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SUMMARY

Perforin is involved in cell-mediated cytotoxicityhich plays a key role in the
immune response against viral infections, but d@lgo involved in downmodulation of the
immune response through fratricide of activated imencells. Since both viral infections
and downmodulation of the immune response may b®liad in development of
autoimmune diseases, this thesis investigated whe#riations of the perforin geneRF1)
may contribute to development of autoimmunity, fgiog on Autoimmune
Lymphoproliferative Syndrome (ALPS) and Multiplel&osis (MS).

ALPS is an inherited autoimmune diseases causedubtgtions decreasing function
of the Fas death receptor involved in downmodufatid the immune response. ALPS is
characterized by autoimmune manifestations and naglation of non malignant
lymphocytes in the lymphoid organs with expansidndouble negative (DN) T cells
lacking CD4 and CDS8; this expansion is absent inAARS incomplete variant named
Dianzani Autoimmune Lymphoproliferative Disease (8. ALPS is generally due to
deleterious mutations of tHeas gene, but mutations of other genes have beentddtat
rare patients.

MS is a demyelinating autoimmune disease of thdraemervous system. Its
clinical course varies; at onset, approximately 1%%6 patients display a primary
progressive form (PP), whereas the remainder startwith a relapsing remitting form
(RR), and most of them switch to a secondary pssjve form (SP) within 10-30 years.
Both environmental and genetic factors are involiredts development/progression and
several studies point to a complex inheritance liiag interactions between combinations

of loci that may influence the immune response.



This thesis reports the following findings:

ALPS. PRF1 has been sequenced in 14 ALPS, 28 DALD, and 8héras,
and two variations have been detected: a N252Scaacid substitution in 2
ALPS, and an A91V amino acid substitution in 6 DALErequency of N252S
was higher in ALPS than in controls (7.1% vs 0.p#0).0016) and conferred an
OR=62.7 (95% CI: 6-654.9); frequency of A91V waghwr in DALD than
controls (12.5 % vs 4.6%, p=0.016) and conferred&s3 (95% CI: 1.2-7.1).
Co-presence of A91V and variations of the ostedpomgiene previously
associated with DALD conferred an OR=17 (p=0.0063) DALD. In one
N252S patient, NK activity was strikingly defective early childhood, but
became normal in the late childhood. A91V patiedisplayed lower NK
activity than controls. The thesis also describasa#ypical ALPS patient
carrying A91V and affected with epidermodysplasiaerruciformis,
characterized by increased susceptibility to hurpapilloma virus (HPV)
infection.

MS. By sequencing the entifeRF1 coding region in 190 MS patients and 268
controls, A91V and N252S variations have been detein both groups and six
novel mutations (C999T, G1065A, G1428A, A1620G, @AX1C1069T) in
patients (n=7) only; C999T, G1065A, G1428A, and 206 were synonymous
variations, whereas G719A and C1069T caused an Rz an R357W
substitution respectively. All together, alleli@fuency of these variations was
higher in patients than in controls (10% vs 4.5%0.0016); moreover,
genotypic analysis showed that carriers of theati@mmns were more frequent in

patients than in controls (OR=2.06, 95% CI: 1.1873. Since A91V was the



most frequent variation and displayed a trend sbeisition with MS in the first
population of patients and controls (7.6% vs 4.9%).044), its frequency has
been assessed in a second population of 966 Eatadt1520 controls. Results
showed that A91V allelic frequency was significgrttigher in patients than in
controls also in the second population (7.5% 89%.p=0.019). Genotypic
analysis of the combined cohorts of 1156 patient 5788 controls showed
that A91V carriers were significantly more frequémipatients than in controls
(OR=1.38, 95% CI=1.10-1.74).

These data suggest tHaRF1 variations are a susceptibility factor for ALPSdaMS

development, possibly because they affect eitheiatiti-viral response or the immune

response switching off. Other data show that thesitions may also be involved in

development of type 1 diabetes mellitus and systémpius erythematosus.
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INTRODUCTION

1. AUTOIMMUNITY

The specific immune response involves T and B lyoeptes activated bgon self
antigens. B cells recognize every type of solublecmmolecules in their naive form,
whereas T cells recognize peptides processed askmed on major histocompatibility
complex (MHC) molecules expressed on the cell serfay antigen presenting cells (APC)
(i.,e. macrophages, dendritic cells and B lymphayteLymphocyte activation is
accompanied by modification of expression of sdvganes that code for surface
molecules involved in lymphocyte proliferation amdfector functions, which allow
expansion of antigen-specific lymphocytes and tldéferentiation into effector cells, i.e.
plasma cells secreting antibodies for B cellsvattid T cells secreting cytokines for CD4
T helper (TH) cells, and cytotoxic T lymphocytesT(Q for CD8" T cells. Activation also
triggers expression of several genes coding foremaés involved in immune response
switching-off, an active process that induces apsipt of most effector lymphocytes
several days later. A small subset of activatets slrvives to form an expanded pool of
memory lymphocytes and accounts for the more efliciesponse upon re-encounter of the
same antigen (secondary response).

In the early ‘900 Paul Ehrlich realized that somsedses can be caused by an
erroneous activation of the immune system whicluges its attack agaisélf-antigens,
instead of foreign antigens, and termed this camdithorror autotoxicus”. This early
intuitions resulted to be true and it is now weibkvn that the immune system use several

mechanisms to ensuself-tolerance protecting the body frosalf-reactive lymphocytes,



but failure of these mechanisms can result in ingmpate responses againstif-
components and development of autoimmune dise&ses.gan-specific autoimmune
diseases, the immune response is directed to attangigen unique to a single organ, so
that clinical manifestations are largely limited tioat organ. Insystemic autoimmune
diseases, the response is directed toward tardgfens expressed by a broad range of
organs and tissues, which are all damaged. Exangflegrgan-specific autoimmune
diseases are Hashimoto's thyroiditis and Gravesades affecting the thyroid gland, and
type | insulin-dependent diabetes mellitus (IDDMyhich affects the pancreatic islets.
Examples of systemic autoimmune disease are systeipus erythematosus (SLE) and
primary Sjégren's syndrome, in which tissues asrdi as the skin, kidneys, and brain may
all be affected.

Moreover, some autoimmune diseases are predonmynamtdiated by autoantibodies,
whose productions is supported by T helper typ&H2) lymphocytes secreting cytokines
supporting the humoral response (mainly IL-4, ILahd IL-6), whereas other are
predominantly mediated by T helper type 1 (Thl)pwocytes, producing proinflammatory
cytokines (IL-2, IFN and Lymphotoxin)and by T cytotoxic (Tc) cells. Examples of the
former are autoimmune hempocytopenias, pemphigoutgans, systemic lupus
erytematosus, miastenia gravis, Graves diseasepea of the latter are insulin-dependent

diabetes mellitus (IDDM) and multiple sclerosis (MS

1.1 The aetiol ogy of autoimmune diseases
In the ‘60s, it was believed that aélf-reactive lymphocytes were eliminated

during their development in the bone marrow andmily which generated eentral



tolerance for sdlf-antigens and that failures to eliminate these lyoaytes led to
autoimmunity.

Since late '70s, a broad body of experimental ewidehas countered that belief,
revealing that not alself-reactive lymphocytes are deleted by central toleza Instead,
normal healthy individuals normally possess maturegcirculating, self-reactive
lymphocytes which do not cause disease because d#hneycontrolled by several
mechanisms generatingparipheral tolerance and acting by inducing deletion, anergy, or
suppression afelf-reactive lymphocyte clones. A breakdown in thigulation can lead to
activation of self-reactive clones of T or B cells, generating hurhana cell-mediated
responses againstlf antigens. These reactions can cause serious datmaggls and
organs, sometimes with fatal consequences.

The role of environmental factors in the aetiolafyautoimmune diseases is clear
when considering the disease concordance rate éetwwnozygotic twins. More than
50% and sometimes 70% or 80% of monozygotic twins discordant for major
autoimmune diseases even if they generally shareséime environment, at least during
childhood.

A large bulk of data suggest that a key role isy@iaby infectious agents, in
particular viruses. Infections may trigger autoinmity by 3 mechanisms:

1) The first mechanism isntigen mimicry and suggests that the immune response
against infectious agents may trigger autoimmurseaties againself antigens
sharing epitopes with th@on self antigens. This hypothesis is supported by
abundant epidemiological, clinical, and experimeptadences of the associations

of infectious diseases with autoimmune disease landhe observations that a
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number of bacterial or viral proteins display thmio acid stretches with high
homology with sequences sdif proteins.

i) The second mechanism is theease of sequestered antigens and suggests that
infections may damage tissues causing releaselfoAntigens which had not been
previously accessible to the immune system antharefore recognized awn self.

iii) The third mechanism is ttegljuvant effect andsuggests that infections trigger tissue
inflammation that support the autoimmune responséducing secretion of high
amounts of cytokines and expression of costimwatorolecules by antigen
presenting cells (APC), which is the effect of adjat in vaccine formulations.

These mechanisms are not non mutually exclusive raagl act together in chronic
autoimmune disease to cause the “epitope spreadirgthe progressive expansion of the
autoimmune response against multiple epitopesafimtiecular epitope spreading) and
antigens (intermolecular epitope spreading) duriing disease progression which is a

phenomenon.

1.2 Genetics of autoimmune diseases

Studies of recurrence risk in families and twinggest a complex mode of inheritance
involving interactions of different combinations lofci influencing the immune response.
Despite several whole genome surveys, potent Ib@w® not been detected for most
autoimmune diseases. It is likely that most susicdipt genes have a small effect, with the
possible exception of the MHC locus, with a highgrde of genetic heterogeneity in
different individuals. Susceptibility genes maylute genes coding for molecules involved
in immune response control and immune effector tians. Further genes may be those

involved in the immune response switching off, whieads to homeostatic control of the
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size of the peripheral lymphocyte pool and redineertsk of autoimmunity due to cross-
reactions betweenon-self and self antigens. Intriguingly, some of these genes ase al
involved in clearance of viral infections. Howeveayen if many studies detected a
statistical association of autoimmune diseases pétticular alleles of specific genes, often
it is not clear whether these alleles are direictyplved in the disease development or the
statistical association is due limkage disequilibrium, i.e the physical association of that
allele with the allele of a nearby gene which is tleal predisposing factor. Moreover,
many alleles have been found to be associatedne gmpulations but not in other, which

may be explain with the genetic heterogeneity efgbpulations.

1.3 Gender as a risk factor for autoimmune diseases

Many autoimmune diseases have a different frequantgmale and the male and
most of them (such as systemic lupus erythematasyssthenia gravis, scleroderma,
multiple sclerosis, and Sjégren's syndrome) arehmmore frequent in females than in
males. Conversely, ankylosing spondylitis is masemon in malesThe reasons for this
different susceptibility are not known with certginbut one possibility is that a role is
played by sex hormones. It is unclear whether #e steroid hormones have a direct
impact on the lymphocytes, but this possibilitysigygested by the fact that other steroids
such as cortisone, have a very powerful effect. él@wn, also other hormones are
differentially expressed in male and female and mlay a role, for instance, prolactin,
whose receptor is expressed by both T and lympkecghd that can modulate these cell
activationin vitro. Sex hormones can modulate the immune responsegdpregnancy,
mainly directing the immune response to Th2 typgpoases, in order to support IgG

responses which are protective to the fetus andceedell-mediated responses that might
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attack the placenta. Indeed, pregnancy exacerBates autoimmune diseases, which are
mainly antibody-mediated (and therefore favouredthy Th2); instead, it reduces other
autoimmune diseases which are mainly mediated dyahd inflammatory cells. Therefore,
the different immune responsiveness influencedhey different levels of sex hormones
may be a factor influencing the initiation and exmn of the autoimmune response in
males and females. However, this is not the onjylaation of female predisposition to
develop autoimmunity since recent experiment oremsitowed that an independent effect

may be directly mediated by genetic factors locatetie sex chromosomes.

1.4 Association with HLA haplotype
The best-known genetic factor predisposing to autminity is the HLA

haplotype, since most autoimmune diseases havefbeerd to be associated with specific
HLA alleles. Most frequently association has beennfl with class Il HLA alleles,
although in some cases class | alleles are involized instance, the risk of developing
IDDM is about 20 times higher in subjects expregsiLA-DR3 and DR4 molecules,
whereas the probability of developing multiple sots is 5 fold higher in DR2 carriers
and that of myasthenia gravis is 5 fold higher iR®carriers. In several instances the
association has been ascribed to the capacityegbrtadisposing molecule to "present” the

self peptides responsible for the autoimmune diseatieetalf reactive lymphocytes.
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2. PERFORIN

2.1 Functional features of perforin

Perforin is produced by cytolytic lymphocytes asdstored within cytoplasmic
granules of these cells. This cytolytic mediatoreswits name to the fact that it can
‘perforate’ target membranes by forming transmemérpores, such that target cells lose
membrane integrity and appear to die of colloid atseriysis, at least in vitro.

