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Abstract

reported case.

Background: We report a three-year-old girl with a potentially unique phenotype of perinatal onset and neurovas-
cular features who was found to have PAMI syndrome. We also compare her case to those previously reported and
review the differences between the PSTPIP1-associated inflammatory diseases (PAID) phenotypes and genotypes.

Case presentation: The patient was found to have a heterozygous pathogenic variant in PSTPIPT (c.748G> A
p.E250K). This variant was shown to be absent in both parents and therefore de novo in the patient.

A literature review was carried out through multiple databases using the terms PSTPIP1, PAID, PAPA syndrome and
PAMI syndrome. This information was collected and used to form comparisons between the current literature and our

Conclusions: Our case contributes to the literature on PAMI syndrome whilst providing an example of a potentially
unique clinical phenotype, giving insight into the pre-symptomatic phase of the condition. We highlight the impor-
tance of considering PAMI syndrome in the differential for early onset unexplained inflammation. In addition, we
explore the possibility that perinatal neurovascular events could be an early feature of PAMI syndrome.

Keywords: PAMI, PAID, PSTPIP1, PAPA, Autoinflammatory, Perinatal, Fetal distress

Background

PSTPIP1 (Proline-Serine-Threonine Phosphatase Inter-
acting Protein 1) is a protein coding gene which regulates
multiple cellular functions including T-cell activation,
cell migration and interleukin release [1]. Although the
underlying pathogenesis is not completely understood,
mutations in this gene are thought to result in a spectrum
of autoinflammatory disorders characterised by dysregu-
lated interleukin (IL)-1p release and neutrophil responses
[2]. Previously, these autoinflammatory syndromes were
not well-differentiated from one another. However, as

*Correspondence: beth.whiteside@nhs.net

Birmingham Women's and Children’s NHS Foundation Trust, Birmingham, UK

B BMC

more cases are reported, it is becoming evident that
there are multiple genetically and phenotypically distinct
conditions. This has led to the recognition of PSTPIP1-
associated inflammatory diseases (PAID), encompass-
ing a wide spectrum of clinical phenotypes, many of
them associated with unique genetic variants. The most
well-recognised of these is PAPA (pyogenic arthritis,
pyoderma gangenosum [PG], acne) syndrome; an autoso-
mal dominant autoinflammatory syndrome. The pheno-
types of PSTPIP1-associated inflammatory diseases are
described in Table 1.

We report a three-year-old girl with a potentially
unique phenotype of perinatal onset and neurovascu-
lar features who was found to have PAMI syndrome and
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draw comparisons between her case and that of the cur-
rent literature.

Case presentation

A three-year-old girl was first referred to us at nine weeks
of age with persistently high inflammatory markers and
neutropenia. She was born at full term to two healthy,
non-consanguineous parents of African descent. An
emergency caesarean section was required for fetal dis-
tress and a poor fetal blood gas and meconium-stained
liquor was noted at delivery. She required 25 min of sup-
plementary oxygen to maintain her saturations shortly
after birth.

At 12 h of age, she was admitted to the neonatal unit
for treatment of suspected sepsis. Three hours later, she
developed left sided partial seizures for which she was
treated with phenobarbitone. Seizures ceased but moni-
toring continued to show seizure-like activity. Magnetic
resonance imaging (MRI) on day four of life showed
changes consistent with bilateral infarction and electro-
encephalogram (EEG) was consistent with multifocal epi-
lepsy. Full body MRI was normal. A decision was made
by neurology to hold off commencing regular antiepilep-
tic medication at this point.

Despite several negative blood cultures, a negative
meningitis screen and multiple courses of antibiotics,
inflammatory markers remained high. C-reactive protein
(CRP) fluctuated but never normalised despite the appar-
ent clinical improvement with no further seizures or sys-
temic symptoms. Her feeding, growth and development
were normal and examination was otherwise unremark-
able. However, at the age of nine weeks, she was persis-
tently anaemic with an ongoing raised CRP. She was
therefore referred to the rheumatology clinic with a sus-
pected inflammatory disease and was seen in the autoin-
flammatory clinic due to her age and presentation with
an apparently early onset inflammatory disease.

