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SUMMARY:  Cleft lip and palate (CLP) is a congenital anomaly characterized by the inappropriate fusion of the upper lip,
alveolus, and secondary palate. This study investigated whether expression of interferon regulatory fac tor 6 (IRF6), receptor-like tyrosine
kinase (RYK), and paired-box 9 (PAX9), which are essential for the normal development and morphogenesis of craniofacial structures,
is dysregulated in children with CLP. Oral mucosa tissue samples were obtained from patients with complete bilateral (CB) CLP (n= 19)
during corrective plastic surgery and unaffected control subjects (n= 7). IRF6, RYK, and PAX9 expression was assessed by
immunohistochemistry, and data were analyzed with the Mann-Whitney test. In patients, IRF6 immunoreactivity in the connective tissue
was moderate to high, but the overall number of IRF6-positive oral epithelial cells was lower than that in controls (z= -3.41; P= 0.01).
RYK expression was observed only sporadically in the oral epithelium of 4 patients, in contrast to the control group (z= -3.75; P< 0.001).
PAX9-positive epithelial cells were present in low to moderate numbers in patients with CBCLP, while an abundance of these cells was
observed in the basal layer of the oral epithelium in controls (z= -3.60; P<0.001). IRF6 is the main connective tissue regulatory factor in
CBCLP, and its low level of expression in the oral epithelium suggests a reduced potential for epitheliocyte differentiation, while low
PAX9 and RYK expression may explain the decreased cell migration and cleft remodeling in CBCLP.
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INTRODUCCIÓN

Cleft lip and palate (CLP) is the fourth most common
birth defect and most common congenital malformation of
the head and neck in humans, occurring in 1 in 600 European
children. CLP is characterized by the incomplete formation
of structures separating the nasal and oral cavities including
the lip, alveolus, and hard and soft palates, with the most
severe clefts extending completely through both soft tissue
and bone. To date, little is known of the etiopathogenesis of
CLP; however, various genetic and environmental factors
have been implicated (Mossey & Modell, 2012).

No single gene known to cause CLP has been
identified thus far, although more than 20 candidate genes
have been proposed based on animal studies and linkage
analysis in human families (Setó-Salvia & Stanier, 2014).
Early development of the orofacial complex is mediated by
epithelial-mesenchymal interactions and depends on a wide
range of signaling molecules including bone morphogenetic
proteins and transforming and fibroblast growth factors, as

well as transcription factors belonging to the paired box
(Pax), Msx homeobox, and interferon regulatory factor (Irf)
gene families (Rahimov et al., 2012).

Pax proteins play an essential role in organogenesis
during embryonic development in regulating cell
proliferation, self-renewal, resistance to apoptosis, and
migration of embryonic precursor cells. One family member,
Pax9, is widely expressed in the neural crest-derived
mesenchyme where it increases mesenchymal cell
proliferation during embryogenesis (Chi & Epstein, 2002).
Pax9 is also expressed in the epithelium of the oral cavity,
regulating several aspects of epitheliocyte differentiation,
and is essential for lip development and palate growth
(Nakatomi et al., 2010).

The Irf6 gene is strongly associated with the risk of
developing oral-facial clefts (Wu-Chou et al., 2013). IRF6
is a key factor in oral and maxillofacial development,
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regulating facial fusion via modulation of epithelial cell
proliferation and differentiation. Nonetheless, IRF6-
mediated molecular pathways involved in lip and palate
development are poorly characterized. Disrupting Irf6
function in mice results in clefting phenotypes (Ingraham et
al., 2006), and many studies have provided evidence
suggesting a role for Irf6 in the etiology of CLP (Lu et al.,
2013; Song et al., 2013).

Receptor tyrosine kinase (Ryk) has also been
implicated in cases of CLP. RYK is an orphan receptor
glycoprotein with transmembrane, N-terminal extracellular
ligand-binding, and C-terminal intracellular tyrosine kinase
domains (Halford & Stacker, 2001). Ryk is essential for the
normal development and morphogenesis of craniofacial
structures. Its widespread expression, both in developing and
adult tissues, suggests involvement in many essential
biological processes including cell differentiation, polarity,
migration, and target selection. The precise function of RYK
is not known; however, Ryk polymorphism is a genetic risk
factor for cleft lip and palate (Watanabe et al., 2006).

This study investigated the expression of IRF6, RYK,
and PAX9 in complete bilateral (CB) CLP to identify possible
changes in signaling pathways that could lead to the aberrant
maxillofacial morphogenesis observed in CLP.

MATERIALS AND METHODS

Study population. Samples were collected from the Cleft
Lip and Palate Centre at the Institute of Stomatology of Riga
Stradins University from 19 patients with CBCLP and 7
unaffected control subjects. The patient group comprised 14
males and 5 females. Samples of oral mucosa were collected
during surgical cleft correction from children ranging in age
from 3 months to 8 years and 5 months, or upon tooth
extraction from control subjects ranging in age from 6 years
to 9 years The study was performed according to the
principles of the Declaration of Helsinki, and the protocol
was independently reviewed and approved by the Ethical
Committee of Riga Stradins University (2003). Written,
informed consent was obtained from the parents of all
participants after the nature of the study had been fully
explained.