Perforin has been purified from cytotoxic lymphas/iof mice, rats and humans.
Mature mouse perforin protein comprises 534 amuid eesidues (after the cleavage of a
signal peptide of 20 residues in length), with appnately 70% and 85% identity,
respectively, to human and rat perforin. Its molecumass of 66kDa or 70kDH.-2],
determined by SDS-PAGE under reducing conditionggests that perforin molecules are
post-translationally modified at potential N-glygtation sites (three in mouse and rat; two
in human). Indeed, N-glycanase, but not endoglylas®-H, has been shown to remove the
carbohydrate moieties from the polypeptide backbainperforin. Following synthesis in
the rough endoplasmic reticulum, perforin molecutasel through the Golgi apparatus,
where post-translational modification continuesy ame finally packaged into lysosome-
like cytoplasmic granules. Although another gramretein, granzyme A, has been shown
to be targeted to the granules through the manmepbosphate-dependent pathway,
perforin molecules do not seem to use the samettaggsignal during their intracellular
journey [3]. However, it is clear that the release of perforialenules is predominantly
controlled by regulated secretion. Upon conjugatidth the appropriate target cell, the
cytoplasmic granules within the killer cell reorigilowards the cell-cell contact site, as
demonstrated by electron microscopic (EM) studi@s The contents of the granules,

including perforin, are then released into therc##ular spacé5]. The release of perforin,
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and the execution of its lytic function, are styialependent on presence of calcium ions
(Ca2+). It is generally accepted that perforin nmmoecs can bind and insert into the target
membrane, and polymerize to form aggregates comgrigarious numbers of monomers
[6]. These aggregates form pores allowing entry ohgnaes, which are also released
from the cytotoxic granules, in the target celloptasm. Granzymes are serine proteases
cleaving several substrates including several pspases, which are in turn activated to
initiate the apoptotic death of the target cell.

Perforin is an essential lymphocyte effector malecun fact, in mice, absence of
functional perforin cause severe immune deficieaog/or affects lymphoid and myeloid
homeostasi§/-8]. For instance, gene-engineered mice with two giedPRF1 alleles are
killed by 10.000-100.000 fold fewer infectious @ctrelia (mouse poxvirus, corresponding
to human smallpox or bovine cowpox) particles thaitd-type mice [9]. However,
perforin-deficient mice are not impaired for clearea of other viruses, such as vaccinia
virus, vesicular stomatitis virus, murine cytomeyaus, Semliki Forest virug10],
cowpox virus[9], rotavirus[11], coxsackie B viru§l2], and murine herpesvirus-¢83], a
mouse homologue of Epstein—Barr virus (EBV). Paénfoleficient mice are also highly
prone to fatal, disseminated B cell lymphoma thexelops in >60% of mice, generally

above one year of ag#4].

2.2 Features of the human perforin

The human perforin gene, located on chromosome10m#tsists of three exons.
The coding sequence is located in exons 2 andr8rReis a 555 amino acid protein that
has a 21 amino terminal signal sequence, an appabely 300 amino region that shares

homology to the C9 complement protein, a 36 amicd apidermal growth factor-like
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domain, and a 132 amino acid domain homologoubladd?2 domain of protein kinase C.
The protein contains two N-linked glycosylationesitf15-16]. Perforin is synthesized as
an inactive precursor, which must be cleaved atc#sboxy terminus, releasing the
approximately 20 carboxy terminal amino acids, igd/the active form of the proteja6].
The C2 domain of perforin is important for its himgl to the phospholipid bilayer of
cytoplasmic membranes and conserved aspartateiessat positions 429, 435, 483, and
485 are essential for calcium-dependent plasma mamalbinding and cell lysis. The C2
domain in the uncleaved form cannot bind to the brame, because of presence of a bulky
N-linked glycan on the carboxy terminal domain loé protein. Proteolytic cleavage of the
carboxy terminal domain allows the C2 domain taldimthe membranid.7].

Perforin is harmful to cell membranes; however, thmnule membrane
encompassing the protein is not destroyed by parfdie pH inside granules is very
acidic (pH <5) and this probably keeps perforinaim inactive state. When exocytosis
occurs and perforin is released, pH becomes neatrdl perforin becomes active. In
addition, proteoglycans usually cover and inactévarforin in the granulg.8-19].

When the granule content is released from the gqatforin separates from
proteoglycans and binds to cell membranes of tacgds. Cathepsin B, a lysosomal
protease, moves to the surface of CTLs during deaexocytosiq20]; sincecathepsin B
can cleave perforin, the membrane-bound form dfegadin B is thought to destroy perforin

on the surface of CTLs protecting their membraoenfperforin aggressid0].

2.3 Deficit of perforin in the Familial Hemophagocytic Lymphohistiocytosis (FHL)
In humans, genetic defects impairing perforin sgaif, function, or release can

result in Familial Haemophagocytic LymphoistocysodtHL).
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FHL is an autosomal recessive disease affectimgntafand young children who
are usually healthy at birth. Most patients disptgynptoms during the first year of life
[21], but some as late at the third decade of[Rfg. Signs and symptoms include fever,
splenomegaly, hepatomegaly, anaemia, thrombocyt@pen neutropenia,
hypertriglyceridaemia, hypofibrinogenaemia, andebeospinal fluid pleocytosi§23].
Lymphadenopathy, rash, neurological abnormalitieacopenia, elevated liver function
tests, elevated ferritin, and hyponatraemia may béspresent. Neurological abnormalities
range from irritability and hypotonia to seizuresanial nerve deficits and ataxia. The
inciting event is thought to be initiated by infiect In late disease, bone marrow biopsy
usually shows hypoplasia or aplasia. Patients whmat treated, or who do not respond to
therapy, usually die within a few months from oneétsymptoms. Most deaths are the
result of infections, disseminated intravasculagtdopathy with uncontrolled bleeding, or
central nervous system disease. Haemophagocysaipiominent feature of the disease.
Haemophagocytosis occurs when activated macroph@ggscytes) ingest erythrocytes
and sometimes platelets and leucocytes. The bomeowas the most common site of
haemophagocytosis, although it can also be detéctde spleen, liver and lymph nodes.
In the early stage of the disease, histiocytegpeesent in focal areas of the bone marrow;
in later stages, they are distributed diffuselyotlghout the bone marrow. When
haemophagocytosis is prominent in the bone maritoggn be accompanied by decreased
numbers of hemopoietic precursors and pancytopémitne lymph nodes, histiocytes are
increased in the sinuses and T-cell areas, andngoype depletion is often observed. In the
spleen, histiocytes are distributed diffusely amngtreophagocytosis is frequently present.
NK cell and CTL cytotoxicity are severely impairédhcontrolled immune responses result

in infiltration and destruction of tissues by aateed macrophages (CD68+) and CD8+ T
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cells. Activated macrophages and T cells are oftesent in the bone marrow, spleen,
lymph nodes, liver and central nervous system;rotiigans including the lungs, heart,
intestine, thymus, kidney and pancreas may alsonfiérated. Uncontrolled activated
macrophages and T cells release pro-inflammatotgkayes, which result in elevated
serum levels of IFNs TNF-u, IL-1 receptor antagonist, soluble IL-2 receptbrg, IL-10,
IL-12, IL-18, IP-10, and M-CSF High levels of these cytokines contribute to
haemophagocytosis, cellular infiltration, and orgeamage. Lipoprotein lipase deficiency
is associated with the elevated levels of seruglyterides[24-31] Linkage analysis
studies showed that FHL is linked to three loci.

About 10% of FHL are linked to chromosome 9¢21-FHI(1), 20-40% to
chromosome 10921 (FHL2), while most cases are heranutationg32,33] While the
gene responsible for FHL1 is unknown, perforin rtiates are responsible for FHL24].

A further gene is Munc 13-4, whose mutations resufEHL3 [35]; Munc 13-4 is located
on chromosome 17¢25 and is important for fusiomhef granule membrane with the cell
membrane. Finally, mutations in the coding regibthe syntaxin gene cause FHL4; these
mutation impair degranulation of the cytotoxic grkes[36].

Stepp et al34] first showed that the perforin gerféRF1) is responsible for FHL
in several patients. These patients were homozggwotelouble heterozygtes for mutations
of PRF1 that dramatically decreased expression of perfand impaired cell-mediated
cytotoxicity in vitro. In contrast, levels of grayyme B, were normal. The heterozygous
parents were asymptomatic but expressed reduceds|e¥ perforin in NK, CD8+, or
CD56+ T celland ®me of them also displayed decreased NK functiorntio, but they are

asymptomatic[37,38]
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A variety of mutations, including stop codons, $#n@mino acid mutations or
deletions, have been reported in tREBF1 coding sequence in patients with FHL2
[22,33,34,37,39-40] Most of them cause decreased CTL- and NK cell-atedi
cytotoxicity. Certain mutations are typical of etis from specific ethnic backgrounds. For
instance, the most frequent mutations in Japanasents are nucleotide changes resulting
in frameshift mutations at amino acid 69 (repolite@8% of Japanese patients) or amino
acid 364 (reported in 63%41]. A stop codon at amino acid 374 is frequent amoundkigh
patients[22,33,34,42] A nucleotide deletion resulting in a frameshift atidn at amino
acid 17 is frequent among Afro—American patigat.

Mutations in the coding sequenceRRF1 are responsible for approximately 20—
40% of FHL patients among Japanese, European addiéEastern countrig83,43],
and 58% patients from North Ameri¢d0]. The impaired activity of perforin in these
patients can be the result of reduced expresamstability, or incorrect trafficking of the
protein, failure of the protein to bind to targetls, or failure of the protein to lyse the cells.

[8,44].

2.4 Involvement of perforinin other human diseases

Clementi et al described a patients with FHL2, wHeveloped B cell
lymphoblastic lymphoma, suggesting that perforipatedent cell-mediated cytotoxicity
playsa protective role against development of lymphadfedtive disorders not only in
micebut also in humaf45,46].

Solomou et aJ47] identified mutations ifPRF1 in 5 unrelated patients with adult-
onset aplastic anemia. Four of them showed hemaglysusis in bone marrow biopsy, but

none had clinical manifestations of FHL. Perforiotpin levels in these patients were very
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low or absent and NK cell activity was substanyiallecreasedPRF1 mutations may
explain the aberrant proliferation and activatidncgtotoxic T cells in aplastic anemia.
Moreover, germline mutations in the coding regidnRRF1 have been described in
patients with anaplastic large cell ymphoma (ACCAr)d they have been suggested to play

a predisposing rolgi8].
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SECTION |

3.1 Autoimmune Lymphoproliferative Syndrome (ALPS)

Inherited factors that may play a role in developtm&f autoimmunity are those
causing functional defects of the Fas death recdg®50]. Fas belongs to the Tumor
Necrosis Factor Receptor (TNFR) superfamily anduaed cell death upon triggering by
FasL [51-52] It is expressed by activated lymphocytes and kayole in depletion of
effector cells and switching off the immune respons

The association between Fas defects and autoimynwai first observed in mice
homozygous for thépr (lymphoproliferation) andyld (generalized lymphoproliferative
disease) characters, due to mutations of the Fdd-asL genes respectively. These mice
develop an autoimmune/lymphoproliferative pictuighiymphadenopathy, splenomegaly
and autoimmunity. Moreover, they show periphergbagsion of T cells expressing the
TCRaf but lacking both CD4 (marking Th) and CD8 (markihg) and therefore named
“double negative” (DN) T cells. Causal relationstop this picture with defective Fas
function was confirmed in FasHnock-out mice[53].

In humans, a similar picture has been describguhtients carrying mutations of
the Fas gene[49,54-57]and the disease has been named autoimmune lymjifexatose
syndrome (ALPS). ALPS is characterized byd@éfective function of Fas, (2) autoimmune
manifestations that predominaniiyvolve blood cells (i.e. thrombocytopenia, anemia,
neutropenia)(3) polyclonal accumulation of lymphocytes in th@egn andymph nodes
with lymphadenomgaly and/or splenomegaly, and ¢4)aasion of DNT cells in the
peripheral blood58-60]. To date, several genetic lesions have been assdoivith ALPS
(OMIM 601859). A classification names ALPS type l& tdisease due to homozygous

mutation of theFas gene, causing complete deficiency of Fas expres&bPS type la is
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due to heterozygous mutationskas, ALPS type Ib to mutations of tieasL gene; ALPS
type Il to mutations of theaspase 10 gene[61-65]. The term ALPS type Ill is used to
define the disease due to unknown genetic defeatsirng defective Fas function. ALPS
type IV has been provisionally used for a patierspldying normal Fas function but
defective mitochondrial-induced apoptosis carnangutation of the N-Ras geft5].

An ALPS variant has been described in patientslalyspg the first 3 criteridut lacking
expansion of DN T cells and mutations of Has, FasL o caspase 10 genes. This disease
has been provisionally named DALD (Dianzani autoumm Lymphoproliferative disease)
by McKusick (OMIM reference no. 60523;

http://www.ncbi.nlm.nih.gov/entrez/query.fcqi?db=CN).

ALPS-like disorders do not behave as classical gen disease$his is true in
Ipr andgld mice and even more evident in ALBS&d DALD. Thelpr andgld mutations
cause the disease in homozygosiiyt its expression greatly depends on the genetic
backgroundsince it is much milder in BALB/c than in MRL mi¢B3]. Most ALPS type-la
patients are heterozygous for the Fas mutation,thmitparent carrying the mutation is
generally healthy. Other complementary factors rays be required in function of the
severity of the mutatiofb4]. One possibility is that mild Fas mutations omiguces ALPS
when cooperate with mutations of other genes inmgaiunction of the Fas system itself or
other systems involved in similar functions. Themmnes may act as “genes modifiers”
affecting the phenotypic expression of another gdbALD, too, seems genetically
heterogeneous: different genes may be involvedifierdnt families and multiple gene
alterations may be required to develop the oveseale. This is suggested by the
observation that, generally, both parents of swatlepts display defective Fas function, but

are healthy.
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A concurrent factor may be production of high lsvef osteopontin (OPN), a
cytokine involved in inflammation that inhibits a@tion-induced cell death (AICD) of
lymphocytes. ALPS/DALD patients indeed display gwsed frequency of polymorphic
variants of the OPN gene (OPH gene variants), that cause increased producti@P
by stabilizing its MRNA and increase the risk of P&/DALD by about 8-fold67]. The
increased osteopontin levels may favour ALPS/DAL&cduse of the effect on AICD
whose inhibition affects a mechanism to switch tb#& immune response that is partly
alternative to Fas.

