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Abstract Systemic lupus erythematosus (SLE) is a heteroge-
neous disease that can affect multiple organs. A hallmark of
this disease, as is the case for other autoimmune diseases, is the
presence of large numbers of autoantibodies. As such, SLE is
considered to be a B-cell disease perpetuated by the expansion
of autoreactive T and B cells. The T cells involved have long
been considered to be Thelper type 1 (Thl) and Th17 cells, as
these potent proinflammatory cells can be found in the tissues
of SLE patients. Recent advances point to a role for the Th2
environment in contributing to SLE through promotion of
autoantibody production. Here we describe the recent work
focusing on autoreactive IgE and the activation of basophils as
promoting the production of autoantibodies in SLE. The
findings, both in a murine model of SLE and in humans with
SLE, support the concept that the activation of the basophil by
autoreactive IgE-containing immune complexes serves to
amplify the production of autoantibodies and contributes to
the pathogenesis of disease. We propose that therapeutic
targeting of this amplification loop by reducing the levels of
circulating autoreactive IgE may have benefit in SLE.
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Introduction

Systemic lupus erythematosus (SLE) is a complex, multifacto-
rial autoimmune disease that can affect multiple organs [1ee].
SLE is heterogeneous both in its symptoms and in which
target organs may be involved, with damage occurring in the
central nervous system, kidney, heart, skin, joints, and vessels.
It is well-recognized that tissue damage is associated with
immune complex deposition and chronic inflammation [1ee].
The immune complexes formed are generally made up of
autoreactive antibodies, autoantigens, and complement com-
ponents [1e¢]. In SLE, most of the autoreactive antibodies are
raised against nuclear components. This self-immunization
has at its origin the loss of tolerance due to environmental
and/or genetic factors that promote cell death and release of
nucleosomal components that are a source of self-antigens.
The loss in tolerance is exacerbated through increased
numbers of self-reactive T cells and B cells, ultimately leading
to the persistent and prolific production of autoantibodies
against double-stranded DNA (dsDNA), nucleosomal proteins
(Ro, La, Sm), neurotransmitter receptors (N-methyl-D-aspar-
tate receptors), plasma membrane components (phospholi-
pids), cytoskeleton-associated proteins (cc-actinin), or
complement components (Clq) [le¢]. These autoreactive
antibodies (which can be of IgA, IgM, and IgG subclasses)
form circulating immune complexes (CICs) in the periphery
when they encounter their self-target [1e¢]. They can deposit
into organs irrespective of the particular isotype of autor-
eactive antibody. As a direct consequence, chronic inflamma-
tion (with inflammatory cells, infiltrates, and proinflammatory
cytokine production) is established, leading to symptoms of
disease and tissue damage (ie, cognitive impairment and
hippocampal damage in the central nervous system, nephritis
in the kidney, skin rashes, arthritis in the joints, and fetal heart
block in pregnant women) [1ee].

@ Springer



Curr Allergy Asthma Rep

Like many other autoimmune diseases, SLE has no
specific treatment or early diagnostic tools that allow for
disease prevention, disease control, or definitive healing.
Strong immunosuppressive therapy is still the preferred
manner to temporarily silence the disease with all its
accompanying side effects [le¢]. SLE affects about 1 in
2,500 people in northern Europe and more than 1 in 1,000
in the United States; thus, lupus prevention and treatment is
an important international challenge. Environmental and/or
genetic factors as contributors to development or severity of
disease are evident, but their roles are poorly understood.
For example, approximately 90% of SLE patients are
childbearing-aged women, and incidence of disease is 10-
fold higher in African American women than in women of
northern European descent. In some geographic areas
within the United States, the disease can affect one of
every 200 people [1e¢]. Thus, exactly how genetics and the
environment contribute remains an enigma whose resolu-
tion may well advance treatment of this disease.

The immunologic basis of SLE has allowed considerable
exploration of the factors and types of immune cells
involved in its pathogenesis. Animal models (mainly
murine models with some features of human disease) have
allowed the study of the contribution of particular T-cell
subsets, B cells, monocytes, and dendritic cells in the
development of lupus-like disease [2]. These models have
been useful in determining that the pathogenesis of the
disease lies in the loss of tolerance in the T- and B-cell
compartments [2, 3]. B cells themselves were shown to be
essential for disease manifestation [4]. Studies in humans
with SLE have also confirmed that dysregulation of
tolerance in these cellular compartments is a hallmark of
disease [5]. These advances in the immunologic under-
standing of disease have led to a number of clinical trials
aiming to disrupt the production of autoantibodies by
targeting B cells [6-8]. Interestingly, depletion of B cells
with an anti-CD20 monoclonal antibody (rituximab [Rit-
uxan; Genentech, South San Francisco, CAJ) did not lead to
increased efficacy in alleviating refractory disease in a
phase 3 clinical trial [8]. In contrast, clinical trials aiming to
disrupt B-cell activation by B-cell-activating factor (BAFF)
through the use of another monoclonal antibody (belimu-
mab [Benlysta; Human Genome Sciences, Rockville, MD])
yielded more encouraging results [7, 8]. However, it should
be noted that the criteria used for determining efficacy in
these two clinical trials were markedly different. BAFF (or
Blys [B-lymphocyte stimulator]) is a member of the tumor
necrosis factor (TNF) ligand superfamily. This cytokine is
able to activate B cells to mature toward antibody-secreting
plasma cells and to proliferate. This cytokine is found in
higher titers in the periphery of SLE patients [9]. Thus,
although some of these trials have shown some promise, it
is clear that such strategies are not a panacea for all
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individuals with SLE, and continued efforts toward gaining
a further understanding of the contributing factors in SLE
are essential.

Herein we present novel insights on the underlying
mechanisms contributing to SLE pathogenesis. Whereas the
involvement of Thelper type 1 (Thl) and Thl7 cells and
cytokines in SLE is well-documented [10, 11], the contribution
of the Th2 environment had been poorly understood. Our
recent work has demonstrated that basophils and autoreactive
IgE play a role in SLE pathogenesis [12]. This finding, and
the demonstrated interruption of SLE pathogenesis through
the inhibition of production of IgE or activation of basophils
in a murine model of spontaneous SLE, provides a novel
strategy with therapeutic promise in disease intervention.

