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Evaluation of TGF-$1 and EGFR in
Cleft Affected Lip Mucosa

Transformuojancio augimo veiksnio beta 1 ir epidermio
augimo veiksnio receptoriaus jvertinimas gleivingje esant lapos
nesuaugimams

Olga Rimdenoka*

Institute of Anatomy and Anthropology, Letonia
Mara Pilmane

Institute of Anatomy and Anthropology, Letonia

Abstract: Background. The morphopathogenesis of orofacial cleft development is only
partly understood; therefore, it is important to identify factors, which possibly could
be involved in it. The aim of the study was to evaluate the distribution of TGF-81 and
EGFR-containing cells in cleft affected lip mucosa.

Materials and Methods. The study group included lip mucosa tissue samples from 14
patients with orofacial cleft. The control group contained 11 healthy oral mucosa tissue
samples. The tissue sections were stained by immunohistochemistry for TGF-$1 and
EGFR. The expression of positive structures was graded semiquantitatively. IBM SPSS
26.0 was used for statistical analysis, Spearman's rank correlation and Mann-Whitney
U tests were performed.

Results. Mostly few to moderate number (+/++) of TGF-B1-containing cells was
found in epithelium, also the same number of fibroblasts and macrophages was seen
in the lamina propria of cleft affected lip mucosa. Meanwhile, healthy oral mucosa
on average demonstrated a moderate number (++) of TGF-B1-containing epithelial
cells, fibroblasts, and macrophages. A variable, mostly indistinct number of EGFR-
containing cells was seen in the epithelium of cleft affected lip mucosa, meanwhile,
mostly no (0) EGFR positive cells were found in the epithelium of healthy mucosa.
Statistically significantly less TGF-f1-containing cells were found in the epithelium of
cleft affected lip mucosa than in the healthy mucosa (U=33.000; p=0.015). Also, the
lamina propria of cleft affected lip mucosa showed statistically significantly less TGF-
1 immunoreactive fibroblasts and macrophages than the healthy mucosa (U=28.500;
p=0.006).

Conclusions. The decreased number of TGF-B1-containing epithelial cells, fibroblasts
and macrophages in cleft affected lip mucosa proves the role of problematic tissue
remodelation in the cleft pathogenesis. The distribution of EGFR in cleft affected and
healthy mucosa is similar and possibly does not play a role in the cleft development of
humans.

Summary: Santrauka. Apzvalga. Lipos nesuaugimo i$sivystymo morfopatogenezé néra
iki galo ai$ki, todél labai svarbu nustatyti tam turindius jtakos veiksnius. Tyrimo tikslas
— jvertinti lasteliy turin¢iy TGF-1 ir EGFR pasiskirstyma nesuaugusiy lupy gleivingje.
Metodai. Tyréjai paémé lapy gleivinés audiniy meéginiy i§ 14 pacienty, turinéiy
nesuaugusias lupas. Kontrolés grupé — 11 sveikos burnos gleivinés audiniy pavyzdziy.
Audiniy dalys TGF-B1 ir EGFR buvo nudazytos imunohistocheminiu dazymo metodu.
Teigiamy struktiry rai$ka buvo vertinta pusiau kiekybiniu budu. IBM SPSS 26.0 buvo
naudojama statistinei analizei atlikti, taip pat atlikta Spirmeno ranginé koreliacija bei
Mann-Whitney U testai.

Rezultatai. Epitelyje buvo aptiktas nedidelis TGF-B1 turinéiy lasteliy skai¢ius (+/+
+), toks pats skai¢ius fibrobalsty ir makrofagy buvo rastas nesuaugusiy lipy gleivinés
jungiamojo audinio sluoksnyje. Sveikos burnos gleivinéje buvo vidutiniskai nedidelis
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kiekis (++) TGF-B1 turinéiy epiteliniy lasteliy, fibroblasty ir makrofagy. Kintantis,
dazniausiai nedidelis EGFR turin¢iy lasteliy skai¢ius buvo nustatytas nesuaugusiy lapy
gleiviniy epitelyje, o jokiy (0) EGFR teigiamy lasteliy nebuvo aptikta sveikos gleivinés
epitelyje. Statistiskai gerokai maziau TGF-$1 turindiy Iasteliy buvo aptikta nesuaugusiy
lipy gleivinés epitelyje negu sveikoje gleivinégje (U = 33 000; p = 0,015). Be to,
nesuaugusiy lapy gleivinés jungiamojo audinio sluoksnyje buvo statistiskai gerokai
maziau TGF-B1 imunoreakeyviy fibroblasty ir makrofagy negu sveikoje gleivinéje (U =
28 500; p = 0,006).

