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Abstract: Orofacial clefts are one of the most common congenital anomalies worldwide; however,
morphopathogenesis of the clefts is not yet completely understood. Taking the importance of innate
immunity into account, the aim of this work was to examine the appearance and distribution of
macrophages (M) 1, M2, and TNF-α, as well as to deduce any possible intercorrelations between
the three factors in cleft affected lip tissue samples. Twenty samples of soft tissue were collected
from children during plastic surgery. Fourteen control tissue samples were obtained during labial
frenectomy. Tissues were immunohistochemically stained, analysed by light microscopy using a
semi-quantitative method, and the Mann–Whitney U and Spearman’s tests were used to evaluate
statistical differences and correlations. A statistically significant difference in the distribution was
observed only in regard to M1. A weak correlation was observed between M2 and TNF-α but a
moderate one between M1 and M2 as well as M1 and TNF-α. However, only the correlation between
M1 and M2 was statistically important. The rise in M1, alongside the positive correlation between
M1 and TNF-α, suggested a more pro-inflammatory/inflammatory environment in the cleft affected
lip tissue. The moderate positive correlation between M1 and M2 indicated an intensification of the
protective mechanisms.
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1. Introduction

Facial prominences appear by the end of the fourth week; however, during the seventh
week, the secondary palate is formed and fused with the primary palate and nasal septum,
forming a newly formed palate. At first glance, it may seem a simple process; however,
the formation of the facial structures is a complex cascade of events during which cells
proliferate, differentiate, adhere, and go through apoptosis. An error during this intricate
process can result in orofacial clefts or other abnormalities [1,2]. One of the most common
congenital anomalies worldwide is the orofacial cleft. Its incidence is approximately 1 in
700 to 1000 births [3]. It has been observed that a cleft lip with or without a cleft palate
occurs in males more frequently (~65%) than in females, and its incidence varies between
populations. Furthermore, morphogenesis and pathogenesis of the cleft lip are not yet com-
pletely understood. Some cases are syndromic, others caused by exposure to teratogenic
compounds [1]. Moreover, one of the possibilities to be considered is inflammation and
inflammatory cytokines. Although children with and without a cleft lip have the same oral
microbiota, children with a cleft lip have greater oral tissue inflammation [4].

Most studies have established macrophages as a vital part of both innate and adaptive
immunity. By now it is known that these cells, which are abundant in almost all tissues,
play a pivotal role in the resolution of inflammation, tissue repair, homeostasis, and
antigen presentation [5,6]. Moreover, their presence in various places is necessary for foetal
development [7]. During the last two decades, the concept of macrophage polarization
and its influence on inflammation have been explored in more detail. Polarisation is
understood as a complex time and tissue-dependant process that entails internal, external,
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and tissue environment stimuli, including growth factors, cytokines, and pathogen-derived
molecules. At first, type 1 macrophages (M1) were classified as having a pro-inflammatory
phenotype and type 2 macrophages (M2) as anti-inflammatory macrophages. However,
further studies showed that both their induction routes and regulated biological processes
are more complicated than thought, and upon environmental changes, macrophages can
undergo functional re-differentiation [8,9].

M1 are a part of the first line of defence against intracellular pathogens and promote
the T helper 1 (Th1) polarization of cluster of differentiation (CD) 4+ cells. It has been
observed that if an inflammatory environment is dominated by Toll-like receptor and
interferon (IFN) signalling, M1 will be present [10]. Markers which best characterize this
phenotype were identified as CD64+ and CD80+ by flow cytometry [11]. In terms of
transcriptional markers, there are many, such as interleukin (IL)-12p35, CXC chemokine
ligand (CXCL)-10, CC chemokine ligand (CCL)-5. M1 can produce pro-inflammatory
cytokines, such as IL-1β, IL-6, tumour necrosis factor-alpha (TNF-α), type I IFN, and several
chemokines; for instance, CXCL1, CCL5, fractalkine (CX3CL1). These biologically active
substances induce Th1 response activation, promote complement-mediated phagocytosis
and type I inflammation. Therefore, it is clear that M1 have the ability to guide acute
inflammatory responses. Last but not least, their antigen presentation capacity is high, and
in the early stages of healing, they actively phagocytize, for example, microorganisms or
debris [10].