ALPS patients also display increased risk to dgyéjmmphomag68]. A study on
130 patients carrying Fas mutations showed that rike of developing Hodgkin
lymphomas is increased by about 50 fold, while tbAtnon-Hodgkin lymphomas is
increased by about 14 fold than the matched comoplulation[69-71]. This might be
ascribed to the altered control of lymphocyte hostesis or to defective immune

surveillance.

3.2 Epidermodysplasia verruciformis

Epidermodysplasia verruciformis (EV) is a rare digw, characterized by
persistent human papillomavirus (HPV) infectionhwéin autosomal recessive inheritance
[72]. 1t is associated with disseminatd®V infection and immunological abnormalities
[73-74]. EV results from an abnormal susceptibility to gfie human papillomavirus
(HPV) genotypes and to the oncogenic potentialoofies of them, mainly HPV§/5]. This
disorder was first described by Lewandowski andzlimi1922[76].

Although the pattern of inheritance displaygosomal recessive inheritance in

most cases, cross-linkedheritance and sporadic mutations have also legemnted72,77]
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Several abnormalities of cell-mediated or humarahunity have been suggested to play a
role in the pathogenesis of EV3,78] The first evidence of an impaired cell-mediated
immunity in EV patients was obtained 30 years §f8]. Decreased T cell counts and

CD4'/CDS8" T cell ratio, as well as a reduced T cell respoerséss to mitogens have also

been reported. By contrast, patients with EV wenentl to display normal or increased

natural killer (NK) cell activity using the standai562 cell killing assa}80-81].

Although EV has been recently classified as a mynigeficiency[82] of innate
immunity to specific HPV genotypes with a centraler assigned to keratinocytes, the
molecular mechanisms underlying abnormal suscéiptitio a single type of weakly
pathogenic infectious agent are still unclear.

Ramoz et al mapped two susceptibility loci for EBX/1 located at chromosome
17925 (EV1) and EV2 at chromosome 2p21-p23]. In 2002, two novel genes, EVER1
and EVER2, have been identified in the EV1 lo84]; their function is unknown, but
nonsense mutations in these genes have been asdowith EV in some consanguineous

families and sporadic casg35-86].
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3.3 RATIONALE

A previous work from our group described a patiaffected with ALPS type la who
carried a heterozygous mutation RRRF1 together to a heterozygous mutation of Haes
gene[46]. These mutations were inherited from distinct ptgavho were healthy, which
suggested that their co-transmission was resp@ngiblthe son's ALPS. This observation
was intriguing since both Fas and perforin are Ive® in cell-mediated cytotoxicity and
control of lymphocyte homeostasis. Systematic etada of the role oPRF1 in ALPS
was not undertaken on that occasion. The studyrteghon thepaper 1 has thus been
performed to extend the analysisRRF1 to a larger number of patients and evaluate its
role in the development of ALPS and DALDhepaper 2 describes a peculiar patient, not
included in paper 1, displaying defective functminFas together with a mutation of the
PRF1 gene, and displaying signs of ALPS together witB\& picture, which has never
been previously associated with Fas or perforiectsf

These papers showed tHRF1 variations may be a genetic concurrent factor diavg
development of ALPS-like pictures in subjects cengydefects of Fas function. Moreover,
paper 2 suggests that further genetic alteratifflestang the anti-viral response, i.e. those

involved in EV development, may be co-involved ame patients.
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3.4.1Paper 1

3.4 RESULTS
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Variations of the perforin gene in patients with autoimmunity/lymphoproliferation

and defective Fas function

Ailta Clament, Annaliss Chiocchet, Glussppe Cappelans, Elss Csrut, Massimo Ferret, Elsabatta Orlfkr, Irma Dlanzan,
KMarina Famaninl, Marco Elre-gri. Casan Danesing, Valaia Bozzl, Marla Catarina Pulll, Franco Caruth, ﬁ]’l@lﬂ CEII'I'EIS, Franco Lacakll,
Ailta Maccark, Ligs Ramenghl, and Umbsrto Dlanzant

Mutatlons decreasing functlen of the Fas
death recaptor cause the autcimmuns
lymphoproliferative syndrome (ALPS)
with autolmmune manitestations, splaens
Iymph node enlargemant, and sxpansion
of COACDE-nagative T elle. Dlarzanl Au-
tolmmune Lymphoproliferative Dlesase
(DALD) 1 @ varant lacking this expan-
glon. Perforin le Involved In cell-mediated
eytotedelty and Its blallelle mutatlons
cause famillal hemophagooytle lympho-
histlozytosls (HLH). We previously de-
gcribed an ALPS patlent carrying het-

erozygous mutatlene of the Fas and
perfern genes and suggested that they
concurred In ALPS. This work extends
the analysls to 14 ALPS, 28 DALD, and
E16 conthale, and datects an N252S aming
acld substibution In 2 ALPS, and an A91V
amino acld substitution In & DALD. M2525
conferred an OR =627 (F = .001&) Tor
ALPE and AV conferred an OR =3
(P = .018) for DALD. Copressnce of A1V
and varlatleng of the csteapontin gene
previously asecclated with DALD con-
ferred an OR = 17 {F = .0007) for DALD.

In one M2525 patlent, NE acthity was
strlkingly defectlve In early childhoed,
but became normal In late ehildhood,
A9V patlents displayed lower MK activity
than conirole. These data suggest that
perforin varlatione are a susceptibliity
factor for ALPSDALD development In
subjects with defective Fas functlon and
may Influence diseass expresslon, (Elood,
2008;108: 30T-3084)

2 2008 by This Arnarican Sovisty of Hemetology

Introduction

Fes iz a death receptor belonging to the tumor necrosis factor
receptor (TMFR) superfamily and induces cell death upon trigger-
ing by FasL.'* In the immupe response, itis highly expressed by
activabed effector lymphecytes and is involved in swite hing off the
immune response, limiting clenal expansion of Iymphocytes, and
favoring peripheral tolerance. Moreowver, Fasl iz expressed by
cytatonic T cells and NE cells and i iovolved dn killing of target
cells expressing Pas. Fee induces cell apoptosis by tripgering a
camcade of caspases through 2 partly inberconnected pathways: the
extrinsic pathway nvelves caspaze-8-mediated direct activation of
the cascade, whereas the intrinsic pathway proceeds through
mitochondrial releasa of cytechrome ¢ and activation of caspase-9.
Bath pathways converge in the activation of effector caspases, axch
a8 caspose-3, -6, and -7.1-3

Defective Fas function leads o the unwantad accumulation of
ymphocytes and favors sutcimmundty possibly by impaicing the
awitching off of antoreactive lymphocytes. This has been shown in
the autoimmune fymphoproliferative syndrome (ALPS). an inher-
ited disease characterized by (1) defective function of Fas, (2)
autoimmune manifestations that predominantly involve blood
cella, (31 polyclonal sccumulation of lymphocytes in the splesn and
Iymph nodes with lymphoadenomegaly andior splenomegaly, and
{4} expansion of TCRxp + CDACDE double-negative (DN) T

cells in the peripheral tlood. Moseover, ALPS patients are predis-
posad to develop lymphomas in aduithood. ™Y ALPS iz generaily
due to deleterious mutations of the Fas gene (TWFRSFS) and is
clamsified as ALPS type-la, but rare mutations of other genes have
been detected, for instance, the FasL genes in ALPS-Tb, and the
caspase- 10 gene in ALPS type-Ila, wheneas the mutatad geneis not
known in ather patients. Mutations of the Faz and the Fasl. gene
detectad in MLE lpelpr and glad/eld mice, respactively. give rise to
a disesge that overlaps ALPS. We described an ALPS variant that
fulfils the first 3 crteria but lacks expansion of DN T cells and
mutations of the Fas, Fasl. or coepase-10 genes !>V Since the
complete paradigm of ALPS coul pot bedemorsizsied. thisdisesse hae
besen provisionally named Dianzani Autoimmune Lymphoprolifera-
tive Dizeass (DALD) by McKusick (OMIM reference #503233;
hitp:fiwwwncbionlm. nih. gowentrez\query. fogiTdb = OMIM ).
ALPS-like disorders do not behave as classic mooogenic
diseases, ™ Thizis tue in lpolpr and gldield mice and even more
evident in ALPE and DALD. The lpr and gld nutations cause the
dizeane in homooy gosity, bt its expression greatlly depends on the
genetic background, since it is much milder in BALB/: than in
MLE mice. Mo ALPS type-In patients ae heterozygous for the
Faz mutation. bat the parent carying the motation iz generally
healthy. Oiher complementary factos may thus be required in
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function of the severity of the mutation. ' The sme cheervation is
true in DALD patients, since both parents generally display
defective Fas funcion, but are bealthy.® We sugpested that a
coneurrent factor meay be production of high kel of asteopontin
(0PN, a cytokine involved in inflammation that inhibite activation-
induced cell death (ATCD) of lymphecytes, We found that DAL
patients display increazed frequency of polymodphic variants of the
PN gene (OPHSEE pene variants) that cause increassd production
of OPFM by stabilizing its mEMNA and incresse the risk of DALD by
about 8-fold. 11E

A second concurrent factor may be inberited alterations of the
perforin gene ( PRFI that decrease the function of this proten,
which iz stared in the Iyt granules of cytotoxic calls and playa a
crucial ole in cell-mediated cytotoxicity by forming pores in the
target-cell membrane.” Biallelic mutations of PRET cause about
30% of cases of familial hemophageoytic lymphohistiocytosiz
(HLH). a rare life-threatening immune deficency sscrited o
decreased capacity of CDE+ T cells and ME cells to kill
virs-infectsd cells, ™ A further 25% of patients display muks-
tiore of the MUNC 13-4 pene involved in pedforin starage in the
fytic granules and exccylosiz ® HLH is a moessive disease and aubjects
carrying heterorygons PRFL mutations are generalty healthy.

Wer have identified a heterceygeus mutation of PRFT in an
ALPS patient who also carried a heteroaygous mutation of the Faz
gene, Since these mutations were inberited from distinct parents
who were hesalthy, we suggested that their cotraremission was
responsitle for the son’s ALPS

Syatematic evaluation of the role of PRFY in ALPS wa not
undertaken on et occssion. The present stidy has thus been parformed
to extend the anatysis of PRFT o a lagar number of patients and
evaluata itz rele in the development of ALPS and DALD.

Patients, materials, and methods
Patlents

W analyzed |4 ALFS and 28 DALD Talian patients (some have already
been presented in Dianzani =t al," Ramenghi et al,” and Campagneli et
al™}. Diagnosie of ALPS was based on the presance of all the following
criteria: (1) auinimmune manifestations; {2} chronic nenmalignant lymph-
adenapathy (2 or more lymph nodes enlanged over 2 cm in dizmeber) andsar
spleromegaly; (3) defective Fas-induced apoptasis in vitro; and (4) muations in
the Fas, FasL., or caspase-10 genes and'or expansion of DI T cells in the
peripheral blood. The Fas, FasL, caspase-10, and OPN penes wers
sequenced from genomic DNA, as previously reported. 2 Seven ALFS
patients {patients 1-7) carried heterozy gous mutaticas of te Fas gene.

Diagriesis of DALD was based on the prasence of the first 3 crileria, but
lack af the fourth cne. Twe DALD patismis (DALDLD and -24) caried a
heterarygous variation of the caspase- 10 gene, causing a ¥410I amino acid
substitution, initially associated with ALPS in homozygosity,'® but then
recegnized a5 2 palymorphism, ®

No patients displayed the diagnostic criteria for HLH. Conirols
(n = BL€) were athnically matched, healthy individuals. All patients and
conirols were unrelated, whits and Iralian. Peripheral-blood spacimens and
serum were obtained from patients and healihy controls with written
informed corsent, which was obtained in accardance with the Declaration
of Helsinki. The study was performed acoording o the guidelines of the
lz=zal thics commitiee of the Ospedals Maggiore of Novara (Nowara, [aly),

Flow cytometry

Analysis of lymphocyte subpopulaiions in peripheral-Blood monomaclear
cells (FEMCs) was performed by direct immunofluorescence and fow
cylometry. Perforin expression was evaluaied in fixed and permeabilized
cells (CywfxLCyioperm; ED PharMingen, San Diego, CA) using a

BLOCD, 1 HOVEMBER 20 - WOLLME 108, NOMEER 0

phycoeryttrin (FEconjugated antiparforin antibody (BD PharMingen)
and flow cytomeiry.

