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Abstract: Background: Craniofacial clefts can form a significant defect within bone and cartilage,
which can negatively affect tissue homeostasis and the remodeling process. Multiple proteins can
affect supportive tissue growth, while also regulating local immune response and tissue protection.
Some of these factors, like galectin-10 (Gal-10), nuclear factor kappa-light-chain-enhancer of activated
B cells protein 65 (NF-κB p65), heat shock protein 60 (HSP60) and 70 (HSP70) and cathelicidin (LL-37),
have not been well studied in cleft-affected supportive tissue, while more known tissue regeneration
regulators like type I collagen (Col-I) and bone morphogenetic proteins 2 and 4 (BMP-2/4) have
not been assessed jointly with immunomodulation and protective proteins. Information about the
presence and interaction of these proteins in cleft-affected supportive tissue could be helpful in devel-
oping biomaterials and improving cleft treatment. Methods: Two control groups and two cleft patient
groups for bone tissue and cartilage, respectively, were organized with five patients in each group.
Immunohistochemistry with the semiquantitative counting method was implemented to determine
Gal-10-, NF-κB p65-, HSP60-, HSP70-, LL-37-, Col-I- and BMP-2/4-positive cells within the tissue.
Results: Factor-positive cells were identified in each study group. Multiple statistically significant
correlations were identified. Conclusions: A significant increase in HSP70-positive chondrocytes
in cleft patients could indicate that HSP70 might be reacting to stressors caused by the local tissue
defect. A significant increase in Col-I-positive osteocytes in cleft patients might indicate increased
bone remodeling and osteocyte activity due to the presence of a cleft. Correlations between factors
indicate notable differences in molecular interactions within each group.

Keywords: cleft lip and palate; bone; hyaline cartilage; Gal-10; NF-κB p65; HSP60; HSP70; LL-37;
Col-I; BMP-2/4

1. Introduction

Cleft lip and palate are relatively frequent congenital anomalies that have an incidence
of 1 per 600 to 800 newborns in the general population [1]. Orofacial clefts in humans
are a spectrum of disorders that develop due to improper fusion of facial folds within the
4th–12th week of embryonic development and can affect not only the soft mucosal tissue,
but also the underlying bone and cartilage [2]. Cleft formation negatively affects the growth
and development of maxillary bone and cartilage causing defects in facial morphology in
affected children [3,4]. Supportive tissue growth can be regulated by multiple factors that
affect regeneration and regulation of local immune response within this tissue.

Galectin-10 (Gal-10) is a protein belonging to the galectin protein family due to its
structural similarity to other proteins in this group [5]. Gal-10 can be mainly found in human
eosinophilic leukocytes [6] and has been associated with pathologies where eosinophilic
leukocyte involvement has been notified like allergies, asthma, helminth parasite infections
and others [5]. Gal-10 is needed for the differentiation and growth of eosinophils [7].
Galectins can also be found in cartilage and bone in the case of osteoarthritis where tissue
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dysregulation and excessive inflammation are present [8]. Gal-10 involvement in orofacial
supportive tissue growth has not been well documented.

Nuclear factor kappa-light-chain-enhancer of activated B cells protein 65 (NF-κB p65)
has been described as a factor involved in inflammation and developmental processes.
An increase in NF-κB p65 has been associated with chronic inflammatory and degenerative
disorders [9]. NF-κB p65 in interaction with other proteins inhibits apoptosis [10]. NF-κB
p65 activation by proinflammatory cytokines affects supportive tissue growth—activation
of NF-κB p65 represses osteoblast differentiation and bone growth [11,12]—while in carti-
lage, it represses chondrocyte apoptosis [13]. The presence of NF-κB p65 in cleft-affected
bone and cartilage has not been well described in previous research.

Heat shock protein 60 (HSP60) is a chaperonin that typically can be found in mi-
tochondria, but it has been identified in the cell cytoplasm, plasma membrane or even
extracellular space [14]. HSP60 regulates protein folding and protein homeostasis in the
mitochondria together with other chaperonins [15], but other functions have also been
attributed. It has been previously described that HSP60- and HSP60-derived peptides
have anti-inflammatory and immunomodulating action [16,17]. HSP60 in bone tissue has
protective properties against stressors [18,19], while in cartilage disorders like osteoarthritis,
HSP60 decreases the loss of the cartilage matrix [20]. HSP60’s involvement in cleft-affected
supportive tissue has not been well documented in previous research.

Heat shock protein 70 (HSP70) is a chaperonin that regulates protein folding, aggrega-
tion and general protein homeostasis in cells and, together with other heat shock proteins,
forms a complex network of interactions [21,22]. HSP70 protects other proteins from stress-
induced denaturation [23,24], but other functions have also been described. In bone tissue,
HSP70 protein 8 non-covalently binds with monoclonal nonspecific suppressor factor-β
(MNSFβ), which can promote receptor activator of nuclear factor-kappa beta (RANKL)
induction of osteoclastogenesis and subsequent increase in bone resorption [25]. HSP70
is involved during endochondral ossification and inhibits vascular endothelial growth
factor (VEGF) synthesis, which regulates the growth of blood vessels during the ossification
process [26]. In cartilage, HSP70 levels increase in the presence of stressors [27]. An increase
in anti-HSP70 antibodies in women who later had given birth to children with cleft lip
and palate has been described but the exact mechanism of possible interaction during cleft
formation remains unclear [28]. Evaluation of HSP70 in cleft-affected supportive tissue has
not been well described in previous research.

Cathelicidin (leucine leucine-37 or LL-37) is a 37 amino acid cationic peptide that is an
important factor for innate immune response [29]. LL-37 has immunomodulating action—it
can promote inflammation in some tissues, while in others, it has anti-inflammatory ac-
tion [30]. LL-37 promotes osteogenic differentiation of mesenchymal stem cells while also
stimulating bone regeneration and local antibacterial protection [31–33]. Regenerating and
antibacterial effects of LL-37 have been studied in articular cartilage [34,35]. LL-37 has not
been well studied in cleft-affected supportive tissue.

Type I collagen (Col-I) is the most common type of collagen that is typically found in
many types of connective tissue [36]. It is an important structural protein in bone tissue
and is essential for correct bone growth and regeneration [37]. Col-I is typically not found
in most hyaline cartilage [38], but studies have shown that some Col-I can be detected in
hyaline cartilage [39,40], which affects the biomechanical properties of this tissue. Col-I has
additional functions in regulating bone cell growth and differentiation [41]. It functions
as a ligand for receptors that stimulate osteoblast differentiation and inhibit osteoclast
activity [42]. The expression of genes that are needed for Col-I synthesis is downregulated
in osteocytes during their differentiation from osteoblasts [43], but osteocytes can also
produce Col-I to maintain bone homeostasis [44]. Col-I production in chondrocytes has
also been demonstrated in animal models [45]. Increased Col-I protein production has
been detected in the connective tissue of cleft lip and palate patients, indicating potential
issues in wound healing and scarring after cleft-correcting surgery [46], while the presence
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of Col-I in cleft-affected bone tissue and cartilage cells has not been well documented in
previous studies.

