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Studies on last genetic and epigenetic predisposition to APS are summarized. It is well known that genetic
predisposition is in HLA system (DR4 and DRw53) and that lupus anticoagulant (LA) and anticardiolipin anti-
bodies (aCL) are both associated with the same HLA antigens. Other genes, outside the MHC, give their con-
tribution to the development of this autoimmune syndrome, such as IRF5, STAT4 and those related to inherited
thrombophilia - factor V Leiden and G20210A prothrombin polymorphisms. Finally, post-transcriptional mod-
ifications of anti-beta2GPI antibodies could be implicated too. The most important discovery of last years is that
altered microRNAs' expression is linked to autoimmunity, thrombosis, early atherosclerosis, and oxidative stress

1. Introduction

The antiphospholipid syndrome (APS) is an autoimmune disease
characterized by the presence of antiphospholipid antibodies (aPL) in
serum together with clinical manifestations such as thrombosis (both
arterial and venous), fetal losses, hemolytic anemia, and thrombocy-
topenia. The etiology of this syndrome is still unknown and it could be
ipotizable that should arise in a predisposed subject after antigenic
stimuli. Proofs of the genetic predisposition of APS lie on the observa-
tion of familiar clustering of cases, greater prevalence of aPL in the
serum of subjects sharing the same descent of patients, animal models
(mice), and association with various alleles both in and outside the
major histocompatibility complex (MHC, HLA in men).

A review on the genetic and epigenetic aspects of APS was published
by us in 2016 [1]. Since then, some new interesting data have been
reported in literature, and prompted us to provide an updating on the
most recent studies dealing with this topic.

2. HLA, antiphospholipid syndrome and antiphospholipid
antibodies

Many autoimmune diseases are associated with genes in the MHC
region. In some autoimmune disorders, such as systemic lupus er-
ythematosus (SLE), MHC antigens seem to be associated with specific
autoantibodies, including anticardiolipin (aCL) and anti-beta2GPI
(antif2GPI), rather than with the disease itself [2]. It appears that MHC
genes may influence not only the expression of autoimmune diseases,
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but also the production of autoantibodies that can be found in these
diseases.

Many researchers in the field of immunogenetics have investigated
possible associations between APS or the various antibodies directed
against negatively charged phospholipids and MHC genes or their
products.

However, there is increasing evidence that aPL represent an het-
erogeneous group of antibodies, which includes lupus anticoagulant
(LA), aCL, antif2GPI, antibodies to prothrombin, annexin V, phospha-
tidylethanolamine, phosphatidylserine and other oxidized phospholi-
pids. Thus, it appears evident that the spectrum of HLA associations
with APS might become clearer if more specific autoantibody subgroups
are studied.

The question of whether a genetic predisposition to develop APS
and to produce aPL exists can be examined both in animal models and
in humans. The presence of aPL has been reported in some, but not all,
SLE-prone mice [3-5] and this means that genetic background of mice
can influence the production of aPL and this production can be
modulated by hormones. For example, using microsatellite markers in
the NZW X (NZW X BXSB)F1 backcross male progeny, Ida et al.
mapped BXSB alleles contributing to the generation of aCL, platelet-
binding antibodies, thrombocytopenia and myocardial infarction [6].
They found that the generation of each disease character was controlled
by two major independently segregating dominant alleles, and that a
combination of the two alleles appeared to produce full expression of
each character, as a complementary gene action. This finding suggests
that no single factor, such as aCL, can explain the pathogenesis of APS.
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Rather, a combination of susceptibility alleles characterises unique
features in male (NZW x BXSB)F1 mice, that are prone to develop APS.

Recently, Papalardo et Al. studied the influence of MHC class II
alleles on the production of aPL in a mouse model of APS [7]. They
immunized three groups of mice, MHC class [I-deficient (MHCII2/2)
mice, MHCII2/2 mice transgenic for human HLA-DQ6 (DQ6), DQ8, or
DR4 alleles, and the corresponding wild-type (WT) mouse strains; half
were immunized with human B2GPI, and the other half were im-
munized with control ovalbumin (OVA) protein. Thrombus formation
in vivo, tissue factor activity in carotid and peritoneal macrophages,
and serum levels of tumor necrosis factor (TNF), aCL antibodies, and
anti-OVA antibodies were determined. Immunization with 32GPI in-
duced significant production of aCL and anti-32GPI in WT mice com-
pared with control mice immunized with OVA but diminished aCL and
antif2GPI production in MHCII2/2 mice. This is the first study showing
that MHC class II alleles influence not only quantitative aPL production
but also the pathogenic capacity of induced aPL.

In humans, the contribution of immunogenetics to the development
of aPL and APS has been addressed mainly by family studies and by
population studies looking at the HLA region. The APS may exist both
as a primary condition as well as in the setting of another autoimmune
disease (mainly SLE), and this implies possible differences in the asso-
ciation with HLA. Some aPL can be found in autoimmune diseases, but
others appear during the course of infectious diseases, neoplasias, or are
drug related; they can also be present as an isolated phenomenon in
healthy individuals. Therefore, what we call “antiphospholipid anti-
bodies” may comprise a group of antibodies whose unique common
feature is their reactivity against phopsholipids, but with different
specificity and different HLA associations.

Recently, Islam MA et al. conducted an interesting systematic search
of English articles (up to 4th September 2017) using Web of Science,
PubMed, Scopus, ScienceDirect and Google Scholar databases. [8].
Eligible studies were selected based on the inclusion criteria. They
found that 16 genes contribute significantly in patients with thrombotic
primary APS when compared with controls. (Table 1). These genes are
expressed in 32 different organs and may pose higher risk of developing
thrombosis anywhere in the body of primary APS patients.

2.1. Family studies

Familial occurrence of aPL with or without clinical evidence of APS
has been documented since 1980 [9-11]. Family studies suggest a genetic
predisposition to APS, either when it presents as a primary condition or
when it is seen in the context of SLE. It appears that this genetic predis-
position is in part accounted for by the HLA system, the most consistent
associations being those with DR4 and DRw53. Furthermore, it appears
that LA and aCL are both associated with the same HLA antigens, even if

Table 1
Genetic risk factors in thrombotic primary antiphospholipid syndrome: a sys-
tematic review with bioinformatic analyses [8].

