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REVIEW

Generalized pustular psoriasis is a disease distinct from psoriasis vulgaris: evidence and 
expert opinion
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Genetic Diseases, Université Paris Cité, Paris, France; bSt John’s Institute of Dermatology, Faculty of Life Sciences and Medicine, King’s College 
London, London, UK; cInstitute of Infection, Inflammation and Immunity, University of Glasgow, Glasgow, UK; dDepartment of Dermatology, 
University Hospital Basel, Basel, Switzerland; eLaboratory for Investigative Dermatology, The Rockefeller University, New York, NY, USA

ABSTRACT
Introduction: Generalized pustular psoriasis (GPP) is a rare, severe, clinically heterogeneous 
disease characterized by flares of widespread, noninfectious, macroscopically visible pustules 
that occur with or without systemic inflammation, and are associated with significant morbidity 
and mortality. Historically, GPP has been classified as a variant of psoriasis vulgaris (PV, or plaque 
psoriasis); however, accumulating evidence indicates that these are distinct conditions, requiring 
different treatment approaches.
Areas covered: In this perspective article we review evidence that supports the classification of GPP 
as distinct from PV.
Expert opinion: The histopathologic and clinical appearance of GPP is distinct from that of PV and 
fundamental differences exist between the two conditions in terms of genetic causes and expression- 
related mechanisms of disease development. GPP results from dysregulation of the innate immune 
system, with disruption of the interleukin (IL)-36 inflammatory pathway, induction of inflammatory 
keratinocyte responses, and recruitment of neutrophils. PV is driven by the adaptive immune system, 
with a key role played by IL-17. Considering GPP as a separate disease will enable greater focus on its 
specific pathogenesis and the needs of patients. Many treatments for PV have insufficient efficacy in GPP 
and a therapeutic approach developed specifically for GPP might lead to better patient outcomes.

PLAIN LANGUAGE SUMMARY
Generalized pustular psoriasis (GPP) is a rare disease. During episodes of worsening disease, the immune 
system attacks the skin. This causes large areas of skin to become red and painful, pus-filled blisters 
suddenly form. Some people with GPP have a history of another, more common, skin condition called 
psoriasis vulgaris (PV). People with PV develop patches of scaly, itchy skin. In the past, GPP was classed as 
a type of PV and treated with the same medicines. However, these medicines do not work well in GPP. 
Researchers now understand more about what causes GPP and how it differs from PV. GPP can cause 
medical problems throughout the body, leading to life-threatening complications. This means that people 
with GPP often need urgent medical treatment in hospitals. People with PV are mostly treated outside of 
hospitals. Any other medical problems are not usually due to PV itself. Researchers have found several 
genes that are altered in people with GPP and PV, and they differ between the two diseases. For example, 
changes in a gene called IL36RN are common in GPP but are not seen in PV. The skin of people with these 
two diseases also looks different under a microscope. Knowing more about GPP and how it differs from PV 
will help people with GPP to be diagnosed more quickly. It will also help researchers to develop new 
medicines specifically for GPP, so people can receive better treatment in the future.
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1. Introduction

Generalized pustular psoriasis (GPP) is a severe and potentially 
life-threatening condition [1–3]. It is a rare disease, with annual 
prevalence estimates ranging from 1.76 per 1,000,000 persons in 
France in 2004 to 1.53 per 100,000 in Sweden in 2015, and point 
prevalence from 7.46 per 1,000,000 persons in Japan (1983– 
1989) to 9.1 per 100,000 persons in Sweden (2004–2015) [4–6]. 
Although it can occur in children, GPP typically emerges during 
adulthood and is more common in women than men [2,7,8]. GPP 
is a clinically heterogeneous systemic disease, characterized by 
flares involving widespread eruption of noninfectious or sterile, 
macroscopically visible pustules that can occur with or without 
systemic inflammation [2,3] and as either relapsing or persistent 
disease [3,9]. Flares are associated with significant morbidity and 
mortality, involving fever, sepsis, acute respiratory distress syn-
drome (ARDS), renal failure, and congestive heart failure [2,7,10– 
12]; hospitalization is often required [8,13]. Patients with GPP 
frequently experience comorbidities, significantly reduced qual-
ity of life, and high medication use [14–17]. Cohort studies have 
reported rates of mortality directly attributable to GPP, or its 
associated treatment, of 2–16% [1,4,6,7,18–21].

Despite the severity of GPP, there are limited therapeutic 
options, and none have been specifically designed based on 
the disease pathogenesis. Treatment guidelines typically 
recommend cyclosporine, retinoids, infliximab, and methotrex-
ate as first-line therapies, based on very weak evidence [2,22]. 
These treatments are often unsuitable for long-term use 
because they are associated with toxicities or are (or become) 
ineffective [2,22]. Biologic therapy has been reported to be 
effective in GPP, and several biologics, including certolizumab 
pegol, risankizumab, adalimumab, guselkumab, secukinumab, 
brodalumab, ixekizumab, and infliximab, have been approved 
for use in Japan, Taiwan, and Thailand. Although this is an 
important advance in GPP treatment options, current evidence 
is based on the results of small, single-arm trials using efficacy 
outcomes and time points derived from psoriasis vulgaris (PV) 

trials and not specifically designed for GPP [2,23–25]. No treat-
ments have been approved specifically for the treatment of 
GPP flares and there is very weak evidence, if any, for the 
effectiveness of existing options for flare prevention [2].

PV (also called plaque psoriasis) is a relatively common 
chronic disease, with an estimated prevalence that ranges from 
~0.1% in East Asia to ~2% in Australia and Norway [26]. It is the 
most common of the conditions that fall within the umbrella 
term psoriasis, accounting for around 90% of cases [27,28]. Skin 
symptoms include itching and pain, and as a chronic condition, 
PV has a significant and well-established impact on quality of life, 
often being associated with increases in anxiety and depression 
[28,29]. PV is also associated with psoriatic arthritis in 10–25% of 
cases, and other comorbidities, such as obesity, diabetes, cardi-
ovascular disease, and inflammatory bowel disease (IBD), which 
further impair quality of life and increase morbidity and mortal-
ity, especially in its severe forms [30,31]. As PV is a common and 
well-characterized disease, multiple therapeutic options are 
available, from topical treatments for mild cases to biologics for 
severe disease [32–35].

