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ABSTRACT

Statement of the Problem: E-cadherin and N-cadherin are two types of cell adhesion mole-
cules that are involved in organ development, wound healing, and pathological conditions
through the process of epithelial-mesenchymal transition (EMT). However, their role has not
yet been fully elucidated in the pathogenesis of periodontal diseases.

Purpose: To determine the expression level of proteins associated with the EMT process (E-
cadherin and N-cadherin) in chronic periodontitis.

Materials and Method: In this cross-sectional study, 37 samples (19 cases with healthy
gingival tissue and 18 cases with severe chronic periodontitis) that referred to the Periodon-
tology Department of Zahedan Dental School, Zahedan, Iran, in 2018 were included. The
samples were immunohistochemically stained with E-cadherin and N-cadherin monoclonal
antibodies. Afterward, the percentage of stained cells and the staining intensity of the cells
were evaluated. Finally, the obtained data were analyzed using by IBM© SPSS© Statistics
version 21 using Mann-Whitney statistical test.

Results: In this study, 89.5% of the healthy gingival tissue samples and 61.1% of samples
with chronic periodontitis showed E-cadherin expression in more than 50% of cells. This
difference between the two groups was not significant (p= 0.13); however, the E-cadherin
staining intensity of the healthy gingival tissue was strong while that of the samples with
chronic periodontitis was moderate (p= 0.002). The N-cadherin expression was negative in
68.4% of healthy gingival cases, while 50% of the cases with chronic periodontitis showed a
high expression of N-cadherin. This difference was statistically significant (p= 0.04). More-
over, the N-cadherin staining intensity also had a significant difference between the two
groups (p=0.004).

Conclusion: Based on the results of the present study, the increased expression of N-
cadherin and reduction of staining intensity of E-cadherin was found in chronic periodontitis
compared to healthy gingival tissues. Therefore, EMT process may be involved in the path-
ogenesis of severe chronic periodontitis.
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Introduction

Periodontitis is the sixth most prevalent disease world-
wide and is related to oral squamous cell carcinoma [1].
It is an inflammatory and polymicrobial disease which

affects the supporting structure of tooth and it is deter-
mined by a lack of epithelial attachment and alveolar
bone resorption, which can lead to tooth loss if not
treated properly [1-2]. According to the World Health
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Organization (WHO), 35-50% of the world population
suffers from periodontitis [3].

Junctional and sulcular epithelium are the first barri-
ers versus the dental biofilms, which act as mechanical
barriers, they provide the local immune response by
discharging inflammatory cytokines and enzymes. Lack
of epithelial integrity can be associated with bacterial
invasion to the lower connective tissue and potentially
increase the inflammatory response and subsequent
injury [4].

Epithelial-mesenchymal transition (EMT) is a rapid
and often reversible change from epithelial cell pheno-
type. This process is essential for proper development
during embryogenesis and pathological conditions, such
as degenerative fibrosis and cancer [5-6].

During this process, cell phenotypes change from
epithelial to mesenchymal, a process that is essentially
characterized by the loss of cellular junctions, an in-
crease in mesenchymal markers and a decrease in epi-
thelial markers [6]. According to previous studies, chr-
onic and persistent inflammation caused by microbial
infections can induce EMT in different organs [7-8].

It is also possible that EMT starts in the epithelial
cells of the mouth during chronic inflammation and
leads to the loss of epithelial attachment and epithelial
barrier function, and thereby the increase of microbial
infiltration in the gingiva and peri-radicular tissues.
However, the potential and the exact role of EMT in
periodontal diseases, as a mechanism that participates in
the epithelial barrier function and oral bacterial infiltra-
tion, are not exactly determined [9].

E-cadherin is a glycoprotein belonging to the cad-
herin family. It plays an important role in epithelial co-
hesion through the establishment of epithelial cellular
junctions and its absence increases the epithelial cells
motility and their ability of local invasion; it is known
as an EMT marker in tumor progression. [10-11].

