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Abstract The cryopyrin-associated periodic syndrome

(CAPS) is an autosomal dominant autoinflammatory dis-

ease characterized by fever, skin rash, and joint involve-

ment with acute inflammatory response. The genetic defect

involves the NLRP3 gene that encodes cryopyrin and leads

to an abnormal production of interleukin-1 (IL-1). There-

fore, anti-IL-1 treatment represents an effective therapy.

One of the most severe manifestations of the disease is

secondary amyloidosis that causes renal failure. We present

a patient with CAPS who underwent renal transplantation

for renal insufficiency caused by amyloidosis. The function

of the transplanted kidney deteriorated because of the late

administration of IL-1 receptor antagonist, anakinra. This

case may indicate the importance of early initiation of anti-

IL-1 treatment in CAPS patients who have undergone

kidney transplantation.
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Introduction

Cryopyrin-associated periodic syndrome (CAPS) is a rare

autosomal dominant autoinflammatory disease. Its popu-

lation frequency has been reported to be 1–3 per million [1,

2]. CAPS is caused by mutations in the NLRP3 [3]. NLRP3

is a gene that encodes cryopyrin. Cryopyrin is one of the

components of NLRP3 inflammasome that converts pro-

interleukin-1b (IL-1b) to its biologically active form

through the activation of procaspase-1. Cryopyrin detects

numerous bacterial products or intracellular danger signals,

with the resulting production of IL-1b inducing local or

systemic responses against noxious agents such as micro-

organisms [4]. However, mutations in the cryopyrin gene

induce inappropriate activation of inflammatory responses

[5], leading to clinical manifestations of fever, urticarial

skin rash, joint symptoms, and increased levels of the

acute-phase plasma proteins [4].

The clinical phenotype of CAPS is diverse. Familial

cold autoinflammatory syndrome (FCAS) is the mildest

type, Muckle–Wells syndrome (MWS) has intermediate

severity, and the most severe type is neonatal-onset mul-

tisystem inflammatory disease (NOMID) or chronic

infantile neurologic cutaneous articular syndrome (CIN-

CA) [6]. FACS is characterized by recurrent intermittent

fever and skin rash induced by cold exposure. NOMID/

CINCA is the most severe type with involvement of the

central nervous system and characteristic arthropathy. In

patients with NOMID/CINCA, clinical symptoms are per-

sistent with an elevation of acute-phase reactants and leu-

kocytosis [4].

A proportion of patients with CAPS develop secondary

AA amyloidosis that leads to progressive chronic kidney

disease. As IL-1b plays a pivotal role in the pathogenesis of

CAPS, anti- IL-1 treatment has been reported to be
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effective in patients with the syndrome. Thus, successful

anti-IL-1 treatment of renal amyloidosis in patients with

CAPS has been reported [7–14]. In this paper, we describe

a patient with CAPS who received a renal transplant due to

progressive renal insufficiency caused by amyloidosis. The

function of the transplanted kidney deteriorated despite

anti-IL-1 treatment. This case may indicate the importance

of the early diagnosis and institution of anti-IL-1 treatment

in CAPS with a severe phenotype.

Case report

In 2005, a Japanese female aged 33 years visited our out-

patient clinic with chronic renal failure. During early

childhood, she had developed an urticarial skin rash and

polyarthralgia with intermittent febrile episodes. The fever

and skin rash (Fig. 1a) were triggered by cold exposure,

although they also occurred without any stimuli. Anterior

uveitis and elbow joint deformity leading to ulnar dislo-

cation developed at 12 years of age, and at 23 years of age,

she visited the rheumatology department of our hospital,

and was diagnosed with Still’s disease. Treatment with

nonsteroidal anti-inflammatory drugs (NSAIDs) and glu-

cocorticoid failed to improve her symptoms with a per-

sistent elevation of CRP and serum amyloid A protein

(SAA) levels being observed. At the age of 26 years, she

developed proteinuria due to renal amyloidosis and was

treated with NSAIDs and herbal medicines. However, renal

function deteriorated and hemodialysis was introduced at

the age of 32 years. In March 2008, a living-related kidney

transplant was carried out using a standard protocol of

immunosuppression that included tacrolimus, mycophen-

olate mofetil, and prednisolone. After transplantation, she

was admitted again to the rheumatology department. CAPS

was suspected and genetic testing was performed following

approval from the Institutional Genome Ethics Committee.

