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SUMMARY: The failure of fusion of nasal and maxillary processes results in cleft lip and palate (CLP), which is one of the most
common birth defects. The morphopathogenesis of this pathology is multifactorial and still largely unclear. The aim of this study was to
evaluate the presence of nestin, transcriptor factor SOX3 (Sox3) and homeobox protein DLX-4 (Dlx-4) in complete unilateral (CU) and
complete bilateral (CB) CLP affected facial tissue. Oral mucosa tissue samples were obtained from 17 CUCLP and 13 CBCLP patients
during surgical cleft correction and 6 unaffected control subjects. Obtained tissue sections were stained with hematoxylin and eosin and
by immunohistochemistry for nestin, Sox3 and Dlx-4. The intensity of staining was graded semiquantitatively. Nestin-positive structures
were detected in all CUCLP and CBCLP patients’ tissue samples, varying from moderate number of nestin-positive structures to numerous.
Sox3 immunoreactivity was more prominent in epithelial cells in both patient groups with frequently patchy distribution. Mainly moderate
number of Dlx-4-positive cells was observed in most of tissue samples. Statistically significant moderate positive correlation was found
between nestin and Sox3 factors in CUCLP patient group (Spearman’s rank correlation coefficient = .517, P = .034). Increase of nestinpositive structures suggests its role in the regulation of the remodeling of tissue in both CUCLP and CBCLP affected tissue. Dominance
of Sox3 positivity in cleft affected epithelium indicates its possible role in (compensatory) formation of defective oral epithelium of
CUCLP and CBCLP patients. The reduced expression of Dlx-4 implicates its limited regulatory role on the craniofacial development in
CUCLP and CBCLP affected tissue.
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INTRODUCTION

Orofacial clefts (most commonly cleft lip with or
without cleft palate) are one of the most common birth
defects with multifactorial etiology and impact on the oral
health. Genetic components play an important role in the
pathogenesis of cleft lip and palate (CLP), nevertheless
the exact genetic predisposing factors involved in the
development of CLP are still largely unknown (Ludwig et
al., 2016). Apart of genetic involvement also such factors
as ethnical background, geographic origin, socioeconomic
status and environmental factors are related to the possible
development of CLP (Waltrick-Zambuzzi et al., 2015).
The normal development of the maxilla during early
intrauterine life involves the fusion of medial nasal
processes in addition to bilateral maxillary processes. The
failure of fusion of these processes results into CLP. In

complete unilateral cleft lip and palate (CUCLP) the
maxilla is divided into one bigger and one smaller segment,
while in complete bilateral cleft lip and palate (CBCLP)
the maxilla is segmented into two posterior segments and
the pre-maxilla (Spina, 1973; Garib et al., 2015).
Nestin is an intermediate filament protein expressed
during the development of the central nervous system, heart
and skeletal striated muscle. It is especially upregulated
during the differentiation of stem cells. Nestin is not found
in adult tissues apart from stem and progenitor cells, as
well as regenerating tissues (Berry et al., 2013). Palate
possesses high regenerative capacity and is well innervated.
Wounds of oral mucosa within the orofacial tissue heal
very rapidly. Possibly, neural crest-related stem cells
expressing nestin can be isolated from mammalian periodontal
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ligament or dental pulp (Widera et al., 2009). Cells with
stem cell or progenitor cell properties expressing nestin
have been isolated also from a mixed population of
fibroblast-like and epithelial-like cells within the minor
(primary labial) salivary glands (Andreadis et al., 2014).
High-intensity staining and a high proportion of nestinpositive cells are significantly associated with a poor
prognosis in primary malignant melanoma of the oral cavity
(Kuk et al., 2016).
Transcriptor factor SOX3 (Sox3) belongs to SoxB1
subgroup of the Sox protein family. Sox3 plays an
important role in neural and gonadal development, and is
required for sex differentiation (Gao et al., 2015). Sox3 is
expressed in the ventricular zone of the embryonic and
postnatal cerebellum and its expression is restricted to the
glial cell system in the cerebellum during development
and after birth (Cheah & Thomas, 2015). Proper head and
craniofacial development takes place under strict control
of neural progenitor cell transformation into neural crest
stem cells. The cell fate and therefore the correct orofacial
development are determined by SoxB factors (Mandalos
& Remboutsika, 2017). Significant decrease in quantity
and distribution of Sox3 in vivo in zebrafish embryonic
brain is associated with induced malformation (Wang et
al., 2015).
Homeobox protein DLX-4 (Dlx-4) is expressed in
the mesenchyme derived from neural crest cells in the first
pharyngeal arch or primordium of the jaw. While in normal adult tissues Dlx-4 is absent, it has been found in a
variety of malignancies. Expression of Dlx-4 is associated
with acute leukemia, lung cancer, colorectal cancer and
breast cancer (Wu et al., 2015). Dlx-4 has the ability to
induce cancer cells to undergo epithelial to mesenchymal
transition and accordingly to enhance tumor migration,
invasion and metastasis (Zhang et al., 2012). Dlx-4 can
regulate the placental development and altered
immunoreactivity for Dlx-4 is linked to idiopathic fetal
growth restriction (Murthi et al., 2006). Overall, Dlx-4 is
likely to play a role in development at the mesenchymalepithelial boundary of placenta as well as other tissues
(Morrish et al., 2001).
The aim of this study was to evaluate the presence
of nestin, Sox3 and Dlx-4 in CUCLP and CBCLP facial
tissue to identify their possible role in the multifactorial
orofacial morphopathogenesis.
MATERIAL AND METHOD

