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ABSTRACT

Objective. No MEFV mutations are de-
tected in approximately 10% of the pa-
tients with clinical FMF in populations
where the disease is highly prevalent.
Causative mutations were searched in
other genes in two such families with
“MEFV negative clinical FMF” .
Methods. Father and daughter of fam-
ily A had attacks of fever, abdominal
pain and AA amyloidosis. The two sibs
of family B complained of febrile epi-
sodes with abdominal pain and arthri-
tis. The patients were clinically investi-
gated. Exome analysis in the daughter
in family A and linkage analysis and
candidate gene sequencing for the
members of family B were performed.
All patients were re-evaluated in the
light of the genetic findings.

Results. In the daughter in family A,
filtering of the exome file for variants in
25 autoimmune/inflammatory disease-
related genes revealed two heterozygous
missense variants in TNFRSFIA, novel
p.Cys72Phe and frequent p Arg121Gln.
In family B, novel, homozygous mis-
sense p.Cys161Arg in MVK was identi-
fied. A clinical re-evaluation of the pa-
tients revealed a phenotype consistent
with FMF rather than TRAPS in family
A and an overlap of FMF with HIDS in
Sfamily B.

Conclusion. In high risk populations
of FMF a proportion of patients with-
out MEFV mutations may carry causa-
tive mutations in other genes, and the
clinical findings may not be fully con-
sistent with the phenotype expected of
the mutation identified but rather re-
semble FMF or an overlap syndrome.

Introduction

Hereditary autoinflammatory diseases
(AIDs) are caused by defects in the
innate immune system and character-

ised by unprovoked inflammatory at-
tacks in the absence of autoantibodies,
auto-reactive T-cells and pathogens (1).
Familial Mediterranean fever (FMF;
MIM 249100), tumour necrosis factor
receptor-associated periodic syndrome
(TRAPS; MIM 142680) and hyper-
immunoglobulinaemia D  syndrome
(HIDS; MIM 260920) which is also
known as mevalonate kinase deficiency
(MKD) are among the well-defined he-
reditary AIDs. FMF is the most common
of all with an overall prevalence of 1-2
in 1000 in high-risk populations such as
Armenians, Sephardic Jews, Turks and
Arabs (2). Although each syndrome has
a unique combination of features and a
different genetic aetiology, several of
those may overlap. To prevent the re-
currence of inflammatory attacks and
the long-term complications, differen-
tial diagnosis among AIDs is crucial (3).
The vast majority of the patients with
FMF, which is an autosomal recessive
disease, carry mutations in the Medi-
terranean fever (MEFV) gene, encod-
ing pyrin (4, 5). The MEFV mutations
activate pyrin inflammasome and in-
crease IL-1f production (6). However,
approximately one third of the patients
with clinically diagnosed FMF carry
either no or a single MEFV mutation
(7), therefore, FMF is considered as a
clinical diagnosis.

The MVK gene encodes mevalonate ki-
nase, a peroxisomal enzyme involved in
the biosynthesis of cholesterol and iso-
prenoid (8). Although the exact mecha-
nism of how dysregulation of isopre-
noid pathway can lead to fever attacks
is still unknown (9), it has been shown
that a group of syndromes including
HIDS and mevalonic aciduria can be
caused by mutations in MVK (10).
Tumour necrosis factor receptor super-
family member 1A (TNFRSFI1A) gene
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encodes a receptor for the tumour ne-
crosis factor-alpha, which can activate
NF-kappaB pathway, functioning as a
regulator of inflammation. The protein
product is TNFR p55, expressed in var-
ious cell types and specifically bound
by the proinflammatory cytokine TNF.
Heterozygous mutations in TNFRSFIA
can cause TRAPS, characterised by
unexplained episodes of fever and sys-
temic inflammation (1).

Herein, we present patients with an ini-
tial diagnosis of FMF but were nega-
tive for MEFV mutation. We searched
for causative mutations and re-evaluat-
ed the patients.

Patients

Four patients from two unrelated Turk-
ish families (Fig. 1) followed in the
Rheumatology Division of Cerrahpasa
Medical Faculty with the diagnosis of
FMF were tested negative for MEFV
mutations twice by using FMF Strip
Assays (Vienna Lab Diagnostics,
Austria) and Sanger sequencing of all
exons. Non-affected family members
were invited to the clinic for a thorough
history taking, physical examination
and genetic studies. This study was
approved by the Institutional Review
Board of Istanbul Technical University.