I3vados. Sumazéjes TGF-B1 turindiy epiteliniy lasteliy, fibroblasty ir makrofagy skaicius
nesuaugusiy lapy gleivingje rodo probleminio audinio remodeliacijos jtaka nesuaugimo
patogenezéje. EGFR paplitimas nesuaugusioje ir sveikoje gleivinéje yra panasus ir galimai
neturi jtakos Zmogaus nesuaugusios lipos i$sivystymui.

Keywords: lupy nesuaugimas, burnos gleiviné, TGF-$1, EGFR.
Introduction

Orofacial clefts are common congenital malformations of craniofacial
region, which are inherited in a multifactorial model, where genetic and
environmental risk factors interact. The prevalence of nonsyndromic
cleft lip with or without cleft palate is approximately 1 in 300-
2500 depending on the population [1]. Despite the high prevalence,
the morphopathogenesis of orofacial cleft development is only partly
understood; therefore, it is important to identify the factors, which
possibly could be involved in it. Two of these possible factors, which could
possibly play a role in the development of orofacial clefts, are transforming
growth factor beta 1 (TGF-f1) and epidermal growth factor receptor
(EGEFR).

TGEF-B1 is a member of TGF-B family, which achieves its cellular
effects via binding to serine/threonine kinase receptors [2]. It has been
implicated in embryogenesis, maintenance of tissue homeostasis and
wound healing [3,4]. It regulates cell proliferation and extracellular
matrix synthesis and increases the process of tissue remodelation by
inducing biosynthesis of collagens I and III, laminin and fibronectin
[5,6]. TGF-B1 is present in both normal tissue and transformed cells [7].
Different studies describe the involvement of TGF-f1 in pathogenesis
of various diseases such as endometriosis, hepatocellular carcinoma,
idiopathic pulmonary fibrosis, and cleft palate [8,9, 10,11]. It is found
that TGF-B1 plays an essential role in all phases of palate development,
therefore abnormal expression of TGF-B1 can lead to pathological
development of palate [4,12, 13]. As TGF-B1 is one of the strongest
growth factors, which provides and indicates the previously mentioned
tissue remodelation processes and wound healing [3, 14,15], it is essential
to detect this factor in cleft affected lip to get an insight into these
processes in the context of cleft lip morphopathogenesis. Now there are
no previous studies which describe quantitative expression of TGF-f1
positive structures in cleft affected lip tissue.

EGFRisatype I receptor tyrosine kinase. Along with its ligands, EGFR
takes part in regulation of multiple cellular pathways [16]. It plays a
significant role in several cellular processes such as cellular proliferation,
differentiation, migration, and apoptosis [17]. EGFR is contributed to
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normal and neoplastic growth processes in humans. Increased EGFR
activity has been detected in a variety of tumours such as glioblastoma,
nonsmall cell lung cancer, head and neck, breast, colorectal, ovarian,
prostate, and pancreatic cancers. The activity can be increased due
to higher epidermal growth factor synthesis, EGFR overexpression or
EGFR mutation [18]. Studies show that EGFR signalling is necessary
for normal craniofacial development and palate closure, which gives an
evidence that decreased activity of the receptor may lead to impaired
craniofacial development and cleft formation [19,20]. EGFR is also one
of the most important growth factors receptors, stimulating tissue growth
and regeneration processes, and in possible conjunction with another
strongest growth factor — TGF-$1 — is being particularly interesting in
cleft patients [14, 17,21,22]. At the moment there are no studies which
describe the quantitative expression of EGFR positive structures in cleft
affected lip tissue.

