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1. FAMILIAL MEDITERRANEAN FEVER

Familial Mediterranean fever (FMF) [1] belongs tbet group of
autoinflammatory syndromes and is considered tthegrototype of hereditary
periodic fever syndromes. It is an autosomal reeesdisorder caused by
mutations of the MEFV gene on chromosome 16pl3.&lwkncodes pyrin
(also known as marenostrin), a protein specificakpressed on the cytoplasm
surface of myeloid cells.

This protein plays an important role in the produttand secretion of
certain inflammatory cytokines [2], such as IB-{B], which acts as a negative
regulator of apoptosis.

Pyrin is a protein consisting of 781 amino acidsiefty expressed in
mature neutrophils, and consists of four domaim& N-terminal PYRIN
domain, a B-box zinc finger domain, a centrallyatmd coiled-coil domain, the
C-terminal B30.2 domain [4]. The first of these dons is characterized by six
anti-parallel alpha-helices through which the protbinds to extracellular
domains to form a macromolecular complex callech8ammasome.

The C-terminal B30.2 is codified by exon 10, andatians in this exon
are usually associated with a severe phenotypeM# EM694V, M694I, and

M6801).



The V726A mutation, which causes a mild phenotypéhe disease, is
also associated with the B30.2 domain. However,pitesence of the V726A
mutation along with the M694V or M680I mutation seeto be associated with
the development of a severe clinical phenotype.

Pyrin is also localized in the cytoplasm and theclews. After its
synthesis, a migration of the protein from the pldasm to the nucleus via the
nuclear pores occurs through the mechanisms ofanatlear signal
transduction.

Cazeneuve et al. [5] showed that the five most commutations in the
MEFV gene do not affect the intracellular site gfip.

Currently, in fact, the function of pyrin and thepact of its mutations are
still under discussion. In 2003, Touitou et al. §gjmonstrated that patients with
FMF have reduced transcription of the MEFV gene mawrad to healthy
subjects. Therefore, the pathophysiology of FMFrse® depend on the degree
of the defect in mRNA expression.

The discovery of inflammosome [7] has also operad perspectives on
the pathogenesis of auto-inflammatory syndromesdedmormal conditions,
protein-protein interaction results in the actigatiof complex events, which
lead to the formation and subsequent release okinygs, including IL-B. This
mechanism underlies the fundamental pathophysiolady inflammatory

syndromes.



In FMF, mutations in pyrin can cause an excessiedyction of IL-B in
response to minor stimuli.

In regard to this aspect, the role played by th8.B3lomain is currently
being debated. Stojanov and Kastner [4] showedttiidomain, under normal
conditions, inhibits the production of the activermh of IL-1B; therefore,
mutations in the B30.2 domain would lead to an sgiese production of IL-f.

Tschopp et al. [8] demonstrated that the B30.2 dlonmderacts with the
NALP-3 of caspase-1 (also called cryopyrin, a protanutated in
cryopyrinopathies) and with its substrate, pro+ietgkin (1L)-1p.

The authors demonstrated that the overexpressitimedB30.2 domain is
followed by the activation of caspase-1 and thelpection of IL-13, concluding
that pyrin is a protein involved in modulating thetivity of various proteins
involved in inflammasome formation.

Most MEFV gene mutations involve the C-terminal é&m(B30.2) of
pyrin. Normally, this region binds to and inhibike catalytic activity of the p20
and p10 subunits of caspase-1; the three most conmuations, which occur
in this domain, reduce the effectiveness of thigdinig and, consequently, the
inhibitory action on caspase (Figure 1).

MEFV, the gene responsible for the disease, is osexb of 10 exons and

has an overall length of 15 kb. To date, more th@ammutations in the MEFV



gene have been described, and, in many cases,nitiglways possible to

establish a genotype-phenotype correlation [9].
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Figure 1.Pyrin structure

The M694V mutation is the most commonly describethe MEFV gene
mutations. In 25-60% of cases, febrile episodesidebthe first decade of life,
and in 64-95% they manifest by age 20. Padeh ebaducted a study of large
number of Israeli paediatric cases and showed tsetoof disease for those
under 2 years-old, in contrast to the 2-16 age{fgraas characterized by febrile
episodes without other associated symptoms, oraivdipminal pain [10].

Episodes of fever are usually of short duratior3 (Hlays) and are
associated with abdominal pain (95%); chest paideiscribed in 33-53% of

cases; joint involvement is characterized by oligu#is and/or asymmetric



monoarthritis; erysipelas-like erythema in the loweatremities has also been
described.

Other clinical manifestations include myalgia, swpmegaly and
headache (15%). Laboratory tests reveal a markettaphilia and an increase
in the erythrocyte sedimentation rate.

The most serious long-term complication is represety amyloidosis,
the most common clinical manifestation of whictprsteinuria which can lead
to the onset, in certain circumstances, of clinpatures with kidney damage.
In less than 1% of patients, amyloidosis may resrethe onset of FMF.

Four ethnic populations have the highest prevalefcEMF (between
1:200 and 1:1000): non-Ashkenazi Jews, Turks, Ararenand Arabs. The
south-eastern Mediterranean is considered to bdottsion of the “original”
distribution of the disease. However, the migratbmpeople generally affected
by it has favoured the spread of FMF from the eadiéediterranean to wider
geographical areas [11].

Recent studies have expanded the number of growgwsrkto be affected
by FMF, extending into the European Union, inclgdthe Italians and Greeks.
In Italy, the number of patients is estimated todimut 278, including 85
patients from Sicily and 67 patients from Calalji@]. Rare, isolated cases
have also been reported in other ethnic groupsh siscthat of a Japanese

patient.



1.1 CLINICAL MANIFESTATIONS

The fever, which is the key symptom of the diseaaeges between 38°C
and 40°C, has an average duration of 12-72 haurgtiresponsive to antibiotic
therapy and undergoes spontaneous resolution. Thée debrile episode
associated with abdominal pain may mimic a clinmature like that of “acute
abdomen”, but even in this case the resolutionhef symptoms is usually
spontaneous [13].

Abdominal pain can be localized and then spreadther areas. When
inflammation involves the posterior peritoneum,c#&n mimic renal colic or
pelvic inflammatory disease. For this reason, & haen estimated that 30-40%
of patients, those who are not diagnosed promptlyy undergo unnecessary
surgeries, such as appendectomies and / or chtdetysies, without the
resolution of their symptoms. During the attackarmes in the patient’s bowel
habits may include complaints of constipation anddiarrhoea.

However, it is important to distinguish between nbali episodes
associated with acute attacks of FMF and thosetoluweher causes. In FMF,
there is typically a resolution of the clinical fice within 24-72 hours.

Joint involvement has been described in about fliffatents. Arthralgias
are most commonly arthritis cases and usually wevohedium and large joints,

such as the ankles and knees. Several cases ofligechave been reported,



with negative HLA-B27 antigen [14]. Acute episodek joint pain can be
triggered by minor trauma and / or physical effdratients with recurrent
arthritis have a three-fold higher risk of devetapiamyloidosis than patients
without joint involvement [13].

