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Abstract Lupus nephritis (LN) remains the most common
severe manifestation of systemic lupus erythematosus
(SLE) characterized by the presence of autoantibodies
(Abs) that are believed to play a central role in the
pathogenesis of LN. Among more than 100 Abs reported
in SLE, only a few display a direct glomerular binding
capacity. Such antiglomerular Abs are detected at the onset
of the disease before antinuclear Abs detection and
proteinuria, this detection is associated with the related
autoantigen overexpression. Antiglomerular Abs are able to
interfere with cell metabolism, to penetrate living cells, and
to induce glomerular cell proliferation. In addition, anti-
glomerular Abs could be nephritogenic causing proteinuria,
particularly when they cross-react with anti-dsDNA Abs.
Antiglomerular Abs encompass anti-α-actinin, anti-laminin-
1, antifibronectin, antimyosin, and anticollagen Abs. The
pathogenic activity of anti-α-actinin Abs has been demon-
strated in non-autoimmune mice after immunization with α-

actinin, but not with dsDNA, leading to a SLE-like disease
with proteinuria and glomerular immune complex deposition.
Similarly, extracorporeal immunoabsorption to remove
anti-laminin-1 Abs reduces kidney-Abs deposition and
proteinuria in mice and humans proving their pathogenic
effect. Altogether this suggests that antiglomerular Abs
participate, at least at the beginning, in the glomerular immune
complex deposition and in the kidney damage.
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Introduction

Despite decades of research, the exact immunopathological
process involved in lupus nephritis (LN) has remained
elusive. Indeed, the failure to identify pathogenic Abs
involved in LN could be explained by several obstacles.
For example, serological analysis has revealed that not only
one group of autoantibody (Ab) is present during LN but a
myriad that frequently cross-react with multiple different
specificities [1]. In fact, anti-dsDNA Abs, the main
serological marker detected in up to 80% of patients with
systemic lupus erythematosus (SLE), recognize different
DNA determinants (nucleotides, DNA backbone, three-
dimensional structure) and could cross-react with glomer-
ular antigens, DNA-binding proteins, and phospholipids.
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Last but not least, among anti-dsDNA Abs, some of them
could mediate glomerular binding and proteinuria when
injected in mice. However, and surprisingly, there were
no differences in class, subclass, and affinity between
pathogenic and nonpathogenic anti-dsDNA Abs. There-
fore, in order to identify which Abs are involved in LN,
several approaches were carried out: qualitative and
quantitative analysis of the Abs present in the kidney;
evaluation of their pathogenic potential after in vivo
injection; identification and characterization of the auto-
antigens present in the kidney; and immunization with the
suspected autoantigens.

Such uncertainty in identifying pathogenic Abs explains
why two major hypotheses are currently proposed to
account for how Abs could contribute to the development
of LN. First, LN results from the recognition of a
glomerular antigen by direct binding. This hypothesis will
be presented in more detail later in the present review.
Second, LN results from in situ formation of immune
complexes (ICs) via a planted antigen bound in the kidney.
The typical example is the apoptotic-derived nucleosome
that interacts through cationic charges with the extracellular
matrix present in the glomerular basement membrane
(GBM). Nucleosomes correspond to complexes that contain
histones wrapped up with DNA. When generated during
cellular apoptosis, the nucleosome possesses different char-
acteristics: DNA is generally hypomethylated; the histones are
post-translationaly modified; and such complexes are associ-
ated with a variety of different DNA-binding proteins [2]. As
a consequence, apoptotic-derived nucleosomes are recog-
nized by different antinuclear Abs (anti-DNA, antihistone,
antinucleosome, anti-HMGB, etc.). Another example corre-
sponds to the anti-C1q Abs that react with C1q in the
glomerulus in a planted antigen-like fashion on antiglomer-
ular Abs or early apoptotic cells [3, 4]. The generation of IC
in the circulation has also been proposed.

Both hypotheses are not exclusive. Therefore, according
to Van Bruggen et al. [5], at an earlier stage of the disease,
antiglomerular Abs start to deposit in the kidney of young
lupus-prone mice, and it is later that antinuclear Abs are
detected in the kidney, suggesting that direct glomerular
recognition precedes the IC deposition. In other words, the
process is suspected to be initiated by Abs that deposit in
the glomerulus and then Abs that recognize planted
antigens, antinucleosome, and anti-C1q Abs mainly amplify
the process. Since increased glomerular protein expression
may contribute to further IgG deposition and kidney
disease, the glomerular expression of several proteins was
analyzed revealing that at both the transcriptional and
protein levels, α-actinin, laminin-1, fibronectin (FN), and
collagen were overexpressed during LN [6, 7].

LN and kidney biopsy

International society of nephrology (ISN) and the renal
pathology society (RPS) classification

In February 2004, the 1982 and 1995 modifications of the
original 1974 World Health Organization classification
were amended by the International Society of Nephrology
(ISN) and the Renal Pathology Society (RPS) [8]. The ISN/
RPS 2003 classification system is the one currently in use.

