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ABSTRACT

The cleft lip and/or palate are among the most common congenital anomalies
that occur in early development. Cytokines play an important role in the
proliferation, growth, differentiation, survival and the functional activity of
many cells and the upregulation of cytokines might be involved in the pathological processes of the maxillofacial region. The purpose of our study was to
evaluate the expression of pro-inflammatory and anti-inflammatory cytokines
in the facial tissue of children with the cleft lip and palate.
The study involved 14 patients with the unilateral cleft lip and palate at the
age of three months to 10 years and five months. Soft and hard palate tissue
samples were collected during the primary cleft operation if the parents had
given their informed written consent. All the tissue samples were stained with
hematoxylin and eosin and by immunohistochemistry for IL-1α, IL-6, IL-8, IL10 and TNF-α. The intensity of immunostaining was graded semiquantitatively.
IL-1α containing structures were not detected in any of soft, cartilage and
bone tissue samples, meanwhile IL-6, IL-8, IL-10 and TNF-α showed explicit
expression. The expression of IL 6 was observed in the tissues of all the patients.
IL-6 positive cells were found in the range from no positive to moderate of
positive structures in the visual field. IL-8 positive osteocytes were found in the
range from few positive to moderate, but IL-8 positive chondrocytes were
found in abundance. IL-10 was richly secreted by osteocytes in bone and by
chondrocytes in cartilage obtained from all the cases of plastic surgery. In all the
cases we also observed numerous IL-10 positive gingival epithelial cells.
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Despite these data obtained, moderate to numerous macrophages and neutrophils expressed TNF-α.
The sporadical and scarce expression of IL-6 indicates its insignificant role
in the cleft lip and palate affected tissue. Rich cytokine IL-10 expression proves
the compensated local anti-inflammatory effects of the cleft affected soft and
hard tissue.
Key words: cytokines, cleft lip and palate, human.

INTRODUCTION

The morphogenetic cleft lip and/or palate (CL/P) affected tissue study has
become very significant nowadays. CL/P is among the most common congenital anomaly that arise in the early development and affecting approximately
2 per 1,000 newborns worldwide [1, 2]. Abnormal facial tissue development
during gestation is caused by multiple genetic and environmental factors and
this may result in local changes in growth factors, the extracellular matrix, cell
adhesion molecules and cytokines [1, 3].
Cytokines are pleiotropic peptides, which are involved in numerous biological processes such as in the proliferation, growth, differentiation, survival
and functional activity of many cells [4]. There are data about the cytokines
role in the embryo growth and differentiation, as well as inflammation and the
tissue remodeling [5, 6]. Traditionally, these small, nonstructural proteins are
subdivided into following families: interleukins, growth factors, chemokines,
colony-stimulating factors, interferons, the transforming growth factor and the
tumor necrosis factor families [7]. It should be noted that interleukins and
growth factors are present in skull tissues at the time of active differentiation
and morphogenesis [8]. Further cytokines are polymorphic, which means that
the expression can vary widely between individuals, and this may be genetically
controlled [9]. A number of studies showed that the damages in different
sections of immunity are significant causes of the pathological processes of
maxillofacial region [10, 11]. The analyses of cytokines distribution in the
orofacial region constitute the key to understanding the etiopathology of
various diseases. Therefore, using an immunohistochemical method many
studies reported the expression of interleukin – 1 (IL-1), interleukin – 6 (IL-6),
interleukin – 8 (IL-8) and tumor necrosis factor alpha (TNF-α) in the
squamous cell carcinoma of the palate tissue and diseased periodontal tissues
[4, 12, 13]. Inoyatov et al. (2012) reported that the cytokine level for IL-1,
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TNF, interferon-gamma in the blood serum increasing under the congenital
cleft [10]. Moreover, still a little is known about the local expression of
inflammatory cytokines in the facial tissue of children with the cleft lip and
palate.
The aim of this study was to evaluate the expression of pro-inflammatory
cytokines such as interleukin 1 alpha (IL-1α), IL-6, IL-8, TNF-α and antiinflammatory cytokine interleukin-10 (IL-10) in the facial tissue of the children
with the unilateral cleft lip and palate.