Patients. Tissue samples were collected from the Cleft Lip
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and Palate Centre at the Institute of Stomatology of Riga
Stradins University from 17 patients with CUCLP and
13 patients with CBCLP, and 6 unaffected control
subjects. The CUCLP patient group consisted of 11 males and 6 females ranging in age from 9 months to 9 years
and 4 months. The CBCLP patient group consisted of 8
males and 5 females in age range from 9 months to 9
years and 10 months. The control subjects were 6 to 9
years old. Tissue samples of oral mucosa were collected
during cleft correction surgery in patient group or tooth
extraction in control subjects.
The study was performed in accordance with the
ethical standards laid down in the 1964 Declaration of
Helsinki. All tissue samples were obtained after fully
explaining the nature of the study to the parents of all
patients and receiving written informed consent. The
study was approved by the Ethical Committee at Riga
Stradins University, permit issued in 2003.
Tissue sample preparation. Oral mucosa tissue was
fixed in Stefanini’s solution (Stefanini et al., 1967),
dehydrated and embedded in paraffin. Further four
micrometers thick sections were prepared and stained
routinely with hematoxylin and eosin (Fischer et al.,
2008).
Immunohistochemistry. Nestin (code ab5968, obtained
from mouse, dilution 1:250, Abcam, UK), Sox3 (code
orb158460, obtained from rabbit, dilution 1:200, Biorbyt
Limited, Cambridge, UK) and Dlx-4 (code orb160775,
dilution 1:100, Biorbyt Limited, Cambridge, UK) primary
antibodies were used by biotin – streptavidin
immunohistochemistry (IMH) (Hsu et al., 1981).
Samples were examined on Leica DC 300F
camera, further image processing and analysis was
performed on Image Pro Plus 6.0 software (Media
Cybernetics, Silver Spring, Maryland, USA).
The intensity of immunostaining was graded
semiquantitatively with no positive structures in the visual field being labeled as 0, few positive structures in
the visual field were labeled with +, moderate number of
positive structures in the visual field was labeled with
++, numerous positive structures in the visual field were
labeled with +++, abundance of positive structures in the
visual field was marked with ++++ (Pilmane et al., 1995).
Statistical analysis. For statistical analyses nonparametric statistics and Spearman’s rank correlation
coefficient were used, P <0.05 was considered statistically
significant (Christensen, 1996).
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RESULTS

Nestin-positive structures were detected in all
CUCLP and CBCLP patients’ tissue samples, varying from
moderate number (++) of nestin-positive structures to
numerous (+++) (Fig. 1). Nestin expressed in epitheliocytes,
fibroblasts and macrophages, as well as nerve fiber bundles.
When observing nestin-positive cells in epithelium, mainly
basal epitheliocytes were positive. In some of our patients’
oral mucosa nestin showed patchy immunoreactivity. Overall
the total number of nestin-positive structures was higher in
CBCLP tissue samples. Meanwhile, unaffected oral mucosa specimens showed numerous (+++) nestin-containing
epitheliocytes and abundance (++++) of nestin-containing
connective tissue cells.