Bone morphogenetic proteins 2 and 4 (BMP-2/4) are highly involved in supportive
tissue homeostasis regulation. BMP-2 is an important growth factor during bone tissue
formation and osteoblast activation [47]. BMP-4 is a necessary growth factor during skeleto-
genesis and during different organ system development [48], and it promotes osteogenetic
differentiation of mesenchymal stem cells [49]. The BMP signaling pathway regulates bone
remodeling [50] and enhances cartilage growth [51]. Both BMP-2 [52] and BMP-4 [53]
stimulate chondrogenesis. BMP-2/4 have been studied in cleft-affected supportive tis-
sue [54], but their exact interactions with other previously mentioned immunomodulating
and protective factors in cleft-affected supportive tissue have not been well studied.

The main aim of this study is to describe and compare the presence and relative
distribution of Gal-10, NF-κB p65, HSP60, HSP70, LL-37, Col-I and BMP-2/4 protein-
containing bone and cartilage cells by using immunohistochemistry in both relatively
healthy control supportive tissue and cleft-affected bone and cartilage. Understanding the
distribution and presence of these factors, as well as the correlations between them in cleft-
affected bone and cartilage, could provide additional information about differences between
relatively normal and cleft-affected supportive tissue, differences or similarities in healing,
regeneration and immune response after surgical intervention. This information could
provide a clearer perception of new directions of treatment and biomaterial development
regarding cleft-affected supportive tissue repair.

2. Materials and Methods
2.1. Characterization of Patients and Controls

Tissue samples that were gathered and used for patient groups and control groups
were gathered in the Cleft Lip and Palate Centre of the Institute of Stomatology of Riga
Stradins University (RSU). Each tissue sample was donated for research on voluntary
agreement from the parents of patients. Tissue samples were evaluated in the RSU Institute
of Anatomy and Anthropology. RSU’s Research Ethics Committee issued the necessary
permissions (first permission dated 22 May 2003 and second permission Nr. 5 dated
28 June 2018) to allow us to perform this study. This research work was conducted based
on the Declaration of Helsinki regulations of 1964.

Supportive tissue recovered from cleft patients was subdivided based on the avail-
able tissue type taken during the third stage of cleft-correcting surgery (alveolar process
osteoplasty and nasal septum correction; each cleft patient had undergone primary lip
plastic surgery and secondary soft palate plastic surgery previously at an earlier age) [55]
into cleft-affected bone tissue group (5 patients) and cleft-affected cartilage tissue group
(5 patients). The inclusion criteria for each patient group were the following: diagnosis of
non-syndromic cleft lip and palate, no other orofacial pathology detected, cleft-correcting
surgery has been performed during mixed dentition age. Only excess tissue (approximately
1 mm3) not needed for cleft surgical repair was taken and used for research to prevent
harm to the patients. The average age of patients in the cleft-affected bone tissue was
10 years and 9 months (ranging from 6 years 7 months to 14 years 5 months), while patients
in the cleft-affected cartilage group, on average, were 9 years and 7 months old (ranging
from 6 years and 7 months to 11 years and 6 months). Four out of five patients in the cleft-
affected bone tissue group were male, while one patient was female. Similarly, four out of
five patients in the cleft-affected cartilage group were male and one patient was female.

Bone tissue and cartilage tissue from controls were gathered from individuals of mixed
dentition age, while both primary and permanent teeth are present typically between the
ages of 6 to 12 years [56]. Inclusion criteria for control group tissue were the following: no
orofacial clefts in anamnesis or family history and no other pathological processes present
in supportive tissue (either bone or cartilage) like inflammation, tissue degeneration or
malignancy. The tissue material for bone tissue controls (5 patients—3 male and 2 female;
all mixed dentition age) was gathered from alveolar bone during tooth extraction surgery
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not related to cleft lip and palate, which was taken during routine surgery in RSU Institute
of Stomatology. The tissue used for cartilage controls (5 patients—4 male and 1 female;
all mixed dentition age) was gathered from the tracheal cartilage of cadavers in the RSU
Institute of Anatomy and Anthropology.

2.2. Tissue Preparation, Routine Staining and Immunohistochemistry

The tissue material of patients and controls was fixated directly after retrieval in
Stefanini (Zamboni) solution (12773.02500, ZAMBONI solution-2.500 ml, MORPHISTO
Ltd., Offenbach am Main, Germany) and further prepared in the RSU Institute of Anatomy
and Anthropology Laboratory of Morphology. Later, Tyrode’s solution was used for the
washing procedure for 24 h. The tissue material was dehydrated in an alcohol solution
and, afterward, degreased with xylene for 30 min. Next, the specimens were embedded in
paraffin and the fully hardened blocks were cut into several 5 µm thick sections using a semi-
automatic rotary microtome (Leica RM2245, Leica Biosystems Richmond Inc., Richmond,
IL, USA). After sections were fixed on slides, deparaffinization was performed. First, tissue
was routinely stained with hematoxylin (05-M06002, Mayer’s Hematoxylin, Bio Optica
Milano S.p.A., Milan, Italy) and eosin (05-B10003, Eosin Y alcoholic solution, Bio Optica
Milano S.p.A., Milan, Italy) to provide a general overview. Second, immunohistochemistry
was performed to determine the presence of Gal-10, NF-κB p65, HSP60, HSP70, LL-37,
Col-I and BMP-2/4 protein-containing cells in both patient and control groups.