N-cadherin (CDH2) is a calcium-dependent adhe-
sion glycoprotein from the cadherin family. This protein
is located on the 18g11 chromosome and normally oc-
curs in neuroectodermal and mesodermal tissues. It
plays an essential role in the establishment of cellular
adhesions in mesenchymal cells. Many studies have
indicated the re-expression, increased expression, or
decreased N-cadherin expression in human neoplasms
and tumor cell categories, especially breast, prostate and
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thyroid cancer [11-15]. The epithelial cells do not ex-
press N-cadherin; however, they could obtain it
through cadherin switching process, a process that
occurs during EMT and increases cell mobility and
invasive properties [10]. The term of cadherin switch-
ing commonly refers to the switching from E-cadherin
expression to N-cadherin expression [16].

Only few researches have been performed on the
role of EMT in the pathogenesis of periodontal diseas-
es. Abdulkareem et al. [2] found that long-term expo-
sure of rat oral keratinocytes cultures to periodontal
pathogens created EMT-like features; this process
might have a role in epithelial integrity loss during peri-
odontitis. However, the role of this process in the patho-
genesis of periodontal diseases is not exactly deter-
mined [2]. Therefore, the current study aimed to deter-
mine the role of EMT in severe chronic periodontitis
through the E-cadherin and N-cadherin proteins expres-
sion.

Materials and Method

Study design

The Ethics Committee of Zahedan University of Medi-
cal Sciences approved the current study (IR.ZAUMS.
REC.1397.459). This cross sectional study was con-
ducted on tissue specimens of 37 patients that referred
to the Periodontology Department of Zahedan Dental
School, Zahedan, Iran, in 2018. The patients who had
no history of previous periodontal therapy, systemic or
chronic disease, and drug consumption during the past
few months were included. Exclusion criteria were
defined as smokers, pregnant women, and patients
with soft tissue abnormalities. Informed written con-
sents were obtained from the enrolled patients.

Study groups

The periodontitis group (18 cases) included patients
with severe chronic periodontitis who had the signs of
loss of attachments >5mm and chronic inflammation
changes in periodontium such as bleeding on provoca-
tion, redness and change in marginal contour, perio-
dontal pocket formation, and bone resorption. The
healthy gingiva tissues (19 cases) were obtained from
patients who had undergone crown lengthening sur-
gery, did not have bleeding during mild probing,
showed no clinical signs of inflammation, and had a
probe depth of 3 mm or less.
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Table 1: Immune reactivity of E-cadherin in studied groups

E-cadherin expression N (%)

Group Negative <20% 20-50% >50% Total p Value
Healthy gingiva 0(0) 2(10.5) 17(89.5) 19(100) 013
Chronic periodontitis 0(0) 1(5.6) 6(33.3) 11(61.1) 18(100) '

Immunohistochemistry (IHC) and scoring

The samples were cut in the pathology Department and
after that hematoxylineosin slides were prepared. The
appropriate samples, which had a sufficient amount of
tissue, were selected for immunohistochemical (IHC)
staining. Immunohistochemistry was performed using
the peroxidase Envision polymer detection system
(Leica Biosystems, Newcastle, United Kingdom).

At first, paraffin- embedded samples were cut into
4-um sections, the samples were deparaffinized with
xylene and rehydrated with 100%, 90%, and 80% alco-
hols solution. Antigen retrieval was performed by mi-
crowave heating for 30 min on Tris buffer (PH=7.6).
Then, the sections were incubated for 1 h at room tem-
perature with primary mouse monoclonal anti-human
antibody N- Cadherin Clone 6044777 (Novocastra,
United kingdom) at 1:50 dilution (60460-11, Novocas-
tra) and E-Cadherin ready to use antibody Clone 36B5
(Novocastra, United Kingdom) according to the manu-
facturer’s instructions (Novocastra). After this, the tis-
sue sections were washed at PBS and the secondary
antibody was used at room temperature. The diamino-
benzidine was added and then counterstained with May-
er’s hematoxylin, dehydrated, and mounted. In negative
controls, primary antibody was omitted.

