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Abstract

Pemphigus vulgaris (PV) is an organ-
specific autoimmune blistering disease, affecting
the skin and the mucous membranes. Despite the
breakthroughs in therapy for advanced disease in
the recent years, the management of PV remains
challenging with poor prognosis and limited
therapeutic options. Cloning of cDNAs encoding
pemphigus antigens has provided ample
evidence that 1gG autoantibodies recognize the
desmogleins (DSGs) that are found in the
adhering junctions, the desmosomes. Binding of
such 1gGs in the DSGs results in the weakening
of intercellular adhesion of keratinocytes in the
upper part of the epidermis and eventually to
acantholysis. Desmosomes have instrumental
role as a protective barrier in maintaining the
integrity and function of the epidermis and the
mucous  epithelia.  Mechanistically,  the
production of 1gG autoantibodies against DSG1
and DSG3 is linked to disease pathogenesis.
Recently, endoplasmic reticulum (ER) stress, a
highly conserved cellular stress response, has
been proposed to play a role in the development
and progression of PV. ER stress triggers the
activation of several intracellular signaling
pathways that collectively constitute the
unfolded protein response (UPR) that initially
aims to restore homeostatic balance while
subsequently  becomes  proapoptotic. The
discovery that ER stress occurs during PV
development implies that deregulated UPR may
contribute to the pathogenesis of the disease.
Future studies should be directed toward
understanding how modulation of the ER can
provide new therapeutic possibilities for the
treatment of PV patients.
Key Words: Pemphigus Vulgaris (PV),
desmogleins (DSGs), Endoplasmic Reticulum
(ER) stress ER-stress, Unfolded protein response
(UPR), C/EBP-homologous protein (CHOP),
autoimmune disease
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1. Pemphigus  vulgaris:
portrait
1.1. Pemphigus: Historical Perspective

The term pemphigus originates from the
Greek word pemphix, meaning blister or bubble.
It was fully recognized and described well,
almost two centuries ago in 1791 by Wichman
yet, little progress was made toward
understanding the mechanism of this disease
until the 20th century. Today, pemphigus refers
to a group of autoimmune diseases of the skin
characterized by loss of normal cell-cell
adhesion (acantholysis), that prompts to clinical
blister development. In 1964, Beutner and
Jordon discovered that patients suffering from
pemphigus had IgG autoantibodies directed
against the surface of keratinocytes (Beutner and
Jordon 1964). In the late 1970s to early 1980s,
studies showing that pemphigus autoantibodies
related to blister formation in skin organ culture
systems as well as by passively transferring 19G
fractions of patients with pemphigus vulgaris
into neonatal mice contributed to our
understanding of disease pathogenesis (Schiltz
and Michel 1976; Anhalt et al 1986). In the mid-
to late 1980s, target antigens underwent
immunochemical characterization (Stanley et al
1982; Hashimoto et al 1990) while in 1991,
studies revealed that target antigens were the
cadherin-type adhesion molecules of
desmosomes desmoglein 1 (DSG1) and DSGS3,
(Koch et al 1990, Amagai et al 1991).

present-day

1.2. Pemphigus vulgaris: clinical picture
Pemphigus is divided into three major
variants: pemphigus vulgaris (PV) pemphigus
foliaceus (PF) and paraneoplastic pemphigus
(Anhalt et al 1990). Patients with PV develop
flaccid, thin-walled, easily ruptured blisters that
occur anywhere on the body skin surface as well
as in the oral cavity. PV is associated with
extensive erosions and painful lesions that bleed
easily. PV can be lethal as the skin loses
epidermal barrier function, resulting in fluid loss
and  superimposed  bacterial infections
(Kershenovich et al 2014; Santoro et al 2013;
Ruocco et al 2013; Bystryn and Rudolph 2005).
1.3. Hallmark of Pemphigus vulgaris: 1gG
autoantibodies against desmogleins (DSGS).
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The hallmark of pemphigus
pathogenesis is the presence of IgG
autoantibodies against cell-surface antigens of
keratinocytes. Molecular cloning of cDNAs
encoding pemphigus antigens showed that
patient-derived 1gG autoantibodies recognize
DSGs, (transmembrane desmosomal
glycoproteins) founded in the adhering
junctions, the desmosomes. Desmosomes are
dynamic complexes consisting of the DSG and
desmocollins (DSC), which are cadherin-type
adhesion molecules that are tethered to the
cytoskeleton via interactions with plakoglobin
and desmoplakin (Figure 1) (Kochet et al 1990;
Amagai et al 1991).