Methods

A DNA sample of patient A2 in fam-
ily A was subjected to whole exome
sequencing. Sequencing library was
prepared using NimbleGen SeqCap EZ
MedExome Enrichment Kit (Roche,
Switzerland), and reads were produced
with Illumina Hiseq instrument. Raw
sequencing data were analysed accord-
ing to GATK Best Practices recommen-
dations (11). Briefly, reads were aligned
using BWA (12) to human reference
genome hgl9  (http://genome.ucsc.
edu) later base quality score recalibra-
tion, in/del realignment and duplicate
removal were performed. Then SNPs
and in/dels were called by GATK (13).
Detected variants were annotated with
ANNOVAR (14). Variants in immune
system related genes were prioritised.
In family B, SNP genotyping was
performed using Illumina OmniEx-
press-24 BeadChip that target >700.000
SNP markers. Illumina GenomeStudio
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Genotyping Module (v2011.1) was  Results

used to determine genotypes. Multi-  Clinical findings

point linkage analysis was performed
under the software package EasyLink-
age (15). Logarithm of odds (LOD)
scores were calculated assuming reces-
sive inheritance, full penetrance and a
disease allele frequency of 0.001, us-
ing GeneHunter (16). For regions that
yielded relatively high LOD scores, we
evaluated genotypes in order to confirm
shared homozygosity only between the
affected sibs.

Homozygous regions >1 Mb shared by
only the affected sibs with a maximal
LOD score >1.8 were considered. We
evaluated the genes in those regions
for any possible relation to autoinflam-
matory disorders, as reported in data-
bases PubMed and InFevers. InFevers
is a repository that includes a list of
variants in 25 genes related to autoin-
flammatory disorders (17-19). MVK
variant seemed a very strong candi-
date, but to exclude other variants in
the most common autoinflammatory
disease-related genes, ILIRN, LPIN2,
MEFV,NLRPI12, NLRP3, TNFRSFIA,
PSTPIPI, we screened all exons and
intronic boundaries in both patients
by long PCR based amplicon sequenc-
ing using next generation sequencing
(NGS) technology.

The identified mutations were vali-
dated and tested for all family mem-
bers by Sanger sequencing. Popula-
tion frequencies were investigated in
the 1,182 exome files in the Advanced
Genomics and Bioinformatics Re-
search Centre (IGBAM), the Scientific
and Technological Research Council
of Turkey (TUBITAK). We also used
computational algorithms SIFT (20),
PolyPhen-2 (21) and MutationTaster2
(22) to predict possible impacts of the
identified mutations.

The clinical findings of the four patients
are compared to the manifestations of
FMF, TRAPS and HIDS in Table I.

Family A

Patient Al: The 55-year old man was
referred to our Rheumatology Out-
patient Clinic (OPC) from the Neph-
rology unit at the age of 34 years for
investigation of his chronic renal fail-
ure secondary to biopsy proven amy-
loid A (AA) amyloidosis. His disease
history revealed recurrent abdominal
pain and fever attacks lasting 1-2 days
per month since the age of 10 years,
which decreased spontaneously dur-
ing the course of the disease. There
was no family history of FMF or AA
amyloidosis then. He did not carry any
MEFV mutation. At the age of 37 he
underwent renal transplantation. Four
years later, while receiving tacrolimus
(2 mg/d), colchicine (2 mg/d), azathio-
prine (150 mg/d) and prednisolone (5
mg/d), AA amyloidosis recurred in the
transplanted kidney. He was lost to
follow-up for 7 years, until his daugh-
ter was admitted to our unit for recur-
rent febrile attacks. At present he is on
anakinra (100 mg/d), with a significant
decrease in acute phase response and
proteinuria.

Patient A2: The daughter (24 years old)
was admitted to our OPC at the age of
12 with monthly attacks of fever and
abdominal pain that lasted 2-3 days. She
also was negative for MEFV mutation.
Initially her attacks responded to colchi-
cine (1.5 mg/d), but her compliance was
poor. At the age of 21 she developed
proteinuria and her renal biopsy re-
vealed AA amyloidosis. The high acute
phase proteins and 24-hour proteinuria
responded dramatically to treatment
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Table I. Comparison of the findings in patients to known clinical features in three diseases.