Method

Following a referral to our multidisciplinary autoinflam-
matory clinic, a clinical exome sequencing was carried
out. Genomic DNA was extracted from blood leucocytes.
The patient underwent clinical exome sequencing using
the Agilent SureSelectXT Focused Exome reagent and
the Illumina platform. An Autoinflammatory Disease
22-gene panel was applied.

In addition, a literature review was carried out using
multiple databases using the terms PSTPIP1, PAID,
PAPA syndrome and PAMI syndrome. This information
was collected and used to form comparisons between the
current literature and our reported case, as summarised
in Table 2.
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Results

The patient was found to have a heterozygous pathogenic
variant in PSTPIP1 (c.748G>A p.E250K). This variant
is absent from population control databases. It has been
previously reported in several individuals with a PAMI
syndrome, alongside the p.E257K variant [12]. These
variants were found solely in patients with the PAMI syn-
drome phenotype. This variant was shown to be absent in
both parents, and therefore is considered to have arisen
de novo in the patient.

As the patient remains clinically well, her parents are
reluctant to commence immunosuppressive treatment
and have only allowed a trial course of colchicine fol-
lowed by ibuprofen, but neither treatment resolved her
raised inflammatory markers (Fig. 1). At the age of three
years, she shows no clinical features of PAMI, including
no fevers, arthritis, hepatosplenomegaly, or lymphade-
nopathy. Her growth, hearing and vision are normal. Her
fine and gross motor development are as expected for her
age. However, she has shown speech and cognitive delay
and had a single prolonged afebrile seizure requiring
treatment with lorazepam. Consistent with the diagnosis,
MRP 8/14 and zinc levels were found to be persistently
raised at>15,000 mg/L and>160 pumol/L respectively.
Her raised inflammatory markers (CRP 16-71 mg/l, ESR
10-160 mm/hr) and neutropenia (0.7-2 x 10°/1) also per-
sisted (Fig. 1). Repeat MRI showed encephalomalacia and
gliosis in keeping with previous infarct [see additional
file 1]. EEG was found to be entirely normal.

Discussion

PSTPIP1-associated = myeloid-related  proteinaemia
inflammatory (PAMI) syndrome, also known as hyper-
zincaemia and hypercalprotectinaemia, was first
described by Sampson in 2002 before the clinical presen-
tation was associated with PSTPIP1 [18]. The syndrome
is associated with particularly high levels of myeloid-
related protein (MRP) 8 and 14 (approximately 20 times
that of PAPA syndrome) [12] which, along with caus-
ing an inappropriate inflammatory response, also bind
to zinc to cause hyperzincaemia. The zinc is primarily
tissue-bound and so this manifests as symptoms of zinc
deficiency, including fatigue, failure to thrive and skin,
hair and nail involvement [12]. Other clinical features
associated with PAMI syndrome include hepatospleno-
megaly, lymphadenopathy and pancytopaenia (Table 2)
with a significant neutropenia, all of which are usually
absent in PAPA syndrome.

PAMI syndrome is associated with the missense vari-
ants, p.E250K and p.E257K, which result in a negative
charge in the critical coiled-coil domain of the PSTPIP1
protein. This domain is important for pyrin interaction.
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These substitutions increase the interaction with pyrin,
when compared to the p.E250Q variant, associated
with PAPA syndrome, although the phosphorylation
levels were similar [12]. PAPA syndrome is associated
with the variants p.E250Q, p.E256G and p.A230T. The
p.E250K and p.E257K missense variants were shown to
have G > A amino acid changes at c.748 and ¢.769 posi-
tions respectively, establishing themselves as distinct
from the G > C changes seen in p.E250Q.