PF4V1 (platelet factor 4 variant 1)

SELP (selectin P)

TLR2 (toll like receptor 2)

TLR4 (toll like receptor 4)

SERPINE 1 (serpin family member 1)

APOH (apolipoprotein H)

ITGA 2 (integrin subunit alpha-2)

GP1BA (Platelet glycoprotein I b alpha chain)
F2R (coagulation factor II, thrombin receptor)
F2RL1 (F2R like trypsin receptor 1)

TFPI (tissue factor pathway inhibitor)

F3 (coagulation factor III, tissue factor)
VEGFA (vascular endothelial growth factor A)
FLT1(fms related tyrosinekinase 1)
TNF-ALPHA
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these two methods of detecting aPL do not overlap completely.

Various studies examined HLA by serological methods. Dagenais
et al. described an English Canadian family in which aCL were asso-
ciated with a spectrum of clinical manifestations, from asymptomatic
carriers to the typical thrombotic disease in association with SLE and
autoimmune thyroid disease [12]. They found the paternal haplotype
A30; Cw3; B60; DR4; DRw53; DQw3 to be associated with aCL. The
occurrence of LA in families carrying haplotypes that contained either
DR4 or DR7 also has been reported by others [13,14]. May et al. have
described a family, including identical twins and their mother, in which
all members had SLE and presented with different manifestations of
APS [15]. The mother and the twins shared the HLA haplotype that
included DR4, DRw53 and DQw7, whereas C4A or C4B deficiencies
could not be implicated in the autoimmune process.

A recent study revealed an association between a mutation of the F2
gene, which codes for coagulation factor II, thrombin, and the risk of
thrombophilia in a Han Chinese family, of which four members had a
history of deep venous thromboembolism. [16]. To identify the abnorm-
ality underlying the increased thrombophilic risk, whole-exome sequen-
cing technology was used to analyze two affected individuals. An exonic
missense F2 mutation, T165M (NM_000506:c.C494T:p.T165M;rs5896),
was identified from a total of 2222 and 2203 genetic variations observed
in the two affected individuals, respectively, which were subsequently
filtered and confirmed using Sanger sequencing.

This deleterious mutation in heterozygous form was not identified
in normal controls.

2.2. Population studies on primary antiphospholipid syndrome

HLA associations in population studies on primary APS and in po-
pulation studies in diseases other than primary APS have been pre-
viously reported and discussed [1] and are summarized in Table 2.

2.3. Population studies on antiphospholipid antibodies in diseases other
than primary APS

Most of these studies deal with SLE and aCL, probably because aCL
are more easily detectable than LA. They are summarized in Table 3.

We performed a very large study on about 600 patients with SLE, all
of European origin, analysing the association of aCL and anti-beta2GPI
with HLA class II alleles [27]. Data showed that aCL are positively as-
sociated with HLA-DRB1+*04, -DRB1*07, -DQA1*0201, -DQA1*0301,
-DQB1*0302, -DRB3*0301, and that anti-beta2GPI have a positive as-
sociation with DQB1*0302. DQA1*0501 and DRB3*0202 showed a
negative association with aCL. For the first time it was demonstrated
that aCL and anti-beta2GPI are associated with HLA-DRB1*0402 and
-DRB1*0403, among the alleles of the DRB1*04 series. Indeed,
DRB1*0402 carried the highest relative risk for the presence of both
aCL (RR = 8.1) and anti-beta2GPI (RR = 4.6), and it was noteworthy
that 75% of patients carrying the DRB1*0402 allele were aCL-positive.
We could not find any association with alleles at DRB4 locus (DRw53),
and found that aCL are associated with DR4 in SLE patients both from
Spain and Italy, two Latin countries. Thus, it can be argued that both
DR4 and DR7 are independently associated with aCL, and that aCL in
patients with SLE are associated with alleles at DRB1 locus but not with

Table 2
HLA associations with APS, data from population studies on primary antipho-
spholipid syndrome.

HLA-DQw?7 (DQB1%*0301 allele)
DQB1*0604/5/6/7/9-DQA1*0102-DRB1*1302
TNFA-238*A-DQB1*0303-DRB1*0701
HLA-DR5

HLA-DRB1*03

HLA-DMA*0102




A. Iuliano, et al.

Autoimmunity Reviews 18 (2019) 102352

Table 3
Association between HLA alleles and anticardiolipin antibodies in various diseases.
HLA Frequency” Ethnic origin Ref.

SLE C4Q0 92 African-American Wilson, 1988 [17]

CBFP” C4Q0 71 Swedish Stephansson, 1993
[18]

SLE C4A No association American Petri, 1993 [19]

SLE DR7 61 Northern Italian Savi, 1988 [20]

SLE DR4 87 English McHugh, 1989 [21]

Possible PAPS® DR4,DRw53 56,83 Australian McNeil, 1990 [22]

SLE DR4,DR7,DRw53 81 Caucasian Hartung, 1992 [23]

SLE DRB1*0901 41 Japanese Hashimoto, 1998
[24]

SLE DR,DQ No association Caucasian and African American Gulko, 1993 [25]

SLE DR No association Central Italian Sebastiani, 1991 [2]

SLE DPB1*1401,0301 45 Central Italian Galeazzi, 1992 [26]

SLE DRB1+%0402/3,DRB1*07, DQA1%0201,DQA1*0301, DQB1*0302 75/56,36 36,47, 45 Caucasian Galeazzi, 2000 [27]

SLE DPB1*1501, *2301 50,63 Caucasian Sebastiani, 2003
[28]

pss? DR No association American Asherson, 1992 [29]

JCA® A,B,C,DR No association Canadian Malleson, 1992 [30]

2 Frequency of HLA allele in aCL-positive patients (%).

> Chronic biologically false positive reactors (some affected by SLE).
¢ Patients with aCL and occlusion of coronary artery bypass grafts.
Primary Sjogren's syndrome.

