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Mechanisms of action of intravenous immune 
serum globulin in autoimmune and 
inflammatory diseases 

Mark Ballow, MD Buffalo, N.Y. 

Intravenous immune serum globulin (MG) is primarily used 
as replacement therapy in patients with hypogammaglobu- 
linemia. It has been over 15 years since M G  was first shown 
to be effective in the treatment of patients with autoimmuue 
thrombocytopenic purpura. Over the past decade, M G  has 
been used in the treatment of a number of autoimmune and 
systemic inflammatory disorders. Although the use of M G  
in many of these immune-mediated disorders was purely 
speculative initially, we now have a much better understand- 
ing of the mechanisms by which M G  exerts its effects in 
these autoimmune diseases. M G  exhibits a number of im- 
mune modulatory activities that arc mediated by the Fe por- 
tion of IgG through the Fc~, receptor on a variety of cell 
types. Although the major component in M G  is IgG, other 
minor components such as solubilized lymphocyte surface 
membrane determinants and specific antibodies to lympho- 
cyte surface molecules may have important immunoregula- 
tory effects on T- and B-cell immune responses. This review 
discusses the proposed mechanisms of action of 1VIG in au- 
toimmune and inflammatory disorders. (J Allergy Clin Im- 
munol 1997;100:151-7.) 
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The objective of this review is to present the mecha- 
nisms by which intravenous immune serum globulin 
(IVIG) may modulate autoimmune and various inflam- 
matory disease processes. To achieve this objective I will 
discuss several autoimmune disorders in human beings, 
and in some cases animal models of disease, which 
exhibit various immune pathogenic processes, and de- 
velop the mechanisms by which IVIG may be acting in 
modulating these diseases. 

Fc RECEPTOR BLOCKADE AND MODULATION 

In 1981 Imbach et al. 1 made a serendipitous observa- 
tion that the infusion of IVIG in children with immune 
thrombocytopenia (ITP) produces a marked improve- 
ment in platelet counts. ITP was the first autoimmune 
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Abbreviations used 
ANCAs: 

EAE: 
IL-lra: 

ITP: 
IVIG: 

KS: 
TNF: 

Anti-neutrophil cytoplasmic antibodies 
Experimental allergic encephalomyelitis 
IL-1 receptor a~tagonist 
Immune thrombocytopenic purpura 
Intravenous immune serum globulin 
Kawasaki syndrome 
Tumor necrosis factor 

disorder in which IVIG was used as an effective treat- 
ment modality. The mechanism by which IVIG increases 
the platetet count is thought to occur by blockade of the 
Fc receptors on phagocytic cells, which prevents the 
removal of sensitized platelets by the reticuloendothelial 
system in the liver and spleen. This leads to prolonged 
survival of autoantibody-coated platelets 2, 3 and explains 
the very rapid changes in platelet counts that occur with 
the administration of IVIG. 4 In a recent study by Debr6 
et al., 5 11 of 12 children with acute ITP treated intrave- 
nously with purified Fc~/fragments prepared from Cohn 
fraction II ~-globulin showed an increase in platelet 
counts. These studies with Fc~/fragments provide direct 
support for the hypothesis that Fc-/receptor blockade by 
IVIG is responsible for the improvement of the platelet 
counts in ITP. In addition, these investigators showed a 
rise in serum-soluble Fc7 RIII (CD16) concentrations, 
which correlated with the rise in the platelet count. No 
sFc~ RIII was detected in the Fc~/fragment preparation, 
which suggested that the source of these sFc~ RIII 
receptors was the phagocytic cells of the reticutoendo- 
thelial system. An additional mechanism postulated by 
these investigators was that these soluble Fc-,/receptors 
could act as competitors with the cell membrane Fc7 
receptors of the reticuloendothelial system and prevent 
the clearance of circulating IgG-sensitized platelets. 

