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Abstract

Introduction Despite being a major physical protective barrier, the human skin is
also a major source of several immune cells that participate in innate and adaptive
immune responses therefore, it is described as “first line of immune defence”. The
involvement of heat shock proteins (HSP) in skin immune responses has been
demonstrated by their expression in response to skin stressors such as UV irradiation,
heat, environmental, microbial invasion and in several inflammatory-autoimmune skin
disorders, which ultimately present them as potential therapeutic targets. The loss of
immunological tolerance to the critical self-antigens which leads to dysregulation of
immune responses and amplified inflammatory reactions are the major characteristic
features underlying most inflammatory-autoimmune diseases. In spite of the recent
successes recorded with novel immunosuppressive biological therapies and the use of
atopic medications in the treatment of inflammatory/autoimmune skin diseases, their
use remains a burden because they neither provide permanent solution to the interac-
tion between pathogenic and protective immune responses nor offer permanent state
of medicine-free disease remission. Our aim is to better understand the key players in
the pathophysiology of various inflammatory-autoimmune skin disorders, which
would have significant impact towards improved therapy.

Methods We reviewed all the relevant literatures on the therapeutic potential of
heat shock proteins in human inflammation/autoimmune skin diseases.
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Result Several studies have reported the therapeutic potential of HSP in inflamma-
tory/autoimmune skin diseases owing to their ability to induce the regulation of
regulatory T-cells, which play critical role in induction and dysregulation of immune
response leading to the progression of several inflammatory/autoimmune diseases.

Conclusions Despite the progress made in determining the key players in patho-
physiology of various inflammatory/autoimmune skin disorders, therapeutic treat-
ment remain burdensome as most of these treatments are restricted to conventional
immunosuppressive methods. These therapies however, do not provide permanent
solution to the interaction between pathogenic and protective immune responses.
With HSP being one of the key regulators of immune response to autoimmune
inflammatory diseases, targeting HSP or HSP inhibitors in these diseases could
provide a novel therapeutic approach in the treatment of autoimmune/inflammatory
diseases.

Keywords Atopic dermatitis · Autoimmune diseases · Bullous pemphigoid · Heat
shock proteins (HSP) · Inflammation · Psoriasis · Skin

Abbreviations

AD Atopic dermatitis
BP Bullous Pemphigoid
DCs dendritic cells
HSP heat shock proteins
IFN-γ interferon-γ
IgE immunoglobulin E
IL interleukins
LPS lipopolysaccharides
MMPs matrix metalloproteinases
PBMC peripheral blood mononuclear cell
ROS reactive oxygen species
SALT skin-associated lymphoid tissue
Th1 T helper 1
TLRs toll-like receptors
TNF-α tumor necrosis factor-α
Treg regulatory T cells

1 Introduction

The skin is the largest external organ that provides both physical and microbial
protection to the human body. It is composed of two main layers: epidermis and
dermis [1]. The epidermis, being the outermost layer of the skin creates a waterproof

326 P. C. Ikwegbue et al.



barrier and plays an important role in the skin tone. This layer is composed of
keratinized, stratified-squamous epithelium, closely packed with 95% of cells called
keratinocytes, which produces keratin: a fibrous structural protein with an important
role in hardness and water-resistance properties of the skin [2]. The dermis on the
other hand, is considered the core integumentary system of the skin, and a layer lying
beneath the epidermis, consisting of blood vessels, nerves, sweat glands, hair
follicles, as well as tough connective tissues such as collagen and elastin fibres
which provide structural support to the human skin [3]. Apart from protecting
against physical barriers and external injuries (such as UV radiation, environmental
stresses and microbial invasion), the skin like other parts of body is actively involved
in immune responses and dynamic cellular interactions in order to maintain and
regulate several key processes such as wound healing, angiogenesis, disease pre-
vention and inflammation [4]. In addition, it has been hypotheiszed that the skin is
the first line of immune defence and functions in immune surveillance. This is
supported by the skin immunity and skin-associated lymphoid tissue (SALT) con-
cept, which reveals the skin houses several types of immune cells (such as T and B
cells, dendritic cells, mast cells, langerhan’s cells) that participate in both innate and
adaptive immune responses [5].