On the basis of above mentioned the aim of the study was to evaluate
the distribution of TGF-B1 and EGFR-containing cells in cleft affected
lip mucosa.

Materials and methods

Oral mucosa tissue samples from 25 patients were used in the study. The
tissue samples were divided in two groups. The study group included 14
lip mucosa tissue samples from 3 months to 1 year and 1 month old
children (5 girls and 9 boys). Two children had bilateral orofacial cleft;
meanwhile 12 children were diagnosed with unilateral orofacial cleft.
Orofacial clefts were nonsyndromic in all patients. The tissue samples
were obtained during lip correction surgery in the Cleft Lip and Palate
Centre at the Institute of Stomatology of Riga Stradins University (Table
1). The control group included 11 healthy oral mucosa tissue samples
from 6 years and 9 months to 14 years and 5 months old children (6 girls
and 5 boys). All 11 control group tissue samples were stained for TGF-f1,
and 6 control group tissue samples were stained for EGFR. The control
group tissue samples were obtained during tooth extraction, opening of
an embedded tooth, benign tumour removal or surgical treatment of
traumatic injury (Table 2).

Table 1

Information about the study group patients

Sex

Age Diagnosi

Bo

3 months dextra

Eo

3 months bilateralis

Bo

3 months hisis sinistra

B0

4 months hisis dextra

BO

1 year and 1 month hisis bilateralis

Eo

4 months hisis sinistra

Bo

3 months hisis dextra

Eo

5 months hisis sinistra

Girl

6 months hisis sinistra

Girl

4 months hisis dextra

Girl

4 months hisis sinistra

4 months hisis sinistra

Girl

3 months hisis simistra

Girl

3 months hisis simistra
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Table 2

Information about the control group patients.

Patient Sex Age Operation, during which the tissue samples were obtained
1 Girl 13 years and 8 months Tooth extraction

2 Girl 14 years and £ months Opening of an embedded tooth

3 Eo 10 years and 2 months Tooth extraction

4 Eo: & years and 2 months Tooth extraction

5 Girl 9 years and 9 montns Tooth extraction

3 Girl 6 years and 9 mMontns Tooth extraction

7 Bo: 8 years and 9 mMontns Tooth extraction

8 Girl 10 years and 5 montns Tooth extraction

9 Bo: 11 years and 7 montns Tooth extraction

10 Bo 11 years and 8 months Surgical correction of a braurmatic injur:
11 Girl 12 years and 8 months Remnoval surgery of a benign turmour

The tissue samples were obtained during surgical intervention after
written informed consent from the parents of all 25 patients was received.
The study was performed in accordance with the 1964 Declaration of
Helsinki. The study was approved by the Ethical Committee at Riga
Stradins University (22.05.2003; 17.012013; 5/25.06.20138).

All tissue samples were fixed in Stefanini' s solution, which was made of
20 g paraformaldehyde, 150 ml picric acid, 425 ml Sorensen’s phosphate
buffer (pH 7.2) and 425 ml distilled water [23]. After that, the samples
went through the dehydration and were embedded in paraffin.

TGF-P1 (code orb77216, polyclonal antibody, dilution 1:100, Biorbyr,
Great Britain) and EGFR (sc-71034, mouse monoclonal antibody,
dilution 1:100, Santa Cruz, USA) primary antibodies were used by
biotin-streptavidin immunohistochemistry (IMH) [24]. Further, all
tissue samples were counterstained with haematoxylin to stain the nuclei
blue. All antibodies, which were used in the study, were tested for positive
and negative control.

The number of immunoreactive structures was graded
semiquantitatively. Respectively, no positive structures in the visual field
were labelled as 0; occasional positive structures in the visual field were
labelled with 0/+; few positive structures in the visual field were labelled
with +; few to moderate number of positive structures in the visual
field was labelled with +/++; moderate number of positive structures
in the visual field was labelled with ++; moderate to numerous positive
structures in the visual field were labelled with ++/+++; numerous
positive structures in the visual field were labelled with +++; numerous to
abundant positive structures in the visual field were labelled with +++/+
+++; and abundance of positive structures in the visual field was labelled
with ++++ [25].