Systemic Lupus Erythematosus: A B-cell Disease
that Includes IgE Autoantibody Production

As mentioned in the introduction, most of the pathologic
features of SLE are linked to the levels and types of
autoreactive antibodies present in the serum of SLE
patients. Disease activity is associated with the levels of
autoantibodies. These autoreactive antibodies are produced
by plasma cells derived from autoreactive B cells. Minimal
data are available on how tolerance is broken, leading to the
accumulation of autoreactive lymphocytes. However, there
is considerable evidence that the innate immune response is
somehow involved [lee]. The presence of an interferon
(IFN)- signature in a large proportion of SLE patients
corroborates the activation of an innate immune response
[13]. Studies in both murine models and humans also
suggest a defect in regulatory T cells [14, 15]. Nonetheless,
it is well-accepted that SLE is primarily a B-cell disease,
and that escape from negative selection of autoreactive B
cells is the key element leading to the production of
autoreactive antibodies that results in the presence of
circulating immune complexes that can deposit in the
targeted organ [1ee].

Whereas autoantibody involvement in SLE pathogenesis
is well-documented, the relevance of antibody isotypes is
not well-understood. It is widely accepted that circulating
immune complexes and immune complex deposits contain
IgM, IgG, and IgA autoreactive antibodies [1e*]. Several
studies have also shown the presence of autoreactive IgE in
such immune complexes [16—18]. While IgG autoanti-
bodies have been intimately linked to tissue damage and the
pathology of SLE, there is also evidence to indicate the
involvement of IgM and IgA in lupus nephritis [lee, 19,
20]. In some SLE patients, high levels of IgE have been
observed [18, 21], whereas in others, IgE levels were
normal. Interestingly, whether allergy is associated with
lupus is controversial, and although a few reports have
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linked these diseases [22], there is also considerable
evidence to the contrary [18, 23, 24]. Thus, little was
known about the role of IgE in SLE. As we describe in
more detail below, a key finding is the presence of
autoreactive IgE in a murine model of spontaneous SLE
and in a large proportion of SLE patients [12]. Importantly,
the levels of autoreactive IgE were associated with disease
severity. This unexpected finding provided a strong impetus
for deciphering the role of autoreactive IgE in lupus.

The Basophil

Basophils are rare immune cells (<1% of circulating leuko-
cytes) that are well-known for their involvement in allergic
reactions and parasite infections [25¢¢]. Their ability to
produce large amounts of Th2-promoting cytokines such as
interleukin (IL)-4 and thymic stromal lymphopoietin (TSLP)
provides them the ability to serve as immune regulators that
can influence T and B cells to promote and produce
antibodies, respectively [25¢¢]. Recent studies showed that
basophils can regulate humoral memory responses by
producing IL-4 and IL-6 [26]. They were also shown to
induce Th2 differentiation of naive CD4 T cells in vivo [27—
30], present antigen as professional antigen-presenting cells
through expression of major histocompatibility complex
(MHC) class IT [31e, 32, 33], to promote plasma cell survival
[12, 34], and to organize the recruitment of other immune
cells in an IgE-mediated chronic allergic inflammation model
[35]. Whether basophils play these roles exclusively is
uncertain. For example, basophil-deficient mice were recent-
ly shown to mount normal Th2 responses as well as normal
humoral responses [36], suggesting that basophils are
dispensable for these responses. However, one must be
careful in overinterpreting experiments based on the use of a
particular challenge or model. On the other hand, it is also
likely that basophils do not replace dendritic cells as initiators
of Th2 responses. In fact, evidence has been presented for
collaboration of these two cell types in initiating Th2
responses [37¢]. Thus, it is likely that the basophil’s role as
an immunoregulatory cell may well be context dependent,
meaning that in some settings, it may play a dominant role,
and in others, it may be less important.

Lyn Kinase: A Molecular Rheostat in the Development
of Lupus

Lyn is a Src family tyrosine kinase that functions to promote
or inhibit molecular signals downstream of multiple receptors,
including cytokine receptors (eg, IL-4R or IL-3R), growth
factor tyrosine kinase receptors (eg, Kit or CD117), or Fc
receptors (eg, the high-affinity IgE receptor, FceRI). This

kinase is expressed in the hematopoietic compartment [38]
but is not known to be expressed by T cells [39]. B cells
express Lyn kinase, and it serves as a key component of the
B-cell antigen receptor (BCR) through its ability to
phosphorylate this receptor and initiate signal transduction
upon BCR engagement [40]. Interestingly, however, mice
deficient in Lyn kinase show a B-cell hyperreactivity to IL-4
and CDA40L stimulation [41, 42], whereas BCR activation of
Lyn-deficient B cells is impaired. Interestingly, mast cells
[43—45] and monocytes [46] (and more recently, basophils
[30]) from Lyn-deficient mice also have been shown to be
hyperreactive to various stimuli, thus demonstrating that Lyn
kinase plays an important role in controlling cell homeosta-
sis. It is now well-recognized that this is mediated to a large
extent through the requirement for Lyn kinase in the
phosphorylation and activation of various phosphatases
[38] whose activity is important in controlling immune cell
homeostasis. Importantly, too much Lyn activity also has
undesired immunologic consequences and has been shown
to promote uncontrolled monocytic proliferation and tumor
development [47] as well as mast cell activation [44]. Thus,
the amount of Lyn kinase activity must be well-controlled,
and it appears that Lyn kinase serves as a rheostat in
controlling immune cell homeostasis.