Inflammation of the skin is described as an irritation of the skin from internal or
external causes characterized by pain, itching, redness and dryness. Inflammation
works to detect and neutralize invading pathogens including cancer cells and
infectious agents that stimulate or triggers an immune response, hence playing a
prominent role in the maintenance of the overall body health, as well as regulation of
skin homeostasis. Additionally, when short-lived, inflammatory responses are said
to be beneficial to the human body because it helps clear invading pathogens and
initiates the process of healing and repair. However, long term inflammation has
been associated with several inflammatory diseases of the skin including psoriasis,
dermatitis and bullous pemphigoid [6].

As a result of constant exposure of the skin to microbial pathogens and other
stressful stimuli (such as UV irradiation, cold, allergens, heat and reactive oxygen
species), the skin frequently produces larger number of heat shock proteins (HSP),
which enables its response to these stressors. These proteins are broadly classified
into various groups according to their molecular weight, function, cellular location
and sequence homology. They include ATP-dependent HSP (Hsp110, Hsp100,
Hsp90, Hsp70, Hsp60/65 and Hsp40) and ATP-independent HSP (small heat
shock proteins-Hsp27 to Hsp10) [7]. The expression and synthesis of heat shock
proteins or otherwise known as stress proteins is a universal phenomena taking place
in all living cells studied including humans [8]. The study and identification of heat-
inducible proteins date back to the early days of Ritossa in 1962, when he observed
the dramatic increase in the expression of HSP in the salivary gland of the fruit fly
Drosophila melanogaster in response to elevated temperature [9, 10]. Following the
discovery of HSP, it was thought their functions were restricted to inducible signals
such as heat, viral and bacterial infections, exercise, heavy metals, ischemia, gravity,
oxidative stress, nutrient deficiency, inflammatory diseases and cancer [11]. Subse-
quent studies have however demonstrated that some of these proteins are

Heat Shock Proteins in Human Inflammatory Skin Diseases 327



constitutively expressed in different cellular compartments to perform various cel-
lular functions ranging from protein folding, degradation of misfolded peptides,
transportation of organelles across cellular membrane to signal transduction, hence
giving them the less complimentary name of “molecular chaperones”
[12, 13]. Although their expression pattern varies, it is noteworthy to state that
these proteins do not work in isolation but are dependent on co-chaperoning
activities or oligomerization to execute their biological functions [14].

Since discovery till date, it is not surprising that HSP have been the subject of
huge strides in biological research, owing to their ever-present, abundant expression
and diverse effects in the pathology of many diseases, especially human inflamma-
tory diseases and cancer [15]. The roles of HSP in human skin inflammatory
diseases, most especially psoriasis, atopic dermatitis, bullous pemphigoid and in
other skin diseases, has been well documented. In fact, HSP has been reported to
form part of the immune response capable of modulating inflammatory cascades
through the inhibition of pro-inflammation mediators, hence encouraging its crucial
role in the pathophysiology of several skin inflammatory disorders. Primarily, HSP
are intracellular proteins involved in protein folding, refolding, degradation and
translocation of organelles, however, their ubiquitous nature in the pathogenesis of
several human diseases have escalated their therapeutic applications, Thus, herein
the therapeutic potential of heat shock proteins in the following skin inflammatory
diseases: psoriasis, atopic dermatitis and bullous pemphigoid is discussed.