¢ Juvenile chronic arthritis.

those at DRw53 locus. According to these results, it seems that
DRB1*0402 and DRB1*0403 are slightly more important than DR7 and
that the association with DRw53 is only apparent because patients
typing positive for DRw53 possess haplotypes that also contain either
DR4 or DR7.

Subsequently, we showed that aCL and some clinical manifestations
share the same HLA association. This was the case of the association of
IgA aCL and Raynaud's phenomenon with DRB1*07 and DQA1*0301, of
haemolytic anemia and IgM aCL with DQA1*0301 and of thrombocy-
topenia and IgG aCL with DRB3*0301. Therefore it could be considered
that the association of HLA alleles with particular clinical manifestations
of APS, found in our study, might be a consequence of the association of
these alleles with aCL and/or anti-beta2GPI. In addition, we analysed
whether HLA-DPB1 alleles contribute to the genetic predisposition to
develop APS and aPL (aCL and anti-beta2GPI) in the same European
cohort of patients with SLE [28]. HLA-DPB1 alleles association of an-
ticardiolipin and anti-Beta2GPI antibodies in a large series of European
patients with SLE. Lupus 2003; 12:560-3. An interesting association be-
tween anti-PT and the HLA- DQB1*0301;DQA1*03;DRB1*04 haplotype

was found. It had already been shown that anti-beta2GPI antibodies are
associated with these same alleles in patients with SLE. It is widely ac-
cepted that antibodies to PT and beta2GPI are two major autoantibodies
responsible for LA activity, anti-PT responsible for PT-dependent LA and
anti-beta2GPI antibodies for beta2GPI-dependent LA. For this reason, the
observation that anti-PT and anti-beta2GPI antibodies share a common
genetic background is of interest. In addition, it was found that anti-
AnnV are positively associated with HLA-DRB1*08 and negatively as-
sociated with -DQA1*0102; anti-PS were positively associated with
-DQB1*0301. These associations need confirmation in other studies,
because they have never been reported and appear to be weak associa-
tion. However, they reinforce the hypothesis that aPL production is
under genetic control [31]. Arnett and coll. Analysed the association of
anti-beta2GPI with HLA class II alleles in three ethnic groups, Mexican
Americans (41 patients), white Americans (122 patients) and black
Americans (99 patients) [32]. Authors examined rather a heterogeneous
group of patients affected by primary APS, SLE and other connective
tissue diseases. They found that HLA-DR4 haplotypes, especially those
carrying HLA-DQ8 (DQB1*0302), are strongly associated with anti-

Table 4
Association of HLA alleles with anti-beta,GPI and antiphosphatidylserine/prothrombin antibodies in SLE and PAPS.
Disease aPL HLA Frequenc- Ethnic origin Ref.
v
PAPS anti-beta ,GPI DRB1*1302- DQA1*0102-DQB1*0604/5/6/7/9 14 British Caucasoid Caliz, 2001 [33]
SLE anti-beta ,GPI DRB1*0402/3, DQB1*0302 67/56,50 European Galeazzi, 2000 [27]
PAPS + SLE” anti-beta ,GPI DQB1*0302 32 white American Arnet, 1999 [32]
PAPS + SLE” anti-beta ,GPI DR4-DQB1*0302 64-64 Mexican American Arnet, 1999 [32]
PAPS +SLE" anti-beta ,GPI DRB1*1302-DQB1*0604/5 36-36 black American Arnet, 1999 [32]
PAPS aPTS/PT¢ DRB1*04-DQA1%0301/2-DQB1*0301/4 31-31-35 British Caucasoid Bertolaccini, 2000
[34]
SLE anti-beta ,GPI DPB1*0301,*1901 28,67 Caucasian Sebastiani, 2003
[28]
SLE aPT¢ DQB1*0301-DQA1*03-DRB1*04 19-31-29 Caucasian Sebastiani, 2008

[31]

Frequency of HLA allele/haplotype in aPL-positive patients (%).

¢ Antiphosphatidylserine/prothrombin antibodies.
4" Antiprothrombin antibodies.

Forty-eight patients affected by PAPS, 196 patients affected by SLE, 18 patients affected by other connective tissue diseases (of whom 4 with APS).
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Table 5
a. The role of non MHC genes in APS susceptibility. b. APS association of thrombofilic hereditary factors.
Gene APS association Ref.
IRF 5 Weak Fredi, 2010 [36]
STAT 4 Strong Yin, 2009 [37]
12g24.12 Strong Ochoa, 2013 [38]
PTPN22 Strong Bottini, 2006 [39]
PTPN22 Weak Castro-Marrero, 2001
[40]
Valine/leucine247 polymorphism of $2-glycoprotein Strong Hirose, 1999 [41], Lee,
2001 [42]
Factor/gene APS association Ref.
Factor V Leiden, G20210A prothrombin polymorphism None Berman, 2013 [43]
G20210A prothrombin polymorphism single case report Pretorius, 2014 [44]
Heterozygous F2 G20210A prothrombin polymorphism strong Ames, 2001 [45]
MTHFR C677T Weak Ames, 2001 [45]
Plasma homocystein Strong Ames, 2001 [45]

PROCR H1 haplotype

Strong (protective effect) Plasin Rodriguez, 2018 [46]

beta2GPI in whites and Mexican Americans, and less so in blacks, who
normally have low frequencies of these alleles. In addition, they found
that the HLA-DRB1+*1302;DQB1*0604/0605 haplotype was associated
with anti-beta2GPI primarily in blacks.

Summarizing, the majority of the reports on SLE seem to indicate
that aPL are associated with DR4, DR7, the closely linked antigen
DRw53, and DQB1*0302 (Tables 3 and 4). The association of aCL with
C4A or C4B alleles is less evident, and it may be of some importance
only in American Blacks. In addition, it appears that the disease itself
may influence the aCL-HLA associations, since no association can be
found in diseases other than SLE.

A question is emerging from most recent studies: is PAPS a different
entity from SLE-associated APS? There is an increased body of evidence
of genetic differences between these two entities. Differences between
PAPS and secondary APS have been shown in mitochondria biogenesis
and function, in oxidative stress, IFN signature and various genes
mediating atherosclerotic/inflammatory signaling in secondary APS
patients) [35]. Future studies on the genetic factors associated with SLE
and PAPS may allow a better characterisation of these entities and
identify if there are specific genetic features in PAPS which predispose
to evolution into SLE.