Cadherins are a family of calcium-
dependent adhesion molecules that play
fundamental role in the maintenance of tissue
integrity (Spindler and Waschke 2014). All
members of the cadherin family consist of
conserved repeated amino-acid sequences with
calcium-binding motifs in their extracellular
domains. These well-conserved cytoplasmic
domains are associated with a-catenin, [-
catenin, and plakoglobin, which are involved in
regulatory mechanisms and mediate binding to
the structural cytoskeleton network.
Consequently, cadherins achieve strong cell—cell
adhesion with resultant cellular morphological
changes. In contrast, calcium-independent cell
adhesion molecules, such as those of the
immunoglobulin  superfamily, elicit simple
interactions and do not involve morphological
changes of cells. Classical cadherins form
parallel cis-dimers as a functional unit, and each
individual dimer interacts with opposite strand
dimers on another cell through an adhesion
interface of the N-terminal domain (EC1) (Al-
Jassar et al 2014).

PV is caused by autoantibodies mainly
against DSG3, resulting in depletion of
desmoglein from the desmosome and loss of cell
adhesion. Current treatments for pemphigus
involve blockade of antibody production, but
these approaches are associated with potentially
fatal infection. Non-immunosuppressive
mechanisms for strengthening desmosomal cell
adhesion would be beneficial, offering an
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adjunctive strategy to block the pathogenic
effects of pemphigus autoantibodies on skin
integrity. Toward this direction, signaling
pathways, such as that of p38 mitogen-induced
protein kinase, have been shown to modulate
keratinocyte cell adhesion in the autoimmune
response in PV patients (Figure 2) (Sharma et al
2007).

Additionally, peptides targeting the
DSG adhesive interface, confer resistance to PV
IgG-induced blistering (Spindler et al 2013).

In PF, pathogenic 1gG autoantibodies
directed against DSG-1, induce loss of adhesion
in the subcorneal region of the epidermis,
whereas, autoantibodies to DSG-3 in mucosal
PV inhibit the proper function of desmosomes
inducing the characteristic histologic feature of
the disease, the intraepithelial acantholysis
(Amagai et al 1998; Koulu et al 1984). However,
more than half of PV sera also contain
antibodies against DSG1. Most patients with
early PV and only mucous membrane lesions
have only anti-DSG3 antibodies, whereas most
patients with later disease, involving the skin,
have both anti-DSG3 and anti-DSG1 antibodies
(Waschke and Spindler 2014; Malheiros et al
2014). Thus, it is likely that the production of
anti- DSG1 autoantibodies signifies the
transition off of the disease at more advanced
stages.

1.4. Signal Transduction in Pemphigus
vulgaris

Various  mechanisms have  been
proposed to explain how  pemphigus
autoantibodies disrupt keratinocyte cell-cell
adhesion. The injection of 1gG fractions from
pemphigus patients into neonatal mice, cause
blister formation in mouse skin reproducing the
histology, immunohistology, mimicking the
human disease.

The Kitajima’s group was the first to
demonstrate increased intracellular calcium
levels in keratinocytes treated with sera from PV
patients (Seishima et al 1995). In subsequent
studies using either PV sera or fractions enriched
for pathogenic 1gG, they showed activation of
additional signaling molecules, including protein
kinase C (Osada et al 1997) and phospholipase C
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(Aoyama et al 1999). Other signaling events
have been observed in pemphigus-treated
keratinocytes and may contribute to loss of cell
adhesion or to biologic transitions induced by
altering cell interaction (Waschke et al 2006;
Caldelari et al 2001; Calkins et al 2006).
Moreover, Ishii et al. showed that when anti-
DSG3 1gG were removed by immuno-adsorption
against the recombinant DSG3 the pathogenic
effects were from PV patients (Ishii et al.1997).

These findings are supported by in vitro
studies showing that monoclonal antibodies
against DSG3 and recombinant single chain
monovalent antibody fragments of PV patient
antibodies disrupt desmosomal adhesion in
neonatal and adult mouse PV models (Mascaro
et al 1997; Payne et al 2005; Tsunoda et al
2003). Pathogenic monoclonal antibodies cloned
from PV patients as well as experimentally
produced antibodies against DSG3 which cause
loss of adhesion, are typically targeted against
the amino-terminal adhesive domains of DSG3
(Payne et al 2005; Tsunoda et al 2003).
Collectively, these findings suggest that PV 1gG
leads to loss of adhesion in patients by sterically
disrupting DSG3  adhesive interactions
(Berkowitz et al 2005).

