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Initially used as a replacement therapy for immunodeficiency
diseases, intravenous immunoglobulin (IVIg) is now widely used
for a number of autoimmune and inflammatory diseases. Consid-
erable progress has been made in understanding the mechanisms
by which IVIg exerts immunomodulatory effects in autoimmune
and inflammatory disorders. The mechanisms of action of IVIg
are complex, involving modulation of expression and function
of Fc receptors, interference with activation of complement and
the cytokine network and of idiotype network, regulation of cell
growth, and effects on the activation, differentiation, and effector
functions of dendritic cells, and T and B cells.

KEY WORDS: Intravenous immunoglobulins; autoimmunity; inflam-
mation; immune-modulation .

INTRODUCTION

Intravenous immunoglobulin (IVIg) is a therapeutic pre-
paration of normal human polyclonal IgG obtained from
plasma pooled from a large number of healthy blood
donors. Initially introduced as a replacement therapy for
patients with primary and secondary immune deficiencies,
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IVIg is now widely used for the treatment of a number
of autoimmune and systemic inflammatory diseases (1–3).
The available clinical and experimental evidence suggests
that besides these, many other immune-mediated condi-
tions could benefit from IVIg. These include acute and
chronic relapsing diseases, autoimmune disorders me-
diated by pathogenic autoantibodies or autoaggressive
T cells, and inflammatory disorders with an imbalance
in cytokine networks.

IVIg is prepared from pooled plasma obtained from
thousands of healthy blood donors. The large donor pool
ensures the diversity of immunoglobulin repertoire that
far exceeds that of an individual. Thus, IVIg contains a
sampling from the entire array of variable regions of an-
tibodies, expected to be present in normal serum. Hence,
IVIg is comprised of a broad range of immune anti-
bodies directed against pathogens and foreign antigens.
Their presence is critical for the substitutive treatment of
patients with humoral immune deficiencies. Presence of
natural antibodies (NAbs) to a number of self-antigens is
believed to be essential for the immunoregulatory effects
of IVIg in immune-mediated disorders.

NATURAL ANTIBODIES (NAbs)

Natural antibodies (NAbs) constitute a large fraction
of serum immunoglobulin (Ig). The autoreactive antibody
secreting B lymphocytes (B1 B cells) found in healthy
individuals produce NAbs (4). It has been estimated that
5–15% of splenic B-cells activated in vivo, can secrete
NAbs (5) and up to 20% circulating human B cells are
autoreactive (6).

Several functions have been proposed for NAbs un-
der physiological conditions. NAbs function primarily to
control autoreactivity and maintain immune homeostasis
in healthy individuals. They have an important role in
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the selection of autoreactive B cells and prevention of
uncontrolled expansion of specific autoreactive clones.
NAbs, through V region-dependent complementary inter-
actions, control the autoreactivity in serum under phys-
iological conditions (5). In addition, they may prevent
the occurrence of pathological autoimmunity by binding
to microbial epitopes similar or identical to self-antigens.
The immunomodulatory effect of systemic administration
of intravenous immunoglobulin (IVIg) in inflammatory
disorders provides evidence that normal circulating im-
munoglobulin has antiinflammatory properties. As IVIg
is a therapeutic preparation of pooled normal polyspe-
cific human IgG, it contains a wide spectrum of NAbs
expressed in normal human serum.

A number of NAbs against soluble and membrane-
associated self-molecules, involved in immune regulation,
have been characterized in IVIg. These include autoanti-
bodies to idiotypes of immunoglobulins and B-cell anti-
gen receptors (7, 8) to αβ T-cell receptor (9), CD5 (10),
CD4 (11), cytokines and cytokine receptors (12, 13), non-
polymorphic determinants of MHC class I molecules (14),
Fcγ receptors, the Fas molecule (CD95) (15, 16), and
the Arg-Gly-Asp (RGD) motif of integrins (17). NAbs
and their target molecules are directly relevant to the
immunomodulatory effects of IVIg. The ability of IVIg
to interact with idiotypes of autoantibodies accounts for
its ability to neutralize circulating autoantibodies in cer-
tain autoantibody-mediated autoimmune diseases. A ther-
apeutic role for antagonistic anti-Fas antibodies present
in IVIg has been suggested in toxic epidermal necrolysis
(TEN) (Lyell syndrome) (16).

CLINICAL USES OF IVIg

Initially used as a replacement therapy for immunode-
ficiency diseases, IVIg is now widely used for a number
of autoimmune and inflammatory diseases. IVIg is used
in two distinct dosing schedules, (i) low dose or “replace-
ment” therapy and, (ii) high dose or “immunomodula-
tory/antiinflammatory therapy” (Table I).

Replacement Therapy

Primary Immunodeficiencies. IVIg is used to prevent
infections in patients with primary immunodeficiency dis-
eases (18–20). Following the introduction of IVIg therapy,
the incidence of pulmonary infections has reduced signifi-
cantly. Trough serum levels of IgG above 500 mg/dL
appear to be adequate for preventing pulmonary infec-
tions and its complications (21). To achieve this level, a
300–500 mg/kg body weight of IVIg every 3–4 weeks is
recommended (22, 23).