SPSS software, version 26.0 (IBM Company, Chicago, IL, USA) was
used for statistical analysis. Spearman's rank correlation coefficient was
calculated, where r = 0-0.2 was assumed as a very weak correlation, r =
0.2-0.4 — a weak correlation, r = 0.4-0.6 — a moderate correlation, r =
0.6-0.8 — a strong correlation, and r = 0.8-1.0 — a very strong correlation.
Mann-Whitney U test was performed to compare the study group and
the control group. The level of significance for both tests was chosen as
5% (p-value < 0.05).

Leica DC 300F digital camera was used for visual illustration. Image

processing and analysis was performed by Image Pro Plus software (Media
Cybernetics, Inc., Rockville, MD, USA).
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Results

The epithelium demonstrated a variable number of TGF-1-containing
cells, but mostly few to moderate number (+/++) of cells was seen in
the cleft affected lip mucosa (Figure 1). The distribution of TGF-f1
immunoreactive fibroblasts and macrophages was similar also in lamina
propria of the patients. On average a moderate number (++) of TGF-f1
positive cells was seen in the healthy oral mucosa (Figure 2). The tissue
samples showed from few (+) to numerous (+++) TGF-f1-containg
fibroblasts, macrophages, and epithelial cells.

Mostly an indistinct number (0/+) of EGFR-containing cells was seen
in the epithelium of cleft affected lip mucosa, while one tissue sample
demonstrated a moderate number (++) and one — up to numerous (+
+/+++) EGFR-containing cells (Table 3, Figure 3). Meanwhile, mostly
no (0) EGFR-containing cells were found in the epithelium of healthy
oral mucosa (Figure 4). Only two healthy mucosa samples demonstrated
occasional (0/+) and few (+) EGFR immunoreactive epithelial cells
(Table 4).

Statistically significantly less TGF-f1-containing cells were found in
the epithelium of cleft affected lip mucosa than in the healthy mucosa
(U=33.000; p=0.015). Also, the lamina propria of cleft affected lip
mucosa showed statistically significantly less TGF-B1 immunoreactive
fibroblasts and macrophages than the healthy mucosa (U=28.500;
p=0.006). No statistically significant correlation was detected between
the number of EGFR and TGEF-B1 positive structures in the cleft affected
lip mucosa.

Table 3

The number of immunoreactive cells in the cleft affected lip mucosa.
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Abbreviations TGF-1 — transforming growth factor beta 1; EGFR - epidermal growth factor receptor; 0 — no positive structures,

0/+ - occasional positive structures, + — few positive structures, +/++ — few to moderate number of positive structures, +

+ — moderate number of positive structures, ++/+++ — moderate number to numerous positive structures in the visual field.

Table 4

The number of immunoreactive cells in the healthy oral mucosa

Patient

TGF p1

EGFR

Epithelium

Lamina propria Epithelium
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Abbreviations: TGF-B1 - transforming growth factor beta 1; EGFR - epidermal growth factor receptor;
0 - no positive structures, 0/+ — occasional positive structures, + — few positive structures, +/++ — few
to moderate number of positive structures, ++ — moderate number of positive structures, ++/+++ —
moderate number to numerous positive structures, +++ — numerous positive structures in the visual field.

Discussion

Orofacial cleft is a pathology with frequent occurrence and extensive
psychological, surgical, speech and dental involvement, which emphasizes
the importance of understanding the underlying causes of it [13].
Therefore, it is important to identify different tissue factors, including
TGF-f1 and EGFR, which possibly could be involved in the development
of orofacial cleft.

The age of the patients in the study group varied from 3 months to 1
year and 1 month, meanwhile in the control group it was from 6 years
and 9 months to 14 years 5 months. The possibilities to obtain tissue
samples from so small and healthy children for the control group were
very limited due to ethical reasons. Therefore, in the control group were
included tissue samples, obtained from children, who underwent surgical
manipulations inside the oral cavity. As the oral cavity development is
finished after the complete permanent teeth eruption, which was not seen
yet in our research groups, it was possible to compare these groups despite
the age difference.