Accordingly, histopathological damage was subdivided
into six classes based on the morphologic lesions, extent,
and severity of the involvement, Abs deposition, activity,
and chronicity. Class I, minimal mesangial LN, corresponds
to immune deposits restricted to the mesangium. Class I
patients may not suffer from renal symptoms. Class II,
mesangial LN, is defined as mesangial immune deposits
and mesangial proliferation. A mild proteinuria, microscopic
haematuria, and an excellent renal prognosis characterize
these patients. Class III is referred to as focal LN, and Class
IV is referred to as diffuse LN that may be segmental (S) or
global (G). Classes III and IV present subendothelial
immune deposits. Diagnosis between both classes depends
on the percentage of glomeruli that are affected by IC. When
less than 50% are involved, it is a class III. Equal to or more
than 50% should be classified as a class IV. In order to
distinguish active (a) from chronic (c) lesions, a suffix
should be added to separate purely active lesions (a), or
a combination of active and chronic lesions (a/c) from
chronic (c) lesions. Class III is characterized by patients with
hematuria, proteinuria, nephrotic syndrome, and occasionally
hypertension. In class IV, the severity is usually increased
when compared with class III, and acute renal failure may
occur in 16% of the patients. Class V, membranous LN, is
defined by subepithelial immune deposits that may be focal
when less than 50% of the capillary basement membrane
is involved, or diffuse when deposits involve more than
50%. Clinical presentations are hematuria, proteinuria, and
nephrotic syndrome. Renal failure is unusual. Finally at the
late stage, Class IV, advanced sclerosing LN, requires more
than 90% sclerosed glomerulli without residual activity.

The basic points to be kept in mind are the following: (1)
association between the histological classification and the
clinical features may be dissociated since a histologically
severe LN may be clinically silent; (2) the progression of
LN with neutrophil infiltration and proteinuria is thought to
depend on the deposition of Abs in the kidney; and (3)
vascular lesions have been neglected from the ISN/RPS
2003 classification criteria since they are associated with
the antiphospholipid antibody syndrome which is frequently
associated with SLE [9].
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Analysis of the immune complexes

Although LN activity is associated with anti-DNA Abs
fluctuations, it is important to note that a minute fraction of
anti-DNA Abs binds to the glomeruli, whereas others do
not. This may be explained in part by the characteristics of
the anti-DNA Abs eluted from SLE kidney, which possess
higher avidity indicating somatic mutations, an isotype
switch (from IgM to IgG), and a subclass selection with a
predominance of IgG1 and IgG3 Abs. Such characteristics
are not sufficient to explain the pathogenic role of anti-
dsDNA Abs since they account for as little as 10% of the
IgG eluted from the kidney [10]. The other Abs eluted
from the kidney correspond to antiglomerular Abs, anti-
Sjögren syndrome antigen A (SSA) Abs, anti-Sjögren
syndrome antigen B (SSB) Abs, antiphospholipids, and
Abs against the collagen-like region of C1q. According to
this observation, it is not surprising to find SLE patients
with LN proven by renal biopsy without circulating
anti-dsDNA or antinucleosome Abs. It was also reported
that eluted Abs are not free but covalently associated
with glomerular macromolecules and complement frac-
tions such as C3 [11]. Such association is suspected to
contribute to the IC persistence in subepithelial area (10–
240 days) in comparison with mesangial and endothelial
areas (1–2 days) [12].

Electron microscopy

Electron microscopy is instrumental for LN diagnosis
but may also serve to characterize IC in the kidney. Data
recently published from Rekvig’s group revealed that
glomerular Abs and IC are concentrated in electron-dense
structures (EDS) present in mesangium and GBM when the
analysis is performed in an advanced stage of the disease
[13]. EDS formation results from the Abs recognition of
nucleosomes, DNA, histones, and transcription factors.
Three phenomena contribute to the presence of nucleo-
somes in the glomeruli: first, an increase in glomerular and
tubular apoptosis; second, a reduction of the DNase I
activity; and third, nucleosome retention in the GBM due to
their high affinity for the overexpressed matrix proteins
[14, 15]. All these arguments support the “planted antigen”
theory. However, the same group, like others, failed to
induce glomerular injury in mice after injection of pure
anti-DNA Abs, suggesting that antinucleosome Abs are
important but not sufficient to induce LN [16]. Therefore, a
primary event may be necessary to initiate the process
through induction of apoptosis, reduction of DNase I
activity, or the induction of matrix protein accumulation
as examples.

Antiglomerular antibodies

Glomerular proliferation

Infusion in mice of the anti-dsDNA mAb clone H7 leads
to glomerular hypercellularity, endothelial modifications,
extravellular matrix synthesis, and proteinuria [17]. Char-
acterization of this particular clone has revealed that the H7
clone possesses the capacity to interact with cell-surface
targets, to penetrate into living cells, to translocate into the
nucleus, and to bind to their cognate nuclear antigens. In
cultured cells, internalization was initiated through an
antigen-dependent mechanism, including the interaction
with myosin-1 at the cell surface [18]. Using a multiplexed
glomerular proteome microarray, Li et al. [19] have
reported that antimyosin Abs detection was associated with
LN activity in mice and humans. Cellular internalization is
not limited to a subset of anti-dsDNA Abs since anti-
ribonucleoprotein (anti-RNP) Abs have also been added to
the list of intracellular Abs. The presence of a sequence
resembling a nuclear localization signal (NLS) in the
complementarity-determining region (CDR) 2 and 3 of the
Abs may explain such translocations.

Antimesangial cells

Abs against human mesangial cells characterize LN
patients, and the binding capacity of these Abs has been
revisited by Du et al. [20–22] showing that both anti-
dsDNA Abs and non–anti-dsDNA Abs were able to
recognize three specific targets of 74, 63, and 42 kDa.
The nature of the cellular targets has not been reported, but
DNase I pretreatment did not modify this recognition, thus
excluding the participation of DNA or nucleosomes. The
impact of the antimesangial cell Abs on mesangial cells was
completed by Yung et al. [23], who reported that purified
anti-dsDNA/mesangial cell Abs were able to activate the
PKC pathway leading to the overexpression and release of
interferon-γ and FN, a matrix protein.