3. The role of non MHC genes in APS susceptibility

Additional genes, outside MHC, give contribution to the develop-
ment of APS: they have been previously reported and discussed [1] and
are summarized in Table 5.

Yomna K et al. recently genotyped 60 APS Egyptian patients and 41
controls for protein Z-79 G/A gene polymorphism using the PCR [47].
It's known that Protein Z (PZ)-dependent inhibitor (ZPI), tissue factor
pathway inhibitor (TFPI) and antithrombin play the main role in reg-
ulating the function of factor X. However, ZPI is relatively inactive in
the absence of its cofactor, PZ. Deficiency of ZPI or PZ has been asso-
ciated with venous thrombosis and peripheral arterial disease. Protein Z
deficiency is also said to contribute to pregnancy morbidities and an
impairment in the ZPI/PZ inhibitor system has been reported in APS
patients. The polymorphism was then analysed in relation to throm-
bosis and pregnancy morbidities in APS patients. They observed a
higher prevalence of the A allele in the controls when compared to the
APS patients (P < .001). G79A polymorphism, as well as its minor A
allele, were not associated with an increased risk of thrombosis or
pregnancy morbidities in APS. So, protein Z-79 G/A gene poly-
morphism may be of a protective value against thrombosis in APS.

Another marker of protection seem to be Complement Factor B (BF)
that is involved in the activation of the complement system [48]. It

serves as a B cell growth factor, stimulates mononuclear cell cytotoxi-
city, induces macrophage distribution and solubilizes immune com-
plexes. A high serum level of BF split products has been correlated with
increased disease activity in SLE. Experimental studies in lupus animals
knock out for BF with SLE central nervous system involvement showed
that the lack of this protein is associated with reduction in local de-
position of immune complexes. This deficiency is also connected with
less nephritis and vasculitis, and higher serum levels of C3, highlighting
the importance of this component in the pathophysiology of SLE and as
a future therapeutic target. There is a link between phenotype BF SS07
and allotype BF*S07 with IgM-aCL in SLE patients; BF*F allotype could
be considered a marker of protection against the development of anti-
phospholipid antibodies in these patients.

4. Thrombofilic hereditary factors

Berman et al. studied the prevalence and the clinical significance of
inherited thrombophilia - factor V Leiden and G20210A prothrombin
polymorphism in patients with APS [49]. One hundred patients with
APS (77 with primary APS and 23 with APS secondary to SLE), one
hundred patients with a first episode of lower extremity deep venous
thrombosis (DVT), and 200 healthy individuals as a control group were
analysed. Patients and controls were tested for factor V Leiden and
prothrombin G20210A gene polymorphism. Factor V Leiden variant
was found in 1% of APS patients, in 3% of healthy individuals, and 16%
of patients with first DVT. Prothrombin gene polymorphism was found
in 6% of APS patients, in 2.5% of healthy subjects, and 13% of patients
with DVT. Factor V Leiden was present in 1.3% (1/77) PAPS patients,
and prothrombin gene polymorphism in 6.5% (5/77). No patient with
SLE-APS had factor V Leiden, and prothrombin gene variant was pre-
sent in only one patient (4.3%). Patients with prothrombin poly-
morphism had higher prevalence of venous thrombosis, even if the
difference didn't reach statistical significance (80% vs. 47.9%, p = .35).
There were no differences in the prevalence of recurrent thrombosis
before or after APS diagnosis in patients with or without prothrombin
gene polymorphism. Authors concluded that Factor V Leiden and
G20210A prothrombin variant seem to play no role in either the de-
velopment of APS or in the type of involved vessel, with no increased
risk of re-thrombosis during follow-up.

Pretorius et al. also reported on a case of a prothrombin mutation
G20210A coexisting with APS and iron overload in a 37-year-old
woman who suffered from transient ischemic attacks and amaurosis
fugax [50]. Authors present an ultrastructural depiction of ery-
throcytes, platelets, and the fibrin network, to explain the clinical
manifestations of the thrombotic state seen in this patient. There was a
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polymorphism in the 3’-UTR (untranslated region) of the prothrombin
due to a G to A transition at nucleotide 20,210. This abnormality is
associated with elevated plasma prothrombin (factor II) levels, resulting
in hypercoagulability and 2-8 fold increased possibility of carriers to
develop venous thrombosis.

Ames et al. evaluated the prevalence of F2 G20210A prothrombin
polymorphism and methylenetetrahydrofolate reductase (MTHFR) C677T
in 40 patients with primary APS and in 27 persistent carriers of antipho-
spholipid antibodies without underlying diseases [51]. Non APS throm-
botic patients and healthy subjects served as control groups. Homocysteine
was measured in all patients with antiphospholipid antibodies and in 51
subjects from the healthy control group. Heterozygous F2 G20210A was
more frequent in the thrombotic group without APS (18%) than in the
control (4%), aPL (11%) or APS (12%) groups, whereas homozygous
MHTFR C6677T was equally distributed. After genotype sub-grouping,
plasma homocysteine was higher in APS patients with homozygous
MHTFR C677T compared with non-homozygous APS patients and with
homozygous MTHFR C677T controls. In the APS group, mean age at first
event was lower in homozygous MTHFR C677T patients than in non-
homozygous patients. In the same group, homozygous MTHFR C677T
patients had an increased average number of events per person than non-
homozygous patients. It was also shown that heterozygous F2 G20210A
contributed little to the thrombotic tendency of primary APS, whereas
plasma homocysteine in aPL subjects may influence age at first event and
number of events. Hyperhomocysteinemia is common in APS patients and
may contribute to major severe thrombosis.

Plasin Rodriguez et al. studied the EPCR gene called PROCR, a gene
coding for endothelial PC receptor, in one hundred and seventy-five
patients (62 with PAPS, 30 with SLE- associated APS, 40 with SLE
without antiphospholipid antibodies and 43 with SLE and antipho-
spholipid antibodies) and 66 healthy controls. [46]. PROCR H1 hap-
lotype was less frequently found in APS patients with arterial throm-
bosis, suggesting a protective effect of PROCR HI1 against arterial
thrombosis in APS patients.