M2 phenotype is activated in response to T helper 2 (Th2). Macrophage colony-
stimulating factor, IL-4, IL-10, IL-13, or a mix of them can induce M2-like phenotype [10].
Usually, this phenotype is identified based on the expression of CD11b+ and CD209+ [11].
M2 are able to produce a variety of biologically active substances, for instance, IL-13, CCL1,
IL-1R, IL-8, monocyte chemoattractant protein-1 (MCP-1/CCL2), macrophages inflamma-
tory protein-1β (MIP-1β), regulated on activation, normal T cell expressed and secreted
(RANTES, also known as CCL5). Therefore, they can recruit different leukocytes in an
anti-inflammatory or regulatory response [10]. Depending on the stimuli, different subsets
have been identified: M2a, M2b, M2c, and M2d [12,13]. M2 phenotype negatively regu-
lates pro-inflammatory cytokines and induces production of anti-inflammatory mediators,
for instance, transforming growth factor-beta (TGF-β). They participate in homeostasis,
various metabolic processes, as well as repair mechanisms and pathogenesis [10]. M2 in a
healthy tissue under homeostatic conditions is thought to be the “default” phenotype in
resident macrophages [14].

It is believed that for the maintenance of homeostasis, there must be an adequate
balance between the two types of macrophages. A disequilibrium may lead to an unbal-
anced inflammation [11]. Based on their proved functions, it is clear that macrophages are
involved in resolving inflammation at different stages of the inflammatory cascade. Unfor-
tunately, when the stimuli that caused the onset of the inflammation is persistent or cannot
be destroyed, it will lead to a certain degree of tissue damage, and chronic inflammation
could develop because of the prolonged inflammatory response or insufficient production
of resolution mediators [10]. Data from different studies show that an imbalance between
M1 and M2 contributes to different diseases, such as asthma [15], atherosclerosis [16],
endometriosis [17], and osteoclastogenesis in rheumatoid arthritis patients [18].

Essentially, macrophages are cells that “sample” the environment, often by phagocy-
tosing material. As soon as this material, for example, a pathogen or damaged tissue, is
recognized, the most appropriate response is triggered. Usually, the macrophage decides
to either kill it or repair it. During the killing process, macrophages preferentially produce
NO, however during the repair, they produce ornithine (a non-proteinogenic amino acid).
Even though both substances arise from the same amino acid (arginine) being cleaved in
slightly different ways, their functions are opposite. Whilst NO has the ability to inhibit
cell proliferation, ornithine promotes proliferation and repair through polyamines and
collagen. It is known that intermediates in each enzyme pathway inhibit the opposing path.
Furthermore, based on the substance formed, additional changes could be observed, such
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as what kind of interleukins and other factors will be produced. Depending on molecules
released, different types of immune response arise. In addition, macrophages express
other cytokines, for example, TNF-α, IL-1β, and IL-6 that have important physiological
effects; however, no direct correlation between the production of these cytokines and NO
or ornithine production has been observed [7].

Even though primary TNF-α is synthesized by the cells of monocytic linage (for ex-
ample, macrophages, astroglia, microglia, Kupffer cells) and T cells, other types of cells
can also produce it. TNF-α is a powerful pro-inflammatory agent. Moreover, studies show
that it plays a vital role in regulating the cytokine cascade in inflamed tissue [19]. Tumour
necrosis factor receptor 1 (TNFR1) and tumour necrosis factor receptor 2 (TNFR2) are trans-
membrane receptors through which TNF-α signals [20]. Moreover, this pro-inflammatory
agent participates in the regulation of cell survival, proliferation, differentiation, and apop-
tosis. Interestingly, macrophages are not only one of the main sources of TNF-α, but they
also are quite sensitive to it. This unusual process contributes to the pathogenesis of various
diseases, for instance, Crohn’s disease, sepsis, and atherosclerosis [21]. Furthermore, TNF-α
has been observed in macrophages and neutrophils in the facial tissue of children with a
cleft lip and palate. Taken the functions of TNF-α into account, its role in the pathogenesis
of cleft lip and cleft palate has not been excluded [22]. Data from different publications
indicate that the autocrine signalling by TNF-α is essential for the long-term survival of
macrophages. In addition, results suggest that TNF-α possesses macrophage differentiation
capabilities [21].