After the IHC staining, the slides were examined us-
ing a light microscope (Nikon, Type2, and Tokyo, Ja-
pan). The number of stained cells was evaluated at a
magnification of 400 in 10 high-power fields (HPF) and
categorized as absent, <20%, 20-50%, and >50% for E-
cadherin (membranous immunostaining) and as absent,
<10%, 10-20%, 20-50% and >50% for N-cadherin
(membranous and cytoplasmic immunostaining) [17].
Intensity of staining was scored as negative (none stain-
ing), mild (light brown staining of the cells), severe
(dark brown staining of the cells), and moderate (be-
tween mild and severe staining of the cells) [17].

Table 2: Immune reactivity of N-cadherin in studied groups

Statistical Analysis

Data analysis was carried out using IBM®© SPSS© Sta-
tistics version 21 (IBM®© Corp., Armonk, NY, USA).
The relationship between the groups was assessed by
Mann-Whitney test. p Value less than 0.05 were consid-
ered statistically significant.

Results

The mean ages of the subjects with healthy gingiva and
chronic periodontitis were 34.31+5.50 and 41.27+ 5.78,
respectively. Moreover, 31.6% (n=6) in the groups with
healthy gingiva and 27.8% (n=5) of the subjects with
chronic periodontitis were male. In terms of the sam-
pling location, 63.2% (n=12) of healthy tissue samples
and 61.1% (n=11) of the chronic periodontitis samples
were from maxilla. As it is summarized in Table 1,
89.5% (n=17) and 61.1% (n=11) of healthy gingiva and
chronic periodontitis samples showed E-cadherin ex-
pression in more than 50% of cells. The results of the
Mann-Whitney test revealed that the E-cadherin expres-
sion in the two groups did not have a statistically signif-
icant difference (p= 0.13) (Figures 1-2). According to
Table 2-4, 68.4% (n=13) of healthy gingiva samples had
negative N-cadherin expression and 26.3% (n=5) of the
samples showed positive N-cadherin expression in more
than 50% of cells. In the group of chronic periodontitis
samples, 27.8% (n=5) did not express N-cadherin, while
50% (n=9) of them showed high N-cadherin expression.
Based on the results, the expression of N-cadherin in the
two groups of healthy and chronic periodontitis samples
showed a significant difference (Mann-Whitney Test,
p= 0.04) (Figures 1-2). Tables 3 and 4 also show the
staining intensity of the cells towards E-cadherin and N-
cadherin in the studied groups.

Discussion
Maintaining the cohesion of the epithelium performs an

N-cadherin expression N (%)

Group Negative <10% 10-20% 20-50% >50% __ Total _ p Value
Healthy gingiva 13(68.4) 0(0) 0(0) 15.3) 5(263)  19(100) o,
Chronic periodontitis 5(27.8) 0(0) 0(0) 4(22.2) 9(50) 18(100) '
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Figure 1: Immunoexpression of E-cadherin and N-cadherin in healthy gingival tissue, a: Negative expression of N-cadherin (100x), b:
severe expression of E-cadherin (400x), c: Mild expression of N-cadherin (400x)

essential role in the host defense against pathogens. One
of the most prominent criteria in EMT is the reduction
of molecules associated with epithelial cell-cell junc-
tions, such as E-cadherin as well as the acquisition and
increasing of mesenchymal markers, such as N-cadher-
in. Consequently, the cells are not polarized and have
high mobility [10-11]. This process may be activated by
the gram-negative bacteria exposure. It has been sug-
gested that EMT may be in charge for the loss of epithe-
lial barrier function in the pathogenesis of different dis-
eases [2].

Oral epithelium responds to the periodontal pathoge-

Table 3: Staining intensity of E-cadherin in studied groups

ns by secretion of cytokines and chemokines such as tu-
mor necrosis factor (TNF-a), transforming growth fac-
tor-B1 (TGF-B1), and epidermal growth factor, which
trigger the beginning of EMT [7]. The effect of EMT in
the pathogenesis of periodontitis has not yet been exten-
sively studied. Therefore, the current study investigated
the expression of EMT markers (E-cadherin and N-
cadherin) in healthy gingiva and chronic periodontitis.
According to the results of the present study, no sig-
nificant decrease in E-cadherin expression was observed
in chronic periodontitis compared to healthy gingival
group, but the staining intensity was severe in the majo-

