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Successful treatment with
infliximab of sibling cases with
generalized pustular psoriasis
caused by deficiency of
interleukin-36 receptor
antagonist

Editor

Tumour necrosis factor-oo (TNF-o) inhibitors often lead to rapid
resolution of generalized pustular psoriasis (GPP)." However,
the agents’ mechanism of action against GPP remains to be elu-
cidated, because the aetiology of the disease had been unknown.
Recently, we reported that the majority of GPP cases that are not
preceded by psoriasis vulgaris (PV; GPP alone) are caused by
deficiency of interleukin-36 receptor antagonist (DITRA) due to
homozygous or compound heterozygous IL36RN mutations.

The patients were three Japanese siblings and their mother: a
39-year-old woman (Patient 1), a 36-year-old man (Patient 2), a
29-year-old man (Patient 3) and a 65-year-old woman (Patient
4). The parents are non-consanguineous. Patient 4 had been suf-
fering from GPP preceded by PV since she was 53-years-old
(Fig. la). The disease onset was at 10 years of age for Patients 1
and 2 and at 6 years of age for Patient 3. Patients 1, 2 and 3 had
not had any previous PV lesions. They had recurrent erythema
with pustules on the whole body and a fever of over 38°C. At
exacerbation of the disease, blood examinations revealed ele-
vated white blood cell count and C-reactive protein concentra-
tion. Bacterial cultures of the pustules were negative. They had
pathological findings of spongiform pustules of Kogoj by skin
biopsies from pustular eruptions. The siblings were diagnosed
with GPP alone.

Following ethical approval, informed consent was obtained
from the patients in compliance with the Declaration of Helsinki
principles. All the coding regions of IL36RN, including the exon/
intron boundaries, were sequenced using genomic DNA samples
from the patients.” Patients 1, 2 and 3 were found to have the
homozygous mutation c¢.115+ T > C (p.ArglOArgfsX1) in
IL36RN, which is one of the GPP-causing founder mutations in
Japanese® (Fig 2). Patient 4 had heterozygous mutation
c.115 + T > C (Fig. 2). The siblings were diagnosed with GPP
caused by DITRA.

Satisfactory treatment results had not been obtained with var-
ious drugs, including oral cyclosporine A. Then, Patients 1, 3
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Figure 1 Pedigree of the patients’ family and skin manifestations
of Patients 1 and 3 before and after treatment with infliximab (a)
Pedigree of the patients’ family. The mother (Patient 4) was suffer-
ing from GPP preceded by PV. (b) Pustules in the background of
erythema were observed on trunk in Patient 1 before treatment
with infliximab. (c) The skin eruptions largely resolved by the 14th
week of treatment with infliximab. Skin eruptions on the buttocks

of Patient 3 before (d) and after 14 weeks (e) of treatment with
infliximab.

14 weeks post-treatment

and 4 were treated with 5 mg/kg of infliximab on the first treat-
ment day, 2 weeks later and 4 weeks later as the initial treat-
ment, and thereafter once every 8 weeks for maintenance
therapy. The GPP lesions of Patients 1 and 3 rapidly resolved
during the initial treatment period and have not relapsed for
3 years (Fig. 1b—e). The GPP lesions of Patient 4 have largely
resolved. There are no apparent adverse effects. Infliximab ther-
apy was recently started also in Patient 2.

Interleukin-36 (IL-36) is considered to play a major role in
the immunopathogenesis of GPP caused by DITRA.>* Carrier
et al. reported that IL-36 expression in keratinocytes is enhanced
by IL-1o, TNF-or and IL-17 in vitro.> Thus, we consider that the
infliximab down-regulated IL-36 production and resolved the
GPP lesions in Patients 1 and 3.

Viguier et al." reported infliximab to be effective for two cases
of GPP caused by DITRA, but both patients had severe adverse
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c.1 15+6I>C (homo)
GTTGGCGATGAA

Patient 1
c.1 15+6‘T>C (hetero)
GTTGGNGATGAA

Patient 4
GTTGGTGATGAA

Control

Figure 2 Sequence data of IL36RN. Sequence data of IL36RN
are shown for Patient 1, Patient 4 and a control.

effects, including vomiting, fever and culture-negative pneumo-
nia. Both patients were successfully treated by switching them
from infliximab to adalimumab or etanercept, which are alterna-
tive TNF-o inhibitors." Herein, we clearly demonstrated that inf-
liximab was effective without any serious side-effects for two
sibling cases of GPP caused by DITRA. Given that the majority
of GPP alone cases are caused by DITRA, we think that most
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cases of GPP alone could be successfully treated with TNF-o
inhibitors such as infliximab, because TNF-o plays a major role
in the immunopathogenesis of GPP caused by DITRA.

