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Abstract

Hereditary periodic fever syndromes (HPFSs) are a subset of human autoinflammatory diseases
characterized by periodic episodes of fever and signs of inflammation with or without involvement
of inner organs. In this paper, we report phenotypic features of an index patient and affected
family members that present a previously not described mutation type in the TNFRSF1A-gene. The
phenotype of a HPFS of affected family members was shown to be associated with two
monoallelic mutations in TNFRSF1A. Primarily, the index patient was clinically diagnosed as
being affected by familial Mediterranean fever (FMF). However, with molecular genetic analyses
it could be shown that the patient was in fact affected by tumor necrosis factor receptor-associated
periodic syndrome (TRAPS), which requires a different therapy compared to FMF. Thus,
molecular genetic analyses of currently known disease loci enable the most precise diagnosis

presently available and are consequently the basis for the most effective therapeutic intervention.
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INTRODUCTION

Recurrent fever episodes can develop from different hereditary and non-hereditary
origins. The aetiology is often difficult to assess. Relevant non-hereditary factors
are, in particular, neoplasias, infections, chronic systemic disorders, e.g. Morbus
Crohn, or rheumatic diseases [1-2]. In case of persistent periodical fever attacks
over a long time period, hereditary periodic fevers, also called autoinflammatory
syndromes, should be considered in differential diagnosis.

Human autoinflammatory diseases are characterized by periodic episodes of fever
and signs of inflammation with or without involvement of organs leading to
symptoms such as arthritis, pericarditis, pleuritis, peritonitis, abdominal pain, or
myalgia. The disease group includes syndromes such as familial Mediterranean
fever (FMF), hyperimmunoglobulinemia D with periodic fever syndrome (HIDS)
and tumor necrosis factor receptor-associated periodic syndrome (TRAPS).
Among the hereditary periodic fever syndromes, FMF and HIDS are autosomal
recessively inherited, while TRAPS has a dominant mode of transmission. FMF is
caused by mutations in the MEFV (for MEditerranean FeVer)-gene [3], HIDS by
mutations in the mevalonate kinase (MVK)-gene [4], and TRAPS develops due to
mutations in the Tumor Necrosis Factor Receptor Superfamily Member 1A
(TNFRSF1A)-gene. The latter is encoding for the 55 kDa TNF receptor
TNFRSF1A, an archetypal proinflammatory receptor and member of a large
group of proteins with homology in their extracellular domain [5-7].

While each syndrome has a specific genetic background and some phenotypic
characteristics, all HPFS share a quite similar clinical expression that makes
diagnosis based alone on clinical features more difficult [8]. Hence, often
affections remain unrecognized and undiagnosed for years. During the last decade
molecular studies revealed important progresses for the understanding of HPFSs
[7-11]. Recent advances in molecular techniques have led to the identification of
mutations that occur in several genes and are the underlying causes for these
syndromes.

Here we report on phenotypic features of an index patient and other affected
family members that presented a previously not described mutation type in the
TNFRSF1A-gene. The phenotype of the affected family members was shown to be
associated with two mutations in TNFRSF1A, and as we demonstrated, they were
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present in a monoallelic state in all affected family members. Primarily, the index
patient was clinically diagnosed as being affected by familial Mediterranean fever
[12]. With molecular genetic analyses it could be shown that the patient was in
fact affected by TRAPS. This molecular diagnosis had relevant consequences

since it resulted in reconsidering the further therapy.

Case report

A 36 year old patient (index 111:2, fig. 1) with German ancestry came for
clarification of recurrent febrile attacks. He reported recurrent episodes of
abdominal pain and fever since the age of 7 years. After a severe fever attack at
the age of 10 accompanied by colicky abdominal pain and ongoing fever episodes
for 2-4 days, familial Mediterranean fever (FMF) was diagnosed due to
characteristic signs and symptoms. Typical laboratory biochemical findings
indicated an inflammatory episode. Laparoscopy showed histologically a
fibrinous purulent peritonitis.

In the course of his life, symptoms within intervals of affection diminished. Acute
febrile episodes occurred three to four times a year accompanied by chill, general
sensation of being ill, abdominal pain, headache and pain in limb muscle groups.
Independent of this pathology, he suffered from recurrent pain of the flanks
without fever, dysuria and gross hematuria. For medication, Indometacin
(maximum of 150mg/d) was administered on demand. Currently, disease episodes
occur approximately once every two years for 7-21 days with an increase in
temperature up to 40 °C.

