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Background
Trappin-2/Elafin is a 9.9 KDamolecule released from its precursor Preproelafin that
exists principally in immune cells, skin, the lungs, the vagina, and other organs.
Clusterin is a heterodimeric glycoprotein that plays a major role in many biological
processes such as interaction with lipids, apoptosis regulation, weakening of
complement activation, toxin removal, response to damage, and stress as well
as autoimmune damage.
Both Trappin-2/Elafin and Clusterin serum levels have been studied in various
immunologically mediated dermatological and nondermatological diseases.
However, it still unknown whether their circulating levels are altered in
pemphigus vulgaris (PV) and whether they play a role in this disease.
Objective
This study aimed to elucidate the potential link between both Trappin-2/Elafin and
Clusterin levels and PV through a quantitative assessment of their serum levels by
enzyme-linked immunosorbent assay and also to detect their possible correlations
with PV severity using the pemphigus disease area index.
Patients and methods
Fifty patients with PV and 40 matched healthy controls were enrolled in this study.
After a full assessment of history and complete dermatological examination, the
severity score was calculated using pemphigus disease area index, and then serum
samples were collected and subjected to quantitative measurements of serum
Trappin-2/Elafin and Clusterin levels by enzyme-linked immunosorbent assay.
Results
Serum levels of both Trappin-2/Elafin and Clusterin were significantly higher in the
patients than in the controls (P<0.001); still, their levels were not correlated with the
severity of the disease.
Conclusion
The finding indicates that both Trappin-2/Elafin and Clusterin serum levels become
elevated in patients with PV; however, the increase is not specific for the disease.
None of the markers are correlated with the severity score of PV. Increased
Trappin-2/Elafin levels indicate the existence of chronic inflammation,
autoimmunity and skin or other system damage. Increased Clusterin levels
suggest autoimmune damage, stress or transforming growth factor stimulation.
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Introduction
Trappin-2/Elafin (also known as skin-derived
antileukopeptidase (SKALP) or elastase-specific
inhibitor), is one of the Chelonians, released by
proteolysis from its precursor Preproelafin. At the
ultrastructural level, Trappin-2/Elafin contains N-
terminal transglutaminase motifs as well as the
antiproteinase domain. This 9.9 KDa molecule exists
principally in immune cells, skin, the lungs, the vagina
and the gastrointestinal system [1].

The release of Trappin-2/Elafin is mediated through
tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1)
y | Published by Wolters Kl
and less probably by IL-6 [2]. It has the capacity to
inhibit neutrophilic elastase, proteinase-3, and
endogenous vascular elastase as well. Surprisingly,
Elafin is cleaved by its target neutrophil elastase [3].

Trappin-2/Elafin is considered a key mediator in
innate immune response. Moreover, it integrates
both innate and adaptive immunity systems [3].
uwer - Medknow DOI: 10.4103/ejdv.ejdv_7_21
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In normal human epidermis, Trappin-2/Elafin is
nondetectable; however, it becomes upregulated in
inflammatory dermatoses as psoriasis [4],
Neutrophilic dermatoses as dermatitis herpetiformis
(DH) [5] and in various types of epidermal tumors
[6,7].

The heterodimeric glycoprotein Clusterin is a well-
known apolipoprotein J with a molecular weight of
about 70–80 kDa. This glycoprotein has both nuclear
and secreted isoforms. The secreted isoform is the most
common one [8].

Structurally, Clusterin is composed of two chains
linked together through disulfide bonds. In nearly all
mammalian cells, Clusterin is manufactured either in
response to stress or transforming growth factor (TGF)
stimulation [9]. It plays a major role in many biological
processes such as interaction with lipids, apoptosis
regulation, weakening of complement activation,
toxin removal, response to damage, and stress and
autoimmune damage [10].

The intracellular isoform of Clusterin is either present
inside the nucleus or in the cytosol, while the secreted
isoform is either secreted into the extracellular space or
into the biological fluids. The role of the intracellular
form is to control DNA repair and to eliminate the
misfolded proteins [11].