Table I. Clinical Uses of IVIg

A. Replacement (low dose) therapy
I. Primary immunodeficiency diseases

II. Secondary immunodeficiency
B-cell malignancies (CLL, MM)
HIV infection

B. Immunomodulator (high dose) therapy
I. Hematological diseases

Idiopathic thrombocytopenic purpura (ITP)a

Acquired immune thrombocytopenias
Autoimmune neutropenia
Autoimmune hemolytic anemia
Parvovirus B19-associated red cell aplasia
Antifactor VIII autoimmune disease
Acquired von Willebrand’s disease

II. Neuroimmunological diseases
Guillain–Barré syndrome (GBS)a

Chronic inflamatory demyelinating polyneuropathy (CIDP)a

Multifocal motor neuropathy (MMN)a

Multiple sclerosis
Myasthenia Gravisa

Lambert–Eaton syndrome
Stiff person syndrome

III. Rheumatic diseases
Kawasaki diseasea

ANCA-positive systemic vasculitis
Polymyositis
Dermatomyositisa

Antiphospholipid syndrome
Recurrent spontaneous abortions
Rheumatoid arthritis and Felty’s syndrome
Systemic lupus erythematosus (SLE)
Juvenile idiopathic arthritis (JIA)

IV. Dermatological diseases
Toxic epidermal necrolysis (TEN)
Autoimmune skin blistering diseases (BP, PF, PV)a

Streptococcal toxic shock syndrome
Steroid-dependent severe atopic dermatitis

V. Other conditions
Graft versus host diseasea

Antibody-mediated rejection (AMR) of the graft
Sepsis syndrome

aIndicates diseases in which evidence for the effect of IVIg has been
obtained in controlled trials.

Secondary Immunodeficiencies. Secondary immun-
odeficiency in B-cell malignancies (CLL, Multiple my-
eloma), results in severe and recurrent bacterial infections
due to reduced antibody synthesis (24). Prophylactic IVIg
therapy has reduced the incidence of infectious complica-
tions in these patients (25, 26).

IVIg replacement therapy in pediatric HIV infection
has resulted in reduced incidence of bacterial infections,
decreased morbidity, and improved quality of life (27).
Following bone marrow transplantation, IVIg therapy is
reported to reduce the incidence of infections, septicemia,
platelet transfusion requirement, and acute GVHD (28).
However, with the availability of newer antimicrobials
(gancyclovir, fluoroquinolones, antifungal agents) and the
risk of veno-occlusive disease associated with IVIg use, it
is not routinely recommended for infection prophylaxis
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(29). It may be reserved for hypogammaglobulinemic
patients (IgG < 4g/L) after bone marrow transplantation
(30).

Immunomodulator/Immunoregulatory Therapy

High-dose IVIg is used to treat many autoimmune and
inflammatory disorders.

Hematological Disorders. ITP was the first autoim-
mune disease successfully treated with IVIg (31–33). IVIg
improves the platelet count in both childhood and adult
ITP (34, 35). The ITP patients having anti-Gp Ib/IX an-
tibody in their serum may be less responsive to IVIg
(36). It is also helpful in Parvovirus-19-related pure red
cell aplasia (PRCA) (37), autoimmune neutropenia (AIN)
(38), and autoimmune hemolytic anemia (AIHA) (39).
Antifactor VIII autoimmune disease and acquired von
Willbrand’s Disease also respond to IVIg therapy (40).

Neuroimmunological Disorders. IVIg is as effective
as plasma exchange in the treatment of acute paralytic
Guillain–Barre syndrome (GBS) (41). It is the treatment
of choice in multifocal motor neuropathy with conduc-
tion blocks (MMN). Treatment with steroids has lit-
tle effect and may even worsen the disease. IVIg im-
proves muscle strength and neurological disability scores
and may reverse conduction blocks in this disease (42,
43). In Chronic Inflammatory Demyelinating Polyneu-
ropathy (CIDP), IVIg is increasingly supplanting tradi-
tional steroid therapy. Evidence from randomized con-
trolled trials (44, 45) indicates that IVIg is as effective
as steroids and plasma exchange, at least in the short
term.

The efficacy of IVIg is similar to plasma exchange for
myasthenic crisis (46). It produces short-term improve-
ment in muscle strength in Lambert–Eaton Syndrome (47)
and significantly reduces muscle stiffness in stiff person
syndrome (48).

The beneficial effects of IVIg in reducing the frequency
of relapses, improving neurological status and disability
in relapsing remitting multiple sclerosis (MS) is similar to
that achieved with beta-interferon and glatiramer acetate
(49). It also reduces the pregnancy and postpartum-related
relapses (50). In contrast, IVIg is of no demonstrable ben-
efit in secondary progressive MS (51).

Rheumatic Diseases. Clinical and experimental ev-
idence suggest that IVIg may be a viable therapy for
several rheumatic diseases (52, 53). IVIg given in the
first 10 days of acute illness is effective in Kawasaki dis-
ease (54). In dermatomyositis, it significantly improves
the muscle strength and neuromuscular symptom scores
of patients (55). In polymyositis, up to 70% improvement
in muscle strength has been reported (3). The benefit of

high-dose IVIg therapy in inclusion body myositis was
found to be modest and transient (56, 57).

IVIg is shown to be a useful adjunctive therapy in an-
tineutrophil cytoplasmic antibody (ANCA)-positive sys-
temic vasculitis (AASV), refractory to standard immuno-
suppressive therapy (58–60). Its use as the single drug
in AASV without vital organ involvement also produced
encouraging results (61). However, the use of IVIg in
mixed cryoglobulinaemic vasculitis is fraught with dan-
ger. There is a risk of acute renal failure caused by the
deposition of immune complexes formed by exogenous
IgG and the intrinsic IgM rheumatoid factor component
of mixed cryoglobulins (62).

Despite encouraging reports, the clinical value of IVIg
is not well established in systemic lupus erythemato-
sus (SLE) (53, 63). IVIg is used either in nonrespon-
sive severe cases, or as a steroid-sparing agent. However,
the efficacy of IVIg therapy in maintaining remission
in patients with lupus nephritis has been demonstrated
(64). Patients with other rheumatic diseases, such as
JIA, Sjogren’s syndrome, antiphospholipid syndrome, and
fibrosis-associated disorders have been reported to benefit
from IVIg (3, 54, 65–68).

Several autoimmune rheumatic conditions, including
rheumatoid arthritis, systemic lupus erythematosus, and
antiphospholipid syndrome, are characterized by en-
hanced atherosclerosis and consequently higher cardio-
vascular morbidity and mortality rates. IVIg has been
shown to reduce the process of atherosclerosis likely via
inhibitory effects on foam-cell formation and neutralizing
the pathogenic anti-oxLDL antibodies (69, 70).