The term psoriasis, derived from the Greek term psora, 
meaning ‘itchy’ (and -iasis, meaning ‘condition’), has histori-
cally been used to describe a diverse variety of dermatologic 
conditions that are now considered etiologically distinct. 
Descriptions of psoriasis from as early as 200 CE have been re- 
categorized as leprosy and seborrheic dermatitis, as well as 
what would now be considered PV [36]. Disease taxonomy will 
always be limited by the technology and knowledge of the 
time. This means that ongoing advances in science, medicine, 
and nosology must necessarily be paralleled by shifts and 
refinements in the classification of diseases. An excellent 
example of this can be seen with improvements in the treat-
ment of breast cancer, which is now understood to be a group 
of heterogeneous diseases each with different clinical prog-
noses and therapeutic needs [37]. Atopic dermatitis is another 
example of a heterogeneous condition (with some disease 
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characteristics that overlap with PV) for which an increased 
understanding of molecular and inflammatory pathways is 
guiding the identification of therapeutic targets that can be 
used to develop individualized treatment strategies [38,39].

GPP was originally considered a variant or subtype of PV; 
however, accumulating evidence indicates that although 30– 
50% of patients with GPP may have a past history of PV 
[5,7,18,20,40–43], the two diseases are distinct (Table 1). Even 

prior to the discovery of underlying genetic differences 
between the two conditions, researchers had proposed inde-
pendent classifications for GPP or GPP subtypes, such as ‘gen-
eralized pustular dermatosis’ [6]. More recently, a better 
understanding of the genetic markers and molecular path-
ways involved in the pathology of GPP and PV has led to 
a wider acceptance that these are likely to be separate entities 
[13,44–47]. Considering GPP as a disease in its own right, 
instead of as a severe form of PV, will enable greater focus 
on its specific pathogenesis and the needs of patients. 
A therapeutic approach developed specifically for GPP, rather 
than one based on the PV paradigm, might lead to better 
patient outcomes. Indeed, many treatments for PV have insuf-
ficient efficacy in GPP.

2. The classification and nomenclature of GPP

Until recently, the description of GPP as a rare subtype of PV was 
relatively common. Formal diagnostic tools, such as the 
International Classification of Diseases (ICD), position GPP as 
a subcategory of psoriasis; the ICD-10 coding for GPP, L40.1, falls 
within the broader psoriasis code but is distinct from PV (ICD-10 
code L40.0) [48]. However, in recent textbooks, classification of GPP 
has been refined as a member of a clinically heterogenous group 
of diseases collectively known as ‘pustular psoriasis,’ and 
a ‘distinctive acute variant’ within the spectrum of psoriatic dis-
eases [28,49]. Published medical literature reporting cases of GPP 
also indicate that in a significant proportion of cases, patients with 
GPP do not have a past history of PV and thus it cannot be 

Article highlights

● Historically, the description of generalized pustular psoriasis (GPP) as 
a rare subtype of psoriasis vulgaris (PV, also called plaque psoriasis) 
has been relatively common; however, a wealth of accumulating 
evidence indicates that GPP and PV are separate clinical conditions, 
requiring specific treatment approaches.

● GPP and PV are distinct in terms of distribution on the body, and 
histopathologic and clinical appearance: PV is characterized by loca-
lized discrete plaques with excess scale resulting from abnormal 
differentiation of keratinocytes; GPP is characterized by widespread 
eruption of neutrophilic, non-infectious pustules.

● GPP is notable for its acute presentation, with disease flares and 
complications resulting directly from neutrophilic inflammation, often 
requiring hospitalization; PV is a chronic disease of the skin with 
multifactorial comorbidities, typically managed in an outpatient 
setting.

● Genetic drivers of GPP and PV also differ: many cases of GPP are 
familial and seem to follow a monogenic Mendelian model. GPP is 
frequently associated with mutations in IL36RN, which are not seen in 
PV. PV follows a complex polygenic model, with the key genetic 
driver being HLA*C0602, which is not associated with GPP.

Table 1. Clinical, histological, and genetic differences between psoriasis vulgaris and generalized pustular psoriasis.

Psoriasis vulgaris Generalized pustular psoriasis

Dermatologic features
Bright red plaques Widespread, primary pustules
Thick, silvery-white scale Sterile
Well demarcated Indistinct pustules (often merged)
Rarely pruritic Pruritic
Rarely pustules at the edge of plaques No plaques except when co-occurrence of psoriasis vulgaris

Histology
Thickened epidermis Subcorneal pustules characterized by Kogoj’s spongiform pustules
Hyperproliferation/abnormal keratinocyte differentiation Neutrophil infiltrates predominate
Parakeratosis

Clinical features and comorbidities
Chronic presentation Acute flare
Less systemic presentation Systemic inflammation
Outpatient management Frequent requirement for hospitalization (with flare)
Low risk of acute complications and/or death, except when erythrodermic presentation 

(>90% body surface area involved)
Rarely severe/fatal complications (sepsis, acute respiratory distress 

syndrome, heart failure)
Extra-cutaneous symptoms (cholestasis, cholangitis, interstitial 

pneumonitis, acute renal failure)
Psoriatic arthritis Obesity
Inflammatory bowel disease Hypertension
Diabetes Hyperlipidemia
Cardiovascular disease Diabetes

Genetics
Multigenic basis Single gene drivers
HLA-Cw6 involvement No HLA-Cw6 involvement
Th17 cell activation pathway gene involvement (IL12B, IL23A, IL23R, TRAF3IP2, NFKBIZ) Mutations in IL36RN, AP1S3, MPO, SERPINA3 (CARD14*)

Gene expression and immunology
Cytokine expression changes in IL-17A, IL-22, IL-23p19, IFNγ, IL-18 and myxovirus 

resistance 1
Cytokine expression changes in IL-1β, IL-36α and IL-36γ

Less neutrophilic expression change Neutrophil/monocyte dominant expression profile changes
Little change in expression profiles in non-lesional skin Considerable change in expression profiles in non-lesional skin
Broadly driven by adaptive immune system Broadly driven by innate immune system

*The pathogenicity of CARD14 mutations for GPP has not been confirmed 
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considered to be a consequence of PV [1,41–43]. This also implies 
that in individuals with both PV and GPP, the two conditions may 
be separate and require different treatment considerations.

GPP has various forms with differing presentation and 
severity [2,15,28,47]. The most typical form is acute (or von 
Zumbusch) GPP, associated with widespread pustules and 
systemic effects. Population-specific subtypes also present: 
GPP of pregnancy (previously known as impetigo herpetifor-
mis) and neonatal/infantile/juvenile GPP. Furthermore, acute 
forms can be further divided into GPP with or without con-
comitant PV [3,47]. As such, it is incorrect to consider GPP part 
of a continuum of PV severity or an acute form, rather than 
a condition with its own subtypes and manifestations.

