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,KEYWORDS : o Abstract Macrophage activation syndrome (MAS) has been observed in patients with systemic
: Macrophage actwatton lupus erythematosus (SLE). Recognition of MAS in patients with SLE may be particularly challenging
syndrome, gt : because it may mimic the clinical features of the underlying disease or be confused with an
Systemm NPUS , infectious complication. Massive hypercytokinemia is strongly associated with the pathogenesis of

el’ythematosus systemic lupus erythematosus-associated macrophage activation syndrome (SLE-MAS) but the

i . T pathogenesis and kinetics of cytokine release in SLE-MAS patients is not well studied. We present a
case of SLE-MAS. The patient showed the distinct cytokine profile of SLE-MAS compared to
systemic juvenile idiopathic arthritis associated MAS and Epstein-Barr virus-induced
hemophagocytic lymphohistiocytosis. The observed TNF-o dominant increase appears to be
characteristic of SLE-MAS. IgM type antilymphocyte antibody (ALAB) was detected on the surface
of lymphocytes during the acute phase and disappeared when the patient was in remission. The
patient had a heterozygous P3695-R408Q mutation in the MEFV gene. Our results suggest that ALAB
and a MEFV mutation might play important roles in the pathogenesis of SLE-MAS. Furthermore, the
cytokine profile of SLE-MAS differs from that of S-JIA-MAS: the TNF-o dominant increase appears
to be characteristic.
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Macrophage activation syndrome (MAS) has been observed
in patients with systemic lupus erythematosus (SLE) [1,2].
Recognition of MAS in patients with SLE may be particularly
challenging because it may mimic the clinical features of the
underlying disease or be confused with an infectious compli-
cation. Massive hypercytokinemia is strongly associated with
the pathogenesis of systemic lupus erythematosus-associated
macrophage activation syndrome (SLE-MAS) but the pathogen-
esis and kinetics of cytokine release in SLE-MAS patients are
not well studied. In this report, we describe a case of SLE-MAS
and show the distinct cytokine profile of SLE-MAS compared to
S-JIA-MAS and Epstein-Barr virus-induced hemophagocytic
lymphohistiocytosis (EBV-HLH).

A previously healthy 15-year-old girl was referred to our
institution with abdominal pain. The patient did not exhibit
a butterfly rash, mucous membrane abnormalities, photo-
sensitivity, or arthritis. Laboratory examination revealed
lymphopenia (white blood cell count, 7,_900/mm3; absolute
lymphocyte count, 356/mm?3), increased immunoglobulin
(Ig) G levels (3383 mg/dL), positive antinuclear antibody
(1:1280; speckle), rheumatic factor (128.7 IU/mL; normal,
<20), anti-dsDNA (85.4 IU/mL; normal, <12.0), anti-Sm
(index, 15.6; normal, <7.0), anti-SSA (index, 145.5; normal,
<10.0), anti-SSB (index, 43.0; normal, <15.0), and anti-RNP
(index, 184.8; normal, <15.0). Complement C3 (91 mg/dL)
and C4 (16 mg/dL) were normal. Urinary test findings
showed proteinuria (0.4 g/day) and hematuria with cellular
casts. Renal biopsy showed mesangial proliferative glomer-
ulonephritis with Igs and complement deposition. Treatment
with prednisolone (60 mg/day) was initiated. The patient
developed high fever and systemic exanthema four days
later. Laboratory examination revealed the depression of
blood cells (white blood cell count, 8820/mm?3; absolute
lymphocyte count, 176/mm?3; hemoglobin, 9.9 g/dL; plate-
let count, 108,000/mm?3), coagulopathy (fibrinogen,
133 mg/dL), hyperglycemia (203 mg/dL), impaired liver
function (alanine aminotransferase,102 U/L; aspartate ami-
notransferase, 338 U/L), high ferritin levels (20,417 ng/L}),
and high lactate dehydrogenase (2310 U/L). Epstein-Barr
virus (EBV) anti-VCA IgM was negative. EBV anti-VCA-IgG and
anti-EB nuclear antigen 1gG were positive, as was the direct
Coombs test, but the indirect Coombs test was negative.
Platelet-associated 1gG was positive (109 ng/107 cells).
Bone marrow aspiration revealed increased histiocytes
with evidence - of hemophagocytosis. Echocardiography
showed pericarditis with pericardial effusion. A diagnosis
of SLE-MAS was made based on these findings. The patient
was started with the methylprednisolone pulse therapy
(1 g/day) administered for 3 consecutive days, followed
by intravenous cyclosporine A (1 mg/kg/day). However,
her condition warsened and dexamethasone palmitate
(10 mg/day) was administered. Thereafter, her condition
gradually improved and oral prednisolone and cyclosporine
were continued.

