Case Report

Intrafamilial Variable Phenotypic Expression of a
CIAS1 Mutation: From Muckle-Wells to Chronic
Infantile Neurological Cutaneous and Articular
Syndrome
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ABSTRACT. Among hereditary inflammatory disorders, Muckle-Wells syndrome, chronic infantile neurological
cutaneous and articular syndrome (CINCA), and familial cold urticaria have recently been shown to
be caused by dominantly inherited mutations in the CIAS/ gene. Reports suggest that these 3 dis-
eases result from distinct missense mutations, with very few overlapping symptoms. We describe a
French family presenting an intrafamilial overlapping clinical phenotype of CINCA and Muckle-
Wells syndrome, caused by a mutation in CIASI gene. Clinical and genetic observations suggest that
Muckle-Wells syndrome, CINCA, and familial cold urticaria are various phenotypic expressions of
the same disease. (J Rheumatol 2005;32:747-51)
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Hereditary periodic fever syndromes are defined by recur-
rent attacks of generalized inflammation for which no infec-
tious or autoimmune cause can be identified. Among these
hereditary systemic inflammatory diseases, Muckle-Wells
syndrome (MWS) is characterized by acute febrile inflam-
matory episodes of arthritis and urticaria'>. Subsequent
progressive nerve deafness develops and after several years
of evolution, the disease may be complicated by multiorgan
AA-type amyloidosis with renal involvement leading to
endstage renal failure. Familial cold autoinflammatory syn-
drome (FCAS), also known as familial cold urticaria, is
characterized by intermittent rash, arthralgia, fever, and con-
junctivitis after generalized cold exposure®'9, whereas
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chronic infantile neurological cutaneous and articular syn-
drome (CINCA) is characterized by the triad of chronic
cutaneous urticaria, chronic meningitis, and arthropathy.
CINCA starts most often at birth and persists for the whole
lifespan of the patient. Common morphological features
characterize these patients with typical facial dysmorphia,
short stature, and clubbing fingers'!-14, Table 1 summarizes
the clinical manifestations of these diseases.

Mutations of CIASI gene encoding the protein cryopy-
rin have recently been shown to underlie the 3 diseases!19.
The first findings suggested that the different phenotypes
resulted from distinct missense mutations, with very few
overlapping symptoms!”. More recent data increase the total
number of known germline mutations in CIAS/ to 36, indi-
cating that a single CIAS] mutation may cause 2 or even the
3 syndromes?’-22, Nevertheless, to our knowledge different
members of the same family present the same phenotypic
expression.

We describe a French family presenting an overlapping
clinical phenotype of CINCA and MWS caused by a muta-
tion in CIASI gene (A439V), previously described as
FCAS'.

CASE REPORTS

An 8-year-old boy (Patient III-3, Figure 1) was referred to our pediatric unit
for chronic urticaria, arthralgia, and growth retardation. Permanent nonpru-
ritic urticarial eruption, for which no precipitating factor could be found,
had been present since birth. From 6 months of age, he had also had recur-
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Table 1. Clinical features of MWS, FCAS, and CINCA.

MWS

FCAS

CINCA

Age of onset
Morphological features

Precipitating factor

Fever

Dermatologic features

Joint symptoms

Sensory organ involvement
Eye
Ear

Neurological involvement

Additional common symptoms

Duration of acute episode

Secondary amyloidosis

First or second decade
Not specific

Various (stress, infections, etc.)
During acute episode

Recurrent urticaria during acute
episodes

Arthralgia, not destructive
polyarthritis

No
Progressive nerve deafness
No

Abdominal pain
2-3 days, sometimes up to 1

week
Common (10-50%)

Before age 6 mo
Not specific

Cold exposure

Within a few hours of cold exposure
Itchy or burning urticaria during
acute episodes

Polyarthralgia, without arthritis

Conjunctivitis
No
No

Sweating, drowsiness, headache,
thirst, nausea

Less than 24 hours

Rare (2%)

At birth

Frontal bossing, saddle-nose, micrognathia,
clubbing fingers, growth delay

Not known

During flares

Nonpruritic chronic urticaria

Mild to severe symmetric polyarthritis with
radiological modifications

Ocular inflammation with optic atrophy
Progressive nerve deafness

Chronic meningitis, cerebral atrophy, dura
calcifications

Hepatosplenomegaly, adenomegaly

Variable (up to weeks)

Rare

II 1 2

I 1 2

.
m
/

Figure 1. Pedigree of a French family with hereditary autoinflammatory disorder.

rent fever attacks, associated with arthritis and aphthous mouth ulcers.
Clinical and biological examinations excluded an infectious cause of these
recurrent symptoms. He failed to thrive correctly and at the age of 8 his
height and weight were at —2.5 standard deviations.