Features and findings Al A2 Bl B2 FMF TRAPS HIDS
Ethnic origin MED MED MED MED MED NEU NEU
Mode of inheritance AD AD AR AR AR* AD AR
Duration of attacks

<1 week + + + + + - +

>1week - - - - - + -
Attacks of fever and serositis + + + + + + +
Red arthritis - - + + + - +
Rash (macula-papular, urticarial) - - - - - + +
Myalgia (myositis/fasciitis) - - - - + + 2
Periorbital edema - - - - - + -
Conjunctivitis - - - - + -
Diarrhoea/vomiting

during attacks - - - + - - +

post-attack - - - + + R R
Brit ileus - - - + + R +
PRES-like CNS involvement - - + - + - -
Delay in growth - - + + - - 4¥
Acute phase response + + + + + +
High serum IgD - - +8 - - - +
Mevalonic aciduria - - - - - - +
Response to colchicine + + + + + - -
Response to anti-IL-1 treatment + NA + + + + +
AA amyloidosis + + - - + + +
Mutated gene TNFRSFIA TNFRSFIA MVK MVK MEFV TNFRSFIA MVK

FMEF: familial Mediterranean fever; TRAPS: tumour necrosis factor receptor-associated periodic syndrome; HIDS: hyper-immunoglobulinaemia D syn-
drome; MED: Mediterranean; NEU: northern European; NA: not available.
*Pseudodominant and rare autosomal dominant transmission may be seen in FMF. YDelay in growth is more pronounced in mevalonic aciduria. *Level of
IgD was 50.4 IU/ml which was higher than our lab normal (>13.2 IU/ml) but lower than the diagnostic threshold of 100 IU/ml. + Partial response.

with anti-IL-6 agent tociluzimab (400
mg/month) in addition to colchicine.
Short-lived febrile attacks and AA
amyloidosis were compatible with the
diagnosis of FMF. Contrary to the ma-
jority of the patients with FMF amy-
loidosis who carry biallelic exon 10
mutations, our cases were negative for
any MEFV mutation. Thus, a genetic
study was launched to search the puta-
tive causative mutation in other genes.
After the detection of heterozygous
missense variants in TNFRSF1A, novel
p.Cys72Phe and frequent p.Arg121Gln,
they were reassessed for symptoms or
signs suggestive of TRAPS. The auto-
somal dominant transmission was com-
patible with TRAPS, but the character-
istics of the attacks and the absence of
typical features of this syndrome were
not indicative of TRAPS.

Family B

Patient BI: The eldest male sib (17
years old) of consanguineous parents
from Sivas, a mid-Anatolian town with
very high prevalence of FMF (23), was
referred to our OPC at the age of 5
years with a possible diagnosis of FMF.
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He had recurrent episodes of abdominal
pain and fever lasting 2—4 days besides
occasional erythematous swelling of a
knee or an ankle since the age of 4. He
had been initially diagnosed elsewhere
with acute rheumatic fever, and a rele-
vant treatment had not been successful.
He was small for his age (3rd percen-
tile). Acute phase response was over the
normal levels in-between attacks. He
was negative for MEFV mutation and
HLA B27. A partial response to colchi-
cine treatment was observed. At the age
of 14 he had developed sudden bilateral
vision loss following an upper respira-
tory tract infection. Posterior reversible
encephalopathy syndrome (PRES) was
considered in differential diagnosis.
Vision and the cranial MRI findings
improved within 3 months on predniso-
lone and cyclophosphamide treatment.
Due to an increase in the frequency of
febrile attacks and acute phase proteins,
canakinumab, an IL-1 antagonist, was
introduced (150 mg/month). A dramatic
response was obtained; attacks disap-
peared and the level of the acute phase
proteins returned to normal. A signifi-
cant growth spurt was observed during

the course of canakinumab treatment,
which has been continuing for the last
52 months.