Interestingly, the nonglycated isoform in the nucleus
has a proapoptotic effect, while the cytosolic form has
an anti-apoptotic effect. This anti-apoptotic effect is
mediated through its interaction with mitochondrial
Bax, reducing themitochondrial fission and production
of reactive oxygen species [12]

At the extracellular level, the role of Clusterin is to
eliminate the protein aggregates, and cellular debris, to
promote degeneration of amyloid protein and to
prevent its accumulation. It plays a non-negligible
role in cellular proliferation and immune system
regulation as it has both proinflammatory and both
anti-inflammatory effects [13].

Its immunomodulatory role is mediated through
inhibition of nuclear factor-B translocation, inhibition
of complement system activation and through
macrophage chemoattraction [14].

Autoimmune bullous disorders assimilate a group of
diseases linked by the absence of tolerance to normal
protein components of the epithelial cells of skin and
mucous membranes. They has two main groups,
‘Pemphigus’ and ‘Pemphigoid’, and they represent
major causes of considerable morbidity and mortality
[15].

Intraepithelial clefting and acantholysis are the main
features of the pemphigus group, which has multiple
subtypes. Pemphigus vulgaris (PV) and pemphigus
foliaceus are its most common subtypes. Each
subtype has dissimilar clinical features. Considerable
research has been carried out on the role of different
immunological and inflammatory mediators in the
pathogenesis of Pemphigus, although their results
are not consistent [16].

PV is one of the classical examples of antigen-mediated
autoimmune diseases, in which autoantibodies against
adhesion molecules of the epidermis are formed. This
in turn leads to loss of their adhesive function, which
manifests clinically as blisters and erosions of the
skin and mucous membranes. It has been verified
that cytokine dysregulation and proinflammatory
cytokines play the main role in the pathogenesis of
PV; however, the exact mechanism is still being
researched [17].

Todate, the role of bothTrappin-2/Elafin andClusterin
in the pathogenesis of PV has not been determined, and
their levels have not been measured. Thus, we designed
this study to investigate their role in this disease
throughby measuring their serum level in patients
with active PV. Furthermore, we aimed to detect their
possible correlation with PV activity using the
pemphigus disease area index (PDAI).
Patients and methods
We designed a case–control study on 50 PV patients
and 40matched healthy controls. The study was carried
out at the department of Dermatology at Assiut
University Hospital in the period from June 2020 to
February 2021. The study protocol was approved by the
Assiut Medical School Ethical Review Board (Ethical
Committee N: IRB 17300554). A written informed
consent was obtained from all participants. The control
participants had no dermatological or chronic systemic
diseases. We included only adult patients with active
PV. (The active stage of PV was defined by Lee et al.
[17], as the de-novo development of blisters on
healthy, either unaffected or healed, skin or mucous
membrane). Exclusion criteria were patients on regular
treatment with systemic corticosteroids (or other
immunosuppressive drugs) in the last 1 month and
patients with other concomitant dermatological or
chronic systemic diseases.



Table 1 Demographic and clinical data of pemphigus vulgaris
patients

Characteristics Mean±SD or n (%)

Age

Mean±SD 52±12.234

Range 25–70

Sex
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The diagnosis of each patient depended on
clinical examination, histopathological examination
(acantholysis and intraepidermal splitting) and direct
immunofluorescence.

For every patient, a full assessment of history was
performed including age, sex, education, residence,
special habits, age at onset, and family history. A
detailed cutaneous examination was performed
including disease severity assessment by the PDAI.
The PDAI ranges from 0 to 263, it measures effects
on the skin andmucosa: 120 points for skin activity, 120
points for mucosal activity, 10 points for scalp activity
and 13 points for disease damage. The body and the
mucousmembranes are divided into 12 parts each, while
the scalp is considered as one area with four quadrants
[18]. We used the classification by Shimizu et al. [19]
(Mild <8; Moderate, from 9 to 24; and severe, ≥25).
Male 20 (40)

Female 30 (60)

Residence

Rural 36 (72)

Urban 14 (28)

Smoking

Yes 13 (26)

No 37 (74)

Education

Yes 20 (40)

No 30 (60)

Age at onset (years)

Mean±SD 50.74±12.938

Range 25–75

Total disease duration

≤1 week 17 (34)