All these associations are showed in Table 5.

5. Post-transcription modifications of anti-beta2GPI antibodies

The hypothesis of two hits in APS pathogenesis is well known.
Production of anti-beta 2GPI is the initial hit that increases the risk of
thrombosis; infectious agents are the second hit provoking the typical
manifestations of APS by activating toll-like receptors or complement
[52]. This hypothesis doesn't explain why some people with aPL are
healthy. It probably depends on the structural differences in the epitope
specificity or the glycosylation of the antibodies that causes modifica-
tions of their effectors functions. It was demonstrated that there is a
hyposialylation in the glycans terminate portion of anti-beta2GPI IgG
determining a pro-inflammatory action.

It is known from Literature that the majority of circulating beta2GPI
exists in a form containing unpaired cysteins (free thiols) which con-
stitutes the reduced form of beta2GPI [53]. The oxidation of beta2GPI
may increase the immunogenicity of the molecule through a TH1 im-
munological mechanism because it is able to induce maturation of
dendritic cells.

It's also known that an imbalance in the activating/inhibitory re-
ceptors expressed on the surface of dentritic cells has been linked to
increased susceptibility to develop autoimmune diseases underscoring
their immunogenicity potential. There are recent data relative to the
role of dentritic cells in systemic autoimmune pathogenesis and their
use as a therapy to restore tolerance. [54]. We Know that microRNAs
are small noncoding RNAs of approximately 19-25 nucleotides. Six
microRNAs, involved in atherothrombosis development, were quanti-
fied in purified leukocytes from 23 APS and 64 SLE patients, and 56
healthy donors. Levels of microRNAs in neutrophils were lower in APS
and SLE than in healthy donors. Gene and protein expression of mi-
croRNA biogenesis-related molecules were also reduced. Accordingly,
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>75% of identified microRNAs by microRNA profiling were under-
expressed. In monocytes, miR124a and -125a were low, while miR-
146a and miR-155 appeared elevated. Altered microRNAs' expression
was linked to autoimmunity, thrombosis, early atherosclerosis, and
oxidative stress in both pathologies. In vitro treatment of neutrophils,
monocytes, and ECs with IgG-aPL or IgG-anti-dsDNA antibodies de-
regulated microRNAs expression, and decreased microRNA-related
proteins. Monocyte transfections with pre-miR-124a and/or -125a
caused reduction in atherothrombosis-related target molecules. In
conclusion, microRNA biogenesis, significantly altered in neutrophils of
APS and SLE patients, is associated to their atherothrombotic status,
further modulated by specific autoantibodies [55]. These emerging
epigenetic studies provide new insights into APS and autoimmune
diseases. The identification of specific epigenetic dysregulation may
inspire more discoveries of other uncharacterized mechanisms. Dis-
orders of epigenetic processes, which involve DNA methylation, histone
modification, non-coding RNA and nucleosome remodeling, may in-
fluence chromosomal stability and gene expression, resulting in com-
plicated syndromes [56].

6. Conclusions

Genetic factors are important in the development of APS. Some HLA
alleles carry the risk to produce aPL, and this is independent of the
clinical context. In fact, we find the same associations between HLA and
aPL in primary APS and in APS secondary to SLE. The association of
HLA-DR4, -DR7, -DRw53, and -DQB1*0302 with aCL that has been
demonstrated in primary APS, can also be found in SLE, a disease with a
completely different pattern of HLA allele association (DR2, DR3,
DRw52). In addition, the various aPL (aCL, LA, antibeta,GPI, antipho-
sphatidylserine/prothrombin antibodies) show similar HLA association,
again independent of the clinical context (PAPS or SLE), and across
various ethnic groups. The various studies performed indicate that the
HLA allele most frequently associated with APS are HLA-DRB1*04
(DR4), DRB1*07 (DR7), DRB1*1302 (DR6), DRw53, DQA1*0102,
DQA1*0201,DQA1*0301, DQB1*0302 (DQ8), DQB1*0604/5/6/7/9.

Other genes, outside the MHC, give their contribution to the de-
velopment of this autoimmune syndrome. Furthermore, additional ge-
netic risk factors for thrombosis have been described in patients with
APS [57-59].

Studies on primary APS indicate that it is genetically distinct from
SLE. The genetic predisposition to APS can be at least in part explained
with an influence of certain HLA alleles. However, these alleles could
only be apparent because of their linkage disequilibrium with an as yet
unidentified primarily involved HLA-locus, or they could act in co-op-
eration with other genes, even residing outside the MHC. For this
reason, the search for a more strongly associated polymorphism is ac-
tively pursued whenever new loci are identified in the HLA region.
Given that APS is characterized mainly by the presence of throm-
boembolic events, it seems that several genetic factors are involved in
its pathophysiology. The role of epigenetic mechanisms in the inter-
action between environment and genetic factors should also be better
elucidated in APS [60,61] and in other autoimmune diseses [62-64].

Declaration of Competing Interests
None.
References

[1] Sebastiani GD, Iuliano A, Cantarini L, Galeazzi M. Genetic aspects of the antipho-
spholipid syndrome: An update. Autoimmun Rev 2016;15(5):433-9.

[2] Lulli P, Sebastiani GD, Trabace S, Passiu G, Cappellacci S, Porzio F, et al. HLA
antigens in Italian patients with systemic lupus erythematosus: evidence for the
association of DQw2 with the autoantibody response to extractable nuclear anti-
gens. Clin Exp Rheumatol 1991;9:475-9.

[3] Gharavi AE, Mellors RC, Elkon KB. IgG anti-cardiolipin antibodies in murine lupus.


http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0005
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0005
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0010
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0010
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0010
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0010
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0015

A. Iuliano, et al.

[4

=

[5]

[6]

[7

—

[8]

[91
[10]
[11]

[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Clin Exp Immunol 1989;78:223-38.