We measured the levels of serum cytokines, including
IL-1p, IL-18, IL-6, neopterin, and tumor necrosis factor
(TNF)-a, and TNF receptor type [ (sTNFRI) and type Il (sTNFRII)
in this patient and compared them with the levels in patients
with S-JIA-MAS, EBV-HLH and active SLE without MAS, who are
followed up in our hospital. Serum levels of these cytokines
were evaluated by commercial enzyme-linked immunosorbent

assay. The cytokine profile in the MAS phase in this patient

showed TNF-o dominant hypercytokinemia (Fig. 1A). This
pattern differs from that of S-JIA-MAS (Fig. 1B), EBY-HLH
(Fig. 1C) and active SLE without MAS (Fig. 1D). TNF-a
dominant hypercytokinemia persisted until the patient recov-
ered from MAS (Fig. 1E). Serum IL-1p was detected only in MAS
phase in this patient (18 pg/ml; normal range<2.0 pg/mt).
The patient had a heterozygous P3695-R408Q mutation in the
MEFV gene. IgM type antilymphocyte antibady (IgM-ALAB) was
detected on the surface of lymphocytes during the acute
phase (Supplement Fig. 1A) and disappeared when the patient
was in remission (Supplement Fig. 1B).

The pathogenesis of MAS remains obscure; however,
massive hypercytokinemia is strongly associated with MAS.
Although various proinflammatory cytokines had increased
in our patient, the pattern of a TNF-o dominant increase is
characten‘stic compared to S-JIA and EBV-HLH patients.
TNF-a is one of the cytokines suggested to be connected
with the pathogenesis of SLE with both a proinflammatory
and an immunoregulatory action with differential effects on
B cells, on T cells and on dendritic cells as well as on the
process of programmed cell death. Previous reports revealed
serum TNF-a level is clearly elevated and is found to
correlate with SLE disease activity [3,4]. The data from our
patient is consistent with.these results. We previously
reported that the cytokine release pattern in MAS differs
among patients with different etiologies [5]. The cytokine
release pattern in SLE-MAS is different among patients with
different etiologies. Monitoring the cytokine profile, includ-
ing TNF-a, may be useful for the evaluation of disease
activity in SLE-MAS.

IgM-ALAB is associated with SLE disease flares and
lymphopenia forms one line of evidence for a potential role
of IgM-ALAB in T cell depletion and cellular immune
dysfunction in SLE [6]. Potential mechanisms that have
been suggested include elimination of lymphocytes by
complement-mediated lysis and/or opsonization, modula-
tion of surface determinants, interaction with soluble
products of activated cells, and up- or down-regulation by
cross-linking cell surface receptors [6]. IgM-ALAB was
detected in our patient and may have played a role in the
pathogenesis of SLE-MAS, in particular, cytopenia by
hemophagocytosis.

Familial Mediterranean fever (FMF) is caused by muta-
tions in MEFV, which encodes pyrin. Pyrin regulates caspase
1 activation and subsequent IL-1p production. It is well
known that deregulation of the innate immune system leads
to excessive IL-1p secretion and plays a pivotal role in the
pathogenesis of FMF and other autoinflammatory diseases.
Uncontrolled activation of innate immunity is also consid-
ered the main cause of MAS, which has recently been
reported in patients with hereditary autoinflammatory
diseases {7,8]. P3695/R408Q substitutions in exon 3 of the
MEFYV gene have also recently been associated with a highly
variable phenotype and are infrequently associated with
typical FMF symptoms [9,10]. Serum Il-1p was detected in
the MAS phase in this patient, indicating that excessive IL-1
secretion was associated with the pathogenesis of SLE-MAS.
Mutations of MEFV might have played a role in amplifying
deregulated inflamration in our patient.

