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can be either stimulated or inhibited by this molecule.
Antibodies against protective molecules have been
recently reported in systemic lupus erythematosus and
other autoimmune rheumatic diseases. Some of them
seem to be pathogenetic and others protective. Thus, pro-
tective molecules and their cognate antibodies may con-
stitute a regulatory network involved in autoimmunity.
Dysregulation of this system might contribute to the
development of autoimmune diseases in predisposed
individuals.
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Introduction

The pathogenesis of autoimmune diseases is not yet com-
pletely understood. However, many studies have high-
lighted the key role of genetic, immunological, hormon-
al and environmental factors.

In the last few years cytoplasmatic and nuclear auto -
antigen exposure during cellular apoptosis and necrosis
has been the subject of great interest.

The caspases are a group of proteases which are able
to cleave other proteins after an aspartic acid residue.
They can be subdivided in initiator caspases (caspase-2,
-8, -9 and -10) and effector caspases (caspase-3, -6 and -
7). Effector caspases, after activation by initiator caspas-
es, trigger the cascade reaction responsible for pro-
grammed cell death. During these events important con-
formational changes in cellular structure occur, such as
nuclear fragmentation and caspase-mediated activation
of Rho-associated, coiled-coil containing protein kinase
1 (ROCK 1) which is responsible of bleb formation on
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nose-binding lectin (MBL), apolipoprotein A-1 (Apo A-
1) and long pentraxin 3 (PTX3) are molecules involved in
the removal of apoptotic bodies and pathogens, and in
other antiinflammatory pathways. For this reason they
have been called “protective” molecules. C1q has a key
role in the activation of the complement cascade and acts
as a bridging molecule between apoptotic bodies and
macrophages favouring phagocytosis. In addition to other
functions, CRP, SAP and MBL bind to the surface of
numerous pathogens as well as cellular debris and acti-
vate the complement cascade, thus stimulating their clear-
ance by immune cells. The role of PTX3 is more contro-
versial. In fact, PTX also promotes the clearance of
microorganisms, but the activation of the complement
cascade through C1q and removal of apoptotic material



the cell surface [1, 2]. ROCK 1 is also responsible for the
localization of nuclear fragments inside blebs which, if
translocated to the cellular surface, can become targets
for the immune response in autoimmune diseases such as
systemic lupus erythematosus (SLE) [1, 2]. The follow-
ing phases of apoptosis include the cellular fragmenta-
tion of apoptotic bodies, which are taken up by
macrophages and other nonspecialized cells.

The impairment of the clearance of apoptotic material
seems to contribute to autoantigen exposure, which can ini-
tiate or maintain an autoimmune response in predisposed
individuals [3]. A critical role in the removal of apoptotic
bodies and damaged cells is played by a group of mole-
cules which includes complement component C1q, short
pentraxins, C-reactive protein (CRP) and serum amyloid P
(SAP), mannose-binding lectin (MBL), apolipoprotein A-
1 (Apo A-1), and long pentraxin 3 (PTX3).

C1q

C1q is one of the three subunits which form the first com-
ponent of complement (C1). It is a glycoprotein of
460,000 kDa composed of six chains arranged in a “bou-
quet of tulips”-like structure with a C-terminal domain,
called globular head, and an N-terminal domain (colla-
gen-like domain). The globular head binds to the Fc
region of immunoglobulins (Ig) G and IgM, apoptotic
cells, damaged cells, some pathogens, CRP, PTX3 and
SAP; the collagen-like domain binds to the other two
subunits of C1 (C1r and C1s), and some surface receptors
of macrophages (Fig. 1).

C1q is mostly produced outside the liver by mono-
cytes, macrophages, fibroblasts, dendritic cells and
epithelial cells [4]. Therefore the functions of C1q are
related to its ability to bind to different molecules and
receptors. It plays a key role in the activation of the com-
plement cascade through the classic pathway: its binding
to the Fc region of Ig activates C1r and C1s, leading to
C4 cleavage by an enzymatic reaction [4]. C1q acts as a
bridging molecule between debris from cellular apopto-
sis (apoptotic bodies) and macrophages. The globular
head recognizes “eat-me” signals such as phos-
phatidylserine, usually located on the internal surface of
the cell membrane, which during apoptosis is translocat-
ed to the extracellular surface, and the collagen-like
domain binds to phagocytes, such as macrophages, facil-
itating the uptake and removal of cellular debris derived
from programmed cell death [5].

