and synergistically
supported by HBD-2. This correlation could also be connected to the changed quantity of
HBD-4 immunoreactive structures in the connective tissue, but this needs to be examined
in future research.

Furthermore, a statistically notable strong positive correlation was also observed
between the quantity of LL-37 positive structures in the connective tissue and HBD-4
positive structures in the epithelium. The release of LL-37 is mainly carried out by the
epithelium that coats and forms various tracts of the body, but it is also observed in neu-
trophils, monocytes, lymphocytes, and macrophages, which are cells that are commonly
present in the connective tissue, especially in the case of inflammation [13,14]. The fact that
chronic inflammation is a distinct feature of clefted tissue could be the main reason the
correlation of LL-37 is only noted in connective tissue. In this tissue, LL-37 typically imple-
ments the organism’s inflammatory response with increased inflammatory and immune
cell activity, characterized by increased chemotaxis, proliferation, phagocytosis, cytokine
secretion, fibroblast activity, etc. [13,15]. It is also known that LL-37 protects the host body
from infections not only by the exacerbation of the inflammatory response but also by
directly destroying the microorganisms that have infiltrated the body with the formation
of pores in the membranes and cell walls of these organisms, all as a part of innate im-
munity [13,15]. This activity of the factor has also been connected to the destruction of
preexisting biofilms [16,17]. Therefore, keeping in mind HBD-4’s distinct feature of high
affinity to bacterial LPS, it can be assumed that both of these factors function together and
enhance each other’s activity in order to successfully eliminate the bacteria that has infil-
trated the clefted tissue—starting with the epithelium and making its way to the connective
tissue. The synergy of these factors throughout the epithelium and connective tissue could
mean that they form a line of defense that protects both—epithelium and connective tissue.
The co-action of LL-37 and HBD-4 has also been identified in previous studies conducted by
Den, isova et al. and Niyonsaba et al., where the shared function of IL-18 and IL-31 secretion
and the mutual regulation through TNF-α was noted [34,35,38,52,53].

Interestingly, in our study, no statistically significant changes or correlations were ob-
served in the immunohistochemical analysis of IL-10. In previous similar studies, the link
between HBDs and IL-10 expression has been noted, with the mention that in the case of
inflammation, HBDs usually upregulate the expression and secretion of IL-10 [35,38,54,55].
However, in our study, no such observation was made; therefore, it leads us to believe that in
cleft-affected tissue for children aged from 6 months to 2 years, there is a factor that suppresses
the typically observed upregulated expression of IL-10. It is possible that this suppression is
carried out by LL-37, which has shown a positive correlation with HBD-4 in this study. This
theory is supported by previous studies, which also concluded that LL-37 has a proinflamma-
tory effect and reduces the secretion of anti-inflammatory cytokine IL-10 [19,56,57].

In addition, it is also noteworthy that not only M2 macrophages but also other similar
CD-163 immunoreactive substances produced by M2 macrophages were visible in the
epithelium. This leads us to believe that in CLP children aged from 6 months to 2 years,
there is a presence of immunohistochemical cross-reactivity that needs to be examined
further in future studies.

The suspected link between the examined tissue defense factors and inflammatory
processes of the orofacial region suggests that the deficiency of these factors promotes the
development of inflammation. Therefore, they could be potentially used as a therapeutic
chronic inflammation treatment option that would aid the epithelium and connective tissue
of the oral cavity in faster and more effective healing in the case of prolonged inflammation
and/or after surgical treatment of the defect [23,30,31,58–61]. The use of these factors could
decrease healing time, scar tissue formation, development of tissue healing complications
and significantly improve the outcome and overall recovery process of the patient [23].
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Our study is a part of 20 years of research projects, and we have observed a novel
difference in distribution and fluctuations of defense factors in cleft-affected palate tissue
in children before and during milk dentition. Previous studies show that early childhood
demonstrates the different distribution of the same defense factors (HBD-2, HBD-4, IL-
10 [35]); therefore, we can conclude that defense factor expression changes with childhood
development and maturation of the tissue.

A notable limitation in our study could be that some patient group samples lacked
epithelium because the acquisition of tissue samples during veloplastic surgery is chal-
lenging. The presence of orofacial cleft has already created a deficiency of tissue material;
therefore, every single piece of tissue available is needed to complete a successful surgery
that renews the damaged tissue as much as possible. Hence, not much is left to obtain
for scientific research purposes. A partial limitation in our study could be that there is no
correlation between the local defense factor quantitative changes and clinical signs and
symptoms of the patients, for example, biomechanical defects, functional impediments etc.
This marks a possible future research plan to connect immunohistochemical indices with
clinical manifestations and indications for possible treatment with various biomaterials [62].

