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Abstract

Background: Acne is a common condition. Sometimes acne
or acne-like features are a part of autoinflammatory diseases
such as PAPA spectrum disorders. Our objective was to de-
termine whether acne in PAPA spectrum disorders has spe-
cific phenotypic traits. Summary: This is a literature review
on reported cases of patients with PAPA, PAMI, PASH, PA-
PASH, PsAPASH, PAC or PASS syndrome. Acne was classified
into four categories: moderate, severe, nodulocystic, acne
fulminans. One hundred patients were included. Age of on-
set of acne and topography were the same as in acne vul-
garis. Acne’s phenotype was at least severe (including acne
fulminans, nodulocystic and severe) in 83% of cases. Genetic
mutations or variants with potential pathological signifi-
cance were reported in 49 patients. The addition of isotreti-
noin to biotherapies was required to control acne in several

Introduction

Acne may be one of the most common pathologies
dermatologists are called upon to treat, but it is neverthe-
less complex, belonging to various aetiological frame-
works, including autoinflammatory diseases.

The term “autoinflammatory disease” designates a
series of pathologies caused by tissue damage arising
from an excessive activation of the innate immune sys-
tem. Diverse clinical features may suggest autoinflam-
matory disease: recurrent febrile outbreaks, various
skin lesions, serositis, arthralgia, bowel disorders or
ophthalmological manifestations. One of the cutaneous
manifestations described is acne. The term acne even
forms part of the acronyms of certain entities, for which
it is also a diagnostic criterion. PAPA syndrome was
described for the first time in 1997 by Lindor et al. [1]
as the triad of pyogenic sterile arthritis, pyoderma gan-
grenosum (PG) and acne. However, acne is not essen-
tial to diagnosis, which can be ascertained with certain-
ty in 2 situations according to Lindor’s definition: fam-
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Table 1. Main characteristics of patients with PAPA spectrum disorders

Syndrome, n Ratio Average age Average age at Nodulocystic Acne Severe  Moderate  Genetic data: n
M/F at diagnosis, years onset of acne, years acne, n fulminans, n acne, n acne, n

PAPA [49] 2.4 37 13 17 1 5 9 PSTPIPI gene mutation: 30

with acne [37],

including 4 PAMI

PAPA without acne [12], 5 22 - - - - - PSTPIPI gene mutation: 6

including 1 PAMI

PASH [43] 2.1 33 17 13 5 12 1 PSTPIP] gene mutation: 2
Increased repeats (CCTG): 6
Potentially pathogenic gene
variants: 8

PASS [2] 2/0 33 13 2 - - - -

PAPASH [4] 1 31 15 2 - - 2 PSTPIPI gene mutation: 1

PsAPASH [1] 1/0 50 - - - - - -

PAC[1] 1/0 33 - 1 - - - PSTPIPI gene mutation: 1

classified as definitely affected if they had 2 of 3 major
findings: sterile pyogenic arthritis, pyoderma gan-
grenosum or severe acne. Adults with 1 major finding
are considered probably affected. Family members
younger than 16 years of age are considered affected if
sterile pyogenic arthritis is substantiated in 2 or more
joints. Other syndromes similar to PAPA were later
identified and can be unified under the umbrella desig-
nation PAPA spectrum disorders: PASH syndrome
(PG, acne and hidradenitis suppurativa (HS)), PASS
(PG, acne, seronegative spondyloarthritis, with or with-
out HS), PAPASH (features of PASH with pyogenic ar-
thritis), PSAPASH (PASH with psoriatic arthritis) and
PAC (PG, acne and ulcerative colitis). PAMI syndrome
(PSTPIPI-associated myeloid-related proteinaemia in-
flammatory syndrome) is a variant of PAPA syndrome
for which the haematological manifestations are char-
acteristic [2].