C1q shares some characteristics with collectins,
which are a group of proteins, including MBL, produced
by the liver. They bind to the oligosaccharidic structure
of microorganisms activating complement and phago-
cytes and inhibiting microbial growth. It has been shown
that C1q binds to lipid A of the bacterial membrane, just
like collectins, playing a role in the mechanisms of innate
immunity [6]. C1q is also involved in adaptive immunity.
The complement system, particularly the classic path-
way, exerts a key role in preventing immune complex
deposition on tissue [7]. It has been demonstrated that in
patients affected with SLE there is a defect in the clear-
ance of immune complex. In line with these observations,
Botto et al. showed that C1q knockout mice can develop
glomerulonephritis associated with impaired clearance of
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apoptotic cells, emphasizing the importance of C1q in
the removal of debris derived from cellular apoptosis and
suggesting that the exposure of autoantigens during this
process can play an important role in the development of
autoimmunity [8, 9].

Rare cases of congenital deficiency of C1q have been
reported, whereas it is more frequent to find antibodies
directed to C1q. Anti-C1q antibodies have been reported
in many diseases including connective tissue diseases,
rheumatoid vasculitis, Sjögren’s syndrome and pol-
yarteritis nodosa.

Marto et al. investigated the presence of anti-C1q
antibodies in serum from a group of patients affected
with SLE. This study showed the association between
anti-C1q and renal involvement, suggesting that these
antibodies could help identify a subgroup of patients at
high risk of developing glomerulonephritis [10]. Bijl et
al. came to the same conclusion and showed that the
reduced uptake of apoptotic bodies in SLE patients is not
related to an intrinsic defect of macrophages, but results
from complement deficiency (C1q, C3 and C4) [11].
Other studies have confirmed the high prevalence of anti-
C1q antibodies in patients affected with SLE, and their
relationships with disease activity and renal flare
[12–14].

C reactive protein

CRP is a protein belonging to the family of pentraxins,
whose gene is located on the short arm of chromosome 1
(1q23). It consists of five identical nonglycosylated pep-
tides of 206 aminoacids weighing 23 kDa each arranged
in a pentameric structure, typical of pentraxins. Each
subunit has a binding site for phosphatidylcholine, while
on the opposite side of the pentamer there is a binding
site for C1q [15]. Its name derives from its ability to bind
to polysaccharide C of Streptococcus pneumoniae. It is
synthesized by hepatocytes after stimulation by proin-
flammatory cytokines such as interleukin-1 (IL-1) and
IL-6. CRP is considered a very useful marker of acute
inflammation since its concentration is not affected by
diet or circadian variations and its production is not
influenced by diseases other than hepatic diseases
[16–18]. CRP is an important effector of innate immuni-
ty since it binds to a large range of pathogens, damaged
cells, chromatin, histones and apoptotic cells, thus acti-
vating the complement cascade and binding receptors for
Ig on phagocytes.

The mean CRP levels in young adult blood donors is
0.8 mg/l. After an acute stimulus the level can vary from
50 mg/l up to 500 mg/l. Thus the detection of CRP can be
a useful tool in diagnosis and monitoring of therapeutic

response in infectious and inflammatory diseases [15].
CRP has the ability to bind to the surface of numerous
pathogens (fungi, bacteria and yeasts) [19], and through
C1q it can activate the complement cascade favouring
phagocytosis. Moreover, it has been demonstrated that
even in the absence of complement, CRP can facilitate
the phagocytosis of Staphylococcus aureus, Klebsiella
aerogenes and Escherichia coli by leucocytes [20], inter-
acting with the Fc gamma receptor (FcγR) I and II
expressed on these cells [21, 22]. All these functions,
along with neutrophil and monocyte activation mediated
by CRP, explain the important role of CRP in immune
responses.

CRP, as well as C1q, can stimulate the clearance of
cellular debris derived from apoptosis. It binds to phos-
phatidylcholine on the cellular membrane in a calcium-
dependent manner, fibronectin, laminin, chromatin and
histones, thus contributing to the activation of the classic
complement pathway and favouring phagocytosis by
macrophages [15, 23]. CRP binds to SAP and this bind-
ing contributes to the activation of complement [15, 23].

