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“Autoinflammatory psoriasis”—genetics and biology
of pustular psoriasis
Ranjitha Uppala1,2, Lam C. Tsoi2, Paul W. Harms2,3, Bo Wang2, Allison C. Billi2, Emanual Maverakis4, J. Michelle Kahlenberg 5,6,
Nicole L. Ward7 and Johann E. Gudjonsson2,6

Psoriasis is a chronic inflammatory skin condition that has a fairly wide range of clinical presentations. Plaque psoriasis, which is the
most common manifestation of psoriasis, is located on one end of the spectrum, dominated by adaptive immune responses,
whereas the rarer pustular psoriasis lies on the opposite end, dominated by innate and autoinflammatory immune responses.
In recent years, genetic studies have identified six genetic variants that predispose to pustular psoriasis, and these have highlighted
the role of IL-36 cytokines as central to pustular psoriasis pathogenesis. In this review, we discuss the presentation and clinical
subtypes of pustular psoriasis, contribution of genetic predisposing variants, critical role of the IL-36 family of cytokines in disease
pathophysiology, and treatment perspectives for pustular psoriasis. We further outline the application of appropriate mouse
models for the study of pustular psoriasis and address the outstanding questions and issues related to our understanding of the
mechanisms involved in pustular psoriasis.
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INTRODUCTION
Psoriasis is a chronic inflammatory skin disease that affects up to
3% of the world’s population and has a massive impact on quality
of life among affected individuals. From a clinical standpoint,
psoriasis can be broadly classified into pustular and nonpustular
types,1 with a wide spectrum of clinical subtypes existing between
these two clinical presentations. The most common form of
psoriasis is plaque psoriasis, also known as psoriasis vulgaris (PV),
which constitutes the great majority of cases, or up to 90% of the
total2 and is characterized by sharply demarcated, elevated scaly
plaques that are often distributed in a symmetric manner on the
knees, elbows, scalp, and lumbosacral areas.3 Other subtypes of
psoriasis that are frequently grouped with plaque psoriasis include
inverse psoriasis, which involves the flexural areas of the skin;
guttate psoriasis, a common form of eruptive psoriasis in young
adults and children; and erythrodermic psoriasis, in which over
75% of the body surface area is affected by psoriasis.
The pustular form of psoriasis, as the name implies, is

characterized by neutrophil-rich, sterile pustules and accounts
for only a very small fraction of the total number of psoriasis cases.
In contrast to plaque psoriasis, pustular psoriasis can at times be
life-threatening.4,5 Pustular psoriasis can present as a localized
disease or with generalized widespread skin lesions. Localized
forms include palmoplantar pustulosis (PPP), in which pustules
appear on the soles and palms, and acrodermatitis continua of
Hallopeau (ACH), where pustules affect the nail apparatus.1 When
PPP is present alongside plaque psoriasis, it is sometimes referred

to as palmoplantar pustular psoriasis.6 Generalized pustular
psoriasis (GPP) can present in several different forms. This includes
the acute form, the von Zumbusch variant, which has an abrupt
onset associated with systemic symptoms;7 impetigo herpetifor-
mis, which is a GPP that occurs during pregnancy;8 and less
common pustular subtypes such as annular pustular psoriasis9 and
juvenile pustular psoriasis10 (Fig. 1). The classification of sub-
corneal pustular dermatosis, also known as Sneddon–Wilkinson
disease, and its relationship to pustular psoriasis are still under
debate.11 It should be noted that GPP has a high tendency to
transition into erythrodermic psoriasis.1,12 This severe form of
psoriasis is characterized by diffuse redness involving at least 75%
of the body surface area, with finer scales typical of plaque
psoriasis, and is also associated with high morbidity.13

While the pathogenesis of plaque psoriasis has been well
studied, much less is known about pustular forms of psoriasis. In
terms of clinical presentation, there is a significant degree of
overlap, and all forms of pustular psoriasis are also associated with
plaque psoriasis, although they can exist independently.14

Immunologically, there appear to be differences, with IL-17 having
a greater role in plaque psoriasis, whereas the IL-36 cytokine axis
dominates in pustular forms of psoriasis.15,16 Lastly, genetic
studies have shown that pustular forms of psoriasis may differ in
their genetic etiology. Indeed, HLA-Cw6, a major risk factor for
plaque psoriasis, is not associated with the pustular forms of
psoriasis, and mutations in the gene encoding the IL-36 receptor
antagonist (IL36RN) predispose patients to pustular psoriasis but
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not plaque psoriasis.17–20 In this review, we will discuss what is
known about the clinical course, genetics, and immunology of the
pustular forms of psoriasis.

CLINICAL AND HISTOLOGICAL FEATURES
Diagnosis of both plaque and pustular psoriasis subtypes is made
clinically. In the more severe GPP, clinical features such as
conjunctivitis, liver abnormalities, leg swelling, and jaundice may
be seen,21 and the onset is frequently accompanied by systemic
symptoms such as fever and leukocytosis. In this acute phase, the
presence of fever and leukocytosis may lead to a mistaken
diagnosis of systemic infection, sometimes prompting a counter-
productive discontinuation of immunosuppressive treatment.22

The condition most difficult to distinguish clinically from GPP
is acute generalized exanthematous pustulosis, a pustular drug
eruption frequently occurring in response to commonly used
antibiotics.23 The clinical features of pustular psoriasis subtypes
are shown in Table 1. Pustular psoriasis can arise superimposed on
chronic plaque psoriasis or occur spontaneously on previously
normal skin, and this is reflected in the histology of psoriasis
(Fig. 2).