Examination revealed a facial dysmorphia with frontal bossing, a sad-
dle-nose, and slight micrognathia (Figure 2). Urticaria was present at every
examination, with some flares during fever attacks. Clinical features during
a fever attack comprised large polycyclic mouth ulcers, ulcerative keratitis,
splenomegaly, adenomegaly, and severe oligoarthritis, mostly of the knees,
ankles, and elbows. Besides the ulcerative keratitis, ocular examination
revealed myopia and episcleritis, but no other manifestation such as optical
disk edema or anterior uveitis. Arthritis always resolved spontaneously,
without radiological modifications, within one or 2 weeks. Neurological
involvement was not observed: a lumbar puncture during a fever attack at
the age of 8 years revealed a strictly normal cerebral spine fluid composi-
tion, and tomodensitometry of the brain showed no abnormalities such as
cerebral atrophy or dura calcifications. The audiogram revealed no hearing
loss.

Laboratory examinations revealed moderate features of inflammation
during fever attacks. Interestingly, during a fever attack at the age of 8,
polymerase chain reaction (PCR) for human herpes virus 6 (HHV6) was
positive in blood, saliva, and lumbar fluid. Subsequently, viral culture of

blood and saliva confirmed circulating HHV6 during the inflammatory
flares, with disappearance of circulating HHV6 during the remissions of
fever.

Family history revealed roughly similar symptoms in the father, grand-
father, 2 aunts, and 2 cousins of the proband (Figure 1, Table 2). The father
(subject I1-4) had a less severe clinical presentation. He mainly has chron-
ic urticaria accompanied rarely by fever (average once a year). Since the
age of 10 years he has had recurrent headache, responding well to parac-
etamol. He had not had clinical investigations such as brain tomodensitom-
etry or lumbar puncture. Articular, ocular, and neurosensory involvement
was not observed in the father.

Clinical manifestations of one aunt (subject II-1) started at the age of 12
years with nonerosive arthritis of the ankles and recurrent conjunctivitis.
No precipitating factor could be found for the recurrent nonerosive arthri-
tis. Since the age of 21 years, she had had intermittent episodes of rash,
occurring after prolonged orthostatism or generalized exposure to cold.
Microscopic examination of a lesional skin biopsy showed a superficial
perivascular and interstitial infiltrate of lymphocytes and polymorphonu-
clear cells and mild non-necrotic leukocytoclastic vasculitis. Further, she
had chronic anterior uveitis, but no other neurosensory involvement.
Laboratory studies showed only slight inflammatory signs during fever
attacks, without autoimmune markers.
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Figure 2. Morphologic features of patient III-3. Note the frontal bossing,
micrognathia, saddlenose deformity, and mouth ulcers.

The other aunt (II-3) differs from the other members of the family, with
severe, permanent, nonerosive arthritis of the knees and ankles, which had
begun at the age of 13 and responded well to local steroid injections.
Cutaneous manifestations included acrocyanosis, permanent livedo of legs
and wrists, and since the age of 19, recurrent erythematous macules and
patches. Ocular manifestations (mainly acute anterior uveitis and recurrent
ulcerative keratoconjunctivitis) led to a progressive severe visual acuity
loss in both eyes. Like the other members of this family, subject II-3 has
recurrent fever with inflammatory signs during flares. Autoimmune labora-
tory markers were all negative. To control arthritis, she received medica-

Table 2. Summary of clinical features of the different family members.

tions such as hydroxychloroquine sulfate or general steroid therapy, with no
decrease of symptoms.

The other affected members of the family (subjects I-1, III-1, and II1-2)
have mainly ocular (ulcerative keratitis), cutaneous (chronic urticaria), and
articular (recurrent nondestructive arthritis) manifestations. Only the
proband displays specific morphologic features comprising frontal bossing,
saddle-nose, micrognathia, and growth retardation. No evidence of second-
ary amyloidosis or hearing loss was found in any member of this family.
Mutation investigations. Peripheral blood was obtained from patients, and
DNA was extracted as described's. A mutation search was performed from
genomic DNA after PCR amplification of the 9 exons of the CIAS] gene
using oligonucleotides and experimental conditions as described!. Briefly,
free nucleotides and oligonucleotides were eliminated by exonuclease I, 10
units (USB™), and shrimp alkaline phosphatase, 1 unit (USB™), treat-
ment at 37°C for 15 min followed by incubation at 80°C for 15 min.
Mutation detection was performed by fluorescent sequencing with dye-ter-
minator chemistry (Perkin Elmer) on a 3100 automated sequencer (ABI
Perkin Elmer).

Mutation analysis of the CIASI gene encoding cryopyrin was carried
out in subjects II-3, II-4, and our patient by sequencing the coding exons of
the gene. A heterozygous variant in exon 3 resulting in an arginine-to-
valine substitution at position 439 was identified in the 4 patients tested.
The other affected members of the family refused genetic testing.