Our patient did not show any evidence of recurrent
fevers, arthritis, skin inflammation or any other previ-
ously described symptoms of PAMI syndrome despite
the persistently raised inflammatory markers and neu-
tropenia. PAMI syndrome is described as being early
onset with an average age of 13 months for first symp-
toms [12]. It is not clear that the afebrile seizure can
be attributed to PAMI syndrome as it has not been
previously described. It may be related to the perina-
tal events; however, it is possible that our patients phe-
notype could be an antenatal presentation of PAMI. In
addition to our patient’s neonatal presentation, Hashmi
et al. 2018 report a patient with PAMI syndrome pre-
senting neonatally with pancytopenia at birth [7].

Khatibi et al. 2015 described a patient with PAPA
syndrome and an E257K variant with cerebral arterial
vasculopathy and a subsequent subarachnoid haemor-
rhage secondary to a ruptured cerebral artery aneurysm
[11]. The authors postulated that this was likely to be
secondary to an inflammatory vasculitis due to PAPA
syndrome, although based on the mutation reported, it
seems likely the patient had PAMI syndrome.

More recently, Del Borrello et al. 2021 described a case
of PAMI syndrome and an E250K variant in a young
child with significant haematological disease, first mani-
festing in the neonatal period [4]. The child was also
noted to have dysmorphic facial features, global devel-
opmental delay and raised inflammatory markers, as well
as evidence of diffuse atrophy on brain MRI. Alongside
multiple blood transfusions for haemolytic anaemia, the
patient was commenced on anakinra and showed dra-
matic clinical improvement.

Other examples of autoinflammatory diseases mani-
festing in the neonatal period demonstrate established
disease-related damage that suggest the process begins
during intrauterine life. For example, in a large UK cohort
of cryopyrin-associated periodic syndrome (CAPS), 95%
(38 patients) had neurological manifestation, of which
45% (17 patients) had neurological features noticed
within the neonatal period, [19] therefore it is not incon-
ceivable that the brain insult may have occurred in utero.
Peciuliene et al. 2016 presented the prenatal onset of
mevalonate kinase deficiency with fetal hydrops, hepato-
splenomegaly and anaemia [20]. Furthermore, Liang et al.
(2017) reported prenatal onset of a novel mosaic het-
erozygous NLRC4 variant in a neonate with congenital
anaemia, ascites, and a heavy oedematous placenta with
fetal thrombotic vasculopathy, who subsequently devel-
oped features of hemophagocytic lymphohistiocytosis
(HLH) and died at two months of age [21].

Interestingly, despite novel insights into the causative
mutations of the PAMI syndrome phenotype, no consist-
ently effective approach to treatment has been identified.



Whiteside et al. Pediatric Rheumatology (2022) 20:49

Use of IL-1 inhibitors has arguably demonstrated the best
responses but there may also be a role for corticosteroids,
cyclosporine or colchicine in symptomatic treatment of
this condition [6]. However, few cases are yet to report a
resolution of neutropenia in response to treatment.

Conclusions

Our case provides a unique example of what would have
been a mild clinical phenotype if it was not for the pos-
sibility that perinatal neurovascular events could be an
early feature of PAMI syndrome. In addition, it gives
insight into the pre-symptomatic phase of the condition
with ongoing elevated inflammatory markers, serum
MRP 8/14, serum amyloid and zinc levels as well as ongo-
ing neutropenia. We have highlighted the importance of
considering PAMI syndrome in the differential for early
onset pancytopenia and we have explored the possibil-
ity that perinatal neurovascular events could be an early
feature of PAMI syndrome. However, this will require
further research in the future in order to make any sub-
stantial conclusions. Our case also demonstrates the
value of a clinical exome sequencing in investigating early
onset phenotypically undifferentiated inflammatory dis-
eases, including during infancy.