Samples of supportive tissue (bone and cartilage) were prepared for immunohisto-
chemical investigation and light microscopy by employing standard streptavidin and biotin
immunostaining methods [57] to identify immunopositive cells within bone and cartilage
tissue of patients and controls. Immunohistochemistry with different antibodies was per-
formed in accordance with the technical specifications given by antibody manufacturers.
The following antibodies were used for the identification of factor-positive bone and car-
tilage cells: Gal-10 antibodies (orb157023, rabbit, polyclonal, dilution 1:200, Biorbyt Ltd.,
Cambridge, UK); NF-κB p65 antibodies (orb37069, rabbit, polyclonal, dilution 1:100, Biorbyt
Ltd., Cambridge, UK); HSP60 antibodies (sc-1052, goat, polyclonal, dilution 1:100, Santa
Cruz Biotechnology, Inc., Dallas, TX, USA); HSP70 antibodies (33-3800, mouse, monoclonal
(MB-H1), dilution 1:100, Invitrogen, Waltham, MA, USA); LL-37 antibodies (sc-166770,
mouse, monoclonal (D-5), dilution 1:100, Santa Cruz Biotechnology, Inc., Dallas, TX, USA);
Col-I antibodies (NB600-408, rabbit, polyclonal, dilution 1:100, Novus Biologicals, LLC,
Centennial, CO, USA); and BMP-2/4 antibodies (AF355, goat, polyclonal, dilution 1:100,
R&D Systems, Inc., Minneapolis, MN, USA).

The nonparametric evaluation of the relative frequency of factor-positive cells within
bone and cartilage was performed with the semiquantitative counting method [58]. The
supportive tissue (bone or cartilage) in each slide was evaluated under a light microscope
in 5 separate visual fields for assessment. Slide evaluation was performed by two in-
dependent scientists. The following semiquantitative denominations were used: 0—no
immunoreactive cells in the visual field (0.0%); 0/+—a rare occurrence of immunore-
active cells in the visual field (0.0–12.5%); +—a few immunoreactive cells in the visual
field (12.5–25.0%); +/++—a few to moderate number of immunoreactive cells in the vi-
sual field (25.0–37.5%); ++—a moderate number of immunoreactive cells in the visual
field (37.5–50.0%); ++/+++—a moderate to numerous number of immunoreactive cells
in the visual field (50.0–62.5%); +++—numerous immunoreactive cells in the visual field
(62.5–75.0%); +++/++++—numerous to abundant number of immunoreactive cells in the
visual field (75.0–87.5%); and ++++—an abundance of immunoreactive cells in the visual
field (87.5–100.0%).

Slide microphotographs were obtained with a Leica DC 300F digital camera (Leica
Microsystems Digital Imaging, Cambridge, UK), which later were processed with the Image
Pro Plus program (Media Cybernetics, Inc., Rockville, MD, USA).
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2.3. Statistical Methods

Descriptive and analytical statistics methods were employed for data analysis. The
semiquantitative count of factor-containing cells within each visual field was evaluated
with descriptive statistics methods, including median value calculation. Analytical statistics
methods like the Mann–Whitney U test and Spearman’s correlation coefficient calculation
were used. The Mann–Whitney U test was used to determine the statistical significance in
the number of factor-positive cells between the control group and the cleft patient group for
each supportive tissue type (bone tissue or cartilage). To determine correlations between
the number of factor-containing cells, Spearman’s correlation coefficient (rs) was interpreted
with the following values: rs= 0.0–0.2—very weak correlation, rs= 0.2–0.4—weak corre-
lation, rs= 0.4–0.6—moderate correlation, rs= 0.6–0.8—strong correlation and rs= 0.8–1.0
very strong correlation. Statistical evaluation was performed with Statistical Product and
Service Solutions (SPSS) Statistics version 29.0.0.0 (IBM Company, Chicago, IL, USA). A
p value of <0.05 was employed to determine the statistical significance of every calculation,
where needed.

3. Results
3.1. Routine Hematoxylin and Eosin Staining

Bone tissue control group slides contained typical spongy bone trabeculae with some
periosteum fragments (Figure 1A).
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Figure 1. Hematoxylin and eosin (H&E) stained control tissue and cleft-affected supportive tissue.
(A) Control bone tissue, H&E, 200×. (B) Cleft-affected bone tissue with surrounding periosteum,
H&E, 200×. (C) Control cartilage tissue with surrounding perichondrium, H&E, 200×. (D) Cleft-
affected cartilage tissue, H&E, 200×.

In slides from the cleft-affected bone tissue group bone fragments with some surround-
ing connective tissue were presented in all slides. Spongy bone trabeculae were visible
in all slides. Cleft patient spongy bone was similar in structure to control tissue spongy
bone (Figure 1B). Additionally, some compact bone fragments were detected in two slides.
Compact bone fragments contained osteons, some of them had dilated Haversian canals,
while, in one slide, chaotically oriented bone lamellae and dilated osteocyte lacunae were
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found. In some cleft-affected bone tissue slides, periosteum fragments were present with
blood vessels and some nerve fiber bundles.

The cartilage tissue control group had hyaline cartilage plates with perichondrium
(Figure 1C). Additionally, in two control patients, some mucoserous glands were also
visible near the perichondrium.

Cleft-affected cartilage tissue slides had relatively normal hyaline cartilage tissue
similar to the control group (Figure 1D). Most slides had some perichondrium fragments,
while, in two slides, perichondrium was missing.

3.2. Immunohistochemistry
3.2.1. Gal-10

In the bone tissue control group, there were a few (+) Gal-10-containing osteocytes
as the median value within this group (Figure 2A). Three patients had a few (+) Gal-
10-containing osteocytes, while two patients had a rare occurrence (0/+) of galectin-
containing osteocytes.
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Figure 2. Immunohistochemistry (IMH) of galectin-10 (Gal-10)-containing cells in control and cleft-
affected supportive tissue. (A) A few Gal-10-positive osteocytes (arrow) in control group bone tissue,
Gal-10 IMH, 200×. (B) A few Gal-10-positive osteocytes (arrows) in cleft-affected bone tissue, Gal-10
IMH, 200×. (C) A few Gal-10-positive chondroblasts and chondrocytes (arrow) in the control group
hyaline cartilage, Gal-10 IMH, 200×. (D) A rare occurrence of Gal-10-positive chondrocytes (arrows)
in cleft-affected hyaline cartilage, Gal-10 IMH, 200×.

In cleft-affected bone tissue, the median number of Gal-10-containing osteocytes was
also a few (+) (Figure 2B). One patient had a moderate number (++) of galectin-containing
osteocytes, one patient had a few to moderate (+/++), while three patients had a few (+)
Gal-10-containing osteocytes.

In cartilage tissue controls, there was a moderate (++) number of Gal-10-containing
chondrocytes and chondroblasts as the median value (Figure 2C). One patient had moderate
to numerous (++/+++) galectin-containing cartilage cells, three patients had a moderate
(++) number, while one patient had a few to moderate (+/++) number of Gal-10-containing
cartilage cells.
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In cleft-affected cartilage tissue, the median number of Gal-10-containing cartilage
cells was few to moderate (+/++) (Figure 2D). One patient had numerous (+++) Gal-10-
positive cartilage cells, one patient had a moderate number (++), but three patients a few to
moderate (+/++) numbers.