Our results suggest that ALAB and a MEFV mutation might
play important roles in the pathogenesis of at least some, if not
all, SLE-MAS. Furthermore, the cytokine profile of SLE-MAS
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Figure 1  Cytokine profile represented with a radar chart in patients with MAS. A. Qur patient with SLE-MAS. B. S-JIA-MAS: the

average of 5 patients with S-JIA-MAS. C. EBV-HLH: the average of 10 patients with EBV-HLH. D. Active SLE: the average of 3 patients
with active SLE without MAS. The dark red areas show the mean values of the patients. The light red areas show the standard
deviation. E. Cytokine profiles at different SLE disease phases in our patient. ]

- differs from that of S-JIA-MAS: the TNF-o dominant increase
appears to be characteristic.

The following are the supplementary data related to
this article.Supplement Fig. 1  Detection of IgM type anti-
lymphocyte antibody by flow cytometry. A. Direct immuno-
fluorescent staining -of lymphocytes for I1gG and IgM type
antilymphocyte antibodies. The patient's peripheral blood
mononuclear cells (PBMCs) were isolated by Ficoll-Paque and
then incubated with fluorescein isothiocyanate conjugated
anti-human 1gG or IgM. B. Change in mean fluorescence
intensity (MF!) of IgM type antilymphocyte antibodies. The
control's PBMCs were isolated by Ficoll-Paque and then

incubated with the patient’s serum. These PBMCs were -

washed and then incubated with fluorescem isothiocyanate
conjugated anti-human IgM.
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ABSTRACT

To assess the serum interleukin (IL)-6 and IL-18 levels in patients with systemic juvenile idiopathic
arthritis (s-JIA) and to identify the clinical features of patient subsets with different cytokine profiles,
we analyzed the serum levels of IL-6 and IL-18 in patients with s-JIA and compared them with the clinical
features of s-JIA. Eighteen patients were analyzed. IL-6 and IL-18 levels were quantified in serum by
enzyme-linked immunosorbent assays. Interestingly, two distinct s-JIA patient subsets based on their
serum IL-6 and IL-18 levels were identified: an IL-6 dominant and an IL-18 dominant. The serum IL-6
and IL-18 levels were consistent both at relapse and at the onset of s-JIA in each subset. The IL-6-dom-
inant subset had a significantly greater number of joints with active disease and higher serum levels
of matrix metalloproteinase-3, whereas the IL-18-dominant subset was more likely to develop macro-
phage activation syndrome (MAS). These findings indicate that two subsets of patients with s-JIA, one
which is prone for arthritis and another with prone for MAS, can be identified on the basis of their serum
IL-6 and IL-18 levels. These two subsets appear to be characterized by certain distinct clinical features.

© 2012 Elsevier Ltd. All rights reserved.

1. Introduction

Systemic juvenile idiopathic arthritis (s-JIA) is characterized by
the clinical features of remitting fever, typical skin rash, and arthri-
tis. Recent investigations into the pathophysiology of s-JIA have fo-
cused on mediators of the innate immune system. In particular,
interleukin (IL)-1, IL-6, and IL-18 levels are correlated with disease
activity and secondary complications {1,2]. Biological agents that
inhibit these pivotal inflammatory cytokines (specifically, IL-1
and IL-6) have already changed the approach for the treatment of
s-JIA [3,4]. There is accumulating evidence that inhibition of IL-1
or IL-6 is highly efficacious in a significant number of patients with
s-JIA, with improvements seen in both systemic symptoms and
arthritis [3,4]. '

A recent study showed that there were two subsets of s-JIA that
had some distinct clinical features that could be identified on the
basis of patients’ responses to IL-1 blockade [5]. We previously re-
ported that some patients with s-JIA had incomplete responses to
IL-6 blockade and had macrophage activation syndrome (MAS),
the most devastating complication of s-JIA [6]. In these patients,
serum IL-18 is a promising marker of s-JIA disease activity [6].

Abbreviations: s-JIA, systemic juvenile idiopathic arthritis; MAS, macrophage
activation syndrome; IL, interleukin.
* Corresponding author. Tel.: +81 76 265 2314; fax: +81 76 262 1866.
E-mail address: shimizum@staff.kanazawa-v.ac,jp (M. Shimizu).

