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ABSTRACT: Despite encouraging reports on the efficacy
of intravenous immunoglobulin (IVIG) therapy in sys-
temic lupus erythematosus (SLE), the clinical value of this
treatment is not well established, and most of the data are
based on case reports and small series of patients. IVIG
has been used successfully to treat SLE patients with a
broad spectrum of clinical manifestations, such as refrac-
tory thrombocytopenia, pancytopenia, central nervous sys-
tem (CNS) involvement, secondary antiphospholipid syn-
drome, and lupus nephritis. The beneficial effects of IVIG
on overall disease activity are usually prompt, with
marked improvement within a few days, but they are
often of limited duration. Improvement lasts for several
weeks after the last infusion, although clinical response
could be maintained by continuous monthly IVIG infu-
sions. IVIG therapy immunomodulates autoimmune dis-
eases by interacting with various Fc� receptors in such a
way that it downregulates activating FcRIIA and FcRIIC
and/or upregulates inhibitory FcRIIB. However, in SLE,
additional mechanisms include inhibition of comple-

ment-mediated damage, modulation of production of cy-
tokines and cytokine antagonists, modulation of T- and
B-lymphocyte function, induction of apoptosis in lym-
phocytes and monocytes, downregulation of autoantibody
production, manipulation of the idiotypic network, and
neutralization of pathogenic autoantibodies. At present,
IVIG in SLE is indicated either in severe cases that are
nonresponsive to other therapeutic modalities, or when
SLE can be controlled only with high-dose steroids; in
such patients, IVIG thus becomes a useful steroid-sparing
agent. However, this needs to be confirmed in double-
blind, placebo-controlled studies. Human Immunology
66, 395–402 (2005). © American Society for Histocom-
patibility and Immunogenetics, 2005. Published by
Elsevier Inc.
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ABBREVIATIONS
Ab antibody
CNS central nervous system
DC dendritic cell
Id idiotype
Ig immunoglobulin
IVIG intravenous immunoglobulins

IL interleukin
SLE systemic lupus erythematosus
Th helper T cell
TNF-� tumor necrosis factor alpha
WHO World Health Organization

INTRODUCTION
Mild systemic lupus erythematosus (SLE) is treated with
nonsteroidal antiinflammatory drugs, low-dose cortico-
steroids, and antimalarial compounds. In moderate SLE,
patients are treated with cytotoxic agents, cyclophosph-

amide, methotrexate, and azathioprine, whereas severe
cases are managed with high-dose steroids and intrave-
nous pulse cyclophosphamide. This therapy provides
broad-spectrum immunosuppression with a risk of de-
veloping secondary infections and myelosuppressive side
effects. The aim of modern therapy for SLE is to regulate
rather than suppress the immune response. This is
achieved by manipulation of idiotypes with intravenous
immunoglobulins (IVIGs), manipulation of second sig-
nal pathways in T- and B-cell interaction with anti-
CD40L or anti-BLyS monoclonal antibodies (Abs), or
manipulation of cytokines [1].
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Despite encouraging reports on the use of IVIG in
autoimmune disorders, the clinical efficacy and indica-
tion in SLE patients remain undetermined. It was suc-
cessfully used for severe complications of SLE such as
refractory thrombocytopenia, lupus nephritis, and central
nervous system (CNS) involvement. Efficacy of IVIG was
also demonstrated in the treatment of an experimental
murine model of SLE [2, 3].

MECHANISMS OF ACTION OF IVIG IN SLE
Autoimmune diseases, including SLE, are the result of a
dysregulation of the Fc�R system where the balance
between activating and inhibitory Fc�R signaling is
disrupted [4]. Intravenous immunoglobulin may induce
a reversible blockade of the Fc receptors on phagocytic
cells by saturating, altering, or downregulating the af-
finity of Fc receptors, a process that may render sensi-
tized phagocytic cells unable to function, e.g., in idio-
pathic thrombocytopenic purpura [5]. Intravenous
immunoglobulin therapy immunomodulates autoim-
mune diseases by interacting with various Fc�Rs in such
a way that it downregulates activating Fc�RIIA and
Fc�RIIC and/or upregulates inhibitory Fc�RIIB [6]. In
Th1-mediated hypersensitivity reactions, cytokines (e.g.,
tumor necrosis factor alpha [TNF-�]) were revealed to
upregulate and activate activating Fc�Rs such as
Fc�RIIA, whereas Th2 cytokines (e.g., interleukin [IL]-
13) activated the inhibitory Fc�RIIB [7]. High-dose
IVIG treatment induced a decrease in Th1/Th2 lympho-
cyte ratios, suggesting that IVIGs modify peripheral
Th1/Th2 balance in favor of Th2 profile [8]. Intravenous
immunoglobulins accelerate autoantibody (auto-Ab) ca-
tabolism by binding to a specific Fc receptor that is
found on endothelial cells and is called FcRn [9]. FcRn
is a transport receptor that, by binding to intracellular
immunoglobulin (Ig) G, protects it from lysosomal deg-
radation catabolism. The saturation of FcRn receptors by
IVIG treatment prevents the binding of endogenous IgG

auto-Abs, resulting in their accelerated degradation and
the reduction of pathogenic auto-Ab levels.

Therapy with IVIG takes advantage of the fact that it
contains a wide range of natural auto-Abs that reflect the
immunologic experience of the donor population with
different pathogens [10]. Natural Abs occur under phys-
iologic conditions that are autoreactive but not autospe-
cific, and they are believed to provide the antiinflamma-
tory effects of IVIG preparations by the following
mechanisms: IVIG contain natural auto-Abs directed
against the idiotype, the hinge region, and against the
constant heavy and light chain domains of Abs, suggest-
ing that they might be able to bind pathogenic auto-
Abs, thus preventing binding to autoantigens [11] (Fig-
ure 1). It is possible that antiidiotype (anti-Id) auto-Abs
bind to variable regions of antigen receptors, rendering
cell activation by the relevant autoantigens impossible. It
was demonstrated that pooled normal polyspecific hu-
man IgG from IVIG preparations inhibited the binding
of anti-DNA Abs to DNA [12]. Affinity chromatogra-
phy of F(ab)2 fragments or IgG containing anti-DNA
auto-Ab activity on sepharose-bound F(ab)2from IVIG
resulted in the specific retention of Ab activity, indicat-
ing that IVIG contain anti-Id Abs against human auto-
Abs. In addition, pooled human immunoglobulins were
demonstrated to contain anti-Ids with reactivity against
the SLE-associated 4B4 cross-reactive idiotype (a regula-
tory anti-Sm idiotype). Sm Ab binding by 4B4 was
clearly blocked by IVIG F(ab)2 fragments, illustrating
the presence of Ab2 molecules in this preparation [13].

The use of isolated anti-Ids against pathogenic auto-
Abs may result in more effective treatment with amounts
of IgG that are hundreds of times smaller. Although the
beneficial effect of monoclonal anti-Id Ab was revealed in
several mice models of SLE, human SLE is characterized
by the presence of numerous auto-Abs (i.e., pathogenic
idiotypes). Therefore, treatment with monoclonal anti-Id

FIGURE 1 (A) Autoreactive immunoglobulin (Ig)G anti-
bodies (Abs) recognize self-antigens inducing organ damage.
(B) Anti-idiotype (Id) Abs block IgG autoreactive response and
inhibit self-recognition. Ag � antigen.

FIGURE 2 Anti-idiotype (Id) antibodies (Abs) turn soluble
immune complexes into aggregated complexes, rendering
them available for efficient phagocytosis.
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