Fig. 2. Patchy distribution of Sox3-positive oral epitheliocytes in
the lip tissue of 3 years and 4 months old boy with CBCLP. Sox3
IMH, ×250.

of DLx-4-positive structures in the visual field. In one
CUCLP patient tissue sample and two CBCLP patients’ tissue
samples we found no immunoreactivity for Dlx-4. Presence
of Dlx-4 was found in epitheliocytes, often with patchy
distribution, as well as fibroblasts and macrophages (Fig.
3). Only 4 control specimens contained few (+) Dlx-4positive epitheliocytes and connective tissue cells.

Fig. 1. Moderate number of nestin-positive oral epitheliocytes and
numerous nestin-containing fibroblasts and macrophages in the lip
tissue of 9 months old boy with CBCLP. Nestin IMH, ×200.

Sox3-containing epitheliocytes, macrophages, as well
as fibroblasts were found in all CUCLP and CBCLP patients’
tissue samples, varying from few (+) Sox3-positive structures
to numerous (+++) in the visual field. Sox3 immunoreactivity
was more prominent in epithelial cells in both patient groups.
Sox3-positive epitheliocytes in many of our tissue samples
showed patchy distribution and dominated in the prickle cell
layer (Fig. 2). Moderate number (++) of epitheliocytes and
connective tissue cells contained Sox3 in control specimens.
Dlx-4-positive structures were found in 16 out of 17
CUCLP patients’ tissue samples and 11 out of 13 CBCLP
patients’ tissue samples with mainly moderate number (++)

Fig. 3. Numerous Dlx-4-positive epitheliocytes and connective
tissue cells in the lip tissue of 9 months old boy with CBCLP. Dlx4 IMH, ×250
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Statistically significant moderate positive correlation
was found between nestin and Sox3 factors in CUCLP
patient group (Spearman’s rank correlation coefficient =
.517, P = .034).