Despite the already mentioned significance of M1 to M2 ratio in different diseases,
there has been limited research regarding macrophages in cleft affected tissue. Furthermore,
whilst the presence of most common pro- and anti-inflammatory cytokines in cleft affected
tissue has been studied, their effect is still unclear [22,23]. Overall, the inflammation in a
cleft affected tissue is regarded as chronic and, due to their functions, macrophages are
associated with chronic inflammation. Based on the above mentioned, the aim of this work
was to examine the appearance and distribution of type 1 and 2 macrophages and tumour
necrosis factor-alpha, as well as deduce any possible correlation between M1, M2, and
TNF-α in cleft affected lip tissue samples.

2. Materials and Methods
2.1. Information about the Patients

The study was performed in accordance with the 1964 Declaration of Helsinki. The
study was approved by the Ethical Committee of Riga Stradins University (22 May 2003;
17 January 2013; 5/25 June 2018), Project 5-1/384/2020 from 10 September 2020. After the
nature of the study had been fully explained, written informed consent was obtained from
all the parents.

In the study, 20 children (14 boys and 6 girls), aged 3 to 18 months, diagnosed with
Cheilognathouranoschisis (dextra, sinistra, or bilateralis) participated. The recruitment for
participation in the study happened between 2010 and 2019 at the Riga Stradins University
Institute of Stomatology, Latvia. The inclusion criteria were: patients diagnosed with cleft
lip, alveolar ridge and palate (unilateral or bilateral), aged before primary dentition (from
3 to 18 months), without periodontal disease or other illnesses preventing the patient from
receiving cleft lip and palate repair surgery. The 19th and 20th child were included in the
research as borderline cases (Table 1). The samples of soft tissues from the cleft lip region
were collected during surgical procedures on unilateral (18) or bilateral (2) clefts. In 5 out
of 20 cases, no additional remarks were made by the physician; however, in one case, no
information about the family history was available. In two cases, ultrasonography revealed
the presence of a facial cleft formed during child development. In six cases, during
pregnancy, the mother had taken medication, such as antibiotics and/or paracetamol.
One or more facial clefts in family history were noted in four cases and the presence of
Down syndrome in one. Two children had other anomalies in addition to the facial cleft.
Information about the patients is summarized in detail in Table 1.
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Table 1. Information about the patients.

No. Gender Age (Months) Diagnosis Remarks

1. M 3 Cheilognathouranoschisis
dextra -

2. M 3 Cheilognathouranoschisis
bilateralis

More than one cleft lip
in the family tree.

3. M 3 Cheilognathouranoschisis
sinistra

More than one cleft lip
in the family tree.

4. M 3 Cheilognathouranoschisis
dextra -

5. F 3 Cheilognathouranoschisis
sinistra -

6. F 3 Cheilognathouranoschisis
sinistra

Paracetamol and antibiotics had been
used during the pregnancy. Induced

labour, born at 41 weeks.

7. M 3.5 Cheilognathouranoschisis
sinistra

Paracetamol and antibiotics had been
used during the pregnancy. Epilepsy

in family tree.

8. M 4 Cheilognathouranoschisis
sinistra No information about family history.

9. F 4 Cheilognathouranoschisis
dextra

Paracetamol and antibiotics had been
used during pregnancy. Mother has

vegetative dystonia. At 20 weeks,
ultrasonography showed a cleft lip.

10. M 4 Cheilognathouranoschisis
dextra

Clefts in family history. Mother has
hepatitis B virus (silent form).

11. M 4 Cheilognathouranoschisis
sinistra -

12. F 4 Cheilognathouranoschisis
sinistra

Paracetamol and antibiotics had been
used during pregnancy. Born at
42 weeks. The father has heart

valve problems.

13. M 4 Cheilognathouranoschisis
sinistra

Paracetamol and antibiotics had been
used during pregnancy. Born at

41 weeks. Ultrasonography showed
cleft lip and palate.

14. M 4.5 Cheilognathouranoschisis
sinistra

Down syndrome present in
family history.

15. M 5 Cheilognathouranoschisis
sinistra

Bleeding during week 8 and 9
of pregnancy.