While these observations strongly
support the link between anti-DSG antibodies
and tissue (mucosal) dysfunction, their
consequences at the cellular level remain
obscure. Several findings challenge the
monopathogenic etiology of pemphigus due to
steric  hindrance. For instance, negative
regulation of signaling pathways or blockade of
DSG3 endocytosis can stop PV IgG-induced
loss of adhesion in both cell culture and animal
model systems (Ramoni et al 2004). Protein
kinase C (PKC), RhoA, c-myc, and tyrosine
kinase pathways have been associated with the
signaling cascade promoting loss of adhesion in
keratinocytes treated with PV 1gG (Figure 2)
(Spindler and Waschke 2011). In addition p38
MAPK has been associated to both DSG3
endocytosis cell-cell adhesion and the loss of
keratinocyte adhesion in response to PV IgG
(Jolly et al 2010). However, recent studies
reported that p38 alpha MAPK null mice treated
with pathogenic PV DSG3 autoantibodies
continue to exhibit blistering in response to
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mechanical stress, indicating that p38 MAPK
may not be necessary mediator for these
antibodies to disrupt epidermal adhesion in vivo
(Mao et al 2011).

2. Endoplasmic reticulum (ER) stress
signaling networks

The endoplasmic reticulum (ER) is a
major organelle that is instrumental for the
processing of newly synthesized tail-anchored
secreted and transmembrane proteins. To ensure
efficient protein-folding, the ER provides a
unique environment to create the balance
between the ER protein load and the ER folding
capacity. Multiple pathological and
physiological insults affect the sensitive folding
environment of the ER: Those include a large
biosynthetic load, inflammatory cytokines,
environmental toxins, viral infections and
mutant protein expression leading to an
accumulation of misfolded and unfolded
proteins in the ER lumen, termed ER stress (Ron
and Walter 2007; Rutkowski and Kaufman
2007).

The adaptive response triggered by ER
stress is the well orchestrated unfolded protein
response (UPR). UPR provides a cytoprotective
mechanism by which cells maintain protein
homeostasis. UPR includes four distinct
responses: 1) up-regulation of molecular
chaperones and enzymatic processing of proteins
to increase the folding activity and ER’ s
handling efficiency, 2) prevention of further
protein synthesis and thus accumulation of
unfolded proteins, by inhibiting mMRNA
translation, 3) enhancement of the ER-associated
protein degradation (ERAD) and autophagy
pathways to promote clearance of unfolded
proteins, and finally, 4) induction of apoptosis
when ER stress conditions are unreasonable.
Negative feedback of UPR activation is needed
to maintain cellular homeostasis. UPR regulates
both apoptotic and anti-apoptotic pathways,
acting as a binary switch between the life and
death decisions of ER stressed cells. When the
cells undergo short term or mild ER stress and
the UPR is properly balanced, cells survive.
However, during unresolvable ER stress the
UPR is unbalanced leading to cell death (Ron
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and Walter 2007; Rutkowski and Kaufman
2007).

Mammalian UPR is initiated by three
ER transmembrane protein regulators: the PKR-
like ER kinase (PERK), the Activating
Transcription Factor 6 (ATF6) and Inositol
Requiring 1 (IRE1). According to the most
widely accepted model, upon unstressed
conditions, the ER chaperone, immunoglobin
binding protein (BiP) binds to the luminal
domains of these master sensors, IRE1, PERK
and ATF6, keeping them in their monomeric
inactive forms. Under, ER stress conditions, BiP
dissociates from IRE1, PERK and ATF6 sensors
triggering unigue downstream responses (Figure
4) (Rutkowski and Kaufman 2007).

A central regulator of ER stress-
associated signaling is the type | ER
transmembrane  transcription factor, IRE1
(Urano et al 2000). Irel’s cytosolic RNase
domain cleaves an intron out of the mRNA of
the XBP1, leading to the production of a potent
transcriptional activator for genes encoding for
several chaperones. The active RNase also
cleaves ER-localized messages, including genes
that function in ERAD such as ER-degradation-
enhancing-a-mannidose-like protein (EDEM)
leading to their degradation, to reduce the load
of unfolded proteins entering the ER (Yoshida et
al 2001; Shen et al 2001; Calfon et al 2002,
Yoshida et al 2003). Spliced XBP1 mRNA
induce the expression of genes encoding for
folding proteins such as protein disulfide
isomerase (PDI) (Lee et al 2003). Chronic stress,
promotes the recruitment of TNF-receptor-
associated factor 2 (TRAF2) via IRE1 and the
induction of apoptosis-signaling-kinase 1
(ASK1). Activated ASK1 enhances c-Jun N-
terminal protein kinase (JNK) eventually leading
to apoptosis (Figure 4) (Urano et al 2000;
Nishitoh et al 2002).

