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Abstract
Autoinflammatory diseases (AIDs) are a recently described group of conditions caused by mutations in multiple genes that 
code for proteins of the innate immune system. Cryopyrin-associated periodic syndromes (CAPS) are autoinflammatory dis-
eases comprising three clinically overlapping disorders: familial cold urticarial syndrome (FCAS), Muckle–Wells syndrome 
(MWS), and neonatal-onset multisystem inflammatory disease (NOMID). CAPS have been associated with gain-of-function 
variations in NLRP3 (NOD-like receptor family, pyrin containing domain-3). However, a new class of autoinflammatory 
disease resembling FCAS or MWS has been described in patients with NLRP12 mutations. Here, we report a 6-year-old 
boy diagnosed with AID who developed an unexpected C3 glomerulopathy during attacks and carried a novel variation in 
NLRP12. Following treatment with IL (interleukin) 1 targeting agents, all symptoms and inflammation resolved. This is the 
first case in the literature affected by both autoinflammatory disease and C3 glomerulopathy.
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Introduction

Autoinflammatory diseases (AIDs) are a group of disorders 
characterized by recurrent episodes of fever and systemic 
inflammation that are sometimes complicated by amyloido-
sis [1, 2]. Among them is cryopyrin-associated periodic syn-
drome (CAPS), which comprises Muckle–Wells syndrome 
(MWS), familial cold induced autoinflammatory syndrome 
(FCAS), and the chronic infantile neurologic cutaneous 

articular syndrome (CINCA, also known as neonatal-onset 
multisystem inflammatory disease—NOMID). These three 
diseases have been associated with gain-of-function varia-
tions in NLRP3 (NOD-like receptor family, pyrin containing 
domain-3), which is a member of NLR family (1). Patients 
with NLRP12 (NOD-like receptor family, pyrin containing 
domain-12) variations and clinical manifestations com-
patible with CAPS have been described previously. Some 
authors described this disorder as a new class of autoinflam-
matory syndrome called NLRP12-associated disease [2, 3].

Herein, we report a 6-year-old boy diagnosed with AID, 
who developed an unexpected C3 glomerulopathy during 
attacks and carried a novel rare variation in NLRP12. To 
the best of our knowledge, this is the first case report in the 
literature that shows the association of NLRP12 variation 
and C3 glomerulopathy in a patient with AID.

Case report

A 6-year-old boy was referred to our clinic with non-itching 
urticarial rash, fever, and fatigue. In his history, he had recur-
rent urticarial rashes on trunk and limbs that are accompa-
nied by diarrhea and sometimes fever. Rashes and diarrhea 
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lasted for 4–5 days. The patient had no family history of 
hereditary disorders. His mother had a history of recurrent 
urticarial rashes without any more clinical manifestation. 
On his laboratory examination, there were increased inflam-
matory markers with C-reactive protein (CRP) 7.3 mg/
dl (normal 0–0.8 mg/dl), erythrocyte sedimentation rate 
(ESR) 84 mm/h, and white blood cell count 16,000 cells/
mm3. Urine analysis revealed hematuria (72 erythrocyte/
hpf, hemoglobin +++) and proteinuria (spot urine protein 
to creatinine ratio: 0.54 mg/mg). Serum biochemistry and 
electrolyte levels were normal. On the 6th day of hospitaliza-
tion, patient’s symptoms improved spontaneously; and uri-
nalysis and inflammatory markers returned to normal ranges 
without any treatment. 1 month after his discharge, he has 
admitted again with rash, fever, and tea-colored urine. CRP 
and ESR were high (6.5 mg/dl and 74 mm/h, respectively). 
He had hematuria (123 erythrocyte/hpf, hemoglobin +++) 
and proteinuria (17 mg/m2/h). Laboratory investigation of 
electrolytes, rheumatoid factor, antinuclear antibody (ANA), 
liver and renal function tests, and complement components 
(C3 and C4) yielded normal results. In the follow-up period, 
he developed a severe headache; magnetic resonance imag-
ing examination and lumbar puncture (L/P) confirmed the 
presence of intracranial hypertension (opening pressure 
255  mmH2O). He was treated with acetazolamide. Some 
further investigations were performed with a suspicion of 
AID. The audiometric investigation was normal. Serum 
immunoglobulin (Ig) D level was in normal ranges. There 
was no mevalonic aciduria based on the urine sample. An 
ophthalmological examination found bilateral papillary 
edema without any other ocular abnormalities. Skin biopsy 
showed nonspecific superficial perivascular infiltration with 
predominantly neutrophilic cells. Direct immunofluores-
cence was negative. On the 7th day of hospitalization, his 
renal function started to deteriorate. Serum creatinine was 
elevated to 1.81 mg/dl (normal 0.5–1.2 mg/dl) and blood 
urea was elevated to 94 mg/dl (normal 11–39 mg/dl). Serum 
complement levels decreased (C3 24.6 mg/dl, C4 9.9 mg/dl; 
normal ranges 83–177 mg/dl for C3 and 12–36 mg/dl for 