MATERIAL AND METHODS

Patients
The study involved 14 children with the unilateral cleft lip and palate at the age
of three months to 10 years and five months. The samples of soft and hard
palate tissue were collected during the surgical procedure from the borders of
the cleft region. All the information about the patients is summarized in Table
1. This study has been independently reviewed and approved by the local
Ethical Committee of Riga Stradins University (2007), and written informed
consent was obtained from all the parents after the nature of the study had
been fully explained.
Table 1. Information about the patients
Age

Plastic surgery
procedure

Patient

Gender

Material

No. 1

F

9 years 4
months

Rhinoplasty

Bone tissue from spina nasalis
anterior maxillae

No. 2

F

9 years 4
months

Rhinoplasty

Cartilage from septum nasale

No. 3

M

7 years 7
months

Rhinoplasty

Bone tissue from spina nasalis
anterior maxillae

No. 4

M

7 years 7
months

Rhinoplasty

Cartilage from septum nasale

No. 5

M

10 years 5
months

Osteoplasty

Bone tissue from processus alveolaris

No. 6

F

7 years 3
months

Osteoplasty

Bone tissue from processus alveolaris

No. 7

F

8 years

Rhinoplasty

Cartilage from septum nasale
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Table 1. Continuation
Age

Plastic surgery
procedure

Patient

Gender

Material

No. 8

F

8 years

Rhinoplasty

Bone tissue from spina nasalis
anterior maxillae

No. 9

M

8 years 5
months

Osteoplasty

Bone tissue from processus alveolaris

No. 10

F

7 years 10
months

Osteoplasty

Bone tissue from processus
alveolaris

No. 11

M

4 months

Lip plastic

Cleft lip region

No. 12

M

4 months

Lip plastic

Cleft lip region

No. 13

M

3 months

Lip plastic

Cleft lip region

No. 14

M

4 months

Lip plastic

Cleft lip region

Methods
For conventional light microscopy and immunohistochemistry tissues were
fixed for a day in the mixture of 2% formaldehyde and 0.2% picric acid in 0.1 M
phosphate buffer (pH 7.2). Following this, they were rinsed in the thyroid
buffer, containing 10% sacharose for 12 hours, and then samples were
embedded into paraffin. Five micrometer thick sections were cut from each
block, mounted on glass slides, then de-paraffinized, rehydrated through
graded alcohol solutions and colored with hematoxylin-eosin.
Five-micrometer thick sections were cut from the same blocks and placed
on polylisine coated slides for the immunohistochemical analysis. Sections
were proceeded for the detection of the following interleukins: interleukin-1
alpha (IL-1α (B-7): sc-9983, obtained from the mouse, working dilution 1:50,
Santa Cruz Biotechnology, Inc., USA), interleukin-6 (IL-6 (NYRhIL6): sc73319, obtained from the mouse, working dilution 1:50, Santa Cruz
Biotechnology, Inc., USA), interleukin-8 (IL-8 (C-19): sc-1269, obtained from
the goat, working dilution 1:50, Santa Cruz Biotechnology, Inc., USA),
interleukin-10 (IL-10, code ab 34843, obtained from the rabbit, working
dilution 1:400, Abcam, Cambridge, UK), tumor necrosis factor alpha (TNF-α,
code ab 6671, obtained from the rabbit, working dilution 1:100, Abcam,
Cambridge, UK) by use of Hsu et al. (1981) biotin – streptavidin immunohistochemical method.
Our findings were illustrated using Leica DC 300F camera and the image
processing and analysis software Image-Pro Plus Version 6.0.
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The intensity of immunostaining was graded semi-quantitatively. The scale
was the following: “0” – no positive structures found in the the visual field,
“0/+” – occasional positive structures seen in the visual field, “+” – few immunoreactive structures seen in the visual field, “++” – moderate number of
immunoreactive structures seen in the visual field, “+++” – numerous immunoreactive structures seen in the visual field, and “++++” – the abundance of
immunoreactive structures seen in the visual field (Pilmane et al. 1998).

