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Abstract

:

Cleft lip and palate (CLP) is one of the craniofacial defects. The objective of this study was to identify the differences in appearance between the tissue factors in cartilage of CLP patients after primary and secondary rhinoplasty. Immunohistochemistry was performed with MMP-2, MMP-8, MMP-9, TIMP-2, IL-1α, IL-10, bFGF, and TGFβ1. The quantification of the structures was performed using a semi-quantitative census method. MMP-2, -9, IL-1a, and bFGF demonstrated higher number of positive cells in patients, while the number of MMP-8, IL-1a, -10 and TGFβ1 cells was higher or equal in the control subjects. The only statistically significant difference between CLP-operated patients was found in the TIMP-2 group, where the primary CLP patient group had a higher number of TIMP-2 positive chondrocytes than the secondary CLP patient group (U = 53.5; p = 0.021). The median value of the primary CLP group was ++ number of TIMP-2 positive chondrocytes compared to +++ in the secondary CLP group. No statistically significant difference was found between primary and secondary rhinoplasty patients for other tissue factors. Commonly, the rich expression of different tissue factors suggests a stimulation of higher elasticity in cleft affected cartilage. The statistically significant TIMP-2 elevation in primary operated cartilage indicates an impact of the selective tissue remodeling for hard tissue.
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1. Introduction


The second most common congenital craniofacial deformity is cleft lip and palate (CLP), which is caused by abnormal soft and hard organogenesis during embryonic development. The incidence of cleft lip with versus without cleft palate (CL/P) is 1:1000 [1,2]. The goal of early postnatal surgical procedures is to promote adequate palatal shelf growth and fusion. New opportunities for encouraging tissue growth at the site of the surgical repair for palatal clefts have emerged due to the advances in scaffold-based delivery technologies for precision tissue engineering [3]. Asymmetries often shift as a child grows and develops, making the nasal deformity a daunting challenge. The repair of absent or asymmetric cartilage and the replacement of bone components are crucial for a successful treatment of the cleft lip and palate patients [4,5]. Avascular cartilage is mostly made up of extracellular matrix (ECM), which is maintained by a tiny number of local chondrocytes. The ECM is sustained by an array of growth factors and cytokines in healthy tissue [6]. Despite the fact that multiple tissue factors are thought to have a role in the morphopathogenesis of CLP, research on human cleft nasal septum cartilage is limited due to ethical issues and a lack of available material.



Up to date, there are relatively few studies and data on remodeling factors, resorption factors, growth factors, and cytokines of cartilage due to the difficulty of acquiring hyaline cartilage of the nasal septum because of the ethical considerations.



Matrix metalloproteinases (MMPs) expression and their natural inhibitors (TIMPs) in craniofacial development is tissue specific. MMPs and TIMPs are believed to be necessary for the growth of the mammalian palate [7].



MMPs degrade the ECM, causing cartilage damage and changing its biomechanical characteristics. MMPs are a type of protease involved in bone formation, angiogenesis, and connective tissue remodeling. In osteoarthritic cartilage, MMP-2, MMP-9, and MMP-13 have been found to be considerably overexpressed [8]. MMP-2 is a proteinase that degrades undamaged type IV collagen and type I collagen that has been denatured in the extracellular compartment. MMP-2 mediated tissue remodeling plays a role in several physiological mechanisms, such as angiogenesis, neovascularization, and wound healing. Underactivity of MMP-2, either deficiency or insufficiency, has been linked to inflammation, metabolic dysregulation, and skeletal diseases [9,10].



MMP-8 can cleave type I–III collagens. MMP-8 has been found to participate in the breakdown of ECM and the degeneration of bone tissue. MMP-8 has the ability to generate and remodulate tissue via ECM breakdown, implying that MMP-8 could be an indication of active cartilage and might have a protective function [8]. MMP-8 and MMP-9 overexpression increased cartilage damage and promoted degenerative alterations in knee structure and morphology in particular. In diabetic osteoarthritis (OA) rats, the overexpression of MMP8 and MMP9 enhanced the number of apoptotic chondrocytes [11].



MMP-9 at increased levels, adds to cartilage degradation. Pro-inflammatory indicators including interleukin-1 (IL-1), interleukin-6 (IL-6), and C-reactive protein increase its expression [12].



TIMPs have the capacity to stop MMPs from functioning. Furthermore, irrespective of their MMP neutralizing actions, TIMPs are thought to have implications of pluripotency on cellular functions, such as cell proliferation, movement, endurance, and differentiation [13]. Tissue inhibitor of metalloproteinases 2 (TIMP-2) expression is lower in studies with pregnant pig mothers receiving hydroxy—methobutyrate supplementation for the skeletal development of their piglets, which could imply that these supporting tissues of animals are undergoing greater remodeling [14]. The effect of a combination of anabolic growth factors and a protease inhibitor on an in vitro culture of articular chondrocytes revealed that TIMP-2 was beneficial in enhancing ECM synthesis [15].



IL-1 is one of the most important pro-inflammatory cytokines implicated in cartilage degradation. It draws monocytes and neutrophils to the site of tissue damage, inducing MMPs, and disrupting homeostasis. IL-1 stimulates the production of other cytokines, such as IL-1, IL-6, and TNF- during the inflammatory process [16]. This cytokine can trigger a slew of catabolic mediators in chondrocytes, the majority of which are involved in cartilage destruction, decreasing matrix formation, and chondrocyte apoptosis after a traumatic damage [17,18].



Chondrocytes can synthesize interleukin-10 (IL-10) and have the IL-10 receptor expressed on their cellular surface. In mechanically wounded cartilage, IL-10 therapy reduces posttraumatic cell death, matrix degradation, and chondrocyte dedifferentiation. In experimental models of OA, IL-10 inhibited matrix degrading enzymes and IL-1b expression produced by proinflammatory cytokines such as tumor necrosis factor alpha (TNF-α). In addition, IL-10 enhanced proteoglycan production in an inflammatory setting increased the previously decreased biosynthetic activity of articular chondrocytes, displaying anti-apoptotic properties as well [19].



Basic fibroblast growth factor (bFGF) can enhance the proliferation of chondrocytes and mesenchymal cells, as well as chondrogenic differentiation of bone marrow mesenchymal stem cells (BMSCs) in the culture of chondrocytes and BMSCs for cartilage tissue engineering. bFGF increases chondrogenesis while inhibiting osteogenesis and protects cartilage from injury [20]. It has been widely used in tissue engineering to increase chondrocyte proliferation, angiogenesis and healing of wounds via influencing epithelial cells, smooth muscle cells, fibroblasts and endothelial cells as bFGF can stimulate cell mitosis, and thus cell proliferation [21].



Transforming growth factor β (TGF-β) promotes collagen, fibronectin, and proteoglycan synthesis while inhibiting collagen breakdown by lowering MMP activity and boosting TIMP activity [22]. When chondrocytes were stimulated mechanically, they produced more pro-osteoclastic factors, such as transforming growth factor 1 (TGF-1), which increased condylar subchondral bone resorption by boosting osteoclastogenesis. These findings back up the theory that cartilage alterations occur before subchondral bone modificas, and so play a key role in mechanical loading [23].