IVIG is mostly monomeric IgG (>95%) with small 
amounts of dimeric and aggregated IgG. However, after 
infusion, some of the monomeric IgG becomes dimeric 
or complexed to circulating antigens found in the pa- 
tient. IgG monomers predominantly bind to Fc-y RI 
found mainly on monocytes; whereas Fc~ RII and Fc-/ 
RIII on monocytes, neutrophils, and other cells interact 
with polymeric IgG or immune complexes. Fc-y R ex- 
pression and receptor-mediated phagocytosis are de- 
creased in peripheral blood monocytes treated with 
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polymeric IgG. 6, v Kimberly et al. s used peripheral blood 
mononuclear cells to demonstrate that IVIG decreased 
Fcy-receptor affinity. In addition to Fc receptor block- 
ade, Fc3,-receptor downregulation or changes in recep- 
tor affinity are other mechanisms by which IVIG may be 
operating in ITP and other autoimmune cytopenias. 
Other monocyte Fc receptol;mediated functions are 
also diminished by IVIG. For example, monocyte-de- 
pendent antigen-induced T-cell proliferative responses 
are decreased. 6 Changes in accessory cell function me- 
diated by modulation of the Fc~-receptor family may be 
important in affecting both T- and B-cell immune re- 
sponses. 

INHIBITION OF B-CELL FUNCTION MEDIATED 
THROUGH THE Fc-y RIIb RECEPTOR 

Fc receptor blockade does not explain the long-term 
changes produced by IVIG in patients with ITP. Several 
studies have reported a decrease in the levels of anti- 
platelet antibody in patients with ITP treated with 
IVIG?, 3 Consequently, it has been proposed that IVIG- 
induced immunoregulatory effects on the function of T 
and B cells results in a decrease in anti-platelet antibod- 
ies after IVIG therapy. The addition of IVIG in vitro 
suppresses lymphocyte proliferative responses to a vari- 
ety of T-cell mitogens. 9,10 This suppressive activity is 
dependent on the Fc portion of IVIG in that F(ab')2 
fragments of IgG have no effect. Other studies suggest 
that the target cell for inhibition is the B lymphocyte 
rather than the T cell? 1, 12 A number of studies have 
demonstrated that the inhibitory effect is mediated by 
the binding of IVIG to the Fc'y receptors on B 
cells.7, 9, 23, ~4 

The mechanism for Fc receptor-mediated suppres- 
sion of B-cell function by IVIG has recently been 
elucidated. Although immune complexes can be potent 
activators of phagocytic cells through the Fc-y RIII, 
immune complexes can be negative regulators of B cells 
as a consequence of coligation of the B-cell antigen 
receptor and the receptor Fc~ RIIb? 5 This FcR "off 
signal" can be circumvented by IL-4 or blocking the Fc~/ 
RI116 receptor with specific antibodies to this receptor. 
The mechanism for this "negative signaling" in B cells is 
thought to be mediated by tyrosine phosphorytation of a 
novel inositol polyphosphate 5-phosphatase (SHIP) ~v 
and inhibition of Ca + + influx? 8 Coligation of the B-cell 
antigen receptor and Fc7 RIIb could be induced by the 
binding of IVIG through the Fc moiety of the IgG to the 
Fc',/RIIb receptor and the anti-idiotypic antibody spec- 
ificity of the IgG molecule to the B-cell antigen receptor. 
This FcR off signal mediated through the Fc'y RIIb 
receptor can even accelerate early entry of B cells into 
apoptosis? 9 IVIG could thus provide an off signal to the 
B cell to inhibit B-cell proliferation and immunoglobulin 
production. 

INDUCTION OF T-CELL SUPPRESSOR ACTIVITY 

Our laboratory showed that IVIG could induce 
changes in T-cell suppressor activity in patients with 

common variable immunodeficiency who were receiving 
IVIG as replacement therapy, z° Further experiments 
demonstrated that the increased suppressor activity re- 
sided in the CD8 T-cell population. Leung et al. 2~ made 
similar observations in patients with Kawasaki syndrome 
(KS). Before therapy, patients with KS had increased 
numbers of circulating activated CD4+ T cells but a 
deficiency of CDS+ suppressor/cytotoxic T cells. There 
was also an increased number of circulating spontaneous 
IgG- and IgM-producing peripheral blood mononuclear 
cells. By day 4, the patients treated with a combination 
of aspirin and IVIG had a significant decrease in the 
activated CD4+ T-helper cells, an increase in CDS+ 
suppressor cells, and interestingly, a decrease in sponta- 
neous IgG and IgM production. These results suggest 
that the combination of IVIG and aspirin has profound 
effects on the immunoregulatory abnormalities of pa- 
tients with acute KS. KS is a complex immune inflam- 
matory disease in which a number of immune mecha- 
nisms may contribute to the disease process. 21, 22 IVIG 
may modify a number of immune pathways in KS as 
discussed below. 