Some other methods, like ELISA and in situ hybridization, can clarify the local tissue
defense factor concentration and the gene assay in the cleft-affected tissue.

In summary, a statistically notable decrease in defense factor expression was noted
when comparing the HBD-3 and HBD-4 positive structures in the connective tissue. This
could suggest a possible promotion of chronic inflammatory processes. The deficiency
of HBD-4 could be associated with signaling pathways that are specific to dental pulp
cells. Furthermore, several significant strong and moderate mutual correlations were also
observed between HBD-2, HBD-3, HBD-4, and LL-37 IHC-positive structures of both the ep-
ithelium and connective tissue. This indicates noteworthy changes in the epithelial barrier,
amplification of healing processes, and an increase in antibacterial defense mechanisms.
In addition, no notable changes were discovered in IL-10 expression; therefore, a possible
suppression of the factor could be present in patients with CLP. Interestingly, we also noted
that the presence of M2 macrophage produced similar CD-163 immunoreactive substances.

5. Conclusions

A decreased amount of HBD-3 in the connective tissue implies downregulated fibrob-
last and angiogenetic growth factor expression, promoting a chronic state of inflammation
and prolonged immune response in cleft-affected tissue.

Almost the absence of HBD-4 in connective tissue indicates the parafunction of host
tissue defense mechanisms that increase susceptibility to infections of the cleft-affected
palate. The deviance in the HBD-4 levels in children before and during milk dentition age
compared to the mixed dentition age could be connected to tissue defense factors signaling
pathways that are specific to permanent dentition.

A strong positive correlation between HBD-2 and HBD-4 in the epithelium suggests
the mutually and synergistically supported alteration of antibacterial functions of the
epithelial barrier in patients with CLP.

The synergy of LL-37 and HBD-4 indicates the protection of epithelium and connective
tissue by enhancing each other’s ability to eliminate bacteria.

Future research could include gene detection, defense factor concentration detection,
and correlation with clinical data in the longitudinal aspect as a final outcome after all
plastic surgeries have been performed on the cleft-affected children.
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2. Pilmane, M.; Jain, N.; Jain, S.; Akota, I.; Kroiča, J. Quantification of Cytokines in Lip Tissue from Infants Affected by Congenital

Cleft Lip and Palate. Children 2021, 8, 140. [CrossRef] [PubMed]
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31. Cieślik, M.; Bagińska, N.; Górski, A.; Jończyk-Matysiak, E. Human β-Defensin 2 and Its Postulated Role in Modulation of the
Immune Response. Cells 2021, 10, 2991. [CrossRef] [PubMed]

32. Judge, C.J.; Reyes-Aviles, E.; Conry, S.J.; Sieg, S.S.; Feng, Z.; Weinberg, A.; Anthony, D.D. HBD-3 induces NK cell activation, IFN-γ
secretion and mDC dependent cytolytic function. Cell Immunol. 2015, 297, 61–68. [CrossRef] [PubMed]

33. Vitenberga, Z.; Pilmane, M.; Babjoniševa, A. An Insight into COPD Morphopathogenesis: Chronic Inflammation, Remodeling,
and Antimicrobial Defense. Medicina 2019, 55, 496. [CrossRef] [PubMed]

34. Zhai, Y.; Wang, Y.; Rao, N.; Li, J.; Li, X.; Fang, T.; Zhao, Y.; Ge, L. Activation and Biological Properties of Human β Defensin 4 in
Stem Cells Derived From Human Exfoliated Deciduous Teeth. Front. Physiol. 2019, 10, 1304. [CrossRef] [PubMed]

35. Den, isova, A.; Pilmane, M.; Kažoka, D. Antimicrobial Peptides and Interleukins in Cleft Soft Palate. Children 2023, 10, 1162.
[CrossRef] [PubMed]

36. Scheid, R.C.; Weiss, G. Woelfel’s Dental Anatomy; Wolters Kluwer/Lippincott Williams & Wilkins Health: Philadelphia, PA, USA,
2012.

37. Suvarna, S.K.; Layton, C.; Bancroft, J.D. Bancroft’s Theory and Practice of Histological Techniques; Elsevier: Amsterdam, The
Netherlands, 2019.