UPR induction also triggers PERK
activation (Harding et al 1999). PERK is a type |
ER transmembrane Kinase, oligomerizes,
autophosphorylates and then directly
phosphorylates Ser51 on the o subunit of
eukaryotic initiation factor 2 (eIF2a) (Harding et
al 2000). Phosphorylated elF2a promotes global
mRNA translational attenuation and recognition
of AUG initiation codons leading to a reduction
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in ER workload and thus protecting cells from
ER stress-mediated apoptosis. Meanwhile, some
mRNAs require elF2a phosphorylation for
translation such as the mRNA encoding
activating transcription factor 4 (ATF4). ATF4
is a b-ZIP transcription factor that regulates
several UPR target genes, including those
involved in ER stress mediated apoptosis such as
C/EBP homologous protein (CHOP) and growth
arrest and DNA damage inducible gene 34
(GADD34), as well as genes involved in redox
balance and amino acid synthesis (Figure 4)
(Harding et al 2000).

The third regulator of ER stress
signaling is ATF6. Upon sensing stress, ATF6a
transits to the Golgi where it is cleaved by site 1
(S1) and site 2 (S2) proteases, resulting in an
activated b-ZIP factor (Yoshida et al 1998). This
form of ATF6a translocates to the nucleus to
trigger activation of UPR target genes involved
in protein folding, processing, and degradation
(ERAD) (Ye et al 2000). Two isoforms of
ATF6, ATF6a and ATF6p, with fairly
ubiquitous tissue distribution have been
extensively studied in the context of ER stress.
The ATF6a0, isoform has been shown to be
responsible for transcriptional induction of ER
chaperones. It has been reported that
unprocessed ATF6 is unstable and rapidly
degraded by the ubiquitin-proteasome pathway
to prevent hyper-activation of the UPR (Figure
4) (Hong et al 2004).

An important aspect of ER stress
regulation and transition from its prosurvival
towards its pro-apoptotic activity is the negative
regulation of p21 by CHOP. The former is
antiapoptotic and its suppression by CHOP
facilitates the proapoptotic effects of CHOP
(Mihailidou et al 2010; Mihailidou® et al 2015;
Mihailidou® et al 2015)

3. Endoplasmic reticulum (ER) stress linked
to pemphigus vulgaris (PV)
3.1. Deregulation of UPR activation in the
autoimmune disease Pemphigus Vulgaris

Cell fate regulation by the UPR plays an
instrumental role in ER  stress-related
physiological function and pathogenesis. ER
stress has been linked to a variety of
pathological conditions ranging from diabetes to
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neurodegenerative diseases and cancer, while
recent data also linked UPR to PV (Sugiura et al
2009). PERK is activated in cultured
keratinocytes, as shown by induction of
phosphorylation of PERK and its downstream
target elF2a, in response to PV serum implying a
link between ER stress and PV pathogenesis.
Interestingly, depletion of sera from IgGs, but
not PV IgGs also induced PERK activation,
suggesting that 1gG-independent factors are
responsible for PERK activation during ER
stress (Lanza et al 2011). Recent findings also
demonstrate that non-immunoglobulin factors in
PV serum promote metabolic stress and other
changes in keratinocytes including reduction of
cell viability and weakening of intercellular
adhesion (Lanza et al 2011). Both alterations
contribute to apoptolysis and  cellcell
detachment. This, in part, is due to a direct effect
on mitochondrial activity, but may also involve
sensitization of mitochondria to the apoptotic
pathway triggered by IgG. Apoptolysis in PV
encompasses both  antibody-mediated and
nonantibody-mediated mechanisms,
demonstrating that the protein kinase PERK is a
key molecule that mediates a stress response in
PV and, ultimately, acantholysis (Lanza et al
2011; Cirillo et al 2007).