16. M 5 Cheilognathouranoschisis
sinistra

Amoxiclav had been used during
pregnancy. The mother had one

abortion prior. Clefts in family history.
The mother had an echinococcosis,

liver surgery was required.

17. F 6 Cheilognathouranoschisis
sinistra -

18. M 8 Cheilognathouranoschisis
sinistra

Mother smokes. Ultrasonography
had not showed any clefts.

19. M 13 Cheilognathouranoschisis
bilateralis

Multiple anomalies: kidney
malrotation, heart failure.

20. F 18 Cheilognathouranoschisis
dextra

Multiple anomalies: ventricular
septal defect, stenosis of aortic valves,

polydactyly, auricular ectodermal
structures, distanced ears.

Abbreviations: M—male, F—female.

The control group was also recruited at Riga Stradins University Institute of Stoma-
tology, Latvia, from 2010 to 2019. In total, 14 control tissue samples were obtained from
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the upper lip mucosa during superior labial frenectomy due to hypertrophic upper lip
frenulum. The inclusion criteria for the control group were: patients diagnosed with
hypertrophic upper lip frenulum, no orofacial cleft in anamnesis or family history, no
inflammation or any other pathology present. The control group consisted of eight boys
and six girls (5–14 years of age).

For at least one month before the surgery, all the participating children were healthy,
without any complications, and able to undergo surgery.

2.2. Immunohistochemical Analysis

Tissues were fixed for a day in a mixture of 2% formaldehyde and 0.2% picric acid in
0.1 M phosphate buffer with pH 7.2. Subsequently, the tissue material was rinsed in Tyrode
buffer (content: NaCl, KCl, CaCl2·2H2O, MgCl2·6H2O, NaHCO3, NaH2PO4·H2O, glucose),
containing 10% saccharose, for 12 h and then embedded into paraffin. The tissue samples
were cut three micrometres thick and, afterwards, stained with haematoxylin and eosin for
routine morphological evaluation.

Biotin–streptavidin biochemical method was used for immunohistochemistry to detect
following primary antibodies: anti-tumour necrosis factor alpha (TNF-α, ab6671, rabbit,
working dilution 1:200, Abcam, Cambridge, UK), anti-macrophage inflammatory protein 1
beta (anti-MIP-1β, ab9675, rabbit, working dilution 1:100, Abcam, Cambridge, UK), and
anti-CD163 (ab87099, rabbit, working dilution 1:200, Abcam, Cambridge, UK). The antibod-
ies used in this study were diluted with antibody diluent (code 938B-05, Cell MarqueTM,
Rocklin, CA, USA). The tissue samples were deparaffinized, washed in alcohol and water,
placed in a holder, rinsed twice for five minutes with TRIS buffer (code 2017X12508, Di-
apath S.p.A., Martinengo, Italy), then boiled in EDTA buffer (code 2017X02239, Diapath
S.p.A., Martinengo, Italy) in a microwave for approximately 20 minutes. After cooling
down, the tissue samples were washed in TRIS wash buffer twice for five minutes. The
blocking was performed for 10 min, using 3% peroxide solution, followed by repeated
washing in TRIS wash buffer. The tissue samples were then incubated for an hour with
primary antibodies. Subsequently, after incubation and rinsing with TRIS wash buffer three
times, the HiDef DetectionTM (code 954D-31, Cell MarqueTM, Rocklin, CA, USA) reaction
amplificator was applied for 10 min at room temperature. This was followed by repeated
washing for 5 min in TRIS wash buffer and then a second incubation for 10 min, also at
room temperature, using the HiDef DetectionTM HRP Polymer Detector (code 954D-32, Cell
MarqueTM, Rocklin, CA, USA). After another rinsing with TRIS buffer 3 times for 5 min and
then tissue coating with the DAB+ chromogenic liquid DAB Substrate Kit (code 957D-60,
Cell MarqueTM, Rocklin, CA, USA) up to 10 min at room temperature was performed,
which resulted in positive structures staining in brown colour. After incubation with the
chromogenic substrate system, the samples were rinsed with water and counterstained
with haematoxylin (code 05-M06002, Mayer’s Bio Optica Milano S.p.A., Milano, Italy).
Further, the tissue samples were dehydrated with 70–90 ◦C ethanol solutions and clarified
with carboxylic acid and xylol. A drop of Pertex glue was applied to the tissue section and
a coverslip was glued.