1.1 Roles of HSP in Skin Inflammatory Diseases

Unresolved inflammatory reactions have been linked to various clinical manifesta-
tions, immunopathology and pathogenesis of several human inflammatory diseases.
As a result, many studies have been oriented towards understanding and resolving
the mechanisms of inflammatory reactions. These mechanisms include: apoptosis of
inflammatory leukocytes, production of lipid mediators, macrophage repolarization
and production of specific cytokines. In addition, proper regulation of these mech-
anisms are very important in controlling and managing inflammatory diseases, hence
any powerful immune-modulator that regulates propagation of these mechanisms
can be seriously considered as potential therapy in human inflammatory diseases.
The roles of HSP in modulating immune cascades leading to inflammatory reactions
via inhibition of pro-inflammatory cytokines or mediators has been elucidated
[11, 16]. For instance, most chronic inflammatory diseases are autoimmune diseases
caused by the dysregulation and inappropriate stimulation of the immune system
leading to a loss of tolerance to self-antigens, which degenerates into the immune
system attacking its own cells.
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1.2 Atopic Dermatitis

Atopic dermatitis (AD) is a common, chronic inflammatory skin disease character-
ized by intense itching or highly pruritic and inflammatory eczematous lesions that
often leads to substantial sleep disturbance, as well as skin trauma, with significant
impact on the quality of life of the affected persons and care givers [17]. Recently,
AD has become one of the most common chronic skin disorders that affects nearly
5% of the population in developed countries and an increase in the life-time
prevalence of AD has been reported in the last 30 years. In fact, it is estimated that
about 10–20% of children and 1–2% of adults suffers from this skin illness in the
Western countries [18]. Furthermore, it is noteworthy to mention that children with
AD are very susceptible to developing asthma, food allergies (eggs and peanut) and
allergic rhinitis, the latter is more likely to cause severe form of the disease [19, 20].

Although the pathogenesis of AD is still unclear, it has been reported that the
complex interactions between subvert skin barrier function, infectious agents, envi-
ronmental factors and immune dysregulations contribute immensely to the pathol-
ogy of AD [21]. A genetic defect in the gene that codes for filaggrin, a filament
aggregating protein known to bind keratin fibres in epithelial cells has been associ-
ated with the disruption of the epidermal layer, which is a hallmark of AD patho-
genesis and its clinical manifestation [22]. Filaggrin protein is a protective barrier
that plays an important role in structural organization, as well as in the maintenance
of skin homeostatic balance in general [23]. A disrupted filaggrin layer allows for the
entering of allergens and microbes into the dermis, thus provoking systemic allergic
responses such as immunoglobulin E (IgE) reaction, leading to a direct interaction
between antigens (specifically Staphylococcus aureus, which is predominantly
present in nearly 90% of AD patients) from the external environment and the dermis’
immune cells (such as Th2 & Th1 cells, chemokines and cytokines), which inten-
sifies scratching, itching and inflammation: the characteristic features of AD [21, 24,
25]. In addition, AD can emanate as a result of imbalance or interaction disturbance
between Th2 and regulatory T cells leading to disruption of epidermal cells and
complex interaction of skin immune cells, perpetuating the itchy-scratch cycle as
proposed by Hägermark and Wahlgren [26], which result in the loss of skin barrier
integrity causing dryness of the skin [27] as shown in Fig. 1.

Interestingly, AD skin diseased are prone to similar stressful signals such as
infection, UV irradiation, mechanical injuries, miscellaneous topic medications and
environmental stimuli, which also enhances the induction of HSP expression, of
which their cytoprotective functions in inflammatory diseases are well documented
([28]). More so, the heat shock protein family HSP60 in particular has been reported
to act as bystander antigen due to its wide expression in the inflammation sites and
recognition by immune-competent T cells. Evidence from skin lesions of patients
suffering from Behcet’s disease, atherosclerosis, juvenile idiopathic arthritis and
diabetes mellitus, present Hsp60 as a potential candidate in the management of
various inflammatory diseases ([29, 30]). In almost all the AD skin lesions studied,
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infiltrating cells and keratinocytes expresses various heat shock proteins (Hsp65 and
Hsp72/73) and the intensity of their expression seems to correlate with the severity
of the disease lesions [28]. Taken together, these findings suggest roles for HSP in
the pathogenesis of AD, although the exact mechanisms that mediate this relation-
ship in AD skin lesions are poorly understood. However, based on the existing
evidence of enhanced expression of HSP27 in response to environmental stress
factors in AD patients [31] and considering the roles of HSP in the healing and
repairing processes in general, it is safe to speculate that over-expression of these
proteins in the skin of AD patients promotes the repairing processes through
inflammatory and innate immune responses.