Noteworthy, the patient’s father at adolescence as well as his aunt and several
cousins were affected by similar fever symptoms (fig. 1). For further clarification,
molecular genetic analyses of the MEFV-, MVK- and TNFRSF1A-gens were

performed.
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METHODS

Clinical description

At the time of physical examination, the patient (185cm, 83kg) was in good
general condition. The abdomen was soft without resistances and palpation gave
no hint for a renal affection. A neurological examination showed regular findings.
Laboratory results showed an increased erythrocyte sedimentation rate (44/64mm)
and a normal hemogram. Further diagnostic examinations, such as sonography of
the abdomen, echocardiography and a rectum biopsy revealed regular findings,

and were not suggestive of amyloidosis.

Molecular genetic analyses

DNA was extracted from peripheral blood of the patients and controls according
to standard procedures using the QlAamp DNA Blood Mini Kit (Qiagen,
Hildesheim, Germany). Sequence analyses were undertaken according to standard
protocols.

For index patient I11:2 the genes MEFV, MVK and TNFRSF1A were analyzed
completely. Subsequent to the findings in exon 4 of TNFRSF1A and exon 2 of
MVK for the index patient, the clinically suspicious family members 11:3 and 111:1

and the healthy mother I1:4 were also analyzed for these alterations.

RESULTS

For the index patient, two nucleotide substitutions in exon 4 of TNFRSF1A were
detected via sequencing of the coding region: first, the amino acid substitution
guanine to cytosine at position 263 of the nucleotide sequence (¢.263G>C), and
second, the substitution of cytosine to adenine at position 264 (c.264C>A). Both
alterations were detected as heterozygous, which means a nucleotide of the
normal wildtype sequence was apparent on one allele, and the substitutions on the
other (fig. 2). Molecular genetic analysis of the complete MEFV-gene (associated
with FMF) and the MVK-gene (associated with the clinical phenotype HIDS)
revealed no indication for disease causing mutations. However, in the MVK-gene

a G>A transition (¢c.155G>A) resulting in the amino acid substitution serine to
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asparagine (p.Ser52Asn) was shown to be present in heterozygous state for the
index patient and other affected family members studied. This alteration is
described to represent a common polymorphism [11].

After molecular analyses of the index patient only, the question could not be
answered whether one gene copy was affected by both mutations (monoallelic), or
each gene copy by one mutation (compound heterozygosity). Hence, for
clarification, both parents of the index patient (father 11:3 and mother 11:4; see fig.
1) as well as the paternal cousin (111:1) were molecular genetically analyzed. The
analyses of the patient’s parents revealed that the father carries the same two
alterations and the mother a wildtype sequence. With the molecular genetic
analysis of the patient’s affected cousin I11:1 the same genotype as for 11:3 (father)
and 111:2 (index patient) was identified. Thus, it could be concluded that both
mutations were inherited in a monoallelic mode. Given the newly obtained
information on the allelic distribution of mutations, it is likely that the nucleotide
substitutions resulted in the transformation of the triplet TGC to TCA, which
consequently results in the amino acid substitution cysteine to serine at position
88 of the protein (p.Cys88Ser; fig. 3). The substitutions affect the cysteine-rich
domain 2 (CRD 2) of TNFRSF1A and interfere most likely with the tertiary
structure of the receptor by eliminating a disulfide bridge (fig. 4).