Abbreviations

CAPS: Cryopyrin-associated periodic syndrome; CRP: C-reactive protein;

EEG: Electroencephalogram; ESR: Erythrocyte sedimentation rate; HLH:
Hemophagocytic lymphohistiocytosis; IL: Interleukin; MRI: Magnetic
resonance imaging; MRP: Myeloid-related protein; PAID: PSTPIP1-assocated
inflammatory diseases; PAMI: PSTPIP1-associated myeloid-related proteinae-
mia inflammatory; PAPA: Pyogenic arthritis, pyoderma gangrenosum, acne;
PG: Pyoderma gangrenosum; PSTPIP1: Proline-serine-threonine phosphatase
interacting protein 1; SAA: Serum amyloid A.

Acknowledgements
We thank the parents of our described patient for allowing us to share her
case

Authors’ contributions

BGW contributed to data curation, formal analysis, methodology, project
administration, resources, software, visualisation, writing, reviewing and
editing. HT contributed to conceptualisation, formal analysis, investigation,
methodology, supervision, validation, visualisation, writing, reviewing and
editing. EAA contributed to conceptualisation, formal analysis, investigation,
methodology, supervision, validation, visualisation, writing, reviewing and
editing. The author(s) read and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials

The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Page 8 of 9

Consent for publication
Valid written consent was gained from the described patient’s parents to
report this case and any related data.

Competing interests
The authors declare that they have no competing interests.

Received: 17 January 2022 Accepted: 2 July 2022
Published online: 15 July 2022

References

1. Cugno M, Borghi A, Marzano AV. PAPA, PASH and PAPASH syndromes:
pathophysiology, presentation and treatment. Am J Clin Dermatol.
2017,18(4):555-62.

2. Holzinger D, Roth J. Alarming consequences - autoinflammatory disease
spectrum due to mutations in proline-serine-threonine phosphatase-
interacting protein 1. Curr Opin Rheumatol. 2016;28(5):550-9.

3. Gillies Whiteside B, Titheradge H, Al-Abadi E. PSTPIP1-associated myeloid-
related proteinaemia inflammatory (PAMI) syndrome; a case presenting
as a perinatal event with early central nervous system involvement?
Pediatric Rheumatology. 2022.

4. Del Borrello G, Guardo D, Micalizzi C, et al. Hemolysis and neurologic
impairment in PAMI syndrome: novel characteristics of an elusive disease.
Pediatrics. 2021;147(3):20200784.

5. DaiP FurlongT, Gracie G, Huang M, Yang T, Wu K, et al. Autoinflammation
masquerading as autoimmunity in an adult with heterozygous p.E250K
PSTPIP1 mutation. J Clin Immunol. 2019;39(5):519-22.

6. Mejbri M, Theodoropoulou K, Hofer M. PSTPIP1-associated myeloid-
related proteinemia inflammatory syndrome/PAMI syndrome: case report
and review of the literature. Ann Rheum Dis. 2019;78:977-8.

7. Hashmi S, Bergstrom K, Bertuch A, Despotovic J, Muscal E, Xia F, et al.
PSTPIP1-associated myeloid-related proteinemia inflammatory syndrome:
a rare cause of childhood neutropenia associated with systemic inflam-
mation and hyperzincemia. Pediatr Blood Cancer. 2018;66(1):e27439.

8. Klétgen H, Beltraminelli H, Yawalkar N, Gijn M, Holzinger D, Borradori L.
The expanding spectrum of clinical phenotypes associated with PSTPIP
1 mutations: from PAPA to PAMI syndrome and beyond. Br J Dermatol.
2018;178(4):982-3.

9. Belelli E, Passarelli C, Pardeo M, et al. Haematological involvement associ-
ated with a mild autoinflammatory phenotype, in two patients carrying
the E250K mutation of PSTPIP1. Clin Exp Rheumatol. 2017;35 Suppl
108(6):113-5.

10. Lindwall E, Singla S, Davis W, Quinet R. Novel PSTPIPT gene mutation in a
patient with pyogenic arthritis, pyoderma gangrenosum and acne (PAPA)
syndrome. Semin Arthritis Rheum. 2015;45(1):91-3.