Staining Intensity N (%)

ey Negative Mild Moderate Severe Total YT
Healthy gingiva 0(0) 0(0) 6(31.6) 13(68.4) 19(100) 0.002
Chronic periodontitis 0(0) 3(16.7) 12(66.7) 3(16.7) 18(100) )
Table 4: Staining intensity of N-cadherin in studied groups
Staining Intensity N (%)
ey Negative Mild Moderate Severe Total VTS
Healthy gingiva 13(68.4) 2(10.5) 4(21.1) 0(0) 19(100) 0.004
Chronic periodontitis 5(27.8) 1(5.6) 6(33.3) 6(33.3) 18(100) '
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rity of the healthy gingival group, while it was moderate
in most chronic periodontitis group. In the Nagarakanti
et al. [18] study, a significant difference was found be-
tween the staining intensity of E-cadherin in the two
groups of healthy gingival and periodontitis tissues,
which is consistent with this study. Similarly, Ye et al.
[19] observed a decrease in the staining intensity of E-
cadherin and several other markers in the periodontal
pocket epithelium and stated that the ability of the
pathological epithelial lining to act as an effective barri-
er against the entry of bacterial products into the tissue
is endangered.

Calcium-based adhesions are among the most com-
mon epithelial junctions and are basically made up of
smaller units, such as E-cadherin. E-cadherin plays a
critical role in the cellular bonds formation; it is com-
plexed with cytokeratin structural proteins and forms a
persistent network between epithelial cells resulting in a
strong physical barrier [2]. Therefore, the reduction of
E-cadherin expression is the main component of in vitro
and in vivo induction of EMT. Abdulkareem et al. [2]
found a reduction in E-cadherin expression in response
to stimulation by periodontal pathogens. This process
has often been attributed to the gram-negative bacterium
P.gingivalis [2]. The results of a study performed by
Nagarakanti et al. [18], revealed proteolytic degradation
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Figure 2: Immunoexpression of E-cadherin and N-cadherin in chronic periodontitis, a: Negative expression of N-cadherin (100x), b:
Moderate expression of E-cadherin (400x), c: moderate expression of N-cadherin (400x)

of E-cadherin by P.gingivalis and the loss of cellular
connections by Hepatocyte Growth Factor (HGF) as the
two main causes of the reduction of E-cadherin expres-
sion in periodontal diseases. Katz et al. [20] also report-
ed in their in vitro study that P.gingivalis was able to in-
vade deep connective tissue structures by destroying the
epithelial cell-cell junction complex, thereby helping the
release of bacteria and destruction of the epithelial bar-
rier through reduction of E-cadherin expression [20]. In
addition, monolayer epithelium permeability in tissue
culture increased associated with reduction of E-
cadherin expression due to exposure to lipopolysaccha-
ride (LPS) of P.gingivalis [21]. These data are inconsist-
ent with our study that showed no significant decrease
in the E-cadherin expression protein in chronic period-
ntitis tissues, compared to healthy gingival tissues. This
is probably due to small sample size and applying sensi-
tive IHC technique in our study. In addition, sample pr-
ocessing and primary antibodies may affect the results.
Microbial pathogens play an essential role in the in-
duction of EMT signaling pathways and mesenchymal
phenotype changes. For example, the Helicobacter Pyl-
ori organism activates EMT through the MAPK/ErK-
NF-kB pathways and the suppression of GSK3p activity
in gastric cancer. In a study performed by Lee et al.
[22], it was found that P.gingivalis, as an opportunistic
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pathogen in prolonged infections in the oral epithelium,
was strongly associated with the induction of early cha-
nges in EMT. These changes begin with an increase in
GSK-3B phosphorylation which, in turn, increases the
expression of transcription factors (i.e., Snail, Slug, and
Zebh1), followed by a loss and decrease of E-cadherin e-
xpression with B-catenin accumulation in oral epithelial
cells. These molecular events appear to increase the me-
senchymal phenotype and migration in epithelial cells.
In the current study, a considerable increase in N-
cadherin expression was found in chronic periodontitis
tissues, compared to healthy gingival tissues. There was
also a statistically significant difference between the two
groups in terms of cell staining intensity towards N-
cadherin, which was consistent with the findings of Ab-
dulkareem et al. study [2]. In their study, cultured epi-
thelial cells were exposed to periodontal pathogens (F.
nucleatum and P.gingivalis) and after polymerase chain
reaction testing, the E-cadherin expression decreased,
while mesenchymal markers expression (N-cadherin,
vimentin, Snaill, MMP2) increased [2]. According to
the definition of EMT, one of the main criteria used to
define this process is the switching of cadherin from an
epithelial phenotype to a mesenchymal phenotype, whi-
ch is characterized by the simultaneous increase of N-
cadherin mesenchymal expression and decrease of epi-
thelial E-cadherin expression. In the present study, this
process was observed in 26.7% of cases with chronic
periodontitis, which could indicate the role of the EMT
process in the pathogenesis of the chronic periodontitis.
According to the review of the related literature,
most previous studies [18-19, 21] in this field have been
limited to the investigation of the effect of periodontal
pathogens on E-cadherin expression. Therefore, the
expression of epithelial and mesenchymal markers re-
lated to EMT (E-cadherin and N-cadherin) has not been
adequately investigated. Moreover, there are some limi-
tations in our study, which include the small sample
size. Also, the different types of periodontitis, subtypes
of microbial colonization and the effect of risk factors
associated with periodontitis have not been investigated.

