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Abstract

Introduction: pemphigus vulgaris (PV) is an
autoimmune condition characterized by the loss of
adhesion between the epithelial cells and blister
formation. The production of autoantibodies
against desmosomal proteins, namely, desmoglein
(DSG) 1 and DSG3, is considered a main event of PV.
A full understanding of the role of adhesion
molecules in the pathogenesis of PV is not fully
elucidated yet. This study aimed to evaluate and
correlate the immunohistochemical expression of E-
cadherin (E-cad), DSG1, and DSG3 proteins in oral
and skin PV. Methods: this study was a
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retrospective analysis study. Positive PV cases were
stained with anti-E-cad, anti-DSG1, and anti-DSG3
antibodies. The expression of each marker was
determined by two pathologists according to an
established scoring system: (E-cad: negative, weak,
moderate, and strong), (DSG1: negative, weak, and
strong), and (DSG3: negative and positive). The Chi-
square and Pearson’s correlation tests were used to
statistically analyze the data. Results: forty-three
biopsies (26 skin and 17 oral tissue samples) from
22 males and 21 female PV patients were included.
The median age was 40.50 years. In total, the
immunohistochemical expression was negative for
DSG3, E-cad, and DSG1 in 81.4%, 18.5%, and 16.4%,
respectively. DSG1 expression was significantly
higher in males than females. A statistically
significant correlation was found between E-cad
and DSG3 expressions. Conclusion: a significant
difference in the expression of markers of both oral
and skin PV was absent. Downregulation of DSG3
expression was the hallmark feature that also
showed a positive correlation with E-cad
expression.

Introduction

Adherens junctions and desmosomes play critical
roles in maintaining cell and tissue integrity by
mediating strong adhesion between adjacent
epithelial cells [1]. The main adhesion molecules of
adherens junctions are transmembrane proteins
called E-cad, which are members of the classical
cadherin family [2]. Desmosomalcadherins are the
main adhesion proteins within desmosomes, which
are made up of four desmogleins (DSG) (DSG1 to
DSG4) and three desmocollins (DSC) (DSC1 to DSC3)
encoded by different genes [3]. The expression of
the desmosomalcadherins within epithelial layers is
not even. Whereas DSG1 is found in all layers of the
skin, DSG3 is only found in the deep epidermis in
two or three layers. Additionally, DSG3 is found in
higher concentrations in mucous membranes such
as the oral epithelium than DSG1, which is only
found in trace amounts [4]. The cytoplasmic parts
of E-cad and desmosomal cadherin are linked to the
actin cytoskeleton and intermediate filaments,

respectively  [5,6]. Intercellular  connection
formation is a dynamic process. In brief, the
interaction of E-cads, in conjunction with actin
polymerization and rearrangement, coordinates
and regulates downstream responsible for the
synthesis of desmosomes that anchor intermediate
filaments. Subsequently, desmosomes develop the
ability to maintain cell-cell attachment following
maturation. The damage of desmosomes and
adherens junctions can result in a process in which
epithelial cell-cell adhesion is disrupted, which is
known as acantholysis [7].

Pemphigus vulgaris (PV) is a life-threatening
condition that is characterized by keratinocyte
adhesion disruption and blister formation [8].
Worldwide, PV incidence varies from 0.07 to 1.6 per
100,000 people [9]. Females have more PV lesions
than males, and the average age ranges between
40 and 60 years [10,11]. Pemphigus vulgaris lesions
develop in the mucous membrane and may involve
the skin [12]. Pemphigus vulgaris clinical
manifestations include the formation of blisters
filled with clear fluid or, in some cases, pus or
blood. The blisters have a high proclivity to rupture
within 24 hours of the eruption, resulting in an ulcer
or erosion lesion associated with bleeding and
oozing [13]. The microscopic image of an intact PV
blister shows a cleft within the epithelia just above
the basal cell layer. The cells of the spinous layer
exhibit acantholysis and appear as round cells,
which are referred to as tzanck cells. The
epithelium could contain clear fluid, a small
number of inflammatory cells, and a few epithelial
sheets, all of which would occupy the available
space. The underlying connective tissue
demonstrates an inflammatory response which
includes an increase in vascularity and
inflammatory cells; the severity of the
inflammatory response generally ranges from mild
to moderate [14,15].