Patient B2: The sister of patient B1 (7
years old) was admitted to our OPC
when she was one-year old, with bouts
of severe abdominal pain, nausea, vom-
iting and fever lasting 4-5 days, once
or twice a month. Occasional erythema-
tous swellings of wrists or ankles were
observed. She was diagnosed as FMF
and put on colchicine (1 mg/d) treat-
ment with a partial response. Laparos-
tomy had to be performed thrice with
the diagnosis of acute abdomen and
ileus due to peritoneal adhesions when
she was only 17, 35 and 50 months old.
No vasculitis was detected in the histo-
pathological examinations of the biop-
sy materials. The acute phase reactants
were over normal limits between the at-
tacks. Canakinumab (4 mg/kg/mo) was
added to her treatment after the dra-
matic response observed in her broth-
er. Under this regimen for the last 47
months she is attack-free, acute phase
reactants are back to normal and there
is a growth spurt. The two siblings had
recurrent attacks of fever and serositis
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compatible with FMF. However, severe
abdominal attacks with very early peri-
toneal adhesions, limited response to
colchicine administration and absence
of MEFV mutation made this diagnosis
questionable. After the possible causa-
tive MVK mutation was identified, the
patients were re-evaluated. The mother
recalled enlarged cervical lymph nodes
in a few occasions in both sibs in the
very early years of the disease. Detailed
information on diarrhoea during attacks
in patient B2 and bouts of mild abdomi-
nal pain and fever within the first year
of life in patient B1 were also obtained;
however, mother denied any skin erup-
tions or any specific association with
a trigger such as vaccination, a well-
known characteristics of HIDS.
Urinary mevalonic acid was not de-
tected in any sib of family B. Serum
IgD level was elevated only in patient
B1 (504 and 6.72 IU/ml, in B1 and B2
respectively; reference range: 0.77-13.2
IU/ml), however, canakinumab treat-
ment could have interfered with the
results.

Genetic findings

Family A: We found 20 missense vari-
ants in the prioritised 25 immune sys-
tem-related genes from exome file of
the affected daughter. The best candi-
date to underlie the pathology in the
family was TNFRSFIA c¢215G>T
(p.Cys72Phe), which was not listed in
The Exome Aggregation Consortium
(ExAC) or Exome Sequencing Pro-
ject (ESP) databases or found in the
IGBAM-TUBITAK databases. Muta-
tion p.Cys72Phe resulted in the substitu-
tion of cysteine with hydrophobic phe-
nylalanine. The variant is predicted as
damaging by online tools PolyPhen-2,
SIFT and MutationTaster2. The altered
cysteine amino acid is very well con-
served in mammals. The second variant
TNFRSFIA c362G>A (p.Argl21Gln;
rs4149584) was predicted as possibly
damaging by PolyPhen-2 and benign
by both SIFT and MutationTaster2. It
has the highest frequency of 0.02 in Eu-
ropeans.

The father but not the mother, was
heterozygous for the variants. We as-
sessed that the former mutation under-
lies the disease.
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Family B: Multipoint linkage analysis
in a recessive model yielded a maxi-
mal LOD score of ~1.9 in seven re-
gions >1-Mb and not including 16p13
where MEFV resides. In those regions
homozygosity was shared only by the
patients. Sequence analysis of MVK re-
siding at the largest locus (12 Mb) and
of seven other autoinflammation-relat-
ed genes uncovered only one possibly
detrimental homozygous mutation in
the patients; parents and unaffected sib
were heterozygous for this MVK vari-
ant,c.481T>C (p.Cys161Arg). The mu-
tation was not present in EXAC, ESP, or
IGBAM-TUBITAK databases. At the
protein level, cysteine at position 161
is very well conserved in mammals.
Mutation p.Cys161Arg resulted in the
substitution of cysteine with positively
charged, polar arginine. SIFT predicted
it as tolerated, PolyPhen-2 as possi-
bly damaging and MutationTaster2 as
polymorphism. We concluded that this
mutation underlies the pathology in the
sibs because the mutation is novel and
resides in the largest candidate region.