The objective of our current research is triggered by the lack of research in the cartilage tissue of CLP patients and aims to estimate the relative number and presence of tissue factors (MMP-2, MMP-8, MMP-9, TIMP-2, IL-1α, IL-10, bFGF, and TGFβ1) in the CLP patients’ cartilage throughout the first and second plastic rhinoplasty and alveolar osteoplasty.




2. Materials and Methods


2.1. Patients


When performing rhinoplasty and alveolar osteoplasty for the first and second procedures, tissue samples were taken from the nasal septum. The surgeries were performed in Cleft Lip and Palate Centre of Institute of Stomatology of the Riga Stradiņš University (RSU). The inclusion requirements for the patient group were diagnosis and following treatment of unilateral non-syndromic cleft lip, bilateral cleft lip, or isolated cleft palate, as well as no additional pathology that would prevent the patient from getting a surgery for cleft lip and palate. The control group’s inclusion criteria were the following: no signs of inflammation or other pathological changes were found in the tissue sample, and neither anamnesis nor family history revealed any cases of craniofacial clefts. The first-time surgery patients group consisted of 35 CLP patients between the ages of 5 years and 7 months to 18 years and 7 months with cartilage tissue samples from the nasal septum. A total of 23 male patients and 12 female patients were included. The average age was 16 years and eight months (see Table 1). The second-time surgery patients group consisted of seven CLP patients between the ages of 7 years to 11 years and 7 months with cartilage tissue samples from nasal septum. Four male patients and three female patients were included. The average age was 7 years and 6 months (see Table 2). Children without CLP who underwent unrelated operations could not be used in the control group due to ethical reasons, therefore the material of cartilage tissue form trachea of 11 individuals between 20 and 40 years of age was obtained from the exposition of RSU Institute of Anatomy and Anthropology (AAI). The local Riga Stradiņš University Ethical Committee gave the approval to this study (Nr. 5/28 June 2018). A written consent form from the parents was obtained in each case.




2.2. Methods


The Stefanini solution was used to fix the patient group’s material in transport test tubes. Tyrode’s solution was used for a rinse of the material for 24 h, and alcohol solution was used for the increase in tissue dewatering. For degreasing, tissue was submerged in xylene for 30 min. The tissue was then submerged in paraffin for one hour, followed by another two hours to allow for hardening. Using a semi-automatic rotary microtome, tissue blocks were divided into slices measuring 3 μm (Leica RM2245, Leica Biosystems Richmond Inc., Richmond, IL, USA). The sections were mounted on slides, dried in a thermostat, dewaxed again in xylene, dehydrated in alcoholic solutions, and stained with hematoxylin and eosin (H&E). Afterwards, for the expression of proteins, the immunohistochemistry method was used. The following antibodies were processed and stained on the selected tissue samples: matrix metalloproteinase-2 (MMP-2) (code: ORB101049, rabbit, 1:400, Biorbyt, Miramar Beach, FL, USA), matrix metalloproteinase-8 (MMP-8) (code: orb18114, rabbit, 1:100, Biorbyt, USA), matrix metalloproteinase-9 (MMP-9) (code: orb11064, rabbit, 1:100, Biorbyt, USA), tissue inhibitor of metalloproteinases-2 (TIMP-2) (code: SC-21735, mouse, 1:50, Santa Cruz, CA, USA), interleukin-1 alpha (IL-1α) (code: orb308787, mouse, 1:100, Biorbyt, MI, USA), interleukin-10 (IL-10) (code: orb100193, rabbit, 1:600, Biorbyt, USA), basic fibroblast growth factor (bFGF) (code: AB16828, rabbit, 1:200, Abcam, Cambridge UK) and transforming growth factor beta 1 (TGFβ1) (code: ORB7087, rabbit, 1:200, Biorbyt, USA). The semi-quantitative census technique was implemented to quantify immunological structures [24]. The labels were as follows: (0)—there was no visible positive structure in the visual array, (0/+)—visual array occasionally showing positive chondrocytes, (+)—few positive chondrocytes are visible in the visual array, (+/++)—few to moderate number of positive chondrocytes are visible in the visual array, (++)—moderate number of positive chondrocytes seen are visible in the visual array, (++/+++)—moderate to numerous positive chondrocytes are visible in the visual array, (+++)—numerous positive chondrocytes are visible in the visual array, (+++/++++)—numerous to an abundance of positive chondrocytes are visible in the visual array, (++++)—an abundance of positive chondrocytes are visible in the visual array.




2.3. Statistical Analysis of the Data


The SPSS 22.0 program version (IBM Corp., Armonk, NY, USA) was used for the statistical analysis. The correlations between values were calculated using Spearman’s rank correlation coefficient (rs). The findings were interpreted as: rs = 0.4–0.59—moderate, positive correlation, rs = 0.6–0.79—strong, positive correlation. The study groups were compared using the Mann-Whitney U-test, but a normality test was not performed; a p value < 0.05 was considered statistically significant.





3. Results


3.1. MMP-2


MMP-2 positive cells were detected in all cartilage tissue samples from the first-time surgery CLP group, the second-time surgery CLP group and the control group. The first-time surgery CLP group had a range of MMP-2 positive chondrocyte numbers, from + to +++, in the second-time surgery CLP group it varied from ++/+++ to +++/++++, and from +/++ to +++ in the control group (see Table 3) (see Figure 1A,A1).



The medial value of the positive cells for MMP-2 in the first-time surgery and the second-time surgery CLP group was +++ (SD = 0.89; SD = 0.41); however, in the control group it was lower—++ (SD = 0.46) number of positive structures (see Table 3).



A statistically significant greater number of the positive chondrocytes for MMP-2 was found in the first-time surgery CLP group relative to the control group (U = 92.0; p = 0.011) and in the second-time surgery CLP group in comparison to the control group (U = 7.5; p = 0.003). The first-time surgery CLP group and the second-time surgery CLP group did not statistically significantly differ from one another (U = 117.0; p = 0.959).




3.2. MMP-8


MMP-8 positive cells were detected in all cartilage tissue samples from the first-time surgery CLP group, the second-time surgery CLP group, and the control group. The number of MMP-8 positive chondrocytes in the first-time surgery CLP group differed from ++ to ++++, in the second-time surgery CLP group—from ++/+++ to ++++, and in the control group—from ++ to +++/++++ (see Table 3) (see Figure 1B,B1).



The medial value of the MMP-8 positive cells in the first-time surgery CLP group and the control group was +++/++++ (SD = 0.68; SD = 0.45), but in the second-time surgery CLP group it was lower—+++ (SD = 0.53) number of positive structures (see Table 3).