In addition, protracted febrile myalgia is a raramfestation of severe
forms of FMF, is characterized by the presence udgcate pain, fever, alterations
of laboratory tests, and has a variable duratie® {eeks).

Chest pain is generally an expression of the infiaton of serous
membranes and, therefore, there may be casesusigyl@and / or pericarditis.

The differential diagnosis is mainly with recurreditopathic pericarditis
[15], for which colchicinéhas proved very effective as a standard treatment.

Skin involvement is estimated at around 40% ofigpéé and is
manifested in the form of erysipelas, or erythematevents, which are warm to
the touch and raised on the skin, range from 1@h5in diameter, and are
usually located on the backs of the knees, theeardhd the feet.

Although renal involvement is more frequently asatmd with
amyloidosis, non-amyloid renal lesions have alsenbeescribed, such as
mesangial proliferative glomerulonephritis, fibauty glomerulonephritis, and
clinical pictures of vasculitis with renal involvemt, such as “polyarteritis

nodosa” and “Henoch-Schonlein purpura”.



In intercritical periods, the patient is usuallyy@ptomatic. The most
important long-term complication is amyloidosis. éng Sephardic Jews and
Turks, FMF is the leading cause of amyloidosis. Toealization is mainly
associated with persistent or worsening renal protm, up to clinical
conditions of nephrotic syndrome and chronic rdaiélire [13]. The deposition
of fibrils can occur in other sites, such as thestines, heart, endocrine glands,
spleen and liver. The incidence of renal amyloisid&is decreased dramatically
since the introduction of colchicine therapy. Relygnthe incidence of
extrarenal manifestations of amyloidosis has irszda following a higher
survival rate among patients with renal amyloidg$isated with dialysis or
transplantation).

The diagnosis of FMF is entirely based on clinisgns. Since 1997,
however, the MEFV gene has been studied for didgnosnfirmation. The
clinical diagnostic criteria were first formulatéy Tel-Hashomer [16] (Table
1), from which either two major criteria or one wrapnd two minor criteria

were necessary for definitive diagnosis.

Major criteria Minor criteria
Fever with peritonitis, synovitis, or pleurisy Recurrent febrile attacks
AA amyloidosis {without risk factors or other Erysipeloid erythema
chronic inflammatory diseases)
Response to colchicine Family history of periodic
syndrome

Table 1. Tel-Hashomer criteria
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Recently, in 2009, Yalcinkaya et al. [17] (Table é5tablished the following

paediatric diagnostic criteria:

Criteria

Description

Fever
Abdominal pain
Chest pain
Arthritis

Family history of FMF

Table 2. Yalcinkaya criteria

Axillary temperature > 387; duration
6-72 h; = 3 attacks

Duration 6-72 h; =3 attacks
Duration 6-72 h; = 3 attacks
Duration 6-72 h; = 3 attacks;
oligoarthritis
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1.2 GENOTYPE-PHENOTYPE CORRELATION

The genotype-phenotype correlation in patients WHdF is highly
variable and not always easy to discern. From #tia ceported in the literature
[18] (Figure 2), the presence of the M694V and M6&iutations in the
homozygous and/or compound heterozygous conditsomssociated with a
severe clinical phenotype including the early omdeatlinical symptoms such as
amyloidosis and arthritis. The E148Q mutation, ohe¢he five most frequent

mutations of the MEFV gene, has been associated wait‘mild” clinical

phenotype.
5° MEFV 3
R42W T2671 P39S F479L I391T R761H  AT448
E230K R408Q V726A
E167D V7041 K693R
E1480Q M694V  M6941
E148V Me694del
Litop 1692del
) T6811
The 5 commonest mutations M6801 (G/C
The 3 mutational hot spots M680I (G/A)
) M68OL
The 2 deletions 65N GETSE
The stop codon R653H  E636A

Figure 2. Description of MEFV gene mutations

According to the literature [19], about 1/3 of jeatis with a single
mutation have a phenotypic framework “compatibleithwFMF and are

responsive to treatment with colchicine.
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In support of this hypothesis, we report data feonecent study (Federici
et al.) conducted on 386 paediatric patients, obrwhl13 were carriers of
mutations in the MEFV gene, 46 were homozygotes arat compound
heterozygotes, and 67 were carriers of a singleatiomt For these groups,
differences that could be associated with differgehotypes were analysed,
resulting in the identification of five clinical getypes: 1) patients with two
high-penetrance mutations; 2) patients with ondr-hand one low-penetrance
mutation; 3) patients with two low-penetrance mots; 4) patients with one
high-penetrance mutation; 5) patients with one pemetrance mutation (Figure

3).
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Vheodd

Severe Chest pain Pleuritis Rash Exudative Laterocervical Erythematous
ghdominal Pharyngitis adenopathy pharyngitis
pain

M 2 High perietrance mutations

B 1lhighpenetrance+1 low penetrance mutation
[ 2 low penetrance mutations

C 1 high penetrance mutation

C 1 low penetrance mutation

Figure 3. Analysis showing possible differences identifyfivg clinical genotypes

The clinical heterogeneity of the disease hasdeithé formulation of the

idea of an “FMF-like” clinical framework for subjecwith two high-penetrance
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mutations and a “PFAPA-like” framework for patientgth a single low-
penetrance mutation [20].

The hypothesis has been advanced by several autfairsubjects with a
single mutation in the MEFV gene may have anothetatron in a second gene,
the two of which interact with each other, leadioga “variable” phenotypic
framework.

Another study, conducted on SAA1, coding for SAATusn amyloid A,
considered the possible role of a modifier genglifig it to be one of the few
examples of modifier genes in humans [21]. The @sthherefore concluded
that “modifiers genes” have an important role ited&ining clinical variability

in patients with a single mutation in the MEFV gene
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1.3 DIAGNOSIS

Acute episodes of FMF are associated with a nonHgpencrease in
inflammatory markers, such as serum amyloid A, irilbgen, erythrocyte
sedimentation rate (ESR) and C-reactive proteinyglsas an increase in white
blood cell count, which return to baseline levalsing intercritical periods [22].
Typically, chemical-physical examination of theng&idetects haematuria and /
or proteinuria.

Over the years, a large number of cytokines, chameskand other pro-
inflammatory proteins have been studied in patievith FMF. These include
IL-1, 4, 5, 6, 10, 12, 18, TNE-andy, cytokines associated with receptors,
complement proteins, adhesion molecules, growthofac immunoglobulins
[23]. The overall concept that has emerged frorsdhstudies is that FMF is not
an autoimmune disease. Therefore, there are noirandgboratory diagnostic
tests and / or specific instruments designed teatlet. Although more than 70
mutations in the MEFV gene have been described maprity of cases are
caused by four mutations in a single exon: M694V2&A, M680I, and M694l;
the relative prevalence of the different mutatiorsgies depending on the
population studied. For example, in the Turkishiyapon, which is the largest
ethnic group with FMF, the M694V mutation is the shdrequent (51%),

followed by M680I (14%) and V726A (9%).