In conclusion, Viguier’s cases and our cases suggest that TNF-
o inhibitors are powerful tools for treating GPP caused by
DITRA.
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Disappearance of circulating
autoantibodies to RNA
polymerase lll in a patient with
systemic sclerosis successfully
treated with corticosteroid and
methotrexate

Editor

Although the titres of anti-RNAP III often change in association
with total thickness skin score (TSS), it is extremely rare for
anti-RNAP III to become negative after treatment in patients
with SSc."?

A 66-year-old man exhibited Raynaud’s phenomenon in the
fingers. Four months later, oedema of the bilateral hands and
feet and polyarthralgia occurred. A half-year after the initial epi-
sode of Raynaud’s phenomenon, the patient was admitted to
our hospital with severe joint pain and the inability to walk
unaided. He had no particular past history.

Echocardiography, chest computer tomography, upper gas-
trointestinal endoscopy and colonoscopy revealed no remarkable
finding for heart, lungs and abdomen. His fingers, hands and
forearms were swollen with redness, and sclerodermatous skin
change was present in the fingers (Fig. la). Pitting oedema was
observed in the feet (Fig. 1b). The modified Rodnan TSS was 16.
The laboratory data were as follows: ESR of 37 mm/h, WBC
count of 3740/pL, platelets of 37 300/mm, total protein of
7.1 g/dL, albumin of 2.9 g/dL, blood urea nitrogen of 10 mg/dL,
creatinine of 0.59 mg/dL and UA of 3.6 mg/dL, CRP of 5.07 mg/
dL, MMP-3 of 39.2 ng/mL (normal range: 36.9-121.0 ng/mL)
and plasma renin activity of 3.1 ng/mL/h (normal range:
0.2-3.9 ng/mL/h). Antinuclear antibody (ANA) was positive
(1:80; nuclear speckled staining), and anti-RNAP III was detected
by enzyme-linked immunosorbent assay (ELISA) with a high
index of 104 and 77 at two points (normal range: < 28).> Rheuma-
toid factor, anticyclic citrullinated peptide, anti-SSA/Ro, anti-Ul-
RNP, anti-Scl-70 and anticentromere antibodies were negative.

A skin biopsy sample obtained from the extensor surface of
the forearm showed oedema of the upper and mid dermis (data
not shown). Neither bone erosion/destruction nor calcification
was seen in the bilateral wrists (Fig. lc), and there was bone
marrow oedema in the carpal bones (Fig. 1d). In light of the
above-mentioned findings, the patient was diagnosed as having
SSc with anti-RNAP III associated with synovitis.
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We administrated systemic prednisolone (PSL) at 30 mg/day,
while carefully watching for signs of scleroderma kidney. This
achieved almost complete remission of all symptoms, except dis-
comfort of the metacarpophalangeal joints. After tapering the
PSL dose by 2.5 mg every 2-3 weeks, the TSS fell to 0 and CRP
and ESR levels normalized. When the PSL tapering reached
20 mg/day, the oedema and arthralgia relapsed and the CRP
rebounded. After 3 months of PSL treatment, methotrexate
(MTX) at 6 mg/week and later at 8 mg/week was added, and the
joint symptoms were relieved and the CRP level decreased again.
PSL has been tapered to 9 mg, and MTX at 8 mg/week has been
continued; however, no recurrence of skin sclerosis or arthralgia,

Figure 1 Clinical features of the patient before treatment. (a) The
fingers and hands are red and swollen. (b) Pitting oedema is
observed in the foot. (c, d) Enhanced MRI on the right hand shows
synovitis (c: fat-suppressed images with gadolinium contrast
agent) and bone oedema (d: high signal intensity on short tau
inversion recovery).
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or even of Raynaud’s phenomenon has occurred for 2 years.
Surprisingly, anti-RNAP III became negative (index value: 10)
with ELISA about 1 year after PSL was started (Fig. 2). ANA also
became negative.