Fas functlon assay

Fas-induced cell death was evaluaied as previously repared on T<ell lines
obfained by activating PEMCs with phytohemagglutinin at days @ (1
pg'mLy and 15 0.1 pe'mL) and culiured in BFMI 1640 + 105 fetal cal§
serum (FCE) + rIL-2 (2 Wml) (Riogen, Geneva, Switzerland). Fas
function was assessed & days afier the second stimulation (day 21).°21
Cells wene incubated with contral medium or anti-Fas MAb (CHLL, Iz
isotrpe) (1 pemL) (UBL, Laks Placid, ¥Y) in the pressnce of AL-2 (1
¥mL) to minimize sportacecus cell death. Cell survival was svaluated
after 16 hours by counting live cells in zach well by tke trypan blue
exclusion test and by flew cytomenry of cells excluding prepidium iodide
and urstained by annexin V-FITC; the 2 metheds gave averlapping results.
Assays wers performed in duplicate. Cells from 2 healthy domors wene
included in each experiment as positive cantrols. Reailis wene expressed as
spacific cell-survival percent, caleolated as follows: (total live-zell count in
the aszay welltotal live-call countin the contral well) > 100,

Fas function was defined as defective when czll survival was less than
E2% ithe 55th pareantile of data obuaired fram 200 haalihy cantls),

Amplficathon of PRFT and mutatlon detection

Genomic DNA was isolated from FEMCs, and exon 2 and 3 of the parfarin
coding regian were amplified in standard polymerase dain reaction (PCR)
conditions. The primers used for amplification have besn previously
described. PCR products were purifisd with the EXOSAF kit ™ Sequanc-
ing was performed with the ARI PRISME BigDve Terminater kit (Applied
Bicaystems, Foater City, CA) on an automatic ssquencer { Applisd Biosys-
tems 3100 Genetic Analyzer) according 1o the manufacoxrer's instnictions
with the amiplification primers plus 2 indernal primers (forward 5'.
CAGGTCAACATAGGCATOCACG.3", reverse 5'.CGAACAGCAG.
GTCGTTAATGGAG-Y) for exen 3, OFN peme variants were typed as
previcusly reported 1

Cytotodelty assays

HE activity of FEMCs was assessed by o standard d-bour *'Cr releass assay
with K562 calls as the target, Reailis are expressad as specific lvsis peroant
calculated as follows: (sample 30T neleass-sponianecus releass M maximal
release-spontareous releass) = 100,

Statlstical analysls

Comparisons of NE activity, perforin expression, and NE-call disidbution
were performed with the nonparametric Maon- Whitney I fest. Genatype
disiribuiions wene analyad with the & test o the Fisher exnct test as
reporied. All P values are 2-ailed, and the significance: cut-off was P below 105,

Results

The wark imvolved 14 patients with ALPS and 28 with DALD.
Both groupes displayed antoimmuee manifestatiors, ymphadencpa-
thy and'or splenomegaly, and defective Fas function; ALPS
patients alone also displayed mutations of the Fas gane andiar
peripheral-blocd expansion of DN T cells. Figure | shows Fas
function of T cells from all patients and available parents. That of
ALPE-4 ard -7 was borderline, but they wene included in the ALPS
group becanse they also carried o Fas gene mutation and expansion
of DM T cedls. Most parents, too, displayed defective Fas function,

The coding region of PRFT was saquenced from genomic DN A
in all patients and 816 random controls in the search for wariations
previonsly asscciated with HLH. Only 2 HLH-associated missense
vasiations were detacted, a CFT substitution in positien 272 of the
cDMA (pumerations are referred to cDMA clone M28393,
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ATG = 417 and an AN substitution in position 733, which causad
an A1V and an M2528 amino acid substitution at the protein level,
reapectively. The genctypic distributions of thess variations did not
deviate gignificantly from the Hardy-Weinberg equilibrium in
edther group.

Thee M2525 aubatitution was found in 2 ALPS patients (ALPS-5
and ALPE-113, 2 controds, and no DALD patients. The overall
gerotype distributions (Table 1) were significantly different in
ALPS and controls (P = 0016} The M2325 allelic frequency was
signdficantly higher in the ALPS patients (7. 1% va 0. 1%, P = 0016}
and conferred an OF = 62.7 (955% CT: 665490, This variation had
been previcusly reported by some of us in ALPS-5.3

The AO1Y variation was carried by & DALD patients ondy: it
was hetercey gous in 3 (DALD-3. -6 9, -14, -25) and homozygous
i one (DALD-100. Moreowver, it was detected in 72 controls:
heterogy gous in &9 and homozygons in 3. The overall genotype
distributions (Table 1) were significantly different in DALD and
controls (P = 01 The AS1V allelic frequency was significantly

Tabiz 1. Fraquency distibution of the ATV and N2S2S PRE1 varations
and the 0PN genatypes In 14 ALPS and 20 DALD patlents

ALPa* DA LD Comtrola
Gonolypes aooonding bo wrlation H L H L H L

FRF1 M523
HH 12 BT I 100 =14 DB
H2 1431 0 a 2 a2
B =] o o a 0 o
FRF1 AQ1V
A 14 100 22 TAE T44 M2
av a o § 170 &0 24
WY Q o 1 .8 a o4
FRFT and OFN suscepl] bty genotype s
Hona 4 e 8 14 = o=
FAFT alone Z 142 0 =] o 75
CFPH dons & G671 18 &7.2 To &BR2
FPRFT+ 0PN a o 8 Zi4 3 23

"Thi overall genclypic disirbulion of MZSOS was dgnificanty dfersnt from
onirols (P = 00 6, Flshad sl tast),

tThe oveml genclyplc distibution of &1V was signfcantly difersnt from
oonirols (F = .04, Chi squane tesh; 1Rquency of PRFT 0PN susceptibl by genc-
bypez was skontlcardy higher han in comdmls (P = 0008, Asherscact besd).

tGenatypas wih TisM2E2S (nALFE) orA1W in CaLD) FAF1 vanatizns father
NOTMaTEI0US OF helarozygous) andor the ZHeC-TEOT-10E24-12300 or 282C-720T-
1059 3- 12300 OFRPE haplctypas,

higher in the DALD patents (12.3% ve 46%, P = 018) and
conferred an OF = 3 5% CL 1.2-7.10

Four otter auclectide varation wene detected. but were oot
further evaluated since they did pot changs the amine acid nor
influence the splicing sites. Two (CA22T and TI00C) had been
previously eported as common polymorphizms not azsociated with
HLH. Their frequency wa similar in the patients and the contols.
The cther 2 (G4334 and A4625) ware in perfect linkage disequilib-
rium with the ANG substitution in position T35 (M2525) and wene in
fact ooly detected in the 4 subjects carrying this variation.

W bead prevvicusly found that DALD development is favored by
the 282C-THIT- 1083 A-1 2300 and 2820 -T30T- 108 356- 12300 single
auclectide polymorphism haplotypes of the OPH pene (OPNS2®
gene variants). ! To determine whether PEFT and OPN wariations
have a cooperative effect on ALPSDALD developrment, we fyped
the OFM gene in all patients and 134 contrals and evaluated the
frequency of copresence of the PREFT and QPN penoty pes confer-
fing susceptibility to ALPS/DALD (Table 1) Copresence was
digplayed by & (2 1.4%) of 28 DALD patients, but only 3 (2.2%) of
134 controds, and increased the sk of DALD by 17-fold relatively
i the absence of bath factors (OR = 17; 953% CL 27-121;
P 007) and by S-fold melatively to the presence of ooly one
(OR = 8.8, 95% CL: L7-505; P = 0043, By contrast, this coopara-
tion was not detected in ALPS patients since none of them carried
both factors

W besd previously shown that ALPS-5 carried a beteramy gous
mntation of the Fas geneld His PRF1 N2525 variation was
inherited from the mother, whereas the Ba muotation also woe
carried by the father and a brather. and cosegre gated with defective
Fas function (Figure 24). Since all 3 relatives were beslthy, we
anggested that co-inbertance of the Pas and perforin gene varis-
ticnz played a mle in ALPS development in this patent. The
mintated gene was oof known in ALPS-11, and his inhenitance
pattarn was determined by analyzing Fas function and sequencing
PRFI in his parents. M2525 was carried by his father only, whereas
Faz function was defective in hiz mother ondy (Figure 240 Once
again, thevefore, Fas and perforin alteratiors were inherited from
different parents, who were both healthy. These data indicate that
amociation of defective Fas function with the N2525 variation
arongly favors ALPS development.

A family analysis also was conducted for 3 DALD patients
carying the A9V variation (DALD-3, -6, -10, Fignre 2B In
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DALD-Y2 family, Faz functicn was defective in both parents and
the sister, wheress A91Y was camied by the mather and the siser:
both parents were healthy, whereas the sister presented common
variable immune deficiency (CVID)L Intrguingly, DALD-3 also
developed by pogammaglobulinemia some years after dimase on-
sat. In DALD-6's family. Fas function was defective in both
parents, wheneas A91Y was carried by the mother (homozygous)
and the sister; all these relatives were healthy. In DALD-10's
family, Fas fupction was defective in bath parents and the sister.
whereas A9V was carried by both parents; all these relatives were
healthy. Analyzis of the OPN gene showed that all subjects in these
3 families also carried the OPNEES gene variants (data not shown).
Aseciation of defective Faz function and the AS1Y vanation is
thus ot sufficient to induce DALD. even in the presence of the
PN guscepribility alleles, since 4 of B subjects with this associa-
tion were headthy.,

To assesz whether N2525 and A91Y comelated with altered
function andfor expreazon of perforin, ME activity waz evaluated
by a standand *UWCr-relesse many and perforin expression by fow
cytometry in 5 patents; ALPS-3 and -11 with M2525. and
DALD-3, -6, and -10 with AS1Y. Paerforin expression was slightly
decreazad in ALPE-5, DALD-S, and DALD-10, but normal in the

BLOCO, 1 HOVEMBER 200 « WOLLME 106, NUMEER o

Figura 2. Pedigress of patlents ALPSE and -11 and DALD-3 6,
and -10. (&) nhartance of he MZEES PRFA mulation {FAF #) and
delechve Fas wnction {04 In ALFE-2 and -11; inheriance of the Fas
ruiation [THFFEFET s also shown for aLFS-5. (B Inhertlanos of e
A0 FAF1 vanalion (FAF1) and dalecive Faz dandion () 0 e 2
D&l patients. Subjeots wih ALFETALD am maked in gray; e
slster ol CALOVD dsplaysd CVID. PRFA® marks A01% homezygotas.
Faes Funclonwas evakialed s reporied In Figurs .

DALD=1d

& B

otber arlbjects, whereas the proportion of ME cells, detectsd as
CDE-CD56~ or COG-CD1A- cells, was in the noomald rangs in all
Arbjects, NE activity was significantly lower in the patients with
ASLY than in the contrals (P = 015), but oot decreasad in those
with N2325 (Table 23, However, in ALPS-11, previous amalyses
showed that ME activity was almost undetectable at the age of 3 (ie,
at diagnozis), extremely kow but detectable af the age of 5, and
normal at the age of 12 (Table 20 In ALPS-5, NEK activity was
asmessad af the age of 30, and oo previous analyses were available.

Discussion

This paper follows a description of an ALPS patient { ALPS-5) with
variations of both the Fas gene and PRFIS Tt shows that his
M2525 variation i3 significantly more frequent in ALPS patients
than in healthy controls. Maoreover. the frequency of a second
HLH-associated PREL variation. A91V, is significantly increased in
DALD pationts, who display an incomplate ALPS pattern. M2523
wie detected in 2 of 14 ALPS patients (ALPS-3 and -11% It
increased susceptibilicy o ALPS by about 63-fold and was found
ooly in 2 of 816 ethnieally matched contiods, 5 in other shidies. ™

Tabie 2. WK activity, perforin expression, and proportion of MK cells In PEMCE of ALPSDALD patients camying the H2525 and A1V

perforin varlatlons

Subjects acoarding Effactor-target rablos or HE acthelbygt

Parforn sxpresalont Parlpharalblood H Koglle, 5.

o FRF1 wirlation® 101 a1 10:1 % HA COa-COME CO3-CD86"
IR
ALF3E £ Fl 3 [ " 18
ALF3-11 {12 years) 3 2 18 24 5 1%
(5 yaars) 78 % 5 nd nd nd nd
(3 yaars) H 1% 5 nd nd nd nd
ARV
DALD-Z 12 12 3 45 8 8 2
DALD-E 2 12 3 155 6 1z 12
DALL-12 12 11 4 = 175 @ 12
Wadan 1& 12 3 8 & @ 12
Conincly) 31 (13.58) 3 (B35 12234) 23 [17-28) 47 (2874 11 {534) 17 (4-27)

nd Indizales not debamined

“ Al patien bz wers Feba oz ygoue forthae indkcabead o ol on eccaprl Tor DA LD -1 0, whowas homozygous.
THE sy Is prassad as spsdnc celHyals percent, and | ks the mean of iplicale assays, whote standard deviation was always < 105, of hermaan, Spontansous ol

hysizwas alwarys < 1 0% of macdmal cell keals.

$Parfonn aprassion |5 shawn a3 parmanbags of poaltive oals andmean Tusrescence Intaraty (MFT in arirany units.

£.=c Sth paroanile of conirols.

ety

| Madan {Sth-05i percentta rrgs) Trom 10 contmis, The MK actity of hess DALD patienis was signiicaniy lower han hal of the coniols [P = 1 5, Marn-whiney
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M2525 cocnis within the membrane-attack-complex, & reglon
critically involved in the pore-forming activity of perforin, but its
functional significance has been debated since it has been azsoci-
ated with pormal NE activity'™ ag in both ALPS-5 and -11 at
the time of this smdy. The fnding that ALPS-11 displayed a
striking defect of ME activity when be was 3 and 5 years old
auggeds that M25285 2 here aasociated with other factors decieas-
ing ME function in early childhood, followed by nommalization on
the part of unknown compensatory mechardsms,

ANV was detected in & of 28 DALD patients. It increasad
susceplibdlity to DALD by 3-fold and was relatively frequent
(4.6%) in the contmls, as in other sudies ™ This varation
decreases perforin function by altering its conformation, decreas-
ing it cleavage o the sctive form and increasing it degisds-
tion 7 In line with this wiew, our patients displayed lower ME
aclivity than the controls, especially at low effector-to-target ratios

Thiess data sugges that some PRF1 variations that causs HLH
when combined with a sscond PRF] vadation may favor ALPSS
DALD developrent if inherited defects hitting Faz function also
are present. Fas function i2 nermal in HLH and herce iz oot @
contributary of this disease ™!