11. Khatibi K, Heit J, Telischak N, Elbers J, Do H. Cerebral vascular findings
in PAPA syndrome: cerebral arterial vasculopathy or vasculitis and
a posterior cerebral artery dissecting aneurysm. BMJ Case Reports.
2015:bcr2015011753. https://casereports.bomj.com/content/2015/bcr-
2015-011753.info.

12. Holzinger D, Fassl S, de Jager W, Lohse P, Réhrig U, Gattorno M, et al.
Single amino acid charge switch defines clinically distinct proline-serine-
threonine phosphatase-interacting protein 1 (PSTPIP1)-associated
inflammatory diseases. J Allergy Clin Immunol. 2015;136(5):1337-45.

13. Demidowich A, Freeman A, Kuhns D, Aksentijevich |, Gallin J, Turner
M, et al. Brief Report: Genotype, phenotype, and clinical course in five
patients with PAPA syndrome (pyogenic sterile arthritis, pyoderma gan-
grenosum, and acne). Arthritis Rheum. 2012;64(6):2022-7.

14. Lee H, Park SH, Kim SK, Choe JY, Park JS. Pyogenic arthritis, pyoderma
gangrenosum, and acne syndrome (PAPA syndrome) with E250K muta-
tion in CD2BP1 gene treated with the tumor necrosis factor inhibitor
adalimumab. Clin Exp Rheumatol. 2012,30(3):452.

15. Isidor B, Poignant S, Corradini N, Fouassier M, Quartier P, Roth J, et al.
Hyperzincemia and hypercalprotectinemia: unsuccessful treatment with
tacrolimus. Acta Paediatr. 2008;98(2):410-2.

16. Sugiura T, Goto K, Ito K, Ban K, Okada S, Moriyama A, et al. Effects of cyclo-
sporine A in hyperzincaemia and hypercalprotectinaemia. Acta Paediatr.
2007,95(7):857-60.


https://casereports.bmj.com/content/2015/bcr-2015-011753.info
https://casereports.bmj.com/content/2015/bcr-2015-011753.info

Whiteside et al. Pediatric Rheumatology

20.

21

(2022) 20:49

Fessatou S, Fagerhol MK, Roth J, Stamoulakatou A, Kitra V, Hadarean M,
Paleologos G, Chandrinou H, Sampson B, Papassotiriou |. Severe anemia
and neutropenia associated with hyperzincemia and hypercalprotectine-
mia. J Pediatr Hematol Oncol. 2005;27(9):477-80.

Sampson B, Fagerhol M, Sunderkétter C, Golden B, Richmond P, Klein N,
et al. Hyperzincaemia and hypercalprotectinaemia: a new disorder of zinc
metabolism. Lancet. 2002;360(9347):1742-5.

Parker T, Keddie S, Kidd D, Lane T, Maviki M, Hawkins P, et al. Neurol-

ogy of the cryopyrin-associated periodic fever syndrome. Eur J Neurol.
2016;23(7):1145-51.

Peciuliene S, Burnyte B, Gudaitiene R, Rusoniene S, Drazdiene N, Liubsys
A, et al. Perinatal manifestation of mevalonate kinase deficiency and
efficacy of anakinra. Pediatr Rheumatol. 2016;14(1):19.

Liang J, Alfano DN, Squires JE, Riley MM, Parks WT, Kofler J, et al. Novel
NLRC4 mutation causes a syndrome of perinatal autoinflammation

with hemophagocytic lymphohistiocytosis, hepatosplenomegaly, fetal
thrombotic vasculopathy, and congenital anemia and ascites. Pediatr Dev
Pathol. 2017;20(6):498-505.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 9 of 9

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	PSTPIP1-associated myeloid-related proteinaemia inflammatory (PAMI) syndrome; a case presenting as a perinatal event with early central nervous system involvement?
	Abstract 
	Background: 
	Case presentation: 
	Conclusions: 

	Background
	Case presentation
	Method
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