Fig. 1 The skin of atopic dermatitis patients (ranging from acute atopic dermatitis in its weeping,
blistering form; eczema herpeticum in a young girl; close-up photograph of the skin demonstrating
dramatic xerosis to subacute atopic dermatitis in its dry, scaly, papular form; leg of an infant with
atopic dermatitis demonstrating xerosis). Diagram taken from Berke et al. [24]
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1.3 Psoriasis

Psoriasis is a common, multifactorial, chronic, autoimmune inflammatory skin
disorder that can be triggered by a complex interaction between environmental
factors (e.g. stress, physical trauma, cigarette smoking and infection), immunology
and genetic factors, which sometimes lead to disfiguring features in affected indi-
viduals [32]. Generally, psoriasis affects approximately 1–3% of the world’s popu-
lation, and is caused by different contributing factors, although these factors vary
from individual to individual [33, 34]. While the actual cause of psoriasis is not fully
understood, it believed that dyregulation of auto-immune T cells network, which
include various cytokines (IL-17, IL-12, IL-22) resulting in abnormal proliferation
and differentiation of keratinocytes leads to the “cellular immune confusion” with
the immune system attacking its own cells. Consequently, the process of production
and regulation of immune cells in the keratinocytes switches to overdrive, speeding
up the abnormal production and regulation of the immune cells in that area of the
skin [35]. This process, together with colonizing cells (in-flowing leucocytes-neu-
trophils) and several inflammatory cytokines secreted by the activated keratinocytes
leads to the formation of psoriatic/scaly plaques characterised by pustular lesions
[36, 37] as shown in Fig. 2; warmth and redness, which are the hallmarks of
inflammatory response. There are several types of psoriasis, which include: inverse,
guttate, erythrodermic and plague, with latter being the most severe and common
form of psoriasis. The re-occurring, blistering red/pink spots, stigma and disfiguring
nature of psoriatic infections often poses serious social, psychological and financial
challenges on the infected individual [38, 39].

Recently, growing knowledge of the role of innate and adaptive immunity in
several inflammatory diseases including psoriasis exist. The roles of HSP in modu-
lating immune response such as Th-1-type cytokine and Toll-like receptors (TLRs)
as well as in psoriatic plaque have been well documented. These TLRs play crucial
roles in mediating innate immune responses through the induction of
proinflammatory cytokines production via the NF-kB mediated transduction path-
ways, as well as in recognizing numerous microbial-derived molecules [40, 41]. Fur-
thermore, studies have shown that HSP are greatly expressed in psoriatic skin lesions
and could have a huge role in the pathogenesis of psoriatic plaque ([42, 43, 44]).
Although their exact function in psoriatic skin is not well known, it is believed that
HSP could engage with innate immunity through the activation of IL-12, thereby
contributing to Th1 cell that mediates the transition from symptomless to psoriatic
skin lesion [45]. Similarly, in keratinocytes, binding of Hsp90 to CD91 receptor and
activation of dendritic cells (DCs) results in antigen presentation, migration and
production of proinflammatory cytokines. Considering the crucial role of activated
DCs in the initiation of the psoriatic skin lesions, the secretion of Hsp90 by the
stressed keratinocytes could play a prominent role in the mediation and pathogenesis
of psoriasis [43]. Additionally, the chaperoning activities of Hsp90 promotes IL-17
signal, which induces proinflammatory cytokines such as tumor necrosis factor-α
(TNF-α), contributing to the amplified loop of psoriatic lesion. A recent finding
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suggest Hsp90 involvement in the inflammation of the psoriatic lesion could provide
a link between innate immune activation, keratinocytes stress and perpetuation of
psoriatic inflammation therefore, inhibiting Hsp90 activities could be a promising
therapeutic target towards improved psoriasis therapy [43]. Nevertheless, a result
from topical treatment of alfalfa-derived Hsp70 (aHsp70) on mice psoriatic skin
lesion suggests that its expression might decrease psoriasis pathogenesis through
modulation of T cell activation, since psoriasis is an immune-related disease char-
acterized by proliferation of keratinocytes, although exact mechanism needs to be
elucidated in future studies [37].