CLINICAL COURSE
A major limitation to our understanding of the clinical course of
pustular forms of psoriasis is that extensive data on its natural
history do not exist. GPP, the best described subtype, is
characterized by the development of innumerable, generalized,
sterile pustules that may have an acute, subacute, or occasionally
chronic presentation. Patients may have phases of typical plaque-
type psoriasis before or after GPP.24 Approximately 65% of GPP
cases occur in patients with a prior diagnosis of PV,13 yet despite
this overlap, the pathogenic relationship between these condi-
tions is still not fully clear. If the patient does not die of exhaustion,
toxicity, or infection, remission may occur within days or weeks,

with the psoriasis returning to its normal state. Alternatively, a
nonpustular erythroderma may develop. The rate of relapse is
unknown but may be frequent, and similarly, there is a paucity of
data on the long-term prognosis of GPP. In a retrospective study
of patients with GPP published in 1971 on 155 patients with GPP,
of the 106 patients followed over time, 34 had died, and a major
proportion of these deaths (26) were attributable to the disease or
its treatment.25 In a more recent study of a Malaysian cohort of 95
patients with acute GPP, 7% mortality was reported, although this
was thought to be underestimated given the sporadic follow-up.13

In a study of 63 patients with pustular psoriasis published in 1991,
3% mortality was observed during the acute presentation, but the
long-term prognosis was not assessed.26 A limitation of these
studies is the inclusion of several milder, more localized subtypes
of pustular psoriasis, thereby likely underestimating the severity
and complications of classic GPP.
Interestingly, and in stark contrast to plaque psoriasis, which is

equally common in men and women,27 pustular psoriasis is more
common in women, with approximately twice as many women
affected as men, as shown in both Asian28 and European cohort
studies.7 The average age of onset of GPP is ~31 years of age,
which is lower than that of PPP (44 years of age) or ACH (52 years
of age).7 In contrast, the onset of plaque psoriasis occurs most
frequently between the ages of 15–22 years, with a second, but
smaller, peak of onset between the ages of 55–70 years.29

PREVALENCE AND COMORBIDITIES
Pustular psoriasis is more prevalent among Asian populations. This
might be partly explained by the presence of population-specific
rare genetic variants associated with pustular psoriasis.30 Thus,
GPP prevalence is higher among East Asians, affecting ~7.5 per
million in Japan in contrast to 1.76 per million in the French
population.31–33 Although no reports directly related to the
economic burden of pustular psoriasis exist, two groups have
reported that patients experience a significant impact on quality

Fig. 1 Clinical presentations of pustular psoriasis. Clinical photographs of patients with pustular forms of psoriasis. The patient in (a) has a
robust and acute inflammatory response in the skin with marked erythema, edema, and central pustulation, with very limited amount of
scaling, characteristic of acute pustular psoriasis. The patient in (b) has annular and serpiginous lesions with pustules located on the periphery
of the inflamed areas, characteristic of annular pustular psoriasis. The patient in (c) has resolving pustular psoriasis. Often, in these patients,
the pustules have a “dried up” appearance with slight brown discoloration. The stratum corneum often peels off with a characteristic trailing
scale. “Resolved” pustular lesions often transition into erythematous patches and plaques with fine superficial scaling. When generalized, this
would be consistent with erythrodermic psoriasis, a clinical state that frequently follows widespread pustular psoriasis
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of life along with emotional problems, including anger, concern,
shame, and difficulties in daily/social activities,33,34 and con-
comitant depression is commonly observed.34 Similar to plaque
psoriasis,35–37 pustular psoriasis is associated with metabolic
syndrome, including hypertension, hyperlipidemia, diabetes, and
obesity.13,34 In addition, the presence of seronegative arthritis
(psoriatic arthritis) has been reported in GPP13 and is a common
comorbidity of PPP, where it is found in up to 16% of patients.34

PPP is also known to coexist with a rare syndrome called
synovitis–acne–pustulosis–hyperostosis–osteitis, a rare disease
with an arthritic and cutaneous presentation.38,39

PREDISPOSING FACTORS
While the genetic basis of pustular psoriasis has become clearer in
recent years, the cause of pustular psoriasis is still mostly unknown
and unexplored. Most of the evidence gathered to date is based
on individual case reports but hints toward interactions between
established (or still unknown) genetic predisposing factors and
environmental factors such as microbiota dysbiosis or exposure to
triggering drugs. With regard to the latter, pustular psoriasis has
been reported to be triggered by different medications, including
terbinafine, penicillin, lithium, iodine, progestins, and hydroxy-
chloroquine.40–42 Steroid withdrawal is also a known predisposing
factor, and pustular psoriasis can arise as a paradoxical reaction to
ongoing treatment with anti-TNF agents.43,44 Bacterial and viral
species, including Staphylococcus aureus, Epstein–Barr virus, and
cytomegalovirus, have been associated with GPP flares.45–47