The epithelial break and blister formation in PV is
mediated by autoantibodies that target the
adhesion molecules between the epithelial cells.
IgG4 has been documented as a pathogenic factor
in the acute phase of the disease, whereas the
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remission phase is linked to IgGl. Other
autoantibodies also play a role in PV pathogenesis,
such as IgM and Igk [16]. The main targets for the
autoantibodies are the desmosome junctions'
proteins, especially the DSG3 (mucosal type) or
DSG3 and DSG1 (mucocutaneous type) [17]. The
mechanism of acantholysis is not confirmed yet.
However, E-cad is found to be important in
desmosome assembly, so it is believed that these
findings are clinically significant because they
highlight E-cad as a target of pemphigus
autoantibodies [18].

The aims of the present study are to evaluate and
correlate  the  immunohistochemical (IHC)
expression of DSG1, DSG3, and E-cad in oral and
skin PV tissue samples.

Methods

Study design: this retrospective analysis was
conducted on paraffin-embedded tissue blocks
with associated histopathological examination
reports for forty-three confirmed PV cases between
2019 and 2021.

Ethical approval: this study was conducted after
obtaining ethical approval from the Ethics
Committee, College of Dentistry, University of
Baghdad (Ref # 297, date: 01/04/2021).

Study samples: the samples were retrieved from
the Histopathological Laboratory, Teaching
Hospital, Ministry of Health and Oral Pathology
Laboratory, College of Dentistry, University of
Baghdad. Age, sex, and whether the biopsy was
taken from the skin or the mouth were taken from
the relevant reports for each case.

Samples processing: five sections with a 4 um
thickness were taken from each block; the sections
were loaded on microscopic charge slides. One
slide for each case was stained with hematoxylin
and eosin (H&E) to reevaluate the histopathological
picture of PV and ensure that the tissue was
adequate. The remaining four slides were used for
IHC analysis.

Immunohistochemistry: the IHC process involves
dealing with the slides through several sequential
steps, which include deparaffinization, rehydration,
antigen retrieval, blocking the endogenous
peroxidase, and then the step of adding primary
and secondary antibodies. The primary antibodies
used in this study were anti-E-cad (Ref: sc-8426-1:
50 dilution), anti-DSG1 (Ref: sc-137164-1: 50
dilution), and anti-DSG3 (Ref: sc-53487-1: 50
dilution), all purchased from Santa Cruz
Biotechnology, Santa Cruz, California, USA. Finally,
the slides were treated with diaminobenzidine [19]
reagents and Mayer's hematoxylin. The prepared
slides were dehydrated. In the current study,
negative and positive controls were used. The
positive control for anti-E-cad, anti-DSG1, and anti-
DSG3 antibodies was normal gingiva that was taken
during treatment of the gummy smile.

Scoring system: the assessment of IHC expression
was done by observing five random fields in each
section by two pathologists using a light
microscope at power 40 X. The expression of E-cad
was assessed using a semiquantitative method
based on the staining intensity: no staining (0),
weak staining (1), moderate staining (2), and strong
staining [20], and the percentage of cells stained
positively was as follows: no cells stained positively
(0), less than 10% stained cells (1), 10% to 29%
stained cells (2), 30% to 59% stained cells [20], and
>60% stained cells (4). The scores of both intensity
and percentage were multiplied to obtain the final
E-cad assessment scores: negative (0-1); mild (2-3);
moderate (4-8); and strong (9-12) [21]. The scoring
system for DSG3 was semiquantitative and
included positive cell percentage: no stained cells
(0), 1% to 50% stained cells (1), and 51% to 100%
stained cells (2); and the intensity of staining: no
staining (0), weak staining (1), moderate staining
(2), and strong staining [20]. The final evaluations
of DSG3 were based on a summation of scores for
both intensity and percentage of positive staining
cells. If the results ranged between 0 to 3, these
were considered negative, but if the results were
equalto 4 or 5, these were considered positive [22].
The quantitative method was applied to DSG1
scoring, (0: negative) fewer than 5% stained cells,
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(1: weak stain) 5% to 50% stained cells, and (2:
strong stain) greater than 50% stained cells [23].

Statistical analysis: Statistical Package for the
Social Sciences (SPSS) version 16.0 was used for all
statistical analyses. The characteristics of the
patients were presented descriptively. The Chi-
square test determined the relationship between
antibodies expression and the variables. The
Spearman's correlation test was used to determine
the correlations between DSG1, DSG3, and E-cad. A
p-value <0.05 was used to determine the
significance level.