Along with GPP, other forms of pustular psoriasis include 
palmoplantar pustulosis (PPP) and acrodermatitis continua of 
Hallopeau (ACH). Based on its ‘clinical, epidemiological, genetic, 
and biological’ differences from PV, the International Psoriasis 
Council formally proposed in 2007 that PPP should not be 
included under the classification of PV [50]. Based on evidence 
determined in the past 10 years, a similar recommendation may 
now be due for GPP. More recently, the European Rare and 
Severe Psoriasis Expert Network (ERASPEN) consensus statement 
delineated these pustular diseases from PV, noting that ‘primary 
pustules do not form part of the spectrum of PV except when 
pustules arise within or at the edge of psoriasis plaques’ and that 
‘in these cases, the term to be used is “psoriasis cum pustula-
tione” (psoriasis with pustules) [and] this should not be consid-
ered pustular psoriasis’ [3].

The ERASPEN consensus definition, which describes macro-
scopically visible sterile pustules on non-acral skin, notes that 
GPP pustules do not occur within psoriasis plaques and that 
GPP can occur with or without PV [3]. The Japanese 
Dermatological Association (JDA) diagnostic definition of 

GPP, which requires the presence of systemic symptoms, 
extensive flush with multiple sterile pustules, neutrophilic sub-
corneal pustules, and repeated recurrence, excludes PV with 
transient pustules [2]. JDA guidelines also indicate that con-
comitant PV may or may not be present [2]. The separation of 
GPP from PV in these key guidelines recapitulates the impor-
tance of recognizing and treating GPP as an independent 
disease, linking accurate and specific diagnosis to treatment 
decisions and patient management recommendations.

Based on consensus opinions of global experts published 
between 2017 and 2019, GPP associated with known genetic 
mutations fulfills the criteria for an autoinflammatory disease 
(AID; a group of monogenic diseases primarily driven by 
inborn errors of the innate immune system and not deregula-
tion of the adaptive immune responses), and is representative 
of an autoinflammatory keratinization disease (AIKD) [46,51– 
54]. This reflects the wider convergence to accurately classify 
GPP based on recent data, especially advances in our under-
standing of the genetic drivers of this disease. In line with this 
trend, the identification of mutations in the IL36RN gene 
(OMIM#614204) as a key driver of GPP in a high proportion 
of cases (described in more detail further on in this review) has 
prompted the use of the acronym DITRA (deficiency of inter-
leukin 36 receptor antagonist) to describe these cases 
[52,55,56]. Of note, neither PPP nor ACH contain the term 
psoriasis within their names, which reduces the potential for 
friction when reclassifying from a subtype of PV to a separate 
entity. The term GPP is likely to be too entrenched in the 
medical lexicon to be changed to a more accurate descriptor 
(e.g. as proposed by Ohkawara et al., to generalized pustular 
dermatosis [6]); however, the inclusion of psoriasis in the 
name GPP may now be considered a misnomer, derived 

Figure 1. Dermatologic presentation of PV (a) and GPP (b). PV is characterized by the presence of discrete scaly plaques, whereas the appearance of GPP is 
dominated by multiple coalescing white/yellowish pustules. Images courtesy of Dr. Burden. GPP, generalized pustular psoriasis; PV, psoriasis vulgaris.
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from historical classification and the initial description of 
presentation.

In April 2021, at a series of Delphi consensus meetings, 
a panel of patient advocacy group representatives and clinical 
experts concluded that GPP fits all the European Medicines 
Agency orphan disease criteria [57]. Furthermore, the panel 
recommended that to emphasize the clinical and pathogenic 
distinction of GPP from other forms of psoriasis, future edi-
tions of the ICD should provide a better definition of GPP, and 
where it fits in the spectrum of psoriatic disease [57].

3. GPP has a distinct histopathologic and clinical 
appearance

The appearance of the pustular lesions of GPP differs markedly 
from psoriatic plaques of PV (Figure 1). PV is characterized 
clinically by the presence of discrete plaques with excess scale 
formation and is very rarely associated with visible pustules 
[27,58,59]. The discrete nature of skin lesions leads to a vast 
difference in histologic characteristics compared with back-
ground (unaffected or non-lesional) skin (Figure 2) [28,60]. 
The PV lesion shows a markedly thickened epidermis 
(acanthosis), with deep, elongated rete ridges that constitute 
‘psoriasiform hyperplasia’ (Figure 2) [28,60,61]. There is 
a reduction in the granular layer with a consequence that 
maturation of keratinocytes is abnormal, and nuclei are 
retained in cells at the level of the stratum corneum 
[28,60,61]. This cellular change, combined with a failure to 
secrete extracellular lipids, leads to weak cohesion of stratum 
corneum keratinocytes and more rapid shedding of surface 
cells. Thus, shedding of psoriasis ‘scales’ is a consequence of 

an abnormal differentiation program of keratinocytes in PV 
lesions. Microscopic neutrophilic infiltrates can be seen vari-
ably across different patients with PV and are not generally 
related to clinical disease severity (moderate or severe cases 
without neutrophilic infiltrates can be seen). Often, micro-
scopic neutrophilic infiltrates are located in or just under the 
stratum corneum and are referred to as Munro’s microab-
cesses [28,61,62].

GPP has a clinical appearance that is dominated by the 
visible appearance of white/yellowish pustules that contain 
mainly neutrophils on microscopic examination (Figures 1 
and 2). In fact, the histologic appearance of GPP is dominated 
by the presence of neutrophils, which can appear as extensive 
accumulations in or just under the stratum corneum (with 
clinical correlate as ‘lakes of pus’) (Figure 2) [2,3,63–65]. More 
discrete macroscopic pustules contain large vesicles packed 
with neutrophils that are seated in the mid-epidermis (spinous 
layer; Figure 2). This neutrophilic structure is much larger and 
more deeply invades into the epidermis than the Munro’s 
microabscess in PV. The deep-seating pustule in GPP has 
been named ‘the spongiform pustule of Kogoj’ and its pre-
sence is uniquely diagnostic of GPP [2,28]. Hence, pustulation, 
and not excess scaling of the epidermis, is one of the main 
differential features of GPP versus PV [3].