The tissue samples of the study group were obtained from lip,
meanwhile the control group contained samples from different regions
of oral cavity. The ethical reasons restricted possibilities to obtain tissue
exactly from lip mucosa in controls, and surgical intervention in lip is
quite rare procedure during so early childhood. Thus, the control group
was formed from the patients, who requested surgical manipulations in
various regions of oral cavity. As our controls demonstrated similar results
in appearance of TGF-B1 and EGFR, we suggest also the similar common
expression of them in oral cavity, what gives a possibility to compare the
factor distribution between the controls and the patients even despite the
different developmental sources of oral cavity (different developmental
primordia of tissue). The difference in appearance of TGF-B1 in our
patients seemingly connects to the disordered TGF-f1 pathway in cleft
affected tissue, as some authors also have not seen the difference in
expression of TGF-$1 in different regions of oral cavity [26].
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Figure 1. Few to moderate number of TGF-p1- Figure 2. Moderate number of TGF-B1-containing
containing cells in the epithelium and lamina cells in the oral mucosa of healthy 8 years and 2

propria of lip in 5 months old boy with unilateral months old boy. TGF-$1 IMH, 200x. Scale bar
orofacial cleft. TGF-p1 IMH, 250x. Scalebar 32 pm. 40 pm.

Figure 3. Few EGFR positive cells in the epithelium  Figure 4. Almost the lack of EGFR-containing cells
of lip mucosa in 4 months old girl with unilateral in the oral mucosa of healthy 8 years and 2 months
orofacial deft. EGFR IMH, 250x. Scale bar 32 pm. old boy. EGFR IMH, 250x. Scale bar 32 pm.

Only few to moderate number of TGF-B1-containing cells was
detected in cleft affected lip mucosa. Meanwhile, a moderate number
of TGF-B1 immunoreactive epithelial cells, fibroblasts and macrophages
was detected in healthy oral mucosa. Statistically significantly less TGEF-
f1-containing cells were found in cleft affected lip mucosa than in the
healthy mucosa, which confirms that expression of TGF-1 is decreased
in cleft affected mucosa, and thus we suggest that the molecular processes
promoted and performed by the factor, are impaired in cleft tissue.
TGF-f1 plays a role in tissue remodelation, cell proliferation, apoptosis,
cell migration and extracellular matrix synthesis and deposition [27]
what are crucial for orofacial region development. The impairment of
them can lead to cleft lip formation, and also to the extensive tissue
remodelation in postnatal life. Our data show indirectly the same as
the studies performed on mice about the loss of TGF-B1 signalling
in palatal epithelium in cleft soft palate with the following reduced
proliferation of palatal mesenchymal cells [28]. However, there are also
some contrary data developed in small population in India showing,
that genetic polymorphism of TGF-1 does not predict the development
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of nonsyndromic cleft [29], and another study in Central European
population showed that TGF-f1 receptor might be not associated with
the development of orofacial clefc [30]. So, it can be suggested that
TGEF-B1 pathway is important, but not probably the only player in the
pathogenesis of orofacial clefts, and larger population research is required
to clarify the real role of TGF-P1 in clefts.

A variable and mostly indistinct number of EGFR-containing cells was
seen in the epithelium of cleft affected lip mucosa, meanwhile healthy oral
mucosa mostly demonstrated no EGFR positive epithelial cells. There
was no statistically significant difference between the patients and the
controls. These data respond to the study in Italian population reporting
about the lack of link between EGFR polymorphism and orofacial cleft
development in humans [31]. However, some previous studies have
described that EGFR might be involved in cleft palate development in
mice due to the fact, that EGFR-deficient mice have very high incidence
of cleft palate [19]. Also, the other study from China found out that
single nucleotide polymorphism in EGFR associated gene is related to
nonsyndromic orofacial cleft development [20]. According to the diverse
results of the studies and our results, it can be suggested that the variability
of EGFR expression in cleft affected tissue may give evidence about
different pathogenetic pathways of orofacial cleft development between
the species, with the decreased expression of EGFR in animals.