As they age (~12—-14 weeks of age), Lyn kinase-deficient
mice begin to produce autoreactive antibodies against nuclear
components such as dsDNA and other nuclear antigens.
These mice develop an autoimmune phenotype with some
similarities to human lupus, including the development of
lupus nephritis. As early as 20 weeks of age, Lyn-deficient
mice show glomerular deposits of anti-dsDNA IgG antibodies
and circulating immune complexes. They develop impaired
renal function and ultimately die of renal failure [48, 49].
Interestingly, it has been shown that Lyn expression is
decreased in the peripheral B cells of some SLE patients
[50], and a single nucleotide polymorphism in the promoter
region of the Lyn gene recently was linked to SLE patients
of northern European heritage [S1¢]. Of particular note, the
described polymorphism was associated with autoantibody
production. Thus, while yet undefined, the role of this Lyn
polymorphism in the development of SLE is of considerable
interest. Nonetheless, in animal models, the role of Lyn in
controlling B-cell responsiveness (and, thus, antibody
production) is well-appreciated; less is known about its role
in other cellular compartments that may also contribute to
the pathogenesis of SLE.

Lyn Kinase and Basophils: Regulation of the T-helper
Type 2 Environment

It has long been recognized that the high-affinity IgE
receptor (FceRI) requires the activity of Lyn kinase to
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transmit signals that promote the effector responses of mast
cells and basophils [52]. This kinase phosphorylates FceRI
and initiates signal transduction, but it also has positive and
negative regulatory roles downstream of FceRI phosphor-
ylation [44]. Multiple studies have demonstrated that Lyn
kinase has a dominant role as a negative regulator of
cellular homeostasis [38], and in mast cells, its absence was
shown to cause enhanced mast cell degranulation and
cytokine production [44]. Strikingly, Lyn~~ mice developed
an early-life, atopic-like allergic phenotype in which high
levels of IgE are produced, and circulating histamine can be
detected, as well as an cosinophilia [43, 44]. Additional
studies demonstrated that these mice had an exacerbated
response to challenge in an asthma model [53] and were
generally hypersensitive to a Th2 challenge but also
mounted a Th2 response to normally innocuous substances
[30]. A significant proportion of CD4" T cells from the
spleen of Lyn"~ mice spontaneously produced IL-4. This
Th2 bias was dependent on IL-4 and IgE because the
deletion of these genes in the context of Lyn " mice
completely ablated their Th2 skewing [30].

As Lyn is not expressed in T cells, our initial bias was that
mast cells might be driving this unexpected Th2 skewing in
Lyn~"~ mice. To test this possibility, mast cell-deficient mice
(Kit"""") were crossed with Lyn~ mice. However, the
resulting mice (Kir"""*" Lyn"") showed no alteration of the
Th2 bias [30]. This meant that the Th2 bias was initiated by
another cell type that was able to produce substantial amounts
of IL-4 to induce naive CD4" T cells to differentiate into Th2
cells. Analysis of other cell types demonstrated that Lyn "
mice had a peripheral basophilia (up to four times the amount
of circulating basophils when compared with wild-type [WT]
mice). In addition, Zyn ~ basophils could produce high levels
of IL-4, as they were hyperresponsive to FceRI stimulation.
To assess the role of these basophils in causing Th2 skewing
in the absence of Lyn kinase, we first activated basophils in
vivo in the Kit*™*"**" Lyn™"" double-deficient mice via FceRI
stimulation. In the absence of mast cells or immune
challenges, basophils are the principal cells that express
FceRI in the mouse. FceRI stimulation of Ki"™""*" Lyn™"
double-deficient mice revealed a marked increase in the Th2
skewing of these mice, with as much as 25% of the CD4" T
cells in the spleen producing IL-4. The inverse experiment in
which basophils were depleted from Lyn ”~ mice with a
monoclonal antibody (clone MAR-1, anti-FceRIxx [29])
showed a complete rescue of the Th2 skewing, clearly
demonstrating that basophils were promoting the Th2 bias
seen in these mice. Of particular note, the CD4" T cells from
spleens of Zyn /" mice constitutively produced only Th2
cytokines, and no IFN-y was detected in these cells.
Moreover, Lyn~’~ mice failed to effectively fight an infection
with the prototypic Thl parasite Toxoplasma gondii, which
requires IFN-y production for survival from infection.
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Measurement of IFN-y levels demonstrated that Lyn *~ mice
did not mount a normal Th1 response. However, it should be
noted that in vitro restimulation of CD4" T cells from Lynf/ a
mice with phorbol myristate acetate and ionomycin caused
increased IFN-y production (as well as IL-4 and IL-13) when
compared with WT cells [30]. This suggests that T cells from
these mice are primed by the Zyn /" environment in a manner
that can result in potent Thl or Th2 responses.

The mechanism by which basophils can induce the IL-4
production necessary for the potent Th2 skewing of Lyn
mice was explored in some detail. In mast cells, the
hyperresponsiveness observed upon Lyn deficiency is—at
least in part—through increased Fyn kinase activity [43, 45,
54] and the loss of SHIP activity [54]. As these molecules
regulate the activity or the amount of product, respectively, of
phosphatidylinositide 3-OH kinase (PI3K), a kinase that
generates phosphatidylinositide 3,4,5-trisphosphate (PIPs),
loss of regulatory control of PIP; production in these cells
causes their hyperresponsiveness [55]. However, whether this
mechanism also provided the underpinnings of the hyper-
responsiveness of basophils was not known. Studies to
address the role of PI3K in basophils revealed that its activity
was necessary for the increased expression of GATA3 (a
transcription factor known to regulate IL-4 production in T
cells) in Lyn "~ basophils. Lyn ”~ basophils showed a marked
increase in GATA3 expression relative to their WT counter-
parts, and this (as well as IL-4 production) was inhibited by
pharmacologic inhibition of PI3K activity [30]. In addition,
basophils from Fyn "~ mice failed to upregulate GATA3 and
were impaired in the production of IL-4. Thus, the Th2
skewing was linked to a Fyn/PI3K-dependent increased
induction of GATA3 in Lyn ~ basophils.

The clear dominance of a Th2 environment in Lyn /"~
mice and the late-life development of a spontaneous lupus-
like disease provided a good model system to explore the
relationship between the Th2 environment and the devel-
opment of a lupus-like phenotype.

Is There a Link Between the T-helper Type 2 Environment
and Development of a Lupus-Like Phenotype?