Results

Immunohistochemical staining for DSG1, DSG3, and
E-cad was performed on 43 PV samples (males
51.2% and females 48. 8%). The age of patients
ranged from 17 to 67, with an average age of 39.5
years (male 38.41 years and female 40.68 years).
The patients were classified into two groups
according to age standards of World Health
Organization (WHO): 44 years or below and above
44 years [24]. The samples were taken from 26 skin
samples and 17 oral cavity samples. The
demographic information is shown in Table 1.

The microscopic examination of
immunohistochemical expression (Figure 1)
revealed that E-cad expressions were negative in
18.6% samples and positive in 79.5% samples.
Positive samples include 14 with mild staining, 14
with moderate staining, and 7 with strong staining.
There was no correlation between E-cad and
demographic variables. DSG3 expression was
negative in 81.4% samples and positive in 18.7%
samples (Figure 1). The correlation between the
DSG3 expressions and the demographic variables is
not significant. The positive DSG1 samples were
83.7%, with 60.5% being strong positive and 23.2%
samples being weak positive. Negative DSG1
staining was found in 16.3% samples (Figure 1).
Males had higher DSG1 expression since 80% of
them had strong staining. Allimmunohistochemical
expression scores of the included markers and the
correlations with variables are illustrated in Table 2.

All expression in PV cases compared with positive
controls that expressed strong stain for DSGI,
DSG3, and E-cad. DSG1 expression was non-
significantly associated with other demographic
variables. Figure 2 illustrates the correlations
between the expression of markers in this study.
Correlations between E-cad and DSG3 expression
were significant (p value=0.003), whereas
correlations between DSG1 and E-cad and DSG3
expressions were not significant.

Discussion

Pemphigus vulgaris (PV) patients were found to be
nearly 40 years old on average in this study.
Previous epidemiological studies have revealed a
different range of average ages. Studies in Iran [25],
China [26], and Brazil [27] indicated that the
average age was between 41 and 44 years, whereas
studies in Turkey [28], Poland [29], Croatia [30], and
Japan [31] have suggested that the average age was
between 50 and 55 years. The variation in results
could be due to a difference in study sample size
and ethnic variations.

More than two-thirds of the study samples showed
negative DSG3 expression. Although there was no
significant  correlation between the DSG3
expression and the variables, almost all the oral PV
and two-thirds of the skin PV were DSG3-negative.
More than half of the total cases showed disruption
in DSG1 expression. This result agreed with
previous studies that mentioned that DSG3 and
DSG1 were the main targets for PV autoantibodies,
mainly in cutaneous PV that needed both
desmogleins to be attacked by the autoantibodies
to develop [32,33]. According to sex, 80% of
females and also 80% of males showed disruption
in DSG3 expression, while more than 60% of
females showed disruption in DSG1 expressions,
and strong DSG1 stain appeared in more than 80%
of males. Many previous studies have shown that
females are more susceptible to severe PV than
males and showed cutaneous involvement [34]. E-
cad is the core of adherence junctions within
epithelial cell layers. The downregulation of E-cad
expression could lead to acantholysis between
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epithelial cells and blister formation, especially
when there is a disruption in desmosomal
junctions [35]. E-cad expressions' interruption was
seen in more than two-thirds of studied samples,
however, E-cad expression showed no significant
difference among the variables. This outcome is in
accordance with many researches that found PV
patients' serum demonstrated autoantibodies
against E-cad proteins and in another study. In
addition, E-cad has been detected in over
two-thirds of 80 PV patients' sera using enzyme-
linked immunosorbent assay (ELISA) and
immunoprecipitation with western blotting [36].
The E-cad homology with DSG1 and DSG3 could
enhance cross-reactivity reaction of these cellular
junction molecules. In other words, the antibodies
that target the DSG1 and DSG3 can target the E-cad
and vice versa [37,38].

The correlations between markers’
immunohistochemical expression in the present
study showed a significant correlation between the
E-cad and DSG3 expressions. This result comes with
the outcome of previous studies that stated that
non-DSG targets play a role in PV pathogenesis. The
interaction between cadherin proteins (E-cad and
DSG3) is a bi-directional causing disruptions in both
molecules [7].

The present study followed a retrospective design
depending on archived samples from PV patients,
the absence of severity measurements and follow-
up are the main limitations of this study. Large
study samples are recommended for future studies.