4. GPP requires unique patient management 
considerations

4.1. Clinical manifestations and comorbidities

GPP is notable for its acute presentation with disease flares 
and considerable systemic involvement; the JDA criteria for 

Figure 2. Histologic images of skin sections from patients with GPP (panels a to d) or PV (panels e to h) at comparable magnification, stained with 
hematoxylin and eosin (panels a, c, e, and g) and with anti-neutrophil elastase (panels b, d, f, and h). Panels a and b show edema of the epidermis 
with minimal acanthosis in a GPP lesion. Neutrophils are located at the surface in the subcorneal space (as would be seen in ‘lakes of pus’) and are abundant 
in the dermis. Panels c and d show moderate epidermal acanthosis in another case of GPP, with neutrophils located in mid-level epidermal vesicles, termed 
spongiform pustules of Kogoj, characteristic of a GPP diagnosis. The background, non-lesional skin from a patient with PV (panels e and f) has a normal- 
appearing epidermis and no neutrophils in the epidermis or dermis. A typical PV lesion (panels g and h) has marked epidermal acanthosis and rete pegs that 
are more elongated than in GPP. Neutrophil infiltration is variable in PV and may be largely absent. In this example, a few neutrophils can be seen in the 
mid-epidermis and stratum corneum, as shown by arrows. The epidermis in PV has much less edema than in GPP. Note the diffuse staining of neutrophil 
elastase in the epidermis of GPP (panels b and d), which indicates high levels of neutrophil degranulation with release of elastase into structural tissue of the 
epidermis. Bars in panels a, b, g, and h show 100 micrometers of length. Images courtesy of Dr. Krueger. 
GPP, generalized pustular psoriasis; PV, psoriasis vulgaris.
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a definitive diagnosis of GPP require the presence of systemic 
symptoms [2], and both European and Japanese criteria high-
light the relapsing nature of GPP [2,3]. A key clinical aspect of 
GPP is the potentially life-threatening nature of these flares, 
which require urgent, emergency intervention and frequent 
inpatient care [7,9,21,66]. It is estimated that a patient with 
GPP will require hospitalization for a flare at least once every 
5 years [7], with the duration of stay reported to be 10– 
14 days [7,9,21]. A survey of dermatologists with experience 
of treating GPP in the USA indicated that 38% believed hospi-
talization for GPP was ‘somewhat common,’ with a further 
21% stating it was ”very common” or ”always required” [13]. 
Despite critical care, mortality rates directly attributable to GPP 
or its associated treatment are reported at between 2 and 16% 
[1,4,6,7,18–21,67]. In addition to acute symptoms, more than 
80% of dermatologists surveyed indicated that patients with 
GPP experience residual disease between flares [13].

Both cutaneous and extracutaneous manifestations of GPP 
contribute to its severe morbidity and potential mortality. 
During a GPP flare, patients present with systemic inflamma-
tion, not observed in PV, causing symptoms such as malaise, 
high-grade fever, and diarrhea [68]. Inflammation is accompa-
nied by laboratory abnormalities including raised C-reactive 
protein (CRP) and erythrocyte sedimentation rate, and leuko-
cytosis with neutrophilia [65,68]. Notably, JDA guidelines high-
light laboratory abnormalities (e.g. raised CRP, leukocytosis, 
elevated immunoglobulin, hypoproteinemia, and hypocalce-
mia) for use as diagnostic parameters and for the assessment 
of disease severity [2]. Patients with GPP can experience direct 
extracutaneous neutrophilic inflammatory involvement, which 
is not seen in PV, resulting in conditions that include choles-
tasis, cholangitis, epigastric pain, arthritis, interstitial pneumo-
nitis, oral lesions, and acute renal failure [7,19,67,69,70]. 
Systemic neutrophilic GPP inflammation can rarely also lead 
directly to life-threatening conditions such as ARDS, cytokine 
storm, and congestive heart failure [2,4,7,12,65,68,69]. 
Furthermore, microbial infections can occur within pustular 
skin [69], with sepsis a potentially fatal complication [4,7,65].

In contrast, PV is generally considered a chronic disease of the 
skin, typically managed in an outpatient setting [28,35]. 
Although patients with PV may also experience several systemic 
comorbidities, including immune-mediated inflammatory dis-
eases, cardiovascular disease, and metabolic syndrome, in most 
cases etiological links between the conditions remain uncertain. 
It is likely that any association is multifactorial, involving side 
effects of treatments, and behavioral or lifestyle responses to 
living with PV in addition to shared genetic susceptibility and/ 
or direct effects of PV [28,71]. In contrast to the life-threatening 
direct effects of GPP inflammation, deaths occurring in patients 
with severe PV tend to be related to these chronic comorbidities, 
such as cardiovascular disease [72], rather than directly attribu-
table to the psoriatic inflammation itself.

There is also a clear difference between GPP and PV in 
terms of presentation in pregnancy. Although complications 
have been reported during pregnancy in patients with PV, 
especially those with more severe disease, worsening of PV 
symptoms is possible but in a minority of cases [73]. On the 
other hand, pustular disease is a distinct complication in 
pregnancy [2,7,28,40,74]. Like acute GPP, GPP in pregnancy is 

potentially life-threatening to both mother and fetus in this 
particular situation [2,28,75,76]. Symptoms of GPP in preg-
nancy are similar to those of GPP flare outside of pregnancy, 
with possible systemic involvement in addition to complica-
tions relating to placental insufficiency [7,28,76]. Worsening of 
GPP during pregnancy in patients with a preexisting GPP 
diagnosis has also been reported [28,77].

4.2. Systemic treatment considerations

As a relatively common disease, evidence and recommenda-
tions for the treatment of PV are well developed and provide 
multiple, approved therapeutic options for all disease grades 
[31,34,35,78]. The same is not true for GPP, in part because its 
rarity makes the conduct of clinical trials more challenging, 
but also because treatment is needed for both flare control 
and flare prevention [2]. First-line therapy recommendations 
typically include cyclosporine, methotrexate, retinoids, and 
infliximab [2,22], although these are acknowledged to be 
based on insufficient evidence [2].

Outside of Japan, Taiwan, and Thailand, no biologics are 
currently approved for use specifically in GPP. In Japan, the 
approval of biologics, including tumor necrosis factor (TNF)-α 
inhibitors, IL-17/IL-17 receptor (R) inhibitors, and IL-23 inhibi-
tors, required trials in patients with GPP [2,25,79–81], indicat-
ing that the authorities considered patients with GPP a distinct 
population and not part of a PV spectrum. The lack of 
approvals in other regions for biologics that are approved 
for use in PV supports this distinction.