Removing IgE or IL-4 genes in the context of the Lyn
background led to the reversion of the Th2 bias seen in
Lyn~”" mice. These double-deficient mice provided a model
to ask the question of whether the Th2 bias was linked to
the development of a lupus-like disease. Aging of such
mice for longer than 35 weeks along with Lyn™" mice
revealed that the penetrance of disease was almost 100% in
the latter mice, whereas IgE/Lyn or IL-4/Lyn double-
deficient mice showed little signs of kidney disease. Indeed,
the double-deficient mice had a greater than 50% reduction
in autoantibody titers, and immune complex deposition in
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the glomeruli was markedly reduced with normal albumin/
creatinine levels in the urine. Analysis of the extent of
glomerular nephritis by scoring immune infiltrates, mesan-
gial proliferation, morphology of the glomeruli, and other
parameters revealed little evidence of kidney disease and
damage. Thus, it was evident that inhibiting the Th2
skewing of Zyn "~ mice by depletion of IL-4 or IgE greatly
reduced autoantibody production and ablated the develop-
ment of overt kidney disease and damage [12]. This
unexpected result led us to question whether basophils
were contributing to the development of the lupus-like
phenotype seen in Lyn™" mice.

Basophils and Autoreactive IgE in the Development
of Lupus

Evidence from the Lyn”~ Murine Model

At the time of this work, basophil-deficient mice were not
available. Thus, once again, we depleted basophils with the
anti-FceRIae (MAR-1 antibody) and found that basophils
were needed to maintain high autoantibody (IgM, IgG, IgA)
titers in the circulation of Lyn " mice. Depletion of
basophils caused a marked decrease in IgG antinuclear
antibodies (ANAs) and anti-dsDNA IgG antibodies within
6 days after treatment. This was somewhat unexpected
given the long half-life of antibodies in the blood, although
immune complexes are cleared more rapidly than normal
immunoglobulins by binding to cells. Nonetheless, we
hypothesized that the role of basophils might extend to the
support of plasma cell survival and function, and in this
manner could more rapidly influence control of antibody
levels. This view was supported by the recent finding of
others showing that basophils contribute to humoral
memory responses through their production of IL-4 and
IL-6 [26]. Within 6 days of basophil depletion, the numbers
of plasma cells (likely plasmablasts) in the spleen of Lyn "~
mice decreased by greater than 50%. These findings
showed the direct involvement of basophils in supporting
plasma cells in the spleen of Lyn~ mice that can produce
autoantibodies [12]. Our findings that basophils support
plasma cell survival and antibody production were recently
confirmed by others [34].

Given that Lyn ”~ mice had a peripheral basophilia and
produced high levels of IL-4, IL-6, and TSLP, we asked the
following: how do these basophils become activated? Our
previous findings demonstrated that Lyn " basophils were
hyperreactive to stimulation via FceRI. Moreover, given
that IL-4/Lyn and IgE/Lyn double-deficient mice (which are
not Th2 skewed) did not produce high levels of autor-
eactive antibodies or CICs to induce kidney disease, we
reasoned that in this model, IgE and the FceRI were

involved in the activation of the basophils and the
pathogenesis of disease. Our reasoning was based in part
on the prior description of the presence of autoreactive IgE
in the circulation of SLE patients [18, 20]. Analysis of
Lyn~" mice for autoreactive IgE in the circulation revealed
the presence of anti-dssDNA and ANA autoantibodies of the
IgE isotype. Compared with WT mice, large amounts of
IgE-ANA and anti-dsDNA IgE were found in the sera of
Lyn~"~ mice. Moreover, the presence of large amounts of
CIC-containing IgE was also detected by Western blot. We
then tested whether IgE-containing immune complexes
could induce IL-4 production from WT and Lyn "~
basophils and found that these immune complexes could
effectively activate both WT and Lyn ”~ basophils, with the
latter producing higher amounts of IL-4. In contrast,
immune complexes that contained only IgG failed to induce
IL-4 production from basophils of both genotypes. These
findings provided a mechanistic explanation for how
basophils might be continuously activated in the periphery
of Lyn™”~ mice.

The support of autoantibody production would require
activated basophils to be in the appropriate environment
to support T- and/or B-cell function. This would require
their migration to the secondary lymphoid organs. To
assess their ability to migrate to the secondary lymphoid
organs (eg, the lymph nodes and spleen), we measured
the levels of CD62L (L-selectin) on the surface of
basophils from WT and Lyn~ mice. CD62L is recog-
nized as a necessary molecule for leukocyte rolling and
recruitment from bloodstream to tissues. Measurement of
CDG62L expression on Lyn ’~ basophils revealed a marked
increase in its expression relative to WT basophils. Under
normal conditions (in aged WT mice), the numbers of
basophils in the lymph nodes are very small and difficult
to detect. In contrast, aged Lyn /~ mice had very high
numbers of basophils in peripheral lymph nodes and in the
spleen. This placed the basophil in the appropriate
environment in which it could influence T- and B-cell
function. However, the question as to whether the Lyn /"~
basophil expressed the appropriate molecules to interact
with T and B cells remained to be answered. Recently, in
both murine and human basophils, it has been described
that these cells can express molecules of the MHC-II [31e,
32, 33]. Whereas circulating basophils from Lyn "~ mice
expressed low levels of MHC-II molecules on their
surface, the basophils found in the lymph nodes of these
mice were expressing high levels of MHC-II. The antigen
being presented by these basophils remains an enigma;
however, one might speculate that autoantigenic epitopes
may well reside on the surface of these cells. Thus, these
findings provide evidence that the basophil is capable of
antigen presentation because the appropriate expression of
MHC-II requires its assembly in the context of the
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antigenic peptide epitope [56]. In addition, however, a
membrane-bound form of BAFF was also detected on the
surface of Lyn~’~ basophils found in the lymph nodes, as
has been described for human basophils in other chronic
inflammatory diseases [57¢]. Interestingly, this was inde-
pendent of increased BAFF receptor expression, suggest-
ing that the expressed BAFF was not bound to the
receptor. Thus, these findings show that Lyn /" basophils
home to the secondary lymphoid organs and are fully
equipped to support T and B cells at these sites. This is
consistent with our finding that basophils support plasma
cells in the spleen of Lyn™~ mice [12]. Given that such
plasmablasts require T cells for their expansion, our data
suggest that basophils are also providing help to T cells in
secondary lymphoid tissues.