1–24 months 16 (32)
Laboratory analysis
According to all study participants, 5ml of aseptically
withdrawn peripheral blood samples were separated
and the sera were stored at −20°C for laboratory
analysis. Human Clusterin ELISA kit (Bioassay
Technology Laboratory Co., Ltd., Shanghai, China
Catalog No: E1189 Hu), with detection limit range
(0.5–300 ng/ml & Human Elafin ELISA kit (Bioassay
Technology Laboratory Co., Ltd., Shanghai, China
Catalog No: E4762 Hu), with detection limit range
(5–1000 ng/L) were used for quantitative measurement
of serum human Clusterin and Elafin levels. The assay
was performed according to the manufacturer’s
instructions and protocols.
>24 months 17 (34)

Attack number

First 17 (34)

Second 14 (28)

Third 3 (6)

Fourth 6 (12)

Fifth 3 (6)

Sixth 3 (6)

Seventh 2 (4)

Eighth 2 (4)

Family history

Positive 4 (8)

Negative 46 (92)

Nikolisky’s sign

Positive 18 (36)

Negative 32 (64)

Skin score
Statistical analysis
Data were analyzed using the Statistical Package for the
Social Sciences (SPSS.20.0; SPSS Inc., Chicago, IL,
USA) software program.Graphswere constructed using
Graph Pad Prism 7 Software (San Diego, CA, USA).
Data were described as mean, SD, range, and
frequencies. A comparison of quantitative data among
different groups was performed using a Student t-test
andanalysisofvariance for the independent samplewhen
normally distributed and theMann–WhitneyU-test for
an independent sample when not normally distributed.
Comparisonsof the categorical variableswere performed
using the χ2 test. A probability value (P) of less than
0.05 was considered statistically significant.
Mean±SD 37.74±16.939

Range (minimum–maximum) 14–71

Median (interquartile range) 38 (22.75–43.50)

Mucous membrane score

Mean±SD 12.16±4.821

Range 5–22
Results
We included 50 PV patients and 40 age-matched and
sex-matched healthy volunteers in the study; 20
patients (40%) were males and 30 (60%) were
females. Their ages ranged from 25 years to 70
years, with a mean±SD of 52±12.234 years. Family
history was positive in only four (8%) of them. The
total PDAI score in all patients ranged from 7 to 80,
with a mean±SD of 39.78±26.615. The skin score
ranged from 14 to 71, with a mean±SD of 37.74
±16.939, while the mucous membrane score ranged
from 5 to 22, with a mean±SD of 12.16±4.821. Other
demographic and clinical data are illustrated in Table 1.



Table 2 Serum Trappin-2/Elafin and Clusterin levels in pemphigus vulgaris patients and controls

Patients (n=50) Controls (n=40) P

Trappin-2/Elafin (ng/l)

Mean±SD 44.61±12.389 16.412±6.519 <0.001***

Minimum–maximum 26–65 5–30

Clusterin (ng/l)

Mean±SD 101.44±8.313 84.262±7.815 <0.001***

Minimum–maximum 88–118 71–97

***Highly Significant difference between the level of serum Trappin-2/Elafin and Clusterin in patients and controls (P value 0.001).

Figure 1

Serum Trappin-2/Elafin levels in pemphigus vulgaris patients and
controls.

Figure 2

Serum Clusterin levels in pemphigus vulgaris patients and controls.
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A significant difference was present between the
serum levels of both Trappin-2/Elafin and Clusterin
in PV patients and controls (P<0.001 for both)
(Table 2, Figs 1 and 2).

Table 3 shows the correlations of Trappin-2/Elafin and
Clusterin serum levels and different tested variables in
PV patients. All the correlations between the tested
markers and age of the patients, age at onset, total
PDAI, skin score and mucous membrane score were
nonsignificant (P>0.5).