15



Overall, about 80% of patients with FMF have amided mutation in
the MEFV gene, 57% are compound heterozygotes, 268 a single mutation,

and 16% have no mutations.
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1.4 THERAPY

At present, colchicine is the only effective therdpr FMF, improving
guality of life with a consequent reduction in tember of attacks or by total
resolution of the symptoms.

Akar et al. [24] evaluated the impact of colchicioa subclinical
inflammation and symptoms during intercritical jeils, documenting an
improvement in quality of life and the negativity taboratory tests after
colchicine use. The therapeutic dose of colchicnestablished based on body
weight: 0.03 mg / kg / day, up to a maximum of 3 /naigy.

The aim of treatment is the prevention of attacksl acontrol of
inflammation during subclinical intercritical peds. In cases not responding to
treatment with colchicine, it is possible to useesal new drugs, including IL-1
inhibitors of three known types: 1) Anakinra [28]) IL-1 receptor antagonist;
2) Rilonacept, a receptor inhibitor; 3) Canakinum@®], an anti-IL-1

monoclonal antibody.
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2. FABRY DISEASE

Fabry disease (FD) is a lysosomal enzymopathy dabgemutations in
the gene encoding the enzymegalactosidase A (GLA). This pathological
condition, resulting from a progressive congenitaketabolic defect, is
characterized by the accumulation of lysosomal agpbingolipids and
subsequent cellular and microvascular dysfunction.

The incidence is estimated at 1:40,000 [27] in ¢le@meral population,
although recent newborn screening initiatives Hawvmd an unexpectedly high
prevalence of disease. In Italy, approximately B,ib00 newborns were found
to have genetic alterations associated with FD,ijafGiwan, the incidence was
nearly 1 in 1,500. Of the latter group, 86% had N84 +919 G> A intronic
mutation which is involved in the alternative spig of messenger RNA and
which has previously been found in patients witlate cardiac variant of FD
[28]. The intronic IVS4 mutation +919G>A [29] watsa found in a Chinese
FD patient with a clinical picture of idiopathic grtrophic cardiomyopathy.

In FD, the lysosomal enzyme activity of GLA candiesent or deficient,
leading to the progressive accumulation of globosylceramide (Gb3 or GL-
3), a glycosphingolipid that accumulates within tlygsosomes, subcellular
organelles which are contained in a variety ofutatl structures, including the

endothelial cells of capillaries, various kidneyl dgpes (podocytes, tubular,
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glomerular endothelial, mesangial and interstitieglls), cardiac cells
(cardiomyocytes and fibroblasts) and nerve cells.

Tissue damage begins in childhood or even duriregafodevelopment,
but unlike many other lysosomal storage disordensst patients remain
clinically asymptomatic during the early yearsitd [30].

In subjects with FD, it is believed that the lysosd accumulation of
Gb3, and subsequent cellular dysfunction, activadesascade of events,
including apoptosis, the impairment of energy melism, the alteration of
small vessels, malfunction in the ion channelshatlevel of endothelial cells,
oxidative stress, tissue ischemia and, aboveldl development of irreversible

cardiac and kidney fibrosis.

19



2.1 CLINICAL MANIFESTATIONS

The first clinical symptoms may occur during chibaial, usually between
3-10 years, generally a few years later in girenthoys.

In turn, the clinical manifestations can vary, degiag on the age group.
In childhood, symptoms include acroparaesthesiay pasis, fever, elevated
ESR, hypo/anhidrosis, gastrointestinal symptoms,otegmuria, cornea
verticillata, angiokeratoma; in adolescence, matafilons include
angiokeratoma, fever, acroparaesthesia, dehydratemal failure, stroke/heart
attack/ transient ischemic attacks (TIA), pulmoneoynplications [27].

The full form of the disease is rarer than formarelsterized by single-
organ involvement, which occurs mainly in cardieenal and cerebrovascular
variants.

In 89% of cases, FD is likely to become chronicthwa tendency to
worsen over time. Among the early signs that oatwhildhood and which may
persist into adulthood, gastrointestinal involvemmsndescribed in 30-40% of
cases.

Patients usually complain of abdominal pain (pastgdral), diarrhoea,
nausea and vomiting. These gastrointestinal syngptoray be related to the

deposition of Gb3 in the autonomic ganglia of thestine and mesenteric blood
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vessels. In addition, the absence of sweating daosis) or a decreased ability
to sweat (hypohidrosis) are a common clinical sympamong patients.

From the dermatological point of view [27], the mh@®mmon clinical
manifestation are angiokeratomas: these are rassaks of varying size, red-
purple in colour, which are typically distributedrass the buttocks, groin,
abdomen and thighs, although they are sometimewlfoumucous membranes,
such as the oral cavity.

Histologically, the lesions are small superficiahemangioma that
increase in number and size with age and can heragolated or organized in
groups. Other cutaneous manifestations include ngetatasias and
subcutaneous oedema.

From the standpoint of ophthalmology [27], FD isakdcterized by
various ocular signs, with involvement of conjumatiand retinal vessels, the
cornea and crystal, including: cornea verticillaabcapsular posterior cataract
with a “radial” aspect, tortuosity of conjunctivahd retinal vessels.

Tinnitus [27] may be an early symptom as well, aseduction in the
hearing threshold has also been reported in childfbe progressive reduction
in hearing threshold was seen in 80% of males arfd of females when
assessed by auditory stimulus tests. Despite tls=nak of severe organ

dysfunction, these symptoms, alone or in combimatiman cause significant
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morbidity and limit the mental and physical devel@mt, social integration and
development of physiological activities.

The cardiac abnormalities may be present duringeadence in both
sexes and can be of various types: conduction aiaities (reduced PR
interval, arrhythmias, altered variability of heasdte valvular insufficiency),
orthostatic hypertension and ventricular hypertroglardiomyopathy.

The progression of heart damage can occur in yoadglts with
premature coronary artery disease, “non-obstruttiveft ventricular
hypertrophy, valvulopathy [27] (mitral valve prokp is the most frequent
alteration).

The involvement of the cerebral microcirculationynee responsible for
ischemic clinical pictures in young adults. NeugM@l manifestations,
impairments resulting from multifocal cerebral noicirculation, may include
TIA, convulsions, parkinsonism, ischemic or hemagic stroke. These first
neurological problems are also an expression ofirthelvement of peripheral
somatic nerves and the autonomous nervous systhen.offiset of symptoms
typically occurs in later life, earlier in malesathin females.

Pain is one of the first symptoms and can be djatshed between: a)
episodic crises (“Fabry crises”), characterizedridgnse pain that radiates to the
extremities of the limbs and other body parts, Bnhdhronic pain, characterized

by burning, tingling and numbness.
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Painful crises may be triggered by fever, exercstegss or sudden
changes in temperature. When crises are triggeremcaompanied by fever,
patients usually present with an increased ESR. thiwr reason, FD can
sometimes be misdiagnosed as other conditionsjdmg rheumatoid arthritis,
rheumatic fever, FMF, Raynaud’s phenomenon, systénpus erythematosus
and“growing pains”.