Antiglomerular basement membrane

In SLE, anti-GBM Abs detection is associated with the
development of LN [24]. Among anti-GBM Abs, several
targets have been characterized such as laminin, FN,
antactin, and collagen. Observing that the sensitivity of
anti-GBM Abs to induce LN varies depending on the
mouse strain, Liu et al. [25] studied the renal cortex RNA
profile 5 days after anti-GBM Abs injection. Using this
approach, it was noted that nonsensitive strains differ from
sensitive strains by their capacity to up-regulate 50 genes.

Clinic Rev Allerg Immunol (2011) 40:151–158 153



Twelve of these genes belong to the kallikrein gene family,
which is a multigene family of serine esterases that control
inflammation, apoptosis, coagulation, angiogenesis, and
kidney fibrosis. This observation was extended to sponta-
neous LN revealing that kallikrein production in patients
with LN and lupus-prone mice may be affected since
single-nucleotide polymorphisms (SNPs) located in the
regulatory regions of kallikrein 1 and 3 genes were associated
with LN. Altogether this suggests a renoprotective role for
kallikrein in SLE.

Anti-α-actinin antibodies

Monoclonal antibodies

Using a large panel of hybridoma generated from lupus-
prone NZB/NZW or MRL/lpr mice with dsDNA, histone or
nucleosome specificity, Mostoslavsky et al. [26] have
identified that some of these hybridomas when injected
intraperitoneally in Rag-1-deficient mice develop massive
proteinuria with glomerular deposits. Such effects were
restricted to the anti-dsDNA mAb clones since antinucleo-
some mAb clones (5/5) and antihistone mAb clones (3/3)
were nonpathogenic (Table 1). Pathogenic anti-dsDNA
mAbs (5/7), but not the nonpathogenic ones, cross-react
with α-actinin, a glomerular component. In another study
by the same group, it was also reported that some of these
pathogenic Abs cross-react with laminin-1 [27]. Cross-
reactivity details are reported in Table 1. Glomerular α-
actinin is localized at the cell surface of mesangial cells and
in epithelial cells (podocytes), but α-actinin is absent from
GBM [28]. The association between a pathogenic anti-
dsDNA mAb and mesangial cell surface α-actinin was
confirmed using another pathogenic clone R4A that specifi-
cally binds α-actinin overexpressed at the cell surface of
Mrl/lpr/lpr mesangial cells [29]. Utilization of DNase I or

heparinase has no effect on this binding showing that DNA
and heparan sulfate are not required.

Using the R4A mAb clone, Qing et al. have evaluated the
impact of anti-α-actinin Abs on mesangial cells using micro-
array analysis. Indeed, upon R4A stimulation, mesangial
cells overexpress inducible nitric oxide synthase (iNOS) and
two proinflammatory chemokines: CXCL1 and CX3CL1/
fractalkine [30]. Such observations are in agreement with the
recent description that iNOS activity and glomerular
fractalkine expression are increased in proliferative LN [31,
32]. Interestingly, it was also reported that iNOS antagonist
and fractalkine inhibitor delayed spontaneous proteinuria in
MRL/lpr mice [33, 34]. Thus, mesangial cell α-actinin-
dependent activation may contribute to promote renal
inflammation and fibrogenesis.

Ig mutation analysis

To elucidate the relation between LN and glomerular
binding, pathogenic anti-dsDNA mAbs were submitted to
side-directed mutagenesis in order to modify the anti-
dsDNA affinity and/or to restore the germ-line structure.
Using the pathogenic anti-dsDNA/α-actinin mAb clone
B3 [35], Lambrianides et al. [36] have demonstrated that
the presence in the VH second CDR2 of an arginine at
position 53 (R53) controls dsDNA, nucleosome, α-actinin,
and cardiolipin binding. Indeed, the R-to-S substitution
(R53S) abrogates binding to dsDNA and nucleosomes but
enhances binding to α-actinin and, to a lesser extent, binding
to human β2GPI. Similarly, Katz et al. [37] have used site-
directed mutagenesis to modify the pathogenic anti-dsDNA/
α-actinin mAb clone R4A. The first mutant, 52b3, with three
mutations in a framework region of the H chain presents a
gain in avidity against anti-dsDNA (10-fold). Kidney
binding is also affected with a shift from the glomeruli to
the tubuli. The second mutant, 95, that possesses a single
mutation in the CDR3 region of the H chain lacks its

Table 1 Pathogenic anti-dsDNA mAb and cross-reactivity

Clone IgG dsDNA Nuc. Actinin Laminin PL Other targets Proteinuria References

A52 IgG2b + No + + ? +++ [26, 27]

3F7 IgG2b + No + + ? +++ [26, 27]

1D9 IgG2a + No + + ? +++ [26, 27]

J25 IgG2a + No + ? +++ [26]

11C4 IgG2a + No + ? + ± [26]

H50 IgG2b No No ? + ? +++ [50]

R4A IgG2b + ? + ? (+) HMGB1, HSP70 [6, 29, 41]

B3 IgG1 + + + ? ? [35, 36]

R53S IgG1 − − ++ ? ? β2GPI [36]

R53N IgG1 − − − ? − Ovalbumin [36]

Abbreviations: Nuc nucleosome, PL phospholipids, HSP70 heat shock protein 70
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capacity to bind dsDNA and displays no renal deposition.
The capacity of the two R4A mutants to cross-react with α-
actinin was not reported. Testing, anti-dsDNA activity in a
third clone, Wellmann et al. [38] reported that one somatic
mutation in the heavy chain and two in the light chain of
the pathogenic clone 33.C9 are sufficient to reverse the
binding for either dsDNA or nucleosomes. Starting from the
corresponding germ line Ab, the three mutations are required
to restore anti-dsDNA and antinucleosome Abs reactivity,
although introduction of one of the three mutations is
associated with anti-ssDNA Abs reactivity. Finally, in a
recent study, from Zhang et al. [39, 40], it was demonstrated
that pathogenic IgG anti-dsDNA Abs could be derived both
from IgM self-reactive and non-self-reactive Abs.

