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ABSTRACT

The systemic vasculitides (SV) are a
heter ogeneous group of rare affections
characterized by a primary process of
inflammation and damage of the blood
vessel wall. Their etiopathogenesis is
still unknown, but a complex interac -
tion of multiple factors, such as age,
sex, ethnic background, immunogenetic
mechanisms and environmental influ -
ences, is probably involved. A genetic
predisposition to SV is suggested by
both familial case clusters and immu -
nogenetic studies. The available re -
ports on familial SV via the PubMed
(National Library of Medicine) and
Biosis indices, as well as personal ob -
servations, are summarized here. Fur -
thermore, the evidence for arole of ge -
netic predisposing factors is reported.
The literature review suggests that sev -
eral SV, such as giant cel arteritis,
Takayasu arteritis, Kawasaki disease,
Wegener’ s granulomatosis and Henoch-
Schonlein purpura, are governed by
multiple genes encoding host defence
molecules and probably triggered by
environmental agents. Genetic factors
seem to be implicated not only in the
susceptibility, but also in the severity
and outcome of SV.

I ntroduction

The systemic vasculitides (SV) are a
heterogeneous group of rare affections,
characterized by a primary process of
inflammation and damage of the blood
vessel wall, resulting in blood flow im-
pairment and, ultimately, in ischaemia
of the supplied tissues (1). SV may
exhibit correlations with age, sex, eth-
nic origin and geographic distribution,
as well as distinct tissue tropism, in-
volving vessels of definite site and size
(1). On the other hand, vasculitic pro-
cesses with very similar histological
features and anatomical distribution
may determine highly heterogeneous
phenotypes and outcomes, likely dueto
individual differences in the immuno-
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modulatory milieu that may be geneti-
cally determined (2).

Although their etiopathogenesis is till
unknown, SV probably represent the re-
sult of a specific immune response to
hitherto unidentified triggering agents
in predisposed subjects. The genetic
predisposition to SVis supported by sev-
eral findings, such as associations with
human leukocyte antigens (HLA), evi-
dence of the involvement of other im-
mune response controlling genes, and
familia clustering (3). The familial re-
currence usually concerns the same type
of vasculitis (3), whereas the aggrega-
tion of different SV is very rare (4-6).
Familial cases generally occur in first-
degree relatives (3), rarely in distant
family members (7, 8). The SV concor-
dancein mono- and dizygotic twins has
aparticular genetic relevance (3).

In this paper, the available reports on
the immunogenetic predisposing factors
for SV and familial clustering, aswell as
personal observations, are reviewed.

A detailed search via the PubMed (Na-
tional Library of Medicine) and Biosis
indices, was carried out using the fol-
lowing key terms: HLA typing, gene
polymorphisms and immunogenetics of
systemic vasculitides, familial system-
ic vasculitides, and familial clustering
of systemic vasculitides. The informa-
tion obtained is reviewed and summa-
rized here. The SV are listed in accor-
dance with the Chapel Hill Consensus
Conference (CHCC) definitions (9);
however, some familial case reports ap-
peared before the CHCC nomenclature
was published.

L arge vessel vasculitides

1. Giant cell arteritis

Giant cell arteritis (GCA) is a granulo-
matous arteritis of the aorta and its
major branches which shows a predi-
lection for the extracranial branches of
the carotid artery and commonly in-
volves the temporal artery (9). GCA is
closely related to polymyalgia rheum-
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Tablel. Familial cases of GCAand PMR: HLAtyping and kindred relationship.

Study Relationship Diagnosis HLAtyping
Barber (15) Sister PMR -
Sister PMR -
Hamrin (16) Sister GCA -
Sister GCA -
Wadman (17) Sister GCA -
Brother GCA -
Liang (18) Mother GCA -
Daughter GCA -
Sister GCA -
Sister GCA -
Mother GCA -
Daughter PMR -
Sister PMR -
Sister PMR -
Kemp (19) Twin sister* GCA A9,w26;B12,27;Cw3,w5
Twin sister* GCA idem
Kvernebo (20) Sister PMR A1,3;B8,27;,Cw4
Sister PMR A1,2;B8,27;,Cw2
Sister PMR -
Granato (21) Father GCA -
Daughter GCA -
Ninet (22) Brother GCA A28,x;B15,x,B15,x;DR4,x
Sister GCA A28,2;B15,8;,Cw3,x;DR4,3
Sister GCA A28,2;B15,12;Cw3,x;DR4,5
Tanenbaum (23) Sister GCA -
Sister GCA -
Mathewson (24) Brother GCA A1,2;B8,26,w62;Cw3,w7;DR3,4,w52,w53
Brother GCA A2,28;B w4,w6,w44,w62;Cw3,w7;DR4,w53
Wernick (25) Sister GCA A1,24;B8,62;DR3,4
Brother GCA idem
Schwizer (26) Sister GCA A3,28;B55,60;Cw3;DQ1,3;DR4,13,52,53
Sister GCA idem
Sister GCA A2,24;B35,39;Cw4;DQ1,3;DR1,4
Brother GCA A2x;B13,39;Cw6;DQ2;DR7,DRx,DR53
Zauber (27) Father GCA -
Daughter GCA DR3, DR4
Gros (28) Sister GCA A1,26;B8,18,DR15,17
Sister GCA A1,29;B8,27;DR1(DRB1*0103),DR17
Bartolome (29) Sister GCA DRB1*04(DRB1*0401) / DRB1*12
Brother GCA DRB1*07 / DRB1*12
Fietta (30) Sister GCA both shared the genotype A* 24,* 26; B*38,*55;
Sister GCA DQB1*05,*07;DRB1*11,* 14, DRB3*
Sister GCA -
Sister PMR A*02,*68;B*44,*51;DQB1*05,*07;DRB1*01,* 11,DRB3*
Brother PMR A*01,*68;B*15,*44;,DQB1*07,*08;DRB1*04,* 11,DRB3* ,DRB4*