C4). ANA, anti-ds DNA, antineutrophil, and cytoplasmic 
antibody (ANCA) were still negative, while C1q and cryo-
globulin levels were normal. A renal biopsy was performed. 
Light microscopy demonstrated segmental endocapillary 
proliferation and fibrinoid necrosis in 2 out of 13 glomeruli. 
Other glomeruli had mild glomerular basement membrane 
thicknesses. Immunofluorescence shows coarse granular 
C3 deposition. Electron microscopic examination revealed 
intramembranous, subendothelial, and subepithelial dense 
deposits. Findings suggested C3 glomerulopathy (Fig. 1). 
He was treated with intravenous methylprednisolone for 
3 days (30 mg/kg/day) and continued with pulse cyclophos-
phamide (500 mg/m2/month). He had a total of 6 months of 
pulse cyclophosphamide treatment. With this immunosup-
pressive therapy, his renal function tests and complement 
C3 level returns to normal ranges and no more proteinuria 
and hematuria were observed. Oral high-dose prednisone 
was tapered in 3 months and continued with 5 mg/alternate 
day. However, while on alternate day prednisone therapy, 
he was admitted again with fever, vomiting, and urticarial 
rashes on trunk and extremities (Fig. 2). His attacks were not 
triggered by any cold exposure. Inflammatory markers were 
high (CRP 11.9 mg/dl, ESR 97 mm/h). Unlike his previous 
attacks blood urea, creatinine, C3, C4, and urinalysis were 
normal. He had papillary edema on eye examination. L/P 
was performed and intracranial hypertension was detected 
again with an opening pressure of > 300 mm  H2O. Based 
on the patient’s recurrent episodes of rashes, fever, intrac-
ranial hypertension, and high acute phase reactants, AID 
was suspected and anakinra was initiated (1 mg/kg/day, 
subcutaneously). Within 24 h, the skin rash disappeared 
and other symptoms also improved. In 15 days, CRP and 
ESR levels returned to normal values. Bilateral papillary 
edema was improved in the 1st month of the therapy and 
acetazolamide was stopped. Anakinra was later switched to 
canakinumab because of local pain and reaction at injection 
side. No disease flair (inflammatory and/or nephritis attack) 
was observed after 1 year of the therapy. Currently, he is on 
canakinumab (monthly, 2 mg/kg) therapy.