Hashimoto Y, Kawamura M, Ichikawa K, Suzuki T, Sumida T, Yoshida S, et al.
Anticardiolipin antibodies in NZW x BXSB F1 mice. A model of antiphospholipid
syndrome. J Immunol 1992;149:1063-8.

Ansar Ahmed S, Verthelyi D. Antibodies to cardiolipin in normal C57BL/6J mice:
induction by estrogen but not dihydrotestosterone. J Autoimm 1993;6:265-79.
Ida A, Hirose S, Hamano Y, Kodera S, Jiang Y, Abe M, et al. Multigenic control of
lupus-associated antiphospholipid syndrome in a model of (NZW x BXSB)F1 mice.
Eur J Immunol 1998;28:2694-703.

Papalardo E, Romay-Penabad Z, Willis R, Christadoss P, Carrera-Marin AL, Reyes-
Maldonado E, et al. Major Histocompatibility Complex Class II Alleles
Influencelnduction of Pathogenic Antiphospholipid Antibodies in a Mouse Model of
Thrombosis. Arthitis Rheumatol 2017;69:2052-61.

Islam MA, Saif Khandker S, Alam F, Kamal MA, Hua Gan S. Genetic risk factors in
thrombotic primary antiphospholipid syndrome: A systematic review with bioin-
formatic analyses. Autoimmun Rev 2018;17:226-43.

Exner T, Barber S, Kronenberg H, Rickard KA. Familial association of the lupus
anticoagulant. Br J Haematol 1980;45:89-96.

Matthey F, Walshe K, Mackie 1J, Machin SJ. Familial occurrence of the antipho-
spholipid syndrome. J Clin Pathol 1989;42:495-7.

Jolidon R-M, Knecht H, Humair L, de Torrente A. Different clinical manifestations of
a lupus anticoagulant in the same family. Klin Wochenschr 1991;69:340-4.
Dagenais P, Urowitz MB, Gladman DD, Norman CS. A family study of the anti-
phospholipid syndrome associated with other autoimmune diseases. J Rheumatol
1992;19:1393-6.

Rouget JP, Goudemand J, Montreuil G, Cosson A, Jaillard J. Lupus anticoagulant: a
familial observation. Lancet 1982;2:105.

Mackie 1J, Colaco CB, Machin SJ. Familial lupus anticoagulants. Br J Haematol
1987;67:359-63.

May KP, West SG, Moulds J, Kotzin BL. Different manifestations of the antipho-
spholipid antibody syndrome in a family with systemic lupus erythematosus.
Arthritis Rheum 1993;36:528-33.

Guoping S, Yicong J, Jingye M, Minglin O, Peng Z, Shang C, et al. A genetic risk
factor for thrombophilia in a Han Chinese family. Mol Med Rep 2017;15:1668-72.
Wilson WA, Perez MC, Michalski JP, Armatis PE. Cardiolipin antibodies and null
alleles of C4 in black Americans with systemic lupus erythematosus. J Rheumatol
1988 Dec;15(12):1768-72.

Stephansson EA, Koskimies S, Lokki ML. HLA antigens and complement C4 allo-
types in patients with chronic biologically false positive (CBFP) seroreactions for
syphilis: a follow-up study of SLE patients and CBFP reactors. Lupus 1993
Apr;2(2):77-81.

M Petri, Watson R, Winkelstein JA, McLean RH. Clinical expression of systemic
lupus erythematosus in patients with C4A deficiency. Medicine (Baltimore). 1993
Jul;72(4):236-44.

Savi M, Ferraccioli GF, Neri TM, Zanelli P, Dall'Aglio PP. Tincani et al. HLA-DR
antigens and anticardiolipin antibodies in northern Italian systemic lupus er-
ythematosus patients. Arthritis Rheum 1988 Dec;31(12):1568-70.

McHugh NJ, Maddison PJ. HLA-DR antigens and anticardiolipin antibodies in pa-
tients with systemic lupus erythematosus. Arthritis Rheum 1989
Dec;32(12):1623-4.

McNeil HP, Gavaghan TP, Krilis SA, Geczy AF, Chesterman CN. HLA-DR antigens
and anticardiolipin antibodies. Clin Exp Rheumatol 1990 Jul-Aug;8(4):425-6.
Hartung K, Coldewey R, Corvetta A, Deicher H, Kalden JR, Krapf F, et al. MHC gene
products and anticardiolipin antibodies in systemic lupus erythematosus results of a
multicenter study. SLE Study Group. Autoimmun 1992;13(2):95-9.

Hashimoto H, Yamanaka K, Tokano Y, Iida N, Takasaki Y, Kabasawa K, et al. HLA-
DRB1 alleles and beta 2 glycoprotein I-dependent anticardiolipin antibodies in
Japanese patients with systemic lupus erythematosus. Clin Exp Rheumatol 1998
Jul-Aug;16(4):423-7.

Gulko PS, Reveille JD, Koopman WJ, Burgard SL, Bartolucci AA, Alarcén GS.
Anticardiolipin antibodies in systemic lupus erythematosus: clinical correlates, HLA
associations, and impact on survival. J Rheumatol 1993 Oct;20(10):1684-93.
Galeazzi M, Sebastiani GD, Passiu G, Angelini G, Delfino L, Asherson RA, et al. HLA-
DP genotyping in patients with systemic lupus erythematosus: correlations with
autoantibody subsets. J Rheumatol 1992 Jan;19(1):42-6.

Galeazzi M, Sebastiani GD, Tincani A, Piette JC, Allegri F, Morozzi G, et al. HLA
class II associations of anticardiolipin and anti-beta2GPI antibodies in a large series
of European patients with systemic lupus erythematosus. Lupus 2000;9:47-55.
Sebastiani GD, Galeazzi M, Tincani A, Scorza R, Mathieu A, Passiu G, et al.
European Concerted Action on Immunogenetics of SLE. HLA-DPB1 alleles associa-
tion of anticardiolipin and anti-beta2GPI antibodies in a large series of European
patients with systemic lupus erythematosus. Lupus 2003;12:560-3.

Asherson RA, Doherty DG, Vergani D, Khamashta MA, Hughes GR. Major histo-
compatibility complex associations with primary antiphospholipid syndrome.
Arthritis Rheum 1992 Jan;35(1):124-5.