DISCUSSION

CLP is a congenital malformation with disrupted facial development. While usually CLP is not associated with
infant mortality, it requires corrective surgery and the patient
can have feeding, speaking, hearing and dental problems,
as well as social stigmatism. Both animal and human studies
suggest that CLP similarly to neural tube defects has genetic
component (Webber et al., 2015). Orofacial clefting involves
the upper lip, alveolus and/or palate. Orofacial clefts are
heterogeneous disorders affecting the structure of the face
and oral cavity and are divided into three general categories:
clefts affecting the lip only, clefts affecting the lip and palate,
and clefts affecting palate alone (Leslie & Marazita, 2013).
In the current study all included patients had CUCLP (17
patients) or CBCLP (13 patients). Correct orofacial
development is a strictly coordinated spatio-temporal
sequence of events and includes cells migration,
proliferation, differentiation, fusion and apoptosis.
Disruption at any of these steps possibly will result as an
orofacial cleft (Rahimov et al., 2012).
Nestin is essential for skin healing process. It has been
observed In vitro that the healing after lip cleft reconstruction
is remarkably better and with much less scaring if performed
shortly after birth. Populations of keratinocytes and fibroblasts
were studied and the expression of nestin was much stronger
in newborns compared to older babies (Krejcí et al., 2015).
Similarly the role of nestin in correct secondary palatogenesis,
normal upper lip formation and cleft lip has been showed in
transgenic mouse model (Li et al., 2008). It has been
demonstrated that dental follicle contains an essential
proportion of neural progenitor cells expressing nestin and
could be a promising source of adult stem cells for regenerative
purposes (Lima et al., 2017). Nestin has also been found in
preneoplastic lesions of oral epithelium and possibly is
associated with differentiation, invasion and poorer prognosis
in oral squamous cell carcinoma (Ravindran & Devaraj, 2015).
In the facial tissue of 14 to 16 weeks old human fetuses using
immunohistochemistry nestin-reactivity was seen in striated
muscles, mesenchymal cells and fibers and the basal layer of
the skin (Kim et al., 2016). In our study tissue samples showed
prominent immunoreactivity for nestin with overall total
number of nestin-positive structures higher in CBCLP tissue
samples. We suggest that nestin plays a role in the regulation
of the remodeling of cells in cleft affected tissue.
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Sox3 is important regulator for the neurogenic
capacity of surface ectoderm and regulates the ability of the
ectoderm to undergo neurogenesis (Tripathi et al., 2009).
Craniofacial development is a complex multi-step process
leading to the morphogenesis of the face and not only the
neural crest development is affected; Sox3 plays an equally
crucial role in the pharyngeal region in craniofacial
morphopathogenesis (Rizzoti & Lovell-Badge, 2007). In the
present study Sox3-containing epitheliocytes, macrophages
and fibroblasts were found in all tissue samples with more
prominent Sox3 immunoreactivity in epithelial cells in both
patient groups. Thus, Sox3 is especially significant factor in
the formation of defective oral epithelium of CUCLP and
CBCLP patients.
Mainly moderate number of Dlx-4-positive
epitheliocytes, fibroblasts and macrophages was found in
most of our patients’ tissue samples. Also Wu et al. suggests
Dlx-4 as a potential cause of human clefts. A correlation
between the loss of Dlx expression and either the loss of
craniofacial cartilage elements originating from hindbrain
crest cells or their abnormal morphology also has been
observed (Ellies et al., 1997). Simultaneously, Dlx belongs
to a group of factors that are important in odontogenesis,
terminal differentiation of ameloblasts and with variable
expression in odontogenic tumor formation in humans
(Dodds et al., 2003). Therefore, we propose that the reduced
expression of Dlx-4 implicates its wide regulatory role on
the craniofacial development in CLP affected tissue.
Increase of nestin-positive structures suggests its role
in the regulation of the remodeling of tissue in both CUCLP
and CBCLP affected tissue. Dominance of Sox3 positivity in
cleft affected epithelium indicates its possible role in
(compensatory) formation of defective oral epithelium of
CUCLP and CBCLP patients. The reduced expression of Dlx4 implicates its limited regulatory role on the craniofacial
development in CUCLP and CBCLP affected tissue.
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RESUMEN: La falla en la fusión de los procesos nasal y
maxilar son causante de la fisura labiopalatina (FLP), que es uno
de los defectos congénitos más comunes. La morfopatogenia de
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esta patología es multifactorial y aún poco clara. El objetivo de este
estudio fue evaluar la presencia de nestina, el factor transcriptor SOX3
(Sox3) y la proteína homeobox DLX-4 (Dlx-4) en todo el tejido facial afectado por FLP bilateral unilateral (FU) y bilateral completa
(FB). Se obtuvieron muestras de tejido de mucosa oral de 17 pacientes FUFLP y 13 FBFLP durante la corrección quirúrgica de la
fisura y de 6 sujetos de control no afectados. Las secciones de tejido
obtenidas se tiñeron con hematoxilina y eosina y mediante
inmunohistoquímica para nestina, Sox3 y Dlx-4. La intensidad de la
tinción fue graduada semicuantitativamente. Se detectaron estructuras positivas para nestina en todas las muestras de tejido de pacientes FUFLP y FBFLP, variando desde un número moderado a numerosas estructuras positivas para nestina. La inmunorreactividad de
Sox3 fue más prominente en las células epiteliales en ambos grupos
de pacientes con distribución frecuentemente irregular. Se observó
un número principalmente moderado de células Dlx-4-positivas en
la mayoría de las muestras de tejido. Se encontró una correlación
positiva moderada estadísticamente significativa entre los factores
de nestina y Sox3 en el grupo de pacientes FUFLP (coeficiente de
correlación de rangos de Spearman = 0,517, P = 0,034). El aumento
de estructuras positivas para nestina sugiere su papel en la regulación de la remodelación de tejido, tanto en tejido afectado por FUFLP
como FBFLP. La dominancia de la positividad de Sox3 en el epitelio
afectado de la fisura, indica su posible papel en la formación
(compensatoria) del epitelio oral defectuoso de pacientes FUFLP y
FBFLP. La expresión reducida de Dlx-4 implica su función reguladora
limitada en el desarrollo craneofacial en tejido afectado por FUFLP
y FBFLP.
PALABRAS CLAVE: Fisura labiopalatina; Nestina;
Factor transcriptor SOX3; Proteína homeobox DLX-4.
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