An earlier report suggested that,
expression of UPR activation  sensors
Bip/GRP78, HRD1, PDI, and CHOP/
GADD153 was enhanced in the supra-basal
layers of the epidermis. Moreover, in
undifferentiated, atypical keratinocytes of PV
tissues, Bip/GRP78 and HRD1 were expressed
at lower levels than in normal differentiating
keratinocytes. In normal  human  skin
equivalents, these two antigens were upregulated
in the upper layers, and there were higher
mRNA levels of CHOP/GADD153, Bip/GRP78,
PDI, and XBP-1(S) in 14-day multilayer
cultured keratinocytes than in 3-day cultured
keratinocytes. Furthermore, in PD1-treated
keratinocytes, a model of keratinocyte
differentiation, Bip/GRP78, CHOP/GADD153,
XBP-1(S) and PDI were enhanced. Thus, this
study supports the notion that the UPR is
activated in differentiating KCs in comparison
with proliferating keratinocyte (Sugiura et al
2009).
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In a more recent study, the prevalence of
ER stress induction in oral biopsy specimens
from PV patients was assessed, by evaluating the
expression of BiP/GRP78, by
immunohistochemistry.  Intense  cytoplasmic
staining of BiP/GRP78 in the acantholytic cells
of the epithelium was detected indicating that
acantholytic cells are under ER stress.
Conventionally ER stress is linked to the
accumulation of unfolded and misfolded
proteins due to various extrinsic and intrinsic
factors that can involve changes in the cells’
supply of nutrients and exposure to conditions
that directly or indirectly affect -cellular
homeostasis. During  acantholysis it s
conceivable that cells may undergo ER stress in
part because the detachment from the basal
membrane alters nutrient supply and normal cell
growth (Mihailidou et al 2016).

3.2. UPR activation by anti-DSG1 and anti-
DSG3 antibodies.

The hallmark of PV pathogenesis is the
presence of anti-DSG autoantibodies. As already
described both anti-DSG1 and anti-DSG3
autoantibodies have been linked to PV with anti-
DSG3 being considered causative for disease
development and anti-DSG1 being identified in
the most aggressive types. In the presence of
increasing concentrations of anti-DSG1 antibody
HaCaT keratinocytes exhibited altered the
expression of BiP/GRP78, GRP94, calnexin and
CHOP. Lower concentrations, of anti-DSG3
exhibited the same expression profile with
control 1gG suggesting that they are incapable of
eliciting specifically the UPR. However, anti-
DSG1 activated GRP94, BIiP/GRP78 and
calnexin expression suggesting that the UPR is
induced. CHOP expression was also stimulated
by anti-DSG1 in a dose responsive manner. The
observation though that neither anti-DSG3 nor
control IgG stimulated CHOP argues in favor of
the specificity of CHOP induction by anti-
DSG1. This observation is in line with earlier
observations on the significance of DSG1 in
HaCaT cells and may also imply a specific role
for DSGL1 in ER stress (Mihailidou et al 2016).
3.3. Effects of ER-stress inhibition in anti-
DSG1 and anti-DSG3 — mediated cytotoxicity

Cell survival assays have shown that
both anti-DSG1 and anti-DSG3 - albeit at a
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lesser extent — were cytotoxic in HaCaT cells. In
this model of cultured keratinocytes the
formation of cell adhesion does not play a direct
role in cell viability, thus cytotoxicity is not
directly linked to the loss of desmosome
function. Importantly, ablation of CHOP
expression partially restored cell survival only
for anti-DSGL1. In view of the role of CHOP in
mediating the proapoptotic effects of ER stress,
it has been suggested that anti-DSG1-related, but
not anti-DSG3-related  cytotoxicity — was
associated with UPR induction. The partial
restoration of cell viability by siRNA for CHOP
reflecting the canonical UPR-associated
indicates the operation of more wide effects of
anti-DSGs in cell viability. Of those, only the
former (UPR — related) are linked to anti-DSG1
and depend on CHOP while the latter are
inflicted by both anti-DSG1 and anti-DSG3 and
appear to be CHOP-independent. To that end
anti-DSG1 may induce ER stress.

In an earlier study (Lanza et al 2011), it
has been demonstrated that PV sera enhanced
PERK activation. Noteworthy, depletion of IgG
from the sera, as well as 1gGs fractions purified
from PV patient sera was unable to activate
PERK and affect cell viability suggesting that
non-lgG factors are responsible for these effects
(Lanza et al 2011). The ability of anti-DSGL1 to
regulate cell viability may be due to the fact that
IgG fractions, in addition to the anti-DSGs of
interest may also contain mitogenic IgGs and
other soluble factors that by acting in an
opposite manner can mask the anti-proliferative
effects of the former (Waschke et al 2005).
Moreover, it is possible that the cell viability
assays took into consideration cytostatic, as
opposed to merely cytotoxic effects (Mihailidou
et al 2016).