Fig. 1  a Two glomeruli in 
this view. Segmental fibrinoid 
necrosis is shown with yellow 
arrow (hematoxylin and eosin 
×400). b Electron-dense depos-
its in intramembranous and 
subendothelial field (electron 
microscope ×7750)
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Genetic analysis

Genomic DNA was isolated from patient’s peripheral blood 
sample using DNA Isolation Kit for Mammalian Blood 
(Roche Diagnostics, Mannheim, Germany) according to 
manufacturer’s protocol. Patient’s DNA was screened for 
coding and non-coding exons of the following 15 genes 
in IONS 5 platform (Life Technologies): MEFV, MVK, 
TNFRSF1A, NLRP3, NOD2, CECR1, TMEM173, PSTPIP1, 
NLRP12, LPIN2, PLCG2, CARD14, SLC29A3, IL10RA, and 
NLRC4 using targeted New Generation Sequencing (NGS)-
based panel designed by the Ion AmpliSeqTM designer 
software (Life Technologies). Variants of the patient were 
filtered mainly based on ANNOVAR tool [4], and disease 
associated or pathogenic variants were listed. Among above-
mentioned genes, patient was found to carry a novel, rare 
variation in NLRP12, which is associated with FCAS. This 
missense variation, c.A1732G, p.S78G has not been reported 
before in other mutation databases (Table 1).

Search strategy

We performed a review of the literature using Pubmed and 
Web of Science between April and May 2018, combining the 
main keywords ‘auto inflammatory’ and ‘NLRP12’. Results 
of the different databases were combined. We included 
full articles in English. We found eight articles discussing 
the cases having auto inflammatory disease and carrying 
NLRP12 mutation (Fig. 3).

Discussion

Periodic fever syndromes are a group of AIDs character-
ized by recurrent episodes of fever and systemic inflam-
mation [1, 2]. In our patient, the onset of the disease and 

symptomatology favor a diagnosis of FCAS. However, 
there are some overlapping features with MWS such as the 
duration of the episodes and with CINCA such as papillary 
edema and benign intracranial hypertension. On the other 
hand, he did not carry a NLRP3 variation. Patients with clin-
ical manifestations attributable to CAPS but without muta-
tions in the NLRP3 have been reported previously. Some 
of those NLRP3 negative patients had NLRP12 variations. 
Very few patients with NLRP12-related disease have been 
identified worldwide; therefore, there are limited data for 
the clinical presentation of this syndrome. NLRP12-related 
disease conditions were initially considered to be milder as 
compared to disorders caused by mutations in NLRP3 [3, 
5–9]. In 2008, Jeru et al. reported three affected children 
from two families with the features of hereditary periodic 
fever and carrying NLRP12 mutations. Those patients’ first 
symptoms started during the first year of life, episodes were 
triggered by exposure to cold and attacks (arthralgia, fever, 
and headache) lasted for several days. One patient had a 
distinguishing clinical manifestation with urticarial and sen-
sorineural hearing loss [3]. In 2010, Borghini et al. described 
an Italian family in which some of the members had clinical 
features consistent with FCAS and had a missense muta-
tion in NLRP12. They described the patients’ manifestations 
as CAPS-like phenotype. They concluded that accelerated 
secretion of IL-1 beta and redox alterations was associated 
with this mild autoinflammatory disorder [6]. Later, in 2011, 
Jeru et al. added two more patients to their previous cases 
and named this phenotype as NLRP12-associated disor-
ders [7]. Moreover, other patients with FCAS-like pheno-
type and NLRP12 mutations have been reported in 2013, 
2014, and 2016 [8, 10, 11]. In 2018, Kostik et al. reported a 
large single-center cohort discussing their NLRP12-related 
AID patients. They concluded that patients with NLRP12 
germline mutations demonstrated highly variable clinical 
phenotypes including immune deficiency syndromes. They 

Fig. 2  Urticarial rashes of our 
patient with NLRP12 variation 
on trunk and extremities
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also observed an association between genetic diagnosis of 
NLRP12AID and increased susceptibility to infections was 
observed (9).