Statistically significant differences were not found in the number of Gal-10-positive
cells between bone tissue controls and cleft-affected bone tissue (p = 0.095) and between
cartilage tissue controls and cleft-affected cartilage (p = 0.548).

3.2.2. NF-κB p65

Bone tissue controls had a rare occurrence (0/+) of NF-κB p65-positive bone cells as the
median value within this group. Three control patients had a rare occurrence (0/+) of NF-κB
p65-containing cells, while two patients had a few (+) factor-positive cells (Figure 3A).
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Figure 3. Immunohistochemistry of nuclear factor kappa-light-chain-enhancer of activated B cells
protein 65 (NF-κB p65)-containing cells in control and cleft-affected supportive tissue. (A) A few
NF-κB p65-positive osteocytes (arrow) in control bone tissue, NF-κB p65 IMH, 200×. (B) A few NF-κB
p65-positive osteocytes (arrows) in cleft-affected bone tissue, NF-κB p65 IMH, 200×. (C) Few to
moderate number of NF-κB p65-positive chondrocytes and chondroblasts (arrows) in control hyaline
cartilage, NF-κB p65 IMH, 200×. (D) Numerous NF-κB p65-positive chondrocytes in cleft-affected
cartilage, NF-κB p65 IMH, 200×.

The median number of NF-κB p65-containing cells in cleft-affected bone tissue was
a few (+) (Figure 3B). Three patients had a few (+) NF-κB p65-positive cells, while two
patients had a few to moderate (+/++) number of NF-κB p65-positive cells.

Cartilage tissue controls had a moderate (++) number of NF-κB p65-containing cells.
Two patients had few to moderate (+/++) factor-positive cells (Figure 3C), two patients
had a moderate (++) number and one patient had moderate to numerous (++/+++) NF-κB
p65-positive cartilage cells.

The cleft-affected cartilage tissue group had numerous (+++) NF-κB p65-positive
cartilage cells as the median value. Four patients had numerous (+++) NF-κB p65-positive
cells (Figure 3D), while one patient had a few (+) factor-positive cells.
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Statistically significant differences were not found in the number of NF-κB p65-positive
cells between bone tissue controls and cleft-affected bone tissue (p = 0.056) and between
cartilage controls and cleft-affected cartilage (p = 0.151).

3.2.3. HSP60

In general, within bone tissue controls, there were a few (+) HSP60-positive bone cells
as the median number for this group (Figure 4A). Three patients had a few (+) HSP60-
containing cells, while two patients had few to moderate (+/++) factor-positive cells.
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Figure 4. Immunohistochemistry of heat shock protein 60 (HSP60)-containing cells in control and cleft-
affected supportive tissue. (A) A few HSP60-positive osteocytes (arrows) in bone tissue of a control
patient, HSP60 IMH, 200×. (B) A few HSP60-positive osteocytes (arrows) in cleft-affected bone tissue,
HSP60 IMH, 200×. (C) Few to moderate number of HSP60-positive chondrocytes and chondroblasts
(arrow) in control patient hyaline cartilage, HSP60 IMH, 200×. (D) Moderate to numerous HSP60-
positive chondrocytes and chondroblasts in cleft-affected cartilage, HSP60 IMH, 200×.

In cleft-affected bone tissue, there was a moderate (++) number of HSP60-positive cells
as the median value. One patient had a few (+), one patient had a few to moderate (+/++)
and three patients had a moderate (++) number of HSP60-positive bone cells (Figure 4B).

In the cartilage tissue control group, there were a few to moderate (+/++) number of
HSP60-positive chondrocytes as the median number (Figure 4C). Three patients had few
to moderate (+/++) HSP60-containing cells, one patient had a moderate (++) number and
another patient had moderate to numerous (++/+++) HSP60-positive cells.

In cleft-affected cartilage, the median number of HSP60-positive cells was a moderate
(++) number. One patient had a few (+) HSP60-positive cells, one patient had few to
moderate (+/++), two patients had a moderate (++) number and one patient had moderate
to numerous (++/+++) factor-positive cells (Figure 4D).

There were no statistically significant differences in the number of HSP60-positive
cells between bone controls and cleft-affected bone tissue (p = 0.095) and between cartilage
controls and cleft-affected cartilage (p = 1.000).
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3.2.4. HSP70

In bone controls, the median number of HSP70-positive cells was a few (+). One patient
had a rare occurrence of HSP70-positive cells, three patients had a few (+) HSP70-positive
cells and one patient had a moderate (++) number of HSP70-positive cells (Figure 5A).
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Figure 5. Immunohistochemistry of heat shock protein 70 (HSP70)-containing cells in control and
cleft-affected supportive tissue. (A) Moderate number of HSP70-positive osteocytes in control
bone tissue, HSP70 IMH, 200×. (B) A few HSP70-positive bone cells (arrow) in cleft-affected bone
tissue, HSP70 IMH, 200×. (C) Moderate number of HSP70-positive chondrocytes in control hyaline
cartilage, HSP70 IMH, 200×. (D) Numerous HSP70-positive chondrocytes in cleft-affected cartilage,
HSP70 IMH, 200×.

In cleft-affected bone tissue, there were few to moderate (+/++) HSP7-positive bone
cells, which was the median value for this group. Two patients had a few (+) factor-positive
cells, while two patients had few to moderate (+/++) and one patient had a moderate
number (++) of HSP70-containing bone cells (Figure 5B).

In cartilage controls, the median number of HSP70-containing cells was few to moder-
ate (+/++). Three patients had a few to moderate (+/++) number of factor-positive cells,
while two patients had a moderate (++) number (Figure 5C).

In cleft-affected cartilage, there were numerous (+++) HSP70-containing cartilage cells,
which was the median value for this group. Two patients had moderate to numerous
(++/+++) factor-positive cells and three patients had numerous (+++) factor-positive cells
(Figure 5D).

A statistically significant difference was not found in the number of HSP70-containing
cells between bone controls and cleft-affected bone (p = 0.310). A statistically significant
difference was calculated between cartilage controls and cleft-affected cartilage (p = 0.008).

3.2.5. LL-37

In bone controls, there was a rare occurrence (0/+) of LL-37-positive cells, which was
the median value for this group. Four patients had a rare occurrence of LL-37-positive cells,
while one control patient did not have any (0) LL-37-positive bone cells (Figure 6A).
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Figure 6. Immunohistochemistry of cathelicidin (LL-37)-containing cells in control and cleft-affected
supportive tissue. (A) A few LL-37-positive osteocytes (arrows) in control bone tissue, LL-37 IMH,
200×. (B) Few to moderate number of LL-37-positive osteocytes (arrows) in cleft-affected bone tissue,
LL-37 IMH, 200×. (C) A few LL-37-positive chondrocytes (arrow) in control cartilage tissue, LL-37
IMH, 200×. (D) Moderate number of LL-37-positive chondrocytes (arrows) in cleft-affected cartilage,
LL-37 IMH, 200×.