After dividing the patients according to their disease
severity (using PDAI) into three groups (mild,
moderate, and severe), we found that both Trappin-
2/Elafin and Clusterin serum levels not differ
significantly among patients (P>0.5) (Table 4).
Discussion
Several studies have proved that cytokines are key
players in the pathogenesis of PV, as they coordinate
both cellular and humoral responses [15]. The diversity
of the dominant profiles of T helper (Th) cells,
together with the diversity of cytokines and
chemokines, could explain the heterogeneity of
clinical manifestations of pemphigus. Thus, the
description of a defined cell subset as the key
regulator in the pathogenesis of pemphigus is not
rational [17]. In the same way, the description of a
defined cytokine as the key regulator in pemphigus
pathogenesis is not rational.

SerumTrappin-2/Elafin levelshavealreadybeen studied
in various immunologically mediated dermatological
and nondermatological diseases [3–7]. Also, serum
Clusterin level has been evaluated in psoriasis
[20–22], photoaged skin [23], malignant melanoma
[24], and other malignancies [25].

In the present work, we explored Trappin-2/Elafin and
Clusterin serum levels in 50 active PV patients and
compared it with 40 matched healthy individuals. The
mean serum level of both markers was significantly
higher in patients than in the healthy control
individuals (P<0.001). However, the measured levels
were not correlated with the disease severity using
PDAI; in addition, it was not correlated with other



Table 3 Correlations of Trappin-2/Elafin and Clusterin serum level and different tested variables in the pemphigus vulgaris
patients

Trappin-2/Elafin Clusterin Age Age of onset Total PDAI Skin score Mucous membrane score

Trappin-2/Elafin Elafin 1

Clusterin 0.042 1

0.771

Age 0.218 0.109 1

0.128 0.450

Age of onset 0.107 0.049 0.907** 1

0.460 0.736 0.000

Total PDAI 0.314 0.021 0.104 0.078 1

0.027 0.886 0.473 0.593

Skin score 0.013 0.095 0.208 0.138 0.040 1

0.930 0.511 0.148 0.338 0.783

Mucous membrane score 0.108 0.028 0.177 0.091 0.205 0.282* 1

0.455 0.846 0.219 0.531 0.153 0.048

PDAI, pemphigus disease area index. *Significant correlation between skin score and mucous membrane score (P value< 0.1). **Highly
Significant correlation between the age and the age of onset (P value< 0.01).

Table 4 Serum Trappin-2/Elafin and Clusterin levels in pemphigus vulgaris patients classified according to disease severity
measurement by pemphigus disease area index

Mild (n=8) Moderate (n=16) Severe (n=26) P1 P2 P3 P4

Trappin-2/Elafin (ng/l)

Mean±SD 46.813±10.909 49.062±12.775 41.192±11.968 0.116 0.903 0.112 0.488

Minimum–maximum 28.5–65 26–63 27–64

Clusterin (ng/l)

Mean±SD 103.75±8.836 100.656±8.378 101.212±8.3261 0.686 0.675 0.977 0.738

Minimum–maximum 94.5–118 88–118 89–118

P1- value between the three groups (mild, moderate, and severe); P2 value between the mild and moderate groups; P3 value between the
moderate and severe groups; P4 value between the mild and severe groups.
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 on 12/24/2024
variables such as age of the patients or age at onset of
the disease.

We divided the included patients according to the
disease severity grading into three groups (mild,
moderate, and severe) and we found that the
measured serum levels did not differ significantly
among them (P>0.5).

The expression of Trappin-2/Elafin varied among
different dermatological diseases; some authors have
described its overexpression in disorders with a
predominant neutrophilic infiltrate such as Sweet
syndrome, Behcet syndrome, and other Neutrophilic
vasculitis [5],whileothers reported theopposite result [3].

DH is an example of an immunologically mediated
vesiculobullous disease. There have been debates on the
role of Trappin-2/Elafin in this disorder. Ollague et al.
[3] claimed that skin biopsies from patients with active
DH showed minimal to absent epidermal appearance
of Trappin-2/Elafin. They believed that the abnormal
expression suggests the presence of a deficient innate
immunity against the neutrophilic infiltrate.
It has been found that in acute and chronic
inflammations (as in infections, graft rejection,
diabetes, colitis, and inflammatory skin diseases),
Trappin-2/Elafin defends tissue against harm. As
chronic inflammatory processes are commonly
accompanied by excessive neutrophil-released
enzyme activity, Trappin-2/Elafin overwhelms the
immune response; also, it shows antimicrobial
activity against diverse types of pathogens [26].