RESTORATION OF THE IDIOTYPE NETWORK 

The pathophysiology of several autoimmune diseases 
may be related to perturbations in the idiotype net- 
work. 23 A number of groups have postulated that IVIG 
contains anti-idiotypic antibodies that downregulate the 
immune response. 24,25 Using commercial sources of 
IVIG, Kazatchkine et alY prepared F(ab')2 fragments 
that could neutralize or bind to known autoantibodies, 
such as anti-factor VIII, anti-thyroglobulin, anti-DNA, 
anti-intrinsic factor, and anti-neutrophil cytoplasmic an- 
tibodies (ANCAs). A number of diseases may serve as 
models for this mechanism of action for IVIG including 
conditions in which patients have circulating autoanti- 
body inhibitors to factor VIII activity, systemic lupus 
erythematosus, and ANCA-associated vasculitides. The 
presence of anti-idiotypic antibodies in IVIG was first 
suggested by the response to IVIG therapy of patients 
with autoimmunity to factor VIII. 26, 27 The treatment of 
two patients who had high titer autoantibodies to factor 
VIII activity with high-dose IVIG resulted in a rapid and 
prolonged suppression of this autoantibody. 26 Further 
investigations by Sultan et al. 27 showed that IVIG could 
also inhibit the activity of factor VIII autoantibody in 
vitro and that the inhibitory effect resided with the 
F(ab')a fragment, thus indicating that IVIG contained 
an anti-idiotypic antibody, which could bind to and 
interrupt the function of this pathogenic autoantibody. 

ANCA-associated vasculitis may be an example of the 
possible therapeutic effects of anti-idiotypic antibodies 
found in IVIG. The systemic vasculitides are a group of 
disorders in which an inflammatory process involves the 
blood vessels. 28 ANCAs occur in patients with several 
forms of systemic necrotizing vasculitis. Among patients 
with ANCA-associated vasculitis, the most universal 
pathologic lesion is a necrotizing vasculitis that affects 
arteries, arterioles, capillaries, or venules. ANCAs acti- 
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vate neutrophils and thereby produce endothelial dam- 
ageY Recently, several reports have shown that IVIG 
may be beneficial in the treatment of patients with 
ANCA-positive vasculitis that is refractory to conven- 
tional therapy. 29, 3o Rossi et al. 24 have demonstrated that 
anti-idiotypic antibodies against a specific ANCA activ- 
ity exist in normal pooled y-globulin and have suggested 
that IVIG could prevent the biologic consequences of 
ANCAs by binding to these autoantibodies and neutral- 
izing their inflammatory activities. Although IVIG con- 
tains anti-idiotypic antibodies to a variety of human 
autoantibodies that could potentially have immune- 
modulating effects in certain human autoimmune dis- 
eases, the amounts of these anti-idiotypes in IVIG 
remain small. However, perhaps these anti-idiotypic 
antibodies act in concert with their effects on the Fcy 
RIIb receptor to amplify a negative off siga~al to the B 
cells synthesizing these autoimmune antibodies. 