In general, within the cleft-affected bone tissue group, there was a rare occurrence (0/+)
of LL-37-positive bone cells. Four patients had a rare occurrence (0/+) of factor-positive
cells, while one patient had a few (+) LL-37-containing cells (Figure 6B).

In cartilage controls, the median value of LL-37-positive cells was few to moderate
(+/++). Four patients had a few to moderate (+/++) number of LL-37-positive cells, while
one patient had a moderate (++) number of LL-37-positive cells (Figure 6C).

In general, within the cleft-affected cartilage group, there were a few (+) LL-37-
containing cartilage cells. One patient had no (0) LL-37-positive cells, one patient had
a rare occurrence (0/+), two patients had a few (+) and one patient had a moderate (++)
number of LL-37-positive cells (Figure 6D).

There were no statistically significant differences found in the number of LL-37-
positive cells between the bone tissue control group and cleft-affected bone tissue (p = 0.421)
and between cartilage controls and cleft-affected cartilage (p = 0.095).

3.2.6. Col-I

In general, the bone control tissue group had a few (+) Col-I-positive cells, which was
the median value in this group. Two patients had a rare occurrence (0/+), two patients had
a few (+) and one patient had few to moderate (+/++) Col-I-positive cells (Figure 7A).

The median number of Col-I-positive cells in cleft-affected bone tissue was a moderate
(++) number. One patient had a few (+) Col-I-positive bone cells, another patient had
a few to moderate (+/++) number and three patients had a moderate (++) number of
Col–I-positive cells (Figure 7B).

In general, cartilage controls had a few (+) Col-I-positive cells. Two patients in the
cartilage control group had a rare occurrence (0/+) of Col-I-positive cells, two patients had
a few (+) and one control patient had a few to moderate (+/++) Col-I-positive cartilage
cells (Figure 7C).
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Figure 7. Immunohistochemistry of type I collagen (Col-I)-containing cells in control and cleft-affected
supportive tissue. (A) A rare occurrence of Col-I-positive osteocytes (arrows) in control bone tissue,
Col-I IMH, 200×. (B) A few Col-I-positive osteocytes (arrows) in cleft-affected bone tissue, Col-I
IMH, 200×. (C) A few Col-I-positive chondrocytes (arrows) in control hyaline cartilage, Col-I IMH,
200×. (D) Few to moderate number of Col-I-positive chondrocytes (arrows) in cleft-affected hyaline
cartilage, Col-I IMH, 200×.

In general, there was a rare occurrence (0/+) of Col-I-positive cartilage cells in the
cleft-affected cartilage group. A rare occurrence (0/+) of Col-I-positive cartilage cells was
seen in three patients, one patient had a few (+) positive cells and one patient had a few to
moderate (+/++) positive chondrocytes (Figure 7D).

A statistically significant difference was calculated in the number of Col-I-positive
cells between the bone control group and cleft-affected bone tissue (p = 0.032). There was
no statistically significant difference in the number of Col-I-positive cells between cartilage
controls and cleft-affected cartilage (p = 0.690).

3.2.7. BMP-2/4

In the bone control group, there was a moderate (++) number of BMP-2/4-positive
bone cells, which was the median value in this group. Two patients had a few (+) BMP-2/
4-positive bone cells, while three patients had a moderate number (++) of factor-positive
cells (Figure 8A).

In cleft-affected bone tissue, the median number of BMP-2/4-positive cells was a
moderate (++) number. Two patients had few to moderate (+/++) factor-positive cells, one
patient had a moderate (++) number and two patients had moderate to numerous (++/+++)
BMP-2/4-positive cells (Figure 8B).

In the cartilage control group, the median number of BMP-2/4-positive cartilage cells
was a moderate (++) number. Two patients had few to moderate (+/++) BMP2/4-positive
cells, one patient had a moderate number (++) and two patients had moderate to numerous
(++/+++) factor-positive cells Figure 8C).

In the cleft-affected cartilage tissue group, the median number of BMP-2/4-positive
cartilage cells was moderate to numerous (++/+++). Each patient had a slightly different
number of BMP-2/4-positive cells. One patient had a few to moderate (+/++) number of
factor-positive cells, another patient had a moderate (++) number, another had moderate to
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numerous (++/+++), another had numerous (+++) and one had numerous to abundant
(+++/++++) BMP-2/4-positive cells (Figure 8D).
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portive tissue controls and cleft-affected cartilage. 

  Patient    Gal-10  NF-κB p65  HSP60  HSP70  LL-37  Col-I  BMP-2/4 

Bone   

controls 
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Figure 8. Immunohistochemistry of bone morphogenetic protein 2/4 (BMP-2/4)-containing cells in
control and cleft-affected supportive tissue. (A) Moderate number of BMP-2/4-positive osteocytes in
control bone tissue, BMP-2/4 IMH, 200×. (B) A few BMP-2/4-positive osteocytes (arrows) in cleft-
affected bone tissue, BMP-2/4 IMH, 200×. (C) Moderate number of BMP-2/4-positive chondrocytes
in control hyaline cartilage, BMP-2/4 IMH, 200×. (D) Numerous to abundant BMP-2/4-positive
chondrocytes in cleft-affected hyaline cartilage, BMP-2/4 IMH, 200×.

There were no statistically significant differences in the number of BMP-2/4-positive
cells between bone tissue controls and cleft-affected bone tissue (p = 0.310) and between
cartilage controls and cleft-affected cartilage tissue (p = 0.310).

The summary of Gal-10-, NF-κB p65-, HSP60-, HSP70-, LL-37-, Col-I- and BMP-2/
4-positive cells within each slide can be found in Table 1.

Table 1. Immunoreactivity of Gal-10, NF-κB p65, HSP60, HSP70, LL-37, Col-I and BMP-2/4 in
supportive tissue controls and cleft-affected cartilage.