* Monozygotic twins. Thistable is reproduced with permission from P. Fietta et al.: Familial giant cell arteritis and polymyalgia rheumatica: aggregation in
2 families. J Rheumatol 2002; 29: 1551-5.
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atica (PMR) (9,10), an inflammatory
affection sharing asimilar, but subclin-
ical vasculitic nature (11,12), so that
they have been considered as two phas-
es of the same disease (10), probably
corresponding to different patterns of
cytokine production (13). Both GCA
and PMR primarily affect white people
older than 50 years, mostly of Cau-
casian origin and in northern countries
(10). The strict age of onset has been
established as a diagnostic criteria (10).
The etiopathogenesis of GCA/PMR is
still unknown. The role of environmen-
tal factorsis controversial (10); howev-
er, data support the model that GCA is
an antigen-driven disease (14).
Increasing evidence indicates that ge-
netic factors are determinant in both
GCA and PMR susceptibility. As a
matter of fact, familial clusters of GCA
and PMR have been reported by sever-
a authors (15-30) (Table 1). In most
cases, the described relationship has
been between siblings (15-20, 22-26,
28-30); however, mother-daughter (18)
and father-daughter (21,27) recurren-
ces have also been found (Table I). A
report of monozygotic twin sisters con
cordant for GCA whose respective dis-
ease onset was separated by a period of
severa years (19), and another report
of a pair of monozygotic twin sisters
living together but discordant for PMR
over an observation period of 7 years
(31), underline the complexity of the
involved pathogenic factors.
Notwithstanding variable results due to
the different ethnic backgrounds of the
studied populations (32-34), GCA and
PMR have been associated with HLA-
DR4 (35-40). Moreover, most studies
have found that GCA is an HLA-
DRB1-related affection (41-43). Clini-
cal features of severe disease, such as
visual complications, have been asso-
ciated with the HLA-DRB1*04 allele
(44). In GCA French patients, HLA-
DRB1*04 has been identified as a pos-
sible marker of corticosteroid resis-
tance (45). PMR concomitant with
GCA seems to be closely associated
with HLA-DRB1*04, while isolated
PMR is variably related to the HLA-
DRB1*04, *01 and *13,*14 alleles in
different populations (43,46-49). Re-
lapses of PMR are significantly more
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frequent in Spanish patients carrying
the DRB1*04 allele and, in particular,
DRB1*0401 (50).

In North American patients, a con-
served amino acid (AA) seguence (28
DRYF 31) within the second hyper-
variable region of the DRB1 allele has
been proposed as a susceptibility mark-
er for GCA/PMR (41, 42). A hierarchy
of HLA-DRB1 alleles predisposing for
GCA has been suggested, with DRB1*
0401 appearing to be the strongest risk
factor (41). In other populations, how-
ever, this hypothesis has not been con-
firmed (47, 48, 51, 52).

Recently, we described the aggregation
of both GCA and PMR in 2 unrelated
families living in northern Italy (30).
Two sigersin the first family, who were
concordant for GCA, shared the same
genotype, carrying DQB1 *05, *07,
DRB1*11, *14, and DRB3* dldles(Ta
blel). In the second family, a sister had
GCA and, two years later, her brother
and sister developed PMR nearly sim-
ultaneously. The PMR patient geno-
types shared the DQB1 *07, DRB1
*11, and DRB3* alleles (Table 1).
Thus, the patients of both families
shared not only DQB1*07 and DRB3*,
but also DRB1 *11, which is one of the
DRBL1 dleles carrying the DRYF tetra-
peptide.

Immunogenetic polymorphisms may
act as susceptibility factorsto GCAand
PMR. In some populations gene poly-
morphisms for tumor necrosis factor
(TNF)-a (53, 54), ICAM-1 (intercellu-
lar adhesion molecule-1) (55, 56),
RANTES (regulated upon activation
normal T cell expressed and secreted)
(57), and IL-1ra (interleukin-1 receptor
antagonist) (54) may play a pathogenic
role. On the other hand, in Spanish
biopsy-proven patients GCA seems to
be independent of the polymorphism of
the IL-1 locus and TNF-a gene (58). In
such a cohort of patients, these cyto-
kine polymorphisms are not implicated
in the risk of ischaemic visual compli-
cations (58). In biopsy-proven GCA
Spanish patients not carrying the HLA-
DRB1*04 aleles, the IL-6 promoter
polymorphism at position =174 modu-
lates the phenotypic expression of
PMR (59). In GCA Spanish patients,
the corticotropin-rel easing hormone A2
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allele may encode the risk for develop-
ing visual complications (60). In Dan-
ish patients, mannose-binding lectin
(MBL) variant aleles not only confer
increased susceptibility to GCA, but
are also associated with high inflam-
matory activity and clinical signs of
arteritic manifestations (61). Further-
more, in Italian studies the Glu/Asp**®
polymorphism of the endothelia nitric
oxide synthase gene is associated with
GCA susceptibility (62), as well as the
carriage of C(cytosine)634 and | (inser-
tion) aleles in the vascular endothelial
growth factor gene (63).

Otherwise, the nucleotide polymor-
phism in the A561C E-selectin gene is
not related to GCA(64).

2. Takayasu arteritis

Takayasu arteritis (TA) is a granuloma
tous inflammation of the aorta and its
major branches (9). TA usually occurs
in women younger than 50 years (9),
and has a worldwide distribution, al-
though a higher frequency has been re-
ported in the Far East and South Am-
erica (65). Differencesin disease expres-
sion and outcome in different countries
and ethnic groups have been observed
(65, 66).