Conclusion

According to the results of the current study, a decrease
in the staining intensity of E-cadherin was observed in
the chronic periodontitis tissues compared to the healthy
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gingival tissues. Moreover, there was a significant in-
crease in the N-cadherin expression in chronic perio-
dontitis group. These results may indicate the possible
role of the EMT process in chronic periodontitis patho-
genesis. Further investigation on the exact role of perio-
dontal pathogens in inducing EMT and selection of
larger samples from different types of periodontitis are
needed to explain the clinical significance of this pro-
cess in periodontitis.

Acknowledgements

This article was written based on the dataset from a
DDS thesis of Mahdi Ramezaninejad with No. 9041 in
Zahedan University of Medical Sciences. The authors
would like to thank Zahedan University of Medical Sci-
ences for financial support.

Conflict of Interest
The authors declare that they have no conflict of inter-
est.

References

[1] Zhang S, Li C, LiuJ, Geng F, Shi X, Li Q, et al. Fusobac-
terium nucleatum promotes epithelial-mesenchymal tran-
sition through regulation of the INCRNA MIR4435-2HG/
miR-296-5p/Akt2/SNAIL signaling pathway. FEBS J.
2020; 287: 4032-4047.

[2] Abdulkareem A, Shelton R, Landini G, Cooper P, Milw-
ard M. Potential role of periodontal pathogens in compro-
mising epithelial barrier function by inducing epitheli-
al-mesenchymal transition. J Periodontal Res. 2018; 53:
565 -574.

[3] Hoare A, Soto C, Rojas-Celis V, Bravo D. Chronic in-
flammation as a link between periodontitis and carcino-
genesis. Mediators Inflamm. 2019; 2019: 1029857.

[4] Ji S, Choi Y, Choi Y. Bacterial invasion and persistence:
critical events in the pathogenesis of periodontitis? J Per-
iodont Res. 2015; 50: 570-585.

[5] Savagner P. The epithelial-mesenchymal transition (E-
MT) phenomenon. Ann Oncol. 2010; 21: vii89-vii92.

[6] Sisto M, Lisi S, Ribatti D. The role of the epithelial-to-
mesenchymal transition (EMT) in diseases of the salivary
glands. Histochem Cell Biol. 2018; 150: 133-147.

[7] Abdulkareem A, Shelton R, Landini G, Cooper P, Mil-
ward M. Periodontal pathogens promote epithelial-

mesenchymal transition in oral squamous carcinoma cells



Kadeh H, et al
10.30476/dentjods.2022.92474.1652

J Dent Shiraz Univ Med Sci., 2023 March; 24(1 Suppl): 125-131.

in vitro. Cell Adh Migr. 2018; 12: 127-137.