Sequencing of the NLRP3 gene showed that the patient

was heterozygous for the p.E304 K mutation (Fig. 1b). At

that time, the recombinant human IL-1 receptor antagonist,

anakinra, was not initiated because of consent reasons. The

skin rash, intermittent fever, and elevated inflammatory

reactions continued despite treatment with immunosup-

pressants. Seventeen months after transplantation, she

developed congestive heart failure and function of the

transplanted kidney deteriorated. Biopsies of the cardiac

muscle (Fig. 1c, d) and the transplanted kidney (Fig. 1e, f)

confirmed the diagnosis of cardiac and allograft amyloi-

dosis. In view of her serious clinical course, informed

consent for the use of anakinra was obtained based on the

approval of the Institutional Ethics Committee. Treatment

with anakinra was started 23 months after transplantation.

The dose of anakinra was reduced to 100 mg every other

day because of the decreased renal function. The skin rash

and intermittent fever were improved. The levels of CRP

also decreased with the exception of a short period when a

left radical nephroureterectomy was performed for uro-

thelial carcinoma of the middle calyx. The SAA levels

before treatment with anakinra ranged between 49.8 and

163.0 lg/ml and decreased to 10.1–25.7 lg/ml 2 months

after the initiation of anakinra (normal range of

SAA B 8.0 lg/ml). However, the function of the allograft

decreased gradually and hemodialysis was introduced

again 34 months after transplantation (Fig. 2).

Discussion

The primary therapeutic strategy in CAPS is anti-IL-1

treatment. Anakinra is a recombinant IL-1 receptor antag-

onist that is not approved in Japan for any diseases, despite

being approved for rheumatoid arthritis in some other

countries. Its efficacy in patients with CAPS is character-

ized by rapid resolution of disease symptoms [15]. To date,

eight reports on the efficacy of anti-IL-1 agents for treat-

ment of amyloidosis in patients with CAPS have been

published [7–14]. In 17 patients reported in the eight ref-

erences, a lack of efficacy was reported in two patients

treated with anakinra [9, 13].

Two cases with CAPS complicated with AA amyloi-

dosis who underwent renal transplantation have been

reported previously, although these reports did not include

a detailed description of clinical course. The case reported

by Leslie et al. [7] underwent renal transplantation and

began taking anakinra 18 months later. No involvement of

the graft with amyloid deposition was detected by serum

amyloid P component scintigraphy [7]. Lane et al. [12]

conducted a case-series study of patients with the heredi-

tary periodic fever syndrome complicated with AA amy-

loidosis. In their study, one of 13 cases who underwent

renal transplantation was a CAPS patient. The patient

underwent renal transplantation prior to initiation of an

anti-IL-1 agent and no graft failure was reported. In the

present case, treatment with anakinra failed to suppress the

deterioration of the allograft function. Anakinra was not

administrated until 23 months after renal transplantation

due to issues with consent. At that time, anakinra was the

only drug available for anti-IL-1 treatment and had not

been approved in Japan for any diseases. The use of ana-

kinra without medical insurance became an obstacle to

early initiation of anakinra in this case. Pathological

examination of the left native kidney where nephroureter-

ectomy was performed revealed massive deposition of AA

amyloid (data not shown). The finding may suggest a lack

of efficacy of anakinra on amyloid deposition in this case

although careful interpretation will be needed. Recently, it
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has been suggested that progressive dose adjustment of

anti-IL-1 agents is needed in patients with a more severe

phenotype [16]. Kuemmerle-Deschner et al. [17] analyzed

the efficacy of anti-IL-1 agents in 21 patients with Muckle–

Wells syndrome and suggested switching to canakinumab

was effective after secondary failure to anakinra. Although

those reports did not mention the effect of anti-IL-1 treat-

ment on amyloidosis, dose adjustment of anakinra or

switching to canakinumab may have been a therapeutic

option in our case.