It has been shown that CRP is a negative risk factor
for cardiovascular events in both healthy individuals
and patients affected with coronary artery disease; it
also has a function as a biomarker to evaluate therapeu-
tic response [24–28]. CRP has been reported to be
expressed in atherosclerotic lesions where it could con-
tribute to the formation of foam cells [25]. In fact, CRP
could interact with the 3β-OH residue of cholesterol
through its phosphatidylcholine binding site [29] and
this binding could enhance the formation of foam cells.
CRP stimulates superoxide production in smooth mus-
cle cells of vessel walls [30]. It binds to oxidized low-
density lipoprotein (oxLDL) and contributes to the
migration of monocytes inside the plaque [31]; it might
also promote the release of metalloproteinases [29] and
tissue factor [32].

Two different conformations of CRP have been
demonstrated, the pentameric native CRP molecule
(nCRP) and the monomeric CRP molecule (mCRP),
which seem to exert different effects [33, 34]. In fact, it
has been suggested that nCRP promotes atherosclerosis
in apolipoprotein-E knockout mice [34] by binding
oxLDL, activating the complement cascade, and favour-
ing plaque formation, whereas mCRP inhibits atheroma
formation by blocking complement activation [34].
These different effects exerted by the two CRP confor-
mational states could explain the opposite results
reported in some studies in humans and animal models
[34–38].

CRP knockout mice have not been studied yet. Anti-
CRP antibodies have been reported in some diseases,
such as SLE and primary biliary cirrhosis [35, 37]. In
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SLE correlations between anti-CRP antibodies and dis-
ease activity [39, 40] or cardiovascular diseases [40] have
been observed. It is noteworthy that in SLE patients an
increased risk of atherosclerosis has been reported [41],
and myocardial infarction is one of the leading causes of
death [42–46].

Serum amyloid P

SAP is a highly preserved serum protein belonging to the
pentraxin family whose gene is located on chromosome 1
very close to the gene for CRP. Its name derives from the
constant presence of this protein in amyloid deposits. Its
structure is similar to that of CRP with which it shares
50% of its aminoacid sequence. It consists of five sub-
units of 204 aminoacids each, which are arranged in a
pentameric structure. As is CRP, SAP is also produced by
the liver after stimulation of IL-1 and IL-6 [47].

SAP binds to many pathogens (bacteria and viruses),
with a role against infections similar to that of CRP. SAP
activates complement interacting with C1q and binds to
FcγRI on leucocytes and, in contrast to CRP, also to
FcγRIII [17, 20, 21, 48]. The ability of SAP to bind to
chromatin, which is exposed on apoptotic bodies and
blebs, is very important since it enhances phagocytosis of
this cell debris, thus preventing the onset of autoimmune
reactions. Notably, SAP knock out mice develop autoim-
mune reactions towards nuclear antigens, anti-DNA anti-
bodies and glomerulonephritis when immunized with
extrinsic chromatin [49].

It has been shown that there is an interaction between
SAP and C1q. Indeed, SAP can induce complement acti-
vation by binding to C1q, leading to the removal of cel-
lular debris through this pathway. Additionally, comple-
ment activation through C1q contributes to the opsoniza-
tion and phagocytosis of pathogens [16, 48].

A decrease in SAP activity and/or serum levels may
be due to anti-SAP antibodies. A multicentre study by
Zandman-Goddard et al. [50] demonstrated a high level
of anti-SAP antibodies in SLE patients. The study also
showed a correlation between antibody levels and disease
activity measured by the SLE disease activity index
(SLEDAI). Moreover, anti-SAP antibody levels have
been shown to decrease after treatment, and this reduc-
tion is correlated with an increase in complement serum
levels and clinical improvement [51].

Mannose-binding lectin

MBL is a serum protein with an oligomeric structure of
approximately 400–700 kDa which is produced by hepa-

tocytes. Each molecule consists of two to six subunits of
32 kDa each which are assembled in a “flower bouquet”-
like structure similar to C1q (Fig. 2). Each subunit is
formed by a collagen domain and a carbohydrate recog-
nition domain (CRD) [51]. The molecule is active when
four subunits are combined in a tetramer; dimers and
trimers are inactive. As with C1q, when the MBL com-
plex binds to a pathogen two MBL-associated proteases,
MASP-1 and MASP-2, are activated leading to C4 and
C2 cleavage and complement activation (Fig. 2). This
complement activation pathway is called the “lectin path-
way” [51].