DISCUSSION

The family described here has clinical features of autosomal
dominant systemic inflammatory disease, but the clinical
presentation of the affected members did not exactly fit any
of the hereditary inflammatory disorders. Indeed, they dis-
played symptoms from both Muckle-Wells and CINCA syn-
dromes (Table 1)!-5-11-14_In the proband, facial dysmorphia,
growth retardation, and the splenomegaly during acute
episodes could suggest CINCA syndrome, but at age 8§ years
he did not have the 2 other major criteria of this disease —

Patient I-1 Patient II-1 Patient II-3 Patient 11-4 Patient III-1 Patient III-2  Proband, Patient III-3

Age of onset ? 12 yrs 13 yrs <5yrs <5yrs <5 yrs 6 mo

Special morphologic No No No No No No Yes

features

Dermatologic features

Chronic urticaria Yes Yes Yes Yes Yes Yes Yes
Other ? — Acrocyanosis, — — — Mouth ulcers
livedo

Fever ? Yes Yes Yes No No Yes

Precipitating factor ? Cold exposure — — — — —

Joint symptoms Nondestructive ~ Nondestructive Severe No Nondestructive ~ Nondestructive ~ Nondestructive
polyarthritis polyarthritis permanent polyarthritis polyarthritis polyarthritis
during flares during flares nondestructive during flares during flares during flares

arthritis

Eye involvement Ulcerative Conjunctivitis, Keratoconjunctivitis, No Ulcerative Ulcerative Ulcerative

keratitis uveitis uveitis keratitis keratitis keratitis, uveitis

Hearing loss No No No No No No No

Neurological involvement No No No Recurrent No No No

headache

Hepatosplenomegaly, ? No No No No No Yes

adenomegaly

A439V mutation Not tested Yes Yes Yes Not tested Not tested Yes

?: not known.
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central nervous system involvement and destructive
arthropathy. Nevertheless, these major criteria could still
develop over time, so further followup of this patient is nec-
essary.

A French patient recently described by Granel, et al??
presented characteristics roughly similar to those of our
proband (nonpruritic generalized urticaria with inflam-
matory flares, joint manifestations, slightly dysmorphic
facial appearance, and clubbing of the fingers). However,
our patient had no mental retardation, suggesting more like-
ly CINCA syndrome, or hearing loss. Moreover, the family
history is not consistent with familial CINCA syndrome.
Indeed, in other affected family members, the disease more
closely resembles MWS, as they have nondestructive arthri-
tis and urticarial rash only during fever attacks. Only one
aunt (subject II-3) has chronic arthritis of the ankles and
knees, but radiological findings did not show the typical car-
tilaginous modifications described in CINCA syndrome. It
is notable that the mutation search in CIASI of 4 affected
members of the family revealed the A439V mutation, which
was previously described in a family with typical FCAS'.
Only one of our subjects (II-1) had disease symptoms after
generalized cold exposure. All these observations suggest
that MWS, CINCA, and FCAS could be various phenotyp-
ic expressions of the same disease. The clinical presentation
of this autoinflammatory disease could still depend on
unknown factors such as environmental influences, involve-
ment of modifier genes determining the clinical phenotype,
or associated genetic polymorphisms. The latter possibility
is reinforced by the fact that some CINCA patients with typ-
ical clinical presentation have no mutations in the CIAS]
gene?0,

Interestingly, the reactivation of the inflammatory man-
ifestations in the 8-year-old patient was accompanied by cir-
culating HHV-6. Infection with HHV-6 is very common and
usually not associated with severe human disease. After pri-
mary infection (causing exanthem subitum), the virus repli-
cates in the salivary glands and is shed in saliva. It remains
latent in lymphocytes and monocytes and persists at low
levels in cells and tissues. In the immunosuppressed patient,
HHV-6 has been recognized as an opportunistic
pathogen?*25. Furthermore, it has been incriminated in the
pathogenesis of autoimmune diseases: it has reportedly been
associated with a wide variety of diseases such as lupus ery-
thematosus, Sjogren’s syndrome, rheumatoid arthritis, and
juvenile idiopathic arthritis?®-28, The role of HHV6 as the
trigger of fever attacks or as a consequence of them in this
family remains to be elucidated.

In summary, clinical symptoms and genetic analysis of
our family suggest that FCAS, MWS, and CINCA could be
different phenotypic expressions of the same disease due to
mutations in the CIAS] gene. Further analysis of these
inflammatory diseases is necessary to assess factors deter-
mining the phenotypic expression of CIAS/ gene mutations.

Laboratory findings from our patient suggest that HHV6
could be one of the modifier factors determining the clinical
phenotype of these autoinflammatory diseases.
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