Smoking is one of the best-known risk factors for pustular
psoriasis, particularly PPP, where this association is best
established.48,49 However, once pustular psoriasis is triggered,

smoking cessation may improve palmoplantar disease but
typically does not lead to full resolution.50

PATHOGENESIS
In recent years, substantial progress has been made in shedding
light on some of the central genetic and immunological processes
involved in pustular psoriasis. A common thread is the conver-
gence of IL-36 cytokines to the pro-inflammatory, epithelial-
derived IL-1 cytokine family.51 IL-1 family members differ from
classic IL-1 cytokines in that they are activated extracellularly by
proteolytic cleavage.52 In contrast, classic IL-1 family members
produced by many cell types are usually activated intracellularly
via inflammasome-mediated cleavage.53 Available evidence indi-
cates that IL-36 cytokines are likely the critical driver of the
autoinflammatory responses that characterize pustular psoriasis,
as recently evidenced by the rapid and marked clinical response
seen with IL-36 receptor inhibition in GPP.54 In contrast to
autoimmunity, an adaptive immune-mediated process, autoin-
flammation is a process by which innate immune cells inflict host
tissue damage in the absence of an infectious stimulus.
Autoinflammation can be initiated by aberrant inflammatory
cytokine production and/or alterations in cytokine signaling.
The term “autoinflammation” emerged in 1999, describing the

role of mutations in tumor necrosis factor receptor (TNFR1)
resulting in periodic fever syndrome.55 Since then, many similar
diseases have been described.53,56 In contrast to autoimmune
diseases, which are driven by cells of the adaptive immune system
(T and B cells) reacting against self-tissues through T-cell
responses or autoantibodies, autoinflammatory diseases are
caused by genetic mutations in molecules and pathways that

Table 1. Clinical features of the pustular psoriasis subtypes

Pustular
psoriasis type

Clinical presentation Diagnostic clues Male:female ratio Mean age of onset

Generalized
pustular
psoriasis (von
Zumbusch)

Sterile subcorneal pustules
that expand into lakes of pus
and are associated with
systemic symptoms

Macroscopically visible pustules with
or without evidence of systemic
inflammation (fever, increased
inflammatory markers, leukocytosis)

1:213

1:1.524

1:1.77

1:1.228

40.9 years13 (102 cases in Malaysia)
57 years21 (34 cases in Portugal)
41.7 years102 (7 cases in Japan)
31 ± 19.7 years7 (251 patients, Asian
and European populations)
31.4 ± 19.6 years61 (191 cases,
multiple ethnicities)

Impetigo
herpetiformis
(pustular
psoriasis of
pregnancy)

Subcorneal pustules on
erythematous patches

Systemic symptoms including fever,
malaise, nausea, and diarrhea
Elevation in inflammatory markers;
leukocytosis

Occurs in the setting
of pregnancy and
can also have
postpartum flareups

Typical during the third trimester of
pregnancy but eruptions as early as
first trimester can occur120

Postpartum flares have been
described121,122

Annular pustular
psoriasis

Polycyclic erythematous
lesions with pustules on
periphery of the lesions

Milder systemic symptoms than
those of GPP
Often no history of psoriasis

4:328

1:1123
43 years123 (2 patients in
Singapore)
39 ± 13 years28 (7 patients in Korea)

Juvenile
pustular
psoriasis

Present as annular or circinate
lesions with pustules similar
to adult GPP

Affected children exhibit systemic
findings similar to those of adult
GPP patients

2:1124 6.9 years125 (26 patients in China)
6.6 year126 (boys) and 5.5 years
(girls) (7 patients in Brazil)
4.6 years123 (boys) and 9.6 years
(girls) (6 patients in Singapore)

Palmoplantar
pustular
psoriasis

Sterile pustules on the palms
and soles with yellow–brown
discoloration

Yellow to brown macroscopic pustules
on the hands and feet with or without
concomitant classic plaque psoriasis

1:3.57 42 years123 (5 patients in
Singapore)
43.7 ± 14.4 years7 (560 patients
across Asian and European
population)

Acrodermatitis
continua of
Hallopeau

Sterile pustule formation
affecting the tips of the
fingers and toes

Suppurative nail unit involvement
Frequently unilateral

1:1.77 49 years123 (4 patients in
Singapore)
51.8 ± 20.4 years7 (28 patients
across Asian and European
populations)

GPP generalized pustular psoriasis, APP annular pustular psoriasis, PPP palmoplantar pustular psoriasis, ACH acrodermatitis continua of Hallopeau
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are involved in innate immune responses.55,56 Here, we will
discuss the current knowledge and understanding of the genetic
basis of pustular psoriasis and the immunological processes
involved.