38. Niyonsaba, F.; Ushio, H.; Nakano, N.; Ng, W.; Sayama, K.; Hashimoto, K.; Nagaoka, I.; Okumura, K.; Ogawa, H. Antimicrobial
peptides human beta-defensins stimulate epidermal keratinocyte migration, proliferation and production of proinflammatory
cytokines and chemokines. J. Investig. Dermatol. 2007, 127, 594–604. [CrossRef]

39. Umehara, Y.; Takahashi, M.; Yue, H.; Trujillo-Paez, J.V.; Peng, G.; Nguyen, H.L.T.; Okumura, K.; Ogawa, H.; Niyonsaba, F. The
Antimicrobial Peptides Human β-Defensins Induce the Secretion of Angiogenin in Human Dermal Fibroblasts. Int. J. Mol. Sci.
2022, 23, 8800. [CrossRef]

40. Vaivads, M.; Akota, I.; Pilmane, M. Cleft Candidate Genes and Their Products in Human Unilateral Cleft Lip Tissue. Diseases
2021, 9, 26. [CrossRef]

41. Vitenberga, Z.; Pilmane, M.; Babjoniševa, A. The evaluation of inflammatory, anti-inflammatory and regulatory factors contribut-
ing to the pathogenesis of COPD in airways. Pathol. Res. Pract. 2019, 215, 97–105. [CrossRef]

42. Barton, B.; Peat, J. Medical Statistics: A Guide to SPSS, Data Analysis and Critical Appraisal; Wiley: Hoboken, NJ, USA, 2014.
43. Yanagi, S.; Ashitani, J.; Ishimoto, H.; Date, Y.; Mukae, H.; Chino, N.; Nakazato, M. Isolation of human beta-defensin-4 in lung

tissue and its increase in lower respiratory tract infection. Respir. Res. 2005, 6, 130. [CrossRef]
44. Yanagi, S.; Ashitani, J.; Imai, K.; Kyoraku, Y.; Sano, A.; Matsumoto, N.; Nakazato, M. Significance of human beta-defensins in the

epithelial lining fluid of patients with chronic lower respiratory tract infections. Clin. Microbiol. Infect. 2007, 13, 63–69. [CrossRef]
[PubMed]

45. Paris, S.; Wolgin, M.; Kielbassa, A.M.; Pries, A.; Zakrzewicz, A. Gene expression of human beta-defensins in healthy and inflamed
human dental pulps. J. Endod. 2009, 35, 520–523. [CrossRef] [PubMed]

46. Noronha, S.A.; Noronha, S.M.; Lanziani, L.E.; Ipolito, M.Z.; Ferreira, L.M.; Gragnani, A. Human beta defensin-4 and ker-
atinocyte growth factor gene expression in cultured keratinocyte and fibroblasts of burned patients. Acta Cir. Bras. 2014,
29 (Suppl. S3), 39–43. [CrossRef] [PubMed]

47. Kim, Y.S.; Min, K.S.; Lee, S.I.; Shin, S.J.; Shin, K.S.; Kim, E.C. Effect of proinflammatory cytokines on the expression and regulation
of human beta-defensin 2 in human dental pulp cells. J. Endod. 2010, 36, 64–69. [CrossRef] [PubMed]

https://doi.org/10.3389/fimmu.2021.763334
https://www.ncbi.nlm.nih.gov/pubmed/34950140
https://doi.org/10.1016/j.cyto.2016.12.015
https://www.ncbi.nlm.nih.gov/pubmed/28092794
https://doi.org/10.1016/j.actbio.2020.12.046
https://www.ncbi.nlm.nih.gov/pubmed/33359765
https://doi.org/10.1089/ars.2012.4834
https://www.ncbi.nlm.nih.gov/pubmed/22900885
https://doi.org/10.1016/j.immuni.2019.03.020
https://www.ncbi.nlm.nih.gov/pubmed/30995504
https://doi.org/10.1007/978-94-024-0921-5_5
https://doi.org/10.1084/jem.20190418
https://doi.org/10.3389/fimmu.2021.712781
https://doi.org/10.1111/jcpe.13227
https://doi.org/10.1080/00016357.2020.1715471
https://doi.org/10.3390/cells10112991
https://www.ncbi.nlm.nih.gov/pubmed/34831214
https://doi.org/10.1016/j.cellimm.2015.06.004
https://www.ncbi.nlm.nih.gov/pubmed/26302933
https://doi.org/10.3390/medicina55080496
https://www.ncbi.nlm.nih.gov/pubmed/31426487
https://doi.org/10.3389/fphys.2019.01304
https://www.ncbi.nlm.nih.gov/pubmed/31695620
https://doi.org/10.3390/children10071162
https://www.ncbi.nlm.nih.gov/pubmed/37508659
https://doi.org/10.1038/sj.jid.5700599
https://doi.org/10.3390/ijms23158800
https://doi.org/10.3390/diseases9020026
https://doi.org/10.1016/j.prp.2018.10.029
https://doi.org/10.1186/1465-9921-6-130
https://doi.org/10.1111/j.1469-0691.2006.01574.x
https://www.ncbi.nlm.nih.gov/pubmed/17184289
https://doi.org/10.1016/j.joen.2008.12.015
https://www.ncbi.nlm.nih.gov/pubmed/19345797
https://doi.org/10.1590/S0102-86502014001700008
https://www.ncbi.nlm.nih.gov/pubmed/25351155
https://doi.org/10.1016/j.joen.2009.09.022
https://www.ncbi.nlm.nih.gov/pubmed/20003937