RESULTS

Routine haematoxylin and eosin slides showed patchy infiltrates with inflammatory cells vacuolization in the polymorphic epithelial cell layer.
IL-1α-containing structures were not detected in any of the soft, cartilage
and bone tissue samples, meanwhile IL-6, IL-8, IL-10 and TNF-α showed
explicit expression.
The expression of IL-6 was also observed in the tissues of all the patients.
IL-6 positive cells were found in the range from the absence to moderate (++)
of positive structures in the visual field. We observed few (+) to moderate (++)
positive osteocytes (Figure 1), few (+) to moderate (++) immunoreactive
hyaline cartilage cells and many positive cells in the cartilage growth zone
(Figure 2) and few positive epithelial cells (Figure 3) into the gingival
epithelium.
IL-8 also was seen in the tissue samples of all the patients. IL-8 positive
osteocytes were found in the range from few (+) positive to moderate (++) of
positive structures in the visual field (Figure 4). It should be noted that IL-8
presented the abundance of richly stained hyaline cartilage chondrocytes
(Figure 5).
Interestingly, IL-10 was richly secreted by osteocytes in bone obtained from
all the cases of plastic surgery, as well as by chodrocytes in the hyaline cartilage
obtained from all the cases of plastic surgery. IL-10 positive structures mostly
varied from numerous (+++) positive structures to abundance (++++) of
positive structures in the visual field. Therein we detected many immunoreactive hyaline cartilage cells and many positive cells in the cartilage growth
zone as well as many osteocytes (Figure 6). In all the cases we also observed
numerous (+++) IL-10 positive gingival epithelial cells.
Finally, despite these data moderate (++) to numerous (+++) macrophages
and neutrophils expressed TNF-α (Figure 7).
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Figure 1. Few IL-6 positive osteocytes in
the bone from spina nasalis anterior
maxillae of 9 years and 4 months old child.
IL-6 IMH, X 400.

Figure 2. Moderate number of IL-6
positive chondrocytes in the mature and
proliferation zone. IL-6 IMH, X 250.

Figure 3. Few IL-1α positive epithelial
cells into the gingival epithelium of 4
months old child. IL-1α IMH, X 250.

Figure 4. Moderate number of IL-8
positive osteocytes in the bone from spina
nasalis anterior maxillae of 9 years and 4
months old child. IL-8 IMH, X 250.
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Figure 5. Abundance of IL-8 positive
chondrocytes in the hyaline cartilage from
septum nasale of 7 years and 7 months
old child. IL-8 IMH, X 250.

Figure 6. Abundance of IL-10 positive
chondrocytes in the hyaline cartilage from
septum nasale of 7 years and 7 months
old child. IL-10 IMH, X 250.

Figure 7. Moderate number of TNF-α containing macrophages and neutrophils in the soft
tissue from lip region of 4 months old child. TNF-α IMH, X 200.