MODULATION OF CYTOKINE PRODUCTION 

Several studies have shown that IVIG can modulate 
cytokine production. IVIG produces a dose-dependent 
decrease in IL-6 production, but not tumor necrosis 
factor-(TNF)e~ in lipopolysaccharide-stimulated periph- 
eral blood mononuclear cells. 3~ Shimozato et al. 3a dem- 
onstrated that both intact IVIG and Fc fragments sup- 
press TNF-o~ and IL-1 synthesis by lipopotysaccharide- 
stimulated rabbit peritoneal macrophages. IVIG inhibits 
mitogen- and antigen-stimulated T-cell proliferation, an 
effect mediated by the regulation of IL-2 and IL-4 
production. 33 Andersson et al. 34 studied the effects of 
IVIG on in vitro induced cytokine production at the 
single-cell level. Anti-CD3-stimulated T cells produced 
significantly less IL-2, !L-10, interferon-y and TNF-[3 in 
the presence of IVIG. IVIG added to cultures of human 
peripheral blood monocytes produces a selective release 
of IL-1 receptor antagonist (IL-I ra)Y In patients receiv- 
ing IVIG, plasma concentrations of IL-lra are in- 
creased, resulting in 1000-fold molar excess of IL-lra to 
IL-I[3. 36 These studies suggest that IVIG can have an 
important modulating effect on the proinflammatory 
cytokines. In the acute phase of KS there are elevated 
serum levels of TNF-a and IL-6, and peripheral blood 
mononuclear cells produce high levels of IL-I[3 and 
TNF-e~. Leung et al. 37, 38 showed that IVIG with aspirin 
reduced elevated cytokine levels in patients with KS. 
From these observations, Leung 22 postulated that IVIG 
regulated cytokine production or activity and that the 
reduction in coronary artery aneurysms in KS is medi- 
ated by IVIG-induced modulation of cytokine produc- 
tion. 

Asthma is a disease in which a number of proinflam- 
matory and immune-modulating cytokines are impor- 
tant. 39 Results of preliminary studies of IVIG therapy in 
asthma suggest that IVIG can modify the inflammatory 
responses and reduce immediate skin test reactivity. 4° 
However, direct evidence of both the efficacy of IVIG in 
asthma (by placebo-controlled, double-blind studies) 
and the mechanisms by which IVIG exerts its antiinflam- 

matory effects in asthma is not available and requires 
further study. Thus the effects of IVIG on cytokine 
production may be one important mechanism in regu- 
lating immune and inflammatory responses. 

MODULATION OF COMPLEMENT UPTAKE ON 
TARGET CELLS 

Studies in both human beings and animals show that 
IVIG can inhibit complement uptake on target cells. In 
a guinea pig model of Forssman shock, Frank et al. 4~ 
demonstrated that high-dose IVIG prevented death 
through inhibition of complement uptake and activation 
on endothelial cells, thereby preventing tissue damage. 
These investigators postulated that very high tevels of 
serum IgG from IVIG therapy prevented active C3 and 
C4 fragments from binding to target cells, which results 
in the modulation of acute complement-dependent tis- 
sue injury. Basta et al. 42 showed that IVIG also inhibited 
the uptake of C4 fragments onto antibody-sensitized 
cells. 

Dermatomyositis is an inflammatory myopathy char- 
acterized by complement-mediated endomysial vasculi- 
tis. 43 Activation of complement components C5b to C9, 
which generate the membrane attack complex (MAC) 
on skeletal muscle capillaries, leads to destruction of 
endothelial cells, microinfarcts within the muscle fasci- 
cles, muscle ischemia, inflammation, and ultimately mus- 
cle atrophy. Patients with dermatomyositis unresponsive 
to conventional therapies show improvement with high- 
dose IVIG. 44 The mechanism by which IVIG is thought 
to act in dermatomyositis is through the prevention of 
complement-mediated immune damage of the vessels in 
the musculature. Muscle biopsy specimens obtained 
from patients with dermatomyositis treated with IVIG 
show disappearance of C3b and membrane attack com- 
plex deposits on endomysial capillaries with restoration 
of the capillary network. 44 It is likely that IVIG inhibits 
or interferes with the uptake of C4b and C3b fragments 
by forming complexes between these complement frag- 
ments and a specific acceptor site within the immuno- 
globulin molecule. 45 This process results in the unavail- 
ability of C3b and C4b activation fragments for 
incorporation into C5 convertasc, which is necessary for 
triggering membrane attack complex assembly. 