1.4 Bullous Pemphigoid

Bullous Pemphigoid (BP) is the most common autoimmune and inflammatory skin
disorder characterized by subepidermal blistering due to the disruption of dermal-
epidermal junction by the binding of autoantibodies against the hemidesmosomal

Fig. 2 The psoriatic skin plaque (ranging from single plaque of psoriasis, well demarcated and
heavily scaled, chronic plaque psoriasis to inverse psoriasis). Diagram taken from Griffiths and
Barker [38]
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component of BP180 and BP230. Bullous Pemphigoid is an acquired autoimmune
condition that mostly affects elderly people over the age of 60 years, even though the
rare incidence at infancy and early childhood development has been reported.
Additionally, BP occur evenly in men and in women, though the clinical manifes-
tation and severity of the disease differ from person to person and individuals
over the age of 80 years are at high risk of developing the severe of form of the
disease.

Although what triggers the immune malfunction that leads to the development
and pathogenesis of BP is not clearly understood. However, it is believed to arise
from binding of the autoantibodies to hemidesmosomal component of BP180 and
BP230 proteins, resulting in the activation of component complements at basement
membrane zone (BMZ) or dermal-epidermal junction [46]. This binding results in
the degranulation of mast cells and releasing of proinflammatory cytokines from
keratinocytes together with immigrating eosinophils, macrophages and neutrophils
into the skin. Additionally, the subsequent release of reactive oxygen species (ROS)
and proteinases from the surrounding infiltrating inflammatory cells, enhances the
separation of epidermis from dermis and the formation of blisters-filled fluid
characterised by tense itchy-blisters and erosion, urticarial and pruritic plaques
[47, 48] as seen in Fig. 3. Other factors such as drugs (some medications), bacterial
or viral infections, physical and mechanical traumas, as well as other autoimmune/
inflammatory diseases such as rheumatoid arthritis, thyroid disorders, malignancies
and diabetes mellitus have been reported to associate with triggering BP in some
patients [49].

BP are predominantly malfunctions of autoantibodies or immune cells,
dysregulation of inflammatory responses and stress, as such, any immunodulating
and form of stress inducible molecules capable of eliciting these responses could
play a role in the pathogenesis of BP. The roles of heat shock proteins in many

Fig. 3 The skin of Bullous
Pemphigoid patient
(showing large, tense bullae,
and erythematous patches at
dermal-epidermal junction
filled with infiltrating
inflammatory cells).
Diagram taken from Fang
et al. [46]
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chronic inflammation as well as in autoimmune diseases such rheumatoid arthritis,
systematic lupus, psoriasis and BP, have been widely reported [28]. For instance, the
high expression of Hsp90 in blistering lesions of BP patients has been documented,
although its serum level expression did not correlate with autoantibodies against the
BP180 NC16A enzyme complex [50]. It was hypothesised that anti-BP180 NC16A
autoantibodies could induce intracellular expression of Hsp90 via the generation of
ROS and cytokines proinflammatory mediators, which induces inflammatory
response [49]. More so, studies have shown that the overexpression of Hsp90 in
BP patients has been observed in both bullous skin lesion and serum treated with
human keratinocytes (HaCaT), suggesting that Hsp90 could be an effective treat-
ment target in an experimental epidermolysis bullosa acquisita-mouse model
[51, 52]. Taken together, these findings are indications of the crucial role that heat
shock proteins could play in the pathogenesis of BP, even though the exact mech-
anism of action is unclear at the moment and thus requires future studies.