Discussion

FMF is the most frequent hereditary
AID (24), which predominantly affects
populations of Mediterranean descent
(2). The overall prevalence of FMF in
Turkey is 2/1000; however, it can be as
high as 8/1000 in certain parts of the
country (23,25, 26). In addition, carrier
rate of MEFV mutations in healthy pop-
ulation can range from 6.4 to 25.9 per-
cent across different regions of Turkey
(27). Hence, differential diagnosis of a
rare hereditary AID in FMF-prevalent
populations could be a challenge. Also
there is also the possibility of a muta-
tion in a novel disease gene as a conse-
quence of high parental consanguinity
and multi-ethnicity in this geography.
Generally, any patient with a history
of short bouts of fever, serositis and a
positive family history is diagnosed
as FMF and administered colchicine,
without a genetic diagnosis. The major-
ity of FMF patients carry mutations in
MEFYV, however, 20-30% of the clini-
cally diagnosed FMF cases from high-
risk populations carry either a single
copy or no mutations, therefore FMF
is considered as a clinical diagnosis (7,

28). Here we present four patients from
two families who have been diagnosed
as clinical-FMF but were negative for
any MEFV mutation.

TRAPS is a rare autosomal dominant
disease caused by mutations in TNFRS-
F1A gene at 12p13.2 and reported more
frequently in Caucasians, with an esti-
mated prevalence of about one per mil-
lion (29). There is some clinical over-
lap between TRAPS and FMF, includ-
ing attacks of fever, serositis, arthritis,
myositis and erysipelas like erythema
(ELE). Both may be complicated with
AA amyloidosis. Aksentijevich er al.
(2001) reported that approximately 14%
of the patients with TRAPS developed
AA amyloidosis (30). The main rea-
son for further investigation in family
A was the absence of MEFV mutation
with a severe disease complicated with
AA amyloidosis. It is well known that
the vast majority of the cases with FMF,
AA amyloidosis is associated mainly
with p.Met694Val or some other vari-
ants in exon 10 (31, 32). Two TNFRS-
F1A variants were found in the daugh-
ter and father but not in the mother.
Novel p.Cys72Phe variant is predicted
as damaging by online tools, and the
altered residue is very well conserved
among mammals. The second variant
p.Argl121Gln (rs4149584) has been clas-
sified as a low-penetrant mutation rather
than a benign variant by Aksentijevich
et al. (30), indicating that the two vari-
ants together could underlie the pathol-
ogy in these cases. Patients who carried
mutations affecting cysteine domains of
the protein were reported as more prone
to develop AA amyloidosis as compared
to those who had non-cystein mutations
(30). p.Cys72Phe is also a cysteine mu-
tation, and present in both of our pa-
tients with AA amyloidosis.

Typical attacks in TRAPS last more
than one week and symptoms may be
continuous in a third of patients con-
trary to short-lasting episodes of FMF
with symptom-free intervals. The typi-
cal features of TRAPS such as rash,
periorbital oedema, conjunctivitis and
headache are not common in FMF
(33). The attacks were shorter than 4
days in both patients, while patient A2
recalled mild pain over the forearms
during a few attacks, father denied any
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sign consistent with TRAPS during
clinical reassessment after mutation
identification.

Colchicine has been reported as not
effective for the treatment of TRAPS
(34). However, the data from EURO-
FEVER registry revealed beneficial
effect in 21, three with full response,
of the 39 TRAPS patients who had re-
ceived colchicine (35). Interestingly
short-lived febrile attacks of patient
A2 responded to colchicine therapy
initially. One cannot help but speculate
whether AA amyloidosis could be pre-
vented if colchicine had been initiated
early in the course of the disease with
full compliance. Accumulating data
suggest favourable results with anti-
IL-1 agents in TRAPS (36, 37). The
father received anakinra, an anti-IL-1
agent, only after the development of
AA amyloidosis in the transplanted kid-
ney with good response. The daughter
was administered tocilizumab, also an
anti-IL-6 agent, together with colchi-
cine and had a significant decrease in
proteinuria and acute phase response.
She is the first patient reported with
TRAPS associated AA amyloidosis
who has been treated with tocilizumab.
This observation, therefore adds to the
scarce information available on the
role of IL-6 blockade in the treatment
of TRAPS (38-40).

The two sibs in family B were initially
diagnosed as FMF because they had
recurrent, self-limiting episodes of ab-
dominal pain, fever and red arthritis as
well as consanguineous parents from
a region with the highest FMF preva-
lence in the country (23). Further ge-
netic studies were launched because
they were negative for MEFV muta-
tions. Novel, homozygous missense
cA481T>C (p.Cys161Arg) in MVK was
identified in both patients.