The etiopathogenesis of TA is still un-
known. A relationship between TA and
infectious agents has been suggested
(65). Genetic studies have shown that
HLA-B dleles are involved in the dis-
ease susceptibility. HLA-B52 is associ-
ated with TA in Korean (67), Japanese
(68), Northern Indian (69), Tha (70)
and Mexican Mestizo (71) populations.
In Arab patients, the presence of HLA-
A2, A9, Bw35 and DRY aleles has been
reported (72). In addition, in North
American studies a positive correlation
with HLADR4/MB3 (DQw3) (73) and
a strongly negative association be-
tween DR1 (74) and TAwere found.

In Asian populations, HLA-B52 (B*
5201) and B39 (B*3901 and B*3902)
alleles not only are associated with the
disease (68,69, 75), but also may deter-
mine different clinical manifestations
(75) and outcomes (76). Such disease-
related alleles share AA residues at
position 63 (glutamic acid) and 67 (ser-
ine) (68). Moreover, in Mexican Mesti-
Z0 patients a positive association with
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both HLA-B52 and B15 was found
(71). Interestingly, the disease-related
antigens of both Asian and Mexican
Mestizo patients share one or two of
the above mentioned AAresidues (77).
Thus, these shared epitopes, which be-
long to an antigen binding-site (pocket
B) in the HLA-B molecule, may be
critical for TA susceptibility (71). Inthe
same Mexican patient cohort, asignifi-
cant correlation between HLA-DR14
and the presence of systemic arterial
hypertension, as well as between HLA-
A2 and the pulmonary arterial involve-
ment, was observed (71).
Immunogenetic polymorphisms have
been carefully investigated in Japanese
TA patients (78-80). Studies on the
polymorphisms of human complement
factor 4 (C4) showed a significantly
high frequency of C4A2 and C4BQO
allotypes in strong association with
HLA-Bw52 (78). Typing of the major
histocompatibility complex class |
chain-related (MICA) gene, located
near the HLA-B gene, revealed that the
MICA-1.2 alleleis significantly associ-
ated with TA, providing a high risk for
development of the disease, evenin the
absence of HLA-B52 (79). Analyses of
the polymorphisms in five microsatel-
lites, C1-2-A, MIB, C1-4-1, C1-2-5,
C1-3-1, around the HLA-B and MICA
genes, have suggested the existence of
two susceptibility loci for TA, one
mapped near the C1-2-A locus and the
other more closely linked to the HLA-
B than to the MICA gene, because
there are at least two different disease-
related HLA-B haplotypes, HLA-B*52
and B*39.2, which share the TA-asso-
ciated C1-2-A alele (80).

Familial aggregations of TA have been
reported, mostly between siblings (81-
83) or twins (84, 85), but also in one
case involving a Caucasian mother and
her daughter (86) (Table Il). The recur-
rence of TA in monozygotic twin sis-
ters (84, 85) and in male siblings (81,
82), including a pair carrying an identi-
cal genotype (82) (Tablell), underlines
the role of genetic predisposition. How-
ever, HLA typing carried out in these
familial cases did not €elicit any consis-
tent associations (Table I1), thus sup-
porting the hypothesis that TA genetic
susceptibility may be multi-factorial.

M edium-sized vessel vasculitides

1. Polyarteritis nodosa

Polyarteritis nodosa (PAN) is a necro-
tizing inflammation of the medium-
sized or small arteries, without glomer-
ulonephritis or vasculitis in the arteri-
oles, capillaries and venules (9). Clas-
sic PAN, as defined by CHCC (9), ap-
pears to be very rare (87). The disease
is observed in al racia groups and af -
fects equally both sexes at every age,
with a predominance between 40-60
years (88).

The etiopathogenesis of PAN is un-
known. The role of infectious triggers
has been proposed (88-90). Presently,
there is no clear evidence of specific
HLA associations. An interesting find-
ing is the complete absence of the
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HLA-DR3 aléde in Greek PAN pa
tients, contrasting with a 17% preva
lence of thisantigen in the whole Greek
population (91). Thus, this alele might
have a protective role (91).

Cases of familial clustering of PAN
have been reported (5,92-96) (Table
[11), most of them before the publica-
tion of the CHCC nomenclature (9).
Recurrences have been observed be-
tween siblings (5, 92, 94, 96), monozy-
gotic twin sisters (93), and also be-
tween afather and son (95) (Table Il1).
HLA typing did not €licit any conclu-
sive associations (Table11).

2. Kawasaki disease
Kawasaki disease (KD) is an arteritis
involving the large, medium-sized and

Tablell.Familia cases of TA: HLAtyping and kindred relationship.

Study Relationship HLAtyping
Numano (84) Twin sister* A9,*11;B5,w40
Twin sister* idem
Makino (81) Brother A2,9;Bw15w35;Cw3,x;DRw4,w8
Brother A9,11;Bw52,w54;Cw1,x;DRw2,w4
Enomoto (85) Twin sister* -
Twin sister*
Kodama (82) Brother A2,24(9);B40,w59;Cwl;DR2,DR4
Brother idem
Valentini (86) Mother A24;Bw6,16;DR1,DR2
Daughter A11,24,Bw6,35,Cw4;DR4
Naik (83) Sister
Sister

*Monozygotic twins

Tablell1. Familia cases of PAN: HLAtyping and kindred relationship.