Immunological Diseases of the Skin. Uncontrolled
studies have shown a reduction in blistering and mortality
with IVIg therapy in Steven Johnson syndrome (SJS) and
Toxic Epidermal Necrolysis (TEN) (71, 72). Autoimmune
blistering disorders [Pemphigus vulgaris (PV), Pemphi-
gus foliaceus (PF), Bullous pemphigoid (BP)] were shown
to improve with high-dose IVIg therapy (73, 74). In a
mouse model of PV, IVIg as a whole and its F(ab’)2 por-
tion inhibited the binding of antidesmoglein-3 antibody to
recombinant desmoglein-3 in a dose-dependent manner.
IVIg prevented acanthylosis and IgG deposition in the in-
tercellular spaces (75). Other skin conditions where IVIg
is reported to be useful are, atopic dermatitis (76), chronic
immune urticaria (77), scleromyxoedema (78), pyoderma
gangrenosum (79), erythema multiforme, and psoriasis
(80).

Transplantation
Graft versus Host Disease (GVHD). Several large

controlled studies showed that intravenous immunoglob-
ulin not only prevented infections but also reduced the
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incidence and severity of GVHD in patients older than
20 years undergoing allogenic, unrelated-donor, bone
marrow transplantation, especially those not receiving
T-cell depleted marrow (81, 82). In this high-risk group,
increasing the dose of IVIg to 500 mg/kg appeared to be
associated with a lower incidence of acute GVHD (82).
However, IVIg has not been shown to reduce GVHD in
HLA identical sibling donor transplantation (29, 81). In
one study, use of higher doses of IVIg was found to be
associated with severe (grade 3) veno-occlusive disease
(29). Besides, long-term administration of IVIg beyond
3 months has been found to delay the recovery of humoral
immunity (83).

Antibody-Mediated Transplant Rejection (AMR).
IVIg therapy given to highly sensitized patients leads to re-
duction in allo-sensitization, reduced ischemic-perfusion
injuries, fewer acute rejection episodes, and better long-
term results for cardiac and renal allograft recipients (84–
86). In pig-to-baboon xenotransplants, IVIg treatment sig-
nificantly prolonged the survival of graft through inhibi-
tion of complement-mediated endothelial cell injury (87).
IVIg has the ability to inhibit antibody-mediated injury
to vasculature through inhibition of antibody production
and inhibition of complement-mediated lysis of target
cells (88). A recent multicenter, double-blinded, placebo-
controlled trial concluded that IVIg is superior to placebo
in reducing anti-HLA antibody levels and improving suc-
cessful transplantation rates in highly sensitized patients
with end-stage renal disease (ESRD) (89).

Miscellaneous. IVIg therapy is reported to be use-
ful in patients with streptococcal toxic shock syndrome
(STSS) (90). IVIg contains superantigen neutralizing an-
tibodies and plasma from patients with STSS after IVIg
administration completely blocks the streptococcal toxin-
induced cytokine production (91). In transgenic model of
STSS, IVIg neutralized superantigens and reduced sys-
temic inflammatory response (92).

The efficacy of IVIg as adjunct therapy in sepsis has
long been debated. Clinical trials have yielded contradic-
tory results. IVIg administration is reported to be a sig-
nificant predictor for survival in Pediatric intensive care
units (93).

IVIg is useful in HIV-associated PRCA, immune
thrombocytopenia, and GBS (37). It has also been found
to temporarily control HIV replication in AIDS patients
(94).

COMPOSITION OF INTRAVENOUS IMMUNOGLOBULIN

All available preparations of IVIg consist of intact IgG
molecules with a distribution of IgG subclasses corre-

sponding to that of normal human serum. IVIg, like nor-
mal human serum, is rich in self-reactive natural antibod-
ies of the IgG, IgM, and IgA isotype. Since there is a high
content of NAbs in IVIg, a significant fraction of IVIg
consists of antibodies capable of interacting with variable
regions (idiotypes) of other antibody molecules present
in the preparation to form variable region-dependent (id-
iotypically complementary) dimers. The content in such
dimers in the IVIg pool increases with the number of
donors contributing to the pool. The formation of idiotype-
idiotype dimers may account for some of the clinical ef-
fects of IVIg. IVIg has also been shown to contain trace
amounts of soluble CD4, CD8, and HLA molecules and
of certain cytokines such as TGF-β (95, 96). The prepara-
tions contain intact Fc molecules which allow IVIg to
interact with and signal through Fc receptors on Fcγ
receptor-expressing cells, including phagocytes and B
cells, and with a number of Fc-binding plasma proteins,
e.g., components of the complement system.

IVIg DOSAGE

Intravenous immunoglobulin (IVIg) is widely used as
supportive therapy for many immunodeficiency disorders
and as treatment of different autoimmune disorders in
two distinct dose regimens (1, 3). The plasma IgG level
reached in immunodeficient patients, immediately fol-
lowing infusion of IVIg as a “replacement” dose (300–
500 mg/kg), is 12–14 mg/mL. It is higher (25–35 mg/mL)
when administered as a “therapeutic” immunomodulator
(2 g/kg) dose in autoimmune and inflammatory disorders
(97).

The immunomodulatory therapeutic dose of IVIg may
be infused as five daily doses of 400 mg/kg each. However,
some studies found a superior effect of IVIg when given
as a single full dose rather than divided doses (1, 3, 73).
For the maintenance of therapeutic response, repeated in-
fusions of IVIg, usually 2 g/kg at 4–6-week intervals, are
needed. More studies are required to confirm the optimum
dose and appropriate time period for IVIg treatment for
induction and maintenance of immune response in these
diseases. The half-life of infused IVIg in immunocompe-
tent individuals is 3 weeks.