High circulating serum Trappin-2/Elafin levels lead to
higher risk of mortality among patients with graft-
versus-host disease (GVHD). Paczesny et al. [27]
verified that it has both diagnostic and prognostic
values in GVHD Furthermore, skin rashes of
GVHD can be differentiated from other skin rashes
that develop after bone marrow transplantation
by quantitatively assessing serum Trappin-2/Elafin
level [28].

In addition, high serum Trappin-2/Elafin levels are
present in other autoimmune diseases such as
rheumatoid arthritis and systemic sclerosis and
Psoriasis [4,29].
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As TNF-α, IL-1, and IL-6 are considered stimulators
for Elafin release [4,5], and as their levels increase in
PV, we could explain the increase of Elafin levels on
this basis.

In the current work, we could explain the increase in
serum Trappin-2/Elafin level on 4 bases: first,
Trappin-2/Elafin released from epidermal cells in
response to damage produced by the disease itself
[1]. Second, IL-1, IL-6, and TNF-α, which are
common stimulators for Trappin-2/Elafin, are
commonly elevated in PV patients [4,5]. Third,
damage that occurs elsewhere during the course of
PV as Trappin-2/Elafin could be caused by
bronchial epithelium. Finally, Trappin-2/Elafin
production might mirror a chronic inflammatory
process [1,2].

Tavakolpour et al. [15] in their systematic review,
studied the protective and pathogenic roles of
diverse cytokines in PV. They found that the levels
of TNF-α, TGF-β, IL-8, IL-10, IL-12, IL-17, and
IL-21 were elevated, while levels of IL-2 and IL-23
were decreased. Furthermore, they found diverse
studies showing the association of TNF-α and IL-6
with disease activity as well as values of autoantibodies.
Studies revealed that the multifunctional stress-
induced glycoprotein (Clusterin) is present in all
body fluids; furthermore, it is expressed excessively
in diseased and aged tissues [23]. In dermal
connective tissue alterations such as solar elastosis
and in degenerative diseases such as Alzheimer’s
disease [30], higher Clusterin levels have been
detected.

In respect to dermatological disorders, the data on
the relation between Clusterin and psoriasis have
shown conflicting results. Some authors believed
that Clusterin level is related to the presence and
activity of Psoriasis [20], while others refute
this role [21,22]. Clusterin might serve as either a
protective or aggravating factor in the pathogenesis of
psoriasis [31].

In rheumatoid arthritis [32] and atopic dermatitis [33],
elevated serumClusterin levels occur as a compensatory
mechanism; accordingly, in these cases, Clusterin could
play a protective role.

In terms of mycosis fungoides and Sézary syndrome,
Tobisawa et al. [34], who performed immunostaining
in diseased tissue, claimed that Clusterin expression
could be used as a prognostic marker in early-stage
mycosis fungoides. Furthermore, in systemic sclerosis,
serum Clusterin levels were found to be higher than
normal [35].

Even though Clusterin plays a principal role in many
processes, including autoimmunity, inflammation, and
immunological activities, it remains a mysterious
protein [31].

In this work, we might elucidate the link between
the elevated serum Clusterin level and the presence
of PV on the basis that Clusterin is released in response
to either stress, TGF stimulation or autoimmune
damage.

Unfortunately, in the present work, we found only a
clinical association between elevated Trappin-2/Elafin
and Clusterin levels and the presence of PV and not
causation. Therefore, we recommend further studies to
explain this presumed relation.

The limitations of our study were as follows: the
relatively small number of patients included,
difference between the number of cases and controls
and reliance on a single investigatory method (ELISA).
Also, we didn’t measure the markers level during
remission.
Conclusion
Our finding indicates that both Trappin-2/Elafin and
Clusterin serum levels become elevated in patients with
PV; however, the increase is not specific for the disease.
None of the markers are correlated with the severity
score of PV. Elevated Trappin-2/Elafin levels indicate
the presence of chronic inflammation, autoimmunity
and skin or other system damage. Elevated Clusterin
levels suggest Autoimmune damage, stress or TGF
stimulation.
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