The pain may be of reduced intensity in adulthdod;this reason, it is
important to research the history of each patienparticular the presence of
acroparaesthesias in childhood [27].

The natural course of Fabry nephropathy in childhand adolescence is
still not largely understood. Warning signs of gdddney damage include the
development of microalbuminuria and proteinuriaatly in second decade of
life.

From the histological standpoint [27], irreversibhanges in the
glomeruli, tubules, interstitial and vascular stares can be observed by renal
biopsy, sometimes before the appearance of miangaturia. A reduction in
the glomerular filtration rate (GFR) is rare inldhiood, though more common
in adolescence.

As happens in most cases, renal disease worseimsaget Renal lesions
are secondary to the storage of Gb3 [31] in glotaerendothelial, mesangial

and interstitial cells, and in podocytes. Kidneylui@ is manifested by
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microalbuminuria and proteinuria beginning durinther the second or third
decade of life.

The clinical signs of respiratory involvement ameemional dyspnea,
chronic cough and asthma, and are frequent ind$mtas.

Traditionally, females have been considered to beterbzygous
“carriers” of the defective gene who do not develop symptofrthie disease.
Indeed, as reported by several studies in theatitee, even women who are
heterozygous [32] for mutations in the GLA gene ndgyelop a‘mild” FD
clinical picture. The clinical signs and symptomse axtremely varied in
heterozygous females, and this phenotypic hetemtyems partially due to
“lyonization”, the process by which a copy of the X chromosonmanslomly
inactivated in all cells of the female, so thatenerygous females constitute a
“mosaic”.

Furthermore, heterozygous females may be symptonjatobably as a
result of X-chromosome inactivation, which resuiits a higher percentage
developing X-linked genetic diseases [32].

So, generally, heterozygous females may developadanto organs
including the heart, braifrarely) and kidneygdmore slowly than males)Yhe
“classical” severe phenotype like the one common for males drdg
occasionally been observed in females. The possiaeptoms include pain,

orthostatic hypertension, angiokeratoma, ocular oabalities, cochlear

24



involvement and reduction in the hearing threshghstrointestinal symptoms
and respiratory tract involvement.

The median age of onset of symptoms among wometB84280 years.
There are alsdAtypical Variants of FD, characterizing those patients with
mainly renal and cardiac involvement, respectivaly, well asintermediate
Variants, described in patients who did not show the charitic signs of FD

during the period between 3 and 6 years of lifd.[33
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2.2 DIAGNOSIS

FD has X-linked transmission which is characteribgda deficiency of
the lysosomal enzyme GLA. It is encoded by a unigaee, the GLA gene,
which is located on the long arm of the X chromospm position Xq22 [34].

The GLA gene is composed of seven exons distribaved 12,436 base
pairs. There is extensive allelic heterogeneityrmgenetic locus heterogeneity.
FD can be caused by a variety of point missens®onsense mutations, splicing
mutations, small deletions or insertions, and latgletions. Defects in the gene
encoding GLA are very heterogeneous, most of whmhder the enzyme
nonfunctional.

Many families have unique mutations, which coultepbally explain the
intra-familial variability found for FD. Single nieotide polymorphisms, such
as ¢.-30G> A, c.-12G> A and c.-10C> T in the 5’ranslated region (5'UTR),
p.Asp313Tyr in exon 6, and sequence variations (RNfiave been described.

Whether these are true mutations or simply polymisms [35] is still
undergoing debate. More than 500 mutations in GeAegghave been described
in FD patients. About 75% of the genetic alteragicausing FD consist of point
nonsense or missense mutations; in addition, extengarrangements, little
insertions or deletions, and defects in the spmlicprocess have also been

described.
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“Atypical” variants of the hemizygous phenotype, presentingd m
symptoms, are mainly associated with point missengtations and maintain
some residual GLA activity.

Attempting to predict the clinical course of theehse which corresponds
to a specific mutation is, at present, extremetiradilt [36]. Another obstacle to
the establishment of genotype-phenotype correlatiam the continuous
discovery and description of new mutations in the\@ene.

A recent study of 36 unrelated families has describventy-two new
mutations in the same number of family strains (di8sense, 3 nonsense, 3
splicing defects and 6 small insertions or deletfjpmwhile previously-identified
mutations were found in the remaining 14 families.

Point mutations, as well as large deletions, haenhbdentified in intronic
regions of the GLA gene. These, if they coincidéhvaplicing sites [37], may
cause a defect in the processing of pre-RNA andsequently, lead to the
formation of abnormal mRNA.

The location of the individual genetic alteraticarsd the type of specific
amino acid substitution do not, at this time, pdavguidance criteria regarding
the prognosis; in fact, adjacent point missenseatimunts in the same coding
sequence but which correspond to very differemiadl pictures have been

described.
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Recently [27], the key role of the carboxy (C)-terat region of GLA in
the regulation of enzyme activity has been discedeMutations that cause a
single amino acid substitution [38] in this regiare described irfatypical”
cardiac variants of FD, while the interruption bétamino acid sequence in the
C-terminal region is associated with severe clinieapression, even in
heterozygotes. Recent studies have also shownttieateduction of enzyme
activity [39] can be determined by mutations that bt directly affect the
activity itself but which are involved in the mas@mance of the structural
stability of the enzyme. These proteins are notpery processed and are
retained in the endoplasmic reticulum, subjectegrddation, which results in a
deficiency of protein concentration. It may be intpat to identify the variety
of mutations determining the incorrétblding” [39] of the protein in order to
highlight that the incorrect structure can be pgémetically significant in the
clinical pictures of disease (Figure 4).

The demonstration of deficient GLA activity in phag or leukocytes is
the standard laboratory method which, when systeaigt used to confirm the
clinical diagnosis of FD in males, can provide dasiwwe results. In contrast,
affected females may have enzyme activity whicls faithin the normal range.
Therefore, in such cases, GLA gene analysis aimedeatifying mutations

responsible for FD is essential.
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Figure 4. Conformational structure of the enzyme protein

Finally, the dosage of plasma Gb3 [31] has alsm lpgeposed and used in the
biochemical diagnosis of FD, but it is a method th&es time. Whereas plasma
levels of Gb3 are generally lower in females thaaes, the evaluation of the
urinary excretion of Gb3 (Figure 5) is consideredebable indicator in most

patients, both male and females.
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Figure 5. Gb3 structure
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However, though the determination of Gb3 levelgplasma and urine
analyses is necessary, they do not always cornitiiehe severity and onset of
clinical manifestations. In recent years, lyso-G{3b3 deacetylated) has
emerged as a possibly more reliable marker thalititvaal Gb3 because there is
a clearer correlation between deacetylated Gb3dewel the onset of symptoms

in FD subjects [40].
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2.3 THERAPY

The symptomatic treatment of FD relies on the usérags aimed at
controlling painful crises. If indicated, nonspexifirug therapy (antiplatelet

agents, anticoagulants, antihypertensives, stashsuld be continued even

while making use of enzyme replacement therapy (B4, 41] (Figure 6).