We do not know the exact mechanism of how the antibodies
disappeared in this case, although we assume that the extremely
positive response to the treatments for SSc, to the extent of com-
pletely resolving the Raynaud’s phenomenon, might be related
to the disappearance of anti-RNAP III. The disappearance of
anti-MDA-5 autoantibodies in clinically amyopathic dermato-
myositis/interstitial lung disease during disease remission is
another example of the disappearance of autoantibodies in a
rheumatic disease.”

In conclusion, this is the first clear demonstration that anti-
RNAP III can become negative after successful treatments in SSc
patients with circulating anti-RNAP III antibodies. The present
case gives us useful information that disappearance of anti-
RNAP III autoantibodies might be a marker for disease remis-
sion in SSc patients with anti-RNAP III antibodies.
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Generalized pustular psoriasis
caused by deficiency of
interleukin-36 receptor
antagonist successfully treated
with granulocyte and monocyte
adsorption apheresis

Generalized pustular psoriasis (GPP) is a subtype of psoriasis, a
rare potentially life-threatening inflammatory skin disease. GPP
is often refractory to pharmacologic intervention.

We recently reported that the majority of cases of GPP with-
out a history of psoriasis vulgaris (PV) (‘GPP alone’) are caused
by homozygous or compound heterozygous mutations of
IL36RN, although only a few cases of GPP preceded or accompa-
nied by PV were found to have IL36RN mutations."

Granulocyte and monocyte adsorption apheresis (GMA) is a
therapy that is conducted using a column containing cellulose
acetate beads that trap activated granulocytes and monocytes,
which are effector cells that modulate inflammation in inflam-
matory diseases. Thus, GMA is effective against some inflamma-
tory diseases, including GPP.>® However, to our knowledge,
there are no reports on whether GMA is effective against GPP
caused by deficiency of interleukin-36 receptor antagonist (DI-
TRA).*” Here, we report a case of GPP caused by DITRA that
was successfully treated by GMA.

The case is a previously reported patient.”” Briefly, a 65-year-
old woman complicated with diabetes, hypertension and hyper-
lipidemia showed generalized erythema with pustules on her
trunk and fever. The erythema improved after oral administra-
tion of betamethasone at 0.5 mg/day and etretinate at 20 mg/
day. However, the erythematous, pustular lesions reappeared on
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the extremities and the trunk, and the body temperature was
37.8°C (Fig. la). A skin biopsy from a pustular eruption on the
left forearm revealed a spongiform pustule of Kogoj in the epi-
dermis (Fig. 1c). Laboratory findings showed an increase in the
white blood cell count to 17 900/pL, with elevation of the serum
CRP level to 28.6 mg/dL. From these findings, the patient was
diagnosed with GPP. GMA produced dramatic improvement of
the symptoms associated with the GPP lesions (e.g. oedema,
erythema and elevated body temperature), and the numbers of
sterile pustules on the skin lesions in the patient decreased
immediately after the first session of GMA therapy > (Fig. 2).
Almost complete resolution of the erythema with pustules on
the trunk and oedema on the legs was noted after the fifth ses-
sion of GMA therapy>” (Fig. 1b).

Following ethical approval, informed consent was obtained in
compliance with the Declaration of Helsinki guidelines. The
entire coding regions of IL36RN including the exon/intron
boundaries were sequenced using gDNA samples from the
patient.! The patient was found to have the homozygous
mutation ¢.28C>T (p.Argl0X) in IL36RN, which is one of the
GPP-causing founder mutations in Japanese (Fig. 1d).! She was
diagnosed with GPP caused by DITRA.

The aetiology of GPP was unknown until 2011, when Mar-
rakchi et al. reported that familial GPP is caused by DITRA.

Pre-treatment

10 week post-treatment

¢.28C>T (p.Arg10X) homo

TGCTTCTGGTGA

A

TGCTTCCGGTGA

Control MMMMMM

Figure 1 Clinical features, pathological findings of the pustular
erythematous lesions and sequence analysis of IL36RN of the
patient. (a) Pustules on background erythema are seen on the trunk
at pretreatment. (b) The skin lesions were dramatically improved at
10 weeks post treatment of five sessions of granulocyte and
monocyte adsorption apheresis. (¢) Spongiosis of Kogoj and acan-
thosis are observed in the epidermis of the pustular erythematous
lesions on the left forearm (Original magnification x40). (d) Direct
sequencing revealed the homozygous mutation ¢.28C>T in the
patient.