GENETIC ARCHITECTURE
Genetic variants in six different genes have been implicated in
pustular psoriasis, including clinical syndromes with limited
features of pustular psoriasis. These include genes encoding the
interleukin-36 receptor antagonist (IL36RN), the caspase recruit-
ment domain-containing protein 14 (CARD14), adapter protein
complex 1 subunit sigma 3 (AP1S3), TNFAIP3-interacting protein 1
(TNIP1), the serine protease inhibitor gene serpin family A member
3 (SERPINA3), and the IL-1 receptor antagonist (IL-1RA) gene
(IL1RN), which is mutated in a severe autoinflammatory syndrome
of the skin and bones that occasionally presents with widespread
pustules and bone inflammation.53

The first evidence for genetic defects involving pustular skin
disease was the identification of homozygous mutations in IL1RN
in six families with a deficiency of IL-1 receptor antagonist
(DIRA).53 The resulting IL-1RA deficiency leads to unopposed
activity of the pro-inflammatory cytokines IL-1α and IL-1β. Of the
nine children in the original report, eight presented with
cutaneous pustulosis, ranging from discrete crops of pustules to
generalized severe pustulosis, with patients either presenting at
birth or by 2.5 weeks of age.53 A similar presentation has been
reported by other groups.57,58

DIRA was the first genetic disorder with mutations leading to
cutaneous pustules. Two years after the finding of IL1RNmutations
as a cause for DIRA, mutations in the IL-36 receptor antagonist
gene (IL36RN) were identified in nine Tunisian multiplex families
with autosomal recessive GPP.59 Nearly simultaneously, another
research group published IL36RN mutations in three out of five
unrelated individuals with GPP.51 The term “deficiency of
interleukin thirty-six-receptor antagonist”, or DITRA is sometimes
used for this disease.59 IL-36 is a member of the IL-1 family of
cytokines,52 and similar to the function of the IL-1RA on IL-1α and
IL-1β function, the IL-36 receptor antagonist opposes binding of
the pro-inflammatory IL-36 cytokine members IL-36α, IL-36β, and
IL-36γ to the IL-36 receptor.59 Thus, under normal circumstances,
the IL-36 receptor antagonist prevents IL-36-induced NF-κB
activation, but with GPP-associated mutations in the IL36RN gene,
the absence or malfunction of the IL-36 receptor antagonist leads
to unopposed signaling of IL-36 cytokines.60 Patients with IL36RN
mutations have a typical GPP clinical course defined by repeated
flares of sudden onset, with diffuse erythematous skin eruption

characterized by rapid coverage of pustules along with high-grade
fever, leukocytosis, and elevated C-reactive protein.59 Of the
original cohort, the disease presented in 75% of patients during
childhood and in the remaining quarter during early adult life,
including pregnancy (impetigo herpetiformis).59

The mutations identified in the IL36RN gene in the initial
Tunisian families with GPP were homozygous missense muta-
tions with the substitution of proline for leucine at position 27
(p.Leu27Pro).59 This mutation affected the stability of the IL-36
receptor antagonist protein, resulting in unopposed activity of
the three pro-inflammatory IL-36 cytokines.59 In the initial
European study of five individuals with GPP, three were found
to have mutations in the IL36RN gene, including a new
homozygous missense mutation (p.Ser113Leu) and one com-
pound heterozygote carrier (p.Ser113Leu and p.Arg48Trp).51 To
date, multiple types of mutations have been reported in the
IL36RN gene and associated with GPP, including substitution,
frameshift, and splicing defects.61 The range of mutations
associated with pustular psoriasis subtypes is outlined in Table 2.
The mutation allele frequency of IL36RN in GPP is close to 24%,
with a frequency that is slightly lower in ACH (~17%) and lower
still in PPP (~5%).7 A similar low frequency of IL36RN mutations
in PPP has been reported by other groups.62 Notably, single
nucleotide variants in the IL36RN gene were not of pathogenic
importance among patients from various ethnic groups, includ-
ing European,61 Japanese,63 and Chinese populations,64 further
bringing into question the link between IL36RN and PPP.64

IL36RN mutations do not appear to contribute to the risk of
plaque psoriasis, and the great majority of IL36RN mutations are
seen in patients with GPP that do not have concomitant plaque
psoriasis.65 Finally, in light of the role of the IL-36 axis in pustular
forms of psoriasis, it is notable that a single nucleotide
polymorphism in the IL36G gene region has been associated
with plaque psoriasis.66 However, no studies have yet examined
this polymorphism in pustular psoriasis subtypes.
Gain-of-function mutations in CARD14 were identified in 2012 in

several extended families with multiple cases of patients with
plaque psoriasis, psoriatic arthritis, and pustular psoriasis,67

capping the search of the gene behind the psoriasis susceptibility
2 (PSORS2) locus reported 18 years prior.68 CARD14 belongs to the
CARD-containing, membrane-associated guanylate kinase-like
domain-containing protein (CARMA) family of scaffolding proteins
that play a critical role in the recruitment and activation of IKK
proteins and activation of the NF-κB signaling pathway.69

Psoriasis-associated variants have been shown to have a gain of
function effect by disrupting CARD14 autoinhibition, leading to
BCL10- and MALT1-dependent NF-κB activation in keratinocytes.70