Autoinflammatory diseases are often treated and de-
scribed by paediatricians, rheumatologists and internists
for whom dermatological symptomatology is unfamiliar.
Two legitimate questions thus arise: (1) whether the le-
sions described as “acne” occurring in the course of auto-
inflammatory diseases correspond truly to the definition
of this pathology, and (2) whether any clinical elements
confer specific features to the acne observed in this con-
text. The goal of this study is therefore to provide a precise
phenotypic analysis of lesions described as acne during
PAPA spectrum syndromes.
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Materials and Methods

In the PubMed database, using the advanced search options, a
query on the terms “PAPA” (or “PAMI”), “PASH,” “PAPASH,”
“PsAPASH,” “PASS” and “PAC” was conducted on all the article
titles available. All the article titles thus obtained were examined.
The remaining articles were then read.

Then we conducted a second series of searches, one for each
syndrome: the term “acne” defined as the MeSH (Medical Subject
Headings) major topic was combined successively with each of the
following terms: PAPA, PASH, PASS, PAPASH, PsAPASH and
PAC, without any limit on date.

The selection of articles was then repeated as in first series of
searches, and the articles not having been identified were included.

Likewise, a third series of searches was conducted for each syn-
drome, using key words looking at the combination of separate
components within the syndromes, without filtering. Articles not
having been identified with the two previous series of searches
were added.

All cases with acne were thus categorised by phenotype of the
acne, according to the following definitions:

— moderate acne: corresponds to the merger of the first two
grades of the Global Alliance Classification: comedonal acne
and mild-moderate papulopustular acne;

— severe acne: severe papulopustular acne or moderate nodular
acne according to the Global Alliance Classification:

— severe nodular acne or conglobate acne according to the Glob-
al Alliance Classification;

— acne fulminans: inflammatory suppurative nodules progress-
ing to necrotic ulcers, with pronounced general signs (high fe-
ver, myalgia, arthralgia).

When no precise phenotypic analyses or images were available
to enable determination of the acne phenotype, we relied on the
terms used by the authors.
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Table 2. Treatments considered effective during PAPA spectrum disorders: acne outcomes and phenotypes

PAPA PASH PASS PAPASH PsAPASH PAC
with acne
Anti-inflammatory or neutrophil-inhibiting drugs (n patients)
NSAID UD (1)
SAI UD (1) UD (4) UD (1)
SAI and NSAID UD (2)
SAI and dapsone UD (1)
TNF-a inhibitors (n patients)
Adalimumab UD (1) With GMA and SAL + UD (1) UD (1)
(1), AFUD (3)
Infliximab +(1):S +(2): S, NK + (1): NK
UD (1) UD (5)
Etanercept + (1): NK
IL-1 inhibitors (n patients)
Anakinra (£SAT) +(1):S +(1):S + (1): NK UD (1)
UD (1) UD (3) (no comedo)
Canakinumab + (1): AF
- (1): NK
Other immunomodulators or immunosuppressors (n patients)
Azathioprine and SAI - (1): NK UD (1)
MMEF and SAI UD (1)
MTX and dapsone + (1): NK
Cyclosporine UD (2)
Isotretinoin (n patients)
With adalimumab (add-on) + (1): NK
With dapsone and SAI (add-on) + (1): NK
With anakinra (add-on) + (1): NK + (1): NK + (1): NK + (1): NK
With secukinumab (add-on) +(1): NK
With IVIg +(1):S
Antibiotics (n patients)
Combined UD (7)
With SAI UD (3) + (1), azithro-
mycine: M
Cyclines UD (2)
With hormonal drug UD (1)

+, positive acne outcome; —, negative acne outcome; UD, undetermined acne outcome; GMA, granulocyte and monocyte adsorption
apheresis; IVIg, intravenous immunoglobulin; MMF, mycophenolate mofetil; MTX, methotrexate; NSAID, non-steroidal anti-inflam-
matory drug; SAJ, steroidal anti-inflammatory drug. Phenotype of the acne: M, moderate; S, severe; NK, nodulocystic; AF, acne fulmi-

nans.