Malleson PN, Fung MY, Petty RE, Mackinnon MJ, Schroeder ML. Autoantibodies in
chronic arthritis of childhood: relations with each other and with histocompatibility
antigens. Ann Rheum Dis 1992 Dec;51(12):1301-6.

Sebastiani GD, Morozzi G, Bellisai F, Fineschi I, Bacarelli MR, Simpatico A, et al.
Anti-cofactor autoantibodies in systemic lupus erythematosus: prevalence, clinical
and HLA class II asociations. Immunol Inv 2008;37:375-85.

Arnett FC, Thiagarajan P, Ahn C, Reveille JD. Associations of anti-beta2-glycopro-
tein I autoantibodies with HLA class II alleles in three ethnic groups. Arthritis
Rheum 1999;42:268-74.

Caliz R, Atsumi T, Kondeatis E, Amengual O, Khamashta MA, Vaughan RW, et al.
HLA class II gene polymorphisms in antiphospholipid syndrome: haplotype analysis

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

Autoimmunity Reviews 18 (2019) 102352

in 83 Caucasoid patients. Rheumatology 2001;40:31-6.

Bertolaccini ML, Atsumi T, Caliz AR, Amengual O, Khamashta MA, Hughes GRV,
et al. Association of antiphosphatidylserine/prothrombin autoantibodies witfa HLA
class II genes. Arthritis Rheum 2000;43:683-8.

Belizna C, Stojanovichc L, Cohen-Tervaertd JW, Fassotb C, Henrionb D, Loufranib L,
et al. Primary antiphospholipid syndrome and antiphospholipid syndrome asso-
ciated to systemic lupus: Are they different entities? Autoimmun Rev
2018;17:739-45.

Fredi M, Tincani A, Yin H, Delgado-Vega AM, Borghi MO, Meroni PL, et al. IRF5 is
associated with primary antiphospholipid syndrome, but is not a major risk factor.
Arthritis Rheum 2010;62:1201-2.

Yin H, Borghi MO, Delgado-Vega AM, Tincani A, Meroni PL, Alarcén-Riquelme ME.
Association of STAT4 and BLK, but not BANK1 or IRF5, with primary antipho-
spholipid syndrome. Arthritis Rheum 2009;60:2468-71.

Ochoa E, Iriondo M, Bielsa A, Ruiz-Irastorza G, Estonba A, Zubiaga AM. Thrombotic
antiphospholipid syndrome shows strong haplotypic association with SH2B3-
ATXN2locus. PLoS One 2013;3:e67897.

Bottini N, Vang T, Cucca F, Mustelin T. Role of PTPN22 in type 1 diabetes and other
autoimmune diseases. Semin Immunol 2006;18:207-13.

Castro-Marrero J, Balada E, Vilardell-Tarrés M, Ordi-Ros J. The PTPN22*R620W
polymorphism does not confer genetic susceptibility to antiphospholipid syndrome
in the Spanish population. Int J Inmunogenet 2011;38:529-31.

Hirose N, Williams R, Alberts AR, Furie RA, Chartash EK, Jain RI, et al. A role for
the polymorphism at position 247 of the beta2-glycoprotein I gene in the generation
of anti-beta2-glycoprotein I antibodies in the antiphospholipid syndrome. Arthritis
Rheum 1999;42:1655-61.

Lee YH, Choi SJ, Ji JD, Song GG. Association between the valine/leucine247
polymorphism of $2-glycoprotein I and susceptibility to anti-phospholipid syn-
drome: a meta-analysis. Lupus 2012;21:865-71.

Berman H, Ugarte-Gil MF, Espinosa G, Tassies D, Monteagudo J, Reverter JC, et al.
Can inherited thrombophilia modulate the clinical phenotype of patients with an-
tiphospholipid syndrome? Clin Exp Rheumatol 2013;31:926-32.

Pretorius E, Vermeulen N, Bester J. Atypical erythrocytes and platelets in a patient
with a pro-thrombin mutation. Platelets 2014;25:461-2.

Ames PR, Margaglione M, Tommasino C, Bossone A, Iannaccone L, Brancaccio V.
Impact of plasma homocysteine and prothrombin G20210 A on primary antipho-
spholipid syndrome. Blood Coagul Fibrinolysis 2001;12:699-704.
Plasin-Rodrigueza MA, Rodriguez-Pintéa I, Patricioa P, Monteagudob J, Ra Cervera,
Reverterb JC, et al. The H1 haplotype of the endothelial protein C receptor protects
against arterial thrombosis in patients with antiphospholipid syndrome.
Thrombosis Res 2018;169:128-34.

Yomna KEA, Hend NE, Sherif MY, Zakaria I. The relation between protein Z poly-
morphism and the risk of thrombosis in Egyptian patients with antiphospholipid
syndrome. Hematol Oncol Stem Cell Ther 2018;11:219-24.

Picceli VF, Skare TL, Nisihara RM, Nass FR, Messias-Reason IT, Utiyamt R. SR. BF*F
allotype of the alternative pathway of complement: A marker of protection against
the development of antiphospholipid antibodies in patients with systemic lupus
erythematosus. Lupus 2016;25:412-7.

Berman H, Ugarte-Gil MF, Espinosa G, Tassies D, Monteagudo J, Reverter JC, et al.
Can inherited thrombophilia modulate the clinical phenotype of patients with an-
tiphospholipid syndrome? Clin Exp Rheumatol 2013;31:926-32.

Pretorius E, Vermeulen N, Bester J. Atypical erythrocytes and platelets in a patient
with a pro-thrombin mutation. Platelets 2014;25:461-2.

Ames PR, Margaglione M, Tommasino C, Bossone A, Iannaccone L, Brancaccio V.
Impact of plasma homocysteine and prothrombin G20210 A on primary antipho-
spholipid syndrome. Blood Coagul Fibrinolysis 2001;12:699-704.

Fickentscher C, Magorivska I, Janko C, Biermann M, Bilyy R, Nalli C, et al. The
pathogenicity of anti-B2GP1-IgG autoantibodies depends on Fc glycosylation. J
Immunol Res 2015. [2015:638129. doi: 10.1155/2015/638129. Epub 2015

Jun 22].