J. Pers. Med. 2024, 14, 27 20 of 20

48. Zhang, C.; Han, Y.; Miao, L.; Yue, Z.; Xu, M.; Liu, K.; Hou, J. Human β-defensins are correlated with the immune infiltration and
regulated by vitamin D(3) in periodontitis. J. Periodontal Res. 2023, 58, 986–996. [CrossRef] [PubMed]

49. Viksne, R.J.; Sumeraga, G.; Pilmane, M. Antimicrobial and Defense Proteins in Chronic Rhinosinusitis with Nasal Polyps. Medicina
2023, 59, 1259. [CrossRef]

50. Fusco, A.; Savio, V.; Donniacuo, M.; Perfetto, B.; Donnarumma, G. Antimicrobial Peptides Human Beta-Defensin-2 and -3 Protect
the Gut During Candida albicans Infections Enhancing the Intestinal Barrier Integrity: In Vitro Study. Front. Cell Infect. Microbiol.
2021, 11, 666900. [CrossRef] [PubMed]

51. Harder, J.; Meyer-Hoffert, U.; Wehkamp, K.; Schwichtenberg, L.; Schröder, J.M. Differential gene induction of human beta-
defensins (hBD-1, -2, -3, and -4) in keratinocytes is inhibited by retinoic acid. J. Investig. Dermatol. 2004, 123, 522–529. [CrossRef]

52. Niyonsaba, F.; Ushio, H.; Nagaoka, I.; Okumura, K.; Ogawa, H. The human beta-defensins (-1, -2, -3, -4) and cathelicidin LL-37
induce IL-18 secretion through p38 and ERK MAPK activation in primary human keratinocytes. J. Immunol. 2005, 175, 1776–1784.
[CrossRef]

53. Huang, L.C.; Petkova, T.D.; Reins, R.Y.; Proske, R.J.; McDermott, A.M. Multifunctional roles of human cathelicidin (LL-37) at the
ocular surface. Investig. Ophthalmol. Vis. Sci. 2006, 47, 2369–2380. [CrossRef]

54. Cui, D.; Lyu, J.; Li, H.; Lei, L.; Bian, T.; Li, L.; Yan, F. Human β-defensin 3 inhibits periodontitis development by suppressing
inflammatory responses in macrophages. Mol. Immunol. 2017, 91, 65–74. [CrossRef] [PubMed]

55. Kanda, N.; Kamata, M.; Tada, Y.; Ishikawa, T.; Sato, S.; Watanabe, S. Human β-defensin-2 enhances IFN-γ and IL-10 production
and suppresses IL-17 production in T cells. J. Leukoc. Biol. 2011, 89, 935–944. [CrossRef] [PubMed]

56. van der Does, A.M.; Beekhuizen, H.; Ravensbergen, B.; Vos, T.; Ottenhoff, T.H.; van Dissel, J.T.; Drijfhout, J.W.; Hiemstra, P.S.;
Nibbering, P.H. LL-37 directs macrophage differentiation toward macrophages with a proinflammatory signature. J. Immunol.
2010, 185, 1442–1449. [CrossRef] [PubMed]

57. Soldati, K.R.; Toledo, F.A.; Aquino, S.G.; Rossa, C., Jr.; Deng, D.; Zandim-Barcelos, D.L. Smoking reduces cathelicidin LL-37 and
human neutrophil peptide 1-3 levels in the gingival crevicular fluid of patients with periodontitis. J. Periodontol. 2021, 92, 562–570.
[CrossRef] [PubMed]
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