SAFETY OF IVIg

IVIg therapy is relatively safe. Adverse reactions to
IVIg occur in 5–10% of patients (1, 3). Common and
mild side effects include headache, nausea, chills, myal-
gia, low-grade fever, urticaria, arthralgia, and increased
blood pressure following IVIg infusion in patients at high
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risk of hypertension. These symptoms can be relieved ei-
ther by reducing the infusion rate or temporarily stopping
the infusion. Mild reactions to IVIg are more frequent, oc-
cur within the first 30 min of infusion, and may be relieved
by reducing the rate or temporarily stopping the infusion.
Acute meningeal inflammation with aseptic cerebrospinal
fluid pleiocytosis may occur within 48–72 h after admin-
istration of IVIg. The symptoms resolve spontaneously
and may be prevented by antiinflammatory agents (98). It
is possible that in vivo activation of TNFα-primed neu-
trophils, by atypical antineutrophil cytoplasmic antibod-
ies (ANCA) present in IVIg may contribute to the side
effects of IVIg therapy (99). Rare but serious side effects
including anaphylactic reactions occur in patients with
IgA deficiency which is associated with the development
of anti-IgA antibodies that react with IgA in the IVIg
preparation. This can be prevented by using IgA-depleted
IVIg (1). Flares of disease or appearance of immune-
mediated diseases such as SLE, vasculitis, and uveitis
are other potential serious complications (53, 63). Elderly
patients, patients with diabetes or preexisiting impairment
in renal function are at risk of acute renal failure, which is
usually limited to a transient increase in creatinine levels
within 2–5 days after infusion of IVIg (100). Renal failure
is related to tubular damage induced by sucrose used as a
stabilizer in some IVIg preparations. A close follow-up of
renal function is recommended in patients at risk. IVIg has
rarely been associated with arterial or venous thrombosis,
pulmonary embolism, myocardial infarction, stroke, or
retinal artery or vein occlusion. These thromboembolic
events occur in patients at high risk of thrombosis due to
IVIg-associated increase in plasma viscocity or anticardi-
olipin antibodies (101). There is no report of transmission
of HIV by IVIg, although several outbreaks of hepatitis
C associated with its administration were reported in the
mid-’90s (102). The risk of viral transmission has been
eliminated to a large extent by rigorous donor selection
and introduction of new manufacturing processes. Despite
increased public concern about emerging and re-emerging
infectious diseases and a debate on the risk of blood-borne
transmission of variant Creutzfeldt–Jakob disease, IVIg
has an excellent safety record through the last decade
(103).

MODE OF ACTION OF IVIg

The mode of action of IVIg is complex. It is found
to exert its effect through modulation of expression and
function of Fc receptors, interference with complement
activation and the cytokine network, provision of antiid-
iotypic antibodies, modulation of dendritic cell, T and B

cell activation, differentiation, and their effector functions
(1, 3, 18, 104) (Fig. 1). Thus, IVIg has multiple modes
of action, thought to act synergistically. Such a broad
range of activity reflects the importance of circulating
immunoglobulins in the maintenance of tolerance to self
and immune homeostasis in healthy individuals. A brief
overview of mechanisms that may underlie the benefits
of IVIg in autoimmune and inflammatory diseases is pre-
sented as follows.

Fc-Mediated Effects of IVIg

IgG consists of Fab regions that recognize antigenic
targets and provide diversity to antibodies, and Fc region
that allows antibody to interact with Fc gamma receptors
(Fcγ R) on phagocytes. Currently, four classes of Fcγ R are
identified: Fcγ RI, Fcγ RII, Fcγ RIII, and Fcγ RIV (105).
Of these, Fcγ RI, Fcγ RIIA, Fcγ RIIIA, and Fcγ RIV are
“activating receptors” while Fcγ RIIB is an “inhibitory
receptor.” Activating Fcγ Rs for IgG are primary media-
tors of proinflammatory activity in autoimmune diseases
(106). Mice rendered genetically deficient in activating
Fcγ Rs are protected from pathogenic antibodies (105).
Interaction between the Fc portion of IVIg and Fcγ R
on target cells, governs some of the antiinflammatory
mechanisms of IVIg. These activities were first applied
for the treatment of ITP characterized by platelet clear-
ance mediated by pathogenic antiplatelet antibodies. This
platelet clearance is probably mediated by interactions
between autoantibodies and Fcγ R expressed on mono-
cytes or macrophages in the reticuloendothelial system
(RES). The competitive blockade of these Fcγ Rs by IVIg
has long been considered to be the primary mechanism
whereby IVIg may render the sensitized cells of RES un-
able to exert their function of phagocytosis or antibody-
dependent cellular cytotoxicity (ADCC), leading to an
increase of platelet count in patients with ITP. Infusion of
purified Fc fragments of IVIg ameliorates acute immune
thrombocytopenic purpura (ITP) in children and in murine
models, as with IVIg (107).

Mice deficient in neonatal Fc Receptor (FcRn) are pro-
tected from pathogenic IgG autoantobodies. The long
serum half life of autoantibodies results from their in-
teraction with FcRn present on endothelial cells. Normal
FcRn binds to the internalized IgG inside lysosomes and
prevents its intracellular degradation. Thus, the FcRn sat-
uration by IVIg would result in the accelerated clearance
of IgG and therefore reduce the level of pathogenic au-
toantibodies (108, 109).