Biologic therapies targeting cytokines such as TNF-α, IL-12, 
IL-23, and IL-17A have been reported to be effective in GPP 
[2,25,79–82], and this is likely due to crosstalk between the 
cytokine pathways driving pathogenesis in GPP and PV. 
Although GPP likely originates in dysregulation of the IL-36 
axis in epidermal keratinocytes with involvement of IL-17C 
(Figure 3), this pathway can be activated by TNF or IL-17A 
(as potential triggers), but the level of activation for epidermal 
cytokines and chemokines in GPP is about 10-fold higher 
(Table 2) than in PV [83–86]. Thus, upstream inhibition of 
TNF or IL-17 (or IL-23, which regulates IL-17A) can likely 
attenuate the keratinocyte response to some extent, possibly 
enough to have visible improvement in GPP signs and symp-
toms [83,87]. However, the effectiveness of upstream inhibi-
tors of IL-36 is uncertain in view of evidence derived from 
small (fewer than 12 patients), single-arm studies and case 
reports [88,89]. As such, interpretation of these data requires 
caution due to possible reporting bias, with only positive out-
comes presented or published, and difficulties in assessing 
improvements from single-arm studies in a disease with self- 
remitting tendencies [15,59,90,91]. Furthermore, biologic 
therapies – notably TNF-α inhibitors – have been reported to 
induce pustular disease in patients being treated for other 
conditions, including PV [92–96], highlighting potential dispa-
rities between beneficial (PV) and causative (GPP) mechanisms 
caused by these drugs. A single-center study indicated that 
drug survival for biologics was lower in patients with GPP than 
in those with PV [97], although a separate report indicated 
that drug survival for patients with GPP was similar to that 
previously reported for PV [42]. More data on larger patient 
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cohorts are needed to accurately assess the effectiveness in 
GPP of biologics originally developed for the treatment of PV, 
and/or to confirm a differential effect of drugs on GPP and PV.

Based on evidence supporting a key role for the IL-36 
pathway in GPP pathology, emerging therapies have targeted 
blockade of this pathway as a potential therapeutic approach  

Figure 3. Fundamental variations in the Type 3 immune mechanism differentiate (a) PV and (b) GPP. 

Type 3 immunity is a Type 17 T-cell response pathway to extracellular pathogens such as fungi that infect/invade the epidermis. The response creates anti-microbial proteins, neutrophilic 
infiltration, and hyperplasia that eliminates the organisms. (a) Autoimmune variant of Type 3 immunity drives PV: Node 1 is central to triggering and maintaining an autoimmune response 
to self-antigens, resulting in chronic T-cell activation, which is supported by IL-23-producing dendritic cells in the epidermis. The response follows a typical Th17 signature, leading to 
hyperproliferation of keratinocytes and limited neutrophil infiltration in the granular layer of the epidermis. Feedforward from Node 2 and regulated cytokine synthesis/amplification in 
Node 3 contribute to the inflammatory cytokine cascade that perpetuates skin thickening and chronic psoriatic plaques. IL-17C produced in Node 3 contributes to ongoing Type 17 T-cell 
activation and polarization. Autoantigens that drive T-cell activation are amplified in the response, leading to chronic T-cell activation. (b) Innate immune variant of Type 3 immunity drives 
GPP: Node 3 likely initiates high synthesis of IL-36 and IL-17C via self-amplification in the absence of functional IL-36Ra, which leads to very high levels of CXCL8 (IL-8) and other CXCL 
chemokines that produce massive neutrophil influx. Both IL-36 and IL-17C can induce the keratinocyte ‘IL-17 response program’ in keratinocytes that leads to high production of anti- 
microbial proteins and other products normally stimulated by IL-17A or F from activated T-cells in Node 2. IL-17C may also feedback to activate Type 17 T-cells in Node 1, but no 
autoimmune antigens have been identified in GPP. A direct contribution of activated T-cells to GPP may not be required to initiate and maintain the unregulated innate immune response 
that is reflected in the epidermis. CXCL, C-X-C motif chemokine ligand; GPP, generalized pustular psoriasis; IL, interleukin; PV, psoriasis vulgaris; R, receptor.  
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specific to GPP. In the Effisayil™ 1 trial, efficacy and safety of 
the novel humanized anti-IL-36R monoclonal antibody, speso-
limab, were evaluated in 53 patients with a GPP flare. One 
week after a single intravenous infusion, the proportion of 
patients with pustular clearance was significantly higher in 
the spesolimab arm (54%) than in the placebo arm (6%; 
p < 0.001), and this was sustained over the 12-week study 
[98]. Similarly, early results with imsidolimab have shown 
a rapid and sustained reduction in area of erythema with 
pustules in 6 out of 8 patients with GPP [99]. Further ongoing 
studies will add evidence on the long-term safety and effec-
tiveness of this IL-36-targeted approach for both the treat-
ment and prevention of GPP flares.

5. GPP and PV have different underlying genetic 
causes

The strongest evidence for a fundamental distinction between 
PV and GPP is provided by genetic analysis of patient popula-
tions, analysis of expression patterns between pustular and 
plaque disease, and by compelling mouse models of GPP/ 
DITRA [100]. These genetic analyses reveal fundamental differ-
ences in underlying genetic causes and expression-related 
mechanisms of disease development between GPP and PV.

5.1. Genetic drivers of GPP and PV are distinct

Multiple genetic abnormalities have been associated with 
the development of PV in a multigenic, complex model 
[28,101–103]. However, among these, the key allele is 
HLA*C0602, which encodes a major histocompatibility com-
plex class I receptor involved in immune responses [28,101– 
103]. Mechanistic confirmation for the involvement of 
HLA*C0602 has been demonstrated through autoantigen 
presentation and subsequent triggering of PV [103]. A meta- 
analysis of genome-wide association studies (GWAS) for PV 
published in 2017 identified a total of 63 psoriasis suscept-
ibility loci in European-origin populations [102]. Genes 
within these loci associated with causal biology are those 
involved in IL-23 and interferon (IFN) signaling pathways, 
T-helper (Th)17 cell differentiation and IL-17 responsiveness 
(e.g. IL23R, IL23A, IL12B, TYK2, TRAF3IP2), nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB)-regu-
lated signaling (e.g. NFKBIA, CARD14), and perturbation of 
the epidermal barrier (e.g. LCE3B/3C/3D) [28,102,104–106]. 
Notably, some of the pathways affected by these genes 
have been used as targets for successful treatment of PV, 
for example with IL-23 and IL-17 inhibitors [101].

In contrast to the polygenic abnormalities associated with the 
development of PV, and other frequent inflammatory diseases 
including psoriatic arthritis, the genetic architecture of familial 
cases of GPP appears to follow a monogenic, autosomal recessive 
Mendelian genetic model [107]. In 2011, two pivotal reports using 
different methodologies described homozygous or compound 
double heterozygous loss-of-function (LOF) mutations in the 
IL36RN gene in most of the GPP cases they assessed [44,52], 
prompting one group to propose the acronym DITRA [52]. 
Subsequent research identified further mutations in IL36RN and 
established defects in the IL-36 signaling pathway as a key driver of 