(d)

Patient
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PASI score

Figure 2 Clinical course of the patient. The psoriasis area and
severity index score are dramatically reduced in the patient after
five sessions of granulocyte and monocyte adsorption apheresis.

Recently, we reported that the majority of cases of GPP alone
are caused by DITRA." However, treatments for GPP caused by
DITRA and their efficacy have not been well documented.
Herein, we clearly demonstrated that GMA was effective for a
case of GPP caused by DITRA and we suggest that granulocytes/
monocytes play a major role in the immunopathogenesis of
GPP caused by DITRA.
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Trm then initiated cytotoxic responses against
keratinocytes that resulted in epidermal necrolysis.
Further analyses are needed to reveal the precise
mechanisms.

This case shows that TEN can be evoked even
in the absence of circulating T cells, and emphasizes
the importance of Tgy during skin inflammation
including drug hypersensitivity.
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Varicella zoster virus—associated generalized
pustular psoriasis in a baby with heterozygous
IL36RN mutation

To the Editor: A 2-month-old otherwise healthy boy
presented with erythema and pustules without
vesicles on the face, trunk, and all limbs. There was
no improvement following treatment with oral
antibiotics 3 weeks earlier. On admission to our
hospital he had a slight fever and a generalized
crusted pustular eruption (Fig 1). Laboratory
data showed the following abnormal values:
white blood cell count 19.14 X 10?/L (normal range:
7-15 X 10%/L); C-reactive protein level 108.5 mg/L
(normal range: <3 mg/L). Bacterial culture of
the pustules and microscopy for fungal infection
were negative. Histopathologic examination of a
skin biopsy specimen revealed spongiosis with
neutrophil infiltration in the upper epidermis (Fig 2).

The pustulosis did not improve with application
of a potent topical steroid and vitamin Ds-containing
ointment. Oral cyclosporine was started and
gradually increased to 4 mg/kg at 64 days from the
disease onset. One week later, the pustules
had almost cleared. Administration of 4 mg/kg
cyclosporine was continued for more than 9
months. Extensive pustules reappeared with
development of an upper respiratory tract infection

Fig 1. Varicella zoster virus—induced generalized pustular
psoriasis in an infant. Pustulosis and crusts on the face,
trunk, and limbs are seen.
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Fig 2. Varicella zoster virus—induced generalized pustular
psoriasis: hematoxylin and eosin staining of the pustules;
Bar: 40 pum,

c.28C>T (hetero)

TGCTTCNGGTGA
Patient

TGCTTCNGGTGA
Father /\/\/\/\[\/\/\/\A/\/\/\

TGCTTCCGGTGA

Mother

Fig 3. Varicella zoster virus—induced generalized pustular
psoriasis: IL30RN sequence data of the patient and
the parents. Arrow indicates the heterozygous c¢.28C>T
mutation.

but subsequently regressed without a change in
cyclosporine dosage.

There was no family history of a similar eruption.
Before the skin manifestations developed, chicken-
pox was diagnosed in the patient’s brother. Serum
anti-varicella zoster virus (anti-VZV) immunoglo-
bulin M tested negative in the baby initially but was
positive 46 days after the disease onset. Anti-VZV
immunoglobulin G antibodies were positive and
thought to be derived from the baby’s mother.
There was no serologic evidence of herpes simplex
virus infection.
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After ethical approval was granted, written informed
consent was obtained from the baby’s parents in
compliance with the Declaration of Helsinki. The entire
coding regions of IL36RN including the exon/intron
boundaries were sequenced using genome DNA
samples from the patient and his parents. The patient
and his father had a heterozygous ¢.28C>T ( p.Arg10X)
mutation in /Z36RN, one of the generalized pustular
psoriasis (GPP)-causing founder mutations in the

Japanese cohort, whereas his mother did not have an

IL36RN mutation (Fig 3)."