Study Relationship HLAtyping
Schneider (92) Brother
Sister
Harris (93) Twin sister*
Twin sister*
Leff (94) Sister
Brother -
Reveille (95) Father A2;B7,X;DQW1;DRX
Son A2;B44,X;DQw1,w3;DR4,w53,X
Mason (96) Brother A11,28;B5,12;DQw7;DR5
Sister A11,31;B5,DQw7;DR4,5
Rottem (5) Sister A2,26;B51,57;Cw1,w6;DQ5,9;DR1,7,DR-,53
Sister A2;B18,57;Cw-,w6;DQ2,7,DR7,11,DR52,5
Sister A2;B18,57,Cw-,w6;DQ2,7,DR7,11,DR52,53

*Monozygotic twins

241



REVIEW

small arteries, associated with mucocu-
taneous lymph node syndrome, and
particularly affecting children (9,97).
The coronary arteries are typically in-
volved, with potential aneurysm forma-
tion (98). Although KD occurs world-
wide, it ismost prevalent in children of
Japanese descent, and may present in
both the endemic and epidemic form
(99). The etiopathogenesis of the dis-
ease is unknown, but various infectious
and non-infectious triggering agents
have been proposed (98).

Severa studies underline a genetic sus
ceptibility to KD. Theincidence of KD
in siblings is much greater than in the
general population (100). In the famil-
ia cases, KD mostly occurred between
first-degree relatives such as siblings
(101, 102), dizygotic (103) and mono-
zygotic twins (104), mother/son (105,
106), mother/daughter (107), father/
son (108) and father/daughter (109),
but al so between two cousins (7) (Table
V). In two identical twins, KD devel-
oped simultaneously (104). HLA typ-
ing did not provide conclusive find-
ings, however (Table V).

In Japanese patients, HLA-Bw15 and
Bw22 (especially the Bw22J2 subtype)
were reported to be associated with KD
in one study (110), but not in another
(111). A weak association with HLA-
Bw51 has been observed in Isragli pa
tients (112) and in non-Jewish Cau-
casian patients in New England (113).
In Caucasian patients, a prevalence of
HLA-Bw51 during periods of endemic
KD, and of HLA-Bw44 during the epi-
demic phase, was observed (114). In
KD no consistent role for the major his-
tocompatibility complex class |l aleles
was found (115). Moreover, some
immunoglobulin (1g) allotypic markers
were over-represented among white,
but not Japanese patients (116).
Immunogenetic polymorphisms seem
to play an important role in susceptibil-
ity to KD. In the Japanese population,
the high prevalence of the G (guanine)
alele in the distal regulatory region of
the monocyte chemoattractant protein
(MCP)-1 gene suggests a potentially
crucia ethnic variation in MCP-1 pro-
duction (117), whose role is considered
to be relevant in the pathogenesis of
KD (118). Furthermore, KD patients
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TablelV. Familial cases of KD: HLAtyping and kindred relationship.

Study Relationship HLAtyping
Schnaar (7) Cousin -
Cousin
Fink (104) Twin*
Twin*
Hewitt (101) Sister
Brother -
lwata (108) Father A2,24;Bw62;Cw3
Son A24;Bw60,w62;Cw3
Matsubara (102) Brother A2,24;,Bw46,51;Cw11;DR4,DRw8
Brother A2,24,Bw46,51;Cw1l;DR4,DRw8
Sister A2,2;B39,w46;Cw7,w1l;DRw8,DR9
Kaneko (103) Twin®
Twin®
Segawa (105) Mother A2,26;B51,52;DQ3,DQ6;DR8,DR9
Son A2;B46,51;Cw1;DQ3,DQ6;DR8,DR9
Bruckheimer (106) Mother
Son
Kaneko (109) Father A2,24;B7,35;,Cw3,w7;DR2,DR9
Daughter A2,31;B35,52;Cw3;DR6,DR9
Mori (107) Mother A2,24(9);B51(5),52(5); DR12(5),DR2
Daughter A2,24(9);B39(16),52(5);Cw7;DR4,DR2

*Monozygotic twins; °dizygotic twins.

carrying the —2518 G allele of the
MCP-1 gene seem to run a greater risk
of coronary aneurysms, despite gamma
globulin therapy (117). Allele 1 of the
SLC11A1 gene, formerly called the na
tural resistance-associated macrophage
protein 1 gene, is highly represented in
Japanese KD patients (119), and the
angiotensin | converting enzyme (ACE)
genotype Il is associated with the dev-
elopment of coronary lesions (120).

White, but not Japanese children with
KD were found to have a significantly
higher frequency of the A(adenine)/A
genotype at the lymphotoxin-a +250
site than a control population, and the
TNF-a-308 A/G genotype is increased
in white patients with coronary artery
abnormalities (121). Both of these gen-
otypes are associated with higher TNF-
a serum levels after an inflammatory
stimulus (121). Studies on the micro-
satellite polymorphism of the trans-
membrane region of the MICA gene
showed that the A4 allele was negative-
ly associated with the formation of
coronary aneurysms, while the fre-
guency of A5 tended to be higher in pa-
tients who developed aneurysms (122).
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Moreover, the T(thymine)/T genotype
of the methylenetetrahydrofolate re-
ductase gene seems to protect KD
female patients against initial aneur-
ysm development and, otherwise, pre-
dispose KD male patients to severe
coronary complications (123). In white
Dutch children with KD, the frequency
of MBL gene mutations is higher than
in controls, and patients younger than 1
year of age with mutations are at grea-
ter risk of coronary artery lesions than
those without (124).