GPP pathogenesis [56,108,109]. The IL-36 cytokine family, part of 
the IL-1 super-family, includes three agonists (activating ligands), 
IL-36α, IL-36β, and IL-36γ, and two antagonists, IL-36R antagonist 
(IL-36Ra) and IL-38 [107,110]. Binding of IL-36 activating ligands to 
IL-36R induces NF-κB and mitogen-activated protein kinase 
(MAPK), stimulating the release of pro-inflammatory cytokines 
that promote the activation of neutrophils, macrophages, dendri-
tic cells, and T-cells [52,107]. IL36RN encodes IL-36Ra, which blocks 
the interaction of IL-36 ligands with IL-36R and prevents the 
exacerbation of inflammatory responses [52,107]. Thus, dysfunc-
tional IL-36Ra leads to uncontrolled IL-36 pathway signaling and 
dysregulated production of inflammatory cytokines, such as IL-1, 
IL-6, and IL-8, which contributes to the development and main-
tenance of pustular disease via increased activation of keratino-
cytes [44,52,107]. Altered IL36RN has been reported in ~21–24% of 
GPP cases overall [41,111]; however, for patients with GPP without 
PV, the proportion of cases with IL36RN mutations is considerably 
greater, at up to 82% [56]. Notably, alterations in IL36RN are not 
associated with PV in patients without GPP [112], and in patients 
with GPP, IL36RN mutations occur in the absence of mutations in 
key alleles associated with PV, including HLA*C0602 [44]. The 
phenotypic consequences of IL36RN mutations are still being 
investigated. Patients with homozygous mutations, lacking expres-
sion of IL-36Ra (i.e. DITRA), present with high-grade fever during 
flares [52]. Reports have also indicated earlier onset of GPP among 
patients with homozygous mutations compared with those carry-
ing monoallelic mutations [111]. Furthermore, some degree of 
correlation between the structural and functional impacts of 
IL36RN mutations and clinical severity has been demonstrated 
[113]. These data provide a clear genetic basis for GPP independent 
of the presence of PV.

Additional genetic components of GPP have since been 
identified, providing evidence for the genetic basis of 
disease in patients without alterations in IL36RN. In 
Europe, approximately 11% of patients with GPP carry 
a mutation in AP1S3, which encodes a subunit of the 
adaptor protein 1 complex [41], with some of these 
patients also having IL36RN mutations [114]. Alterations 
in AP1S3 result in upregulated IL-1 signaling and over-
expression of IL-36 cytokines (ligands), and inhibited ker-
atinocyte autophagy [114,115], suggesting a likely role in 
GPP pathology. AP1S3 mutations have been reported in 
other pustular diseases, including PPP, ACH, and acute 
generalized exanthematous pustulosis (AGEP) [116]. 
Studies have described mutations in CARD14 in small pro-
portions of Chinese and Japanese patients with GPP, 
usually with concomitant PV [117,118]; however, a family 
with GPP showing autosomal dominant inheritance of 
CARD14 mutations in the absence of PV has also been 
reported [119]. Given the scarcity of evidence currently 
available, the pathogenicity of CARD14 mutations has not 
yet been established for GPP, with murine models show-
ing a PV-like rather than a GPP-like phenotype [120,121], 
whereas IL36RN transgenic mice have a GPP-like pheno-
type [100]. The correlation between CARD14 mutations 
and the onset of GPP, in the absence of PV, therefore 
remains to be adequately defined. More recently, muta-
tions in MPO (encoding myeloperoxidase) have also been 
identified as a driver of pustular disease, including GPP 
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[122,123]. The mechanism for pathogenesis caused by 
myeloperoxidase deficiency has yet to be fully elucidated, 
although modifications in the activity of neutrophils and 
of proteases involved in the cleavage of IL-36 precursors 
to produce active IL-36 agonists have been reported 
[122,123]. In addition, an LOF heterozygous mutation in 
SERPINA3 (encoding a serine protease inhibitor) was iden-
tified in two patients with GPP and ‘significantly asso-
ciated with GPP’ [124]. As more genetic factors are 
identified, it becomes increasingly clear that the under-
lying cause of pustular disease, particularly GPP, is differ-
ent from that of psoriatic plaques, and while there may be 
different genetic causes in individuals, it is striking that all 
pathways identified so far bisect at the level of IL-36.

5.2. Differences in gene expression in GPP and PV 
lesions

The identification of differing genetic drivers of GPP and PV is 
supported by several studies that show reproducible, distinct 
patterns of gene expression in skin biopsies from patients with 
these diseases.

Johnston et al. [125] analyzed skin biopsy transcriptomes 
from patients with PV (n = 12) or GPP (n = 28, including 7 
with concomitant PV) and healthy controls (n = 20). Notably, 
when transcriptomes of patients with both GPP and PV were 
assessed using unsupervised clustering analysis, they clus-
tered with the GPP-only samples [125]. Compared with 
healthy skin, GPP lesions and PV plaques showed a number 

Figure 4. Transcriptome analysis of skin biopsies from patients with PV and GPP compared with skin biopsies from healthy volunteers [84]. The circles in 
the Venn diagrams illustrate the numbers of DEGs (genes with altered expression in the indicated biopsy compared with the healthy volunteer biopsy). Up-regulated 
genes are indicated by ↑, and down-regulated genes by ↓. The numbers of DEGs identified in both GPP and PV are illustrated by the overlap between the circles. 
(a) Biopsies of lesional skin from patients with PV or GPP compared with skin biopsies from healthy volunteers. Although a core of common DEGs is present in both 
GPP and PV lesions, most genes with altered expression in GPP are not altered in PV. (b) Biopsies of non-lesional skin from patients with GPP or PV, compared with 
skin biopsies from healthy volunteers, highlighting considerable dysregulation in non-pustular skin in patients with GPP. 
DEG, differentially expressed genes; GPP, generalized pustular psoriasis; HV, healthy volunteer; PV, psoriasis vulgaris. 

Table 2. Differentially expressed genes* relative to normal human skin in lesional skin from patients with PV and GPP [84].

Gene
Fold change 

PV LS vs HV
Fold change 

GPP LS vs HV GPP LS vs HV/PV LS vs HV P value†

IL1B 8.9 297.74 33.59 1.45E-07
IL19 102.85 3391.13 33.13 2.23E-06
CXCL8 66.69 1964.94 29.45 2.77E-06
SERPINB4 1424.13 36,325.48 25.46 4.15E-06
FPR1 11.74 223.45 19.03 2.34E-07
CXCL1 31.43 565.9 18.00 8.01E-07
ADAMTS4 2.45 40.18 16.45 2.13E-08
HTR3A 13.73 210.21 15.35 4.68E-07
CCL20 32.24 475.69 14.72 1.10E-06
TGM2 −1.2 12.15 14.62 8.96E-09
S100A7A 2701.82 37,106.53 13.74 8.00E-06
S100A8 559.31 7257.61 13.00 2.98E-06
MT1G −1.26 9.84 12.38 8.26E-09
PSG4 1.12 13.45 12.04 1.05E-05
TRIM15 11.31 135.76 11.96 1.51E-07
IL36A 198.65 2338.56 11.79 5.17E-06
PPIAP22 1.58 18.64 11.79 6.00E-10
SAA1 6.62 74.27 11.16 3.84E-07
SERPINB3 63.92 707.11 11.08 7.49E-07