In addition to Fcγ R saturation, IVIg might also modu-
late the expression of these receptors. In animal model of
ITP, the protective effect of IVIg or IVIg Fc is associated
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Fig. 1. Schematic representation of proposed mechanisms of action of IVIg in autoimmune and inflammatory
diseases. The mechanisms underlying beneficial effects of IVIg in autoimmune and inflammatory diseases involve
its direct interaction with various cellular and soluble components of the immune system and modulation of the
functions of the immune system. IVIg is found to exert its effect through modulation of expression and function of Fc
receptors, interference with complement activation and the cytokine network, provision of antiidiotypic antibodies,
modulation of dendritic cell, T and B cell activation, differentiation, and their effector functions.

with upregulation of the inhibitory receptor Fcγ RIIB
on splenic macrophages and is abrogated in mice lack-
ing FCGRIIB gene (110). A recent study of a murine
model of nephrotoxic nephritis has suggested that IVIg
could be effective by both upregulating the expression
of inhibitory Fcγ RIIB and downregulating the activating
Fcγ RIV (111).

The mechanism of IVIg protection appears to be inde-
pendent of both the antibody specificity and the site of
macrophage activation and is likely to represent a general
mechanism for IVIg protection in antibody-triggered au-
toimmune diseases. However, in some models, Fcγ RIIB-
dependent effects of IVIg are dependent of the presence of
a particular population of macrophages, the “regulatory”
(CSF-1 dependent) macrophages (112).

Recently, a role for both activating and inhibitory Fcγ R
in the control of ITP has been reported (113). It has been
shown that the transfer of IVIg-primed CD11c+ dendritic
cells drives the amelioration of ITP through the engage-
ment of activating Fcγ R expressed on dendritic cells by
IVIg as a first event (113), suggesting that ITAM-bearing
receptors are also involved in the inhibition of immune
responses.

Furthermore, Park Min et al. (114) have described the
role of small immune complexes and Fcγ RIII in nega-
tive regulation of IFN-γ mediated inflammation which
contributes to therapeutic efficacy of IVIg, independent
of Fcγ RIIB expression. Thus, its Fcγ RIIB and Fcγ RIII-
dependent actions may be complementary.

Recently, Kaneko et al., have reported that antiinflam-
matory activity of IVIg results from Fc sialylation (115).
Recombinant sialylated Fc fragments of IgG could, there-
fore, be an attractive therapeutic alternative that could help
to overcome the shortage of IVIg for several autoimmune
or inflammatory pathologies. Moreover, this study sug-
gests that like monoclonal antibodies (MAbs), the pattern
of N-glycosylation of the Fc of polyclonal immunoglobu-
lins could be engineered in order to optimize IVIg efficacy
(116).

The Immunoregulatory Role of Antiidiotypic
Antibodies Present in IVIg

Interactions between IVIg and idiotypic determinants
of autoantibodies provide the basis for the ability of IVIg
to regulate autoreactive B cell clones in vivo. Several lines
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of evidence indicate that antibodies in IVIg recognize id-
iotypes of disease-associated and natural autoantibodies,
and antigen receptors on B lymphocytes. Intact IVIg and
F(ab′)2 fragments of IVIg neutralize the activity of vari-
ous autoantibodies and/or inhibit the binding of autoan-
tibodies to their respective autoantigens in vitro. Inhibi-
tion of autoantibody activity by IVIg is observed in the
case of autoantibodies to factor VIII, thyroglobulin, DNA,
intrinsic factor, peripheral nerve, neutrophil cytoplasmic
antigens, platelet gpIIb/IIIa, the acetylcholine receptor,
endothelial cells, phospholipids, nephritic factor, and reti-
nal autoantigen-β (117). Reduction in the autoantibody
titer in vivo, is observed in several conditions follow-
ing IVIg therapy (118, 119). Presence of antiidiotypes
to disease-associated autoantibodies may explain the ef-
ficacy of IVIg in myasthenia gravis, Lambert–Eaton syn-
drome, and antibody-mediated neuropathies (120, 121).
However, Fab-mediated effects are unlikely to be solely
responsible for the effect of IVIg.

Attenuation of Complement-Mediated Damage

The interaction of IVIg with complement prevents the
generation of C5b-9 membrane attack complex and subse-
quent complement-mediated tissue damage, by scaveng-
ing active complement components and diverting com-
plement attack from cellular targets (122). IVIg binds the
activated components C3b and C4b in a C1q-independent
(123) and C1q-dependent (124) fashion, thus preventing
the deposition of these fragments on target surfaces of
complement activation. This action of IVIg is relevant
in the treatment of patients with severe dermatomyosi-
tis, Guillain–Barré syndrome, and myasthenia gravis. Re-
cently, a F(ab′)2-mediated neutralization of C3a and C5a
anaphylotoxins has been proposed as an effector function
of IVIg (125).

Modulation of the Production of Cytokines

Modulation of the production of cytokines and cy-
tokine antagonists by IVIg is a major mechanism by
which immunoglobulin exerts its antiinflammatory effects
in vivo (126) in neuromuscular disorders like inflamma-
tory myopathies, demyelinating neuropathies, and myas-
thenia gravis (120, 127). IVIg was shown to selectively
trigger the production of interleukin-1 receptor antago-
nist (IL-1ra), the natural antagonist of IL-1, in cultures
of purified monocytes, without concomitant effect on the
production of the proinflammatory cytokines IL-1α, IL-
1β, IL-6, and TNF-α (128, 129). Circulating levels of
interleukin-1β in patients with the Guillain–Barré syn-
drome decrease after treatment with IVIg (130). The an-
tiinflammatory effects of IVIg relating to modulation of

cytokine production are not restricted to monocytic cy-
tokines, but are also largely dependent on the ability of
IVIg to modulate Th1 and Th2 cytokine production (131).