Distinct from other reported cases with NLRP12 muta-
tion, our patient had C3-GN and hematuria during his 
attacks. In the literature, patients with AID usually had 
renal involvement due to secondary amyloidosis that can 
be prevented by suppressing the excessive inflammation 
[12]. Pauci-immune crescentic GN has been reported in 
a patient with hyperimmunoglobulinemia D and periodic 
fever syndrome (HIDS) in 1999; however, the causal asso-
ciation was unclear. They hypothesized that the glomerular 
involvement was secondary to the cytokine network acti-
vation observed in HIDS [13]. In 2007, an 18-month-old 
boy presented with severe mevalonate kinase deficiency and 
membranoproliferative glomerulonephritis was reported. He 
was treated successfully with anakinra [14]. In 2011, Tsa-
penko et al. reported an adult male with recurrent mesan-
gial and endocapillary proliferative GN and having frequent 
recurrent febrile illness which improved after treatment with 

rituximab and long-term anakinra therapy. In his attacks, 
he had severe acute kidney injury, hypocomplementemia, 
thrombocytopenia, and nephrotic range proteinuria followed 
by complete resolution of symptoms after each episode. 
This case has no mutation analysis and did not fit any of the 
known periodic fever syndromes. Authors concluded that 
the recurrent episodes with complete resolution and success-
ful therapy with anakinra supported that the patient has an 
unknown periodic fever syndrome [15]. In 2016, a review 
article discussed the role of NLRP3 inflammasome in kid-
ney diseases. NLRP3 inflammasome has been implicated in 
pathogenesis of some renal conditions including acute kid-
ney injury, chronic kidney disease, diabetic nephropathy, and 
crystal related nephropathy. Inflammasome activation occurs 
in some kidney cells such as renal tubular epithelium [16].

C3 glomerulopathy is a rare disorder characterized at 
renal biopsy by C3 deposition, alone or with scanty immu-
noglobulins, as well as by an electron-dense material in 
mesangium, subendothelial, and subepithelial spaces. An 
abnormal systemic activation of the alternative pathway 

Fig. 3  Study flowchart
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(AP) of the complement cascade is responsible for the 
development of the disease if triggered by several possible 
environmental conditions. In 2016, Alexander et al. reported 
that an autoimmune milieu may act as a trigger for the devel-
opment of C3 glomerulopathy in genetically susceptible 
patients. They also speculated that short-term prognosis of 
this disease associated with autoimmune disorders appears 
excellent [17]. In our patient, the exact etiology of a C3 
glomerulopathy was not clear. His autoinflammatory disor-
der, excessive inflammation, and cytokine activation might 
serve as a trigger and lead to dysregulation of the alternative 
complement pathway. However, the nature of the condition 
is still not completely understood. Further investigation and 
new case reports are needed.

In conclusion, this is the first case in the literature that 
shows the association of an NLRP12-related AID and C3 
glomerulopathy. Patients with NLRP12 variations may 
demonstrate variable additional clinical manifestations. It 
should be kept in mind that periodic fever syndromes may 
be accompanied with renal involvement.

Author contributions All authors made substantial contributions to 
conception and design of the paper as well as participated in drafting 
the article. All authors gave the final approval of the version to be 
submitted and any revised version. Study concept and design: ÖB and 
USB, NU. Analysis and interpretation of data: ÖB, FA, ETT, and SK. 
Drafting of the manuscript. ÖB, FA, ETT, and SK. Critical revision of 
the manuscript for important intellectual content: USB and ÖB. Study 
supervision: NÇ, USB, and NU.

Funding No funding received for this research.

Compliance with ethical standards 

Ethical approval All procedures performed in studies involving human 
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki 
declaration and its later amendments or comparable ethical standards.

Informed consent Informed consent was obtained from the patient 
described in the case report. Parents of our patient have also agreed on 
publishing the pictures included in this manuscript.

Conflict of interest Authors declare that there is no conflict of interest.