Results

There were 49 cases of PAPA syndrome, of which 12
without acne and 5 belonging to the PAMI subgroup, 43
cases of PASH, 4 cases of PAPASH, 2 cases of PASS, 1 case
of PSAPASH and 1 case of PAC. Key patient data are sum-
marised in Table 1. The sex ratio (M/F) was 2.2. The aver-
age age at syndromic diagnosis was 33 years. In PAPA

PAPA Spectrum Disorders

syndrome, the first syndromic element to appear was
pyogenic arthritis, at an average age of 8 years (known for
70% of cases). The order of appearance was variable for
the other syndromes, starting at puberty. The average age
of onset of acne was 15 years. The acne phenotype was
established in 80% of cases. Acne was at least severe (nod-
ulocystic, acne fulminans or severe but without the char-
acteristics of the 2 previous phenotypes) in 83% of cases.
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The topography of the lesions was that of acne vulgaris
(face, trunk), with 4 cases involving the scalp. Data con-
cerning treatments are summarised in Table 2.

PAPA Syndrome

Forty-nine cases were identified in all the articles in-
cluded, of which 37 with acne (76%). It should be noted
that 5 cases of PAPA were observed in children under
10 who did not (yet?) have acne; they were not included
in the analysis, because acne in PAPA syndrome occurs
from puberty onwards. Five cases made up a PAMI sub-
group, including 1 patient without acne. Male patients
made up most of both groups (sex ratio M/F 2.4 in the
group with acne, and 5 in the group without). The aver-
age age at syndromic diagnosis was 37 years (range: 11—
63) in the group with acne and 22 (range: 13-49) in the
group without. The first symptom of the diagnostic tri-
ad to appear was almost systematically arthritis in both
groups, with joint symptoms first occurring at an aver-
age age of 8 years (range: 1-33) in the group with acne
and 5 years (range: 3 months to 8 years) in the group
without.

The average age of acne onset was 13 years (range: 10-
18). For 8 patients, acne was still present at the age of di-
agnosis (in their 20s or 30s, and even at age 63 in 1 case
[1]). When the location was specified (35% of cases), acne
was on the face (n = 6, 46%), the face and trunk (n = 6,
46%) and the trunk alone (n =1, 8%). The acne phenotype
was established in 87% of patients: 17 (53%) had nodulo-
cystic acne, including 1 with an analytic description, not
mentioning comedones and accompanied by 2 images
confirming the phenotype [3]. One case (3%) was defined
as acne fulminans, with images and a clinical history con-
sistent with this finding: outbreaks of fever with nodular,
more or less necrotic lesions [4]. Nine cases (28%) corre-
sponded to moderate acne. Five cases (16%) were catego-
rised as severe acne.

No biopsies of acne lesions were performed, but 4 PG
biopsies and 2 of the synovium showed infiltration rich
in polynucleated neutrophils.

In 80% of patients of both groups, the results of ge-
netic analyses were available. In 36 cases (92%), a muta-
tion of the PSTPIP1 (CD2BP1) gene was discovered, with
only 1 case that was homozygous [4], in the group with
acne. There was no mutation of the PSTPIPI gene in 3
patients (8%) in the group with acne [3, 5, 6]. The muta-
tions were similar in both groups.

We observed the following associations: 3 cases of type
2 diabetes in male patients [1] and 1 case of gestational
diabetes [1], 1 case of psoriasis in a male patient [7], pso-
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riatic arthritis in the mother of 1 patient [8], rheumatoid
arthritis in the brother of a patient having the same PST-
PIP] gene mutation [9], uveitis in 1 male patient [7],
bouts of abdominal pain with fever, HS and antiphospho-
lipid syndrome in 1 female patient [10], 4 cases of inflam-
matory colitis [8, 11-13], 1 case of acute myeloid leukae-
mia [14].

PASH Syndrome

Forty-three cases were found in the literature, includ-
ing 9 cases [15-18] reported before the description of the
syndrome in 2012 under the name “PASH” [19]. The sex
ratio (M/F) was 2.1. The average age at diagnosis was 33
years (11-48). All cases had acne. The average age of acne
onset was 17 years (11-33). The progression of acne over
time was rarely described (data for 5 cases). In 4 cases
acne persisted until the age of diagnosis. Acne was most
often the first syndromic element to appear (62% of cas-
es), at adolescence, sometimes concurrently with HS
(23%). Acne occurred on the face in 57% of cases, the face
and trunk in 33% of cases, and in 2 cases (10%) on the
scalp and face.