Interaction of IVIg with Membrane Molecules of Antigen
Presenting Cells, B and T Lymphocytes

Besides binding to idiotypes of immunoglobulins, IVIg
reacts with a number of membrane molecules of T cells,
B cells, and monocytes, which are relevant to the control
of autoreactivity and induction of tolerance to self. Thus,
IVIg is shown to contain antibodies to variable and con-
stant regions of the human T-cell receptor (9), cytokines
and cytokine receptors (12, 13), CD5 (10), CD4 (11),
HLA class I molecules (14), RGD adhesion motif (17),
the chemokine receptor CCR5 (132), CD40 (133), and Fas
(16). Antibodies directed to such functional molecules of
lymphocytes may be important to the immunomodulatory
effect of normal immunoglobulins. IVIg inhibits toxic epi-
dermal necrolysis (TEN) (Lyell’s syndrome) by blocking
the interaction of Fas with its natural ligand, Fas ligand
(Fas L) (16). While Fas receptors are normally expressed
in keratinocytes, high levels of soluble Fas ligand were
observed in the sera of patients with TEN. The observed
beneficial effect of IVIg in TEN is believed to be due to
the presence of naturally occurring antibodies against Fas
in IVIg that block Fas–Fas L interaction (16).

Interaction of IVIg with Dendritic Cells

Because of their capacity to stimulate naive T cells,
dendritic cells (DC) have a central role in the initiation of
primary immune responses and are considered promising
targets for immunotherapy (134). Dendritic cells (DC) are
the primary mediators for the immunosuppressive effect
of IVIg on T-cell activation (97, 135). IVIg inhibits the dif-
ferentiation and maturation of DC in vitro, abrogates the
capacity of mature DC to secrete IL-12 upon activation,
while enhancing IL-10 production. IVIg-induced down-
regulation of costimulatory molecules, associated with
modulation of cytokine secretion results in inhibition of
auto- and alloreactive T-cell activation and proliferation
(135). At “therapeutic” high dose, IVIg interferes with the
differentiation of DC in SLE patients, along with an inhibi-
tion of the expression of HLA and CD80/CD86 molecules.
IVIg-treated immature DC also display reduced ability to
ingest nucleosomes (97). Given the critical role of HLA
molecules and costimulatory signals delivered by CD80
and CD86 for optimal antigen presentation and T-cell ac-
tivation, the inhibition of expression of these molecules
by IVIg offers a plausible explanation for the efficacy of
IVIg in SLE and other immunoinflammatory conditions.
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Contrary to its inhibitory effect on DC with “therapeu-
tic” high dose, IVIg exerts an agonistic effect on the differ-
entiation of DC with “replacement” low dose. DC from pa-
tients with common variable immunodeficiency (CVID)
show defective differentiation (136). In the presence of
IVIg, the DC from CVID patients show upregulation of
CD1a (marker of differentiated DC) and costimulatory
molecules CD80, CD86, and CD40 (molecules critical
in DC–T-cell cross-talk) as compared to DC in the pres-
ence of autologous plasma alone. Partial restoration of DC
phenotypes in primary immunodeficiency patients, points
toward the role of IVIg in maintaining immune homeosta-
sis, through its interaction with the cellular compartment
(137, 138). Thus, IVIg replacement therapy is much more
than a mere transfer of antibodies in immunodeficient
patients.

Effect on Remyelination

In addition to the immunomodulating effects, im-
munoglobulins seem to have a remyelinating potential.
In Theiler’s virus-induced murine encephalomyelitis
(TMEV), an animal model of MS, myelin protein antibod-
ies, hyperimmune serum, as well as pooled immunoglobu-
lins from donor mice promote and improve remyelination
(139, 140). Similar results have been observed in experi-
mental autoimmune neuritis (EAN), the animal model of
GBS (141). Little is known about the exact mechanism
behind this phenomenon. It is possible that immunoglob-
ulins may, through improved opsonization of myelin and
axons, lead to a limited secondary cellular infiltration and
thus to protection from further injury. Removal of myelin-
associated inhibitors that are known to be present in cen-
tral nervous system (CNS) and peripheral nervous system
(PNS) lesions may, in addition, play a role in this process.
Immunoglobulins lead to increased uptake of myelin de-
bris by macrophages in vitro (142). The phagocytosis of
myelin debris by macrophages in demyelinating diseases
may lead to removal of inhibitory factors. It may also lead
to production of growth factors by macrophages, such as
platelet-derived growth factor, ciliary neurotrophic factor,
or insulin growth factor (143). Further studies are nec-
essary to investigate the effects of immunoglobulins on
macrophages and the role of this cell in remyelination.

CONCLUSION

Considerable progress has been made in understanding
the mechanisms by which IVIg exerts immunomodulatory
effects in autoimmune and inflammatory disorders. Its
mechanism of action is complex, involving modulation
of expression and function of Fc receptors, interference

with activation of complement and the cytokine network,
provision of antiidiotypic antibodies, regulation of cell
growth, and effects on the activation, differentiation, and
effector functions of DC, T and B cells. The therapeutic
effects of IVIg in all likelihood reflect the functions of
natural antibodies in maintaining immune homeostasis in
healthy people.

Over the past two decades, IVIg has become the pre-
ferred treatment for Guillain–Barré syndrome, chronic in-
flammatory demyelinating polyneuropathy, and Kawasaki
disease. The ability of IVIg to interact through comple-
mentary V regions of antibodies, antigen receptors, and
relevant soluble and surface molecules, provides the basis
for re-emergence of normal immune repertoire in treated
patients.
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tionnement et des Biotechnologies, Les Ulis, France; CSL
Behring AG, Switzerland; Octapharma, Austria; and Tale-
cris, USA. While we do not intend to undermine the value
of uncited studies, we regret that due to space limitations,
we could not cite all relevant published work.