[8] Hofman P, Vouret-Craviari V. Microbes-induced EMT at
the crossroad of inflammation and cancer. Gut Microbes.
2012; 3: 176-185.

[9] Mehrazarin S. Molecular Mechanisms Regulating Epi-
thelial Barrier Function and Inflammatory Response:
UCLA Electronic Theses and Dissertations; 2016. Avail-
able at: https://escholarship.org/uc/item/Oxt502rn.

[10] Pal M, Bhattacharya S, Kalyan G, Hazra S. Cadherin
profiling for therapeutic interventions in Epithelial Mes-
enchymal Transition (EMT) and tumorigenesis. Exp Cell
Res. 2018; 368: 137-146.

[11] Costa LCMC, Leite CF, Cardoso SV, Loyola AM, Faria
PRd, Souza PEA, et al. Expression of epithelial-mesen-
chymal transition markers at the invasive front of oral
squamous cell carcinoma. J Appl Oral Sci. 2015; 23: 169
-178.

[12] di Domenico M, Pierantoni G, Feola A, Esposito F,
Laino L, De Rosa A, et al. Prognostic significance of N-
cadherin expression in oral squamous cell carcinoma.
Anticancer Res. 2011; 31: 4211-4218.

[13] Hazan RB, Kang L, Whooley BP, Borgen PI. N-cadher-
in promotes adhesion between invasive breast cancer cel-
Is and the stroma. Cell Adhes Commun. 1997; 4:399-411.

[14] Tran NL, Nagle RB, Cress AE, Heimark RL. N-cadherin
expression in human prostate carcinoma cell lines: an
epithelial-mesenchymal transformation mediating adhe-
sion with stromal cells. Am J Pathol. 1999; 155: 787-798.

[15] Mrozik KM, Blaschuk OW, Cheong CM, Zannettino
ACW, Vandyke K. N-cadherin in cancer metastasis, its
emerging role in haematological malignancies and poten-

tial as a therapeutic target in cancer. BMC Cancer. 2018;

18: 1-16.

[16] Wheelock MJ, Shintani Y, Maeda M, Fukumoto Y, Joh-
nson KR. Cadherin switching. J Cell Sci. 2008; 121: 727-
735.

[17] Porto LPA, dos Santos JN, Ramalho LMP, Figueiredo
AL, Carneiro Janior B, Gurgel CA, et al. E-cadherin reg-
ulators are differentially expressed in the epithelium and
stroma of keratocystic odontogenic tumors. J Oral Pathol
Med. 2016; 45: 302-311.

[18] Nagarakanti S, Ramya S, Babu P, Arun K, Sudarsan S.
Differential expression of E-cadherin and cytokeratin 19
and net proliferative rate of gingival keratinocytes in oral
epithelium in periodontal health and disease. J Periodon-
tol. 2007; 78: 2197-2202.

[19] Ye P, Chapple CC, Kumar RK, Hunter N. Expression
patterns of E-cadherin, involucrin, and connexin gap
junction proteins in the lining epithelia of inflamed gingi-
va. J Pathol. 2000; 192: 58-66.

[20] Katz J, Sambandam V, Wu JH, Michalek SM, Balkovetz
DF. Characterization of Porphyromonas gingivalis-
induced degradation of epithelial cell junctional com-
plexes. Infect Immun. 2000; 68: 1441-1449.

[21] Abe-Yutori M, Chikazawa T, Shibasaki K, Murakami S.
Decreased expression of E-cadherin by Porphyromonas
gingivalis-lipopolysaccharide attenuates epithelial barrier
function. J Periodontal Res. 2017; 52: 42-50.

[22] Lee J, Roberts JS, Atanasova KR, Chowdhury N, Han K,
Yilmaz ©. Human primary epithelial cells acquire an epi-
thelial-mesenchymal-transition phenotype during long-
term infection by the oral opportunistic pathogen, Por-
phyromonas gingivalis. Front Cell Infect Microbiol.
2017; 7: 493-508.

131