Patient Gal-10 NF-κB p65 HSP60 HSP70 LL-37 Col-I BMP-2/4

Bone
controls

1 + + +/++ ++ 0/+ + ++
2 + 0/+ + + 0/+ +/++ ++
3 0/+ 0/+ + 0/+ 0/+ 0/+ +
4 + + +/++ + 0 + ++
5 0/+ 0/+ + + 0/+ 0/+ +

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

Cleft-
affected bone

tissue

1 + + + + 0/+ ++ ++/+++
2 +/++ + ++ +/++ + +/++ ++
3 + + +/++ +/++ 0/+ ++ +/++
4 + +/++ ++ + 0/+ ++ +/++
5 ++ +/++ ++ ++ 0/+ + ++/+++

Median + + ++ +/++ 0/+ ++ ++
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Table 1. Cont.

Patient Gal-10 NF-κB p65 HSP60 HSP70 LL-37 Col-I BMP-2/4

Cartilage controls

1 ++/+++ ++/+++ ++/+++ ++ ++ 0/+ +/++
2 +/++ ++ +/++ +/++ +/++ + ++/+++
3 ++ +/++ +/++ +/++ +/++ +/++ ++/+++
4 ++ ++ +/++ ++ +/++ + +/++
5 ++ +/++ ++ +/++ +/++ 0/+ ++

Median ++ ++ +/++ +/++ +/++ + ++

Cleft-
affected
hyaline

cartilage

1 +/++ + +/++ +++ 0/+ + +/++
2 +/++ +++ + +++ 0 0/+ ++/+++
3 +++ +++ ++/+++ +++ ++ +/++ +++/++++
4 ++ +++ ++ ++/+++ + 0/+ +++
5 +/++ +++ ++ ++/+++ + 0/+ ++

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

Abbreviations: Gal-10—galectin-10, NF-κB p65—nuclear factor kappa-light-chain-enhancer of activated B cells
protein 65, HSP60—heat shock protein 60, HSP70—heat shock protein 70, LL-37—cathelicidin, Col-I—type I
collagen, BMP-2/4—bone morphogenetic protein 2/4, 0—no factor-positive cells, 0/+—a rare occurrence of
factor-positive cells, +—a few factor-positive cells, +/++—few to moderate number of factor-positive cells, ++—a
moderate number of factor-positive cells, ++/+++—moderate to numerous factor-positive cells, +++—numerous
factor-positive cells, +++/++++—numerous to abundant number of factor-positive cells.

3.3. Correlations

In the bone control group, four statistically significant very strong positive correlations
were found as follows: between the number of Gal-10-positive cells and BMP-2/4-positive
cells (rs = 1.000; p < 0.001), between NF-κB p65-positive cells and HSP60-positive cells
(rs = 1.000; p < 0.001), between Gal-10-positive cells and Col-I-positive cells (rs = 0.913;
p = 0.030) and between Col-I- and BMP-2/4-containing cells (rs = 0.913; p = 0.030).

In cleft-affected bone tissue, one statistically significant correlation between factor-
positive cells was found—a statistically significant very strong negative correlation between
Gal-10-containing cells and Col-I-containing cells (rs = −1.000; p < 0.001).

In the cartilage control group, two statistically significant correlations were calculated.
Statistically significant very strong negative correlations were found between the number
of HSP70-positive cells and BMP-2/4-positive cells (rs = −0.913; p = 0.030) and between the
number of HSP60-positive cells and Col-I-positive cells (rs =−0.884; p = 0.047).

In cleft-affected cartilage, two statistically significant correlations were calculated.
Statistically significant strong positive correlations were found between the number of
HSP60-positive cells and LL-37-positive cells (rs = 1.000; p < 0.001) and between the number
of Gal-10-positive cells and BMP-2/4-positive cells (rs = 0.894; p = 0.041).

4. Discussion
4.1. Immunohistochemistry Evaluation

Statistically significant differences were found between control cartilage and cleft-
affected tissue groups in the number of HSP70-positive cartilage cells. The significant
increase in HSP70-positive cells within cleft-affected cartilage in comparison to control
cartilage tissue could indicate the potential increase in protective action, which might be
enhanced due to the presence of the cleft. The presence of orofacial clefts has been associ-
ated with increased levels of pro-inflammatory cytokines and increased local inflammatory
response due to the disruption of orofacial tissue homeostasis [59,60]. HSP70 provides
protective action against inflammation and increases the production of anti-inflammatory
cytokines [61,62]. It seems that HSP70 could provide this protective function within cleft-
affected cartilage. Interestingly, the relative number of HSP70-positive cells did not differ
significantly between control bone and cleft-affected bone tissue, which might mean that
there could be differences in HSP70 production between different supportive tissue types
and in different orofacial regions. It has been suggested that increased production of HSP70
could be associated with the severity of inflammation in the nasal cavity during chronic
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rhinosinusitis [63]. Patients with cleft lip and palate have a higher likelihood of developing
sinusitis and nasal airway obstruction due to the defect in nasal cartilage [64,65], which
again enhances the presence of local inflammation. As the cleft-affected cartilage was taken
from the nasal septum of cleft lip and palate patients, this could explain the increased
number of HSP70-positive chondrocytes as a compensatory mechanism to moderate inflam-
mation in this craniofacial region. Additional research about the presence of HSP70 in the
surrounding mucosal tissue could also be helpful to better explain the immunomodulating
and protective action of this heat shock protein in cleft-affected tissue.

Another statistically significant difference in immunoreactivity was found between
control bone tissue and cleft-affected bone in the number of Col-I-positive osteocytes. The
significant increase in Col-I-positive osteocytes in cleft-affected bone tissue in comparison
to controls could indicate increased osteocyte functional activity within cleft-affected bone.
Although Col-I in bone tissue is mainly produced by osteoblasts, it has been noted that os-
teocytes can also produce Col-I [43,66]. Osteocytes can resorb the surrounding bone matrix
with Col-I, produce new Col-I and deposit it around themselves within the perilacunar
region, which could be an important mechanism for maintaining bone homeostasis [67].
Theoretically, osteocytes could increase collagen production in the cleft-affected bone as a
response to increased bone remodeling activity, possibly due to surrounding inflammation
and the local tissue defect. In the case of cleft lip and palate, correct bone growth and
regeneration are disturbed due to the defect during the jaw development process [68]. Os-
teocytes could try to compensate for the presence of the cleft by increasing their metabolic
activity and collagen I production to maintain bone homeostasis together with other bone
cells. Additionally, osteocytes themselves can actively participate in local inflammation
by producing different types of cytokines and immunomodulating proteins, which can
affect collagen production, bone growth and degeneration [69]. Interestingly, Col-I-positive
chondrocytes were also found in cleft-affected cartilage, although the number of Col-I-
positive cells did not differ significantly from the controls. Col-I in hyaline cartilage was
detected only within chondrocytes and chondroblasts, but not within the cartilage matrix.
Expression of Col-I on the transcriptome level has been documented in different hyaline
cartilage types and it has been associated with differences in cartilage differentiation and
growth, depending on the anatomical location [70]. Our results could indicate that Col-I
production on the proteomic level can also be detected in some hyaline cartilage cells,
which could imply Col-I’s regulatory role in hyaline cartilage growth, although the exact
mechanisms are unclear.