DISCUSSION

Cytokines are of central importance for the regulation of inflammation, tissue
remodeling, and embryogenic development [5, 6]. Yet little is known about the
local expression of pro- inflammatory cytokines in the cleft lip and palate
tissues.
The expression of interleukin-6 (IL-6) was observed in the tissues of all the
patients. Therein IL-6 showed slight elevated expression in gingival epithelial,
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hyaline cartilage and hyaline cartilage growth zone cells as well as osteocytes.
IL-6 is a well known major inflammatory and fibrogenic cytokine and it has a
wide range of biological activities including the regulation biological functions
of connective tissue cells (e.g. fibroblasts), the expression of proteases,
inhibiting the formation of the extracellular matrix, the immune regulation and
the stimulation of acute-phase reactants [14, 15, 16]. IL-6 is involved in the
regulation of bone and cartilage cells functions, but its role in supportive tissue
metabolism is uncertain [17]. Bodo et al. (1998) reported that changes
between TGF-β3 and IL-6 signal transduction pathways are involved in the
induction of the cleft palate [18]. The role of tumor growth factor beta3
(TGFβ3) expression in orofacial clefts has been investigated for several years.
TGF-β3 significantly down-regulates IL-6 secretion in the cleft lip and palate
fibroblasts [19]. Further IL-6 reduces connective macromolecule production
unlike TGF-β [20, 21]. IL-6 expression in the material from clefts areas
possibly might be explained with the necessity for an inhibitory effect on
extracellular matrix components levels. In our material the sporadical and
scarce expression of IL-6 indicates its insignificant role in the cleft lip and
palate affected tissue. A number of studies reported that the TGF-β is involved
in regulating not only the IL-6 network, but also interleukin-1 alpha (IL-1α)
[22].
It should be noted that IL-1α containing structures were not detected in any
of soft, cartilage and bone tissue samples from the patients with the clefts lip
and palate. IL-1α is a major pro-inflammatory cytokine. In addition, this
cytokine has been supported to be a potent regulator of fibroblast proliferation,
and is also known to induce the synthesis of the basic fibroblast growth factor
(bFGF) in human osteoblasts and gingival fibroblasts [23, 24]. In its turn,
bFGF is involved in various cellular processes such as in cell proliferation
associated with wound healing, differentiation and cell migration [25]. In this
study TNF-α was observed in macrophages and neutrophils. Like IL-1, TNF-α
induces inflammatory response and is a central regulator of the innate immune
response as well as induces the expression of proteases and inhibits the
formation of the extracellular matrix and promotes cells to secrete proinflammatory cytokines [15, 26, 27, 28], and these functions may play a role in
our patients also.
Interleukin-8 (IL-8) was observed in the cells of hyaline cartilage, bone and
soft tissue. Some variations in the distribution of cytokines may be explained by
polymorphism of interleukins genes [9]. This pro-inflammatory cytokine is a
neutrophil chemoatractant and activator, play a critical role in inflammation
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and host defense and is synthesized by fibroblasts from different tissues,
chondrocytes and several types of epithelial cells [29, 30]. A moderate number
of IL-8 positive cells in our patients my play a role in these functions. IL-8
immunoreactivity is associated with many orofacial region diseases such as the
periodontal disease [31]. In support of this, Huang et al. (2001) showed that
the expression of IL-8 by gingival epithelial cells increases the following
interaction with several periodontal microbes [31].
Interestingly, interleukin-10 (IL-10) presented the abundance of richly
stained chondrocytes, osteocytes, fibroblasts, neutrophils, and macrophages,
the cells of gingival epithelium, sebaceous glands and hair follicles in all the
patients. This cytokine is a true anti-inflammatory cytokine [32]. Its presence
suggests the presence of inflammation in the bone, cartilage and soft tissue,
even though IL-1α absence may suggests the absence of inflammation in the
same tissues.
We concluded that the sporadical and scarce expression of IL-6 indicates its
insignificant role in the cleft lip and palate affected tissue. Rich cytokine IL-10
expression proves the compensated local anti-inflammatory effects of the cleft
affected soft and hard tissue.

REFERENCES

1. Murray J. C. (2002). Gene/environment causes of cleft lip and/or palate. Clin
Genet, 61, 248–56.
2. Murray J. C., Schutte B. C. (2004). Cleft palate: players, pathways, and pursuits. J
Clin Invest, 113, 1676–1678.
3. Meng L., Bian Z., Torensma R., Von den Hoff J. W. (2009). Biological Mechanisms in Palatogenesis and Cleft Palate. J DentRes, 88, 22–33.
4. Jeng J. H., Wang Y. J., Chiang B. L., Lee P. H., Chan C. P., Ho Y. S., Wang T. M.,
Lee J. J., Hahn L. J., Chang M. C. (2003). Roles of keratinocyte inflammation in
oral cancer: regulating the prostaglandin E2, interleukin-6 and TNF-a production
of oral epithelial cells by areca nut exreact and arecoline. J Carcinog, 24, 8, 1301–
1315.
5. Desai N., Scarrow M., Lawson J., Kinzer D., Goldfarb J. (1999). Evaluation of the
effect of interleukin-6 and human extracellullar matrix on embryonic development. Hum Reprod, 14, 6, 1588–1592.
6. Austgulen R., Arntzen K. J., Vatten L. J, Kahn J., Sunde A. (1995). Detection of
cytokines (interleukin-1, interleukin-6, transforming growth factor-beta) and
soluble tumour necrosis factor receptors in embryo culture fluids during in-vitro
fertilization. Hum Reprod, 10, 1, 171–176.