The acne phenotype was established in 72% of cases.
Thirteen cases (42%) corresponded to nodulocystic acne,
of which 3 with photographs supporting this conclusion
[20-22], and 4 descriptive analyses. Five cases (16%), all
in male patients, were categorised as acne fulminans, in-
cluding 2 accompanied by images consistent with this
conclusion [23, 24].In 12 cases (39%), acne was described
as severe; 2 of these cases had a descriptive analysis spec-
ifying the predominance of inflammatory lesions over re-
tentional lesions [20]. Three photos supported this phe-
notype, including 1 where comedones were observed
[25]. One male patient had moderate acne. A photo illus-
trated the case, and comedones were described as pre-
dominating over inflammatory lesions [20]. We noted 20
cases for which a cutaneous biopsy indicated PG, and 1
pustule biopsy from the lower back with results indicating
polynucleated neutrophil folliculitis, and where no com-
edones were described.

Results of genetic analyses varied for the 75% of pa-
tients for whom such analyses were mentioned: 3 cases
(9%) had a mutation of the PSTPIPI gene [26-28], 6
(19%) had an increase in the number of CCTG microsat-
ellites in the PSTPIP1 promoter region, 8 (25%) had at
least 1 gene mutation or variant implicated in other in-
flammatory diseases, and 12 (34%) had no anomalies in
the genes analysed.

We observed the following associations: 8 patients of
the 9 for whom the body mass index was known were
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overweight/obese, 1 had a bariatric surgery [29], and 1
patient had type 2 diabetes [30]. Joint inflammation oc-
curred in 5 patients [17, 20, 23, 31], and there was 1 case
of osteopoikilosis [32]. Three patients had inflammatory
colitis [15, 20, 33], 1 female patient had a polycystic ovary
syndrome [22], and another had hirsutism [34]

PASS Syndrome

The 2 articles included concerned 2 male patients aged
32 and 33 years; the authors established their acne pheno-
type as nodulocystic, with involvement of the face and
trunk. For 1 of them, a descriptive analysis was provided,
and a photo illustrated the acne’s nodulocystic character
[35]. The age of onset of acne was 13 years for 1 patient
and was unknown for the other. No particular mutation
was found.

PAPASH Syndrome

Four cases were found, with an average diagnostic age
of 31 years (16-44). The average age at the onset of acne
was 15 years. There were 2 female patients, whose acne
was graded as moderate. One of the articles included a
photo confirming this phenotype [36]. The acne pheno-
type in the 2 male cases was nodulocystic, and a photo of
1 of these patients showed severe acne scarring on the face
[37]. A biopsy confirmed the diagnosis of PG for all these
patients. A mutation of the PSTPIPI gene was reported
for 1 female patient [38]. No mutation was found for 2
other cases, and no data were available for the remaining
case. An inflammatory colitis was associated in 1 male
patient [37].

PsAPASH Syndrome

The sole article included [39] reported a 50-year-old
male patient with a clearly dysmetabolic profile; the phe-
notype of his acne was not clearly specified. The authors
reported inflammatory lesions (pustules) and retentional
lesions (open comedones). The genetic aspect was not
covered.

PAC Syndrome

The only case of PAC reported [40] was in a male pa-
tient, 33 years old, with nodulocystic acne. A descriptive
analysis supported this phenotype, mentioning comedo-
nes, and photos illustrated it. An outbreak of pustulosis
occurred 2 years after the beginning of the inflammatory
colitis. Genetic analysis revealed a mutation of the PST-
PIP1 gene, of unknown significance. Its deleterious effect
is probable, however, as it concerned a highly conserved
region of the gene.

PAPA Spectrum Disorders

Discussion

This review of the literature confirms that acne is fre-
quent in subjects with PAPA spectrum syndromes, that it
occurs at the usual age for acne, and that it is generally
severe: these elements suggest that the genetic predisposi-
tion to inflammation induced by these entities could sim-
ply modulate the expression of this common dermatosis
and that it is not strictly speaking a manifestation of the
disease.