Given the marked impairment of autoantibody produc-
tion by the depletion of basophils, we asked whether the
absence of basophils had any bearing on the kidney
inflammation of Lyn ™~ mice during the manifestation of
lupus nephritis. Within 6 days of basophil depletion, a
marked reduction was observed in the proinflammatory
cytokines (IL-4, IFN-y, IL-1[3, monocyte chemoattractant
protein-1, TNF-c«, and IL-6) in the kidneys of these mice
[12]. This showed that in addition to their role as
contributors to autoantibody production, basophils also
contribute to the pathogenesis of lupus nephritis by
promoting inflammation.

The data obtained through the study of Lyn™" mice
demonstrate that in this model of SLE, the Th2 bias is
contributing to the pathogenesis of disease. Perhaps the best
evidence is the requirement for IL-4 and IgE for disease
manifestation in Zyn "~ mice. Our findings suggest that the
basophil and autoreactive IgE serve to amplify the role of
autoreactive T and B cells in establishing the disease
(Fig. 1). This amplification seems to be key in determining
the threshold of autoantibodies that is necessary to establish
disease, presumably because the body can no longer
effectively remove the high levels of autoantibodies and
CICs produced once this basophil-dependent amplification
loop is fully established (Fig. 1).

Basophils and Autoreactive IgE in Human Systemic Lupus
Erythematosus

While our findings in Zyn~~ mice clearly provide evidence of
a Th2 influence in the pathogenesis of SLE, the relevance of
the findings in this model to human disease must be explored.
Evidence for the role of Th1- and Th17-cell subsets in human
SLE is considerable [1e¢]. In contrast, evidence for Th2
involvement is sparse and is primarily restricted to certain
populations of SLE patients with more circulating IgE than
healthy individuals [18, 21]. Interestingly, the increased levels
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of circulating IgE were not associated with an increased
incidence of atopic disease in this patient population [18].
This suggested that a Th2 skewing might be seen in certain
SLE patients. A more informative finding was the description
of autoreactive IgE and IgE-containing immune complexes in
some SLE patients [20]. While they were described, the role
of these autoreactive or IgE-containing immune complexes in
disease was not clear. Thus, we set out to explore whether the
presence of autoreactive IgE (anti-dsDNA and ANA) might
be associated with different measures of disease activity in
SLE patients. We detected large amounts of autoreactive IgE
in patient samples relative to healthy controls. Interestingly,
the levels of both anti-dsDNA and ANA IgE correlated with
disease activity as determined by the Systemic Lupus
Erythematosus Disease Activity Index score of the patients.
Remarkably, patients with active lupus nephritis seemed to
show the highest levels of anti-dsDNA IgE when compared
with patients without kidney involvement [12]. These
findings suggested that as shown in our murine model,
autoreactive IgE might play a role in the pathogenesis of
lupus in humans.

Whether basophils might be activated in human SLE
was subsequently explored. Blood basophils from the
same cohort of 42 patients and 40 healthy volunteers
were analyzed for their activation status. Unlike murine
basophils, human basophils have known surface markers
that are expressed upon their activation, such as CD63,
CD203¢c, or CCR3. Each of these markers reflects
slightly different activation conditions. For instance,
CD63 expression reflects the degranulation of the
basophil, as CD63 is a granule membrane protein that
becomes expressed on the cell surface only after the
intracellular granule fuses with the plasma membrane. In
contrast, CD203c is expressed when basophils are
activated under conditions in which they may or may
not degranulate. Thus, we used this marker to assay for
basophil activation. Analysis of CD203c expression
showed that basophils from SLE patients were highly
activated. In addition, peripheral basophils from SLE
patients expressed higher levels of MHC-II molecules
(HLA-DR) than the healthy controls, suggesting that their
activation could result in basophil communication with T
and B cells.

When analyzed for whether basophils could home to the
secondary lymphoid organs in SLE patients, CD62L levels
were found to be increased as compared with those in
healthy controls, confirming the ability of these cells to
home to these organs and their activated phenotype. To
confirm that these cells were present in the lymph nodes
and spleens from SLE patients, we analyzed several biopsy
specimens of these tissues from SLE patients. In contrast to
non-SLE biopsies (controls), basophils were found in the
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Fig. 1 Basophil and autoreactive IgE amplify autoantibody production
in systemic lupus erythematosus (SLE). SLE is a consequence of the loss
of tolerance-promoting autoreactive T and B cells that escape from
negative selection. These autoreactive lymphocytes produce large
amounts of circulating immune complexes (CICs) made up of aggregated
autoreactive antibodies, complement factors, and autoantigens. Autor-
eactive IgG, IgM, and IgA make up the majority of autoantibodies, but
autoreactive IgE also accumulates as CICs reach a threshold that activates
circulating blood basophils, recruiting these cells to lymphoid organs via
upregulation of CD62L on their cell surface. Once recruited to the
secondary lymphoid organs, basophils can interact directly with

lymph nodes and spleens of SLE patients, with their
primary localization in germinal centers, in the middle of
the B-cell zone, and in the surrounding T-cell zone. No
basophils were detected in control samples. Thus, basophils
were shown to be in secondary lymphoid tissues, similar to
our observation in Lyn~”~ mice. Given that basophils were
recruited to secondary lymphoid organs, one might expect
that the numbers of basophils in the circulation would
decrease. Both the percentage and absolute numbers of
circulating basophils were reduced in SLE patients. These
findings once again demonstrated that the activation of
basophils in SLE caused increased expression of cell
surface molecules (eg, CD203c, CD62L, MHC-II) that
promote the recruitment of basophils to the secondary
lymphoid organs and may allow their interaction with T and
B cells. Collectively, the studies on human SLE patients are
consistent with the conclusions from the analysis of Lynf/ a
mice. They support the concept that autoreactive IgE and

autoreactive lymphocytes through upregulation of molecules such as
major histocompatibility complex (MHC)-II and membrane-bound B-
cell-activating factor (mBAFF). Together with the basophils’ ability to
secrete large amounts of interleukin (IL)-4 (and IL-6), these cells can
promote plasma cell survival and amplify autoantibody production,
leading to the disease amplification. The presence of large amounts of
autoantibody promotes the levels of proinflammatory cytokines found in
the target organs, such as the kidneys, resulting in uncontrolled
inflammation and organ damage. dsDNA double-stranded DNA; /FN
interferon; MCP monocyte chemoattractant protein

activated basophils are likely contributors to the pathogen-
esis of SLE (Fig. 1).