Small vessel vasculitides

1. Wegener’s granulomatosis, Churg-
Srauss syndrome, microscopic poly-
angiitis (antineutrophil cytoplasmic
antibodies-associated vasculitides)
Wegener’'s granulomatosis (WG),
Churg-Strauss syndrome (CSS) and
microscopic polyangiitis (MPA) (as
well as renal limited vasculitis which,
however, has not been included in the
CHCC definition) (9) constitute a sub-
set of small vessel SVusually associat-
ed with the presence of antineutrophil
cytoplasmic antibodies (ANCA) in the
serum (9). The diagnostic relevance of
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ANCA is widely accepted, while their
pathogenic role is debated, but increas-
ingly recognized (125-129).
Environmental factors such as infec-
tious agents (130) or exposure to dust
(131), silica (132) or drugs (133) have
been suggested as possible triggering
agents of ANCA-asociated SV (AASV).
Presently, the most clearly identifiable
exogenous triggering factor is the anti-
thyroid drug propylthiouracil (133).
The role of genetic factors in AASV
susceptibility is suggested by reports
on familia clusters and data on the
association of AASVwith the polymor-
phic variants of proteins such as a-1-
antitrypsin (a-1-AT), the main inhibi-
tor of proteinase 3 (PR3) (134-136).
The incidence of the deficient a-1-AT
phenotype in ANCA-positive patients
is probably low, but its clinical rele-
vance is emphasized by their poorer
outcome (134).

In AASV patients, cytoplasmic ANCA
positivity is associated with the Z al-
lele, whereas perinuclear ANCA posi-
tivity is associated with the S allele of
the a-1-AT gene (137). In German
AASV patients, no major differencesin
the distribution were observed for the
IL-2 and IL-5 receptor a gene micro-
satellites, nor for polymorphisms of the
TNF-a promotor (TNF-308) and the
coding region for the Fc gamma frag-
ment receptor (FcgR) lla (138). The
characterization of the neutrophil anti-
gen (NA) NAL/NA2 polymorphism of
the FcgRIllb gene, which affects the
functional capacities, showed signifi-
cant over-representation of the homo-
zygosity for the NA1 allele (higher net
function) in AASV patients with mye-
loperoxidase (MPO)-ANCA(139).

In an AASV patient cohort, studies of
the C3 and C4 allotypes showed an in-
creased frequency of C4A3 in the whole
patient group, and of the C3F alele in
the PR3-positive subgroup (140). Stud-
ies of CD18, a key molecule of the ad-
hesion cascade expressed by polymor-
phonuclear granulocytes, have demon-
strated that CD18 gene polymorphisms
are associated with the MPO-positive
vasculitides (141,142). -463 GIAMPO
promoter polymorphism is related to the
incidence and disease course of MPO-
associated vasculitides (143). Indeed,

the GG genotype is significantly asso-
ciated with an increased risk of the dis-
ease in females but not in males, and
the MPO A dleleis associated with an
higher relapse rate and an earlier age at
diagnosis (143).

In PR3-AASV patients, the pro-inflam-
matory IL-1b/IL-1ra genotype is asso-
ciated with an increased risk of devel-
oping end-stage rena disease (ESRD)
(144).

To date HLA typing studies have not
provided definite associationsin AASV.
Reports indicating positive associa-
tionswith HLA-DR1, DR2, DR4, DQ7
and DRS8, negative associations with
DR3 or DR13, or even no significant
associations at all, have been published
(145-148). A dlightly decreased repre-
sentation of HLA-DQB1*0603 and
HLA-DRB1*13 was observed in a co-
hort of AASV German patients com-
pared to controls (138).

The specific immunogenetic studiesfor
each ANCA-associated vasculitis, as
well as the relative familia cases, are
reported below.

a) Wegener's granulomatosis. WG is a
granulomatous inflammation involving

the respiratory tract and a necrotizing
vasculitis affecting the small to medi-
um-sized vessels (9). WG is commonly
associated with PR3-ANCA (125,126,
128, 129). It predominates among mid-
dle-aged Caucasians of both sexes,
Afro-Americans being relatively under-
represented (149).

The etiopathogenesis of WG is present-
ly unknown. The occurrence of the dis-
ease in subjects exposed to dust (131)
and to silica compounds (150,151), as
well as in unrelated members of the
same family (152), underlines the role
of environmental factors. Infectious
agents may be implicated in the patho-
genesis of WG (130,153,154) and in
triggering its relapses (154,155).

A genetic predisposition to WG is sug-
gested by severa findings. Firstly, the
membrane expression on neutrophils of
PR3, the main target antigen of ANCA
inWG, isgenetically determined (156).
An association with WG has been de-
monstrated for a polymorphism in the
PR3 promoter region, affecting a puta-
tive transcription factor-binding site
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which may allow PR3 overexpression
(127,157). Moreover, studies on gene
polymorphisms of the PR3 inhibitor a-
1-AT have been carried out, showing
that defective genotypes are strongly
related to WG (134,158,159) and its
outcome (160). A linkage disequilibri-
um between genes at the serine pro-
tease inhibitor gene cluster on chromo-
some 14q32.1 is associated with WG
(161).

In Swedish Caucasian patients, an AT
repeat polymorphism in the 3'untrans-
lated region of exon 3 in the cytotoxic
T lymphocyte antigen 4 (CTLA-4)
gene (Ctla-4), encoding for a protein
that downregulates the immune re-
sponse but not the polymorphism in
TNF-a or IL-1b genes, is strongly as-
sociated with the disease (162). Simi-
larly, a close association between WG
and a C/T single nucleotide polymor-
phism in the Ctla-4 promoter region at
position —318 was found (163). Al-
though in WG patients the TNF gene
polymorphisms did not statistically dif-
fer from controls, TNF 1/1 patients
were found to have a higher mean dis-
ease extension index (164). In Swedish
Caucasian patients, a C/A dinucleotide
repeat polymorphism in the promoter
region of IL-10 gene, IL-10.G, was as-
sociated with the disease (165). In
another study on Caucasians, a signifi-
cant shift toward the homozygous AA
genotype of the IL-10 (-1082) poly-
morphism was aso found in WG pa
tients, with no difference between gen-
ders seen (166). Furthermore, atrend to
the low producer genotype CG of the
transforming growth factor-b, gene was
demonstrated in WG (167), but not
confirmed in alarger cohort of patients
(166).