No statistically significant difference between all of the research groups was obtained. Between the first-time surgery and the second-time surgery CLP groups (U = 81.5; p = 0.198), between the first-time surgery CLP group and the control group (U = 168.5; p = 0.630), and between the second-time surgery CLP group and the control group (U = 19.5; p = 0.085).




3.3. MMP-9


All specimens had cells that were MMP-9 positive. The number of MMP-9 positive chondrocytes in the first-time surgery CLP group were +++/++++, in the second-time surgery CLP group it was ++/+++ to +++/++++, and it ranged from + to +++ in the control group (see Table 3) (see Figure 1C,C1).



The medial value of MMP-9 positive chondrocytes was the same in the first-time surgery and the second-time surgery CLP groups—+++ (SD = 0.58; SD = 0.38), but in the control group it was lower—+/++ (SD = 0.52) (see Table 3).



The first-time surgery CLP group and the second-time surgery CLP group did not have any statistically significant difference between the numbers of MMP-9 positive chondrocytes (U = 117.0; p = 0.959). Both the first-time surgery CLP group and the second-time surgery CLP group had significantly more MMP-9 positive chondrocytes than the control group, (U = 31.5; p = 0.000) and (U = 4.5; p = 0.001), respectively.




3.4. TIMP-2


Each sample of cartilage tissue revealed cells that were TIMP-2 positive. Chondrocytes that were TIMP-2 positive in the first-time surgery CLP group differed from +/++ to ++++, in the second-time surgery CLP group—from ++/+++ to +++/++++, while in the control group it differed from +/++ to +++/++++ (see Table 3) (see Figure 1D,D1).



The medial value of the first-time surgery CLP group was lower than in the other groups—a ++ (SD = 0.65) number of TIMP-2 positive chondrocytes compared to +++ (SD = 0.29) in the second-time surgery CLP group, and ++/+++ (SD = 0.55) in the control group (see Table 3).



Comparing the second-time surgery CLP group to the control group, it was found that there were considerably more TIMP-2 positive chondrocytes in the second-time surgery CLP group (U = 16.0; p = 0.044). When comparing the first-time surgery CLP group to the second-time surgery CLP group—a substantial increase in the number of TIMP-2 positive chondrocytes was seen (U = 53.5; p = 0.021). Between the first-time surgery CLP group and the control group, there was no statistically significant difference (U = 162.5; p = 0.523).




3.5. IL-1α


IL-1α positive chondrocytes were found in every cartilage tissue sample. The number of IL-1α positive chondrocytes in all the groups varied from ++ to ++++ (see Table 3).



The medial value of the IL-1α positive cells differed in all groups—+++/++++ (SD = 0.68) in the first-time surgery CLP group, +++ (SD = 0.63) in the second-time surgery CLP group and ++/+++ (SD = 0.19) in the control group (see Table 3) (see Figure 2A,A1).



No differences were found between the first-time surgery CLP group and the second-time surgery CLP group (U = 97.5; p = 0.407), the first-time surgery CLP group and the control group (U = 165.5; p = 0.476), and between the second-time surgery CLP group and the control group (U = 23.5; p = 0.179).




3.6. IL-10


Cells that were IL-10 positive were found in all cartilage samples, and the number of IL-10 positive chondrocytes in the first-time surgery CLP group was ++ to ++++, in the second-time surgery CLP group it was ++/+++ to +++/++++, and in the control group—from +/++ to +++ (see Table 3) (see Figure 2B,B1).



The medial value of IL-10 positive cells was ++/+++ (SD = 0.62) in the first-time surgery CLP group and +++ (SD = 0.35) in the second-time surgery CLP group, in comparison to ++ (SD = 0.16) in the control group (see Table 3).



Between the first-time surgery CLP group and the control group, a statistically significant difference was discovered (U = 82.0; p = 0.004), as well as between the second-time surgery CLP group and the control group (U = 7.0; p = 0.003), where the count of IL-10 positive cells was higher in the CLP groups in comparison to the control group. However, no statistically significant difference between the first-time surgery and the second-time surgery CLP groups was found (U = 87.5; p = 0.243).




3.7. bFGF


All cartilage tissue samples from the CLP groups and the control group had bFGF positive cells. The number of bFGF positive chondrocytes in the first-time surgery CLP group was the most variable—from + to ++++, in the second-time surgery CLP group it varied from +++ to +++/++++, while in the control group it ranged from +/++ to +++ (see Table 3) (see Figure 2C,C1).



The medial value of the first-time surgery CLP group’s positive chondrocytes was +++ (SD = 0.87), in the second-time surgery CLP group—+++/++++ (SD = 0.27), compared to ++ (SD = 0.60) in the control group (see Table 3).



The first-time surgery CLP group (U = 80.5; p = 0.005) and the second-time surgery CLP group (U = 4.500; p = 0.001) had a considerably larger number of chondrocytes that were bFGF positive when compared to the control group. The number of chondrocytes that were positive for bFGF in the first-time surgery CLP group and the second-time surgery CLP group did not significantly differ statistically (U =1 01.5; p = 0.626).




3.8. TGFβ1


All cartilage tissue samples from the CLP groups and the control group contained TGFβ1 positive cells. In the CLP groups, the quantity of TGFβ-1 positive chondrocytes ranged from 0/+ to +++, whereas in the control group, it ranged from +/++ to +++/++++ (see Table 3) (see Figure 2D,D1).



The medial value of TGFβ1 positive chondrocytes in the first-time surgery CLP group was +++ (SD = 0.88), while in the second-time surgery CLP group it was +++/++++ (SD = 0.64), and in the control group there was a ++/+++ (SD = 0.66) number of TGFβ1 positive chondrocytes (see Table 3).



A higher amount of TGFβ1 positive chondrocytes was observed in the second-time surgery CLP group compared to the control group (U = 14.0; p = 0.027). There was no difference observed between the first-time surgery CLP group and the control group (U = 163.5; p = 0.461) and between the first-time surgery CLP group and the second-time surgery CLP group (U = 69.0; p = 0.073).




3.9. Statistical Data


Statistically significant (p < 0.05) strong (rs = 0.6–0.79) correlations were found between IL-1α and IL-10 (rs = 0.698; p = 0.000); IL-1α and MMP-8 (rs = 0.604; p = 0.000) in the first-time surgery CLP group (see Table 4).



Statistically significant (p < 0.05) strong (rs = 0.6–0.79) correlation was found between IL-1α and IL-10 (rs = 0.877; p = 0.010) in the second-time surgery CLP group (see Table 5).



Statistically significant (p < 0.05) strong (rs = 0.6–0.79) correlations were found between MMP-2 and TIMP-2 (rs = 0.867; p = 0.001); MMP-2 and MMP-8 (rs = 0.743; p = 0.009); MMP-9 and IL-1α (rs = 0.850; p = 0.001) in the control group (see Table 6).