MBL plays an important role in the clearance of
microorganisms. It binds to gram-positive and gram-neg-
ative bacteria, viruses and fungi through CRD, and also
binds to sugar residues on the surface of pathogens acti-
vating the complement cascade through the lectin path-
way. MBL seems to confer a higher resistance against
infections. Therefore, a deficiency of MBL is associated
with a higher risk of developing an infectious disease
particularly in the young. Notably, infections can trigger
the development of autoimmune diseases [52]. MBL
binds to sugars such as fucose and mannose which are on
the outer surface of many microorganisms, but it does not
recognize other sugars, such as sialic acid on the cellular
surface of vertebrates. Most cells cannot bind to MBL
since they express sialic acid residues on their mem-
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brane. Apoptotic cells lose these residues and express in
their place sugar residues that are recognized by MBL. In
this way MBL modulates and promotes the clearance of
apoptotic cellular debris.

MBL seems to be involved in the pathogenesis of
autoimmune diseases [53, 54]. By stimulating the clear-
ance of cellular debris, MBL contributes to the decrease
in expression of autoantigens, which can initiate or
maintain an autoimmune response in predisposed indi-
viduals [51]. The role of MBL in autoimmunity is con-
firmed by the observation that MBL deficiency in
patients with rheumatoid arthritis (RA) is associated
with a bad prognosis, elevated IgM rheumatoid factor
levels, increased articular erosions and poor therapeutic
response [55–60]. Font et al. showed that SLE patients
with a genetic deficiency of MBL developed greater
organ damage [61]. A higher risk of developing SLE has
been reported in patients with a deficiency of MBL due
to a MBL gene polymorphism [62].

MBL deficiency is also associated with atherosclero-
sis in the general population. Even in SLE low MBL lev-
els are associated with a higher risk of cardiovascular
events [63, 64]. Tsutsumi et al. suggested that the associ-
ation between MBL deficiency and cardiovascular events
in SLE could be due to an increased rate of some infec-
tions, such as infection with Chlamydia pneumoniae,
which have been reported to correlate with coronary ath-
erosclerosis and to increased disease activity and greater
vascular damage observed in SLE patients with low MBL
levels [65].

The association between MBL deficiency and periph-
eral thrombosis in patients with SLE has also been
observed by Øhlenschlaeger et al. [66]. In this study,
patients with a genetic deficiency of MBL had a higher
risk of arterial thrombosis, suggesting the protective role
of MBL for thrombotic events [66].

A decrease in MBL levels can be caused by genetic
polymorphisms or by consumption due to inflammatory
processes or autoantibodies. The presence of high titres
of anti-MBL antibodies in patients affected with SLE,
compared with healthy controls, has been reported; how-
ever, no relationship between antibody titre and disease
activity has been found [67, 68].

Apolipoprotein A-1

Apo A-1 is a protein which contributes to the formation of
high-density lipoprotein (HDL) complex. This complex
exerts an important function in cholesterol metabolism
since it binds to cholesterol in the periphery and trans-
ports it into the liver where it is excreted into bile. In this
regard, Apo A-1 plays an essential role since it esterifies

cholesterol and incorporates it in HDL, allowing its trans-
port into the liver. In this function it acts as a cofactor of
lecithin cholesterol acyl transferase in the reaction:
lecithin + cholesterol → lysolecithin + cholesterol ester.

Therefore, it is clear that a deficiency of Apo A-1 and
HDL is an important risk factor for atherosclerosis [16, 69].

Physical activity can efficiently increase Apo A-1
production through the increase in HDL playing a key
role in the prevention of cardiovascular diseases.
Notably, in the last few years many studies have been
performed with the aim of testing synthetic HDL and
Apo A-1 mimetic peptides as potential therapies for
coronary heart diseases [70, 71].

During inflammation a decrease in Apo A-1 levels
has been observed due to the effect of some cytokines
such as IL-6, IL-1β and tumour necrosis factor alpha
(TNF-α), which inhibit the synthesis of this protein [16,
72]. For this reason Apo A-1 has been defined as a “neg-
ative” acute-phase protein since its levels decrease by
25% during an inflammatory process. It has been sug-
gested that the HDL/Apo A-1 complex inhibits the bind-
ing between activated T lymphocytes and monocytes in
the bloodstream, suppressing the release of IL-1β and
TNF-α, which exert antiinflammatory effects in both
acute and chronic inflammation [73]. In fact, patients
affected with RA have lower levels of circulating and
synovial fluid Apo A-1 and HDL than healthy controls
[74–76]. Thus, HDL seems to have a protective effect by
controlling the inflammatory reaction.

Burger and Dayer suggested that the HDL/Apo A-1
complex may be the missing link between acute inflam-
mation due to infection and chronic inflammation which
can indeed be triggered by infection. In other words the
reduction in HDL levels during an acute inflammatory
process can contribute to a chronic inflammatory process
in predisposed individuals [77].