Future Directions and Conclusions

The UPR participates in the regulation
of a wide range of inputs and outputs enabling
the cell to respond to a number of diverse stimuli
and cellular states. Many questions remain
regarding if the pathogenesis of PV is affected
by ER stress and whether PV activates only the
one pathway of ER stress response, or all three
arms of the UPR are being activated. Moreover,
few studies evaluate the PV blistering associated
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with ER stress activation (Figure 5). Since
interference with ER stress induction reduced
anti-DSG1-induced cytotoxicity, suggests that
manipulation of the UPR provides means for the
management of PV. Furthermore, focused
studies investigating ER stress in humans or
humanized mice/ rodent models with PV will
further improve our understanding of the UPR in

Figure Legends

FIGURE1

Figure 1: Molecular structure of the
desmosome (modified from Waschke 2008).
Desmosomes are specific intercellular
junctional complexes designed to tether adjacent
keratinocytes  together. Desmosomes  are
composed of cadherin-type transmembrane
adhesion molecules cadherins (desmogleins and
desmocollins). These adhesion molecules
undergo homophilic and heterophilic binding
mediated by interaction with the amino-terminal
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PV and provide fertile ground for future
investigations.
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extracellular (EC1) domain of partner molecules
on the same (cis) as well as on the neighboring
cell (trans). Cytoplasmic domains of these
molecules are intracellularly associated to the
intermediate filament network in the outer dense
plague (ODP) via the adapter proteins
plakoglobin, plakophilins and desmoplakin. In
the inner dense plagque (IDP), desmoplakin binds
these adaptor molecules to the intermediate
filament cytoskeleton.
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Figure 2 Desmogleins serve as signaling hubs
(modified from Spindler and Waschke 2014)
Specifically desmogleins are known to
exist “free” on the membrane and remain free of
desmosomes. Desmosomal components are
associated with a variety of signaling molecules
such as and p38MAPK, Src and Rho-GTPases
(RhoA, Racl and Cdc42Hs). By regulating the
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FIGURE 2
activity of these molecules, extradesmosomal
desmogleins are required for signaling hubs to
modulate cellular behavior. Upon autoantibody
binding, p38MAPK is triggered within the
signaling complex with Dsg3, a process
involved in RhoA inhibition, which finally

reduce the
desmosomes.

cytoskeletal — anchorage  of
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extracellular space

Figure 3 Mechanism of blister formation
(modified from Spindler and Waschke 2014)

Autoantibodies interfere with the binding of
desmosome  cadherin DSG3 and alter
intracellular signaling by activating
phosphorylation of p38MAPK, MAPKAP
kinase 2, and HSP27 which is necessary for loss
of cell adhesion, at least in part following the
initial loss of DSG3 interaction. Furthermore,
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anti'—DsgB

cytoplasm

r.

activation of PKC causes desmosomes to be less
adhesive. All these trigger (i) loss of junctional
DSG3 and other desmosomal molecules that
attach the cell surface, (ii) uncoupling of the
intermediate filament-desmosome association.
These effects are thought to represent the main
mechanisms of loss of cell-cell junctions and
ultimately blister formation.
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Figure 4 Pathways regulating UPR responses

In eukaryotic cells, UPR complex network is
mediated by the ER-transmembrane proteins
detecting ER stress: PKR-like endoplasmic
reticulum kinase (PERK), Inositol-Requiring 1
(Irel) and Activating Transcription Factor 6
(ATF6). All these stress sensor molecules
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normally held in an inactive and inhibited state
by the binding of GRP78/BiP. Upon ER-stress
GRP78 is released and preferentially binds to
misfolded/ unassembled unfolded proteins
accumulating in the ER lumen, promoting the
activation of the UPR.
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Figure 5 Endoplasmic reticulum (ER) stress (DSG) -3 and -1, and recent evidence indicated
associated with pemphigus vulgaris (PV) that the Endoplasmic Reticulum (ER) stress may
Pemphigus wvulgaris is characterized by the be a key component in the complex pathogenesis
presence of auto-antibodies against desmogleins of pemphigus vulgaris.
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