Basophils and Autoreactive IgE as Therapeutic Target
in Human Systemic Lupus Erythematosus

The aforementioned findings suggest two new putative
therapeutic targets in the treatment or prevention of lupus
nephritis, namely autoreactive IgE and basophils. The
involvement of these two factors in an amplification loop
that increases the levels of autoantibodies and CIC suggests
that disruption of this loop could have therapeutic benefit.
Nonetheless, there are many poorly understood factors to
account for the heterogeneity of disease. It is still not
known what accounts for the difference between an SLE
patient who develops active nephritis and one who does
not. When looking at SLE patients with lupus nephritis, it is
still not clear why some will develop class I or class II

@ Springer



Curr Allergy Asthma Rep

nephritis (low severity, with mainly mesangial deposits) and
others will develop class III or class IV nephritis (high
severity, mesangial deposits, extramembranous deposits,
and vasculitis). Our findings suggest that it is possible that
the presence of the level of activation of such amplification
loops (whether basophil driven or not) might explain some
of these features, based on the fact that class III and class
IV states are correlated with the titers of autoantibodies and
CIC. Thus, targeting of basophils as one possible cell type
for amplification of autoantibody production could lead to a
beneficial outcome for some patients. The recent clinical
trials targeting B-cell activation suggest that such
approaches may have some clinical benefit in SLE [7].
However, one must be cautious in developing such an
approach for the basophil, as the release of proinflamma-
tory mediators (eg, histamine, TNF-c, platelet-activating
factor) contained in this cell could be an unwanted
consequence of its depletion. In addition, one must consider
the consequences of depleting a potential immune regulator
and a potent effector against parasitic infections. Consider-
ation of such therapeutic strategies requires further evalu-
ation of short-term and long-term depletion of basophils in
health and disease.

Thus, a more tempting therapeutic target might be to
inhibit the activation of the basophil through depletion of
autoreactive IgE. Depletion of IgE-containing CIC would
disrupt the persistent activation of basophils in SLE,
blocking the amplification loop and decreasing the amounts
of circulating autoantibodies. Depletion of IgE from the
circulation is a strategy already in use in treatment of other
diseases, such as allergic asthma. Omalizumab (Xolair;
Novartis, Basel, Switzerland) has shown efficacy in
treatment of asthma [58] and allergic rhinitis [59] by
blocking the binding of IgE to FceRI. This monoclonal
antibody was raised against the Fc portion of the IgE and
binds the epitope on the IgE molecule that interacts with the
FceRIa. Once IgE is bound by this anti-IgE antibody, the
IgE can no longer bind to the FceRI. Thus, such an
approach should stop basophil activation by IgE-containing
CIC in SLE and may lead to interruption of the amplifica-
tion loop described in Fig. 1. Such studies are currently
under way and should provide novel insights on the role of
autoreactive IgE in basophil activation in SLE patients and
beyond.

Conclusions

The recent advances in our understanding of the role of
basophils in health and disease demonstrate that the long-
ignored basophil granulocyte has an important immuno-
modulatory role in the immune system. The findings
described herein show that in some settings, the basophil,

@ Springer

through its ability to communicate with T and B cells, links
the Th2 environment as a contributor to the development of
an autoimmune disease such as SLE. It will be of
considerable interest to explore whether this will translate
to therapeutic benefit in disease.

Acknowledgment The research of Dr. Rivera, reported herein, was
supported by the Intramural Research Program of the National
Institute of Arthritis and Musculoskeletal and Skin Diseases of the
National Institutes of Health.

Disclosure Dr. Charles is routinely reimbursed for travel expenses
incurred by multiple entities for which he serves as a guest speaker.
Dr. Rivera is a member of the Keystone Symposia Scientific Advisory
Board (he receives no compensation) and is routinely reimbursed for
travel expenses incurred by multiple entities for which he serves as a
guest speaker.

References

Papers of particular interest, published recently, have been
highlighted as:

» Of importance

*« Of major importance

1. e Rahman A, Isenberg DA. Systemic lupus erythematosus. N
Engl J Med. 2008;358:929-39. This scholarly review summarizes
the current knowledge on the pathophysiology of SLE.

2. Perry D, Sang A, Yin Y, et al. Murine models of systemic lupus
erythematosus. J Biomed Biotechnol. 2011;2011:271694.

3. Sobel ES, Satoh M, Chen Y, et al. The major murine systemic
lupus erythematosus susceptibility locus Slel results in abnormal
functions of both B and T cells. J Immunol. 2002;169:2694-700.

4. Chan OT, Madaio MP, Shlomchik MJ. The central and multiple roles
of B cells in lupus pathogenesis. Immunol Rev. 1999;169:107-21.

5. Lipsky PE. Systemic lupus erythematosus: an autoimmune disease
of B cell hyperactivity. Nat Immunol. 2001;2:764—6.

6. Calero I, Sanz 1. Targeting B cells for the treatment of SLE: the
beginning of the end or the end of the beginning? Discov Med.
2010;10:416-424.

7. Navarra SV, Guzman RM, Gallacher AE, et al. Efficacy and safety
of belimumab in patients with active systemic lupus erythemato-
sus: a randomised, placebo-controlled, phase 3 trial. Lancet.
2011;377:721-31.