To summarize, the directed mutagenesis approach has
revealed that α-actinin reactivity and high-affinity dsDNA/
nucleosome binding could be associated and then acquired
from germ-line polyreactive Abs by isotype switching (IgM
to IgG) and somatic replacement in a stepwise process.

Animal models

Demonstration that α-actinin immunization elicits an LN-like
response was reported by Deocharan et al. [41] in 2007. In
this model, immunized mice develop anti-α-actinin Abs first,
and antichromatin plus antihistone and anti-SmRNP Abs
later. The maximum peak for antichromatin Abs was
observed at 16 weeks, and up to 70% to 75% of the
antichromatin Abs activity was related to anti-α-actinin Abs
cross-reactivity. Since antichromatin activity may be related
to nonhistone DNA-binding proteins, chromatin was loaded
on a polyacrylamide gel revealing two new targets, high
mobility group box 1 (HMGB1) and heat shock protein 70,
that cross-react with anti-α-actinin Abs. Such results were
reproduced in different major histocompatibility complex
(MHC) strains excluding an MHC-restricted response.

In another model of LN, transgenic mice that over-
express BAFF, it was observed that BAFF overexpression
influences the Abs eluted from mice. Indeed, a greater
amount of IgG anti-α-actinin Abs was associated with
BAFF overexpression, while the amounts of IgG anti-

dsDNA and antichromatin Abs were unaffected and the
amount of antilaminin Abs was reduced [42].

In human

Using a gizzard protein as substrate, it was demonstrated
that anti-α-actinin Abs cross-react with dsDNA in SLE and
ssDNA in autoimmune hepatitis (AIH-1) [43]. In those
patients, anti-α-actinin Abs predominate more in the serum
from SLE patients with LN than did those from SLE
patients without renal involvement [44]. Such observations
were confirmed using different cohorts, and the results are
summarized Table 2. Pathogenicity of the human anti-α-
actinin Abs was addressed by Zhao et al. [45] using IgM
mAbs generated from Epstein-Barr virus-immortalized SLE
B cells since intraperitoneal injection of these mAbs in SCID
mice induces subendothelial and subepithelial immune
deposit with proteinuria. The anti-α-actinin response was
related to the actin-binding site of α-actinin. In addition, anti-
α-actinin could be detected before evidence of renal disease,
and the titer dropped dramatically when treatment is intro-
duced. However, according to Manson et al. [46], such
markers seem unsuitable for follow-up studies since relapses
were associated with anti-dsDNA/nucleosome reactivity but
not with anti-α-actinin reactivity.

Antilaminin antibodies

Animal models

Present in the GBM and mesangial matrix, laminin-1, the
most abundant isoform of laminin, interacts with other
components of the GBM like collagen IV, heparan sulfate
proteoglycan, and nidogen/entactin. Laminin-1 is limited to
the glomerular mesangial matrix in normal mice, but can be
extended to the subepithelium along the basement mem-
brane and finally to the periphery of end-stage sclerotic
lesions as observed in the lupus MRL/lpr model [47].
Several anti-laminin-1 mAbs derived from MRL/lpr mice
that cross-react with dsDNA produce mesangial and sub-

LN, yes LN, no Cross-react with dsDNA Non-SLE controls References

6/10 (60%) 2/8 (25%) Yes [35]

NA 23/103 (22%) Yes 7/283 (2.5%) [61]

7/11 (64%) 4/19 (21%) Yes 7/62 (11%) [28]

10/24 (42%) 12/76 (16%) Yes 7/300 (2%) [44]

6/14 (44%) 14/85 (17%) Yes 8/153 (5%) [62]

5/16 (31%) 2/20 (10%) Not tested 2/53 (3.8%) [63]

2/16 Not tested [46]

Table 2 Anti-α-actinin
antibodies in different cohorts
of patients with SLE
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epithelial immune deposits and proteinuria after passive
transfer [26, 48]. Similarly, in rat, injection of polyclonal
anti-laminin-1 Abs induces the development of proteinuria
[49]. As previously described for the two anti-dsDNA/α-
actinin mAb clones, R4A, and B3, analysis of the B cell
receptor (BCR) repertoire as revealed that antilaminin Abs
and anti-dsDNA Abs arise from the same unmutated germ-
line V region genes [50].

Monoclonal antibodies

In order to identify the main epitope recognized by anti-
laminin-1 Abs in SLE, several peptides derived from the
C-terminal portion of the laminin-1 were generated [51].
Among these peptides, a 21-mer peptide referred to as
VRT101 was recognized using sera from lupus-prone mice
and SLE patients indicating that the major epitope is
present in the E3 domain within the glomerular domain G
of the α1 chain in laminin-1. Such an epitope corresponds
to the binding site of laminin with cellular receptors and
basement membrane molecules.