4. Discussion


Chondrocytes are highly specific, differentiated cells whose primary role is to preserve the stability of cartilage matrix elements. The structure and organization of cartilage’s ECM are the essential components of appropriate function. It can be destroyed by illness or trauma, which limits the ability of the body to self-repair. On account of cell-based research and treatment, the demand for cartilage cells is quickly increasing. However, there is still a lack of full understanding of pathophysiology and delays in diagnosis due to the avascular character of cartilage, the neural structure of the tissue, and obstacles connected with providing potential therapies [25,26].



In this research, we aimed to discover more about the mechanisms behind cartilage remodeling in CLP patients, as well as the potential outcomes of the tissue healing after surgical intervention, and how these mechanisms are connected to the tissue factors we have looked at. The current data were obtained from a mixed group of CLP patients with unilateral cleft lip and palate and bilateral cleft lip and palate.



4.1. Tissue Degradation Factors and Their Inhibitors


In the present research, tissue degradation factors MMP-2, MMP-8, and MMP-9 and their inhibitor TIMP-2 were investigated. Our study results demonstrated a statistically significant (p < 0.05) increase in MMP-2 and MMP-9 in CLP patients, both first-time surgery and second-time surgery CLP groups, when compared to the control group. This would suggest that CLP patients have more pronounced nasal cartilage remodeling and repair. This could imply that tissue is more requisitioned for tissue repair, and greater amounts of MMP-2 positive cells could signal the start of the healing process following surgery. MMPs-2 and -9 are thought to cause extensive extracellular degradation in vivo via epithelial mesenchymal interactions [27]. MMP-2 deficiency can result in skeletal development problems, such as lack of bone mineral density, cartilage destruction, and aberrant craniofacial development [28]. There is a lack of research in the field about the hyaline cartilage of the nasal septum. However, in the articular cartilage, MMP-2 and MMP-9 have been studied in osteoarthritis (OA) and normal cartilage samples. When compared to normal articular cartilage specimens, all the OA specimens had a higher frequency and distribution of each MMP [29]. Additionally, a low level of one MMP can be countered by increasing the level of another MMP. For example, in a wound repair model lacking MMP-8, the MMP-9 expression was observed to increase [30]. Although there were no statistically significant (p < 0.05) differences in MMP-8 levels between the CLP groups and the control group, there were statistically significant strong positive correlations between IL-1 and MMP-8 (rs = 0.604; p = 0.000) for the first-time surgery CLP patients.



TIMP-2 was investigated, and statistically significant (p < 0.05) differences between the study groups were observed between the first-time surgery CLP group and the second-time surgery CLP group, where the first-time surgery CLP group presented a higher amount of TIMP-2 than the second-time surgery CLP group (U = 53.5; p = 0.021). It was discovered that statistically significant TIMP-2 elevation in primary operated cartilage indicates the selective tissue remodulation impact for hard tissue. MMPs activity is strongly regulated by the TIMPs. In many cases, matrix turnover is impacted indirectly by the MMP/TIMP axis’ control of these physiologically active proteins. TIMPs have been identified to regulate a variety of processes, including modified transforming growth factor (TGF) signaling, inflammation, or the quantity of myofibroblast-like cells, all of which have the ability to alter ECM turnover and promote ECM deposition. These results imply that TIMPs can indirectly regulate ECM turnover while also directly inhibiting ECM proteolysis. Numerous severe disorders including cancer and rheumatoid arthritis are linked to an imbalance in this system that results in elevated MMP activity [31]. MMPs have important functions in embryogenesis and the homeostasis of adult tissues along with their TIMPs, which are associated with the CLP [32]. Due to the suppression of the degradative processes, high TIMP concentrations cause ECM to accumulate, whereas low TIMP activity causes enhanced proteolysis. By forming stoichiometric complexes, all four TIMP family members (TIMP-1, -2, -3, -4) block the corresponding enzyme [33]. Additionally, vascular endothelial growth factor and FGF-2 responses are inhibited by TIMP-2 in a manner that is MMP independent. The tissue of the CLP demonstrates altered correlations in the amount, favoring the TIMPs level [34].




4.2. Interleukins


In this study, the interleukins IL-1 and IL-10 were examined. It was observed that the numbers of IL-1α positive osteocytes were +++/++++ in the first-time surgery CLP group and +++ in the second-time surgery CLP group. Additionally, there was no statistically significant difference (p < 0.05) between the CLP groups and the control group, indicating that pro-inflammatory cytokines such IL-1 may not be a main factor in the pathogenesis of CLP. Members of the IL-1 family of cytokines are fundamental mediators of inflammation. IL-1 is a strong pro-inflammatory cytokine that draws neutrophils and monocytes to the site of tissue injury and activates MMPs. IL-1 stimulates the production of other cytokines such as IL-1, IL-6, and TNF- during the inflammatory process [16]. It is a bioactive mediator that is constitutively present in almost all cell types and is released following cell death or expressed by myeloid cells entering wounded tissues. Since IL-1 is a bioactive precursor that is generated after cell death and tissue injury, it plays a crucial role in the etiology of many diseases that are characterized by organ or tissue inflammation [35]. IL-1 enhances the breakdown of cartilage, indicating that chondrocytes are stimulated by IL-1 to break down their own matrix [36]. IL-1 levels associated with OA reprogram articular chondrocytes, making them more vulnerable to mechanical damage, resulting in an excess of intracellular Ca2+ both at rest and in response to mechanical deformation [37].



The present study showed a statistically significant (p < 0.05) increased amount of IL-10 found in the first-time surgery CLP group (U = 82.0; p = 0.004) and the second-time surgery CLP group (U = 7.0; p = 0.003) in comparison to the control group. It was found that IL-10 positive cells made a strong, statistically significant positive correlation with IL-1α, in both the first-time surgery CLP group (rs = 0.698; p = 0.000) and the second-time surgery CLP group (rs = 0.877; p = 0.010), most likely indicating the compensatory anti-inflammatory protective mechanism in the cartilage of patients with CLP. IL-10, in contrast to IL-1α, is an anti-inflammatory cytokine that can inhibit the release of inflammatory factors [38]. Treatment with IL-10 inhibits the synthesis of IL-1, IL-6, and IL-8. IL-10 efficiently enhanced type II collagen and Sox9 mRNA expression, as well as aggrecan and type II collagen protein expression [39]. In autologous chondrocyte transplantation, overexpressed IL-10 maintained a more healing, long-lasting, and obvious effect in post-traumatic cartilage [40].




4.3. Growth Factors


In this research, the growth factors TGFβ1 and bFGF were investigated. We detected a statistically significant (p < 0.05) rise in bFGF quantities in the first-time surgery CLP patients (U = 80.5; p = 0.005) and the second-time surgery CLP patients (U = 4.500; p = 0.001) in comparison to the control group. Additionally, it was found that the increased proportions of chondrocytes in CLP groups that express bFGF may indicate a better potential for efficient wound healing. FGF signaling pathways are crucial regulators of vertebrate skeletal development. They control chondrogenesis, osteogenesis, and mineral homeostasis, as well as wound healing, angiogenesis, tissue repair, and regeneration [41,42]. All phases of palatogenesis, particularly during palatal fusion when cells proliferate, are influenced by FGF [43]. Members of the FGF family, in particular bFGF, attach to cell surface receptors, promoting anabolic pathways, and reducing aggrecanase activity. In mice, subcutaneous administration of bFGF suppressed OA, while mice with knock-out bFGF were found to have accelerated OA [44].