Another possible mechanism by which IVIG might 
modify complement uptake on vascular endothelium is 
through the presence of solubilized complement recep- 
tors in IVIG. Although soluble complement receptors 
have not been sought in IVIG preparations, there is 
evidence that IVIG does contain other solubilized cell 
membrane components. 46-48 Several observations both 
in vitro and in animal models suggest that soluble 
complement receptor 1 can bind fluid-phase C3b to 
reduce the inflammatory potential of this complement 
activation product. 49, 5o 

MODULATION OF T-CELL FUNCTION 

IVIG contains a number of factors other than IgG 
including trace amounts of other immunoglobulin iso- 
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PIG. 1. The major component of IVIG is IgG. This IgG may be just the "tip of the iceberg" in our appreciation 
of the biologic effects of the "minor" components in IVIG. These other factors, specific antibodies to idiotypes, 
and lymphocyte surface molecules in IVIG may have important antiinflammatory and immune-modulating 
effects in autoimmune diseases. Modified from Ballow M. Clinical implications of the mechanisms of action of 
intravenous immunoglobulin in autoimmune and inflammatory diseases. In: Morell M, Kazatchkine MD, 
editors. Intravenous immunoglobulin: research and therapy. Interlaken: Parthenon Publishing Group; 1997. 7o 

types (e.g., IgA), solubilized membrane products, and 
even HLA determinants, which can interfere with the 
communication between T cells and accessory or anti- 
gen-presenting cells. Lain et al. 48 and Blasczyk et al. 46 
found that commercial IVIG preparations contain solu- 
bilized CD4, solubilized CD8, HLA class I determinants, 
and H L A  class II determinants. These cell surface 
molecules could interfere with antigen presentation by 
blocking the interaction between HLA class II and 
membrane-bound CD4 on T cells or between HLA class 
I and CD8 in T-cell-mediated cytotoxicity. Additionally, 
IVIG contains antibodies against lymphocyte surface 
determinants involved in immunoregulation including 
CD5, 51 CD4, 5a and HLA determinants. 47 

Kaveri et al. 47 demonstrated that IVIG contains anti- 
bodies that recognize a highly conserved peptide se- 
quence of the a l  helix of the HLA class I molecule. 
These anti-peptide antibodies isolated by affinity chro- 
matography from IVIG bind to soluble and membrane- 
associated HLA class I antigens and inhibit CD8-medi- 
ated cytotoxicity of an influenza virus-specific human 
T-cell line. In addition, these investigators showed that 
IVIG contains antibodies to CD4 that can bind to CD4 + 
T cells, suppress mixed lymphocyte proliferative re- 
sponses, and inhibit infection of CD4+ human T cells 
with human immunodeficiency virus. 52 These antibodies 
in IVIG, which interact with cell surface molecules, 

could have important immunoregulatory effects on im- 
mune responses in graft-versus-host disease s3,54 and a 
variety of T-cell-mediated autoimmune diseases. 

The epidemiology of KS and its clinical presentation 
suggest that the immune stimulation in acute disease 
may be triggered by bacterial toxins that have superan- 
tigen properties (e.g., staphylococcal enterotoxins and 
streptococcal pyrogenic exotoxins acting as superanti- 
gens)Y These bacteria-derived enterotoxin and exo- 
toxin superantigens selectively stimulate T cells express- 
ing certain specific T-cell-receptor-~ chain-variable 
region gene segments and HLA-DR determinants on 
monocytes and macrophagesY Supporting this hypoth- 
esis is the finding of increased circulating levels of Vf3 2 + 
and V~ 8 + T cells during the acute phase of KS, which 
return to normal during the convalescent phase of the 
disease.56,57 Takei et al. s8 reported that IVIG contains 
antibodies to staphylococcal superantigens, which can 
block the T-cell stimulatory activities of these T-cell 
superantigens. These data suggest that the beneficial 
effects of IVIG in KS, and perhaps in toxic shock 
syndrome, can be due to the presence of specific anti- 
bodies in IVIG that neutralize these bacterial superan- 
tigen enterotoxins, in addition to the effects of IVIG on 
inflammatory cytokines. 