MKD/HIDS is not so rare in Western
European countries; especially Neth-
erlands (41) whereas only a number
of cases have been reported so far
from Turkey (42-47). There are sev-
eral clinical manifestations common
to both diseases. One of the most strik-
ing differences between MKD/HIDS
and FMF is the age of onset. In MKD/
HIDS attacks generally start in infancy,
with a median age of 6 months (48).
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In a cohort study by van der Hilst ez
al., 78% of MKD/HIDS patients were
reported to experience their first attack
before 12 months of age (41) whereas
attack-onset before age one is reported
in only 0.7% of FMF cases (49). Bilat-
eral tender cervical lymphadenopathy
is a common (in 89%), well described
feature of MKD/HIDS (33) but not a
sign of FMF. In patient B2 abdominal
attacks were accompanied by very se-
vere pain and diarrhoea. Abdominal
pain episodes are commonly (in 86%)
accompanied by diarrhoea in MKD/
HIDS whereas in FMF it occurs in 27%
as the attack subsides and thus defined
as post-attack diarrhoea (33). It is well
established that recurrent peritonitis
may result in sub-ileus and peritoneal
adhesions in both diseases. This was
more common before the colchicine-
era and was a late complication in
untreated FMF patients (50). Van der
Hilts et al., on the other hand, observed
abdominal adhesions in 10 of the 103
MKD/HIDS patients with recurrent
severe abdominal attacks (41). Over
60-80% of the patients with MKD/
HIDS present a variety of skin lesions,
especially maculopapular rash (41,
51). None of our patients developed a
MKD/HIDS associated skin eruption;
the only skin manifestation is erythema
over the involved joint, which is also a
very common feature of FMF (52).
Mevalonate aciduria and high serum
IgD level (>100 IU/ml) are the diagnos-
tic hallmarks of MKD/HIDS, but the
level of IgD is normal in approximately
one fifth of the patients (53, 54). Urinary
mevalonic acid was not increased in our
patients. IgD in patient B1 (50.4 TU/
ml) was above the accepted laboratory
range (normal range: 0.77-13.2 IU/ml),
but nonetheless, it was lower than the
diagnostic level of 100 IU/ml for HIDS.
Of note, the tests were performed under
canakinumab therapy, which may have
interfered with the IgD levels.

Delayed growth is not observed in
children with FMF (55) but a common
manifestation of mevalonic aciduria
(MEVA; MIM 610377), a more severe
form of mevalonate kinase deficiency
(56, 57); yet there is no sufficient data
in children with HIDS. The same holds
for central nervous system involvement.

Patients with MEVA typically suffer
from severe psychomotor retardation,
progressive cerebellar ataxia, and pro-
gressive visual impairment. The PRES-
like involvement observed in patient B1
is occasionally reported in FMF (58, 59)
but not for patients with HIDS. The neu-
rocognitive functions of these two sibs
were within normal limits.

Several cases with HIDS-FMF overlap
syndromes have been reported (45, 47,
60), and mutations in MEFV and/or
MVK were found in these cases.
Colchicine, the mainstay of treatment
in FMF, is not effective in patients with
MKD/HIDS. Prednisolone, anti-TNF
agents and anakinra have been tried
with some beneficial effect (41, 61).
There are few reported cases of MKD/
HIDS who have been treated with
canakinumab (62, 63); thus, the dramat-
ic response obtained with canakinumab
therapy in the two sibs of family B de-
serves attention also in this respect and
underlines the importance of IL-1f in
the pathogenesis of MKD/HIDS.

Conclusion

FMF is a clinical diagnosis, and the ma-
jority of the cases are caused by MEFV
mutations. However, approximately
one-third of the patients have either no
mutation or a mutation in single MEFV
allele. As observed in our patients, con-
sidering another hereditary AID in an
FMF-prevalent population could be a
challenge, because the phenotypes of
those patients may not be fully com-
patible with the clinical presentation
expected of the mutation detected. This
may be due to some environmental and/
or yet undefined genetic or epigenetic
factors. We propose that patients with
a diagnosis of clinical FMF but nega-
tive for biallelic MEFV mutation could
benefit from further genetic studies.
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