Our findings showed that the second-time surgery CLP group and the control group differed in a statistically significant way (U = 14.0; p = 0.027), (p < 0.05) and the numbers of TGFβ1 positive chondrocytes were +++/++++ in the second-time surgery CLP group, whereas in the control group the numbers were lower—++/+++ TGFβ1 positive chondrocytes. Our results would suggest that the higher TGFβ1 numbers found in the cartilage of the second-time surgery CLP patients may indicate improved tissue regeneration abilities. TGF-β signaling is a critical regulator for cartilage tissue maintenance and chondrocyte homeostasis. The regulatory systems that control TGF-’s chondroprotective activity are not yet fully clarified. This cascade regulates postnatal articular cartilage homeostasis by TGF-β via a mechanism that regulates the induction of anabolic and autophagy-related gene expression in chondrocytes [45]. It has been demonstrated that the TGF-signaling pathway plays a significant role during palatogenesis [46]. TGF-β has been linked to wound healing and tissue homeostasis maintenance, by stimulating the production of collagens I and III, fibronectin and laminin, it influences cell proliferation, extracellular matrix creation, and accelerates the process of tissue remodeling [47]. When TGF levels are high, cartilage homeostasis is disturbed, and chondrocyte metabolic function is compromised [48].





5. Conclusions


Increased numbers of MMP-2 and MMP-9 positive chondrocytes in CLP patients could signal the beginning of the healing process following the surgery, and stimulation by the increased numbers of bFGF may also indicate a better potential for efficient wound healing.



Statistically significant TIMP-2 elevation in primary operated cartilage indicates the selective tissue remodulation impact for hard tissue, and the higher TGFβ1 numbers may indicate improved tissue regeneration abilities.



Elevated numbers and positive correlations of IL-1α and IL-10 in cleft affected tissue probably indicate the persistent inflammation process and the subsequent compensatory anti-inflammatory protective mechanism in the cartilage of patients with CLP.







Author Contributions


Conceptualization, D.B. and M.P.; methodology, M.P.; validation, M.P. and I.A.; formal analysis, D.B.; investigation, D.B.; resources, M.P. and I.A.; writing—original draft preparation, D.B.; writing—review and editing, D.B., M.P. and I.A.; supervision, M.P. and I.A. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki and approved by the Ethics Committee of Riga Stradiņš University (Nr. 5/28 June 2018).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Not applicable.




Acknowledgments


Rīga Stradiņš University kind support for the research is highly acknowledged.




Conflicts of Interest


The authors declare no conflict of interest. The funders had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or in the decision to publish the results.




References


	



Manna, F.; Pensiero, S.; Clarich, G.; Guarneri, G.F.; Parodi, P.C. Cleft lip and palate: Current status from the literature and our experience. J. Craniofac. Surg. 2009, 20, 1383–1387. [Google Scholar] [CrossRef] [PubMed]

	



Martín-Del-Campo, M.; Rosales-Ibañez, R.; Rojo, L. Biomaterials for Cleft Lip and Palate Regeneration. Int. J. Mol. Sci. 2019, 20, 2176. [Google Scholar] [CrossRef] [PubMed]

	



Oliver, J.; Jia, S.; Halpern, L.R.; Graham, E.M.; Turner, M.E.C.; Colombo, J.S.; Grainger, D.W.; D’Souza, R.N. Innovative Molecular and Cellular Therapeutics in Cleft Palate Tissue Engineering. Tissue Eng. Part B Rev. 2021, 27, 215–237. [Google Scholar] [CrossRef] [PubMed]

	



Cuzalina, A.; Tolomeo, P.G. Challenging Rhinoplasty for the Cleft Lip and Palate Patient. Oral Maxillofac. Surg. Clin. N. Am. 2020, 33, 143–159. [Google Scholar] [CrossRef]

	



Pagan, A.D.; Sterling, D.A.; Andrews, B.T. Cartilage Grafting Outcomes in Intermediate and Definitive Cleft Rhinoplasty. Cleft Palate-Craniofac. J. 2020, 58, 974–983. [Google Scholar] [CrossRef]

	



Lewis, J.A.; Freeman, R.; Carrow, J.K.; Clemons, T.D.; Palmer, L.C.; Stupp, S.I. Transforming Growth Factor β-1 Binding by Peptide Amphiphile Hydrogels. ACS Biomater. Sci. Eng. 2020, 6, 4551–4560. [Google Scholar] [CrossRef]

	



Sandy, J. Molecular, clinical and political approaches to the problem of cleft lip and palate. Surgeon 2003, 1, 9–16. [Google Scholar] [CrossRef]

	



Yu, J.; Mursu, E.; Typpö, M.; Laaksonen, S.; Voipio, H.-M.; Pesonen, P.; Raustia, A.; Pirttiniemi, P. MMP-3 and MMP-8 in rat mandibular condylar cartilage associated with dietary loading, estrogen level, and aging. Arch. Oral Biol. 2018, 97, 238–244. [Google Scholar] [CrossRef]

	



Henriet, P.; Emonard, H. Matrix metalloproteinase-2: Not (just) a “hero” of the past. Biochimie 2019, 166, 223–232. [Google Scholar] [CrossRef]

	



Cook, R.N.; Sarker, H.; Fernandez-Patron, C. Pathologies of matrix metalloproteinase-2 underactivity: A perspective on a neglected condition. Can. J. Physiol. Pharmacol. 2019, 97, 486–492. [Google Scholar] [CrossRef]

	



Luo, S.; Li, W.; Wu, W.; Shi, Q. Elevated expression of MMP8 and MMP9 contributes to diabetic osteoarthritis progression in a rat model. J. Orthop. Surg. Res. 2021, 16, 64. [Google Scholar] [CrossRef] [PubMed]

	



Slovacek, H.; Khanna, R.; Poredos, P.; Poredos, P.; Jezovnik, M.; Hoppensteadt, D.; Fareed, J.; Hopkinson, W. Interrelationship of MMP-9, Proteoglycan-4, and Inflammation in Osteoarthritis Patients Undergoing Total Hip Arthroplasty. Clin. Appl. Thromb. Hemost. 2021, 27, 1076029621995569. [Google Scholar] [CrossRef] [PubMed]

	



Yoshiba, N.; Yoshiba, K.; Hosoya, A.; Saito, M.; Yokoi, T.; Okiji, T.; Amizuka, N.; Ozawa, H. Association of TIMP-2 with extracellular matrix exposed to mechanical stress and its co-distribution with periostin during mouse mandible development. Cell Tissue Res. 2007, 330, 133–145. [Google Scholar] [CrossRef] [PubMed]