Tissue sample preparation. For conventional light
microscopy and immunohistochemistry, the tissue specimens
were fixed for 1 day in a mixture of 2% formaldehyde and
0.2% picric acid in 0.1 M phosphate buffer (pH 7.2). They
were then rinsed in thyroid buffer containing 10% saccharose
for 12 h and embedded in paraffin. Each block was cut into

4-µm sections that were mounted on glass slides,
deparaffinized, rehydrated through a graded alcohol series,
and stained with hematoxylin and eosin.

Immunohistochemistry. Tissue sections were labeled with
the following primary antibodies: rabbit anti-IRF6 at 1:100
(167403; Abcam, Burlingame, CA, USA), mouse anti-PAX9
at 1:100 (sc-56823; Santa Cruz Biotechnology, Inc., Santa
Cruz, CA, USA), and rabbit anti-RYK at 1:50 (orb38371;
Biorbyt, San Francisco, CA, USA). The signal was visualized
by biotin-streptavidin immunohistochemistry (Hsu et al.,
1981). Images were captured using a DC 300F camera
(Leica, Wetzlar, Germany) and the image processing and
analysis software Image Pro Plus v.6.0 (Media Cybernetics,
Silver Spring, MD, USA). The intensity of immunostaining
was graded semi-quantitatively on a scale of 0 to ++++, as
follows: 0, no positive structures; 0/+, occasional positive
structures; +, few immunoreactive structures; ++, a moderate
number of immunoreactive structures; +++, numerous
immunoreactive structures; and ++++, an abundance of
immunoreactive structures in the visual field (Pilmane et
al., 1998). The localization of staining was assessed at both
tissue and cellular levels.

Statistical analysis. Statistical analyses were performed
using SPSS v.20.0 (IBM Corp., Armonk, NY, USA). Results
are expressed as Mean±SD. A Mann-Whitney test was used
to compare groups and a P value <0.05 was considered
statistically significant.

RESULTS

PAX9-positive structures were detected in all CBCLP
cases, and the presence of PAX9-positive epithelial cells was
occasional to moderate (Fig. 1). PAX9 immunoreactivity was
observed in epitheliocytes, sweat glands, and outer epithelial
sheaths of hair follicles (Fig. 2). In all control specimens, an
abundance of PAX9-positive cells was seen in the oral
epithelium, especially in the basal cell layer (Fig. 3). The total
number of PAX9-positive epithelial cells was significantly
lower in the CBCLP than in the control group (z= -3.60; P<
0.001).

IRF6-positive structures were present in all soft tissue
samples, and immunoreactivity was detected in epithelial cells,
fibroblasts, and macrophages (Fig. 4). The number of IRF6-
positive connective cells varied from moderate to abundant in
all CBCLP cases but positive epitheliocytes were seen in a
few to moderate number of positive structures. There was
significant difference between the groups in the mean numbers
of IRF6-positive epithelial cells (z= -3.41; P= 0.01).
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Of the 19 CBCLP specimens, 15 were negative for
RYK, although the signal was detected in a few cells in both
patients and controls, with no significant difference between
them (z= -3.75; P<0.001). Few RYK-positive epithelial cells
were present in CBCLP specimens (Fig. 5), and there was
no signal present in other structures of the oral mucosa.

Fig. 1. Moderate PAX9 immunoreactivity in oral epithelial cells
from the lip tissue of a 3-month-old child with CBCLP. 200¥
magnification.

Fig. 2. Abundant PAX9 immunoreactivity in sweat gland cells from
lip tissue of a 6-month-old child with CBCLP. 400¥ magnification.

Fig. 3. Abundant PAX9 immunoreactivity oral epithelial cells of
the basal cell layer in tissue from an unaffected 6-years-old child.
100¥ magnification.

Fig. 4. Moderate IRF6 immunoreactivity in oral epithelial and
connective tissue cells from the cleft lip tissue of a 3-month-old
child. 200¥ magnification.

DISCUSSION

The formation of the upper lip and palate is a complex
process of cell proliferation, differentiation, adhesion, and
apoptosis involving highly coordinated steps during
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embryonic development that are strictly controlled by gene
regulatory networks. In theory, failure at any step in the
process can lead to clefts (Jiang et al., 2006); abnormal fa-
cial tissue development during gestation is the result of
interactions between genetic and environmental factors. Lip
development precedes palate formation, and therefore
improper lip fusion may secondarily affect palate fusion.
Thus, a cleft lip and palate often occur concurrently (Meng
et al., 2009). Pax9 is essential for lip and secondary palate
formation, and is required to regulate the normal shape of
palatal shelves (Peters et al., 1998).