Although no statistically notable differences were found between controls and cleft-
affected supportive tissue in the number of Gal-10-, NF-κB p65-, HSP60-, LL-37- and
BMP-2/4-positive cells, which could indicate that these proteins might not be signifi-
cantly involved in cleft-affected supportive tissue homeostasis regulation. The presence of
these factors in both relatively healthy and cleft-affected bone and hyaline cartilage most
likely indicates their possible necessity and importance in regulating bone and cartilage
homeostasis in general.

Gal-10-positive bone and cartilage cells have not yet been described, although other
galectins have been notified in human supportive tissue. For example, galectin-1 (Gal-1)
induces cartilage degeneration by inducing nuclear factor-kappa beta (NF-κB) mediated
inflammation [71] and galectin-3 (Gal-3), which are involved with bone regeneration,
vascularization and inflammatory processes [72]. This could mean that Gal-10 could have
a similar functional activity in bone and cartilage tissue, although the exact interactions
remain uncertain.

NF-κB p65 is actively involved in supportive tissue metabolism and inflammation [73,74],
but our research results indicate that the presence of NF-κB p65 is similar in both healthy
and cleft-affected supportive tissue, which would mean that most likely other factors are
more involved in cleft supportive tissue growth regulation. Although it is difficult to
exactly quantify, hyaline cartilage of both controls and cleft patients had relatively more
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NF-κB p65-positive cells than cleft-affected and control bone tissue, indicating differences
in NF-κB p65 functional activity depending on the supportive tissue type.

Similarly, the presence of HSP60-positive bone and cartilage cells might indicate possi-
ble activity in regulating supportive tissue metabolism, although there were no statistically
significant differences between control groups and cleft-affected tissue groups. HSP60 in
bone tissue has been associated with increased osteoclastic bone resorption activity [26],
while a decrease in HSP60 in inflamed osteoarthritic cartilage has been noted [20]. The
exact role of HSP60 in craniofacial supportive tissue remains unclear and most likely it is
not associated with bone metabolism defects within cleft-affected supportive tissue.

LL-37 immunoreactivity was more pronounced in cartilage tissue than bone, although
there were no statistically significant differences between the control groups and patient
groups for each respective supportive tissue type. LL-37 effects on tissue growth regu-
lation and regeneration have been previously emphasized more in bone tissue [31] than
cartilage, although LL-37 might have protective properties in cartilage, as seen in murine
models [75]. Our results could indicate that LL-37 could be involved in orofacial supportive
tissue metabolism, while the exact role and interactions in cleft-affected supportive tissue
are unclear.

BMP-2/4 immunoreactivity was similar in all evaluated control and patient tissue
groups, indicating that BMP-2/4 most likely is not significantly involved in tissue growth
and formation differences between the controls and cleft-affected tissue in evaluated indi-
viduals. BMP signaling disturbances, especially the loss of BMP signaling activity, have
been previously associated with cleft lip and palate formation [76]. In our evaluated tissue
samples, the similar presence of BMP-2/4 in all groups most likely indicates that other sig-
naling pathways and molecular factors could be more involved in affecting the disturbances
seen in cleft-affected tissue metabolism and homeostasis.

4.2. Correlation Analysis

Multiple statistically significant correlations were identified between the evaluated
factors in the bone tissue control group. The very strong positive correlation between
Gal-10-positive osteocytes and BMP-2/4-positive osteocytes could indicate a possible inter-
action between these factors. Although Gal-10 activity has not been previously connected
with BMP signaling, other galectins like Gal-3 [77], Gal-8 [78] and Gal-9 [79] can indirectly
interact with BMP signaling and regulate multiple aspects of tissue growth and differ-
entiation, including bone tissue metabolism. This possibly could mean that Gal-10, like
other galectins, could have a similar function in healthy bone tissue. Another statistically
notable very strong correlation was calculated between NF-κB p65-positive osteocytes and
HSP60-positive osteocytes. It has been previously documented that HSP60 can indirectly
promote the NF-κB signaling pathway to regulate cell survival in cancer cells and pre-
vent apoptosis [80]. There could be a possibility that a similar pattern could be present
in relatively healthy bone tissue where both HSP60 and NF-κB signaling could regulate
osteocyte survival. The statistically significant very strong correlation between Gal-10-
positive osteocytes and Col-I-positive osteocytes was noted. Although the exact interaction
between Gal-10 and Col-I is unclear, previous research has shown that galectins, including
Gal-10, can induce the production of matrix metalloproteinases (MMPs), which can destroy
different components of extracellular matrix including collagens [81]. This could mean
that Gal-10 could affect the bone tissue remodeling process and Col-I production in bone
tissue, while the exact mechanism is unclear. Another very strong positive correlation was
calculated between Col-I-containing osteocytes and BMP-2/4-positive osteocytes. This
corresponds with previously known information about BMP signaling inductive effects on
Col-I production [76].

Only one statistically significant very strong negative correlation was calculated in
the cleft-affected bone tissue group between Gal-10-positive osteocytes and Col-I-positive
osteocytes. Interestingly, this correlation was completely opposite to the correlation between
Gal-10- and Col-I-positive cells in bone tissue controls, which might indicate a disruption in
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the bone remodeling process within cleft-affected bone tissue when compared to relatively
healthy bone. The possible mechanism of interaction could relate to galectin-induced MMP
production [81], which might affect Col-I formation and production within cleft-affected
bone tissue. The fact that there are fewer correlations seen in cleft-affected bone tissue
than in control bone tissue could indicate differences in molecular signaling mechanisms,
possibly due to the presence of orofacial cleft-affected tissue.

A couple of statistically significant very strong negative correlations between some of
the evaluated factors were found in the control hyaline cartilage group. The very strong
negative correlation between HSP70-positive chondrocytes and BMP-2/4-positive chondro-
cytes could mean that HSP70 might affect BMP signaling activity within hyaline cartilage.
Previous research has shown that HSP70 could affect the growth differentiation of sup-
portive tissue cells like osteocytes and chondrocytes by stimulating BMP signaling activity
through increased BMP-2 expression, but the exact mechanism is unknown [82]. The results
in our control hyaline cartilage indicate the opposite. Production of HSP70 in relatively
normal hyaline cartilage could be a compensatory protective mechanism to maintain tissue
homeostasis as a reaction to surrounding stressors within the internal and external environ-
ment that could affect cartilage growth and function. The statistically significant very strong
negative correlation between HSP60-positive chondrocytes and Col-I-positive chondrocytes
could indicate that HSP60 might negatively affect normal chondrocyte metabolism and
extracellular matrix production, although the opposite has been documented in previous
research in that HSP60 activity in inflamed hyaline cartilage damaged by osteoarthritis
helps to prevent the loss of cartilage matrix [20]. This characteristic could be specific for the
control group individuals and the anatomical localization of cartilage used for our study,
but additional research about the distribution of HSP60 in hyaline cartilage from different
anatomical localizations could help to clarify this information.