In sections parallel to the investigated ones, the primary antibody was replaced with
the antibody diluent. These sections were used as negative controls. For each series of
tissue sections, positive controls indicated by the manufacturer were also prepared.

Two independent morphologists, who analysed the tissue samples of the oral mucosa
by light microscopy using a semi-quantitative scoring system [24], were blinded to the
sample identification. The results were assessed by grading the appearance of positively
stained cells in five randomly selected fields of view at x400 magnification. Structures were
labelled as follows: 0, negative staining (0%); 0/+, occasional positive structures (12.5%); +,
few positive structures (25%); +/++, few to moderate immunoreactive structures (37.5%);
++, moderate number of positive structures (50%); ++/+++, moderate to numerous positive
structures (62.5%); +++, numerous positive structures in the visual field (75%) [25].
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For visual illustration, we used a Leica LEITZ DM RB microscope, Euromex Scientific
Camera DC.20000i, and the image processing and analysis software ImageFocusAlpha
(Euromex Microscopen bv, Arnhem, The Netherlands).

2.3. Statistical Analysis

The data processing was performed using IBM SPSS Statistics Version 26 (IBM Com-
pany, Armonk, New York, NY, USA). The results from semi-quantitative evaluation were
transformed into numerical form as follows: 0 equals to 0, 0/+ equals to 0.5, + equals to
1, +/++ equals to 1.5, ++ equals to 2, ++/+++ equals to 2.5, +++ equals to 3. Spearman’s
rank correlation coefficient was used, and the R-value was judged as follows: R = 0.0–0.2, a
very weak correlation; R = 0.2–0.4, a weak correlation; R = 0.4–0.6, a moderate correlation;
R = 0.6–0.8, a strong correlation; and R = 0.8–1.0, a very strong correlation. To analyse the
data from patients versus control groups, Mann–Whitney U test was used. The significance
level for both tests was 5% (p-value < 0.05).

3. Results

Routine haematoxylin and eosin staining showed patchy vacuolization of the lip
epithelial cells (seborrheic keratosis) in 16 out of 20 cases, varying degrees of inflammation
in 14 tissue samples, and basal cell hyperplasia in the epithelium of 9 tissue samples
(Table 2, Figure 1a,b). Only one tissue sample and the controls did not show any of the
above-mentioned signs (Table 2, Figure 1c).

Table 2. The relative number of M1-, M2-, and TNF-α-positive structures and the degree of seborrheic
keratosis, inflammation, and basal cell hyperplasia present in the cleft affected tissue samples as well
as in the control group.

No.
H&E

M1 M2 TNF-α
SK Inflammation BCH

1. + 0 0 ++ + ++

2. + 0 0 + + ++

3. + 0 0 + + 0/+

4. 0 + +/++ ++/+++ ++ +++

5. + + 0/+ ++ ++ ++

6. + 0/+ 0 +/++ +/++ +++

7. + + 0 +/++ + ++

8. + + 0 ++ + ++

9. + + 0 + 0/+ 0/+

10. + 0 0/+ ++ ++ ++

11. 0 0 0 ++ ++ +++

12. + +/++ 0 ++ ++ +++

13. 0 0/+ 0 ++ + +++

14. + 0/+ 0/+ + ++ 0/+

15. 0 + 0/+ ++ + ++/+++

16. + + 0/+ ++ + ++

17. + +/++ 0/+ + 0/+ +++

18. + 0/+ 0 ++ + +/++

19. + +++ ++ +++ +++ ++/+++

20. + 0 0/+ +/++ +/++ ++
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Table 2. Cont.

No.
H&E

M1 M2 TNF-α
SK Inflammation BCH

Most Common Value + + 0 ++ + ++

Control N/A N/A N/A 0/+ ++ +
Abbreviations: No.—tissue sample’s number, H&E—haematoxylin and eosin staining method, SK—seborrheic
keratosis, BCH—basal cell hyperplasia, M1—phenotype 1 macrophages, M2—phenotype 2 macrophages,
TNF-α—tumour necrosis factor alpha, N/A—not applicable.