Fig. 2 Histology of pustular psoriasis. H&E of (a) normal skin and skin from two generalized pustular psoriasis cases, one in the background of
plaque psoriasis (b) and the other spontaneous (c). Thus, the section in (b) demonstrates neutrophil microabscesses in the stratum spinulosum
and stratum corneum on a background of marked acanthosis and elongated rete ridges characteristic of plaque psoriasis. (c) Demonstrates a
neutrophil-containing macroscopic pustule underneath the stratum corneum on a background of otherwise near normal skin
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Notably, keratinocytes transfected with psoriasis-associated
CARD14 genetic variants had increased NF-κB activity and
increased mRNA expression of IL36G, the potent neutrophil
chemoattractant CXCL8 (IL-8), and CCL20.71 CARD14 gain-of-
function mutant mice (Card14E138A/+) develop spontaneous skin
inflammation that resembles psoriasis and has increased Il17a
expression in the skin,72 and conversely, CARD14-deficient mice
are resistant to the development of psoriasis-like inflammation in
an inducible model of psoriasis.72 Mutations in the CARD14 gene
are associated with both plaque psoriasis and GPP, with different
mutations predisposing to different types of psoriasis. Thus, the p.
Gly117Ser variant is associated with plaque psoriasis, whereas GPP
is strongly associated with the p.Glu138Ala variant.71–74 In a cohort
of 251 patients of European American and German ethnicity, PPP
was also shown to be associated with CARD14 mutations.62 Similar
findings have been reported in Han Chinese, where three novel
variants were shown to be associated with PPP.73

In 2014, mutations in AP1S3 were identified to predispose
patients to pustular psoriasis.75 AP1S3 is a component of the
adapter protein 1 complex, which is important for vesicle
trafficking between the Golgi network and endosomes.76 Pustular
psoriasis-associated AP1S3 mutations were shown to disrupt the
endosomal translocation of TLR3, an innate pattern-recognition
receptor for double-stranded RNA,75 which recognizes double-
stranded RNA.77 Further work by this same group78 demonstrated
that AP1S3 interferes with keratinocyte autophagy and in turn
results in abnormal activation of NF-κB signaling through
accumulation of p62. AP1S3-deficient cells have increased mRNA
expression of both IL1B and IL36A and increased expression and
secretion of CXCL8 (IL-8).78 AP1S3mutations have been reported in
all pustular psoriasis subtypes and appear to be most frequent in
the ACH subtype.75

Recently, a loss-of-function mutation in SERPINA3 was identified
in 2 of 25 GPP patients by whole exome sequencing.79 SERPINA3
encodes a keratinocyte-derived serine protease that interacts with
different proteases to inhibit their activity. Its strongest interaction
is with the neutrophil protease cathepsin G.15,80 Cathepsin G
has been shown to process full-length secreted IL-36 cytokines to
their more active truncated forms, thereby increasing their pro-
inflammatory activity by a factor of >500.16,81

Other genetic variants implicated in the predisposition to GPP
include variants in the TNIP1 gene locus.82 TNFAIP3-interacting
protein 1, encoded by TNIP1, interacts with the deubiquitinating
enzyme A20 to inhibit NF-κB signaling.83 In a study of 73 patients
with GPP, 67 patients with PPP, and 476 healthy controls in the
Han Chinese population, 6 polymorphisms were identified in the
TNIP1 gene locus and shown to be weakly associated with GPP but
not PPP.84

In summary, most of the genetic variants identified to date that
predispose to pustular psoriasis involve signaling pathways
or biological processes involving IL-1 or IL-36 activity and thereby

Table 2. Genetic risk variants associated with the pustular psoriasis
subtypes

Genetic variant Ethnicity Pustular psoriasis
subtype

IL36RN (encoding IL-36Ra)