1043-4666/3 - see front matter © 2012 Elsevier Ltd. All rights reserved.
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On the basis of these findings, we hypothesized that there are
different subsets of s-JIA with distinct cytokine profiles and clinical
features. In this study, we examined serum IL-6 and [L-18 levels in
patients with s-JIA during the active phase of the disease. We iden-
tified two subsets of patients with s-JIA having certain distinct clin-
ical features. These subsets could be identified on the basis of IL-6
and IL-18 levels.

2. Methods
2.1. Patients and samples

Serum samples were obtained from 18 patients with s-JIA.
Samples were obtained during the active phase of s-JIA. The
diagnosis of s-JIA was made on the basis of the criteria of the Inter-
national League of Associations for Rheumatology [7]. MAS was
diagnosed on the basis of a combination of clinical features, includ-
ing cytopenia or sudden decrease in white blood cell counts and/or
platelet counts, coagulopathy, and liver dysfunction, according to
the guidelines proposed by Ravelli et al. [8]. The criteria for the
active phase of s-JIA were active arthritis, fever, rash, hepatosplen-
omegaly, generalized lymphadenopathy, and serositis, as well as
increased C-reactive protein (CRP) levels and erythrocyte sedimen-

- tation rate (ESR). The clinical characteristics of these patients are

shown in Table 1. Some patients had minimal joint disease at the
onset of s-JIA and the presence of arthritis was confirmed later.

— 100 —
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Table 1

Clinical features of the 2 s-JIA subsets based on serum IL-6 and 1L-18 levels.

s-JIA (n, % or mean + SD)

.Group A (IL-6 dominant group)

Group B (IL-18 dominant group) P

n=10 n=8 value
Age 7.8+42 106+8.2 0.9797
Sex (male/female) 3/7 5/5 0.6499
Dosage of prednisolone (mg/kg/ 0.05%0. 13(0—0 4) 0.14 £ 0.30(0-0.84) 0.7604
day) -
Clinical symptoms
Fever 10(100) 8(100) .
Rash 6(60) 6(75) 0.6380
Lymphadenopathy 0(0) 1(12.5) 1.0000
Hepatosplenomegaly 0(0) 1(12.5) 1.0000
Arthritis (number of affected 63186 .11 0.0104
_ joints)
Macrophage activation syndrome  0(0) 4(50) 0.0229
Laboratory findings
WBC (/mm?) 15,189 £ 4436 16,391 £ 8940 0.9052
CRP (mg/dl) 13.2+6.0 7.5+34 0.0343
Ferritin (ng/ml) 1151 £821 4897 £ 6735 0.3964
MMP-3 (ng/ml) 343.3 £500.8 574+75.8 0.0321
IL-6 (pg/mi) 133.9+96.3 23.7+426 0.0029
1L-18 (pg/ml) 20,420 £ 16,112 160,188 + 105,344 0.0031

We serially determined the serum IL-6 and IL-18 levels of 4 pa-
tients. We measured their levels in active disease at relapses dur-
ing tapering of the dosage of steroid. Serum was extracted from
blood samples, divided into aliquots, frozen, and stored at —80 °C
until use. This study was approved by the Institutional Review
Board of Kanazawa University and all the patients provided in-
formed consent.

2.2. Serum cytokine level measurements

Serum IL-18 and IL-6 levels were determined using commercial
enzyme-linked immunosorbent assays (ELISA) according to the
manufacturers’ instructions (IL-18: MBL, Nagoya, Japan; IL-6:
R&D Systems, Inc, Minneapolis, MN, USA). We also determined ser-
um TNF-o, IFN-B and IL-1B levels using commercial ELISA kit
according to the manufacturers’ instructions (TNF-o, IFN-, IL-18:
R&D Systems, Inc.).

2.3. Statistical analysis

Results are given as means * standard deviations. Comparisons
between groups were made by the Mann-Whitney U-test or
Fisher's exact probability test, as appropriate. P < 0.05 was consid-
ered statistically significant.