Organ/system  Assessment Guidelines
z: i ) c) + 4
General General status, quality of life (SF36° Health survey, EuroQOL or PedsQL® Baseline (at first visit), every 12 months
measurement made), school or work performance, depression, anxiety, drug
use, somatic growth
Complete physical exarmination Baseline, every 12 months
Genetic counseling Baseline, on request
Alpha-galactosidase A activity and genotype If not previously performed or determined
Kidney Baseline. Every 3 months if CKD stage 1 or 2
and >1 g/day of proteinuria or CKD stage 4
Serumn creatinine, icnogram, BUN; morning spot urine for urinary protein/ Every & months if CKD stage 3
creatinine ratio and albumin/creatinine ratio Every 12 months if CKD stage 1 or 2and <1 g/
Urinary Gbs (optional) day of proteinuria
Cardiac Palpitations, angina Baseline, every & months
Blood pressure, rhythm Every evaluation visit
ECG, echocardiography 2-D with Doppler Baseline, every 12 months
Holter monitoring If an arrhythmia is suspected or palpitations are
presert
Cardiac MRI Every other year
Coronary angiography If clinical signs of angina
Neurologic Acroparesthesias, fatigue, fever, heat and cold tolerance, stroke-related Baseline, every 12 months
syrmptoms, TIA
MNeurologic examination, questionnaires [Brief Pain Inventary) Baseline, every 12 months
Brain MRl without contrast Baseline
At time of a TIA or stroke event
In fernales to document CNS involvement
Every 3 years
Magretic rescnance angicgraphy If cerebral vasculopathy should be excluded
Comaorbid stroke risk facters: Cholesterol (Total, LDL, HDL), triglycerides, Lpa, Baseling, every 12-24 maonths
total plasma homogysteine
ENT Tinnitus, hearing loss, vertige, dizziness Baseline, every 6 months
Audicmetry, tympanometry, otoacoustic emissions Baseline, every 12 months thereafter
Ophthalmologic General ophthalmologic exam (slit-lamp, direct ophthalmoscopy, best corrected  Baseline, every 12-24 months
visual acuity, visual fields)
Pulmonology Cough, exertional dyspnea, wheezing, exercise intclerance Baseline, every 12 months
Spirometry If clinical signs
Gastrointestinal Postprandial abdominal pain, bloating, diarrhea, nausea, vomiting, early satiety,  Baseline, every 12 months
diffict aining weight If symptoms persist or worsen despite
Endoscopic evaluations treatrment
Skeletal Bone mineral density, 25(0H) vitamin D levels Baseline

Figure 6. Management of multi-organ Fabry disease
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ERT involves the intravenous administration of ttheficient enzyme
every two weeks. The studies [42] reported in tkerdture have shown the
effectiveness of enzyme therapy in slowing the msegjon of renal and cardiac
damage and in improving symptoms related to theli@ament of the peripheral
nervous system. Generally well-tolerated, enzyneaty has been shown to
bring about a significant improvement in patiergsality of life after about 1-2

years of therapy with agalsidase A.
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3. OBJECTIVE OF THE STUDY

In the absence of a severe clinical picture, soiymptoms of FD
(recurrent fever, storage disease, renal and almddrpiain) can be confused
with those of FMF, causing erroneous diagnosedwf Bnd, consequently, the
underestimation of FD [43]. For this reason, onghef goals of this research

project was talemonstrate how, in the absence of a severe clinicgystemic

picture of FD, the clinical overlap between FD andFMF can lead to

diagnostic errors.

This difficulty in correctly differentiating betweehese diseases supports
the idea that an analysis of the GLA and MEFV gerédsng with taking a
careful family history, should be performed for phtients with a suspected
diagnosis of FMF in case their diagnosis turnsnmtitto be genetically justified.

In addition, the genotype-phenotype correlatiorpatients with FMF is
highly variable and not always easy to identify.

This is due, in part, to the fact that 30% of FMi&Ei@nts with compatible
symptoms are carriers of a single demonstrabletrontan the MEFV gene [44,
45]. The hypothesis that subjects with a singleatnon in the MEFV gene may
have mutations in a second gene has already bken tato account, and the
SAA1 gene, which encodes the serum amyloid A, lees bdentified as one of

the few examples of a modifier gene in humansH&jnce, modifier genes may
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be important in determining the clinical varialyilamong heterozygous patients
with MEFV mutations. In addition, the genes of atheutoinflammatory
syndromes (MVK, TNFRSF1A, PSTPIP1) were considew@s potential
modifiers of the FMF heterozygote phenotype, bus thypothesis has not
produced encouraging results [46].

Among the diseases that beginsin childhood, or ®dwe such
as frequent symptoms, recurrent episodes of faver gastrointestinal
manifestations, there is also Fabry disease.

So my research project also aimgm consider the GLA gene as a

possiblemodifier genethat may aggravate the clinical phenotype of FME

The idea of studying the GLA gene in subjects vaitdiagnosis of FMF
derived in part from the analysis of two cases MFFmMisdiagnosis. These two
probands who had been diagnosed with FMF also yragtems related to FD,
such as recurrent fever, acroparaesthesias, cardegrologic and renal
dysfunction.

Thus, genetic analysis was performed not only enMEFV gene, whose
mutations are responsible for FMF, but also on®h&# gene responsible for
FD. Genetic analysis did not support the diagno§iBMF [43], as the results
showed that, in both probands with suspected FMe&tetwere no significant

mutations in the MEFV gene related to the disedablé 3).
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GLA MEFV
Enzyme
Activit 5
sttty | Exenl | fxen2 Bxon 3 fxend fxon 3 Bxen 6 fxen? Exon2 Exon3 | Exon 10
nmel/ml L
/h
c.370-76 -
30del
. ) LT ) c.640-16A>G c.1000-22C=T ) )
Proband 3,2 A0 CT wt 5horno;_3gotesg wt {Iiwomoz cotes) wt njihomoz cotes) wt p.P3695 wt
p.5126G
- c.370-76 - e A Ann .
Father 46 wt wt — wt c.640-16A>G wt c1000-22CT p.E1420 p.P36395 wt
- 30del -
2 ¢370-76 -
% o 20del e e PR
w Mother 23 A0 CT wt N wt c.640-16A>G wt c.1000-22C-T wt wt t
p.5126G
c.370-76 -
30del
. o _ L= c.640-16A>G c.1000-22C>T _ .
Sister 3.2 S0 CeT wt 5}1orr104__& 70 tes) wt (homozyzotes) wit {homozyeotes) p.E143Q wit wit
p.5126G
Enzyme
Activity
Exon1l | Exon2 Exon 3 Exon 4 Exon 3 Exon 6 Exon 7 Exon 2 Exon3 | Exon 10
nmol/ml | = i i e e i e e T i
/h
. 10 C-T _ c.370-76 - . A At . PP
: Proband 2,8 M5 wt oodal wt c.640-16A>G wt c.1000-23C-T wit wit p.A7445
= S0 CeT 370-76 -
g Father 43 - wt £ 20dal wt c.640-16A=G wt c.1000-22C-T wt wt p.A7445
5 —_—
Mother 35 p.M311 wt wit t wi wit wt wt wi wit

Table 3. GLA and MEFV genetic diagram of two families. Aflutations are underlined,
mutations in the coding regions are in bold redrn\a values of GLA activity assayed in
whole blood are> 3.5 nmol/ml/h.