Figure 1. Micrographs of a cleft affected lip tissue. (a) Notable inflammation (+++) in the connective tissue and moderate
degree of basal cell hyperplasia (++) in the epithelium of a 13 months old child with a cleft lip and palate. Haematoxylin
and eosin, ×250; (b) Vacuolated cells of seborrheic keratosis of the lip epithelium in a three months old child with a cleft lip
and palate. Haematoxylin and eosin, ×250. (c) Tissue sample without seborrheic keratosis, inflammation, and basal cell
hyperplasia in a four months old child with a cleft lip and palate. Haematoxylin and eosin, ×400.

M1-positive structures were found in the range from a few (+) to numerous (+++)
(Table 2, Figure 2). However, half of the cases had a moderate number of positive structures
(++), five had a few (+), whilst only one tissue sample could have been graded as having
numerous positive structures (+++) (Figure 3a). In terms of controls, one had negative
staining, but the other overall had a small number of positive structures (Figure 3b).

Figure 2. The distribution of M1-, M2-, and TNF-α-positive structures in patients’ group and control
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group tissue samples. Abbreviations: M1—phenotype 1 macrophages, M2—phenotype 2 macrophages,
TNF-α—tumour necrosis factor alpha, 0—negative staining, 0/+—occasional positive structures, +—few
positive structures, +/++—few to moderate immunoreactive structures, ++—moderate number of
positive structures, ++/+++—moderate to numerous positive structures, +++—numerous positive
structures in the visual field.

Figure 3. Immunohistochemical micrographs of M1 in a cleft affected lip tissue and in a control subject. (a) Moderate
positive M1 cells (++) in the connective tissue of the cleft lip tissue sample in a three months old child with a cleft lip and
palate. M1 IMH, ×250; (b) Occasional positive M1 cells (0/+) in the control group tissue sample of a six years old child. M1
IMH, ×250.

M2-positive structures were found in the range from occasional (0/+) to numerous
(+++) (Table 2, Figure 2). Many of the tissue samples (9 out of 20 cases) had a few positive
structures (+), followed by a moderate number (++) in 6 cases (Figure 4a). The numbers of
positive cells in the control group tissue samples were similar to those in patients’ samples
(Figure 4b).

Figure 4. Immunohistochemical micrographs of M2 in a cleft affected lip tissue and in a control subject. (a) Moderate M2
cells (++) in the connective tissue of the cleft lip tissue sample in an eight months old child with a cleft lip and palate. M2
IMH, x250; (b) Occasional positive M2 cells (0/+) in the control group tissue sample of a six years old child. M2 IMH, ×250.

Although many of the cases (8 out of 20 tissue samples) had a moderate number
of TNF-α-positive structures (++), 6 of the tissue samples had numerous (+++), and 2 of
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them had moderate to numerous positive structures (++/+++) (Table 2, Figures 2 and 5a).
Control tissue samples had different numbers of TNF-α-containing cells (Figure 5b).

Figure 5. Immunohistochemical micrographs of TNF-α in a cleft affected lip tissue and in control subjects. (a) Numerous
positive cells (+++) of TNF-α in the connective tissue of a 13 months old child with a cleft lip and palate. TNF-α IMH, ×250;
(b) Moderate positive cells (++) of TNF-α in the control group tissue sample of a five years old child. TNF-α IMH, ×250.

A statistically important difference in the distribution of a particular factor between
the patients’ group and control group was observed only in regard to type 1 macrophages
(p = 0.0002) (Table 3).

Table 3. The statistical significance of the distribution of factors between the patients’ group and control.

Detected Structure Mann–Whitney U Z-Score p-Value

M1 5 −3.486 0.0002

M2 79.5 0.562 0.607

TNF-α 30.5 −1.369 0.192
Abbreviations: M1—phenotype 1 macrophages, M2—phenotype 2 macrophages, TNF-α—tumour necrosis
factor alpha.

In terms of correlations, a weak correlation was observed between M2 and TNF-α
(R = 0.261), a moderate correlation between M1 and M2 (R = 0.503) as well as M1 and
TNF-α (R = 0.433). However, the only statistically significant one was between M1 and M2
(p = 0.024) (Table 4).

Table 4. The correlations between the factors in patients’ tissue samples based on the Spearman’s
correlation analyses.