Passam FH, Giannakopoulos B, Mirarabshahi P, Krilis SA. Molecular pathophy-
siology of the antiphospholipid syndrome: the role of oxidative post-translational
modification of beta 2 glycoprotein I. J Thromb Haemost 2011 Jul;9:275-82.
Mackern-Oberti JP, Llanos C, Vega F, Salazar-Onfray F, Riedel CA, Bueno SM, et al.
Role of dendritic cells in the initiation, progress and modulation of systemic auto-
immune diseases. Autoimmun Rev 2015 Feb;14(2):127-39.

Pérez-Sanchez C, Aguirre MA, Ruiz-Limén P, Barbarroja N, Jiménez-Gémez Y, de la
Rosa IA, et al. Atherothrombosis-associated microRNAs in
Antiphospholipidsyndrome and Systemic Lupus Erythematosus patients. Sci Rep
2016;6:31375.

Zhang Z, Zhang R. Epigenetics in autoimmune diseases: Pathogenesis and prospects
for therapy. Autoimmun Rev. 2015 Oct;14(10):854-63.

Sebastiani GD, Galeazzi M. Genetic aspects of the Antiphospholipid Syndrome: HLA
Associations. In: Asherson Ronald A, editor. Handbook of systemic autoimmune
diseases. 10. The Netherlands: Elsevier; 2009. p. 81-9. [34] Cervera R, Reverter JC,
Khamashta M. Antiphospholipid Syndrome in Systemic Autoimmune Diseases.
ITuliano A, Sebastiani GD, Galeazzi M. Genetic and epigenetic aspects of antipho-
spholipid syndrome. What we knew, what we know. Chapter of the book
“Antiphospholipid Syndrome in Systemic Autoimmune Diseases” 2016. p. 69-84.
Edited by Cervera et al.

Sebastiani GD, Galeazzi M. Immunogenetic studies on systemic lupus er-
ythematosus. Lupus 2009;18(10):878-83.

Galeazzi M, Balistreri E, Giannitti C, Sebastiani GD. MicroRNAs in autoimmune
rheumatic diseases. Reumatismo 2012;64(1):7-17.

Sebastiani GD, Prevete I, Iuliano AM, et al. Early Lupus Project: one-year follow-up
of an Italian cohort of patients with systemic lupus erythematosus of recent onset.


http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0015
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0020
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0020
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0020
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0025
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0025
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0030
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0030
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0030
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0035
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0035
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0035
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0035
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0040
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0040
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0040
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0045
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0045
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0050
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0050
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0055
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0055
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0060
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0060
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0060
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0065
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0065
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0070
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0070
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0075
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0075
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0075
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0080
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0080
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0085
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0085
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0085
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0090
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0090
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0090
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0090
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0095
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0095
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0095
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0100
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0100
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0100
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0105
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0105
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0105
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0110
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0110
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0115
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0115
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0115
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0120
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0120
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0120
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0120
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0125
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0125
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0125
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0130
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0130
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0130
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0135
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0135
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0135
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0140
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0140
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0140
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0140
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0145
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0145
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0145
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0150
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0150
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0150
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0155
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0155
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0155
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0160
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0160
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0160
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0165
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0165
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0165
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0170
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0170
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0170
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0175
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0175
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0175
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0175
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0180
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0180
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0180
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0185
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0185
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0185
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0190
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0190
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0190
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0195
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0195
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0200
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0200
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0200
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0205
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0205
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0205
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0205
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0210
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0210
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0210
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0215
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0215
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0215
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0220
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0220
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0225
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0225
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0225
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0230
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0230
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0230
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0230
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0235
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0235
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0235
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0240
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0240
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0240
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0240
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0245
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0245
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0245
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0250
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0250
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0255
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0255
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0255
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0260
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0260
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0260
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0260
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0265
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0265
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0265
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0270
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0270
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0270
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0275
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0275
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0275
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0275
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0280
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0280
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0285
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0285
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0285
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0285
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0290
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0290
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0290
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0290
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0295
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0295
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0300
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0300
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0305
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0305

A. Iuliano, et al.

[62]

Lupus 2018;27:1479-88.

Giacomelli R, Afeltra A, Alunno A, Baldini C, Bartoloni-Bocci E, Berardicurti O,

et al. International consensus: What else can we do to improve diagnosis and
therapeutic strategies in patients affected by autoimmune rheumatic diseases
(rheumatoid arthritis, spondyloarthritides, systemic sclerosis, systemic lupus er-
ythematosus, antiphospholipid syndrome and Sjogren's syndrome)?: The unmet
needs and the clinical grey zone in autoimmune disease management. Autoimmun

Autoimmunity Reviews 18 (2019) 102352

Rev 2017 Sep;16(9):911-24.

[63] Galeazzi M, Giannitti C, Manganelli S, Benucci M, Scarpato S, Bazzani C, et al.
Treatment of rheumatic diseases in patients with HCV and HIV infection.
Autoimmun Rev 2008 Dec;8(2):100-3.

[64] Sebastiani GD, Bottini N, Greco E, Saccucci P, Canu G, Lucarelli P, et al. A study of
Adenosine-Deaminase genetic polymorphism in rheumatoid arthritis. Int J
Immunopathol Pharmacol 2010 Jul-Sep;23(3):791-5.


http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0305
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0310
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0310
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0310
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0310
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0310
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0310
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0310
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0315
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0315
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0315
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0320
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0320
http://refhub.elsevier.com/S1568-9972(19)30152-1/rf0320

	Antiphospholipid syndrome&#x00027;s genetic and epigenetic aspects
	Introduction
	HLA, antiphospholipid syndrome and antiphospholipid antibodies
	Family studies
	Population studies on primary antiphospholipid syndrome
	Population studies on antiphospholipid antibodies in diseases other than primary APS

	The role of non MHC genes in APS susceptibility
	Thrombofilic hereditary factors
	Post-transcription modifications of anti-beta2GPI antibodies
	Conclusions
	Declaration of Competing Interests
	References