Instead, both subjects were identified as havimghexmutations in GLA
(Table 3). These two mutations, p.M51I and p.S126&ve been identified in
the literature as responsible for an atypical vdrand the classical form of FD,
respectively [30, 36, 38]. These amino acid suli#bits were also found in
other members of both families. In addition, thegence of intronic mutations
in the GLA gene (Table 3) aggravated both familgeshetic situations [35, 47-

51].
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These mutations in intronic regions may, accordingdata in the
literature, play a role in both the quality and it of GLA transcription and
translation [47, 48]. This hypothesis is strengd#tenin some cases, by the
presence of the accumulation of Gb3 or lyso-Gb3hm blood and urine of
patients with these mutations [51]. In light of 4keresults, MEFV and GLA

were analyzed in 186 patients who had been diagnegk FMF.
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4. MATERIALS AND METHODS

We analyzed 186 patients who had been diagnosdd Riit=, a group
made up of 93 women (age range 7-50 years) and €8 (age range 5-30

years).

DNA isolation
DNA samples were isolated from whole blood by caluextraction
(GenElute Blood Genomic DNA Kit, Miniprep, Sigmadkich, USA), and their

concentrations were determined using a spectropieday.

HRM analysis and DNA sequencing

High resolution melting (HRM) analysis was perfotmen the DNA
samples, using the Light Cycler 480 system (Rocpplidd Science, Germany).
This system is able to detect any sequence variatithe amplicons of the gene
under analysis by using a programme known as “GCecenning” software
(Roche Applied Science, Germany). HRM analysis e a@o detect gene
mutations according to the dissociation temperatfrévo strands (Tm) and

subsequent melting curve analysis (Figure 7).
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Figure 7. Melting curves of a mutated sample (red curve) hedlthy control (blue
curve)

The whole process of real-time polymerase chaicti@a (PCR) HRM
analysis consists of an amplification step for BI¢A regions targeted and a
subsequent separation of amplicons induced by @ease in temperature. The
melting curves generated are subsequently analygew) the Gene Scanning
application.

This method uses the “new generation” SYBR Greea, dife Light
Cycler 480 HRM dye, which is able both to bind lictlze minor grooves and to
the DNA double strand. Therefore, the change inréscence is used both to
monitor the increase in DNA concentration duringl#tme PCR and to
construct the melting curves during HRM. Three grirpairs were designed for
the analysis of exons 2, 3 and 10 of the MEFV g@rable 4). Seven pairs of
primers were designed for the analysis of sevegetaregions containing the
seven exons of the GLA gene and the splicing régnasequences flanking
them (Table 4).
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Region Primers
E 1 5 - TCTTACGTGACTGATTATTGGTCT-3
Xon
5'-CACACCCAAACACATGGAAA-3
B 5 5 -TGAAATCCCAAGGTGCCTAATA-3
O
5 -GTACAGAAGTGCTTACAGTCC-3'
5 -ACCTGGTGAAGTAACCTT-3'
Exon 3
5'-CTCAGCTACCATGGCCT-3'
i E 4 5 -GCTGGAAATTCATTTCTTTCCC-3
Xon
Q 5 -GGATGGTGAGAAGTGGTTG-3’
Evons 5 _AATCTGTAAACT CAAGAGAAGGCTA-3
Xon
5 -CTTTACCTGTATTTACCTTGAATG-3
5 -GATGCTGTGGAAAGTGGTT-3
Exon 6 - -
5 -GLCCAAGACAAAGTTGGTAT-3
5 -AGAATGAAT GCCAAACTAAC-3'
Exon7 - -
5-ATGAGCCACCTAGCCTTG-3
5 -GCCTGAAGACTCCAGACCA-3
Exon 2 - .
5 -TCAAGGCTTCTAGGTCGC-3
E 5 -TCCCCGAGGCAGTTTCT GGG CACC-3"
w Exon 3 - -
= 5 TGGACCTGCTTCAGGTGGCGITTA-3'
5 TTACTGGGAGGTGGAGG-3
Exzon 10 - -
5-AGGGCTGAAGATAGGTTG-3

Table 4. Primer sequences used to analyze the GLA and Migfiés

The following real-time PCR conditions were useeBbng of genomic
DNA was amplified in a total volume of 2@ containing Light Cycler 480
Master Mix (comprising a fluorescent HRM dye; RocAeplied Science,
Germany), 3.5 mM MgCI2, 0.2M specific PCR primers.

Amplification parameters used in the Light Cycl@&04nstrument were:
95°C for 10 minutes, then 40 cycles each at 95tfCl@bseconds, 58°C for 15

seconds and 72°C for 15 seconds (Figure 8).
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Figure 8. Amplification parameters used in real-time PCR HRM

After amplification, PCR products were melted fro$6°C to 95°C
(Figure 6), and the melting profiles were analyaesing Gene Scanning
software. In order to ensure the detection of hgguies in the GLA analysis,
male samples were treated by adding a wild type DOi¢Anterpart, in a 1:1
quantity ratio, to produce artificial heterozygotaad induce heteroduplex
formation.

PCR products presenting melting curves differenpasition or shape
from those of the wild type control were sequent®ddentify the suspected
mutations (Figure 7). Purified PCR products wer@usaced using the

automated DNA sequencer at BMR Genomics.

a-galactosidase activity assay
GLA activity was determined by a modified versiontioe Dried Blood

Filter Paper test described by Chamoles et al. [Ba¢fly, duplicate samples of
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whole blood spots (5.pl/disk) were incubated at 37°C, against a blank 1{d2
and 3 hours, with 70 of a mixture containing 4-methylumbelliferyl-a-D
galactopyranoside 5 mM and N-acetyl-D-galactosaniirgs M, in a ratio of
2.5:1 (v:v), both in citrate-phosphate buffer (CRB)5 M pH 4.5.