FcoR alélic polymorphisms seem to be
related to the outcome of WG. FcgRlla-
H131/R131 and FcgRIlIb-NA1/NA2
alleles may ater disease severity and/
or phenotype (168), the NA1 allele be-
ing strongly associated with significant
renal involvement (169). Both the R/
H131 polymorphism of FcgRlla and
the V/F158 polymorphism of the Fcg-
RIlla gene seem to represent heritable
risk factors for disease relapses (170).
Otherwise variants of the NOD2/CARD
15 gene, amember of the NOD1/apop-
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TableV. Familial cases of WG: HLAtyping and kindred relationship.

Study Relationship Diagnosis HLAtyping
Muniain (179) Sister WG
Sister WG
Knudsen (180) Brother WG shared haplotype A2;B7;DRw12
Brother WG (?)
Ten Hacken (181) Mother WG
Daughter WG
Hay (182) Brother WG A3,10;B8,17;DR3,DR7
Sister WG A3,10;B8,DR3,DR4
Stoney (183) Brother WG A3,31;B14,w60;DR4,DRw6
Brother WG A11,31,B44,w60;DR4,DRx
Sewell (184) Mother WG A9,11;B14,18;,DR1,DR2
Daughter WG A2,9;Bw4,w6,12,14,DR1
Nowack (8) Nephew WG -
Uncle (4th degree relative) WG A2,11;B14,22;Cw1;DQ1,DQ5;DR1,DR2
Aunt (2nd degree relative) WG -

totic protease-activating factor-1 gene
family, are not associated with WG
(171).

HLA typing studies on different popu-
lations have shown an increase of
HLA-B7 (172), B8 (172-174), B50 and
DR9 (175,176), DQw7 (145), DR2
(174), DR4DQ7 (148), and a highly sig-
nificant increase of HLA-DR1 in WG
(91,177). The combined frequency of
DR1-DQw1 was found to be higher in
patients than in controls (177). In con-
trast, HLA-DR3 (145, 148) and HLA-
DR13DR6 (178) were under-represent-
ed in WG, while HLA-DRB1*04 was
over-represented in a subgroup of
ESRD patients (138).

Familial clustering of WG cases have
been described (8, 179-184) (Table V).
The most frequent recurrence was ob-
served in first-degree kindred (179-
184), but in one family three 2nd and
4th degree relatives were found suffer-
ing from WG and an ancestor had died
due to an unspecified pulmonary dis-
ease (8). In these familial cases, how-
ever, HLA typing yielded inconclusive
results (Table V).

b) Churg-Strauss syndrome. CSS is an
eosinophil-rich granulomatous inflam-
mation involving the respiratory tract,
and a necrotizing vasculitis affecting
the small to medium-sized vessels, as-
sociated with asthma and eosinophilia
(9). Patients are usualy middle-aged,

with a male-to-female ratio ranging
from 1.1 to 3 (88). ANCA are detec-
table in 48-66% of CSS patients (185),
MPO and to a lesser extent PR3 being
the target antigens (125,126, 128, 129).
The etiopathogenesis of CSSisstill un-
known. Precipitating factors for CSS
may be allergens, parasites, infections,
exposure to drugs, parenteral vaccina-
tion or desensitisation regimens (185,
186). In asthmatic patients, cysteinyl
leukotriene receptor antagonists (185-
187), as well as other systemic steroid
sparing medications (185,187), have
been reported to trigger the disease.
However, the devel opment of CSS may
be related to the corticosteroid with-
drawal itself unmasking a pre-existing
pathologic condition (185, 187), rather
than to adirect drug effect.

To date no consistent genetic associa-
tions have been found in CSS patients.
Preliminary evidence of a higher fre-
quency of HLA-DR2 in CSS has not
been confirmed (174). The incidence of
DR4DQ7 was found to be significantly
increased in Caucasian CSS patients
(148) compared to the general popula
tion. On the other hand, the absence of
DR3 in CSS Greek patients has been
reported (91).

No familial clustering of CSS has hith-
erto been reported.

¢) Microscopic polyangiitis. MPA is a
necrotizing vasculitis with little or no
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immune deposits, affecting the small
vessels (i.e. arterioles, capillaries and
venules) (9). Necrotizing glomerulone-
phritis is very common; pulmonary
capillaritis often occurs (9, 88, 188).
The average age at onset is about 50
years, with amale-to-femaleratio rang-
ing from 1 to 1.8 (88). In MPA, MPO-
ANCA have been reported in 40-80%
of the cases and PR3-ANCAIn a lesser
percentage (125, 126, 128, 129).

The etiopathogenesis of the disease is
unknown. The role of environmental
factors is debated (189,190). So far
HLA typing studies have not provided
any definite association. Anincreasein
HLA-A26 and HLA-A1l, aswell asa
decreased frequency of HLA-DR3,
have been reported in Greek MPA pa
tients (191). In this study, 5 of 6 pa
tients not responsive to immunosup-
pressive treatment carried HLA-DR5
(192). In British patients, HLA-DQw7
was increased and HLA-DR3 was de-
creased compared to controls (145). In
Japanese AASVpatients, HLA-DRB1*
0901 was associated with MPA (192).
Asin Caucasian WG patients, the bial-
lelic polymorphism at position —1082
of the IL-10 gene showed a significant
trend toward the homozygous AA ge-
notype, that furthermore in MPA pa-
tients proved to be significantly more
frequent in females than in males
(166).

Familial clustering of MPA has been
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Table VI.Familial cases of MPA: HLAtyping and kindred relationship.