REFERENCES

1. Kazatchkine MD, Kaveri SV: Immunomodulation of autoimmune
and inflammatory diseases with intravenous immune globulin. N
Engl J Med 345:747–755, 2001

2. Gold R, Stangel M, Dalakas MC: Drug Insight: The use of intra-
venous immunoglobulin in neurology-therapeutic considerations
and practical issues. Nat Clin Pract Neurol 3:36–44, 2007

3. Dalakas MC: Intravenous immunoglobulin in autoimmune neuro-
muscular diseases. JAMA 291:2367–2375, 2004

4. Berland R, Wortis HH: Origins and functions of B-1 cells with
notes on the role of CD5. Annu Rev Immunol 20:253–300, 2002

5. Lacroix-Desmazes S, Kaveri SV, Mouthon L, Ayouba A,
Malanchere E, Coutinho A, Kazatchkine MD: Self-reactive an-
tibodies (natural autoantibodies) in healthy individuals. J Immunol
Methods 216:117–137, 1998

6. Wardemann H, Yurasov S, Schaefer A, Young JW, Meffre E,
Nussenzweig MC: Predominant autoantibody production by early
human B cell precursors. Science 301:1374–1377, 2003

7. Rossi F, Kazatchkine MD: Antiidiotypes against autoantibodies in
pooled normal human polyspecific Ig. J Immunol 143:4104–4109,
1989

8. Rossi F, Dietrich G, Kazatchkine MD: Anti-idiotypes against
autoantibodies in normal immunoglobulins: Evidence for net-
work regulation of human autoimmune responses. Immunol Rev
110:135–149, 1989

Journal of Clinical Immunology, Vol. 27, No. 3, 2007



INTRAVENOUS IMMUNOGLOBULIN 241

9. Marchalonis JJ, Kaymaz H, Dedeoglu F, Schluter SF, Yocum DE,
Edmundson AB: Human autoantibodies reactive with synthetic
autoantigens from T-cell receptor beta chain. Proc Natl Acad Sci
USA 89:3325–3329, 1992

10. Vassilev T, Gelin C, Kaveri SV, Zilber MT, Boumsell L,
Kazatchkine MD: Antibodies to the CD5 molecule in normal
human immunoglobulins for therapeutic use (intravenous im-
munoglobulins, IVIg). Clin Exp Immunol 92:369–372, 1993

11. Hurez V, Kaveri SV, Mouhoub A, Dietrich G, Mani JC,
Klatzmann D, Kazatchkine MD: Anti-CD4 activity of normal
human immunoglobulin G for therapeutic use. (Intravenous im-
munoglobulin, IVIg). Ther Immunol 1:269–277, 1994

12. Bendtzen K, Hansen MB, Ross C, Svenson M: High-avidity au-
toantibodies to cytokines. Immunol Today 19:209–211, 1998

13. Svenson M, Hansen MB, Ross C, Diamant M, Rieneck K, Nielsen
H, Bendtzen K: Antibody to granulocyte-macrophage colony-
stimulating factor is a dominant anti-cytokine activity in human
IgG preparations. Blood 91:2054–2061, 1998

14. Kaveri S, Vassilev T, Hurez V, Lengagne R, Lefranc C, Cot S,
Pouletty P, Glotz D, Kazatchkine MD: Antibodies to a conserved
region of HLA class I molecules, capable of modulating CD8 T
cell-mediated function, are present in pooled normal immunoglob-
ulin for therapeutic use. J Clin Invest 97:865–869, 1996

15. Prasad NK, Papoff G, Zeuner A, Bonnin E, Kazatchkine MD,
Ruberti G, Kaveri SV: Therapeutic preparations of normal polyspe-
cific IgG (IVIg) induce apoptosis in human lymphocytes and mono-
cytes: A novel mechanism of action of IVIg involving the Fas
apoptotic pathway. J Immunol 161:3781–3790, 1998

16. Viard I, Wehrli P, Bullani R, Schneider P, Holler N, Salomon D,
Hunziker T, Saurat JH, Tschopp J, French LE: Inhibition of toxic
epidermal necrolysis by blockade of CD95 with human intravenous
immunoglobulin. Science 282:490–493, 1998

17. Vassilev T, Kazatchkine MD, Duong Van Huyen JP, Mekrache
M, Bonnin E, Korinth D, Baruch D, Mani JC, Lecroubier C,
Schriever F, Kaveri SV: Inhibition of cell adhesion by antibodies
to Arg-Gly-Asp (RGD) in normal immunoglobulin for therapeutic
use (intravenous immunoglobulin, IVIg). Blood 93:3624–3631,
1999

18. Bayry J, Lacroix-Desmazes S, Kazatchkine MD, Kaveri SV: In-
travenous immunoglobulin for infectious diseases: Back to the
pre-antibiotic and passive prophylaxis era? Trends Pharmacol Sci
25:306–310, 2004

19. Busse PJ, Razvi S, Cunningham-Rundles C: Efficacy of intra-
venous immunoglobulin in the prevention of pneumonia in patients
with common variable immunodeficiency. J Allergy Clin Immunol
109:1001–1004, 2002

20. Ochs HD, Gupta S, Kiessling P, Nicolay U, Berger M: Safety
and efficacy of self-administered subcutaneous immunoglobulin in
patients with primary immunodeficiency diseases. J Clin Immunol
26:265–273, 2006

21. de Gracia J, Vendrell M, Alvarez A, Pallisa E, Rodrigo MJ, de la
Rosa D, Mata F, Andreu J, Morell F: Immunoglobulin therapy to
control lung damage in patients with common variable immunod-
eficiency. Int Immunopharmacol 4:745–753, 2004

22. Chapel H, Geha R, Rosen F: Primary immunodeficiency diseases:
An update. Clin Exp Immunol 132:9–135, 2003

23. Eijkhout HW, van der Meer JW, Kallenberg CG, Weening RS, van
Dissel JT, Sanders LA, Strengers PF, Nienhuis H, Schellekens PT:
The effect of two different dosages of intravenous immunoglobulin
on the incidence of recurrent infections in patients with primary hy-
pogammaglobulinemia. A randomized, double-blind, multicenter
crossover trial. Ann Intern Med 135:165–174, 2001

24. Chapel H, Griffiths H, Brennan V, Bunch C, Lea J, Lee M: Hy-
pogammaglobulinaemia in low grade B cell tumours; significance
and therapy. Immunol Invest 20:187–191, 1991