The family analy ses showed that combination of A91% with the
Fen defect was oot anfficient to inducs DALD gince several healthy
famdty memibers carried both alterationa. This risk was significantly
increassd by copresence of the OPN®E gape varants, but even
their combination with A91Y and the Fa defect was oot sufficient
todnduce DALY in 4 of 8 DALD family membsers, Combination of
M2525 with the Fas defect seemsa o have a sronger effect than
ARV, gince we found it in patients only. However, even this
combinaticn may oot b2 sufficient for ALPS development, since
Rieuz-Lancat et al* have described an ALPS patient and his
healthy father carying both M2325 and o Fas gene mutation. The
obgervation that M2528 i in perfect lnkage disequilibrinm with
G4354 and ALE2G radses the possibility that these variaions of
athera included in the arcestal haplatype play a mle in ALPS
development. A second pessibility iz that concurment poles ae

PEFFCRIN GEME VaFIATIONS INALPS - 3083

played by other factors. The fact that QPN did not cocperate with
M2325 in ALPS development may b redated to the strongsr effect
displayed by M2525 in ALPS than by ARLY in DALD. and to the
possibility that the genetic hit of Fas function is more severe in
ALPS than in DALD.

Fas and perforin alteraticns may cooperate in affecting both the
anliviral feeponss and the switching off of the immune regonss.
Both molacules are usad by cybotonic cells o kill wins-indected
callz, Momeover, Fas is highly expressed by effector lymphocytes
that are swibched off by several Pasl*® cell types, but a regnlatory
sctivity also has been sscribed o perforin-mediated Killing of
affector Iymphocytes and antigen-presenting cell=™% In this
conrection, it is pobeworthy that OPN inhibits lrmphocyte AICD,
another mechaniam involved in switching off the immune re-
sponze, Lymphocyte accumulation and autcdmmunity displayed by
ALPS ard DALDY patients may be favorsd by both defective
irnimie reaponss awitching off and decreased vimis clearance that
would prolong the immune resporee. This pessibility opsns the
way to the view that ALPSDALD may overlap toth HLH and
cther inherited diseases charackermed by lymphopraliferation and
defective control of viral infections, such as the X-linkad lympho-
proliferative syndmame (XLF) due to muotations of the SAP gene
altering function of the 2B4 ME coreceptor® Intriguingly, toth
ALPS and XLP are associated with high susceptibility to lymphoid
neoplasia, which also seems favored by inherited PRF] variations
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LETTER TO THE EDITOR

Identification of Defective Fas Function and Variation
of the Perforin Gene in an Epidermodysplasia Verruciformis
Patient Lacking EVER1 and EVER2 Mutations

Jatirnal af inwsngative Dermaalagy advance onbee publicason, 15 Ocaober 2007, dac 0103 84 pd 5701132

TO THE EDITOR

Epidermaodysplasia veruciformis (EV],
an infrequently  reported  lifdlong
clinical entity, is characterized by
abnormal susceptinility 1o human pa-
pillomavieuses |HPVsL The  natural
couwrse of the disease may al times he
punctuated by the trarslomation of BV
Intg squamms cell carcinoma; the
lesions are preferentially located on
sun-expesd sites. Morsense mutations
in two adjacent novel genes, named
EVERT and EVER?, have recently been
asaociated with the diseaze in some
consanguinenus families and sporadic
cases {Ramaz ef af, 2002 Orth, 2006).
Despite these finding, we have re
cenily described an BV case with a lack
of EVER gene mutations and a remark-
able COBT Tell lymphooyiopenia
(Azzimont e al, 20050 Although BV
has recently been classified & a pri-
mary deficiency in innate immaunity &
specific HPV genolypes (Motasangelo
et al, 2004), with the central role
assigned 1o kerafinocytes, the maole
cular mechanisms underlying abnomial
susceptibility i a single type of weakly
pathogenic infectious agent are still
unclear,

A Sfyearold woman was adnitted
to our hespital with a diagnosis of BV
Physical examination revealed a limied
number of multipl; flat, whitish and
reddish papular lesions an the hands
and foreasnis (Figore 1a and bt and a
few pityriasis vemionlor-like lesions on
the trunk (Figure 1c). Swprisingly, the
patient had never developed either
cutaneoys premalignant or malignant
lesions, ewen in sun-exposed areas,

thus, her forehead did not present any

Figure 1. Climbral and hisiodogical finding: drom the study patest. B whash and reddah papul o
feiore o the (30 hand and b fameanm, (0 pRyrass verscoior Dke lesiors on the tmunk o) A bopsy
specimen fram a papdla lesion on Be rght foreirm shos fypedemoss and acantoss. The inset
shows mumaroes g oells wieh pale ssneng of the oytopd asm and pecinaciear vaciolzanon o e
spernis and gran b lapers ) A bopey specmen Som a flas warthios papule on the bade of the Fand
perioemed whan s was 29 years ol (12871 dhows the mme hisopatological findngs. Bar= 104,

erythematous lesions. As reporied in
Figure 1d and &, binpsy specimens fram
lesions of the forearm and hand showed
hyperkeratosis, acanthosis, and nume-
rows lasge celk withpale stining of the
cytoplasm and perinoclear vacuoliz-
afion in the spinous and granular layess,
resenbling the wpical histological fea-
tures of BV (de Oliveira s 2l, 2003).

This study wa approved by the
Research Ethics Committes “Maggione
Hospital” Movara and conducted ac-
conding o the Declaration of Helsinkd
Principles. Writen informed consent
was abtained from the patient.

HPY DRA analysis was performed
on samples colleaed with prewened
cattan-tipoed swabs from different sites
af the skin and on a formalinfixed,
paraffin-embedded papular lesion from

Ahhmvianens. A LIPS aurimmitine [pmphoproiiferaiive syndrama BV, apk ai-xnd

v e s

HPY, human papilomavineg 0L, interieukin: PRFT, pesarin gens

& 2007 The Sooeny for kvessgarss Dermaradagy

the foream. The results obtained by
PCR analysis ane shown in Table 1.

Cenetic analwis of EVERT (20
exons) of EVER2 (16 exons) genes did
nol detect any matation that would
result inoa loss of function. We only
found a nenspnomymous helermnzygos
single nuclentide polymanphism in the
EVER? gene irsF20B422) in positian
1289 of the oDNA  (numbering
based on GenBank accession nao.
NM 15268,  which  camed the
NA0GL amino-ackd subsition o the
protein leve,

Analysi of serum 1g levels by ELISA
showed that the patient displayed
mildly decreased levels of Ig4 and
normmal amounts of g, 1g0, and Igk
{Table 2). Immunophenatyne analysis
of peripheral hlood monnnuclear cells
by tworcalor immunafluoescence and
flow cytametry Tahle 21 showed a
low  reduction of helper T ocells

weany Jicanlineorg
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(CO3TC04 ™) and a striking expansion
(%) of an atypical T-cell population
expressing the TCRxf, but double
negative for bath CD4 and CDB idou-
ble-negative T celk). The paiient did
not deselon a contact allergy to dinitro-
chlorobenzene sensitization, and the
purified protein derivative intrademmal
test was also negative. Analysk  of
cytokine seordion of peripheral blood
T cells stimulated with anti-C03 mAh
showed ahigher production of IL-10 in
comparison o healhy aonirols (Figure 2a).
Secretion of IL-4, 1L-5, and twmor
necrosk fador-a was also significantly
increased. The proliferative response
and mawral killer activity were in the
nomal range {data not shown).

Expanszion of double-negative T cells
is a hallmark of the autoimmune
lymphoproliferative syndrome (ALPS],
an inherited  disease mainly due o
impaired apoptesis wiggersd by the
Fas (005 death receptor (Straws
el al, 1999 Dianzani et al, 2003;
Waorth ef al, 2006]. Functional analysis
of the Fas gene, performed by using in
witroractivated peripheral blood T cells
stimulated with an anti-Fas mAh, re
vealed defective Fas function. By con-
trast, ebopeside-induced cell loss, a
topoisomerase |1 inhibitor chemaothera-
peutic agent that triggers a death path-
way independent of Fas, was in the
nomal range (Figure 2b). Evaluation of
Fas ecpression in these celk by im-
munafluorescence and flow cytometry
detected normal  levels  (data  not
shown). Despite the double-negative
T-cell exparsion and defective Fas
function, the patient did not show any
clinical feature of ALPS.

ALPS & often caused by mutations of
the Fas gene (TANFRSFE), but mutations
of the Fasl (TWFSFE),  caspase-10
(CASPIO, or caspase-B (CASPH genes
have ako been occasionally reponted
(Dianzani ef al, 1997 Moreover, we
have recently shown that mutations of
the perorin gene [PRFT) and paly-
mornphisms of the ostecpontin gene
(SPPT) may cooperate with defective
Fas fundion in development of ALPS-
like diseases (Clementi & al, 2004,
2006 Mo muation was  detected
in TNARSF&, CASP10 and CASPS
whereas a missense variation in PRFT,
that is, a C/T substitution at position 272

loumnal of Investigative Demmatology

Tahle 1. HPV DMA presence in skin samples from different sites’

Sample HPY type
Skin suabs
Hand {papular lesion) 5 14
Meck (prpriass vemaon o e lesion) 14
Fomfead (no keson) 514
e b (ren e ) 5 14, 38
Surpcal specimen
Fomeamm (papular leson) 14 15 24

Shin samples collected with a slinesnaked coton-sipped swab and fom paraSin.embedded

surgical specimen.

Tahle 2. In vive immunological analysis of the EV patient

Parameter Stucy patient Sormal range
Semm
(") a! 40230
’G 1,050 TO0 A0
Igh 48 TO-400
gt Fid =150
FEMC | mmunaphenaiype
T oells
ot 5% (40" 435502
OO T T P EER
[eachii: g P 16313
TCRe/frr COMACDE DN LR 14-28
CIO AT 1615014 14349
O3 ACes* WA 180312
I AT TRA 50944 BlBETE
I WS RO 048 144 539
B cells
(sl Ea el nrow Mi-243
WK cells
OISR S 192} 1547
WO nOCyTes
g TET 04
Son DTH response
DCH - B
PPD - B
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In summary, this study describes an
EV patient lacking mattations of the
EVER genes, but carrying several im-
munalogical alerations typically found
in patients with ALPS, such as peri-
pheral blood exparsion of double-nega-
tive T cells, decreased Fas function, and
a gtrikingly increased secretion of IL-10.
In the study patient, no mutations were
detected in the Fas (ALPS type 1) and
caspase-10 or caspase-f gene [ALPS
type Il). Therefore, her defect might
be similar to that of ALPS wpe I,
that i, ALPS lacking known mutations
and presumed o carry  unknown
mutations of genes involved in the Fas

signaling  pathway. Moreower,  the
patient displayed the A2V sariation
of the perdorin gene that has been
asmodated with an incomplete variant
af ALPS.

A number of repors on viral disease
modes, in which mice with deficien-
cies i one or more components of the
two cytolytic pathways were wsed,
demonstrated that perforin and  Fas
concur in vinus clearance (Kag et al,
1004 Balkow et al, 20011 In this
context, it can be pestulated that haoth
Fas lunction and perforin defects may
contribute to the abnomal susceptibil-
ity of the study patient to cutaneous

E Zavafiaro et al.
Fas and Perdorin Defects in an BV Patien

HPV infection, possibly by decreasing
viral clearance in vivo. Consistent with
a rolk of ddective cell-mediated ovto-
toxicity im some EV patients, we pre-
viously reported  an BV patient
disgplaying a dramatic CDE+ T-czll
lymphocytopenia  (Azzimonti o al,
2005). Thus, a commaon pathogenstic
mechanim can be found in the re
duced number or decreased oytotoxic
function of COBT T cellk that may
impair the immune deferses against
HFY and lead to lifelong infection. It
remains to be explained why a cell-
mediated ovtoteacdcity  defect would
seledtively favor cutaneous HPY infec-
tion. One possibility is that the putative
mild oytotocicity dedect, carried by the
EV patient, may reveal itself anly in the
skin environment, which is a peculiar
lymphoid tisue. A second, non-mw-
tually exclusive possibility is that addi-
tional genetic or enviranmental factors
may be present in such patients.
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SECTION I

4. MULTIPLE SCLEROSIS: an overview.

Multiple sclerosis (MS) is an inflammatory demyaelimg disease of the central
nervous system (CNS) due to autoimmune aggresdiamyelin antigens. Its onset is
usually between 20 and 40 years of age and dis@agisronic development leading to
substantial disability because of deficits of sewesiand motor functions. Its aetiology
remains unclear andsk is greater in women than in men; the femaleatde ratios are
between 1.5 and 2.5 in most populations, with adreward greater values in the most
recent studieg87]. In high-risk populations, the lifetime risk for MS about 1 in 200 for
women and somewhat less for men.

MS is rare in Asia and, in all continents, it iseran the tropics and subtropics.
Within regions of temperate climate, MS incidencel @revalence increase with latitude,
both north and south of the equdi®r].

Italy shows a prevalence of 20/100.000, with altotember of patients estimated at about
50.000, with the highest prevalence in Sicily &aidinia[88-89]. Genetic predisposition
most likely contributes to geographic variationsvM& incidencg90] with the highest risk

in the Caucasian population. Howevere remarkable differences in risk among people of
common ancestry who migrate to areas of high or M8 prevalencesuggest the role of
environmental factors, which are confirmed by salvepidemiological studies. These
environmental factors seem to be predominantlycéffe in age childhood and first
adolescence, since the immigrant populations teriegeép their disease risk similar to that
detected in the area of origin if migration occdredter the fifteenth year of age, whereas

they acquire the risk of the immigration area ifgnation occurred after that aff#l].
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Three main clinical course of MS have been desdribg relapse remitting (RR),
b) secondary progressive (SP), and c) primary pssive (PP)92]. RR is the most
common form and is the type most people are ihtidlagnosed with. It is characterized
by relapses with a flare up of symptoms followedrésnissions to symptom free phases.
The SP form is an evolution of the RR form and itharacterized by incomplete recovery
from relapses and chronic progressive evolutiodisébility; this evolution may happens
within 5-20 years from onset. Around 65% of peogiagnosed with RR MS go on to
develop secondary progressive MS. About 15% of lgeoyth MS is affected by PP MS
that is characterized by a lack of the RR phasapsyms creep up slowly and steadily get
worse. People with this type of multiple sclerdsisd to be diagnosed when they are older.
About 85% of sufferers with this form of the diseakevelop walking difficulties because,
unlike RR MS in which nerve damage is found in btik brain and spinal cord, the
disease primarily attacks the spinal cord. Theyusléely to have the cognitive problems
associated with damage to the bri@a].