3. Results

3.1. Different subsets of patients with s-JIA based on their serum IL-6
and IL-18 levels

As shown in Fig. 1A, there were two subsets of patients with s-
JIA based on their serum IL-6 and IL-18 level: IL-6 dominant
(n=10) (Group A) and IL-18 dominant (n = 8) (Group B). As shown
in Table 1, serum IL-6 levels in Group A patients (mean + SD,
133.9 £ 96.3 pg/ml) were significantly higher than those in Group

B patients (23.7 £ 42.6 pg/ml) (P < 0.01). On the other hand, serum

IL-18 levels in Group B patients (mean * SD, 160,188 + 105,344 pg/
ml) were significantly higher than those in Group A patients

(20,420 £16,112 pg/ml) (P<0.01). We could serially determine.

the serum IL-6 and IL-18 levels of only two patients in each subset.
In both subsets, the serum IL-6 and IL-18 levels at relapse were
snmllar to those at the onset of s-JIA (Fig. 1B)

3.2. Distinct clinical features of the 2 s-JIA subsets based on their serum
IL-6 and IL-18 levels

Next, we compared the clinical features of each subset (Table 1).
The patients in Group A had a significantly greater number of ac-
tive joints (P<0.05). Serum matrix metalloproteinase (MMP)-3
levels and C-reactive protein levels were significantly higher in
Group A than in Group B. Four of 10 patients in Group B had the
complication of MAS, whereas no patients in Group A experienced
MAS during their clinical courses. Serum TNF-a, IFN-p and IL-18
levels were not detectable in both groups.

4. Discussion

Inflammatory cytokines are critical for perpetuating the inflam-
matory processes in s-JIA. Previous studies suggested pivotal roles
for the three proinflammatory cytokines IL-6, IL-1, and IL-18 [1,2].
IL-6 has an important role in the systemic manifestations and
arthritis observed in s-JIA. IL-6 is markedly elevated in both the
peripheral blood and synovial fluid of patients with s-JIA and its
expression appears to be correlated with disease activity and cer-
tain clinical features, such as fever patterns, growth retardation,
and osteoporosis [9].

Recently, the important role of IL-1p in s-JIA has become appre-
ciated. Increased IL-1B can result in fever, anorexia, and pain
hypersensitivity, and the dysregulation of its levels can lead to
the clinical and laboratory findings of s-JIA. Pascual et al. showed
that culturing peripheral blood mononuclear cells from healthy
persons with serum from patients with s-JIA increased the IL-1p
secretion of these cells; increased production of IL-1B protein by
mononuclear cells from patients with active s-JIA was also ob-
served [10].

IL-18 was originally described as an IFN-y-inducing factor that
was primarily produced by activated cells of the macrophage line-
age. IL-18 stimulates a variety of inflammatory responses. Serum
IL-18 levels are increased in patients with s-JIA, as we previously
reported [11]. Another report showed that an imbalance between
IL-18 and its natural inhibitor, IL-18-binding protein, resulted in
Th-1 lymphocyte and macrophage activation, which escaped the
control by natural killer (NK) cell-mediated cytotoxicity and may
have allowed for secondary hemophagocytic syndrome [12]. A
relationship between high IL-18 levels and impaired NK cell func-
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Fig. 1. (A) Two subsets of patients with s-JIA based on their serum IL-6 and IL-18 levels. a: IL-6-dominant subset, b; IL-18-dominant subset. (B) Serum [L-6 and IL-18 levels at
time of relapse in 4 s-JIA cases. Cases 1 (blue circles) and 2 (green squares): IL-6-dominant subset; Cases 3 (orange triangle) and 4 (red triangle); IL-18-dominant subset,

tion in s-JIA has been reported [13]. These findings indicate that
high serum IL-18 levels may be closely assocnated with the devel-
opment of MAS in s-JIA.

Biological agents that inhibit some of these pivotal inflamma-
tory cytokines (e.g., IL-1 and IL-6) have already changed the ap-
proach for the treatment of s-JIA. There is accumulating evidence
that inhibition of IL-1 or IL-6 is highly efficacious in a significant
number of patients with s-JIA, with improvements seen in both
systemic symptoms and arthritis. Anakinra, an IL-1-receptor
antagonist, has also been reported to be highly effective for treat-
ing s-JIA-associated MAS that is refractory to conventional therapy
[14].