In most cases, the authors categorise acne by pheno-
type, without indications of a careful morphological anal-
ysis to support their conclusion. Only 12 cases benefited
from a descriptive analysis of the active elementary le-
sions of acne. Among these descriptions, 6 mentioned the
presence of comedones: 4 in the course of PASH syn-
drome [25, 29, 41, 42], 1 in the course of PSAPASH [39]
and 1 in the course of PAC [40]. One article reported the
presence of retentional lesions in 2 patients suffering
from PASH syndrome with severe acne [20]. Careful
morphological analysis of acne in the course of these dis-
eases is therefore patchy, but where acne’s characteristic
elementary lesion, the comedo, is mentioned it is highly
probable that these patients’ skin lesions were in fact acne.
Moreover, the related images spoke for themselves.

Phenotyping appeared homogenous for the 6 syn-
dromes studied: it was at least severe for 83% of patients
for whom the phenotype could be determined. In un-
selected patients, only 8-28% of cases of acne vulgaris are
considered severe, however, bearing in mind that few pre-
cise data exist concerning the epidemiology of acne phe-
notype [43, 44]. The much more pronounced severity of
these cases is possibly attributable to excess inflammation
during these diseases.

Indeed, the overexpression of proinflammatory cyto-
kines, especially in PAPA [9, 11], PASS [45] and PASH
syndromes [25], has been observed in the skin or in the
blood. In Marzano et al. [25], proinflammatory cytokine
overexpression such as IL-1b, IL-17, TNF-a and their re-
ceptors were significant in PASH syndrome, but also in
PG outside any syndromic framework. The mutations
identified in isolated cases of PASH and PG were differ-
ent, but concerned the same genes implicated in diverse
autoinflammatory diseases (MEFV, NLRP3, NLRPI2,
NOD2, LPIN2 and PSTPIPI). This suggests a continuum
comprising all these different entities, which all belong to
the same spectrum.

The main genetic mutations reported in PAPA syn-
drome are of autosomal dominant inheritance. Nestero-
vitch et al. [46] described the case of a male patient with
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PG associated with a minor form of acne and inflamma-
tory arthralgia, for whom a heterozygous PSTPIP1 muta-
tion was observed, suggesting a minor form of PAPA syn-
drome. The same mutation in the homozygous state was
found in a patient with PAPA syndrome, with major skin
lesions, including acne fulminans [4]. The expression and
penetrance of a gene can also vary between individuals.
Indeed, family forms with autosomal dominant inheri-
tance in which different phenotypes occur within a single
family have been described [4, 9, 11, 25, 28, 47].

Severe acne could itself include an autoinflammatory
component. Several diseases for which polynucleated
neutrophils are central to their pathogenesis, including
spondyloarthropathy, chronic bowel inflammation dis-
eases and atrophic polychondritis, share common mani-
festations (neutrophilic dermatosis, acne, chondritis, ax-
ial inflammatory rheumatism). Those symptoms are also
observed during PAPA spectrum disorders.

Thus, just as an association of neutrophilic dermatosis
with seronegative polyarthritis or inflammatory colitis has
been observed, these diseases have been described in asso-
ciation with PAPA spectrum syndromes. In this review of
the literature, 8 patients (8%) had an inflammatory colitis.
The association of PG with acne and inflammatory colitis
has been established as an entity unto itself (PAC) [40]. One
case [29] developed PASH syndrome 2 years after bariatric
surgery, highlighting this overlap. We can make a link with
the bowel-associated dermatitis arthritis syndrome, known
to be a complication of jejunoileal bypass during which cu-
taneous symptoms belonging to the spectrum of neutro-
philic dermatoses have been reported [48-50].

PASS, PAPASH and PsAPASH syndromes include in-
flammatory joint manifestations, sometimes with psoria-
sis. Several patients had inflammatory joint symptoms
that do not belong to the syndromic criteria of those dis-
eases. Therefore, if rheumatological and digestive symp-
toms occur even if they do not belong to the components
of a given syndrome, any distinction between those dis-
eases seems to be artificial. We find it more appropriate to
group them under the term “PAPA spectrum disorders.”