8. Looney RJ. B cell-targeted therapies for systemic lupus erythema-
tosus: an update on clinical trial data. Drugs. 2010;70:529-40.

9. Davidson A. Targeting BAFF in autoimmunity. Curr Opin
Immunol. 2010;22:732-9.

10. Peng SL, Szabo SJ, Glimcher LH. Tbet regulates IgG class
switching and pathogenic autoantibody production. Proc Natl
Acad Sci USA. 2002;99:5545-50.

11. Mangini AJ, Lafyatis R, Van Seventer JM. Type I interferons
inhibition of inflammatory T helper cell responses in systemic
lupus erythematosus. Ann N Y Acad Sci. 2007;1108:11-23.

12. Charles N, Hardwick D, Daugas E, et al. Basophils and the T
helper 2 environment can promote the development of lupus
nephritis. Nat Med. 2010;16:701-7.

13. Ronnblom L, Pascual V. The innate immune system in SLE: type I
interferons and dendritic cells. Lupus. 2008;17:394-9.

14. Monk CR, Spachidou M, Rovis E et al. MRL/Mp CD4+, CD25—
T cells show reduced sensitivity to suppression by CD4+, CD25+



Curr Allergy Asthma Rep

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

regulatory T cells in vitro: a novel defect of T cell regulation in
systemic lupus erythematosus. Arthritis Rheum. 2005;52:1180—
4.

Miyara M, Amoura Z, Parizot C, et al. Global natural regulatory T
cell depletion in active systemic lupus erythematosus. J Immunol.
2005;175:8392-400.

Nagpal S, Sriramarao P, Krishnaswamy PR, et al. Demonstration
of IgE antibodies to nucleic acid antigens in patients with SLE.
Autoimmunity. 1990;8:59-64.

Permin H, Wiik A. The prevalence of IgE antinuclear antibodies
in rheumatoid arthritis and systemic lupus erythematosus. Acta
Pathol Microbiol Scand C. 1978;86C:245-9.

Atta AM, Sousa CB, Carvalho EM, et al. Immunoglobulin E and
systemic lupus erythematosus. Braz ] Med Biol Res. 2004;37:1497—
501.

Oxelius VA, Immunoglobulin G. (IgG) subclasses and human
disease. Am J Med. 1984;76:7—-18.

Kingsmore SE, Thompson JM, Crockard AD, et al. Measurement of
circulating immune complexes containing IgG, IgM, IgA and IgE by
flow cytometry: correlation with disease activity in patients with
systemic lupus erythematosus. J Clin Lab Immunol. 1989;30:45-52.
Elkayam O, Tamir R, Pick Al et al. Serum IgE concentrations,
disease activity, and atopic disorders in systemic lupus erythema-
tosus. Allergy. 1995;50:94—6.

Sequeira JE Cesic D, Keser G, et al. Allergic disorders in systemic
lupus erythematosus. Lupus. 1993;2:187-91.

Wozniacka A, Sysa-Jedrzejowska A, Robak E, et al. Allergic
diseases, drug adverse reactions and total immunoglobulin E levels
in lupus erythematosus patients. Mediators Inflamm. 2003;12:95-9.
Sekigawa I, Yoshiike T, lida N, et al. Allergic diseases in systemic
lupus erythematosus: prevalence and immunological considera-
tions. Clin Exp Rheumatol. 2003;21:117-21.

s Karasuyama H, Mukai K, Obata K, et al. Nonredundant roles of
basophils in immunity. Annu Rev Immunol. 2011;29:45-69. This
comprehensive review describes the latest advances in basophil
biology. The review focuses on the tools available for studies of
murine basophils and the newly described roles of basophils in
health and disease

Denzel A, Maus UA, Rodriguez Gomez M, et al. Basophils
enhance immunological memory responses. Nat Immunol.
2008;9:733-42.

Oh K, Shen T, Le Gros G, et al. Induction of Th2 type immunity
in a mouse system reveals a novel immunoregulatory role of
basophils. Blood. 2007;109:2921-7.

Hida S, Tadachi M, Saito T, et al. Negative control of basophil
expansion by IRF-2 critical for the regulation of Th1/Th2 balance.
Blood. 2005;106:2011-7.

Sokol CL, Barton GM, Farr AG, et al. A mechanism for the
initiation of allergen-induced T helper type 2 responses. Nat
Immunol. 2008;9:310-8.

Charles N, Watford WT, Ramos HL, et al. Lyn kinase controls
basophil GATA-3 transcription factor expression and induction of
Th2 cell differentiation. Immunity. 2009;30:533—43.

* Perrigoue JG, Saenz SA, Siracusa MC, et al. MHC class II-
dependent basophil-CD4+ T cell interactions promote T(H)2
cytokine-dependent immunity. Nat Immunol. 2009;10:697-705.
This article and those by Yoshimoto et al. [32] and by Sokol et al.
[33] (all published together) demonstrate that basophils can act
as professional antigen-presenting cells in Th2-cell responses.
Yoshimoto T, Yasuda K, Tanaka H, et al. Basophils contribute to T
(H)2-IgE responses in vivo via IL-4 production and presentation
of peptide-MHC class II complexes to CD4+ T cells. Nat
Immunol. 2009;10:706—12.

Sokol CL, Chu NQ, Yu S, et al. Basophils function as antigen-
presenting cells for an allergen-induced T helper type 2 response.
Nat Immunol. 2009;10:713-20.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Rodriguez Gomez M, Talke Y, Goebel N, et al. Basophils support the
survival of plasma cells in mice. J Immunol. 2010;185:7180-5.
Mukai K, Matsuoka K, Taya C, et al. Basophils play a critical role in
the development of IgE-mediated chronic allergic inflammation
independently of T cells and mast cells. Immunity. 2005;23:191-202.
Ohnmacht C, Schwartz C, Panzer M, et al. Basophils orchestrate
chronic allergic dermatitis and protective immunity against
helminths. Immunity. 2010;33:364-74.