In humans

Anti-laminin-1 Abs are present in the serum and the urine of
SLE patients with LN, and the level of urinary antiextracel-
lular matrix Abs that include anti-dsDNA/laminin Abs
correlates with disease activity and proteinuria [52]. In one
patient, a severe relapse with nephritic syndrome was
preceded 1 week before by an increase in the antiextracel-
lular matrix Abs. In SLE, anti-laminin-1 Abs bind the
basement membrane of the kidneys, blood vessels, the skin,
and probably other organs. This recognition is suspected to
trigger an inflammatory response with complement fixation.
Anti-laminin-1 Abs are not restricted to SLE since they have
been found in the semen from infertile couples and in
women with recurrent miscarriages and infertility. Anti-
laminin-5 Abs characterize patients with mucous membrane
pemphigoid.

Other glomerular autoantibodies

Antifibronectin

Fibronectin (FN) expression is increased during active LN,
particularly in the mesangium and capillary walls, when
compared with non-SLE patients that showed FN expres-
sion in the Bowman capsule, podocyte, and traces in the
mesangial matrix [23]. During active LN, FN colocalizes
with IgG deposition probably through the binding of
nucleosomes. Interestingly, FN expression decreased in

the presence of mycophenolate mofetil (MMF), one of the
most efficient drugs used in the treatment of LN [23].

Antifibronectin Abs (AFA), ranging from 30% to 80% in
SLE, are also detected in rheumatoid arthritis, 15% to 40%,
and in systemic vasculitis. In SLE, the major binding site of
human AFA is present in the 30 kDa of the collagen-
binding domain of the native protein. Due to the absence of
specificity, AFA detection is not recommended during the
diagnosis, however, since AFA levels correlate with disease
activity its utilization during follow-up needs further
evaluations.

Anti-α-enolase

Using human kidney extracts and sera from mixed
cryoglobulinemia, a 47-kDa protein target was identified
by proteomic techniques as α-enolase [53]. Alpha-enolase
is a glycolytic enzyme, expressed on the cell membranes of
several cell types with a high amount in kidney and thymic
cells. Using renal biopsies from SLE patients, it was
demonstrated that α-enolase was overexpressed in tubuli
when compared with controls. In the glomeruli from active
LN, α-enolase was overexpressed and present at different
sites (epithelium, mesangium, and in crescent) [54]. Such
overexpression in LN may reflect the hypoxic stress
associated with LN as suggested by Migliorini et al. [55].
Anti-α-enolase Abs are present in the sera from 21% with
SLE; however, the same group failed to correlate anti-α-
enolase detection with disease flares, or with active renal
disease in SLE.

Anti-Sm and anti-RNP

Among soluble antinuclear Abs, anti-Sm and anti-
ribonucleoprotein (anti-RNP) are detected in SLE and in
the different lupus-prone mice models including MRL/lpr/
lpr and NZWxNZW [56]. When present in 5% to 30% of
SLE patients, anti-Sm reacts with the common heptamer of
U1, U2, U4, and U5 small-nuclear RNP (snRNP). Anti-Sm
Abs are associated with the severity and the activity of the
renal disease. The second marker, anti-RNP Abs, reacts
with the 70-kDa proteins that are associated with spliceo-
some U1 snRNP. Anti-RNP is present in 20% to 50% of
patients with SLE, and when present in the absence of anti-
Sm, anti-RNP Abs positivity is associated with a milder
renal disease. Furthermore, using a phosphorylated peptide
(P140) derived from the U1-70-kDa snRNP protein and
recognized by Abs from SLE patients, Monneaux et al. [57]
and Muller et al. [58] have demonstrated that intravenous
administration of the peptide decreased proteinuria and
anti-DNA antibody production in mice and anti-DNA
levels in humans.
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Conclusion

Within the recent few years, completed studies in both lupus
animal models and SLE patients have increased our battery of
tests applicable to SLE patients as LN prognostic markers
and/or for routine monitoring. These include the well-known
high-affinity anti-dsDNAAbs, antinucleosome Abs, and anti-
C1q Abs plus a large panel of antiglomerular Abs. However,
the prognostic value of antiglomerular Abs for LN needs
further investigation in order to propose a panel of predictive
markers. Such studies may undoubtedly contribute to high-
light the pathogenesis of systemic lupus erythematosus (SLE),
which remains incompletely understood [59, 60].

Acknowledgements Thanks are due to Dr. W.H. Brooks (Moffitt
Research Institute, Tampa, FL) for editorial assistance.

References

1. Hoffmann MH, Trembleau S, Muller S, Steiner G (2009) Nucleic
acid-associated autoantigens: pathogenic involvement and thera-
peutic potential. J Autoimmun. doi:10.1016/j.jaut.2009.11.013

2. Brooks WH, Le Dantec C, Pers JO, Youinou P, Renaudineau Y
(2010) Epigenetics and autoimmunity. J Autoimmun. doi:10.1016/
j.jaut.2009.12.006

3. Trouw LA, Groeneveld TW, Seelen MA, Duijs JM, Bajema IM,
Prins FA et al (2004) Anti-C1q autoantibodies deposit in
glomeruli but are only pathogenic in combination with glomerular
C1q-containing immune complexes. J Clin Invest 114:679–688

4. Bigler C, Schaller M, Perahud I, Osthoff M, Trendelenburg M
(2009) Autoantibodies against complement C1q specifically target
C1q bound on early apoptotic cells. J Immunol 183:3512–3521