	



omczyk-Warunek, A.; Blicharski, T.; Jarecki, J.; Dobrowolski, P.; Muszyński, S.; Tomaszewska, E.; Rovati, L.C. The effect of maternal HMB supplementation on bone mechanical and geometrical properties, as well as histomorphometry and immunolocalization of VEGF, TIMP2, MMP13, BMP2 in the bone and cartilage tissue of the humerus of their newborn piglets. PLoS ONE 2021, 16, e0240642. [Google Scholar]

	



Gandhi, S.D.; Maerz, T.; Mitchell, S.; Bachison, C.; Park, D.K.; Fischgrund, J.S.; Baker, K.C. Intradiscal Delivery of Anabolic Growth Factors and a Metalloproteinase Inhibitor in a Rabbit Acute Lumbar Disc Injury Model. Int. J. Spine Surg. 2020, 14, 585–593. [Google Scholar] [CrossRef] [PubMed]

	



Schett, G.; Dayer, J.-M.; Manger, B. Interleukin-1 function and role in rheumatic disease. Nat. Rev. Rheumatol. 2015, 12, 14–24. [Google Scholar] [CrossRef] [PubMed]

	



Conde, J.; Ruiz-Fernandez, C.; Francisco, V.; Scotece, M.; Gómez, R.; Lago, F.; Gonzalez-Gay, M.A.; Pino, J.; Mobasheri, A.; Gualillo, O. Dickkopf-3 (DKK3) Signaling in IL-1α-Challenged Chondrocytes: Involvement of the NF-κB Pathway. Cartilage 2021, 13 (Suppl. S2), 925s–934s. [Google Scholar] [CrossRef] [PubMed]

	



Mehta, S.; Akhtar, S.; Porter, R.M.; Önnerfjord, P.; Bajpayee, A.G. Interleukin-1 receptor antagonist (IL-1Ra) is more effective in suppressing cytokine-induced catabolism in cartilage-synovium co-culture than in cartilage monoculture. Arthritis Res. Ther. 2019, 21, 238. [Google Scholar] [CrossRef]

	



Behrendt, P.; Feldheim, M.; Preusse-Prange, A.; Weitkamp, J.T.; Haake, M.; Eglin, D.; Rolauffs, B.; Fay, J.; Seekamp, A.; Grodzinsky, A.J.; et al. Chondrogenic potential of IL-10 in mechanically injured cartilage and cellularized collagen ACI grafts. Osteoarthr. Cartil. 2018, 26, 264–275. [Google Scholar] [CrossRef]

	



Shen, X.; Zhu, T.; Xue, J.; Zhang, Y.; Lu, Y.; Yang, H.; Yu, Z.; Zhu, Y.; Zhu, X. Influence of bFGF on in vitro expansion and chondrogenic construction of articular cartilage-derived progenitor cells. Ann. Transl. Med. 2022, 10, 36. [Google Scholar] [CrossRef]

	



Yang, N.Y.; Zhou, Y.; Zhao, H.Y.; Liu, X.Y.; Sun, Z.; Shang, J.J. Increased interleukin 1alpha and interleukin 1beta expression is involved in the progression of periapical lesions in primary teeth. BMC Oral Health 2018, 18, 124. [Google Scholar] [CrossRef]

	



Kumar, V.; Abbas, A.; Aster, J. Robbins and Cotran Pathologic Basis of Disease, 9th ed.; Elsevier: Amsterdam, The Netherlands, 2014; Chapter 1; pp. 1–29. [Google Scholar]

	



Kuang, B.; Zeng, Z.; Qin, Q. Biomechanically stimulated chondrocytes promote osteoclastic bone resorption in the mandibular condyle. Arch. Oral Biol. 2018, 98, 248–257. [Google Scholar] [CrossRef] [PubMed]

	



Pilmane, M.; Sidhoma, E.; Akota, I.; Kazoka, D. Characterization of Cytokines and Proliferation Marker Ki67 in Cleft Affected Lip Tissue. Medicina (Kaunas) 2019, 55, 518. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, X.; Tang, X.; Long, R.; Wang, S.; Wang, P.; Cai, D.; Liu, Y. The Influence of bFGF on the Fabrication of Microencapsulated Cartilage Cells under Different Shaking Modes. Polymers 2019, 11, 471. [Google Scholar] [CrossRef] [PubMed]

	



Krishnan, Y.; Grodzinsky, A.J. Cartilage diseases. Matrix Biol. 2018, 71–72, 51–69. [Google Scholar] [CrossRef]

	



Bilandžija, T.; Vukojević, K.; Ćorić, A.; Kekez, I.V.; Mikić, I.M.; Arapović, L.L.; Filipović, N.; Anđelić, J.; Saraga-Babić, M.; Govorko, D.K. Spatio-Temporal Expression Pattern of Ki-67, pRB, MMP-9 and Bax in Human Secondary Palate Development. Life 2021, 11, 164. [Google Scholar] [CrossRef]

	



Mosig, R.A.; Dowling, O.; DiFeo, A.; Ramirez, M.C.M.; Parker, I.C.; Abe, E.; Diouri, J.; Al Aqeel, A.; Wylie, J.; Oblander, S.A.; et al. Loss of MMP-2 disrupts skeletal and craniofacial development and results in decreased bone mineralization, joint erosion and defects in osteoblast and osteoclast growth. Hum. Mol. Genet. 2007, 16, 1113–1123. [Google Scholar] [CrossRef]

	



Lipari, L.; Gerbino, A. Expression of Gelatinases (MMP-2, MMP-9) in Human Articular Cartilage. Int. J. Immunopathol. Pharmacol. 2013, 26, 817–823. [Google Scholar] [CrossRef]

	



Gutierrez-Fernandez, A.; Inada, M.; Balbín, M.; Fueyo-Silva, A.; Pitiot, A.; Astudillo, A.; Hirose, K.; Hirata, M.; Shapiro, S.D.; Noel, A.; et al. Increased inflammation delays wound healing in mice deficient in collagenase-2 (MMP-8). FASEB J. 2007, 21, 2580–2591. [Google Scholar] [CrossRef]

	



Arpino, V.; Brock, M.; Gill, S.E. The role of TIMPs in regulation of extracellular matrix proteolysis. Matrix Biol. 2015, 44–46, 247–254. [Google Scholar] [CrossRef]

	



Letra, A.; Silva, R.M.; Motta, L.G.; Blanton, S.H.; Hecht, J.T.; Granjeirol, J.M.; Vieira, A.R. Association of MMP3 and TIMP2 promoter polymorphisms with nonsyndromic oral clefts. Birth Defects Res. Part A Clin. Mol. Teratol. 2012, 94, 540–548. [Google Scholar] [CrossRef] [PubMed]