Factor 1 Factor 2 R p-Value

M1 M2 0.503 0.024

M1 TNF-α 0.433 0.057

M2 TNF-α 0.261 0.265
Abbreviations: M1—phenotype 1 macrophages, M2—phenotype 2 macrophages, TNF-α—tumour necrosis
factor alpha.

4. Discussion

M1-, M2-, and TNF-α-positive cells were present in both the cleft affected tissues and
controls. However, the amount of M1 in patients’ material was greater than in the control,
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suggesting a more pro-inflammatory environment in the cleft affected lip tissue. This was
in agreement with other studies, in which more pronounced oral tissue inflammation in
children with clefts had been reported [4,26,27]. Interestingly, no notable inflammation
with inflammatory cells was detected in 6 out of 20 haematoxylin and eosin stained tissue
samples, whilst cells weakly stained with antibodies against M1, M2, and TNF-α antigens
were observed there. This suggested a role of specific targeting of inflammatory cells,
which otherwise could not be visualised.

A study demonstrated moderate to numerous TNF-α containing macrophages and
neutrophils in the cleft affected tissue [22], another reported that other cells, such as ker-
atinocytes, which maintain normal homeostatic mechanisms, can also produce TNF-α [28].
Furthermore, in another research, ELISA (enzyme-linked immunosorbent assay) showed
a consistent expression of TNF-α in cleft affected tissue with the second highest mean
concentration of all the examined cytokines. However, the coefficient of variation was
>50% and the study did not have a control group [29]. The number of M2- and TNF-α-
immunoreactive cells did not differ between the controls and patients in our study. In our
opinion, it suggests a possible balance between the cells expressing the two factors and
also between the intensity of inflammation and anti-inflammation regulation.

We revealed a statistically significant moderate positive correlation between M1 and
M2 in our patients’ tissues. Therefore, it can be deduced that when M1 increased, M2 did
as well. In general, an adequate and dynamic balance between pro- and anti-inflammatory
factors must exist, otherwise an overzealous inflammatory response could occur, causing
extensive tissue damage. Thus, the rise in M2 alongside M1 could be interpreted as a protec-
tive mechanism, which helps prevent unbalanced inflammation. A study on the presence of
some of the most common interleukins revealed a strong and moderate correlation between
IL-1, IL-4, IL-8, IL-10, but not IL-6, in the epithelium of a cleft affected tissue. The authors
suggested a compensatory mechanism of self-defence to enhance the local inflammatory
immune response without involving all pro-inflammatory cytokines [23]. This further
supports the concept of a protective mechanism. Another research examined the changes
in the M1/M2 ratio in isolated microglia after a four-day alcohol exposure in male rats. An
increase in both phenotypes in the hippocampus and entorhinal cortex was observed. The
authors noted that some TNF-α induction was required to elicit protective M2 responses in
the brain; however, the rise in M1 was attributed to the pathology itself [30]. Furthermore,
a significant rise in mRNA expression levels of M1 and M2 markers were observed in the
retinal pigment epithelium–choroid (RPE–choroid) and retina following laser photocoagu-
lation in a mouse model of choroidal neovascularization. The M1 phenotype was detected
to a greater extent in the RPE–choroid, whilst the one of M2 mainly in the retina [31]. Even
though we observed a simultaneous increase in both factors, many studies have proven
that different M1 and M2 appearance patterns also exist. For instance, M1 dominance has
been observed not only in periodontitis [32] but also at advanced peri-implantitis sites [33].
In a COPD mouse model, alveolar macrophages favoured the M2 phenotype, thus skewing
the macrophage ratio in favour of M2 [34]. However, in atherosclerosis, the M1/M2 ratio
changed depending on the morphological compartment of the vessel wall. For example,
M1 macrophages were predominantly at the rupture-prone shoulder regions [16].

Nowadays, increasing evidence suggests that macrophages exist on a continuous
spectrum rather than the simplistic dichotomous distinction of activation. It appears that
these subpopulations express varying numbers of M1 and M2 markers and activities.
Some previous studies have identified populations of macrophages expressing both M1
and M2 markers in their research [35–37]. In this study, it was not examined whether
the macrophages present could express M1 and M2 markers simultaneously. Therefore,
the possibility of the intermediate forms in the studied cleft affected lip tissues could
not be excluded. Furthermore, perhaps the observed concurrent rise in both M1 and M2
phenotypes could, at least partially, be due to cells expressing both M1 and M2 markers.