Experimental uveitis is an animal model of human 
autoimmune uveitis in which immunization with retinal 
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TABLE I. Possible mechanism(s) of IVIG action in human disease 

Disease Mechanism(s) of IVIG effects References 

ITP Fc receptor blockade 4,5 

Autoimmune hemophilia 

ANCA-associated vascnlitis 

Dermatomyositis 
KS 

Graft-versus-host disease 

Multiple sclerosis 

Autoimmune uveitis 
Virus-induced autoimmune 

myocarditis 

Changes in Fcy receptor alfinity 8 
Suppression of B-cell function mediated through Fcy RIIb 15-19 

receptor 
Anti-idiotypic antibodies in IVIG to disease-associated 24-27 

autoantibodies 
Modulation of B-cell function via Few RII b receptor 15-19 
Anti-idiotypic antibodies in IVIG 24-27 
Modulation of B-cell function via Fcy RIIb receptor 15-19 
Inhibition of complement uptake on endomysial capillaries 44,45 
Augmentation of T-cell suppressor activity 20,21 
Modulation of cytokine production 22 
Neutralization of bacterial superantigens 58 
Solubilized HLA class I and II determinants 46,48 
Antibodies to membrane CD4 and HLA determinants 47,52 
Oytokine inhibition 33,34,53 
Modulation of Fey receptor on microglia 6,7 
Inhibition of cytokine production 33,34,66 
Modulation of T-cell function 64,66 
Modulation of T-cell function 59 
Modulation of T-cell function 61 

S antigen produces a diffuse choroidal infiltrate of T 
cells. A recent preliminary study suggests that IVIG may 
be useful in the treatment of autoimmune uveitis, s9 
Another disease entity that may respond to IVIG is 
virus-induced autoimmune myocarditis. In mice, entero- 
virus infection can cause an autoimmune carditis that is 
mediated by CD8+ T cells. Myocardial injury is thought 
to be caused by virus-specific, class I major histocompat- 
ibility complex-restricted cytolytic T cells. ~° Recently, 
Drucker et al. 61 reported that high-dose IVIG in the 
treatment of acute myocarditis was associated with 
improved recovery of left ventricular function and better 
survival in the first year after presentation. 

Experimental allergic encephalomyelitis (EAE) is a 
neurologic disease that can be induced in animals by 
immunization with myelin basic protein and adju- 
vant.62, 63 Autoimmune T-cell responses against myelin 
in nerves lead to abnormalities of nerve conduction and 
clinical neurologic deficits. EAE can be transferred to 
other animals by myelin antigen-specific CD4+ T cells. 
The treatment of myelin-immunized rats with IVIG 
prevents the development of EAE. 64 These investigators 
found that IVIG treatment also downregulated TNF-a 
production by autoreactive T cells. In a preliminary 
study in human beings, IVIG reduced the number of 
acute relapses in patients with multiple sclerosis, the 
human counterpart of the EAE animal model. 65, 66 The 
effects of IVIG in these T-cell-mediated autoimmune 
disorders are probably mediated by several mechanisms, 
including inhibition of cytokine production and the 
regulation of other T-cell functions by soluble lympho- 
cyte membrane receptors or antibodies to cell mem- 
brane determinants on T cells. 

S U M M A R Y  

Over 90% of IVIG is monomeric IgG with small 
amounts of the other immunoglobulins such as IgA and 
IgM and possibly even IgE. We now know that the IgG 
in IVIG is just the tip of the iceberg (Fig. 1). IVIG 
contains "contaminating factors," such as solubilized 
membrane components, and possibly other important 
solubilized receptors, as well as specific antibodies to 
HLA determinants and lymphocyte surface molecules. 
The studies reviewed in this article suggest that it may be 
these contaminating molecules that are important in 
regulating or modifying the immune inflammatory re- 
sponse in autoimmune disease. This may explain why 
large amounts of IVIG (i.e., 1 to 2 gm/kg) are required 
for the immune-modulating or antiinflammatory effects 
of IVIG. Table I contains a partial list of the possible 
mechanisms by which IVIG may exert its effects in 
certain human diseases.* Because the pathogenesis of 
many autoimmune diseases in human beings is most 
probably multifactorial and not entirely known, delinea- 
tion of the possible mechanisms of action of IVIG in 
such diseases is complex. We are just now gaining 
knowledge about the pathophysiology and the immune 
pathways responsible for tissue damage in autoimmune 
disease. A better understanding of the antiinflammatory 
and immune-modulating effects of IVIG could lead to a 
better definition of the immunobiology of these complex 
diseases and could result in a better and more specific 
form of immunotherapy. 

*Although the elficacy of IVIG in various autoimmune disorders is of 
interest to readers, this discussion is beyond the scope of this review. 
The reader is referred elsewhere for this information, a7-69 
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