DISCUSSION

The mutations in TNFRSF1A detected in our study have previously not been
described, neither as single entities nor as a combination. They were detected as
heterozygous appearing signals which could be proven to have occurred in a
monoallelic state. Hence, they result in the amino acid substitution cysteine to
serine at position 88 of the protein (p.Cys88Ser). Cysteine at position 88 is located
in the second extracellular, cysteine-rich subdomain (CRD2) of the TNFRSF1A-
protein. The cysteine-motif of this domain is well-conserved and occurs
homologous in different species. Cysteine is essential for the formation of
disulfide bonds, and thus in the formation of the protein specific tertiary structure
(fig. 3) [7]- The putative affect of this amino acid substitution reported above is
the disintegration of a disulfide bridge in the cysteine-rich domain 2 (CRD2) of
TNFRSF1A. Most probably, this results in the disruption of the tertiary structure,
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thus leading to functional disturbance of the protein. This in turn leads
consequently to signs and symptoms of a distinct form of a hereditary periodic
fever syndrome that can be - based on the molecular findings - classified as
TRAPS. TRAPS formerly known as familial Hibernian fever, was first described
as a distinct nosologic entity by McDermott MF in 1999 [7]. It is classified as one
of the hereditary periodic fever syndromes, which are a group of
autoinflammatory diseases with clinical symptoms that are variable and tend to
overlap in a broad spectrum. For TRAPS, relapsing and remitting disease episodes
are characteristic, and the onset of disease tends to be later and the duration of the
attacks longer than in other HPFSs. This is in particular true for FMF. Episodes of
fever typically last 7 to 21 days accompanied by abdominal pain, polyserositis (in
most cases peritonitis), lymphadenopathy, myalgias, chest pain, skin
manifestations, periorbital edema and rashes as well as conjunctivitis. The disease
Is very similar to FMF, but can be discordant in the length of fever attacks (7-21
days). Most severe forms of TRAPS show almost permanent clinical signs of
inflammation and require daily use of therapy. TRAPS occurs frequently already
in childhood and early adolescence, and in general the severity of episodes
diminish in the course of life. For therapy, treatment with corticosteroids is
recommended to attenuate the length and severity of attacks. Treatment with
corticosteroids is usually ineffective in patients that are affected by FMF [5-6].
Furthermore, patients with TRAPS seem to benefit from TNF inhibitors, e.g.
Etanercept, which mimics the effect of normal soluble TNF receptor and thus
compensates for its deficit.

Most TRAPS-associated mutations have been identified to be of the missense type
and are located predominantly within the first or second cysteine-rich N-terminal
extracellular domain (CRD1 and CRD2) of the receptor [6, 13]. Recent studies
concentrate on the mechanism of TRAPS signaling pathways and discuss new
findings describing aberrant trafficking and function of TNFRSF1A harboring
TRAPS mutations, challenging the hypothesis that TRAPS pathology is driven by
defective receptor shedding [13]. It is suggested that TNFRSF1A might acquire
novel functions in the endoplasmatic reticulum, distinct from its role as a cell
surface receptor. The systemic inflammation that is characteristic for TRAPS
could result from the consequences of misfolded and intracellularly retained
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TNFRSF1A. However, the large variability of clinical symptoms could be an
indication that there is no one unifying mechanism for all TRAPS mutations.

In this study, we detected TRAPS mutations by molecular genetic analyses of a
family that had shown periodic fever episodes, which were formerly classified as
a potentially rare form of autosomal dominant FMF [12]. However, the initial
diagnosis could be stated at this time alone by clinical observations and respective
conclusions. In general, clinical phenotypes of hereditary fever syndromes are not
specific for a distinct fever entity and show a remarkable overlap in symptoms.
Thus, molecular genetic analyses of currently known disease loci enable the most
precise diagnosis presently available and are consequently the basis for the most
effective therapeutic intervention. In the present report, particularly in regards to
further therapy, the diagnostic differentiation of TRAPS from the other HPFSs
and from the previously diagnosed FMF was very important. Hence, a therapy
with colchicine - known as an effective treatment in FMF but not in TRAPS - was
not recommended for further disease episodes. Instead, steroids (Prednisolone 1-
2mg/kg body weight) and alternatively NSAIDs (Indometacin) are a preferred and

effective treatment in this case.
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FIGURE LEGENDS

Fig. 1: Pedigree of the index patient’s (*) family.

Fig. 2: Electropherogram of sequence analysis of TNFRSF1A for the index patient. The exchanges
G263C and C264A are indicated by an arrow.

Fig. 3: Schematic presentation of the TNFRSF1A-gene structure. The nucleotide changes G>C and
C>A are shown in red. The monoallelic presence of these mutations results in the amino acid

change cysteine to serine at position 88 of the protein sequence.

Fig. 4: Schematic presentation of the functional domains of the TNFRSF1A protein. The
extracellular disulfide bonds of TNFRSF1 are numbered according to Mc Dermott et al., 1999 and
are shown as lines connecting conserved cysteine residues (5 and 6) [7]. The position of the
mutated amino acid is marked with an asterisk. Substitution occurred in the cysteine-rich domain 2
(CRD2) of TNFRSF1A. This is most probably altering the tertiary structure of the receptor by
eliminating the disulfide bridge 5.
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Fig. 2
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exon 1 2 3 4 5 6 7 8 9 10

wildtype ATC TCT TCT TGC ACA GTG GAC CGG
[le Ser Ser Cys Tyr Val Asp Arg
89 90

85 86 87 88 9 92

mutation ATC TCT TCT TCA ACA GTG GAC CGG
[lle Ser Ser Ser Tyr Val Asp Arg

Fig. 4
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