» Tang H, Cao W, Kasturi SB, et al. The T helper type 2 response to
cysteine proteases requires dendritic cell-basophil cooperation via
ROS-mediated signaling. Nat Immunol. 2010;11:608—-17. This article
reconciles the role of dendritic cells and basophils in the induction of
papain-induced Th2 responses by demonstrating their collaboration.
Hibbs ML, Harder KW. The duplicitous nature of the Lyn tyrosine
kinase in growth factor signaling. Growth Factors. 2006;24:137-49.
Yamanashi Y, Mori S, Yoshida M, et al. Selective expression of a
protein-tyrosine kinase, p56lyn, in hematopoietic cells and
association with production of human T-cell lymphotropic virus
type 1. Proc Natl Acad Sci USA. 1989;86:6538—42.

DeFranco AL, Chan VW, Lowell CA. Positive and negative roles
of the tyrosine kinase Lyn in B cell function. Semin Immunol.
1998;10:299-307.

Janas ML, Hodgkin P, Hibbs M, et al. Genetic evidence for Lyn as a
negative regulator of IL-4 signaling. J Immunol. 1999;163:4192-8.
Wang J, Koizumi T, Watanabe T. Altered antigen receptor
signaling and impaired Fas-mediated apoptosis of B cells in
Lyn-deficient mice. J Exp Med. 1996;184:831-8.

Parravicini V, Gadina M, Kovarova M, et al. Fyn kinase initiates
complementary signals required for IgE-dependent mast cell
degranulation. Nat Immunol. 2002;3:741-8.

Odom S, Gomez G, Kovarova M, et al. Negative regulation of
immunoglobulin E-dependent allergic responses by Lyn kinase. J
Exp Med. 2004;199:1491-502.

Yamashita Y, Charles N, Furumoto Y, et al. Cutting edge: genetic
variation influences Fc epsilonRI-induced mast cell activation and
allergic responses. J Immunol. 2007;179:740-3.

Baran CP, Tridandapani S, Helgason CD, et al. The inositol 5'-
phosphatase SHIP-1 and the Src kinase Lyn negatively regulate
macrophage colony-stimulating factor-induced Akt activity. J Biol
Chem. 2003;278:38628-36.

Harder KW, Parsons LM, Armes J, et al. Gain- and loss-of-
function Lyn mutant mice define a critical inhibitory role for Lyn
in the myeloid lineage. Immunity. 2001;15:603—15.

Hibbs ML, Tarlinton DM, Armes J, et al. Multiple defects in the
immune system of Lyn-deficient mice, culminating in autoimmune
disease. Cell. 1995;83:301-11.

Nishizumi H, Taniuchi I, Yamanashi Y, et al. Impaired proliferation
of peripheral B cells and indication of autoimmune disease in lyn-
deficient mice. Immunity. 1995;3:549-60.

Flores-Borja F, Kabouridis PS, Jury EC, et al. Decreased Lyn
expression and translocation to lipid raft signaling domains in B
lymphocytes from patients with systemic lupus erythematosus.
Arthritis Rheum. 2005;52:3955-65.

* Lu R, Vidal GS, Kelly JA, et al. Genetic associations of LYN
with systemic lupus erythematosus. Genes Immun. 2009;10:397—
403. This work identifies single nucleotide polymorphisms in the
LYN gene of some SLE patients. The gene is associated with the
levels of autoantibodies.

Eiseman E, Bolen JB. Engagement of the high-affinity IgE receptor
activates src protein-related tyrosine kinases. Nature. 1992;355:78-80.
Beavitt SJ, Harder KW, Kemp JM, et al. Lyn-deficient mice
develop severe, persistent asthma: Lyn is a critical negative
regulator of Th2 immunity. J Immunol. 2005;175:1867-75.
Hernandez-Hansen V, Smith AJ, Surviladze Z, et al. Dysregulated
FcepsilonRI signaling and altered Fyn and SHIP activities in Lyn-
deficient mast cells. J Immunol. 2004;173:100-12.

@ Springer



Curr Allergy Asthma Rep

55.

56.

57.

Damen JE, Ware MD, Kalesnikoff J, et al. SHIP’s C-terminus is
essential for its hydrolysis of PIP3 and inhibition of mast cell
degranulation. Blood. 2001;97:1343-51.

Harding CV. Cellular and molecular aspects of antigen processing
and the function of class II MHC molecules. Am J Respir Cell
Mol Biol. 1993;8:461-7.

* Chen K, Xu W, Wilson M, et al. Immunoglobulin D enhances
immune surveillance by activating antimicrobial, proinflammatory
and B cell-stimulating programs in basophils. Nat Immunol.

@ Springer

8.

59.

2009;10:889-98. This article describes the involvement of
basophils in chronic inflammatory diseases via the binding of
IgD, which allows the basophils to boost the immune
surveillance.

Holgate S, Buhl R, Bousquet J, et al. The use of omalizumab in
the treatment of severe allergic asthma: a clinical experience
update. Respir Med. 2009;103:1098-113.

Ben-Shoshan M. Omalizumab: not only for asthma. Recent Pat
Inflamm Allergy Drug Discov. 2008;2:191-201.



	Basophils and Autoreactive IgE in the Pathogenesis of Systemic Lupus Erythematosus
	Abstract
	Introduction
	Systemic Lupus Erythematosus: A B-cell Disease that Includes IgE Autoantibody Production
	The Basophil
	Lyn Kinase: A Molecular Rheostat in the Development of Lupus
	Lyn Kinase and Basophils: Regulation of the T-helper Type 2 Environment
	Is There a Link Between the T-helper Type 2 Environment and Development of a Lupus-Like Phenotype?
	Basophils and Autoreactive IgE in the Development of Lupus
	Evidence from the Lyn−/− Murine Model
	Basophils and Autoreactive IgE in Human Systemic Lupus Erythematosus
	Basophils and Autoreactive IgE as Therapeutic Target in Human Systemic Lupus Erythematosus

	Conclusions
	References
	Papers of particular interest, published recently, have been highlighted as: • Of importance •• Of major importance




<<
  /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