1.5 Therapeutic Potential of Heat Shock Proteins in Human
Inflammatory/Autoimmune Skin Diseases

Unresolved inflammation response and loss of tolerance to self-antigens caused by
dysregulation and inappropriate stimulation of the immune system leading to an
attack by its own cells are the hallmark of inflammatory and autoimmune diseases
initiation. Although the actual causes of autoimmune dysregulation and its progres-
sion to chronic inflammation are still not fully understood. However, it has been
reported that genetic mutation, lifestyle, environmental factors, persistence viral or
bacterial infections, are the major contributing factors that cause these diseases
[53]. In addition, these stress factors that mediate chronic inflammation or autoim-
mune diseases, also activate the synthesis of heat shock proteins. The roles of HSP in
proinflammatory cytokines and signalling pathways that promote inflammatory or
autoimmune diseases have been exploited and are still an ongoing area of research.
In fact, overexpression of Hsp60 has been reported to induce the secretion of several
cytokines (IL-6, IL-12 and IL-15), as well as increased expression of nitric oxide and
TNF-α via CD14 and p38MAPK signalling pathway in human monocytes [54]. Fur-
thermore, an enhanced expression of Hsp60 in mammalian cell lines proved it could
be a key for T cell and antibody responses in both chronic inflammatory diseases and
atherosclerosis [55, 56]. In addition, considering that Hsp70 can mediate the induc-
tion of TNF-α, IL-1 and IL-6 via CD14-dependent pathway ultimately suggest a
direct role of HSP in inflammatory propagation [57].

The concept of heat shock proteins in therapeutics initially arose from a study on
cross-reactive immunity to human Hsp60, which revealed that T cells cross-
reactivity with HSP60 could induce diabetes in mice. Subsequent study then found
that the administration of Mycobacterium tuberculosis Hsp65 in mice could either
induce or repress diabetes [58]. In addition, the findings that recombinant Hsp10 can
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inhibit the inflammatory changes induced by lipopolysaccharides (LPS) in mice and
in macrophages prompted the attempt to commercialize Hsp10 as a therapeutic
target and small-scale clinical trials for XToll, a modified form of Hsp10 [59, 60].

For instance, in patients with psoriasis plaque, short-term treatment with Hsp10
[recombinant chaperonin 10 (Cpn10)] led to a rapid reduction of the disease param-
eters. Probably, this was achieved through the modification of activity in chronic
inflammatory and decrease in the release of inflammatory cytokines such as IL-1 and
TNF-α, which play key roles in mediating inflammatory response and immune
response in general [60, 61]. This finding suggests that Cpn10 may regulate a
wide array of inflammatory responses in skin inflammatory diseases and may
provide a range of therapeutic approaches in these diseases.

Furthermore, studies have shown overexpression of Hsp60 in peripheral blood
mononuclear cell (PBMC) of children with AD skin lesion compare to that of
non-lesional skin. The expression of Hsp60-reactive T cells in these children corre-
lates with up-regulation of pro-inflammatory cytokine IFNγ and dowregulation of
anti-inflammatory cytokine IL-10 [30]. This study together with the finding that
demonstrates the expression of Hsp60 at site of inflammation and that Hsp60 can
modulate the regulation of cytokines and Th1 phenotype in the skin lesion of dogs
with atopic dermatitis [62], suggests the immunomodulating activities of Hsp60, as
well as its contribution to the local inflammatory response in AD patients. Based on
these findings, it is safe to speculate that Hsp60-reactive T cells plays a role in the
pathogenesis of AD and future studies oriented towards investigating the
immunomodulating properties and inflammatory response of Hsp60 in AD, could
provide a novel therapeutic target in the management of the disease. Additionally,
the expression of Hsp27 in the skin of AD and its correlation with environmental
stress in human keratinocytes and in exercised skin, could be indicative of its
cytoprotective role and biological defence responses to the disruption of skin barriers
(filaggrin) in AD [31].