	



de Bruyn, M.; Vandooren, J.; Ugarte-Berzal, E.; Arijs, I.; Vermeire, S.; Opdenakker, G. The molecular biology of matrix metalloproteinases and tissue inhibitors of metalloproteinases in inflammatory bowel diseases. Crit. Rev. Biochem. Mol. Biol. 2016, 51, 295–358. [Google Scholar] [CrossRef] [PubMed]

	



Verstappen, J.; Hoff, J.V.D. Tissue Inhibitors of Metalloproteinases (TIMPs): Their Biological Functions and Involvement in Oral Disease. J. Dent. Res. 2006, 85, 1074–1084. [Google Scholar] [CrossRef]

	



Cavalli, G.; Colafrancesco, S.; Emmi, G.; Imazio, M.; Lopalco, G.; Maggio, M.C.; Sota, J.; Dinarello, C.A. Interleukin 1α: A comprehensive review on the role of IL-1α in the pathogenesis and treatment of autoimmune and inflammatory diseases. Autoimmun. Rev. 2021, 20, 102763. [Google Scholar] [CrossRef]

	



Hubbard, J.R.; Steinberg, J.J.; Bednar, M.S.; Sledge, C.B. Effect of purified human interleukin-1 on cartilage degradation. J. Orthop. Res. 1988, 6, 180–187. [Google Scholar] [CrossRef]

	



Lee, W.; Nims, R.J.; Savadipour, A.; Zhang, Q.; Leddy, H.A.; Liu, F.; McNulty, A.L.; Chen, Y.; Guilak, F.; Liedtke, W.B. Inflammatory signaling sensitizes Piezo1 mechanotransduction in articular chondrocytes as a pathogenic feed-forward mechanism in osteoarthritis. Proc. Natl. Acad. Sci. USA 2021, 118, e2001611118. [Google Scholar] [CrossRef]

	



Yi, L.; Li, Z.; Jiang, H.; Cao, Z.; Liu, J.; Zhang, X. Gene Modification of Transforming Growth Factor β (TGF-β) and Interleukin 10 (IL-10) in Suppressing Mt Sonicate Induced Osteoclast Formation and Bone Absorption. Med. Sci. Monit. 2018, 24, 5200–5207. [Google Scholar] [CrossRef]

	



Ge, J.; Yan, Q.; Wang, Y.; Cheng, X.; Song, D.; Wu, C.; Yu, H.; Yang, H.; Zou, J. IL-10 delays the degeneration of intervertebral discs by suppressing the p38 MAPK signaling pathway. Free Radic. Biol. Med. 2019, 147, 262–270. [Google Scholar] [CrossRef]

	



Yu, L.K.; Zhang, J.; Sun, Z.Y.; Ruan, C.L.; Li, H.; Ruan, X.J. Coculture with interleukin-10 overexpressed chondrocytes: A cell therapy model to ameliorate the post-traumatic osteoarthritis development. J. Biol. Regul. Homeost. Agents 2021, 35, 593–603. [Google Scholar]

	



Ornitz, D.M.; Marie, P.J. Fibroblast growth factor signaling in skeletal development and disease. Genes Dev. 2015, 29, 1463–1486. [Google Scholar] [CrossRef]

	



Powers, C.J.; McLeskey, S.W.; Wellstein, A. Fibroblast growth factors, their receptors and signaling. Endocr. Relat. Cancer 2000, 7, 165–197. [Google Scholar] [CrossRef]

	



Weng, M.; Chen, Z.; Xiao, Q.; Li, R.; Chen, Z. A review of FGF signaling in palate development. Biomed. Pharmacother. 2018, 103, 240–247. [Google Scholar] [CrossRef]

	



Tuan, R.S.; Chen, A.F.; Klatt, B.A. Cartilage regeneration. J. Am. Acad. Orthop. Surg. 2013, 21, 303–311. [Google Scholar] [CrossRef]

	



Wang, C.; Shen, J.; Ying, J.; Xiao, D.; O’Keefe, R.J. FoxO1 is a crucial mediator of TGF-β/TAK1 signaling and protects against osteoarthritis by maintaining articular cartilage homeostasis. Proc. Natl. Acad. Sci. USA 2020, 117, 30488–30497. [Google Scholar] [CrossRef]

	



Nakajima, A.; Ito, Y.; Tanaka, E.; Sano, R.; Karasawa, Y.; Maeno, M.; Iwata, K.; Shimizu, N.; Shuler, C.F. Functional role of TGF-β receptors during palatal fusion in vitro. Arch. Oral Biol. 2014, 59, 1192–1204. [Google Scholar] [CrossRef]

	



Gehris, A.L.; D’Angelo, M.; Greene, R.M. Immunodetection of the transforming growth factors beta 1 and beta 2 in the developing murine palate. Int. J. Dev. Biol. 1991, 35, 17–24. [Google Scholar]

	



Zhen, G.; Guo, Q.; Li, Y.; Wu, C.; Zhu, S.; Wang, R.; Guo, X.E.; Kim, B.C.; Huang, J.; Hu, Y.; et al. Mechanical stress determines the configuration of TGFβ activation in articular cartilage. Nat. Commun. 2021, 12, 1706. [Google Scholar] [CrossRef]








[image: Pediatrrep 14 00050 g001 550] 





Figure 1. Immunohistochemical microphotographs of relative number of cells of various factors in cartilage in the CLP patients and the control patients. (A) +++ MMP-2 positive chondrocytes found in the cartilage of 8 years and 3 months old CLP patient from second-time surgery, IMH, ×200. (A1) ++ MMP-2 positive chondrocytes found in the cartilage of a control patient, IMH, ×100. (B) +++ MMP-8 positive chondrocytes found in the cartilage of 7 years and 2 months old CLP patient from second-time surgery, IMH, ×200. (B1) +++/++++ MMP-8 positive chondrocytes found in the cartilage of a control patient, IMH, ×200. (C) +++ MMP-9 positive chondrocytes found in the cartilage of 11 years and 6 months old CLP patient from second-time surgery, IMH, ×250. (C1) +/++ MMP-9 positive chondrocytes found in the cartilage of a control patient, IMH, ×200. (D) +++ TIMP-2 positive chondrocytes found in the cartilage of 11 years and 6 months old CLP patient from second-time surgery, IMH, ×250. (D1) ++/+++ TIMP-2 positive chondrocytes found in the cartilage of a control patient, IMH, ×200. 
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Figure 2. Immunohistochemical microphotographs of relative number of cells of various factors in cartilage in the CLP patients and the control patients. (A) +++ IL-1α positive chondrocytes found in the cartilage of 11 years and 9 months old CLP patient from second-time surgery, IMH, ×250. (A1) ++ IL-1α positive chondrocytes found in the cartilage of a control patient, IMH, ×250. (B) +++ IL-10 positive chondrocytes found in the cartilage of 8 years old CLP patient from second-time surgery, IMH, ×200. (B1) ++ IL-10 positive chondrocytes found in the cartilage of a control patient, IMH, ×200. (C) +++/++++ bFGF positive chondrocytes found in the cartilage of 8 years and 3 months old CLP patient from second-time surgery, IMH, ×250. (C1) ++ bFGF positive chondrocytes found in the cartilage of a control patient, IMH, ×250. (D) +++ TGFβ1 positive chondrocytes found in the cartilage of 8 years and 3 months old CLP patient from second-time surgery, IMH, ×250. (D1) ++/+++ TGFβ1 positive chondrocytes found in the cartilage of a control patient, IMH, ×250. 
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Table 1. Information about the first-time surgery CLP patients.
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	Patient
	Sex
	Age