p.Leu27Pro Tunisian families GPP59

p.Ser113Leu European GPP,51 PPP61

p.Ser113Leu /p.Arg48Trp GPP,51 ACH61

p.Ser113Leu/p.Ser113Leu GPP,61 ACH,61 PPP61

p.Lys35Arg/p.Ser113Leu GPP61

p.Arg48Trp/p.Ser113Leu GPP7

p.Val44Met/p.Ser113Leu GPP7

p.Arg102Trp/p.Ser113Leu ACH7, 61

p.Glu94X/p.Ser113Leu GPP127

p.Pro76Leu/p.Ser113Leu GPP127

c.115+6T > C Asian GPP,61 ACH+GPP61

c.115+6T > C/c.115+6T > C GPP,61 ACH+GPP61

c.115+6T > C/p.Ser113Leu GPP61

c.115+6T > C;p.Pro76Leu GPP7,54

p.Arg102Trp GPP61

c.115+5G > A/p.Ser113Leu GPP61

p.Arg10Arg/p.Ser113Leu GPP61

p.Arg10X GPP128

p.Arg10Arg/p.Thr123Arg GPP129

p.Arg10Arg/p.Arg10X GPP129

p.Pro76Leu GPP130

p.Pro76Leu/p.Pro76Leu Turkish GPP61

p.Leu27Pro/p.Leu27Pro Algerian GPP131

p.Gly141Met/p.Gly141Met Spanish GPP131

CARD14

p.Glu138Ala European GPP67

p.Ser602Leu GPP, PPP132

p.Ser200Asn PPP62

p.Glu197Lys PPP62

p.Thr591Met PPP7

p.Lys78Asn PPP7

p.Arg69Gln GPP133

p.Arg179His GPP133

p.Gly117Ser GPP133

p.Asp176His GPP133

p.Gly117Ser Tunisian GPP132

p.Arg69Trp GPP132

p.Glu197Lys GPP132

p.Gly117Ser Asian Familial GPP67

p.Asp176His GPP with PV,134 PPP135

p.Arg275His GPP54

p.Cys50Tyr Chinese Han PPP73

p.Pro479Arg PPP73

p.Gly648Ser PPP73

p.Met119Val GPP with PV136

p.Arg166His GPP with PV136

p.Arg682Trp PPP, GPP with PV7,136

AP1S3

p.Phe4Cys European GPP,75 PPP,75 PV75

p.Arg33Trp GPP,75 PPP,75 ACH7,75

p.Gln17Lys GPP, PPP, ACH75

p.Thr22Ala GPP, PPP, ACH75

p.Thr32IIe GPP, PPP, ACH75

p.Leu79Val GPP, PPP, ACH75

p.Ile83Thr GPP, PPP, ACH75

Table 2. continued

Genetic variant Ethnicity Pustular psoriasis
subtype

TNIP1 Chinese

rs3805435, rs3792798,
rs3792797, rs869976,
rs17728338, and rs999011

GPP82,84

SERPINA3 European GPP79

c.966delT/p.Tyr322Ter

IL1RN Puerto Rican GPP58

GPP generalized pustular psoriasis, PPP palmoplantar pustular psoriasis,
ACH acrodermatitis continua of Hallopeau, PV psoriasis vulgaris
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emphasize the prominent autoinflammatory nature of the
pustular psoriasis subtypes.

IMMUNOLOGY AND CYTOKINE SIGNALING NETWORK IN
PUSTULAR PSORIASIS
The most prominent inflammatory response in pustular forms of
psoriasis involves activation of IL-1 and IL-36 cytokine signaling.15

While both IL-1 and IL-36 are increased in plaque forms of
psoriasis, they are expressed approximately tenfold higher in
pustular forms of psoriasis,16 whereas IL-17 responses appear to
play a lesser role in pustular psoriasis (Gudjonsson, unpublished
observation). Thus, psoriasis subtypes can be envisioned to exist
on a spectrum, where on one end, plaque psoriasis is
characterized by adaptive immune processes involving CD4 and
CD8 T cells and the dominance of the IL-17/IL-23 immune axis,85

and on the opposite end, innate immune responses dominate
involving neutrophil infiltration and IL-36 activation, features more
characteristic of autoinflammatory responses.16 While targeting
the IL-1 axis in GPP has shown some success,86 the response
appears to be significantly more modest than what is seen with
inhibition of the IL-36 axis.54

IL-36 cytokines are part of the IL-1 family, which consists of 11
members: IL-1 (IL-1α, IL-1β, IL-1RA), IL-18, IL-33, IL-36 (IL-36α,
IL-36β, IL-36γ, IL-36RA), IL-37, and IL-38.87 The IL-36 cytokines act
in a very similar manner to IL-1, with IL-36α, IL-36β, and IL-36γ
having pro-inflammatory activity and IL-36Ra inhibiting their
effect at the receptor level.88 Several notable differences exist
between the IL-1 and IL-36 cytokines, with the expression of IL-36
cytokines being mostly limited to epithelial tissues such as those
of the skin, lung, and gastrointestinal tract.88 Furthermore,
whereas IL-1β is dependent upon inflammasome activation and
processing by intracellular caspases prior to secretion,89 IL-36
cytokines are secreted, usually after some type of danger signal,90

as full-length proteins and require processing by extracellular
proteases for their full activity.81,91

The main proteases that have been implicated in the processing
of IL-36 cytokines include the neutrophil-derived proteases cathe-
psin G, elastase, and proteinase-3,81 with neutrophil extracellular

traps, which are abundant in pustular psoriasis skin lesions,15 serving
as platforms for their processing and activation.92 This processing
increases the biological activity of the IL-36 cytokines by ~500-fold.81

In addition, inducible keratinocyte-derived proteases, such as
Cathepsin S, can effectively process IL-36γ.91

IL-36 signals to keratinocytes in an autocrine manner, inducing
the expression and production of more IL-36 cytokines as well as
other pro-inflammatory cytokines, antimicrobial peptides, and
neutrophil chemokines, such as CXCL1, CXCL2, and CXCL8 (IL-8)
(Fig. 3), acting through the metalloreductases STEAP1 and STEAP4,93

thus creating a self-sustaining cycle of inflammation in the
epidermis.90 IL-36 also acts on both T cells and dendritic cells. In
dendritic cells, IL-36 activation promotes maturation and increases
the expression of MHC class II along with the costimulatory
molecules CD80 and CD86,94 in addition to promoting the secretion
of pro-inflammatory cytokines, including IL-1, IL-23, TNF, and IL-
6.94,95 IL-36 leads to the induction of IFN-γ, IL-4, and IL-17 by T cells94

and has also been shown to promote clonal CD4 T-cell expansion
and IL-17A production in GPP.96 This activation and contribution of
both T cells and dendritic cells in IL-36 responses may explain the
therapeutic efficacy seen in many patients with GPP treated with
anti-TNF or anti-IL-17A agents.97,98