Two other types of MS have been described: (1)dreMS, in which one or two
mild attacks, mainly affecting the sensory functipare followed by complete recovery,
and (2) progressive relapsing MS that is progressmm the outset with clear acute attacks
and symptom flare ups, but without complete rerissisince symptoms continue to get

worse in between relapses.

4.1Aetiology
4.1.1 Genetic Factors
The earliest evidence supporting a genetic infleemt MS susceptibility was derived from

observations of familial aggregation and differenége MS risk among ethnic groups
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residing in the same geographical regions. In NwrtlEurope, recurrence risk in a sibling
is around 3% and the point prevalence is approxipdt per 1.00093-96]. Second- and
third-degree relatives of MS patients are alsorainareased risk for MS, supporting the
possibility that genetic factors, which are distirom a common environmental exposure,
influence familial susceptibility97]. Studies carried out in Canada of adop{8&$, half-
siblings[99] and spousefL00] seem to confirm that genetics is primarily respaesfor

the co-incidence of MS within families. However, iatriguing association with month of
birth was observed in the Canadian study, sugggestininteraction between genes and an
environmental factors operating during gestationsioortly after birth[101]. Parent-of-
origin genetic effects might influence both diseassceptibility and outcom@d02-104]
and concordance in families for early and lateicsihfeatures indicates that, in addition to
susceptibility, genes influence disease courseathdr aspects of the clinical phenotype
[105-108] Finally, twin studies from several populationsnsistently indicate that a
monozygotic twin of an MS patient is at higher r{s80% concordance) for MS than is a
dizygotic twin (~5% concordance)109-112] providing additional evidence for a
significant, but complex, genetic aetiology.

Two main issues have confounded efforts to idensifisceptibility genes in complex
diseases such as MS. First, the effects attribaitimbindividual genes are modest. Second,
the significant amount of genetic variations in theman population means that relevant
signals have to be sorted from an overwhelming arofinoise[113-114] The number of
MS susceptibility loci, their effect size, and moaokeinheritance can not be judged with
certainty by studying the pattern of inheritance nmulti-case families. However, the
nonlinear relationship between familial recurremisk and the degree of relatedness, as

well as the available genetic data, suggest thatdmn 20 and 100 common variants, each
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increasing risk by only a modest factor of 1.2-Wbuld be sufficient to account for the
prevalence and heritability of MS. Alternativelyany hundreds, if not thousands, of rare
variants would be required to explain MS suscelitiibi even if they individually increase
the risk by as much as 10-20 f¢id 5].

Despite many linkage and association studies peddrover the years and in many
populations, until very recently, the only repliedtgenetic risk factor remained the one
mapping in the human Major Histocompatibility coempl(HLA) region. The strongest
association in this region is with the Class IeldIHLA-DRB1*1501 (DR15) that in most
tested Caucasoid populations increased the rislkalimut 3. Recent data point to the
presence of a second MS risk modulating factor he HLA-Class | region. Three
associated alleles were recently reported by thkiiEferent groups, namely HLA-A*2,
HLA-C*05 and MOG-L142, all conferring a protectiedfect decreasing the risk by values
between 0.49 and 0.7 independent of linkage diibgum with DR alleles[116-118]
While these data demonstrate that genes in the ldla&s | region indeed exert an
additional influence on the risk of MS, the ideictition of the primarily associated class |
gene requires further studies.

The identification of non-HLA susceptibility locials remained elusive, with no reliably
replicated association, likely because most non-Hiusceptibility genes have a small
phenotypic effect conferring marginal risk valuésitt only extremely large patient and
control datasets have the statistical power toctlefd last, thanks to the implementation of
high throughput techniques and the employmentrgelaata sets, some apparently reliable
results are starting to be reported. A whole genagseciation study performed with about
300000 single nucleotide polymorphisms (SNPs) ifledta strong association with two

intronic SNPs within the interleukin-2 receptor lpgene (IL2RA) (p=2.9x1%) and a
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nonsynonymous SNP (T244l, rs6897932) in the inu&rte7 receptor alpha gene (IL7RA)
(p=2.9x10") [119]. The MS association of IL7R T2441 SNP was repéidain independent

data sets analysing a total of about 7.000 MS mpigtiand 7.000 controls from Northern
Europe/US. The associated allele conferred a M&rasging from 1.2-1.3 and induced a

twofold increased skipping of exon 6 which produaesmluble IL7RA isofornj120-121]

4.1.2 Therole of infections

The relatively low concordance rate of identicainsvindicates a contribution of
nongenetic factors to MS aetiology. Viral and bdateinfections are candidates as
environmental triggers of M$122]. Evidences stem from experimental autoimmune
encephalomyelitis (EAE), since almost 100% of tgemsc mice expressing a TCR (T Cell
Receptor) that is specific for an encephalitoggraptide of Myelin Basic Protein (MBP)
develop EAE when the transgenic mice are house@rundnpathogen-free conditions,
whereas the same animals housed in a pathogeritaitdities remain disease free.

Important clues may also come from the investigatb MS epidemics. Of the
several reported, thmost convincing, albeit not uncontroversial, ocedrin the Faroe
Islands[123]. The Faroes are a group of islamshe North Atlantic Ocean that have been
a semi-independenunit of the Kingdom of Denmark sinc&948 According to
investigations by Kurtzke anothers, MS was virtually absent among indigenbasese
until the islands were occupied by the Britisops in 1940. After the occupation, 25 cases
wereidentified with onset between 1943 and 1960, raosbng residents of parishes where
the troops were locatdd 23]. A detailed analysis of the time course of gpmdemiclead
Kurtzke to postulate that there is widespread transmissible agent that causes an

asymptomatigoersistent infection or “primary MS affectionfarely, and years after the
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primary infection, this agemwould cause neurological symptoms (MS). Overak, dhta
support the possibility that an environmental faattroduced by the British troops caused
an increasé MS incidence

The viral aetiology of a number of human demyeli@gtdisease [progressive
multifocal leukoencephalopaty caused by papovir@s @ostinfectious encephalitis and
subacute sclerosing panencephalitis (SSPE), baikedaby measles virus; herpes simplex
virus (HSV); HIV encephalopathy] explains the congd interest in virus as triggers for
MS [124-127] Moreover, animal models of virus-induced demyatiimy diseases, such as
encephalomyelitis by Theiler's murine encephalorntige(TMEV), neurotropic strains of
mouse hepatitis virus, and rat- adapted measlas =iso support the possible involvement
of a virus in MS. Among virues that are pathogemichumans, herpesviruses are of
particular interest owing their neurotropism, uliiqus nature, and tendency to produce
latent, recurrent infections. Human herpesvirus ) and Epstein-barr virus (EBV) are
the leading candidat¢$26-128]

HHV-6 can lead to meningo-encephalitis, and sewvelgkrvations suggest a role
in MS, including its detection in oligodendrocyiesMS plaque tissue (but also in normal
brains), the infection of astrocytes, and the preseof HHV-6 DNA and anti-HHV-6 IgG
and IgM in serum and cerebro-spinal fluid (CSFMS patientd126-127]

EBV is an ubiquitous herpesvirus that infects d@%o of the population. Primary
infection generally occurs in early childhood asdusually subclinical; however, in older
patients, it may manifest as infectious mononudteoAfter primary infection, EBV
establishes latency in B cells and this persist#ettion is etiologically linked to several
lymphoid and epithelial tumors, including Burkiftniphoma, nasopharyngeal carcinoma,

and Hodgkin lymphoma. A meta-analysis estimatetlthiegaodds of MS are more than 10
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times higher among EBV-positive versus EBV-negatsibjects. Longitudinal studies

showed that the risk for MS in apparently healtdyles was directly correlated with levels
of anti-EBNA-1 IgG (EBV nuclear antigen 1)129]. Interestingly, these anti-EBV

antibodies are significantly increased up to 20rydasefore the onset of MS and then
remain constant. A recent work found evidence oY Eiection in a substantial proportion

of brain-infiltrating B cells and plasma cells iearly all MS patients (investigated post-
mortem). Expression of viral latent proteins wagutarly observed in MS brains, whereas
viral reactivation appeared restricted to ectopicell follicles and acute lesions. These
findings provide evidence that EBV persistence @attivation in the CNS play a role in

MS immunopathology128-129].

Human herpesvirus 1 (HSV-1) and varicella zosteasyVZV or HSV-3) have
also been considered as MS-triggering agents ohakis either of CSF antibody studies or
finding that VZV encephalitis is characterizied lemyelination. Among bacteria,
Chlamydia pneumoniae has been implicated in[8D].

Two main mechanisms have been propososed to exptaininfections could
induce MS: (a) molecular mimicry, i.e. the actieatiof autoreactive T cells by cross-
reactivity betweerself-antigens and foreign antigens, can lead to theatian across the
blood-brain barrier (BBB), CNS infiltration and &Hy to tissue damage by anti-viral
lymphocytes cross-reacting against myelin antigemst (b) bystander activation, which
assumes that autoreactive cells are activated beaafunon-specific inflammatory events
that occur during infection and work as adjuvant thee autoimmune response. A third

proposal is that infections induce MS through a lom@tion of these two mechanisms.
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4.2 Pathogenesis of MS

Most studies on MS pathology and pathogenesis leen focused on focal
demyelinated lesions in the white matter, namederetit plaque. Itscharacteristic
pathological feature is demyelination. Both the hmysheath and the oligodendrocyte itself
are destroyed within lesions, following attack lymphocytes that react with myelin-
related epitopes, such as MBP. Immune attack im#oloth cellular immunity, with T
cells directed at myelin and oligodendrocytes araiting phagocytosis by macrophages,
and humoral immunity with secretion of anti-myelantibodies from B cells and
subsequent fixation of complement and opsonizatan the myelin sheath and
oligodendrocytes.

The CNS has long been considered to be an immuwileged site with few, if
any, lymphocytes present in the absence of actwections. However, accumulating
evidence has demonstrated that a small number @kllE traffic through the CNS
surveying for infection and injury, and that T sedictivated in the periphery can penetrate
the blood-brain barrier (BBB) and enter the CNS81-133] EAE can be induced using
CNS homogenates, myelin proteins, or their encépigaic peptides in adjuvant. Myelin-
specific CD4+ T cells are considered to be thaatuts of disease in both MS and EAE,
but clonal expansion of CD8+ T cells has been detkin both MS and EAE lesioi$34-
135]. In addition, adoptive transfer of myelin-speci@®8+ T cells can induce an EAE-
like disease in recipient animaj436]. Myelin oligodendrocyte glycoprotein (MOG)-
induced EAE is characterized by many pathophysioddgprocesses detected in MS,
including encephalitogenic T cell and demyelinatiagtibody responses with axonal

damage that is quantitatively and qualitativelyikinto that seen in MEL37-139]
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In addition to damage of myelin and oligodendrosy&xonal loss and injury are
also characteristic features of sclerotic plaquesonal loss is determined by counting
processes in histological samples. Injury can keatied by the accumulation of amyloid
precursor protein (APP) in swellings where axomahsport has been interrupted or the
axon physically sectioned. APP accumulation isaadient phenomenon and staining for
this protein can thus be taken as an index of teaeonal damage. In end-state multiple
sclerosis, up to 60% of the axons present in siteptaques may have disappeaf&d@8-
144). This proportion of axonal loss in clinically silefiturnt-out’ plaques appears to be
independent of the extent of remyelination and thenber of residual oligodendrocytes
[144]. Axonal loss is also observed in normally appepviumite matter adjacent to ‘burnt-
out’ lesions in the cervical cofd39]. However, axonal damage is an early event in tesio
formation[145-147] In fact, APP accumulation in axons is most praninin early disease
and is correlated with the extent of infiltratiohTo cells and macrophages into the lesions
[148]. The extent of acute axonal damage is more prarezlim lesions in which active
demyelination is proceeding, compared to inactigmygklinated lesions, consistent with a
causal relationship between inflammation and axamaty [148]. However, neuroaxonal
damage can also be demonstrated in cortical plaghese infiltration of immune cells is
less pronouncefd49].

A number of cellular and humoral mediators of threniune response have been
shown to be capable of damaging axons, includirglls, macrophages, antibodies, nitric
oxide, glutamate, and matrix metalloproteases.

Binding of T cells to neurites may be facilitateg &n increased expression of
MHC proteins in neurons and their processes urteirtfluence of interferop-from T

cells infiltrating the lesion[150]. These observations would be consistent with the
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hypothesis that release of toxic soluble mediatoosn these immune cells may be
instrumental in damaging the axons. Axon damagebleas suggested to be mediated by
perforin[151], whose secretion by CD8+ T cells is up-regulateddtive multiple sclerosis
lesions[151-153] and Fas-mediated deajt¥4]. In the Theiler's virus encephalopathy
model of multiple sclerosis, suppression of perf@ene expression protects mice against
neuronal loss and neurological impairment, whedemsyelination is unaffectgd54].

Disruption of the blood brain barrier (BBB) is allh@ark feature of immune-
mediated neurological disorders as diverse as Weahorrhagic fevers, cerebral malaria
and acute hemorrhagic leukoencephalitis. Rece@iNG-infiltrating antigen-specific CD8
T cells have been shown to display the capacityit@ate BBB tight junction disruption
through a non-apoptotic perforin-dependent mechafis5].