The disease course in the later stages of s-JIA is highly variable.
About half of these patients have a monocyclic course, with remis-
sion occurring within 2-4 years [15]. However, other patients have
a relapsing course, characterized by flares of systemic features and
mild arthritis [15]. The persistence of systemic symptoms without
arthritis is unusual and is seldom a cause of permanent disability.
Most patients have persistent arthritis, which is usually more
prominent after the regression of systemic features and typically
lasts no more than 5 years [15]. These findings indicate that s-JIA
is a heterogeneous disease both in terms of its severity and disease
course, which suggests that there might be disease subsets with
certain distinct clinical features. ’ ‘

In this study, we demonstrated that two subsets of patients
with s-JIA could be identified on the basis of their serum IL-6

-and IL-18 levels. The other cytokines including TNF-¢, [FN-B and
IL-1B in serum were not detectable in both groups. These two sub-
sets appeared to be characterized by some distinct clinical features.
The IL-6-dominant subset appeared to have more severe joint dis-
ease, whereas the IL-18-dominant subset appeared to be more
likely to develop MAS. We previously reported that MAS developed
during therapy with tocilizumab, a humanized anti-human IL-6
receptor monoclonal antibody, which indicated that the inhibition
of IL-6 could not prevent this potentially fatal complication [6]. In
these patients, serum IL-18 was a promising marker of s-JIA dis-
ease activity [6].

Interestingly, Gattorno et al. reported that two subsets of s-JIA
with some distinct clinical features could be identified on the basis
of patients’ responses to IL-1 blockade {5]. In their study, the group
with a complete response to anakinra had fewer joints with active
disease [5]. On the basis of these findings, it appears that there are
two subsets of patients with s-JIA. One is an IL-1/IL-18-dominant
subset that has less active joint disease but is more likely to devel-
op of MAS, and the other is an IL-6-dominant subset that has more
active jOll‘lt dlsease

The limitation of this study is the small number of patients with
s-JIA. It is necessary to perform larger scale study to confirm our
preliminary data and draw firm conclusion. In spite of this limita-
tion, our results indicate that two subsets of patients with s-JIA can
be identified on the basis of their serum IL-6 and IL-18 levels. These
two subsets appear to be characterized by certain distinct clinical

" features. Further mechanistic studies to determine the interplay
among IL-1, IL-6, and IL-18 may help to identify predictors of a re-
sponse to IL-1 or IL-6 inhibition, allowing a personalized approach
to treatment.
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Heterozygous TREXT p.Asp18Asn mutation can
cause variable neurological symptoms in a family
with Aicardi-Goutiéres syndrome/familial chilblain
lupus

Sir, we present the first case of Aicardi-Goutiéres syn-
drome (AGS) and familial chilblain lupus (FCL) in the

same family as a result of the evaluation of a

three-generation family with chilblains caused by a het-
erozygous TREX1 p.Asp18Asn mutation. AGS is a genet-
ically determined early-onset encephalopathy that
features acquired microcephaly, cerebral calcifications,
leukodystrophy and cerebral atrophy, as well as chilblains
(~40%) [1, 2]. As previous reports have highlighted the
phenotypic overlap, AGS is one of the important disorders
for differential diagnosis of SLE [3]. To date, five genes
responsible for AGS have been identified: TREX1,
RNASEH2B, RNASEH2C, RNASEH2A and SAMHD1 [4,
5]. TREX1 and SAMHD1 are also responsible for FCL, a
Mendelian-inherited chilblain lupus that is a rare

Fic. 1 Examinations and pedigree.

A B,

cutaneous form of SLE and lacks neurological abnormal-
ities [3, 6-8]. In spite of the similarities between AGS and
FCL, the variation and continuity of the two conditions are
unknown because of the extreme rarity.

The proband, a 12-year-old girl, was born at 38 weeks
after an uncomplicated pregnancy to unrelated parents.
Her birth weight was 2840 g and no congenital infections

~were documented. From infancy, she had poor weight

gain. Beginning at 1 year of age, she regularly developed
severe chilblains on her fingers and toes during the winter.

She had mental retardation (full-scale Intelligence

Quotient 49) and short stature (—3.1 s.p.). Laboratory
tests showed mild hypothyroidism with normal levels of
serum immunoglobulins and complement; ANAs, aClLs,
LA, cryoglobulin and cold agglutinin were all negative. A
cranial CT scan revealed bilateral calcifications in the
basal ganglia (Fig. 1A).

The proband has a family history of early-onset chil-
blains that led to finger amputations in patients -2, II-1
and II-3 (Fig. 1B). The mother of the proband had suffered

from chilblains in winter since childhood but her.