Study Relationship HLAtyping
Barbiano di Belgiojoso (195) Father A11,32;B35 X;Cw4 X
Son A11,26;B35,w55;Cw3,w4;DRw6 X
Heuze-Claudot (193) Brother
Sister
Franssen (194) Brother
Sister
Brener (150) Brother A24,29,B14,58,DQ5;DR1,DR16
Brother A2,29;B18,58;DQ3,0Q5,DQ7;DR11,DR16

described (150, 193-195) (Table VI).
The familial recurrence was observed
between siblings (150, 193, 194), and
between afather and his son (195) (Ta
ble V1).

2) Henoch-Schénlein purpura
Henoch-Schénlein purpura (HSP) is a
vasculitis with 1gA-dominant immune
deposits, affecting the small vessels
and typically involving the skin, gut
and glomeruli (9). HSP primarily oc-
curs in children, with a median onset
age of 6 years, whereas it is rare but
usually more serious in adults (196).
The etiopathogenesis of HSP is un-
known. Exogenous triggering factors,
such asviral, bacterial and parasitic in-
fections, drugs, toxins, and systemic
and neoplastic diseases, have been sug-
gested (196,197). Reports of HSP re-
lapses in patients who have undergone
arenal transplant (198) as well as im-
munogenetic data underline a genetic
predisposition. Studies on the HLA
class Ill region showed an increased
frequency of C4 gene deletionsin Cau-
casian (199) and Japanese (200) pa-
tients with nephritis. In Korean pa
tients, locus Il deletion of C4, but not a
C4B sequence loss, is a risk factor for
nephritis and the deleted gene can be
either C4Aor C4B (201).

In an Italian study, HLA-DRB1*07
was significantly less frequent in HSP
patients than in controls, whereas 64%
of patients expressed DRB1*01 and/or
DRB1*11, compared with 48% of the
control group (202). Among DRB1*11
subtypes, DRB1* 1104 was significant-
ly increased in HSPpatients. Moreover,
the presence of DRB1*01 or DRB1*11
alleles appeared to condition an earlier

disease onset (202). Similarly, in Span-
ish patients a significantly higher fre-
quency of the HLA-DRB1*01 alele
and a significantly reduced expression
of DRB1*07 have been found com-
pared to controls (203, 204). However,
HLA-DRB1*01 does not seem to be a
genetic marker for disease severity. In-
deed, in Korean (201) and Spanish (205)
patients with renal complications, anin-
creased frequency of HLA-DQAZ1*
0301 and B35, respectively, was ob-
served. In addition, HSPpatients carry-
ing B35 showed recurrent episodes of
nephritis, triggered by minor pharyn-
geal infections (206).

Both RANTES and epithelial cell-
derived neutrophil-activating peptide
(ENA-78) gene polymorphisms are not
implicated in the HSP susceptibility
and phenotype (207). The deletion (D)
and | polymorphismsin intron 16 of the
ACE gene were examined in HSP pa-
tients. The ACE DD genotype appears
to predict persistent proteinuriain HSP
patients with nephritis (208), but in
other studies neither deletion (209) nor
I/D polymorphisms (210) were associ-
ated with the disease severity.

The alele frequency and carriage rate
of the IL-1raalele 2 (IL1IRN*2) of the
IL-1ra gene were found to be signifi-
cantly higher in HSP patients with ne-
phritis than in normal subjects or in pa
tients with 1gA nephropathy and acute
post-infectious glomerulonephritis (211).
The significant association between
carriage of IL1IRN*2 and severe rena
disease was confirmed in another study
(212). Moreover, an increased frequen-
cy of the A allele of the IL-8 gene was
found in patients with renal involve-
ment, compared to those without (207).
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ICAM-1 gene polymorphism alone is
not associated with the development of
HSP, but notably patients not carrying
the codon 469 lysine/glutamic acid gen-
otype appear to have a significantly re-
duced risk of severe gastrointestinal
complications (213). Furthermore, in
adult HSP patients the arginine/glycine
polymorphism at codon 241 of the
ICAM-1 gene may have a protective ef-
fect on therisk of renal sequelae (213).
Otherwise, the polymorphism in the E-
selectin gene is not associated with
HSP (64). HSPin patients with a-1-AT
deficiency has been reported, but the
deficient phenotype, rather than being
an etiological risk factor seems to have
an accelerative effect on the vasculitic
process (214, 215).

Familial cases of HSPhave been repor-
ted (216-219). The occurrence of HSP
severa years apart in three members of
afamily was described (216). In anoth-
er family, three members suffered from
HSP, in two of whom the disease onset
followed streptococcd pharyngitis (217).
Furthermore, it has been reported that
two sisters simultaneously developed
HSP, the day after wearing new dip-
pers made of synthetic materia and
with no clinical evidence of infections
(218). Finaly, in another pair of sib-
lings HSP with nephritis was observed
following infectious mononucleosis
(219).

3) Cryoglobulinemic vasculitis
Cryoglobulinemic vasculitis (CV) is a
vasculitis with cryoglobulin immune de-
posits, affecting the small vessels and
associated with cryoglobulinsin the ser-
um (9, 220, 221). Most cases of what
was formerly referred to as "essentia”
mixed cryoglobulinemia (MC) or "es
sentia" CV can actually be attributed
to hepatitis C virus (HCV) infection
(221), anti-HCV antibodies being found
in 60-80% (222-224) and HCVRNAIn
86% of “essential” MC patients (222).
However, although 60-90% of HCV-
infected subjects have cryoglobulinsin
their serum, only a small percentage
exhibit a clinically symptomatic vas-
culitis (225).