*Genes shown are those where there was a > 10-fold difference in the extent of differential expression (relative to normal HV skin) 
between GPP lesional skin and PV lesional skin. †Student’s t-test P-value for the difference between GPP and PV (GPP LS vs HV/PV LS vs 
HV) 
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of differentially expressed genes (DEGs), some that were 
unique to each disease (n = 295 in GPP, n = 670 in PV) and 
others that were common to both (n = 184). In addition, GPP 
expression profiles included more genes expressed by neu-
trophils and monocytes than PV expression profiles. 
Specifically, transcripts for IL-1β, IL-36α, and IL-36γ were 
more abundant in GPP lesions than in PV plaques, whereas 
transcripts for IL-17A, IL-22, IL-23p19, IFN γ, IL-18, and myx-
ovirus resistance 1 were more abundant in PV plaques than 
in GPP lesions [125].

Liang et al. [126] assessed gene expression in skin biopsies from 
patients with GPP (n = 30), PPP (n = 17), and AGEP (n = 14) 
compared with healthy controls (n = 20). GPP lesions exhibited 
the largest number of DEGs (n = 2151 vs 461 for PPP and 197 for 
AGEP) and the most unique profile of DEGs (83.5% of DEGs being 
GPP-specific vs 42.3% for PPP and 0.5% for AGEP) [126]. Protein 
ubiquitination demonstrated the greatest alteration in GPP; ubi-
quitination pathways are frequently dysregulated in inflammatory 
and autoimmune diseases [126]. STEAP4 was a common DEG in all 
three diseases, and the investigators looked in more detail at the 
expression of the STEAP family of proteins in the pustular disease 
phenotypes compared with expression in PV plaques [126]. Their 
finding that overexpression of STEAP1 and STEAP4 was seen 
across pustular psoriasis forms, including GPP, but not in PV, 
provided further robust evidence for the distinct nature of these 
diseases. The expression of STEAP1 and STEAP4 was clustered with 
that of inflammatory cytokines including IL-1, IL-36, and CXCL1/8, 
leading the authors to conclude that, ‘the distinct neutrophil- 
activating activities of STEAP1 and STEAP4 might underlie the 
pathologic alterations in patients with pustular psoriasis but not 
those with non-pustular psoriasis’ [126].

Another transcriptome analysis compared molecular profiles of 
lesional and non-lesional skin from patients with GPP (n = 7) or PV 
(n = 17) with skin from healthy volunteers (n = 10) [84]. Interestingly, 
non-lesional skin from patients with GPP showed 3683 DEGs, 
whereas non-lesional skin from patients with PV showed only 541 
DEGs (Figure 4), demonstrating considerable widespread non-focal 
skin involvement in GPP but not PV. There were also more DEGs in 
lesional skin from patients with GPP than in PV lesional skin 
(Figure 4). In GPP lesional skin, 60% (n = 4115) of the DEGs did 
not overlap with DEGs found in PV lesional skin; among the 2759 
DEGs that did overlap (40%), 1379 were upregulated in both dis-
eases, but 789 (57%) of these showed higher dysregulation in GPP 
(p < 0.05). The largest differences were seen in genes involved in 
neutrophil-associated inflammation (CXCL1, CXCL8, CD177, CCL20) 
or connected with the Th1 axis (IL1B, IL36A) (Table 2).

Further evidence of the role of the IL-36 pathway in GPP was 
provided by Baum et al. [127] who investigated the molecular 
changes in the skin and blood of patients with GPP flares after 
treatment with the novel humanized anti-IL-36R monoclonal 
antibody, spesolimab. Blocking IL-36R resulted in rapid normal-
ization/downregulation of dysregulated genes associated with 
the IL-36 pathway, and this normalization was matched by clin-
ical improvement [127].

5.3. Pathogenic immune system pathways

The genomic and transcriptomic data discussed above corre-
spond to functional differences observed in pathways driving 

the pathogenesis of GPP and PV (Figure 3). The role of the 
adaptive immune system in driving PV is well established, 
leading PV to be described as ‘the best understood and 
most accessible human disease that is mediated by T-cells 
and dendritic cells’ [128]. Lesional skin in PV contains Th1, 
Th17, and Th22 cells, activated by IL-23 mainly produced 
from myeloid dendritic cells in the skin [128–130]. These Th 
cells produce several cytokines, such as IL-17A, IL-17F, IL-22, 
and IFNγ, resulting in hyperproliferation of keratinocytes, 
further inflammatory cytokine production, and subsequent 
chronic T-cell activation [128–130]. The key role of the IL-17 
pathway in the pathogenesis of PV is demonstrated by the 
high efficacy of therapies targeting IL-17A [131].

In contrast to the adaptive immune system driving PV, 
GPP appears to be mainly the result of dysregulation of the 
innate immune system, fulfilling the definition of AID by 
experts in the field of this entity of mainly monogenic dis-
eases, and also representative of the class of AIKDs [46,51]. In 
GPP, levels of Th17-related cytokines are significantly lower 
than in PV [125], with IL-1 and IL-36 isoforms predominating. 
In the absence of functional IL-36Ra, as is common in GPP, 
there is massive amplification of activating IL-36 isoforms 
with induction of chemokines that recruit neutrophils, the 
dominant immune cell type in GPP [130]. The resulting exces-
sive neutrophil accumulation occurs through the activity of 
IL-36 pathways, potentially acting on keratinocytes to 
express the neutrophil chemoattractants CXCL1, CXCL2, and 
CXCL8 [130,132]. IL-36 signaling by keratinocytes in the gran-
ular layer induces expression of IL-17C, which creates a self- 
amplifying node as IL-17C also induces expression of IL-36 
cytokines [85,86]. IL-17C can promote activation of IL-17A- or 
IL-17F-producing T-cells, and both these cytokines further 
stimulate synthesis of CXCL chemokines such as CXCL1, 
CXCL2, and CXCL8 [133].

Despite these differing immune pathways underlying the 
pathogenesis of PV and GPP, crosstalk between the cytokine 
pathways mediating these inflammatory responses occurs. 
Therefore, cytokines such as TNF-α, IL-12, IL-23, and IL-17A, 
which are seen in PV, may not be key players in GPP patho-
genesis, but do contribute to it [125]; this results in, for exam-
ple, the expansion of Th17 cells in GPP through the activity of 
the IL-36 pathway [15]. Similarly, members of the IL-36 family 
are overexpressed in PV lesions in the absence of direct muta-
tions in IL36RN, such as those seen in GPP [132]. Combined 
with the genetic and expression data, this indicates the pre-
sence of independent pathways contributing to the develop-
ment of either PV or GPP, albeit with necessary overlap in the 
cytokines and immune cells involved in disease-causing 
mechanisms.