Serum anti-Apo A-1 antibodies have been found in
32.5% of patients affected with SLE and in 23% of those
with antiphospholipid antibody syndrome. These anti-
bodies may perturb the balance between oxidants and
antioxidants and reduce the activity of paraoxonase, an
enzyme that is part of the HDL complex and can prevent
the oxidation of LDL [78]. Furthermore, elevated titres of
anti-Apo A1 and anti-HDL have been found in SLE
patients with persistently high disease activity [79]. A
correlation between anti-dsDNA antibodies and glomeru-
lonephritis was also observed [79].

HDL leads to the production of nitric oxide stimulat-
ing the activity of nitric oxide synthase (eNOS). Thus
anti-Apo A-1 antibodies, in a similar manner to anti-
HDL, seem to interfere with the antiatherogenic proper-
ties of HDL, increasing oxidative stress and, in turn, the
risk of atherosclerosis in patients with SLE [80].
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Pentraxin 3

PTX3 is a multimeric, glycosylated, protein of 381
aminoacids, which consists of eight identical protomers
with a molecular weight of 40–50 kDa. It is organized
into two distinct domains, a C-terminal one characterized
by a high homology with CRP and SAP, and an N-termi-
nal one, specific to PTX3 [16, 81]. PTX3 is a member of
the superfamily of pentraxins and plays a part in acute
inflammatory reactions caused by trauma or infection.
PTX3, differently from most other molecules, is pro-
duced by many cells, such as macrophages, dendritic
cells, fibroblasts and activated endothelial cells, at the
inflammatory site [81–83]. These cells produce and
release PTX3 when stimulated by inflammatory media-
tors such as lipopolysaccharide, IL-1 and TNF-α, which
induce the NFκB promoter which is associated with the
gene for PTX3 [81, 82].

Apart from de-novo production, neutrophils have been
demonstrated to be a source of preformed PTX3 which is
released when needed. Neutrophils store PTX3 in specif-
ic granules and are responsible for the rapid increase in
PTX3. In a following stage the production derives from
gene transcription [81, 82]. In conditions such as tissue
damage (for example, myocardial infarction), infection or
inflammatory diseases, PTX3 increases rapidly with a
peak at 6–8 h from the acute event. For example, high lev-
els of PTX3 in febrile patients with SLE who have either
disease flare or infection have been reported [84].

Studies performed in mice have shown the importance of
PTX3 in the defence against specific pathogens, emphasiz-
ing how PTX3 deficiency confers a higher susceptibility to
infection by specific microorganisms (Aspergillus fumigatus,
Pseudomonas aeruginosa, Salmonella typhimurium, Kleb -
siella pneumoniae, and cytomegalovi rus) [85–87]. Mice
with PTX3 deficiency are extremely susceptible to pul-
monary aspergillosis and treatment with recombinant PTX3
has been shown to have a protective effect [88]. Moreover, it
has recently been shown that the persistence of high levels of
plasma PTX3 over the first days after the onset of severe sep-
sis and septic shock are associated with mortality [89].
Bozza et al. underlined the importance of PTX3 against viral
infections. They found that mice with PTX3 deficiency are
more prone to murine cytomegalovi rus infection than wild-
type mice [90]. In PTX3 knockout mice a higher mortality
due to respiratory infections caused by Klebsiella pneumoni-
ae (gram negative) has also been reported [91].

There are at least two different mechanisms by which
PTX3 can protect from infection: it can bind to C1q acti-
vating the complement cascade or it can bind directly to
some microorganisms while opsonizing them. The bind-
ing between C1q and PTX3 occurs on asparagin (Asn
220). The subsequent activation of the complement cas-

cade contributes to the opsonization of pathogens and
their phagocytosis by immune cells [92], thus stimulating
the innate immune response. As an opsonizing factor,
PTX3 directly stimulates phagocytosis of pathogens by
macrophages [81, 93].

PTX3 also binds to cellular debris produced during cell
apoptosis. The role of PTX3 in the removal of apoptotic
debris is still controversial. It seems to inhibit the removal
of apoptotic material by dendritic cells, but not by
macrophages. Apoptotic bodies are opsonized by CRP,
C1q and SAP which facilitate phagocytosis by specialized
immune cells, while PTX3 binding to free C1q inhibits
complement activation thus preventing an exaggerated and
uncontrolled innate immune response [81].