Cytokines expression in orofacial clefts | 273

7. Charles A., Dinarello, M. D. (2000). Proinflammatory Cytokines. Chest, 118, 2,
503–508.
8. Carinci P., Becchetti E., Baroni T., Carinci F., Pezzetti F., Stabellini G., Locci P.,
Scapoli L., Tognon M., Volinia S., Bodo M. (2007). Extracellular matrix and
growth factors in the pathogenesis of some craniofacial malformations. Eur
Histochem, 51, 1, 105–116.
9. House R. V., Descotes J. (2007). Cytokines in Human Health. Humana Press Inc, 4.
10. Inoyatov A., Abdurakhmanov M., Sharopov S., Azimov M. (2012). The level of
mediators of immune response in infants with congenital cleft lip and palate.
MHSJ, 10, 30–36.
11. Yamada T., Yoshihide M., Katsuhiro M. (2002). Three-dimensional analysis of
facial morphology innormal children as control data for cleft surgery. Cleft Palate
Cranofac J, 39, 5, 517–526.
12. Mostefaoui Y., Claveau I., Ross G., Rouabhia M. (2002). Tissue structure, and
IL-1β, IL-8, and TNF-α secretions after contact by engineered human oral mucosa
with dentifrices. J ClinPeriodontol, 29, 1035–1041.
13. Garcia de Aquino S., Leite F. R. M., Stach-Machado D. R., Francisco da Silva J. A.,
Spolidorio L. C., Rossa Jr. C. (2009). Signaling pathways associated with the
expression of inflammatory mediators activated during the course of two models
of experimental periodontitis. Life Sci, 84, 745–754.
14. Hirano T., Ishihara K., Hibi M. (2000). Roles of STAT3 in mediating the cell
growth, differentiation and survival signals relayed through the IL-6, family of
cytokine receptors. Oncogene, 19, 2548–2556.
15. Sakao K., Takahashi K. A., Arai Y., Saito M., Honjo K., Hiraoka N., Asada H.,
Shin-Ya M., Imanishi J., Mazda O., Kubo T. (2009). Osteoblasts derived from
osteophytes produce interleukin-6, interleukin-8, and matrix metalloproteinase-13
in osteoarthritis. J Bone Miner Metab, 27, 412–423.
16. Pedersen K. B., Steensberg A., Schjerling P. (2001). Muscle-derived interleukin-6:
possible biological effects. J Physiol, 536, 2, 329–337.
17. Walsh M. C., Kim N., Kadono Y., Rho J., Lee S. Y., Lorenzo J., Choi Y. (2006).
Osteoimmunology: interplay between the immune system and bone metabolism.
Annu Rev Immunol, 24, 33–63.
18. Bodo M., Carinci P., Baroni T. (1998). Role of growth factors on extracellular
matrix production by chick embryo fibroblasts in vitro. Antagonist effect of TGFbeta through the control of IL-1 and IL-1Ra secretion. Cytokine, 10, 5, 353–360.
19. Baroni T., Carinci P., Bellucci C., Lilli C., Becchetti E., Carinci F., Stabellini G.,
Pezzetti F., Caramelli E., Tognon M., Bodo M. (2003). Cross-talk between
interleukin-6 and transforming growth factor-beta3 regulates extracellular matrix
production by human fibroblasts from subjects with nonsyndromiccleft lip and
palate. J Periodontol, 74, 1447–1453.