Activated macrophages release nitric oxide andagtit acid. Nitric oxide has
been demonstrated to cause reversible conductiock bh demyelinated axonfd56].
Exposure to concentrations of nitric oxide likely be generated by macrophages in
multiple sclerosis lesions leads to Wallerian degation of electrically active axons and to
damage of axonal membrangks7]. A role for glutamic acid-mediated citotoxicity is
suggested by the observation that treatment of mitte EAE with the excitatory amino
acid receptor antagonist NBQX results in consideramd significant rescue of axons
[158]. Axonal sparing was accompanied by increased ddigdrocyte survival and an
improvement of the clinical state. However, markefsinflammatory activity were not
affected by treatment with NBQX.

Finally, antibodies against axonal epitopes relg@asem B cells may also be

involved in concurrence with complement. In the EE model, depletion of the C6
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complement protein has been shown to prevent axdarahge as well as demyelination, in

spite of normal levels of T cell infiltration inthe nervous systefi43].
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4.3 RATIONALE

Families of patients with ALPS, carrying inheritedbfects of Fas-induced
apoptosis, display increased frequency of commdbimmune diseases, including MS
[159]. This prompted an analysis of Fas function in M&ignts, which showed that a
substantial proportion of them (50%) display defecfFas-induced apoptosis and that the
defect was more frequent in those with progressourses (70%). The Fas gene was not
mutated, but the finding that the healthy pareffitthe patients displayed the same defect
suggested a genetic compongh®0]. Therefore, inherited alterations involved in ALPS
may also be involved in MS development. This paksibwas supported by the
observation that the variants of the osteopontimegaducing production of high levels of
this cytokine increased not only the risk of ALPB&fold (see the Introduction section),
but also the risk of MS by 1.5-fol§67,161] These observation prompted the work
described in thepaper 3 aimed to evaluate whether variations of the perfgene are
involved not only in ALPS (as shown in tipaper 1), but also in MS development. This
possibility was supported by studies showing thagtgaon of chromosome 10g22.1, located
near toPRF1, may be a susceptibility locus for ME62].

Thepaper 3shows that, indeed, variations of the perforin gamea susceptibility

factor for MS development.
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4.4 RESULTS

4.4.1Paper 3
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riphohistiocesis (FLAEL PRFT sequencing b 790 gatents with mullipde schemsts and 285 confrols oefected o FLHE-
assoccaled winaliovrs SV, M2SES) i bolh grooes S si novel mofations (O399, G0, GT4284, ATEXG, G184,
CT088T) in patianis. AN logathar, camiers of thase varalions were mare fregueal in palionts than in condrols [phanciype
frequency: 17 v 9%, P DOTEE: odds rilie (OR) - 2.06, 95% senfidencs intenal (00 1.13-3.77). Allhough ATV was the
mast frequent varalion and displayed a drend of gssociation with malliple sclvoss (4S) e the lesr popudatian of patients and
confrpls (raguansy of K 27V aifele; 0076 ve 0043, F— 00040, war used il o a markay [0 conlien PRFT mvahaement in A4S
and assessed s reguivicy M & second pogulation of 968 palipnts and 1520 conlrods. Froguency of the STV allple was
sigrdficantly Mgher in palierds fan in conlrols alee n e second popudation (0.075 ve 0L058%, P— 0.079) In dhe cormbingd
cofunts of 1158 paenls and 1785 conlrals, presence of e STV allsie i single o doubde dose conferred an OF = 1.3
[RFM G 1. TO-T T Those diada suggest har AFT I and possitdy offer AN Ot SuscepiRnlily o MS.
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Introduction

Mulﬁplc sclerosks (MEY 45 o chronie  Inflommatory
demyelinating disease of the central mervows syshem,”
Its clinbcal oourse varies; at onsed, approximately 15% of
patients display 2 primary progressive () form,
whereas the remainder start out with o relapsing
remitting (RR) form and most of them switch o a
secondary progressive (SP) forme within 10-301 years,”
Both environmental and genetic factors are invalved in
the developrment S progression of M5 and several studies
prent Lo oo comnples inheritance involving interactions
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between combinations of boci that may influence the
immune response 4

Desnypelination is elviously a pathelogical hallsua b of
MS, but necent evidence has suggeated that the clinically
relevant cause of functional disabllity is injury o the
axon” This I'I|,“1:II'L'K‘II('EI"I1E'mI‘i1.I'|." moddel ]'.H:r.t.'its that dem],'r--
lination is a permissive fcbor that creabes an envinon-
ment in which the axon becomes susceptible o injury
miediabed either by loss of axo—glial trophic inberactons
or immune-mediated atack of the deneded ason, The
cellular effectors pesponsible for injuring, demyvelinated
axuvms are currently wnidentified. The foct Usay DB T
cells are the mest abundant lyvmphocyles within M5
fesions® and  correlate  with axon  injury”  suggests
that class [-restricted cytotosic T cells (CTL) may be
the culprit.

Cvtolyhic granules of CD8° CTL and natusal killer
(MNE) cells contain perforin and granesymes, and are
released on the Tal:{.;l.‘l: cell upH iks I.‘E\l'.‘d:-j.;ll.ltl.ﬂﬂ'l. I:"f' the
cytoboxes cell. Peckorin P-cﬂ)nu.rlu: o bhe LnrHel: well
membrane and forms pores allowing enbry of graneyemes
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that teigger apoplosis of the farget coll by cleaving  variations were detecled, that is, CIP2T (35947152, =
Caspases.” ATRRG (r2RR33375) GF19A and C1069T (nurmerations
tallolic bose-of-function mutations of the porforin are reforred ke the CoaBank DA clone MIEI0T,
gene (PEETY have been classically associabed with about ATG= +1) causing AYIV, NI515 KMOH and KIS7TW
3% of cazes of familial kemophagocvtic lemphohistio-  amine-acid substitutions, respectively. A%1Y and N2325
cytosis (FLI2I, a rare life-threatening immune defickency  arne variations previously associated with FLH2, whereas
that oocurs in infants and young adulls*™ FLH2 has  RXM0OH and R357W ane new
been classically ascribed to decreased capacity of CTL Four ather novel variations, C90T, Gl06aRA, G14284
and MK cells to clear viral inbections: viral persistence is aned AT6200, were detected, but they were synonymons
thought to cause the lymphoproliferative pattern. FLH2Z  variations (P333F, F355F G476 and QB400), respec-
i & revessive disease and subjects carrying heterozygous tivelyl; amalysis of their putative effect on splice sites
PEFT mutatiors: are generally healthy, However, somae using the Spliceview software and ESEfinder scoring
heterozygous varations may faver development of  matrix showed that only A182005 (034000 mav have an
autoimmune diseases. This has been initially suggested  effect by creating a novel acceptor splice site (Spliceview)
for the awtcimmune  lymphoproliferative  syndrome and a novel binding site for Ser/Arg-rich proteins
LALPS), a eare pediatric autoimmune disease duwe o (ESEfinder), a family of conserved splicing factors,
defective function of the Fas death receptor invelved in Finally, we detected the two nucledide varkatbons,
both downmodulation of the immune response and  CEIT  (rs#858210 and T900C {rsE85822), previously
cell-mediated cymtoicite.” ALPS i primarily due o reported as comman polymorphising nol asseciated wil
mutations of the Fas geme or other genes involved inFas FLH2; they did not change the amino acid, nos indluence
fumction, tat other genetic factors may concur, We have  the splicing shes. Thelr frequency was similar in the
detected hwo FLH2-associated amino-acid substitutions  patients and the controls. Two other synonymous
of PEF] that are azsociated with ALPS, that s, M2525 and vartations (G4354 amd A4820) are known to be in
ARIVE A subsequent work on patients with type 1 riect linkage disequilibrium with N2525 and wene in
diabetes mellitus (TIDMP detected  association with act only detected in the two subjects lone patient and
M2525, but not ASLY, and a patient displayved a novel  one control) carrying this vargatson.”
mntation cansing a PAT7A amino-ackd change decreasing ANV was detected 29 times in 26 patients (23
MK functien.'* This work was aimed to evalsate whether  heterozvgotes, 3 homozvgotes) and 23 controls (hetero-
FRF1 also contributes to MS devalopment In the light of zygotes); M2525 i 1 tient and 1 comtrol {heteraxy-
recemt studies showing that a eeglon of chromosome  gotesh; E2M40H in 2 patients (heterozygotes): RISTW,
10221, located near PRFL, may be a susceptibility boecus  PA33E PA55E, and 4760 in 1 patient each (heterosy-
for M5 gotesh: and Q5400 in 1 patient (homozygote). The RISTW
and P355P carriers were also hl‘tl‘er}'ﬂlﬁ.L‘- foor A9TY, and
thar tws variations were kaind ko be on different alleles
by allelespecific PCR. Al together, frequency of the
HEE““E FL1 I2-.1'|m1c}i,.'|l|:v:i and vl 1'!::ri.r|.ri|:|n:i vl.'l,f. 'h:irjlcr in
Analysis of the winde codieg region of PRF1 patients than in controds Gallele frequencies: 0100 vs
The cntire coding region of PRE] was soquenced in 190 ME, Pond0ls; phenctype Prequency: 17 ve 95,
MS and 268 controls to look for varabions associabed P =66 odds mabhn (CER] = 206G, 95% confidence inber-
with FLH2 or nowvel variations (Figure 1. Four missense qal {C00: 1.13-3.77; Table 1),
A aGH c E
=l - —
—
B - -—
F =]
Mudheobde Predicied Exon Previcus reports
arigtion aming acid A 5 -pecticcaigigecchgataaic-d
change B 5 -peanicanacmpgagooigeld
carar ALY 2 FLHZ-aesociated c 5 -coaghcsBgRagecachas- 3
ATSE0 M2525 El FLHEZ-agzociaked B .
Gr10A T ] Facreal b 8 -geiciggacgaagaggtic 3
SoneT oo m Tooeat E & -capicascalappealecasg-F
G06GA, PI5EF ] Henel F 5 -gaacagrapgicgiiaalpgage. ¥
CrossT RZSTW 3 Wl G 5'.ciocagogooipoclocpgC-3d
[ EFTTY GATES 3 [ H 5 -gipeagegerigericcgg 13
MG CEHAI ] vl
Figuee T Craphical representaiion dnot in scade) of the PEFY gene. primers used for typing and the varistioos found in M5 patints The
wpper panel shisws a scheme of the gene and the relative position of Hw primers; e represent thie exons (bhe oieding, repion @2 shism i
Black, lisses P nbroes, Lotbers ars) aenoies inadicate the primers used o amplify ard soquence the gene (e Matertals and mecthods) ard thelr
ap|lence & shown in e losweer Aght table. The keaver loft panel shows a summary of the FLHZ-assacated (%) and nosvel PEF] variations
detected im 190 ME patients ard 28 controls
Gemes and dmmundty
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Table 1 Summary of the genalypes af 19 MS patints ard 268
onntrals carrying PHF1 variabons
Allefe 2 Allede 2 ME = 150 Cortrals
n=268k
AN AR 3 [i]
AN RasTwW 1 0
AV P3P 1 a
CRE00 5D 1 a
AV wt 21 23
WIS wh 1 1
(=TT H] a
Fazar wl 1 a
Garsls  wil 1 a
Tevtal 32 (1T 24 (9%}

O = L0, 955 CL 113=3.77; P= 0066

Ablreviatiors: Ol conlidences idervals; M5, euliple scemeis:
CF, odds ratic; wi, wild vpe

“Mumber of subdecls (frequency im the bracketsi

E0R apd 98% C1 Hmats; Povalues ane twor failied.

The PolyPhen algorithm was uwsed to predict the
functional effect of the bwo movel R24MH and R35TW
missense variations and showed that beth may damage
the function and structure of the protein (R2Z40H:
soope = L3315 RIGTW: score = 2,690k Thetefore, we di-
recily assessed whether RI40H affects perforin function
by evaluating MK activity in the I patients carrying the
varlation and 15 controls. Resulls showed that, al low
effector,/targel ratins, MK activily was defective in one
patient amd mm the low level (that 1s, within the Frst
quartilel of the normal range in the other (Figure 20 Thes
analysis was not pertormed n the B357W currier because
his cells were not available. Intriguingly, both patients
carrying R2W0H diﬂEr]nyud an I.EI.'I}' sweitch from the RE to
tha 51" couree (5 and E._l.-m:ru Fresem oneet, mpﬂl‘iw@] e
a :lnull:l.PI-L' selermis severity score (MSSS] of 785 and
735 Mpc'u:'l'i'l.'r']].-. H}- contrast, this JEEI‘[‘&EEU{ clinical
evolubion was not displayed by the R3STW carrier.

Search for the ATV wawiimtion i1 0 sevond poprlakion

of patients oed canfrofs

Although ATV was the most frequent variation and
displayed a trend of assoclatlon with MS in the first
populotion of patkents omd contrals (frequency of the 9%
allede: (MO76 vs 0,043, P = 00441, wie used it as o marker bo
confirm PEFT involvement in M5, and assessed ils
frequency in a second independent population of ek
patients and 1520 ethnically and geographically matched
contmols, The 91V allele was carried by 138 patents (131
heteroeygotes and 7 homozygotes) and 168 controls (160
heteroey gotes and & homozygotes) and its f HICY WA
significantly higher in patients than in uuntn:iu (LTS s
00688%, F=0MYL In the combined cohorts of |15
patients and 1788 controls, presence of the 91V allele in
single or double dose conferred an OR =138 (95%
Cl=1.10-1.74; Table 2).