Conclusion

A significant difference in the expression of markers
of both oral and skin PV was absent.
Downregulation of DSG3 expression was the
hallmark feature that also showed a positive
correlation with E-cad expression.

What is known about this topic
e Pemphigus vulgaris (PV) is an autoimmune
condition that leads to epithelial cell
acaantholysis;

e the main targets for the autoantobius are
DSG3 and DSG1.

What this study adds
e Pemphigus vulgaris (PV) is multifactorial
condition;
e F-cad could be involved in the PV
pathogenies;
e there was interaction between DSG3 and E-
cad.
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Tables and figures

Table 1: demographic variables of the study
population

Table 2: expression of cellular adhesion markers
according to demographic variables

Figure 1: the expression of desmoglein 1 (DSG1),
desmoglein 3 (DSG3), and E-cadherin (E-cad) in
multiple pemphigus vulgaris cases: A) positive
DSG3 expression; B) negative DSG3 expression; C)
strong positive DSG1 expression; D) weak positive
DSG1 expression; E) negative DSG1 expression; F)
strong E-cad expression; G) moderate E-cad
expression; H) mild E-cad expression; and 1)
negative E-cad expression
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Figure 2: correlation of cellular adhesion molecules,
E-cadherin (E-cad) is positively and significantly
associated with desmoglein (DSG) 3 but not with
DSG1; in addition, DSG1 and DSG3 did not show any

significant correlation

(*p-value = 0.003 by

Spearman’s correlation test)
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Table 1: demographic variables of the study population

Demographic variables

Age (years) Mean t SD Median | Min-max
Male 38.41+12.69 | 38.50 17 - 67
Female 40.68 £10.43 | 41.50 17 -60
Total 39.55+11.53 | 40.50 17 - 67
Age groups (frequency, %)

17 to 44 27,62.8

>44 16, 37.2

Sex (frequency, %)

Male 22,51.2

Female 21,48.8

Site (frequency, %)

Skin 26, 60.5

Oral 17,39.5

Total 43, 100
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Table 2: expression of cellular adhesion markers according to demographic variables

Demographic Immunohistochemical expression scores #
variables
E-cad DSG3 DSG1
Negative | Mild | Moderate | Strong | Negative | Positive | Negative | Weak | Strong

Age groups

19to 44 6,22.2 4, 14,51.9 3, 24,889 |(3,11.1 | 4,148 6, 17,
14.8 11.1 22.2 63.0

>44 3,18.8 6, 4,25.0 3, 12,75.0 | 4,25.0 |3,18.8 4, 9,56.3
37.5 18.8 25.0

p value 0.218 0.394 0.903

Sex

Male 5,22.7 7, 8,36.4 2,91 |19,86.4 |3,13.6 |1,45 3, 18,
31.8 13.6 |81.8

Female 4,19.0 3, 10, 47.6 4, 17,81.0 |4,19.0 |6,28.6 7, 8,38.1
14.3 19.0 33.3

p value 0.461 0.698 0.011*

Site

Skin 4,15.4 7, 12,46.2 3, 20,769 |6,23.1 |6,23.1 5, 15,
26.9 11.5 19.2 57.7

Oral 5,294 3, 6, 35.3 3, 16,94.1 | 1,5.9 1,59 5, 11,
17.6 17.6 29.4 | 64.7

p value 0.591 0.215 0.300

Sub-total 9,20.9 10, 18,41.9 6, 36,83.7 |7,16.3 |7,16.3 10, 26,
23.3 14.0 233 60.5

Total 43,100 43,100 43,100

# Frequency, %; * significant difference at p<0.05 by Chi-square test
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Figure 1: the expression of desmoglein 1 (DSG1), desmoglein 3 (DSG3), and E-cadherin (E-cad) in multiple
pemphigus vulgaris cases: A) positive DSG3 expression; B) negative DSG3 expression; C) strong positive DSG1
expression; D) weak positive DSG1 expression; E) negative DSG1 expression; F) strong E-cad expression; G)
moderate E-cad expression; H) mild E-cad expression; and I) negative E-cad expression
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Figure 2: correlation of cellular adhesion molecules, E-cadherin (E-cad) is positively and significantly
associated with desmoglein (DSG) 3 but not with DSG1; in addition, DSG1 and DSG3 did not show
any significant correlation (*p-value = 0.003 by Spearman’s correlation test)
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