5. Van Bruggen MC, Kramers C, Hylkema MN, Smeenk RJ, Berden
JH (1996) Significance of anti-nuclear and anti-extracellular
matrix autoantibodies for albuminuria in murine lupus nephritis;
a longitudinal study on plasma and glomerular eluates in MRL/
l mice. Clin Exp Immunol 105:132–139

6. Zhao Z, Deocharan B, Scherer PE, Ozelius LJ, Putterman C
(2006) Differential binding of cross-reactive anti-DNA antibodies to
mesangial cells: the role of alpha-actinin. J Immunol 176:7704–7714

7. Alexander JJ, Zwingmann C, Jacob A, Quigg R (2007) Alteration
in kidney glucose and amino acids are implicated in renal pathology
in MRL/lpr mice. Biochim Biophys Acta 1772:1143–1149

8. Weening JJ, D'Agati VD, Schwartz MM, Seshan SV, Alpers CE,
Appel GB et al (2004) The classification of glomerulonephritis in
systemic lupus erythematosus revisited. Kidney Int 65:521–530

9. Tektonidou MG (2009) Renal involvement in the antiphospholipid
syndrome (APS)—APS nephropathy. Clin Rev Allergy Immunol
36:131–140

10. Mannik M, Merrill CE, Stamps LD, Wener MH (2003) Multiple
autoantibodies form the glomerular immune deposits in patients
with systemic lupus erythematosus. J Rheumatol 30:1495–1504

11. Mannik M (1996) Presence of covalent bonds between immune
deposits and other macromolecules in murine renal glomeruli.
Clin Exp Immunol 103:285–288

12. Mannik M, Kobayashi M, Alpers CE, Gauthier VJ (1993)
Antigens of varying size persist longer in subepithelial than in
subendothelial immune deposits in murine glomeruli. J Immunol
150:2062–2071

13. Kalaaji M, Mortensen E, Jørgensen L, Olsen R, Rekvig OP (2006)
Nephritogenic lupus antibodies recognize glomerular basement
membrane-associated chromatin fragments released from apoptotic
intraglomerular cells. Am J Pathol 168:1779–1792

14. Seredkina N, Zykova SN, Rekvig OP (2009) Progression of
murine lupus nephritis is linked to acquired renal Dnase1
deficiency and not to up-regulated apoptosis. Am J Pathol
175:97–106

15. Mjelle JE, Rekvig OP, Fenton KA (2007) Nucleosomes possess a
high affinity for glomerular laminin and collagen IV and bind
nephritogenic antibodies in murine lupus-like nephritis. Ann
Rheum Dis 66:1661–1668

16. Fenton KA, Tømmerås B, Marion TN, Rekvig OP (2009) Pure
anti-dsDNA mAbs need chromatin structures to promote glomer-
ular mesangial deposits in BALB/c mice. Autoimmunity.
doi:10.3109/08916930903305633

17. Vlahakos D, Foster MH, Ucci AA, Barrett KJ, Datta SK, Madaio
MP (1992) Murine monoclonal anti-DNA antibodies penetrate
cells, bind to nuclei, and induce glomerular proliferation and
proteinuria in vivo. J Am Soc Nephrol 2:1345–1354

18. Yanase K, Madaio MP (2005) Nuclear localizing anti-DNA
antibodies enter cells via caveoli and modulate expression of
caveolin and p53. J Autoimmun 24:145–151

19. Li QZ, Xie C, Wu T, Mackay M, Aranow C, Putterman C, Mohan
C (2005) Identification of autoantibody clusters that best predict
lupus disease activity using glomerular proteome arrays. J Clin
Invest 115:3428–3439

20. Du H, Chen M, Zhang Y, Zhao MH (2005) Characterization of
anti-mesangial cell antibodies and their target antigens in patients
with lupus nephritis. J Clin Immunol 25:281–287

21. Du H, Chen M, Zhang Y, Zhao MH (2006) Non-DNA-binding
antibodies in patients with lupus nephritis could recognize
membrane proteins of glomerular mesangial cells. J Clin Immunol
26:138–144

22. Du H, Chen M, Zhang Y, Zhao MH, Wang HY (2006) Cross-
reaction of anti-DNA autoantibodies with membrane proteins of
human glomerular mesangial cells in sera from patients with lupus
nephritis. Clin Exp Immunol 145:21–27

23. Yung S, Zhang Q, Zhang CZ, Chan KW, Lui SL, Chan TM (2009)
Anti-DNA antibody induction of protein kinase C phosphoryla-
tion and fibronectin synthesis in human and murine lupus and the
effect of mycophenolic acid. Arthritis Rheum 60:2071–2082

24. Li CH, Li YC, Xu PS, Hu X, Wang CY, Zou GL (2006) Clinical
significance of anti-glomerular basement membrane antibodies in
a cohort of Chinese patients with lupus nephritis. Scand J
Rheumatol 35:201–208

25. Liu K, Li QZ, Delgado-Vega AM, Abelson AK, Sánchez E,
Kelly JA et al (2009) Kallikrein genes are associated with lupus and
glomerular basement membrane-specific antibody-induced nephritis
in mice and humans. J Clin Invest 119:911–923

26. Mostoslavsky G, Fischel R, Yachimovich N, Yarkoni Y,
Rosenmann E, Monestier M et al (2001) Lupus anti-DNA
autoantibodies cross-react with a glomerular structural protein: a
case for tissue injury by molecular mimicry. Eur J Immunol
31:1221–1227

27. Amital H, Heilweil M, Ulmansky R, Szafer F, Bar-Tana R,
Morel L et al (2005) Treatment with a laminin-derived peptide
suppresses lupus nephritis. J Immunol 175:5516–5523