Importantly, to prevent unchecked amplification of this IL-36-
mediated inflammatory cascade, keratinocytes have the ability to
regulate this pathway through the secretion of protease inhibitors,
many of which are induced by the same inflammatory mediators
that turn on IL-36.15 While this overall picture is still incompletely
understood, it has been shown that IL-36α processing by
neutrophil elastase can be inhibited by keratinocyte-derived
SERPINA1.15 Similarly, IL-36γ processing by Cathepsin G can be
inhibited by SERPINA3.15 This would explain how loss-of-function
mutations in the SERPINA3 gene, as recently described79 and
outlined earlier in this article, contribute to GPP.
It should be noted that IL-36 activation is not limited to pustular

psoriasis, as IL-36 is also active and likely to contribute to the
pathophysiology of chronic plaque psoriasis as part of the feed-
forward amplification in the epidermis.99,100 Therapies currently in
clinical trials, such as the IL-36R antagonist, are likely to help to
shed light on this mechanism. However, the main difference

Fig. 3 IL-36 autocrine and autoinflammatory circuits. Keratinocytes are the major source of IL-36 in the skin. IL-36 expression can be induced
by other pro-inflammatory cytokines, including IL-1, TNF, and IL-17A. IL-36 is secreted as full-length “pro-IL-36.” When exposed to neutrophil-
derived proteases, including elastase, cathepsin G, or protease 3, IL-36 cytokines are enzymatically cleaved into a truncated form that has
>500-fold greater biological activity. This truncated IL-36 can act back on keratinocytes via the IL-36 receptor (IL-36R) to induce even more IL-
36 expression, amplifying the circuit, as well as expression of neutrophil chemokines such as CXCL1, CXCL2, CXCL6, and CXCL8 (IL-8) that
attract progressively greater numbers of neutrophils into the skin. The serine protease inhibitors SERPINA1 and SERPINA3 can inhibit
neutrophil proteases. Genes shown in red have been shown to genetically predispose to pustular forms of psoriasis
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between plaque and pustular psoriasis is that pustular psoriasis
appears to involve “hyperactivation” of the IL-36 axis (Fig. 4),
leading to a marked and robust shift toward neutrophil
chemotaxis and neutrophil-driven inflammatory responses.

TREATMENT PERSPECTIVES
Pustular psoriasis is difficult to treat, and no drugs are yet approved
specifically for therapy against this disease. Historically, therapeutic
options have been limited to cyclosporine, methotrexate, and
acitretin as first-line therapies,101 often with variable treatment
responses. In the last two decades, many of the existing biologics
approved for plaque psoriasis have been used to treat patients with
pustular psoriasis. The anti-TNF agent infliximab has been shown to
be effective in case reports and small case series of patients with
acute GPP.97,102 Notably, however, paradoxical psoriasis can arise
after treatment with anti-TNF agents, and these are often pustular in
nature,103 presenting most frequently as PPP.104 Ustekinumab,
which targets the common p40 subunit of IL-12 and IL-23, was
found to exhibit efficacy in four patients with GPP;105 however, three
of them had preexisting plaque psoriasis, making interpretation of
the results difficult. Ustekinumab has further shown limited
therapeutic efficacy in PPP.106,107 The therapeutic response to the
anti-IL-17A agent secukinumab was shown in an open-label single-
arm study in 12 Japanese GPPs over a period of 16 weeks.98 Another
trial looking at the clinical response to secukinumab in PPP showed
modest improvement at week 16, with ~27% of patients achieving
75% improvement from baseline.108 Treatments targeting IL-1 have
been reported by several groups. Thus, anakinra, a recombinant IL-
1RA, was shown to be effective in a single patient with a history of
plaque psoriasis and GPP.86 Similarly, gevokizumab, a novel IL-1β

inhibitor, showed beneficial effects in two patients with GPP without
a prior history of plaque psoriasis.109 Another IL-1β inhibitor,
canakinumab, showed successful outcomes in a patient with a
severe form of GPP110 and partial response in two patients with
severe PPP.111 More recently, a monoclonal antibody targeting the
IL-36 receptor (spesolimab) was shown to be effective in five out of
seven patients with GPP, with all patients exhibiting rapid skin
improvement within 4 weeks after the administration of a single
dose of spesolimab.54 Given the prominence of IL-36 activation in
pustular psoriasis, two anti-IL-36R agents, spesolimab and ANB019,
are currently in phase II clinical trials for GPP and PPP. Table 3 lists
treatments that are under preclinical and clinical trials targeting IL-1/
IL-36 for pustular psoriasis subtypes.