In addition, our results also revealed a moderate positive correlation between M1 and
TNF-α. This relationship between the two factors in cleft affected tissue seems possible,
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taking into account that both factors are by nature associated with inflammation, the
cells of monocytic linage are the primary TNF-α producers, and TNF-α is vital for the
long-term survival of macrophages. Usually, M1 activation is induced by very different
factors, including TNF-α [10,38]. Other studies have also reported a positive correlation
between TNF-α and M1 macrophages. For instance, in psoriatic patients, the research
data indicated a preferential M1 polarization. On the other hand, after administration of a
TNF-α inhibitor (adalimumab), the research team observed a restored M1/M2 ratio [39].
Similarly, in a study, in which authors evaluated the capacity of the Androctonus australis
hector venom to induce the expression of M1 or M2 markers in adipose tissue, TNF-α
modulated macrophage polarization towards the M1 phenotype [40]. In steroid-induced
osteonecrosis, a high TNF-α activity alongside M1 dominance in the necrotic zone led to
disease progression [41].

In our patients, a weak correlation between M2 and TNF-α in cleft affected lip tis-
sue was observed. Even though M2 macrophages are usually associated with the se-
cretion of anti-inflammatory cytokines, studies show that they are also able to produce
pro-inflammatory cytokines—for instance, TNF-α—hence a weak positive correlation [38].
This type of correlation is further supported by other authors, who suggested that some
TNF-α induction is necessary for the elicitation of protective M2 responses in the brain [30].
Interestingly, a positive correlation between TNF-α and M2 was also observed in a study
concerning a possible treatment option for periodontitis. Preconditioning of gingival
tissue-derived mesenchymal stem cells with TNF-α increased the number of exosomes
secreted as well as improved the exosomal expression of CD73; thus, it induced M2 polar-
ization. Moreover, the results suggested that due to TNF-α preconditioning, the secreted
exosomes were capable of converting M1 to M2, hence improving the wound healing capac-
ity [42]. Although TNF-α is a potent pro-inflammatory agent and M2 an anti-inflammatory
macrophage, a negative correlation between the two factors is more likely to exist. In
addition to all the above-mentioned studies, in which TNF-α and M1positively correlated,
a decrease in M2 but a rise in TNF-α was observed in sepsis-induces acute kidney injury in
male rats [43].

Overall, the data we presented indicate that in cleft affected tissue, not only the M1 lev-
els are altered but the M1/M2 ratio also changes. However, the correlation between M1 and
M2 could indicate a protective mechanism that helps to avoid an overzealous inflammation.

Our study had some limitations. Even though the macrophage ratio has been studied
in other pathologies, to our knowledge, this was the first study in which the M1/M2 ratio in
orofacial cleft affected tissue, particularly cleft lip tissue samples, was examined. Therefore,
for instance, a comparison of results is not possible. Moreover, the relatively small sample
size of the study and control groups may interfere with the general applicability of our
findings. Furthermore, in our study, we only used one method, immunohistochemistry.
Perhaps if we had combined different methods, such as immunohistochemistry with ELISA
or flow cytometry (depending on the factor of interest), the results would have been more
meaningful. In our case, the amount of tissue received for the study depended on how
much of the tissue had not been used to correct the cleft. Therefore, unfortunately, the usage
of two or more methods was not possible due to an insufficient amount of tissue sample.

Moving further, for future studies, we recommend including and examining not only
M1 and M2 appearance and distribution in cleft affected tissue but also their intermediate
forms. Moreover, we believe that identifying genes and transcription factors involved in
cleft morphopathogenesis and analysing the results together with our observations could
reveal potential tissue endotypes.

5. Conclusions

An increase in M1 and their difference in the distribution between the patients’ group
and control alongside the positive correlation between M1 and TNF-α suggested a more
pro-inflammatory/inflammatory environment in the cleft affected lip tissue.
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The moderate positive correlation between M1 and M2 as well as M1 and TNF-α
proved a persistent elevation of the protective mechanisms parallel to the increasing
tissue inflammation.
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