Genetic studies in humans have suggested a role
for Pax9 in the pathogenesis of CLP (Sasaki et al., 2007;
Hamachi et al., 2003; Küchler et al., 2014), but the results
have been inconclusive. PAX9-positive cell distribution
varied from occasional to numerous positive structures in
the patients examined, and PAX9 expression in the oral
mucosa was lower in the CBCLP compared to the control
group. These results suggest an involvement of Pax9 in
cell proliferation, resistance to apoptosis, and/or cell
migration during palate formation. Supporting this
conjecture, a previous study showed only occasional
apoptotic cells in CBCLP-affected soft tissue, while an
abundance of cells undergoing apoptosis was seen in
samples from a control group (Smane et al., 2013).

Irf6 has been implicated in the development of cleft
lip and palate, but the changes in Irf6 expression or function

that produce the defect have not yet been defined. Research
in animal models has indicated that IRF6 regulates
epitheliocyte proliferation and has a key role in formation of
the oral periderm. Irf6 is expressed in the facial primordium
prior to and during morphogenesis of the primary palate
(Washbourne & Cox, 2006), and preliminary findings in mice
have revealed Irf6 expression in the medial edge epithelia of
fusing secondary palatal shelves, tooth buds, hair follicles,
and skin (Kondo et al., 2002). While Irf6 is presumed to have
a role in CBCLP, there has been no evidence in support of
this possibility, although a study established a link between
Irf6 and the etiology of nonsyndromic CLP in populations of
European ancestry (Carinci et al., 2007). In the present study,
elevated IRF6 expression was observed in fibroblasts and
macrophages in connective tissue from patients with CBCLP.
In contrast, there were fewer IRF6-positive epitheliocytes in
tissue samples from patients with CBCLP than from
unaffected individuals.

It was also previously demonstrated that RYK is
involved in the development of cleft lip and/or palate.
Although essential for the morphogenesis of craniofacial
structures, Ryk has not been extensively studied in the
context of CBCLP. Protein localization studies and in situ
hybridization have indicated that Ryk is broadly expressed
in both the embryo and adult, and mouse embryos deficient
in Ryk have craniofacial defects, including complete clefts,
as well as skeletal defects (Halford et al., 2000). In this
study, RYK expression was downregulated in CBCLP
tissue compared to control tissue, providing evidence for
the involvement of Ryk in the pathogenesis of CBCLP.

CONCLUSIONS

The results of this study suggest that IRF6 is the main
factor expressed in connective tissues of the oral mucosa,
and the downregulation of IRF6 in the oral epithelium of
CBCLP cases indicates that it may be responsible for a
decrease in the differentiation potential of epitheliocytes in
CLP. The reduced expression of PAX9 and RYK in CBCLP
tissues also implicates these factors in the dysregulation of
cell migration and tissue remodeling during cleft
morphogenesis.
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Fig. 5. Sporadic RYK immunoreactivity in oral epithelial cells from
the cleft lip tissue of a 3-month-old child. 250¥ magnification.
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RESUMEN: La fisura labial y palatina (FLP) son ano-
malías congénitas caracterizadas por la fusión inadecuada del
labio superior, alvéolo y paladar secundario. En este estudio se
investigó si en niños con FLP hay una desregulación de la expre-
sión del factor regulador de interferón 6 (IRF6), del receptor de
la tirosina quinasa (RYK), y del factor de transcripción PAX9,
que son esenciales para el desarrollo normal y la morfogénesis
de las estructuras craneofaciales. Se obtuvieron muestras de la
mucosa oral de pacientes con FLP completa bilateral (CB) (n=
19), tomadas durante la realización de cirugía plástica correctiva,
y de sujetos de control no afectados (n= 7). Se evaluó la expre-
sión de IRF6, RYK y PAX9 por inmunohistoquímica, y los datos
se analizaron con la prueba de Mann-Whitney. En los pacientes,
la inmunoreactividad de IRF6 en el tejido conectivo fue de mo-
derada a alta, pero el número total de células epiteliales orales
positivas para IRF6 fue menor que en los controles (z= -3,41; P=
0,01). La expresión de RYK se observó sólo esporádicamente en
el epitelio oral de 4 pacientes, en contraste con el grupo control
(z= -3,75; P<0.001). Células epiteliales positivas para PAX9 es-
taban presentes en números bajos a moderados en pacientes con
FLP completa bilateral, mientras que se observó una abundante
cantidad de estas células en la capa basal del epitelio oral en los
controles (z= -3,60; P<0,001). IRF6 es el principal factor regula-
dor del tejido conectivo con FLP completa bilateral, y su bajo ni-
vel de expresión en el epitelio oral sugiere un potencial reducido
para la diferenciación del epitelio, mientras que la expresión baja
de PAX9 y RYK pueden explicar la disminución de la migración
celular y la remodelación de la fisura con FLP completa bilateral.

PALABRAS CLAVE: Fisura palatina; Factor regula-
dor de interferón 6; Receptor de la tirosina quinasa; Factor de
transcripción PAX9.
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