Genetic origin is well established in the PAPA syn-
drome. The mutation of the PSTPIPI gene results in an
augmentation of the binding capacity of CD2BP1 with
pyrin, which induces an increase first in caspase 1, then
in the production of IL-1. PSTPIP1 mutations have also
been described in the course of PAPASH and PAC. For
PASH syndrome, where the genetic data are more hetero-
geneous, we can postulate a polygenic origin involving
the same inflammation pathways. Genetic investigation
was sometimes limited to the analysis of the PSTPIPI
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gene, which may explain why no anomalies were report-
ed. It is not clear whether patients affected by other auto-
inflammatory syndromes with increased IL-1 synthesis,
such as cryopyrinopathies or deficiency of interleukin 1
receptor antagonist, also develop severe acne.

The dysmetabolic background associated with these
pathologies is also interesting to note, in particular with
PASH syndrome [22, 29, 51]. It is very probably underes-
timated: among the PASH cases with reported body mass
index, only 1 was normal. This comorbidity is the same
as for psoriasis, HS and PG. Hsiao et al. [16] reported that
13 patients in a series of 31 suffering from PG and HS had
acne, and the association with obesity was consistent.
Two other case-control studies confirmed the epidemio-
logical correlation between obesity and HS [52, 53]. The
link between overweight and acne vulgaris has often been
described in the literature, placing it within a social and
cultural context [54, 55]. This appears to be linked to the
hyperactivation of the signalling pathway for mammalian
target of rapamycin complex 1, caused by food consump-
tion become too rich in fast sugars in developed coun-
tries, associated with an unfavourable metabolic devia-
tion and heightened insulin resistance [56]. In the course
of autoinflammatory syndromes, overweight can be both
a consequence and a cause of inflammatory dysfunction:
a consequence of a genetic predisposition, and a cause of
chronic inflammation and of hyperandrogenism.

In the specific context of inflammasome dysfunction,
treatments administered go beyond conventional thera-
peutic measures for acne, sometimes directly targeting
excess inflammatory cytokines. In most cases, systemic
treatments are adopted to treat manifestations other than
acne, such as pyogenic arthritis, polyarthritis, PG or in-
flammatory colitis, because of their greater impact on
quality of life. In this manner, inhibitors targeting TNF-a
(mainly adalimumab, etanercept and infliximab) and
IL-1 (anakinra, canakinumab) have been successful, with
a favourable response specified also for acne in some cas-
es [4, 9, 23, 29, 57, 58]. As we can see in Table 2, some
patients did not respond to first-line anti-inflammatory
treatments and required association with isotretinoin as
add-on: this holds for PAPA syndrome [3, 11, 59, 60],
PASH [19], PAPASH [30] and PAC [40]. In these cases,
all patients had a cystic acne. In contrast, we can point to
a failure of response of a cystic acne to canakinumab,
while a case of acne fulminans responded favourably to
this treatment. One patient with a PASS syndrome and a
nodulocystic acne had a good response to anakinra, but it
should be noted that the authors described inflammatory
lesions (nodules and pustules) without comedones [35].
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Unfortunately, in the majority of published reports,
acne outcome is not described, which limits our conclu-
sions. Therefore, this observation illustrates once again
the complex interaction of multiple factors in the patho-
genesis of acne, including in the course of autoinflamma-
tory syndromes, in which the inflammation is undeniably
predominant but not exclusive, comprising other compo-
nents which are not targeted by cytokine inhibitors.

Conclusion

In the course of PAPA spectrum syndromes, severe
acne seems to be the result of overexpression of its inflam-
matory component, in the context of genetic predisposi-
tion to exaggerated inflammatory response. Autoinflam-
matory diseases therefore offer a new approach to under-
standing the physiopathology of acne.

Key Message

Acne in PAPA spectrum syndromes is characterised by an ex-
treme inflammatory component, possibly owing to a genetic pre-
disposition that modulates the expression of this common derma-
tosis. Therefore, it is not strictly speaking a manifestation of the
disease, and management involves treatment targeting the inflam-
mation, associated to conventional treatments for acne.
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