Pinney et al. [18] investigated the outcome of renal

transplantation in systemic amyloidosis and reported that

19.5 % of patients with AA amyloidosis showed recurrent

amyloid in their allografts with a median of 5.3 years after

transplantation. In that study, 23.2 % of the subjects had a

hereditary periodic fever syndrome, although detailed

information of each case was not described. In our case,

amyloid deposited in the allograft with unexpected rapid

progression. From transplantation to the initiation of ana-

kinra, inflammatory response was persistent as evidenced

by sustained high levels of CRP (Fig. 2). Rapid deposition

of amyloid in the allograft may be characteristic of CAPS

although further investigations are needed.

The decrease in serum levels of CRP and SAA observed

during treatment with anakinra may indicate anakinra is

effective for suppressing inflammation (Fig. 2). The func-

tion of the allograft was deteriorated by rapid amyloid

deposition before administration of anakinra. Therefore,

anakinra should be started immediately after renal trans-

plantation. Renal amyloidosis can be complicated by var-

ious autoinflammatory diseases such as familial

Mediterranean fever (FMF). Moser et al. [19] reported a

patient with FMF who developed renal amyloidosis. In that

case, anakinra was started before renal transplantation and

Fig. 1 A typical urticarial skin

rash was observed on the back

of the patient (a). Sequencing of

NLRP3 revealed that the patient

was heterozygous for

c.910G[A leading to a

p.E304 K mutation. Codon

numbers are described based on

reference sequence

NM_001243133.1 (b). Light
microscopy of cardiac muscles

in the right ventricle (c, d). A
hematoxylin and eosin stain

showing hypertrophy and

disarrangement of cardiac

muscles of various sizes (c,
9200). Extensive interstitial

deposition of amorphous

material positive for Congo-red

staining (d, 9200).

Hematoxylin and eosin stain of

the allograft (e, f). Mesangial

lesions with focal segmental

dilatation and deposition of

amorphous material are shown

(e, 9200). Congo-red stain

showing amyloid deposition in

the mesangium and vasculature

(f, 9200)
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was continued successfully thereafter. The efficacy of early

initiation of anakinra in CAPS patients with renal amy-

loidosis has been reported [9]. The clinical course of this

case showed that congestive heart failure caused by amy-

loidosis also accounted for allograft dysfunction (Fig. 2).

Taken together, these results may indicate early diagnosis

and treatment with IL-1 inhibitor is important for a

favorable outcome of CAPS.

This case was complicated with cardiac amyloidosis

(Fig. 1c, d). Cardiac amyloidosis is a rare complication of

AA amyloidosis, however, it has been reported to be

associated with an unfavorable outcome [14]. Tanaka et al.

[20] analyzed 42 cases of AA amyloidosis and revealed the

association between survival rate and amyloid-related

cardiac involvement. Anti-IL-1 agents might be a potential

treatment for cardiac amyloidosis in CAPS although car-

diac amyloidosis in CAPS has not been extensively stud-

ied. In this case, treatment for cardiac failure was initiated

before the administration of anakinra and we could not

evaluate the efficacy of anakinra on cardiac amyloidosis.

CAPS includes three phenotypes: FCAS, MWS, and

NOMID/CINCA, although those boundaries between these

three conditions remain unclear [4]. In fact, our patient

showed some overlapping features of MWS and NOMID/

CINCA. Genetic analysis of our patient revealed the

p.E304 K in the NLRP3. The same mutation has been

reported previously in an Italian patient [21] although the

clinical presentations were not identical in the two cases.

The Italian case showed persistent arthritis, bony over-

growth, lymphadenopathy, and hepatosplenomegaly that

were not seen in our patient, while our patient had char-

acteristic face, fever, and mild hearing loss. In our patient,

a right ulnar dislocation at the elbow joint and hypoplasia

of the distal end of the right ulna were observed. It is not

clear whether these were characteristic lesions of CAPS.

Further investigation of the genotype–phenotype correla-

tion of CAPS is required.

Successful treatment of CAPS with canakinumab was

reported in 2009 [22] and its use was approved in Japan in

November 2011 [23]. The efficacy and tolerability of

canakinumab in CAPS patients with a severe phenotype

have also been reported [24], indicating that canakinumab

has the potential to contribute to favorable outcomes in

patients with CAPS in Japan.
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