TTTTCGACA

control [L\ A !\‘x

T TT'I' CG/AAC

P /\ Mf\/‘\m

E+ E+ E+ E+ E- E+ E+

Left  :neurological findings
Right : chilblains

Black : affected

Gray :unknown

E+  :TREXI p.Aspi8Asn hetero.
E-  :no TREXI mutation

(A) CT scan of the proband’s head revealed bilateral calcifications in the basal ganglia. (B) Pedigree of the family. The left
sides of the symbols indicate the presence of neurological findings and the right sides indicate chilblains. Affected
individuals are indicated by black symbols, and individuals in whom symptoms could not be determined are indicated by
grey symbols. Molecular investigation of the TREXT gene was used to identify family members heterozygous for the
TREX1 p.Asp18Asn mutation (E+), and those with no TREX1 mutation (E-). (C) Molecular investigation of the TREXT gene

of the proband.
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symptoms had ameliorated with age. She never showed
neurological symptoms. At the age of 47 years, a cranial
CT scan revealed very mild bilateral calcifications in the
basal ganglia, comparable to those of age-matched con-
trols. The niece of the proband, a 6-year-old girl, has also
suffered from chilblains in winter since infancy but lacks
any evidence of neurological symptoms (FIQ 90), and her
cranial CT scan was normal.-

This study was approved by the ethical committee of

Kyoto University, and after obtaining written informed
consent according to the Declaration of Helsinki, genes
related to cold-induced inflammation, namely NLRP3,
NLRP12 and the genes responsible for AGS were exam-
ined by direct sequencing of their exons and exon-intron
boundaries. The heterozygous ¢.52G>A of TREX1 leading
to p.Asp18Asn (rs121908117) was identified in the pro-
band as well as in her mother and niece (Fig. 1C). The
proband was diagnosed with AGS according to the diag-
nostic criteria [1}, and her mother and niece were diag-
nosed with FCL. Genetic analysis of the family members
showed complete penetrance of the TREXT p.Asp18Asn
mutation, except in patient IV-7 in terms of chilblains,
whereas thorough neurological examinations were. not
performed because of lack of consent.

The majority of AGS patients show autosomal recessive
traits. In the dominant type of AGS because of a
TREX1 mutation, the previously reported neurological
findings associated with the p.Asp18Asn mutation
ranged from normal to milder than the p.Asp200Asn and
p.Asp200His mutations (3, 5-7, 9]. In the presented family,
one of the three patients with the p.Asp18Asn mutation
showed mild mental retardation and cerebral calcifica-
tions. All the reported patients with heterozygous TREX1

mutations suffered from chilblains or vasculitis compatible.

with AGS [3, 5-7, 9]. In our study, 10 of the 11 patients
with the p.Asp18Asn mutation suffered from chilblains.
Thus, the majority of patients with heterozygous TREX1
mutations have skin lesions, although the neurological
complications vary among genotypes.

The TREX1 protein is a major component of 3’ to 5
exonucleases [4]. The main pathophysiological mechan-
ism of AGS is the overproduction of type | IFN, caused
by unprocessed DNA because of reduced TREX1 enzym-
atic activity [4]. The TREX1 p.Asp18Asn, p.Asp200Asn
and p.Asp200His heterodimers were shown to lack en-
zymatic activity, and the more aggressive neurological
phenotypes can be explained by the greater inhibitory ef-
fects on wild-type TREX1 by mutations at Asp200 than at
Asp18 [10]. It is intriguing that AGS patients in general
have a lower rate of chilblains than those carrying the
p.Asp18Asn mutation. To our knowledge, a correlation
has yet to be established between the severity of neuro-
logical and skin lesions in AGS patients. A further accu-
mulation of AGS and FCL cases and a delineation of the
pathophysiology underlying the respective disorders are
needed to understand how TREXT mutations result in the
various clinical phenotypes of AGS and FCL.

In conclusion, we present a three-generation Japanese
family with AGS and FCL .caused by a heterozygous
TREX1 p.Asp18Asn mutation. The occurrence of AGS
and FCL in the same family is noteworthy and points out
the need for clinicians to carefully evaluate neurological
complications in FCL patients. )

Rheumatology. key message

o Careful evaluation of neurological complications in
FCL is important.
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