274 | L. Smane, M. Pilmane, I. Akota

20. Rullo R., Gombos F., Ferraraccio F., Farina A., Morano D., Festa V. M., Guida L.,
Martinelli M., Scapoli L., Pezzetti F., Carinci F. (2006). TGFβ3 expression in nonsyndromicorofacial clefts. Int J PediatrOtorhinolaryngol, 70, 1759–1764.
21. Roodman G. D., Kurihara N., Ohsaki Y., Kukita A., Hosking D., Demulder A.,
Smith J. F., Singer F. R. (1992). Interleukin 6. Apotentialautocrine/paracrine
factorinPaget’sdisease of bone. J Clin Invest, 89, 46–52.
22. Schluns K. S., Cook J. E., Le P. T. (1997). TGF-beta differentially modulates
epidermal growth factor-mediated increases in leukemia-inhibitory factor, IL-6,
IL-1 alpha, and IL-1 beta in human thymic epithelial cells. J Immunol, 2704–2711.
23. Sato N., Fujii A. (2008). Effects of interleukin-1α on the production and release of
basic fibroblast growth factor in cultured nifedipine-reactive gingival fibroblasts. J
Oral Sci, 50, 1, 83–90.
24. Sobue T., Zhang X., Florkiewicz R. Z., Hurley M. M. (2001). Interleukin-1
regulates FGF-2 mRNA and localization of FGF-2 protein in human osteoblasts.
Biochem Biophys Res Commun, 286, 1, 33–40.
25. Boonpratham S., Kanno Z., Soma K. (2007). Occlusal stimuli regulate interleukin1 beta and FGF-2 expression in rat periodontal ligament. J Med Dent Sci, 54.
26. Aida Y., Maeno M., Suzuki N., Namba A., Motohashi M., Matsumoto M.,
Makimura M., Matsumura H. (2006). The effect of IL-1β on the expression of
inflammatory cytokines and their receptors in human chondrocytes. Life Sci, 79,
764–771.
27. Aida Y., Maeno M., Suzuki N., Shiratsuchi H., Motohashi M., Matsumoto M.,
Makimura M., Matsumura H. (2005). The effect of IL-1β on the expression of
matrix metalloproteinases and tissue inhibitors of matrix metalloproteinases in
human chondrocytes. Life Sci, 77, 3210–3221.
28. Eda H., Shimada H., Beidler D. R., Monahan J. B. (2011). Proinflammatory
cytokines, IL-1β and TNF-α, induce expression of interleukin-34 mRNA via JNKand p44/42 MAPK-NF-kB pathway but not p38 pathway in osteoblasts.
RheumatolInt, 31, 1525–1530.
29. Baggiolini M., Clark-Lewis I. (1992). Interleukin-8, a chemotactic and inflammatory cytokine. FebsLett, 307, 1, 971–01.
30. Ewington L., Taylor A., Sriraksa R., Horimoto Y., Lam E. W. F., El-Bahrawy M. A.
(2012). The expression of interleukin-8 and interleukin-8 receptors in endometrial carcinoma. Cytokine, 59, 417–422.
31. Huang G. T. J., Kim D., Lee J. K. H., Kuramitsu H. K., Haake S. K. (2001).
Interleukin-8 and Intercellular Adhesion Molecule 1 Regulation in Oral Epithelial
Cells by Selected Periodontal Bacteria: Multiple Effects of Porphyromonasgingivalis via Antagonistic Mechanisms. Infection and Immunity Mar, 1364–1372.
32. Sienerth A. R., Scheuermann C., Galmiche A. (2011). Polycomb group protein
Bmi1 negatively regulates IL-10 expression in activated macrophages. Immunol
Cell Biol.89, 7, 812–816.

Cytokines expression in orofacial clefts | 275

Address for correspondence:
Liene Smane
Department of Morphology
Institute of Anatomy and Anthropology
Riga Stradiņš University
Lugazu st. 15-39, Riga LV-1045, Latvia
E-mail:lienes.smanes@inbox.lv