To control the specificity of the enzymatic reantiave used the GLA
inhibitor deoxygalactonojirimycin-hydrochloride 0.éng/ml in CPB. The
reactions were stopped at different times by ad@®@ul of ethylendiammine
0.1 M pH 11.4. Released 4-methylumbelliferone (4)Mbés measured using a
Wallac Microtiter Fluorometer plate reader (PerEhmer, USA) at 355 nm
excitation and 460 nm emission wavelength with libion curve up to 20
nmol 4-MU sodium salt. Enzymatic activity was maasuas U/ml/hr (1 U = 1

nmol) of 4-MU by integrating the three differentdgmoint reactions.
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5. RESULTS

Molecular analysis of the MEFV and GLA genes wadqgrmed on 186

patients with clinical diagnosis of FMF. 21 patei(t1.3%) tested for the gene

had a MEFV mutation in homozygosis (M680I, R761HyM), 9 (4.9%) were

“compound heterozygotes” (M694V-E148Q, M694V-M69#6801-V726A),

57 patients (30.6%) were carriers of a single nmtain the MEFV gene

(M680I1, M694V, P369S, E148Q, V726A), 99 did not g@et mutations in

MEFV (53.2%) (Table 5).

Patients with suspected
diagnosis of FMF

N. Patients with MEFV gene
mutations

Homozygotes
(M680I, R761H, M694)

21

Compound heterozyqote

(M694V-E148Q, M694V-
M6941, M680I-V726A)

[%2)

Heterozygotes

(M680I, M694V, P369S,
E148Q, V726A)

57

MEFV negative subjects

99

Total subjects

186

Table 5:

Results of MEFV gene analysis conducted on patidiatgnosed with FMF
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Patients homozygous for MEFV showed a “classicélénmotypic framework,
while heterozygous ones manifested phenotypic fraomies of “mild” and / or
“PFAPA-like” type (recurrent fever, exudative phagytis, aphthous ulcers of
the oral cavity, lymphadenopathy).

As stated previously, the determination of genofgpenotype correlation
is not always straightforward for FMF; the clinicaknifestations and severity
of the phenotype depend on the type of mutatioretiadr they are of high and /
or low penetrance, and the presence of “compouterdey/gosity”.

The subjects in which the clinical diagnosis of FNi&s not been
supported by genetic analysis of MEFV showed soynagptoms of FMF, such
as recurrent episodes of fever and abdominal pai@.“incidence” of individual
clinical manifestations in our case studies is regub in the graph below,

according to genotype (Figure 9).

100%0- =

90% i

80%: - | Homozygous
70%; - | MV

60% - | llHomozygous
50%¢ - | M680l; R761H
40%(] | | []Compound
30% — | Heterozygotes
20%r " |[OHeterozygotes
10%r7 i

0% —

AP CP AA Fever
Figure 9. A.P.: abdominal pain; C.P: chest pain; A/A: atibfarthralgia, fever
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GLA gene analysis of the same group has allowetbusocument the

presence of GLA gene mutations in 66/186 patienitis suspected diagnosis of

FMF (Table 6).

alpha galactosidase A gene
= ) Total
Havlotvpe Fxon 1 Intronl Intron2 Intron 3 Intron 4 Intron = Intron & Intron 4 mutated
A0 g Exon2 Exon3 Exon4 Exons Exon 6 Exon 7 -
dartad ks ] samples
- N IVS2- N IVS4-16 - IVS6- -
1 -10 C=T wt 76_80dels wt A wt 23T wt 33/186
IVS2- IVS4-16 IVSs- o
al A A A AT AT /
2 wt wt 76_80delS wt A wt 22 (ST wt 6/186
- IVS4+68 IVS6- o
<] N ele=y. A A A e o 3/
K 12G-A wt wt wt AC wt 22 (T wt 3/186
. . - - IVS4+68 - IVS6- IVS4+866_ 1
4 -12GEA wt wt wt A>G: wt 220>T 867delAC 15/186
IVSa. IVS4+68 IVS6-
243 -12 G=A wt - wt A>G; IVS4- wt 22C>T wt 3/186
76_80del5 . .
— 16 A=G omozigosi
Exonic
mutation wt wt p-S126G wt wt wt wt wt 3/186
Intronic IVSS-
mutation wt wt wt wt wt 33C=G wt wt 3/186
Total samples with mutation in GLA gene 66/186

Table 6. Mutations individuated in the GLA gene and the bemof patients with these
mutations / total number of patients studied

The S126G mutation, responsible for the classimahfof FD [36], was

found in 3/99 patients diagnosed with FMF but lagkmutations in the MEFV

gene, all members of the same family(Table 7).
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Gene alpha galactosidase A

Number of patients Total of vatients
| ot | ewd | powd | bewd | e | hewe | | vilhont mutations i | 'i \ﬁﬁMt ol
Ean Ew? | Emd | Emd | Bwf | Emo | Bm? | M| nmrv gene and with | ° MR R

. o FMF
exonic mutations in GLA
Exoc wt Wt P'SIMG Wt wi wi Wt Wt 399
Inutation i
136
Total samples with exonic mutation in GLA gene 3/99

Table 7. Number of patients diagnosed with FMF, negativeMiiEFV gene mutations, but
having an exonic mutation in the GLA gene.

Analysis of enzymatic activity showed that thesaifg members with the
S126G mutation in the GLA gene (Table 7) reportemlues of alpha
galactosidase A activity lower than normal rangerigmal values of a-
galactosidase A activity in whole blood &r&.5 nmol/mi/h).

A careful clinical investigation showed that theyamfested certain
clinical signs characteristic clinical picture ofsgstemic disease such as FD,
such as heart disease and the coexistence ofatiffsymptoms. These subjects,
in fact, showed an involvement of systemic signgl aymptoms more
suggestive of FD compared to patients without nmtatin GLA.

Of the 21 patients homozygous for mutations in MEFV gene, 9 also
had intronic mutations in the GLA gene which waensmitted as an haplotype

(Table 8).
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alpha galactosidase A gene

L N - s ‘ Number of homozigous Total of patients
Hulogpe | Espl | uonl | Do 2 Dot I 4 Dnson S0 e 000y | patients in MEFV gene | studied with suspected
Exam2 | Eson3 | Exmd | Exon§ | Eson6 | Eson’ : "
with mutation in GLA FMF
, Vs , 1VS4-16 ) IVS5- , ,
1 -10 C=T W 76 80dels W 4G Wt 1T Wt 921 _
186
Total samples with mutation in GLA gene 921

Table 8.Number of patients homozygous in MEFV also havingations in the GLA gene

All 21 of the patients homozygous for the MEFV geshewed a classical

picture of the FMF phenotype, characterized by mecu fever, arthralgia,

abdominal pain, myalgia and gastrointestinal everte 9 subjects also having

mutations in the GLA gene (Table 8), while respagdivell to colchicine,

maintained high values of SAA> 50 mg /dl, which &v@ormal in the patients

without mutations in the GLA gene were found.

Of the 9 patients compound heterozygous for the WIgéne (Table 9), 3

were also found to have intronic mutations in GLA.