The circumstances predisposing HCV-
infected patients to the development of
CV remain unclear. Studies have failed
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to demonstrate a role of genomic vira
factors, whereas host factors such as
female sex and older age have been as-
sociated with CV (220). HLA typing
was carried out in agroup of Italian pa-
tients with HCV-positive MC, com-
pared to those with HCV -related chron-
ic active hepatitis (CAH) and normal
controls (226). HLA-A9 with its split
A24 was present in 50% of the MC pa-
tients, in 16.6% of those with CAH and
in 16.8% of controls (226). Moreover,
HLA-B51 and B35 showed a higher fre-
guency in MC patients (31.2%), com-
pared to the CAH and control groups.
DR11 was highly expressed in both pa
tient groups, whereas HLA-DR7 was
found only in the CAH group (226). In
Chinese patients with chronic hepatitis
C and cryoglobulinemia, a significant
increase in HLA-DR3 and DR4 was ob-
served (227).

A significant association with HLA-
DR3 and an even stronger association
with HLA-B8 allele were found in Ital-
ian MC patients with HCV positivity,
compared to controls (228). In another
Italian study, the DRB1*11 alele was
significantly more frequent in HCV-
infected MC patients than in controls,
and appeared to be a protective factor
for serious chronic liver disease (229).
Inthis cohort, Ig heavy chain constant g
1 switch region restriction length poly-
morphisms were associated with MC
(229). Similarly, in HCV-infected
French patients, HLA-DRB* 11 (DR11)
was associated with less severe liver
fibrosis and a significantly increased
risk for the development of type |l MC,
whereas HLA-DR7 appeared to protect
against type Il cryoglobulin production
(230).

Familia cases of cryoglobulinemiahave
been reported (231-233). In one family
4 sisters suffered from MC (231). In
another family, 10 members of three
generations were affected by MC; in
these patients no linkage with HLA
haplotypes or |g allotypes was detected
(232). Findly, in a third family, nine
members had cryoglobulinemia and C4
deficiency; only this latter was HLA-
linked (233).

4) Cutaneous leukocytoclastic angiitis
This vasculitis, in the past also termed
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“hypersensitivity vasculitis’, is an iso-
lated cutaneous leukocytoclastic angi-
itis (CLA), confined exclusively to the
dermal small vessels, without extra-
cutaneous features (9, 234). To make
such a diagnosis, it is essential to ex-
clude other SVwith cutaneous involve-
ment (9).

The etiopathogenesis of CLA is un-
known. Histories of exposure to med-
ications or infections are often present
in CLA (234), but the role of exoge-
nous factors remains elusive. A genetic
predisposition to CLA has been sug-
gested. In a Northwest Spain popula
tion, HLA-DRB1 genotype differences
between CLApatients and healthy con-
trols were not found, but, when DRB1
genotypes of CLA and HSP patients
were compared, a significant increase
of HLA-DRB1*15/16 and especidly of
HLA-DRB1*07 was found in those
with CLA(204). Immune complexes of
CLA patients bind to endothelia FcR
independently of the aléic polymor-
phism of FcgRlla (235).

From the literature review, presently,
familial cases of CLA have not been
reported.

Familial clustering of different
typesof SV

Familial clustering of different types of
SV is very rare. In one family with
hereditary C4 deficiency, the father
with partial C4 deficiency suffered
from WG, whereas his son with com-
plete C4 deficiency presented HSP (4).
The association in a single family of a
case of PAN and two cases of WG has
been reported (5). The 51-year-old fa
ther developed WG with a rapid, fatal
outcome. Eight years later his 29-year-
old son presented clinical features of
hepatitis B virus-related PAN with a
fatal outcome and 11 years later his 32-
year-old daughter developed WG.
HL Atyping was performed only on the
daughter (5).

Recently, we observed the occurrence
of CSS in a 51-year-old man, and 5
years later of WG in his 33-year-old
son, both living in a city in northern
Italy (Milan) (6). To our knowledge,
thisisthefirst report of the aggregation
of WG and CSS in the same family.
Because our patients had upper or low-
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er airway disease and both lived in an
urban area, arole of environmental fac-
tors such as air pollution could be sug-
gested. They shared the HL Ahaplotype
A*03, B*07, C*w07, DQB1* 0302,
DRB1*0404, and thus a genetic predis
position may play a strong role. How-
ever, although they were exposed to the
same environmental milieu and shared
asimilar genetic background, they suf-
fered from close, but clinically differ-
ent forms of SV. Assuming that both of
these AASV have a partid common
polygenic background and that the son
had inherited a common haplotype and
other susceptibility genes from his
father, probably other genes inherited
from the mother could have had amod-
ifying effect, producing adifferent clin-
ical phenotype (6).

Conclusion

Familial clustering of adisease may oc-
cur by chance (especially for common
affections) or due to exposure to the
same environmental triggers, shared
genetic susceptibility or a combination
of these factors. Since the SV arerela-
tively uncommon diseases, reports of
familial clusterstestify to agenetic pre-
disposition, although to date significant
HLA associations have been identified
only for some SV, suggesting either
that such affections are heterogeneous
and polygenic or that the real immuno-
genetic relationships remain to be
found. Moreover, the observed associa-
tions with polymorphisms of genes
involved in the immune and inflamma-
tory response may explain the variabil -
ity of the clinical expression and out-
come in patients with similar histologi-
cal features and a similar anatomical
distribution of the lesions.

In addition, the so-called "genetic an-
ticipation" (236) in offspring of affect-
ed parents appears to have an insignifi-
cant role in SV susceptibility, unlike
other genetically complex diseases or
autoimmune affections (237), even if
familial SV may show the tendency to
start at an earlier age than usual (5, 94,
96, 179, 193).

Ultimately, immunogenetic studies and
familial clustering suggest that several
SV, such as GCA, TA, KD, WG and
HSP, are governed by multiple genes
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encoding host defence molecules, and
probably triggered by environmental
agents. Such genetic factors seem to be
implicated not only in susceptibility,
but also in disease severity and outcome.
Further studies will provide more ex-
planations regarding the pathogenesis
of SV, as well as dlow the develop-
ment of new focused therapies. In this
regard, familial SV could offer a useful
model for study.
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