Diagnosis was VZV-induced GPP, a rare type of
psoriasis that periodically recurs. Infection is one of its
triggers. Mutation of JL36RN, which encodes
interleukin-36 receptor antagonist (IL-36RN), has
been associated with GPP in both its heterozygous
and homozygous forms.'” IL-36 is not present in
normal skin but is induced by inflammatory cytokines
including tumor necrosis factor-a (TNF-a)." When
functional IL-36RN is underproduced, IL-36 can induce
neutrophil-rich infiltration. TNF-« is elevated in the
blood of VZV-infected individuals.” It is possible that
this patient could not produce enough IL-36RN to
antagonize the excessive IL-36 induced by VZV
infection, an imbalance that resulted in GPP.

To our knowledge, this is the first report of
VZV-induced GPP and of GPP triggered by infection
in a patient with a heterozygous /L36RN mutation.
Clinicians should consider IL-36RN deficiency in
the setting of prolonged viral-induced generalized
pustulosis.
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Skin manifestations associated with chronic
recurrent multifocal osteomyelitis in a
9-year-old girl

To the Editor: A 9-year-old girl presented with a
15-month history of severe joint pain limited to the
right ankle. She had been treated for fatigue
fracture and epiphysitis, but continued to require
the use of crutches. The patient had pronounced
muscular atrophy of the right leg, swelling and
hyperthermia at the heel, and plantar pustulosis.
She had mild paronychia on most fingers of the right
hand and progressive changes in the fingernails,
which were characteristic of nail psoriasis (Fig 1).
Thus, psoriatic arthritis or osteitis was suspected, and
oral naproxen (200 mg twice daily) therapy was
prescribed.  Whole-body magnetic resonance
imaging (MRD was performed and demonstrated
inflammatory bone lesions, osteolysis, and sclerotic
lesions (Fig 2). Laboratory parameters were within
normal ranges. Her family history was unremarkable
for similar cutaneous or musculoskeletal pathology.
Chronic recurrent multifocal osteomyelitis (CRMO)
with multifocal bone lesions, plantar pustulosis, and
nail involvement was diagnosed. Oral methotrexate
therapy (15 mg/week) was initiated and naproxen
was continued. After 6 months, the joint pain
resolved, and muscular atrophy, palmar pustulosis,
and nail lesions improved.

CRMO is an acquired aseptic autoinflammatory
bone disease that presents predominantly in girls
and is characterized by pain that is worse at
night, with or without fever. Typically there is a
discrepancy between the mild symptoms and
extensive bone inflammation. Sedimentation rate
and C-reactive protein (CRP) values may be elevated,
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multifocal

Fig 1. Chronic
Onycholysis, nail pits, oil spots, and discoloration of the
nails as well as erythema, hyperkeratosis, pustules on the
sole of our 9-year-old female patient.

recurrent osteomyelitis.

while the white blood cell count and other
laboratory parameters are usually normal. The
diagnosis of CRMO is mainly reliant on imaging
studies. Conventional radiography initially shows
osteolytic bone lesions with development of
peripheral sclerosis in the course of the disease.
MRI may show early lesions such as edema of
bone marrow and inflammation of soft tissue. In
order to diagnose CRMO, two major or one major
and three minor criteria must be fulfilled.'~ Major
criteria are osteolytic or sclerotic bone lesions,
multifocal bone lesions, palmoplantar pustulosis or
psoriasis, and sterile bone biopsy with signs of
inflammation, fibrosis, or both. Minor criteria are
normal blood cell count, good general health,
slightly to moderately elevated CRP and erythrocyte
sedimentation rate, clinical course of at least 6
months, hyperostosis, association with autoinflam-
matory diseases other than palmoplantar pustulosis
or psoriasis, and a first- or second-degree relative
with nonbacterial osteitis, or autoimmune or auto-
inflammatory disorders.

Some authors believe CRMO to be a juvenile
variant of the SAPHO syndrome (synovitis, acne,
pustulosis, hyperostosis, osteitis). However, to
what extent CRMO and SAPHO present a spectrum
of one disease or separate entities remains
controversial.”

There is no standard therapy of CRMO; however,
nonsteroidal antiinflammatory drugs (NSAIDs) are
considered to be first-line treatment with a favorable
response rate in up to 80% of patients. Patients
may require therapy to control skin and bone
lesions, and NSAIDs can be used during attacks or
to prevent attacks.” NSAID therapy is usually
continued until patients are symptom-free for at least
3 months. When NSAID therapy is inadequate,
primary treatment options are bisphosphonates and
tumor necrosis factor antagonists,” and strong data
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