More so, the implication of Hsp90 in inflammation-associated immunological
processes has been demonstrated by its essential role in various transcription factors
and signalling molecules, which participate in cellular inflammation cascades such
as induction of several pro-inflammatory cytokines, participation in auto-antigen
presentation, as well as interaction with auto-antigenic proteins by acting as a potent
promoter of the immune network outside of the cells [63]. The report that basement
membrane-degrading matrix metalloproteinases (MMPs) released from surrounding
cells also participates in blister formation and tissue injury in autoimmune bullous
diseases rather than their initial role in tumour cellular invasion [64, 65], makes it an
interesting aspect that inhibitors of Hsp90 could present therapeutic target in auto-
immune diseases like BP. In fact, the growing pharmacological evidence of Hsp90
inhibitors in bullous autoimmune-inflammatory disorders has gained momentum as
demonstrated by ameliorating effects of Hsp90 blockers in preclinical rodent exper-
iments in other autoimmune inflammatory disorders such as systemic lupus
erythematosus, encephalomyelitis and rheumatoid arthritis [66–68]. Although, it is
largely unknown whether extracellular and intracellular dyregulation of Hsp90 in BP
patients is primarily due to the pathogenesis or secondary changes induced by
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inflammation. However, for the fact that this chaperone is involved in many intra-
cellular signalling which directly associated with production of inflammatory cyto-
kines such as IL-6 and IL-8 (these cytokines play a major transcriptional factor role
in the pathogenesis of BP) and this role in keratinocytes is believed to be of one the
earliest stage of BP pathophysiology leading to the formation of blisters, thus
suggests it may play a crucial role in the pathophysiology of BP [68–70]. Based
on the aforementioned studies that highlight the important roles of HSP in modu-
lating regulatory T cells (Tregs), which is critical in mediating inflammatory/auto-
immune diseases, it can be hypothesized that studies targeting HSP or/and their
inhibitors in inflammatory/autoimmune skin disorders could provide a good thera-
peutic approach in the treatment and management of these diseases as proposed in
the model shown in Fig. 4.

Fig. 4 Model proposing the disruption of skin epidermal layer, initiation, progression and patho-
genesis of inflammatory/autoimmune diseases. (1) The stressors such UV irradiation, environmen-
tal factors, microbial invasion and other mechanical injuries that damages skin epidermal cells
leading to cellular skin stress; (2) disruption of stratum corneum and environmental stressors such
heat, UV radiation and microbial invasion induces expression of heat shock protein (Hsp90, Hsp70,
Hsp60 and Hsp27); (3) these stressors causes skin injury/disruption of filaggrin protein; (4) micro-
bial invasion and mechanical injuries to the skin provokes inflammatory response which aimed at
clearing the invading pathogen and initiating cellular repair; (5) disruption of skin layers also induce
the synthesis of cytoprotective heat shock proteins as well as inflammatory reaction which form part
of immune response in general; (6) up-regulation of T cells (Tregs) which play critical roles in the
initiation and progression of autoimmune diseases; (7) the interaction between immune response
together with regulatory T cells can sometimes lead to “immune confusion” of immune system
attacking its own cells which degenerates to autoimmune diseases; (8) pathogenesis of autoimmune
diseases; (9) up-regulation and involvement of heat shock proteins in the pathogenesis and clinical
manifestation of autoimmune disorders

336 P. C. Ikwegbue et al.



2 Conclusions

Despite the progress made in determining the key players in pathophysiology of
various inflammatory/autoimmune skin disorders, their therapeutic treatment
remains a burden as most of these treatments are restricted to conventional immu-
nosuppressive methods such as corticosteroid, atopic medications and more
advanced biological methods that focus on supressing chronic inflammation.
These therapies however, do not provide permanent solution to the interaction
between pathogenic and protective immune responses and in most cases, patients
are subjected to severe side effects. Therefore, there is a need for researchers to
develop safe therapies with high efficacy to carefully balance this interaction in the
complex environment. HSP are one of the key regulators of immune response to
autoimmune inflammatory diseases and have been considered as potential therapeu-
tic targets in the treatment of these diseases due to their ability to induce the
production of immune regulatory T (Treg) cells, which plays critical role in the
clinical manifestation of autoimmune-inflammatory disorders. Thus, targeting HSP
or HSP inhibitors in these diseases could provide a novel therapeutic approach in the
treatment of autoimmune-inflammatory skin disorders.
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