28. Kalaaji M, Sturfelt G, Mjelle JE, Nossent H, Rekvig OP (2006)
Critical comparative analyses of anti-alpha-actinin and glomerulus-
bound antibodies in human and murine lupus nephritis. Arthritis
Rheum 54:914–926

29. Deocharan B, Qing X, Lichauco J, Putterman C (2002) Alpha-
actinin is a cross-reactive renal target for pathogenic anti-DNA
antibodies. J Immunol 168:3072–3078

Clinic Rev Allerg Immunol (2011) 40:151–158 157

http://dx.doi.org/10.1016/j.jaut.2009.11.013
http://dx.doi.org/10.1016/j.jaut.2009.12.006
http://dx.doi.org/10.1016/j.jaut.2009.12.006
http://dx.doi.org/10.3109/08916930903305633


30. Qing X, Zavadil J, Crosby MB, Hogarth MP, Hahn BH, Mohan C
et al (2006) Nephritogenic anti-DNA antibodies regulate gene
expression in MRL/lpr mouse glomerular mesangial cells.
Arthritis Rheum 54:2198–2210

31. Bollain-y-Goytia JJ, Ramírez-Sandoval R, Daza L, Esparza E,
Barbosa O, Ramirez D et al (2009) Widespread expression of
inducible NOS and citrulline in lupus nephritis tissues. Inflamm
Res 58:61–66

32. Yoshimoto S, Nakatani K, Iwano M, Asai O, Samejima K,
Sakan H et al (2007) Elevated levels of fractalkine expression and
accumulation of CD16+ monocytes in glomeruli of active lupus
nephritis. Am J Kidney Dis 50:47–58

33. Reilly CM, Farrelly LW, Viti D, Redmond ST, Hutchison F,
Ruiz P et al (2002) Modulation of renal disease in MRL/lpr mice
by pharmacologic inhibition of inducible nitric oxide synthase.
Kidney Int 61:839–846

34. Inoue A, Hasegawa H, Kohno M, Ito MR, Terada M, Imai T et al
(2005) Antagonist of fractalkine (CX3CL1) delays the initiation
and ameliorates the progression of lupus nephritis in MRL/lpr
mice. Arthritis Rheum 52:1522–1533

35. Mason LJ, Ravirajan CT, Rahman A, Putterman C, Isenberg DA
(2004) Is alpha-actinin a target for pathogenic anti-DNA anti-
bodies in lupus nephritis? Arthritis Rheum 50:866–870

36. Lambrianides A, Giles I, Ioannou Y, Mason L, Latchman DS,
Manson JJ et al (2007) Arginine mutation alters binding of a
human monoclonal antibody to antigens linked to systemic lupus
erythematosus and the antiphospholipid syndrome. Arthritis
Rheum 56:2392–2401

37. Katz JB, Limpanasithikul W, Diamond B (1994) Mutational
analysis of an autoantibody: differential binding and pathogenicity.
J Exp Med 180:925–932

38. Wellmann U, Letz M, Herrmann M, Angermüller S, Kalden JR,
Winkler TH (2005) The evolution of human anti-double-stranded
DNA autoantibodies. Proc Natl Acad Sci U S A 102:9258–9263

39. Zhang J, Jacobi AM, Wang T, Berlin R, Volpe BT, Diamond B
(2009) Polyreactive autoantibodies in systemic lupus erythematosus
have pathogenic potential. J Autoimmun 33:270–274

40. Zhang J, Jacobi AM, Wang T, Diamond B (2008) Pathogenic
autoantibodies in systemic lupus erythematosus are derived from both
self-reactive and non-self-reactive B cells. Mol Med 14:675–681

41. Deocharan B, Zhou Z, Antar K, Siconolfi-Baez L, Angeletti RH,
Hardin J, Putterman C (2007) Alpha-actinin immunization elicits
anti-chromatin autoimmunity in nonautoimmune mice. J Immunol
179:1313–1321

42. Stohl W, Xu D, Kim KS, Koss MN, Jorgensen TN, Deocharan B
et al (2005) BAFF overexpression and accelerated glomerular
disease in mice with an incomplete genetic predisposition to
systemic lupus erythematosus. Arthritis Rheum 52:2080–2091

43. Renaudineau Y, Deocharan B, Jousse S, Renaudineau E,
Putterman C, Youinou P (2007) Anti-alpha-actinin antibodies: a
new marker of lupus nephritis. Autoimmun Rev 6:464–468

44. Renaudineau Y, Croquefer S, Jousse S, Renaudineau E,
Devauchelle V, Guéguen P et al (2006) Association of alpha-
actinin-binding anti-double-stranded DNA antibodies with lupus
nephritis. Arthritis Rheum 54:2523–2532

45. Zhao Z, Weinstein E, Tuzova M, Davidson A, Mundel P,
Marambio P et al (2005) Cross-reactivity of human lupus anti-
DNA antibodies with alpha-actinin and nephritogenic potential.
Arthritis Rheum 52:522–530

46. Manson JJ, Ma A, Rogers P, Mason LJ, Berden JH, van der Vlag J
et al (2009) Relationship between anti-dsDNA, anti-nucleosome
and anti-alpha-actinin antibodies and markers of renal disease in
patients with lupus nephritis: a prospective longitudinal study.
Arthritis Res Ther 11:R154