ANIMAL MODELS FOR PUSTULAR PSORIASIS
Psoriasis is a disease unique to humans.112 However, certain
aspects of the disease, such as activation of specific inflammatory
pathways or infiltration of specific leukocyte populations such as
neutrophils, can be modeled in mice. These models can be
transgenic, xenografts, or induced via intradermal cytokine
injection or via topical application of the TLR7 agonist imiquimod
(IMQ). We will address some of the mouse models that may have
applicability for the study of GPP. No models currently exist to
model PPP or ACH.
As discussed above, IL-36 activation is central to pustular

psoriasis pathogenesis. Transgenic mice directing overexpression
of the Il36a gene to the epidermis with the keratin 14 promoter
were found to be small and showed flaky skin. Histology revealed
a thickened epidermis, with leukocyte infiltration and increased
expression of neutrophil chemokines.99 Interestingly, this

Fig. 4 IL-36 amplification circuit in pustular psoriasis. a Shows the role of the IL-36 autocrine circuit in amplifying inflammation in pustular
psoriasis. IL-36 leads to the induction of a number of cytokines and chemokines that drive various aspects of psoriasis, such as neutrophil
chemotaxis (CXCL1, CXCL2, CXCL6, CXCL8), Th17 chemotaxis (CCL20), antimicrobial responses (S100A7, S100A7A, DEFB4, LL-37), and pro-
inflammatory cytokines (IL-7, IL-15, IL-17C, IL-19, IL-36). b demonstrates the induction of gene expression via RNA sequencing in human
primary keratinocytes upon IL-36 stimulation for 24 h, which again includes genes important for neutrophil infiltration, antimicrobial
responses, pro-inflammatory cytokines, and type I interferon responses (MX1, MX2, OASL)
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phenotype peaked at postnatal day 5 and resolved by postnatal
day 21.99 However, when these mice were backcrossed to Il36rn−/

− mice, they developed a dramatically more severe skin
phenotype characterized histologically by intracorneal and
intraepithelial pustules, parakeratosis and dilated superficial
dermal blood vessels.99 Intradermal injection of Il-36α into mouse
skin113,114 has been used to induce an inflammatory phenotype,
but this phenotype is less robust than the transgenic Il36rn−/

− model.
The topical IMQ mouse model of psoriasis is commonly used to

study various inflammatory mechanisms in skin.115 IMQ-treated
mice have increased expression of both IL-1 and IL-36 cytokines
and increased neutrophil infiltration into the skin, with, interest-
ingly, female mice developing more severe disease than male
mice.116 IMQ treatment in Il1r1 KO, Il36a KO, and Il1r1/Il36a double
KO mice resulted in a decreased inflammatory response compared
to wild-type mice.116 Furthermore, the IMQ model has been used
to demonstrate the contribution of infiltrating neutrophils to the
overall inflammatory burden through TLR4/IL-36R cross-talk.117

Finally, a mouse model based on the p.Glu138Ala gain-of-
function mutation in CARD14 has been developed. These mice
develop spontaneous psoriasis-like skin inflammation character-
ized by epidermal hyperplasia72 and have increased expression of
IL-36 cytokines and neutrophil chemokines such as CXCL1.118 To
date, no mouse models have been generated to model the effect
of psoriasis-associated mutations in the AP1S3 or SERPINA3 genes.
None of these models fully capture the complexity of human

pustular psoriasis, and differences in mouse vs. human biology and
immunology, along with the limited genetic background of these
mice due to inbreeding, may limit their usability. However, while
transgenic Il36amice spontaneously resolved the skin phenotype by
3 weeks of age, Il36rn deficiency in Il36a transgenic mice had a
strong resemblance to GPP,99 and as the disease is based on
abnormal activation of the IL-36 cytokine axis, such mice might be
the most suitable model for the study of GPP. However, to our
knowledge, this transgenic model is not commercially available.

OUTSTANDING QUESTIONS AND CONCLUSIONS
Enormous progress has been made in recent years to expand our
understanding of the pathogenesis of pustular psoriasis. This
includes the identification of predisposing genetic variants and
the development of novel therapeutic agents targeting central
inflammatory circuits in pustular psoriasis, such as therapies
targeting IL-36, which are currently undergoing clinical trials.54

However, much work still remains to be done.
First, known genetic risk variants that predispose to pustular

psoriasis explain only approximately one-third of the total number
of cases.7 Therefore, there is a need for additional studies to help

identify other predisposing and possibly ethnic-specific genetic
variants given the high frequency of pustular psoriasis in certain
populations31 and their associated biological pathways.
Second, the three IL-36 cytokines have very similar biologic

activity119 but are not processed81 or expressed at equal levels in
pustular psoriasis. IL36G is most highly expressed, followed by
IL36A, and IL36B has the lowest expression in skin.15 Therefore,
these differences hint at a deeper biological role(s), and the
contribution of each of the three pro-inflammatory IL-36 members
remains unknown, but elucidation of this mechanism could allow
more targeted therapeutic approaches for pustular psoriasis.
Third, our understanding of the complex interactions between

various proteases and protease inhibitors in psoriatic and pustular
psoriasis skin is incomplete. Deeper exploration of this system will
provide novel insights not only into IL-36 biology but also into a
broad range of inflammatory responses in the skin.
Fourth, our understanding of the differences and relationships

between different subtypes of pustular psoriasis remains limited.
This includes PPP and ACH. In addition, the nature of the link to
smoking remains unanswered, as well as the strong female bias,
which is not seen in chronic plaque psoriasis.4

Finally, much remains to be done to elucidate the natural
history of psoriasis. Currently, we have a very limited under-
standing of how this disease behaves over time in different
patients and its associated comorbidities. Increasing our under-
standing of the disease course will influence not only how we
study psoriasis but also how patients will be managed and
treated.
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