Activation of macrophages and dendritic cells
through Toll-like receptors induces the production and
release of PTX3 from these cells. PTX3 acts, therefore,
as a soluble mediator promoting the differentiation of T-
helper (Th) type 0 cells into Th1 rather than Th2 cells
[88]. Thus, the production of PTX3 by dendritic cells
through the stimulation of Toll-like receptors amplifies
the resistance to innate immunity and promotes a shift
towards adaptive immunity [87].

PTX3 stimulates macrophages to produce immuno-
suppressive cytokines (transforming growth factor beta
and IL-10). IL-10 is an antiinflammatory cytokine able to
inhibit the production of other cytokines such as
Interferon gamma, IL-2, IL-3, TNFα and granulocyte-
macrophage colony-stimulating factor by macrophages
and Th1 cells, and to decrease the expression of MHC II
antigens and, therefore, antigen presentation [81, 82].
PTX3 is able to bind to fibroblast growth factor-2
(FGF2), which is a strong angiogenetic stimulating fac-
tor. FGF2 exerts a dual function since it can stimulate
fibroblast migration and proliferation during inflamma-
tion and promote activation of smooth muscle cells of
vessel walls and proliferation of endothelial cells during
atherosclerosis. Accordingly, the binding between PTX3
and FGF2 inhibits these two functions [81, 82, 94]. PTX3
is also produced by macrophages (“foam cells”) which
are abundantly present inside plaques. Notably, PTX3
serum levels are elevated in patients with metabolic syn-
drome associated with subclinical atherosclerosis sug-
gesting a correlation between PTX3 and the lipid profile,
particularly between PTX3 and LDL [95].

Thus, PTX3 seems to be involved in the pathogenesis
of atherosclerosis, but whether it exerts a protective or
pathogenic role has not yet been completely clarified [94].

Antipentraxin 3 antibodies

Serum antibodies directed against PTX3 have recently
been demonstrated. Augusto et al. found serum antibodies
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in 18 out of 36 patients affected with SLE (50%), 1 out of
40 affected with RA and 4 out of 93 healthy controls [96].
We have recently reported high levels and prevalence of
anti-PTX3 antibodies in a cohort of 130 SLE patients com-
pared to 130 age- and sex-matched healthy subjects and
130 patients affected with other autoimmune diseases (27
RA, 26 polydermatomyositis, 26 systemic sclerosis, 26
Sjögren’s syndrome, and 25 psoriatic arthritis) [97].

In addition to anti-PTX3 antibodies, we tested anti-
bodies against a peptide from the central part of the
whole molecule (PTX3_2). The levels and prevalence of
anti-PTX3_2 antibodies were also higher in SLE patients
than in controls [97].

It is still not clear if autoantibodies against molecules
of innate immunity are really protective [98, 99] or path-
ogenic [81, 82]. Since in our study [97] circulating titres
and prevalence of anti-PTX3 and anti-PTX3_2 antibod-
ies were significantly lower in SLE patients with active
glomerulonephritis than in those without renal involve-
ment, we concluded that these antibodies might play a
protective role, at least against glomerulonephritis.

By inhibiting the internalization of dying leucocytes
by dendritic cells [100], PTX3 could inhibit the removal
of apoptotic materials from the inflammation site, caus-
ing an impairment of autoantigen clearance and poten-
tially contributing to autoantibody formation. The bind-
ing of anti-PTX3 antibodies to PTX3 might interfere
with PTX3 function, having a protective effect on the tis-
sue. Supporting this idea, intense staining for PTX3 is
observed in the glomeruli of patients with various types
of glomerulonephritis, while PTX3 expression is lacking
in lupus glomerulonephritis [101], possibly revealing the
binding of anti-PTX3 antibodies to PTX3 molecules.

Conclusion

Some molecules, called “protective” molecules, partici-
pate very actively in the apoptotic process facilitating the
removal of cellular debris, thus inhibiting inflammatory
necrosis. Autoantibodies directed against these molecule
have been reported in SLE, a condition characterized by
disturbed apoptosis. Some of these antibodies might be
pathogenetic and others protective. Thus, protective mol-
ecules and their cognate antibodies may constitute a reg-
ulatory network which, if disturbed, might contribute to
the development of autoimmune diseases in predisposed
individuals.

Thanks to recent advances in technology [102], detec-
tion of these autoantibodies in an early phase of the
autoimmune process might lead to the introduction of
strategies for their manipulation with the aim of prevent-
ing autoimmunity [103–105].
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