47. Kootstra CJ, Bergijk EC, Veninga A, Prins FA, de Heer E,
Abrahamson DR et al (1995) Qualitative alterations in laminin

expression in experimental lupus nephritis. Am J Pathol
147:476–488

48. Bruijn JA, van Leer EH, Baelde HJ, Corver WE, Hogendoorn PC,
Fleuren GJ (1990) Characterization and in vivo transfer of
nephritogenic autoantibodies directed against dipeptidyl peptidase
IV and laminin in experimental lupus nephritis. Lab Invest
63:350–359

49. Abrahamson DR, Caulfield JP (1982) Proteinuria and structural
alterations in rat glomerular basement membranes induced by
intravenously injected anti-laminin immunoglobulin G. J Exp
Med 156:128–145

50. Foster MH, Sabbaga J, Line SR, Thompson KS, Barrett KJ,
Madaio MP (1993) Molecular analysis of spontaneous nephro-
tropic anti-laminin antibodies in an autoimmune MRL-lpr/lpr
mouse. J Immunol 151:814–824

51. Amital H, Heilweil-Harel M, Ulmansky R, Harlev M, Toubi E,
Hershko A et al (2007) Antibodies against the VRT101 laminin
epitope correlate with human SLE disease activity and can be
removed by extracorporeal immunoadsorption. Rheumatology
46:1433–1437

52. Ben-Yehuda A, Rasooly L, Bar-Tana R, Breuer G, Tadmor B,
Ulmansky R et al (1995) The urine of SLE patients contains
antibodies that bind to the laminin component of the extracellular
matrix. J Autoimmun 8:279–291

53. Sabbatini A, Dolcher MP, Marchini B, Chimenti D, Moscato S,
Pratesi F et al (1997) Alpha-enolase is a renal-specific antigen
associated with kidney involvement in mixed cryoglobulinemia.
Clin Exp Rheumatol 15:655–658

54. Migliorini P, Pratesi F, Bongiorni F, Moscato S, Scavuzzo M,
Bombardieri S (2002) The targets of nephritogenic antibodies in
systemic autoimmune disorders. Autoimmun Rev 1:168–173

55. Mosca M, Chimenti D, Pratesi F, Baldini C, Anzilotti C,
Bombardieri S et al (2006) Prevalence and clinico-serological
correlations of anti-alpha-enolase, anti-C1q, and anti-dsDNA
antibodies in patients with systemic lupus erythematosus. J
Rheumatol 33:695–697

56. Monneaux F, Dumortier H, Steiner G, Briand JP, Muller S (2001)
Murine models of systemic lupus erythematosus: B and T cell
responses to spliceosomal ribonucleoproteins in MRL/Fas(lpr) and
(NZB x NZW)F(1) lupus mice. Int Immunol 13:1155–1163

57. Monneaux F, Lozano JM, Patarroyo ME, Briand JP, Muller S
(2003) T cell recognition and therapeutic effect of a phosphory-
lated synthetic peptide of the 70K snRNP protein administered in
MR/lpr mice. Eur J Immunol 33:287–296

58. Muller S, Monneaux F, Schall N, Rashkov RK, Oparanov BA,
Wiesel P et al (2008) Spliceosomal peptide P140 for immuno-
therapy of systemic lupus erythematosus: results of an early phase
II clinical trial. Arthritis Rheum 58:3873–3883

59. Zhao S, Long H, Lu Q (2009) Epigenetic perspectives in systemic
lupus erythematosus: pathogenesis, biomarkers, and therapeutic
potentials. Clin Rev Allergy Immunol. doi:10.1007/s12016-009-
8165-7

60. Dieker J,Muller S (2009) Epigenetic histone code and autoimmunity.
Clin Rev Allergy Immunol. doi:10.1007/s12016-009-8173-7

61. Croquefer S, Renaudineau Y, Jousse S, Gueguen P, Ansart S,
Saraux A et al (2005) The anti-alpha-actinin test completes anti-
DNA determination in systemic lupus erythematosus. Ann N Y
Acad Sci 1050:170–175

62. Becker-Merok A, Kalaaji M, Haugbro K, Nikolaisen C, Nilsen K,
Rekvig OP et al (2006) Alpha-actinin-binding antibodies in
relation to systemic lupus erythematosus and lupus nephritis.
Arthritis Res Ther 8:R162

63. Zhang WH, Pan HF, Zhao XF, Ye DQ, Li XP, Xu JH (2009)
anti-alpha-actinin antibodies in relation to new-onset systemic
lupus erythematosus and lupus nephritis. Mol Biol Rep doi:.
doi:10.1007/s11033-009-9513-7

158 Clinic Rev Allerg Immunol (2011) 40:151–158

http://dx.doi.org/10.1007/s12016-009-8165-7
http://dx.doi.org/10.1007/s12016-009-8165-7
http://dx.doi.org/10.1007/s12016-009-8173-7
http://dx.doi.org/10.1007/s11033-009-9513-7

	Glomerular Antibodies in Lupus Nephritis
	Abstract
	Introduction
	LN and kidney biopsy
	International society of nephrology (ISN) and the renal pathology society (RPS) classification
	Analysis of the immune complexes
	Electron microscopy

	Antiglomerular antibodies
	Glomerular proliferation
	Antimesangial cells
	Antiglomerular basement membrane

	Anti-α-actinin antibodies
	Monoclonal antibodies
	Ig mutation analysis
	Animal models
	In human

	Antilaminin antibodies
	Animal models
	Monoclonal antibodies
	In humans

	Other glomerular autoantibodies
	Antifibronectin
	Anti-α-enolase
	Anti-Sm and anti-RNP

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