Gene alpha galactosidase A

Number of compound .
Intonl/ | Inpon? | Iymon3/ | Intond/ | Intren$/ | IntronS/ heterozygous patients in Total of patents
. 1 nironl/ 2 / ntrand/ nirons/ ntron 1 AL . . :
| B gy | B3 | Bnd | Bms | Bw | Bl | U yppvgeeyn | eV Sspected
o FMF
mutations in GLA
IVS4+68 IVS6- ;
3 1264 wi Wt Wt o0 ¥t neT Wt 39
186
Total samples with mutations in GLA gene 39

Table 9. Number of patients compound heterozygous in MEF® &laving mutations in the

GLA gene
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These 3 subjects, compared to the 6 compound aggtes in which the

investigation of the GLA gene was negative (Tahlst®wed, in addition to a

PFAPA-like clinical picture, multiple cerebral ismmia, early signs of renal

impairment (proteinuria) and reduced hearing tholsh

Of the 57 patients with single mutations in the MEgene, 18 also had

mutations in the GLA gene. (Table 10).

alpha galactosidase A gene

; . ; ; ; ‘. Number of heterozygous |  Total of patients
Haplotype | Exonl w}, %3 w: w: %ﬁ %ﬁ Inond | patients in MEFV gene | studied with suspected

with mutation in GLA FMF
IVs2- IVS4-16 IVs6- &7
1 10 C>T wt 78 80dels wt oC wt NOST Wt 15/57
Intronic IVS5- .

mutation wt wt wt wt wt 306 W W 357 186
Total samples with mutation in GLA gene 18/57

Table 10. Number of patients heterozygous in MEFV also havimgtations in the GLA

gene

Clinically, there were no significant differencestlveen subjects with a

single mutation in the MEFV gene and those in whacthtations were also

found in GLA (Table 10). On average, these subjeaart from some

presumptive FMF symptoms (fever and abdominal patijl not show a

characteristic pattern of FMF. In fact, some suisjefwith and without

mutations in GLA) had other signs which are not swn to FMF, such as
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angiokeratomas,

gastrointestinal

events,

defects, dyspnea and recurrent headaches.

cardiadhytmias,

conduction

Of the 99 patients who had been diagnosed with BMFEvhose MEFV

gene analysis did not support such a diagnosise38 found to have mutations

in GLA (Table 11).

Gene alpha galactosidase A
Number of patients .
3 . pa s Total of patients
Hanlotvoe | Fron 1 Intronl Intron2/ | Infron3 Itrond/ | Tntron S/ | Inron6/ | Lo without mutations in tudied with suspected
S B Exon? Exon 3 Exond Exon 5 Exon 6 Exon 7 s MEFYV gene and with studied with suspected
o FMF
mutations in GLA
IVs2- IVS4-16 IVS6-
0/0C
1 10 C=T wt 76_S0dels wt A0 wt 20T wt /90
IvVs2- IV84-16 IVS6- :
2 wt wt 76_80dels wt A-G wt 210-T wt 6/99
IVS4+68 IVS6- | IVS4+866 =
-12G=. = 04 -
4 12G-A w w w A0 " 20T | 867elAG 1599 186
— TVS4+68 IVS6-
243 212 G=A wt o ani wt A=G; IVS4- wt 220-T wt 3099
76_80delS 16 A-C L
A= 0omo71g051
Total samples with mutations in GLA 33/99

Table 11.Number of patients without mutations in MEFV buvimg mutations in the GLA

gene

There were no striking clinical differences fourgtween these groups of

patients (Table 11). Both the 33 patients withanic mutations in the GLA

gene and the 63 subjects in which the analysis vegmtive for both genes,

except for a few symptoms suggestive of FMF (feaed abdominal pain),

showed other systemic signs and symptoms.
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All the patients with mutations in intronic regiaf GLA gene reported
values ofa-galactosidase A activity within the normal ranger(al values of

a-galactosidase A activity in whole blood &&.5 nmol/ml/h).
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6. DISCUSSION

The first objective of this research project wasléononstrate how, in the

absence of a severe clinical picture of systemicdxM@rlapping clinical features

of FD and FMF can lead terrors in diagnosis, as noted in the two cases

described in the “objective of the study” section.

The identification of the S126G mutation associatgth FD [36] in 3
patients belonging to the same family, in which phesumptive diagnosis was
of FMF, leads us to consider the hypothesis ofstudy to be valid. In fact, the
exonic mutation which results in the substitutidragolar amino acid (serine)
for part of a non-polar amino acid (glycine) hagmassociated with FD in the
literature.

Thus, some clinical symptoms of FD (recurrent feyadney storage
disease and abdominal pain) may be confused witbetlof FMF [43], causing
an error in the diagnosis of FMF, and consequedtlyunderestimation of FD.
For this reason, a careful genetic analysis ofGh& and MEFV genes, as well
as a proper family history, needs to be done ftyjesiis presenting a clinical
picture compatible with the two diseases.

The data from our study, obtained from a seriesebécted patients, can
be considered very significant especially when camag to the incidence of FD

in the general population. Furthermore we plan tderd the genetic
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investigation of the GLA gene to a wider seriespafients with diagnosis of
FMF, focusing particular attention on those cadest tlo not respond to
colchicine and those in which the diagnosis isaastfirmed by the presence of
mutations in the MEFV gene.

The second objective of this research project wasonhsider the GLA

gene as a possible modifier gene in FMF.

The choice to study the gene GLA as a possible fieodjene in patients
with FMF derives from the fact that 30% of FMF patis with compatible
symptoms are carriers of a single demonstrabletrontan the MEFV gene [44,
45]that alone, however, would not be responsible MFF

Other studies that were designed to analyze geties than MEFV in
patients with FMF as potential modifier genes hbgen carried out on SAAL
(serumamyloid A) and genes related to other adtomhatory syndromes
(MVK, TNFRSF1A, PSTPIP1). This hypothesis has pamtl encouraging
results, including the finding that SAAl is indeede of the few known
examples of a modifier gene in humans.

Regarding our results, the clinical diagnosis ofmbaygous and
compound heterozygous individuals with mutationshie@ MEFV gene as well
as mutations in the GLA gene showed some diffeemdeen compared to the
subjects with only mutations in the MEFV gene. Toemer tend to manifest

high inflammatory indices and the presence of oti@r-specific symptoms of
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FMF, such as multiple cerebral ischemia, early sigi renal impairment
(proteinuria), as well as a reduction in hearingshold.

So, given the clinical and genetic results obtainkdis possible to
hypothesize that, in subjects homozygous and bopound heterozygous for
the MEFV gene, the presence of a mutation in thé @ene can “aggravate”
the clinical phenotype.

In conclusion the following assumptions may be made

1) in individuals carrying a single mutation in the FN gene and
manifesting a phenotype compatible with the diagno$ FMF, but
with an incomplete genotype, the presence of a toatan the GLA
gene may support the hypothesis of “gene modifjeastording to
which particular groups of genes change the exjress a simple

character which usually depends on a pair of ajele

2) in individuals carrying a single mutation in the PN gene and having
an incomplete phenotype, and in those whose gemetatysis of
MEFV does not justify diagnosis with FMF, the déi@c of intronic
mutations in the GLA gene could support the diagna$ another

systemic pathology.

These results obtained concerning the interacteawéen the MEFV and
GLA genes are preliminary. We intend, thereforegxtend the study to a larger

and more selective patient series.
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