6. Conclusion

GPP is a rare, orphan, AID that is characterized by acute, life- 
threatening flares and widespread systemic effects, and pri-
marily driven by a deregulated innate immune system caused 
by single gene abnormalities. In contrast, PV is a highly pre-
valent, chronic inflammatory skin condition with typically non- 
pustular presentation primarily resulting from deregulated 
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T-cell responses caused by the interaction of multiple gene 
abnormalities with environmental triggers. While the two con-
ditions are related and may co-occur in patients, they do not 
represent a continuum of a single disease with GPP as an 
extreme form of PV. If GPP were to be classified today, with 
current knowledge and based on genetics, histopathology, 
clinical features, and therapeutic approaches, it would doubt-
lessly be considered a separate entity to PV. As understanding 
of the causes and unique nature of GPP has improved, the 
opportunity for appropriately targeted therapy to improve 
patient outcomes has increased.

7. Expert opinion

The IL-1 family of cytokines contains highly inflammatory 
molecules that can create severe inflammatory conditions if 
the balance of activation versus regulation is disturbed. The 
most common form of regulation is the production of cyto-
kine-like receptor antagonists that bind to receptor subunits 
and prevent the binding of activating cytokine ligands. This 
mode of regulation may have developed as a consequence 
of redundancy in activating ligands for single receptors. For 
example, the IL-1R binds both IL-1α and IL-1β, with both 
cytokines inducing similar cellular effects, while IL-36R binds 
IL-36α, IL-36β, and IL-36γ, with similar activating effects. 
Signaling of IL-1R is restrained by IL-1Ra and signaling of 
IL-36R is restrained by IL-36Ra; receptor antagonists bind 
directly to the extra-cellular receptor to prevent receptor 
dimerization and signaling by the cognate activating 
ligands. A rare genetic mutation of the IL-1Ra prevents its 
function and the consequence is an inflammatory skin dis-
ease with pustulation and systemic inflammation termed 
Deficiency of IL-1 Receptor Antagonist (DIRA). Treatment of 
DIRA involves attenuation of IL-1α and IL-1β signaling with 
soluble receptor traps or other means. The disease most 
similar to DIRA is GPP, the subject of this review. There 
are clear genetic deficiencies in IL36RN, the gene that 
encodes IL-36Ra, in a sizable proportion of patients with 
GPP. GPP is a disease, like DIRA, that involves skin inflam-
mation, pustulation, and systemic inflammation. In reference 
to DIRA, the acronym DITRA has been proposed for GPP 
related to inborn errors of the IL36RN gene. The latter, as 
well as other genetic defects identified in GPP, all converge 
in a deregulation of the innate immune system involving 
the IL-36 pathway as a key pathogenic circuit in GPP, mak-
ing GPP a member of the so-called AID entity.

While IL-36 cytokines can activate many cell types that bear 
the IL-36R, there is a special relationship between skin as 
a barrier tissue and IL-36 cytokines. The epidermis, the outer-
most cutaneous tissue, protects from environmental microbial 
threats in part by the production of anti-microbial proteins 
(AMPs) in keratinocytes, a function that can be greatly accel-
erated by various inflammatory cytokines, and also by the 
ability of keratinocytes to synthesize chemokines that can 
recruit other immune cells into an inflammatory focus. 
Keratinocytes uniformly express IL-36R and can be activated 
in an autocrine or paracrine fashion by IL-36 cytokines synthe-
sized by keratinocytes, with higher levels of cytokine produc-
tion in the granular layer, which is relatively superficial and 

close to the external environment. IL-36 signaling in this loca-
tion induces expression of the cytokine IL-17C, which creates 
a self-amplifying node as IL-17C also induces expression of IL- 
36 cytokines. IL-17C can promote activation of IL-17A- or IL- 
17F-producing T-cells and both these cytokines further stimu-
late synthesis of CXCL chemokines such as CXCL1 and CXCL8 
(IL-8) that control neutrophil chemotaxis into the epidermis if 
microbes break through physical or anti-microbial protein 
barriers. In fact, pathogenic bacteria such as Staphylococcus 
aureus can directly induce IL-36 cytokine expression in human 
keratinocytes and this sets-off increased synthesis of the IL-36, 
IL-17C, CXCL chemokine response that would lead to neutro-
phil recruitment, producing another potent defense against 
microbial invasion. In the context of GPP, the IL-36/IL-17C 
node in keratinocytes and subsequent production of CXCL 
chemokines becomes aberrantly up-regulated, either through 
absence of IL-36Ra or by collective actions of other cytokines 
such as TNF-α, IL-1, IL-17A, IL-17C, or IL-17F that also stimulate 
synthesis of IL-36 cytokines in keratinocytes. The innate 
immune response, which encompasses keratinocyte produc-
tion of AMPs and increases in neutrophils and other immune 
cells in the skin, becomes activated far beyond changes in PV, 
leading to massive recruitment of neutrophils that produce 
large, visible pustules with deep-seated structures that 
uniquely classify GPP or continuous sheets of neutrophils in 
a sub-corneal location (lakes of pus). If PV is a ‘trophic’ condi-
tion that increases epidermal mass and production of AMPs 
that protect against skin infection in a regulated fashion, GPP 
is in many ways opposite, as the physical skin barrier becomes 
disrupted by focal loss of stratum corneum and keratinocyte 
cohesion in viable layers of the epidermis is disrupted by 
massive edema as well as actions of neutrophil-derived 
proteases.

Although GPP has been classed as a subtype of PV 
because of historical reports, research has failed to find 
convincing arguments for GPP being part of the psoriatic 
disease spectrum in respect to genetics, transcription, clin-
ical features, and response to treatment. There is now an 
increasing understanding among researchers – and in the 
literature – that the ‘psoriasis’ in the name GPP, in linking it 
to plaques, is a misleading misnomer. While there is some 
overlap in the epidemiology of GPP and PV, which is evi-
dent in a proportion of patients in whom a history of PV 
precedes GPP diagnosis, or in whom the two diseases co- 
exist, this may be related to intersection of the inflamma-
tory networks driving disease pathogenesis. The divergent 
underlying genetics of the two diseases, however, strongly 
argues for their consideration as separate entities. The 
major arguments being that mutations in IL36RN, AP1S3, 
SERPINA3, and MPO have never been associated with PV, 
only with pustular disease, and that the dominant genetic 
model of familial cases of GPP is Mendelian and monogenic, 
while the dominant genetic model of PV is multigenic, 
complex, and non-Mendelian.
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