Some statistically significant correlations were calculated in the cleft-affected hyaline
cartilage group. The statistically significant very strong positive correlation between
HSP60-positive chondrocytes and LL-37-positive chondrocytes is an interaction that has
not been described before within hyaline cartilage. Interestingly, the connection between
HSP60 and LL-37 has been documented in Coxsackievirus B3-induced myocarditis, where
LL-37 reduces transmission of the virus and decreases HSP60-induced cell apoptosis of
cardiomyocytes [83]. Although it is difficult to fully comprehend the possible protective
action of LL-37 and HSP60 in cleft-affected cartilage, it might be a possibility that LL-37
might also affect chondrocyte apoptosis in cleft-affected cartilage by targeting and affecting
HSP60 function. Another statistically significant very strong correlation was calculated
between Gal-10-positive chondrocytes and BMP-2/4-positive chondrocytes, which might
indicate that Gal-10 could affect BMP signaling within cleft-affected hyaline cartilage.
Previous studies have not described the possible connection between BMP signaling and
Gal-10, although it has been previously notified that other galectins like Gal-3 could possibly
interact with different supportive tissue growth factors and signaling pathways, like BMP
signaling during bone tissue growth and differentiation [72], but the interaction between
Gal-10 and BMP-2/4 remains enigmatic. A similar correlation was seen in bone tissue
controls, which could indicate some homeostasis regulation similarities between the two
supportive tissue types.

4.3. Limitations of the Study

One of the limitations of this study is the implementation of only immunohistochem-
istry for the detection of Gal-10, NF-κB p65, HSP60, HSP70, LL-37, Col-I and BMP-2/4
protein-containing cells within control and patient groups. The use of additional study
methods and techniques could provide additional insights into the functional role of these
regulatory factors. Immunohistochemistry with the use of the semiquantitative counting
method is used for direct visualization of immunopositive cells, but it cannot evaluate
exact concentrations of detected proteins within tissue, where other methods like enzyme-
linked immunosorbent assay (ELISA) and radioimmunohistochemistry could be a valuable
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addition. Other methods for determining transcriptomic or genetic differences within
evaluated study groups like in situ hybridization or genetic analysis could also improve
the assessment of evaluated factors.

This research work is unique because of the use of human tissue for immunohisto-
chemistry and the availability of such tissue is limited due to ethical considerations and
practical difficulties in accessing the necessary amount of tissue from children during
surgical manipulations. Although an alternative could be the evaluation of factors within
orofacial tissue from animals, the expression and distribution of proteins within animal
specimens might not be equivalent to the results seen in human tissue due to species-
specific differences. Although there are available datasets from animal models, tissue from
experimental animals like mice is typically not directly comparable to human tissue due
to anatomical, physiological and genetic differences, which could significantly alter the
final comparison. Information gathered from previous studies with animal models can
be valuable in describing and comparing the interactions between the evaluated proteins,
but this information needs to be taken with care to prevent unadvised and generalized
conclusions that might not be accurate for human tissue.

Another limitation is the relatively small number of subjects within the patient and
control groups. Although some supportive tissue could be gathered during cleft-correcting
surgery, there were multiple limitations in accessing any tissue for research purposes.
The ethical aspect of this research limits the availability of orofacial supportive tissue,
especially for patients who are not affected by orofacial clefts. The formation of the control
group is complicated due to the limited access to relatively healthy supportive tissue needed
for comparison with cleft-affected tissue groups. The tissue available from the historical
collection of the RSU Institute of Anatomy and Anthropology was the closest available
tissue that could be used for the comparison with the cleft-affected cartilage patient group,
which was not affected by significant pathological conditions. It is very difficult to obtain
any relatively healthy supportive tissue from a significant number of children due to ethical
considerations and the presence of very specific surgical indications in obtaining said
relatively healthy tissue for control groups. Unfortunately, the relatively small number
of patients within each group can affect the statistical evaluation of immunoreactivity
and correlations. A larger number of patients would improve the statistical power for
comparisons of evaluated factors within each group and prevent the effect of data outliers.
Due to the limited availability of human tissue, the minimum requirements for correct
statistical assessment have been met to finalize this research work.

A possible future research subject could be the comparison of immunomodulation,
protection and regeneration factors in different types of orofacial clefts based on cleft
severity like complete or incomplete orofacial cleft, or by obtained tissue type, including
soft tissue. For now, there are limitations in obtaining the necessary number of patients,
which could be subdivided based on cleft type, severity and other parameters. Forming a
significantly large study group of cleft patients and controls is time-consuming and may
take multiple years until morphological research studies are fully accomplished.

5. Conclusions

1. The statistically significant increase in HSP70-positive chondrocytes in cleft-affected
cartilage could indicate that HSP70 could provide protective action in cleft-affected
cartilage against stressors like inflammation possibly by enhancing the production of
anti-inflammatory factors within the cartilage due to the presence of orofacial cleft
and disrupted tissue homeostasis.

2. The statistically significant increase in Col-I-positive osteocytes in cleft-affected bone
tissue could indicate increased osteocyte functional activity, which might be explained
by increased bone remodeling capacity due to the presence of a tissue defect caused
by the orofacial cleft.

3. Within evaluated bone tissue groups, multiple statistically significant positive cor-
relations were detected in the bone tissue control group, mainly involving Gal-10,



Diagnostics 2024, 14, 2217 18 of 21

BMP-2/4 and Col-I, while cleft-affected bone tissue had a single statistically significant
negative correlation between the number of Gal-10- and Col-I-positive osteocytes,
indicating notable differences in factor activity and interactions between the evaluated
bone tissue groups. Similarly, differences in statistically significant correlations be-
tween factor-positive cells were found in cleft tissue groups—within hyaline cartilage
controls, negative correlations were detected involving heat shock proteins, while
cleft-affected cartilage had positive correlations, which could mean that molecular
interactions between the evaluated factors in orofacial supportive tissue are changed
due to the presence of orofacial cleft.
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