Mo differences were found between subsocts carrying
or nok carrying A%TY i lerins of gender distribution,
clinical form (RR, PP and 5PF and MSS55 (daka nat
shown), Moreover, | of the M5 suscoptibility
allele HLA-DR15 was nod different in patients carrying
AUV or nod, as HLA-DRIS was carried h_-..' 3% of

Catrvies. mndl Imanunity
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apacilic cell lysis %
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101 30:1 101
effector targetiratic

Flgure 2 BK activity in PBMC of W% patients cammying the B240H
perfosin wariations amd comtrols, ME, activity wos assessed at the
T0kT, ML, amd WED sdleckor /b CETE ratios, cosvlisiuonis lives
indicate patients; siripped and doited lises indscabe the median
values and imhercpeartile ranges of 15 comtrols

Table 2 Canabype requenciis of ATV in the conshined cobarts

af M5 patients {ir= 1136 and healthy controls (2 = 1758)
Genatyrs MS in =561 Coamirels {n = 1788 F
A WL ERE) 1597 LHIR)
ANV 154 (001331 LE3 00 1
WY 10 [DUHE & OIS
ANV vs AA "OR = 1.6, 85% CI=1.10-1.74; I'= G

Abbresiatioers: CL oonfklence mbervals; M3 maltiphe sclenosis;
R, odds ratio,

“Mumber of sabjeclks frequercies are shown in the brackets
Genolypls distrbution did sl deviabe ,n.isnl.-l'lmnll-r o e
Hardy-Wenberg; equilibrium in amy group (data not shawnl

YOI and 5% €1 Bmids; Fovalues are teoo-tailed

patients with the 91V allele, 29% of patients without it
and 12% of the comlrols.

Discussion

Multiple sclerosis s a complex disease that is probably
the result of multiple genetic and environmental factors,
Several genes have been invelved in its development,?
and some of them are important in the [mmune response,
This work shows that PRFT may also be involved, as MS
patients displayed higher frequency of PRFI variations
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than the controls. This confirms data obtained by other
authors showing that the chromosome region 10g22.1,
whiere PRFT i lnrated, contnins sisscapdihiling genes fne
M5 development.'™ '

The most frequent varation was AYTY, as I'n-t]m'nr}- o
the 91V allele was increased in bwo independent
populations of MS patients than in the rotive
contrels, and increased the nsk of MS by about 1.4-fold
in the comibimed cohorts. By contrast, A9TV did not seem
o anfluence the diseese course a5 MSS5 was not different
betiween patients with or without A91V. Studies based on
anmalyais oF eytotoxic lymphoeoybes from AV corricr or
rat bﬂ:iupll:il. beukemia oells transfectod with variants of
the Pm'hﬂ'in cOMA have shown that A9V decrenses
perforin function by altering its conformation, decreasing
itz cleavage o the active form and  increasing its
degradation ' Rizma ! al" classified A9V as a class
I missense mutation with limited functional impact that
allows partial maturation of the probeln. Yoskobolnik
el ™ have recently used a ¢ ]{Iemehtahr-n assay with
perforin-knockout  primary CTL o show that ATV
reduces both the stead y- a!al.e fevel of perforin expression
in effector cells (‘presynaptc” dysfunctiont and s
intrinsic Iytic capacity on target cells, and alse displays
some dominant-negative effect on the wild-type protein
["poslsymaptic’ dystuncisen).

Our previous work showed that frequency of the 91V
allele was also mereased in an incomplete vanant of
ALPS, wherras N2325 was assoctated swith the t}'[.iil.‘-l'l]
form of ALFS and T1O%.9 = The functional significance
of M2525 = debated, but we showed that ot may be
associated with decressed MK activity in the early
child hood x2 Although frequency of N25Z5 was appar-
t-:|11!:,.' not difterant in MS and contrals, it is ]'.umi.bltl Hhat
PRF1 variations favor development W several aubvim-
miune diseases, with differences reflecting their effects on
perforin function. A9V has also been associated with
other immune diseases, such as lymphomas and acube
childhood  lymphocytic leukemia, and atypical (late-
onsed) FLHZ>

Besides A9V and N2525, we detected two new
missenst PEET muttations in MS patients that crose
F240H and H35AW amino-acid substitutions, R2400
porurs  meathy  M2525  within the membrane-attack
complex, a region critically  involved in the pone-
Fl,‘ﬂ'ﬂ'l:il'lg .}l:l:iu‘it:.' of pu:-:rfnnrl.?? However, .}n.ﬂ}-si._-r- of MK
actzviby in the two RMIH carders showed bhat it was
near the bow limit of the nosmal range. Although both
carlers were heferozygous, we suggest that R240H
cawses @ mild decrease of perforin funchion without
exerting a dominant-negative effect on the wild-type
form. R357W ks located in the same domain, bt we
conld nat evaluate its functional etect because fresh cells
from the carfer were not available. Howewer, both
R357W and F240H were predicted to damage perforin
furcctlon and structure by in aflico analysis with the
PoliPhen program.

Four other niovel mutations weere detecked 0 MS
patients, bt I:hr'}r WETE  SYTHOTY IS (P333F P355F
CATRG, Q54000 Q5400 may have an effect on BENA
::plin:ing_, as IF =oems bo oreale 3 new am'll:mlr .'lFl:iI’.‘E‘ mabe,
The athers did not influence canonical splicing sites, but
they might theoretically influence perforin expression by
disturbing exenic splicing enhancers, mEMA processing
and  fransporl, effldency of codon usage by EREMA

Perrin and M5
15 Copypestama of 4l

stability of mEMA secondary structure, protein {fu]ding
or inberaction with microRNA S An alternabive possi-
h”lhl iz Hhat rl'u-}l dev mok have a direct offecs, ot thw are
]:rlkngc' disequilibrium with other unknown PRF? muta-
fions in the ¥ LUTR. However, we could not assess
perforin expression because fresh cells from the carelers
were not available,

Besides A%V, the other mutations are too rare bo draw
conclusions about their individual association with kS,
but they raise the possibility that the overall effect of
PEFI variations on M5 development may be substan-
tinlly higher than that detected by ATV alone, In lne
with this possibility, these variations conferred a global
OR = 206 for MS development in the first population of
patients and contrels whose entire PEFT-coding region
was sequenced. [t is nteiguing that twe patients wese
compound heterozygous for A9V, and BIG7W or P55
respectively. and another patient was homEyaous for
05400), which raises the ibility that the biallelic
variabons may have contnbubed to their M5, The MS
@smochon wath several rare PEF1 vanatons son hne
with reports on systemic lupus ervihematosus and
nflarmcna tory bowel disease indicating that private,/rare
variations a8 well as common  polymorphisms  of
other genes may be important in common comphex
o gemusg 292

Perforin-mediated cybtonicity has been d.hmrn”.v
assowiated with clearance of virs-infecked colls. There-
fore, it is [xmlhlr thiat defects of prrtorin activity faves
M= development by defaving vires clearance, which may
favor dmlnpmml of crossreactions between viral and
self-antigens by maoleoular mimicry. In this context, it is
nedewaorthy that EBY infectons are crucial in FLH2
pnthugl,mﬁ.isr amd have also been suﬁe:bud [ TR =]
important as tiggering factors in MSA=

O thie other hand, an increasing bulk of data suggests
that perforin and cell-mediated cytotoxicity may also be
invnlved in downmodulation of the immune response,
This regulatory activity may invelve several mechanisms
inchuding perforinemediated killing of effector lrmpho-
cvtes and antigen-presenting cells, Defective immun
response switching off may favor  both ]mphﬂ:vr{'
accumulation and autoimmunity" = It is roteworthy
that invelvement of inherited defects of the immune
response switching off in M5 development may not be
limited o PRFD, bug may also invnlve dJ.EL-cu'ul:ar_m]:mm:
of ackivated lvmphaciies mduced through the Fag or the
activation-induced eells death (AICD) mechanisms. This
possibillly s suggested by our previous work showing
that substantial proportions of M5 patients  cammy
inherited defects of Fas function  similar  to those
dixplm-d h:f' ALTS ]'.uti.rnlx.“ Moresver, several Teports
detected high serum levels of osteopontin, a cytokine
capable to inhibit AL, i MS patients amd we found
that this is 'FI.'I:I'I‘l:.I’ associated  with variants of the
asteopontin gene, ™

In conclusion, this work suggests that PEFT variations
may be a predisposing factor for MS by affecting either
the antiviral response o the immune response switching
ofl. Defects both of these functions may faver
development of autoammunity by prolonging the im-
miwne response and fcreasing the rvisk of crossreactions
betwern viral and mll‘-zl‘utigeﬂs. Stmilar defects may be
caused also by alterations of other genes amd may be a
gy;"rmfal prcd'isposi.ng Eactor for :Luitiimmunil:}'.
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Materials and methods

Patients
W analyzed two independent cohorts of Ralian patients
{391 men, 765 women; M/F: 1/1.96) with MS, diagnosed
according fo MeDonald o al's erteria™ and randomby
selected ethnically matched healthy controls. The first
popalation was composed of 190 patients and 268
comtrols, the second by 966 patients and 1320 controls.
Patients were comsecutive patients enrcdled from the
Multiple Sclerosis Centers ot the “Amedeo Ay
I Ininversity nf Fastern Fiedmamt (Mowvaral, the University
of Milan, IROCS Maggiore Policlinico Hospital Odiland,
the Dhain Grocchi Institute (Milanl, the Santa Croce
Huspital (Cunea), the University of Rome ‘La Sapienza’,
5 Andrea al (Romed and the University of Bani
(Bari). Their clinical ard demegraphic features were
similar o those of other serie=* Controls were
consecutive Italian donors obkained from the transfusion
services of the respective hospitals. Patients and controls
were unrclated, Cavcasian and Ialian, matched for age
and gendes, and analveed as Follows:

1. RR: Ocrurrence of exacerbations, each lasling al least
b and separated by al least 1 month of inactivity,
with full ncovery or sequelae {r=3852)

L FI': Steady worsening of symptoms and signs from
onset for at lepst & months, whether :1upu|.'.irnp|:m|xl
with relapses or not, with oocasional platean and
tempoTary miner improvements Qe 921

3. 51 Inttial BE course followesd 'b},l xbuﬂ.r]y wiorseming of
symptoms and signs for at least & months, whether
superimposed  with relapses or nod, with miner
permissions and pl.a!uauh [ =212).

Progression of disability was assessed with the MS5G5.#
[ ER patients, MS55 score was assessed In remilssion
phase.

All patients gave thelr informed consent acoording to
the Declaration of Helsinki = The research was approved
by the Movara ethical commities.

Amipliftortion of PEFT aad rechilion detection

Genoemie DMA was isolated  from periphercal  blood
moronuclear cells (PBMCs) wsing standand  methods
and exons 2 and 3 of the PEFT-coding region were
amplified in standard PCR conditions, PCR products
wore purificd with the EMOUEAR kit 40F Healthoare,
["iwatnwrl}l., M], LSAL In the first ]H'.rpu'l.nl:irm. the entire
coding region was sequenced with the AR PRISME
BigDve Termimator kit (Applied Binsystems, Foster City,
CA, USA) on an automatic sequencer CApplied Biosys-
tems 300 Genetic Analyserd according to the manufac-
turer's instructions, Figure 1 shows primers wsed for
amp]ifjcaljnn,saquerxing and 1}IEI Briefl}-, exnn T owas
amplified with primers A+ B (755bpr and sequenced
with the same U||HlJI1IJL'1L‘U|:I.dIﬂL Exon 3 was rl.mpllﬂl:d
with T+ [{128% bp) and sequenced with these and with
s additional internal primers (E and FL. In the second
population, the + 272 CAT ARV variation was brped
by sequencing (233 patients and 58 controls) or by the
Taghlan ¥-allelic discrirmination assay (733 patents and
972 controls; Applied Biosvstems). Allelic-speciflc pri-
mers and probes wsed for disceimination have been
Flt'é‘.'h.‘n.lﬁl}' deserbed ™ Gmmg.rpingl af each r'.':m]:!lr Wk
automatically attributed by the SDS 1.3 software for

Genes amd Immunsty

allelic discrimination. Similar results were obtained in
patients typed by the two methods. All variations were
confirmved  Bwice by sequencing  independent DI A
samnples. The genotypic distribution of the variation did
mot deviate significantly from  the Hardy-Weinberg
equilibrium in any group.

Allele-sperific PCR

The wild-type (91A) and mautant (Y1%) alleles were
separately .ampﬁ['il'd using :\spl:'tiﬁl: PCR ampllﬁn:auun of
genomic DMA (forward primes: G oor H: reverse e
o, CTR pnpd.uﬂp W l_-_r-P{ul for PRESE and RISTW l:l].'
sequencing with the ABI PRISME Biglyve Terminator kit
on the 3100 Genetic Analyser using the internal primer E.

HLADRRT Hyping
Patients  and  controls  wene  specifically  typed  for
DEB1*1501 allele as previowsly described

Cehbone by nssays

Matural kilkex auli.\-il_r wl FOME wwas aseeeseed 1.!_,! a
standard 4h "Crerelease assay with K362 cells as the
target, Results are expressed as specitic lysts % calculated
az follows: {sample “'Cr release - spontaneous releasel!
(rmaximal release— spontanecus releasel = 100,

Statistical amdlysts

Fhenotype frequencies were caloulated as the number of
individuals carrving an allele {either homosyeotes or
heternzygotes) Jivi.grd by the total number of indivi-
duals.

Allelie and phenotype frequencies were compared
with the F-best with the Yites corvection. All Povalues are
two-tailed and the significance cutodf was F=005
Putative effect of the variation on splicing sites was
pvaluated using the SpliceView program on the Web-
Garne website 1hH'|'|:_.".-'www.iﬂu—nr.ir.-'.'cun.l'wrhsq'm-.l':l
aned the ESEfinder scoring matrix (hitps) S wwws ralai.cshl,
edutools ESE), Putative functional significance of the
missense variations was evaluated with the PolyPhen
program (hefp S/ genelics bwh harvand edu/pphl.
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