References

 1. Kuemmerle-Deschner JB (2015) CAPS–pathogenesis, presenta-
tion and treatment of an autoinflammatory disease. Semin Immu-
nopathol 37:377–385

 2. de Torre-Minguela C, Mesa Del Castillo P, Pelegrín P (2017) The 
NLRP3 and pyrin inflammasomes: implications in the pathophysi-
ology of autoinflammatory diseases. Front Immunol 8:43

 3. Jéru I, Duquesnoy P, Fernandes-Alnemri T, Cochet E, Yu JW, 
Lackmy-Port-Lis M et al (2008) Mutations in NALP12 cause 
hereditary periodic fever syndromes. Proc Natl Acad Sci USA 
105:1614–1619

 4. Wang K, Li M, Hakonarson H (2010) ANNOVAR: functional 
annotation of genetic variants from high-throughput sequencing 
data. Nucleic Acids Res 38:e164

 5. Jéru I, Hentgen V, Normand S, Duquesnoy P, Cochet E, Delwail A 
et al (2011) Role of interleukin-1β in NLRP12-associated autoin-
flammatory disorders and resistance to anti-interleukin-1 therapy. 
Arthritis Rheum 63:2142–2148

 6. Borghini S, Tassi S, Chiesa S, Caroli F, Carta S, Caorsi R et al 
(2011) Clinical presentation and pathogenesis of cold-induced 
autoinflammatory disease in a family with recurrence of an 
NLRP12 mutation. Arthritis Rheum 63:830–839

 7. Jéru I, Le Borgne G, Cochet E, Hayrapetyan H, Duquesnoy P, 
Grateau G et al (2011) Identification and functional consequences 
of a recurrent NLRP12 missense mutation in periodic fever syn-
dromes. Arthritis Rheum 63:1459–1464

 8. Xia X, Dai C, Zhu X, Liao Q, Luo X, Fu Y et al (2016) Identifi-
cation of a novel NLRP12 nonsense mutation (Trp408X) in the 
extremely rare disease FCAS by exome sequencing. PLoS One 
11:e0156981

 9. Kostik MM, Suspitsin EN, Guseva MN, Levina AS, Kazantseva 
AY, Sokolenko AP et al (2018) Multigene sequencing reveals 
heterogeneity of NLRP12-related autoinflammatory disorders. 
Rheumatol Int 38:887–893

 10. Vitale A, Rigante D, Maggio MC, Emmi G, Romano M, Sil-
vestri E et al (2013) Rare NLRP12 variants associated with the 
NLRP12-autoinflammatory disorder phenotype: an Italian case 
series. Clin Exp Rheumatol 31(3 Suppl 77):155–156

 11. De Pieri C, Vuch J, Athanasakis E, Severini GM, Crovella S, 
Bianco AM et al (2014) F402L variant in NLRP12 in subjects 
with undiagnosed periodic fevers and in healthy controls. Clin 
Exp Rheumatol 32(6):993–994

 12. Ozen S (2010) The “other” vasculitis syndromes and kidney 
involvement. Pediatr Nephrol 25:1633–1639

 13. Tsimaratos M, Koné-Paut I, Daniel L, Gubler MC, Dussol B, 
Picon G (1999) Crescentic glomerulonephritis in hyper IgD syn-
drome. Pediatr Nephrol 13:132–134

 14. Nevyjel M, Pontillo A, Calligaris L, Tommasini A, D’Osualdo A, 
Waterham HR et al (2007) Diagnostics and therapeutic insights 
in a severe case of mevalonate kinase deficiency. Pediatrics 
119:e523–e527

 15. Tsapenko MV, Call TG, Lust JA, Leung N (2011) Periodic fever 
syndrome with relapsing glomerulonephritis: a case report and 
teaching points. NDT Plus 4:346–351

 16. Hutton HL, Ooi JD, Holdsworth SR, Kitching AR (2016) The 
NLRP3 inflammasome in kidney disease and autoimmunity. 
Nephrology (Carlton) 21:736–744

 17. Alexander MP, Fervenza FC, De Vriese AS, Smith RJH, Nasr SH, 
Cornell LD et al (2016) C3 glomerulonephritis and autoimmune 
disease: more than a fortuitous association? J Nephrol 29:203–209


	C3 glomerulopathy in NLRP12-related autoinflammatory disorder: case-based review
	Abstract
	Introduction
	Case report
	Genetic analysis
	Search strategy

	Discussion
	References