Beside EGFR and TGF-B1, also the role of other tissue factors
like growth factors and their receptors, which are involved in tissue
remodelation processes, has been studied. Fibroblast growth factor
receptor 1 (FGFR1) and TGF-B1 have been already reported to be
the main tissue stimulating growth factors in cleft affected palate tissue
[32]. Another study reported a scarce expression of TGF-$3 in cleft
affected tissue, suggesting that this factor might be involved in cleft
morphopathogenesis [33]. Expression of bone morphogenetic proteins
2 and 4 (BMP-2/4) was found to be probably delayed in cleft palate
disordered soft tissue, but still was proliferation, differentiation, and
tissue, especially, bone remodelation signal [34]. Another study showed
that bone morphogenetic protein 7 (BMP-7) deficient mice develop the
lack of palatal fusion [35]. Meanwhile, more numerous nerve growth
factor receptor (NGFR) positive structures have been associated with
orofacial clefts before mixed dentition [32].

Studies also have described the importance of tissue degradation
factors like matrix metalloproteinases (MMPs) and their inhibitors in
pathogenesis of clefts. The increased expression of MMP-2 and tissue
inhibitor of metalloproteinase 2 (TIMP-2) was found to be implicated
in the regulation of cell migration during extracellular matrix turnover
in unilateral and bilateral orofacial clefts, meanwhile increased expression
of MMP-9 and TIMP-4 was found to be significant in regulation of
remodelation, especially, in unilateral orofacial clefts [36].

Also, primordia of neuronal and endothelial origin cells were studied
in cleft affected tissue. So, high expression of nestin has been found,
indicating a potentially increased processes of tissue regeneration;
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meanwhile, CD34 positive cells suggested increased angiogenesis in cleft
affected oral mucosa [33]. Interestingly, the involvement of various gene
products revealed higher number of BARX homeobox 1 (BARX1) gene
protein-containing structures in cleft affected tissue of mixed dentition
age [32], while mostly indistinct expression of Msh homeobox 1 (MSX1),
paired box 9 (PAX9), receptor like tyrosine kinase (RYK), and interferon
regulatory factor 6 (IRF6) gene proteins has been reported in bone of cleft
affected palate, what might indicate incomplete cellular differentiation,
proliferation, and migration in cleft disordered hard tissue [37].

Also, expression of various interleukins (ILs) in cleft affected tissue
has been researched. Epithelium has been found to be the main source
of interleukin expression in cleft affected tissue. Rich and similar
expression of IL-1 and IL-10 has been found, suggesting the balance
between pro-inflammatory and anti-inflammatory tissue response with
possibly dysregulated tissue homeostasis, what was indicated by increased
expression of IL-8. The study also suggested self-protection compensatory
mechanism for intensification of local inflammatory immune response
provided by IL-1, IL-4, IL-8, IL-10 without involvement of all pro-
inflammatory cytokines (IL-6 was not involved). Additionally, possible
involvement of IL-8 and IL-10 in cellular proliferation because of
correlation with the expression of Ki67 has been demonstrated. The same
study suggested that intensification of local tissue immune response in
cleft affected tissue might be regulated by the main pro-inflammatory
cytokine — IL-1 [38]. Significant expression of IL-7, f-defensin 2 and
IL-10 was seen in cleft affected hard tissue, what proved prominent
immune response in cleft affected hard tissue [37].

The all above mentioned suggest the real multifactorial
morphopathogenesis of cleft lip and palate, which more likely requires
very personalised access to research in this field.

Conclusions

The decreased number of TGF-f1-containing epithelial cells, fibroblasts
and macrophages in cleft affected lip mucosa proves the role
of problematic tissue remodelation in the cleft pathogenesis. The
distribution of EGFR in cleft affected and healthy mucosa is similar and
possibly does not play a role in the cleft development of humans.
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