	No. 1.
	Male
	17 years



	No. 2.
	Male
	13 years 1 month



	No. 3.
	Female
	18 years



	No. 4.
	Female
	12 years 11 months



	No. 5.
	Male
	13 years 11 months



	No. 6.
	Male
	13 years 11 months



	No. 7.
	Female
	16 years 10 months



	No. 8.
	Male
	16 years 7 months



	No. 9.
	Male
	16 years 7 months



	No. 10.
	Female
	5 years 7 months



	No. 11.
	Male
	16 years 3 months



	No. 12.
	Female
	12 years 7 months



	No. 13.
	Male
	13 years 9 months



	No. 14.
	Male
	13 years 9 months



	No. 15.
	Female
	12 years 11 months



	No. 16.
	Male
	16 years 6 months



	No. 17.
	Female
	9 years 6 months



	No. 18.
	Female
	8 years 3 months



	No. 19.
	Male
	12 years 2 months



	No. 20.
	Male
	18 years 7 months



	No. 21.
	Female
	12 years 8 months



	No. 22.
	Female
	12 years 8 months



	No. 23.
	Male
	13 years 9 months



	No. 24.
	Female
	12 years 8 months



	No. 25.
	Male
	6 years 7 months



	No. 26.
	Male
	15 years



	No. 27.
	Female
	5 years 7 months



	No. 28.
	Male
	16 years 3 months



	No. 29.
	Male
	15 years 1 month



	No. 30.
	Male
	15 years 1 month



	No. 31.
	Male
	15 years 10 months



	No. 32.
	Male
	7 years 7 months



	No. 33.
	Male
	7 years 5 months



	No. 34.
	Male
	17 years



	No. 35.
	Male
	15 years 1 month
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Table 2. Information about the second-time surgery CLP patients.
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	Patient
	Sex
	Age





	No. 1.
	Male
	8 years 3 months



	No. 2.
	Male
	8 years



	No. 3.
	Male
	11 years 6 months



	No. 4.
	Female
	11 years 9 months



	No. 5.
	Female
	11 years 9 months



	No. 6.
	Male
	7 years



	No. 7.
	Female
	9 years 4 months
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Table 3. The most common relative number of factor positive chondrocytes in the first-time surgery CLP patients, the second-time surgery CLP patients and the control group.
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	MMP-2
	MMP-8
	MMP-9
	TIMP-2
	IL-1α
	Il-10
	bFGF
	TGFB1





	First-time surgery CLP
	+/++–++++
	++–++++
	++–++++
	+/++–++++
	++–++++
	++–++++
	+–++++
	0/+–++++



	Median value
	+++
	+++/++++
	+++
	++
	+++/++++
	++/+++
	+++
	+++



	Second-time surgery CLP
	++/+++–+++/++++
	++–+++/++++
	++/+++–+++/++++
	++/+++–+++/++++
	++–++++
	++/+++–+++/++++
	+++–+++/++++
	++–++++



	Median value
	+++
	+++
	+++
	+++
	+++
	+++
	+++/++++
	+++/++++



	Control group
	+/++–+++
	++/+++–++++
	+–+++
	+/++–+++/++++
	++–++++
	+/++–+++
	+/++–+++
	+/++–+++/++++



	Median value
	++
	+++/++++
	+/++
	++/+++
	++/+++
	++
	++
	++/+++







Abbreviations: MMP-2—Matrix metalloproteinase-2; MMP-8—Matrix metalloproteinase-8; MMP-9—Matrix metalloproteinase-9; TIMP-2—tissue inhibitor of metalloproteinases-2; IL-1α—Interleukin-1 alpha; IL-10—Interleukin-10; bFGF—basic fibroblast growth factor; TGFB1—transforming growth factor beta 1. Median value—middle number in a sorted list of numbers. Quantification of Structures: (0)—there was no visible positive structure in the visual array (0/+)—visual array occasionally showing positive chondrocytes (+)—few positive chondrocytes are visible in the visual array, (+/++)—few to moderate number of positive chondrocytes are visible in the visual array, (++)—moderate number of positive chondrocytes seen are visible in the visual array, (++/+++)—moderate to numerous positive chondrocytes are visible in the visual array, (+++)—numerous positive chondrocytes are visible in the visual array, (+++/++++)—numerous to an abundance of positive chondrocytes are visible in the visual array, (++++)—an abundance of positive chondrocytes are visible in the visual array.
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Table 4. An overview of the Spearman’s rank correlation analysis, conducted to identify the moderate and strong links between the number of positive factors in the first-time surgery CLP group.
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Factor 1

	
Factor 2

	
p Value

	
rs






	
Statistically Significant (p < 0.05) Strong Correlations (rs = 0.6–0.79)




	
IL-1α

	
IL-10

	
p = 0.000

	
rs = 0.698




	
IL-1α

	
MMP-8

	
p = 0.000

	
rs = 0.604








Abbreviations: rs—Spearman’s rank correlation coefficient; IL-1α—Interleukin-1 alpha; IL-10—Interleukin-10; MMP8—Matrix metalloproteinase-8.
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Table 5. An overview of the Spearman’s rank correlation analysis, conducted to identify the moderate and strong links between the number of positive factors in the second-time surgery CLP group.
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Factor 1

	
Factor 2

	
p Value

	
rs






	
Statistically Significant (p < 0.05) Strong Correlations (rs = 0.6–0.79)




	
IL-1α

	
IL-10

	
p = 0.010

	
rs = 0.877








Abbreviations: rs—Spearman’s rank correlation coefficient; IL-1α—Interleukin-1 alpha; IL-10—Interleukin-10.
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Table 6. An overview of the Spearman’s rank correlation analysis, conducted to identify the moderate and strong links between the number of positive factors in the control group.
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Factor 1

	
Factor 2

	
p Value

	
rs






	
Statistically Significant (p < 0.05) Strong Correlations (rs = 0.6–0.79)




	
MMP-2

	
TIMP-2

	
p = 0.001

	
rs = 0.867




	
MMP-2

	
MMP-8

	
p = 0.009

	
rs = 0.743




	
MMP-9

	
IL-1α

	
p = 0.001

	
rs = 0.850








Abbreviations: rs—Spearman’s rank correlation coefficient; IL-1α—Interleukin-1 alpha; MMP-2—Matrix metalloproteinase-2 MMP-8—Matrix metalloproteinase-8; MMP-9—Matrix metalloproteinase-9.
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