25. Chapel HM, Lee M, Hargreaves R, Pamphilon DH, Prentice AG:
Randomised trial of intravenous immunoglobulin as prophylaxis
against infection in plateau-phase multiple myeloma. The UK
Group for Immunoglobulin Replacement Therapy in Multiple
Myeloma. Lancet 343:1059–1063, 1994

26. Molica S, Musto P, Chiurazzi F, Specchia G, Brugiatelli M, Cicoira
L, Levato D, Nobile F, Carotenuto M, Liso V, Rotoli B: Prophy-
laxis against infections with low-dose intravenous immunoglobu-
lins (IVIg) in chronic lymphocytic leukemia. Results of a crossover
study. Haematologica 81:121–126, 1996

27. Olopoenia L, Young M, White D, Barnes S, Rahbar F, Fomufod A:
Intravenous immunoglobulin in symptomatic and asymptomatic
children with perinatal HIV infection. J Natl Med Assoc 89:543–
547, 1997

28. Sullivan KM, Kopecky KJ, Jocom J, Fisher L, Buckner CD, Meyers
JD, Counts GW, Bowden RA, Peterson FB, Witherspoon RP, et al.:
Immunomodulatory and antimicrobial efficacy of intravenous im-
munoglobulin in bone marrow transplantation. N Engl J Med
323:705–712, 1990

29. Cordonnier C, Chevret S, Legrand M, Rafi H, Dhedin N, Lehmann
B, Bassompierre F, Gluckman E: Should immunoglobulin therapy
be used in allogeneic stem-cell transplantation? A randomized,
double-blind, dose effect, placebo-controlled, multicenter trial.
Ann Intern Med 139:8–18, 2003

30. Jolles S, Sewell WA, Misbah SA: Clinical uses of intravenous
immunoglobulin. Clin Exp Immunol 142:1–11, 2005

31. Imbach P, Barandun S, d’Apuzzo V, Baumgartner C, Hirt A, Morell
A, Rossi E, Schoni M, Vest M, Wagner HP: High-dose intravenous
gammaglobulin for idiopathic thrombocytopenic purpura in child-
hood. Lancet 1:1228–1231, 1981

32. Fehr J, Hofmann V, Kappeler U: Transient reversal of thrombo-
cytopenia in idiopathic thrombocytopenic purpura by high-dose
intravenous gamma globulin. N Engl J Med 306:1254–1258, 1982

33. Bierling P, Godeau B: Intravenous immunoglobulin and autoim-
mune thrombocytopenic purpura: 22 years on. Vox Sang 86:8–14,
2004

34. Bussel J: Treatment of immune thrombocytopenic purpura in
adults. Semin Hematol 43:S3–S10; discussion S18–S19, 2006

35. Tarantino M: Recent advances in the treatment of childhood im-
mune thrombocytopenic purpura. Semin Hematol 43:S11–S17;
discussion S18–S19, 2006

36. Go RS, Johnston KL, Bruden KC: The association between platelet
autoantibody specificity and response to intravenous immunoglob-
ulin G in the treatment of patients with immune thrombocytopenia.
Haematologica 92:283–284, 2007

37. Mouthon L, Guillevin L, Tellier Z: Intravenous immunoglobulins
in autoimmune- or parvovirus B19-mediated pure red-cell aplasia.
Autoimmun Rev 4:264–269, 2005

38. Bux J, Behrens G, Jaeger G, Welte K: Diagnosis and clinical course
of autoimmune neutropenia in infancy: Analysis of 240 cases.
Blood 91:181–186, 1998

39. Gomard-Mennesson E, Ruivard M, Koenig M, Woods A, Magy
N, Ninet J, Rousset H, Salles G, Broussolle C, Seve P: Treat-
ment of isolated severe immune hemolytic anaemia associated
with systemic lupus erythematosus: 26 cases. Lupus 15:223–231,
2006

40. Delgado J, Jimenez-Yuste V, Hernandez-Navarro F, Villar A: Ac-
quired haemophilia: Review and meta-analysis focused on therapy
and prognostic factors. Br J Haematol 121:21–35, 2003

Journal of Clinical Immunology, Vol. 27, No. 3, 2007



242 NEGI et al.

41. Hughes RA, Raphael JC, Swan AV, Doorn PA: Intravenous im-
munoglobulin for Guillain–Barre syndrome. Cochrane Database
Syst Rev CD002063, 2004

42. Federico P, Zochodne DW, Hahn AF, Brown WF, Feasby TE: Mul-
tifocal motor neuropathy improved by IVIg: Randomized, double-
blind, placebo-controlled study. Neurology 55:1256–1262, 2000

43. van den Berg-Vos RM, Franssen H, Visser J, de Visser M, de
Haan RJ, Wokke JH, van den Berg LH: Disease severity in mul-
tifocal motor neuropathy and its association with the response to
immunoglobulin treatment. J Neurol 249:330–336, 2002

44. Hughes R, Bensa S, Willison H, van den Bergh P, Comi G, Illa
I, Nobile-Orazio E, van Doorn P, Dalakas M, Bojar M, Swan
A: Randomized controlled trial of intravenous immunoglobulin
versus oral prednisolone in chronic inflammatory demyelinating
polyradiculoneuropathy. Ann Neurol 50:195–201, 2001

45. Mendell JR, Barohn RJ, Freimer ML, Kissel JT, King W,
Nagaraja HN, Rice R, Campbell WW, Donofrio PD, Jackson CE,
Lewis RA, Shy M, Simpson DM, Parry GJ, Rivner MH, Thornton
CA, Bromberg MB, Tandan R, Harati Y, Giuliani MJ: Randomized
controlled trial of IVIg in untreated chronic inflammatory demyeli-
nating polyradiculoneuropathy. Neurology 56:445–449, 2001

46. Gajdos P, Tranchant C, Clair B, Bolgert F, Eymard B, Stojkovic
T, Attarian S, Chevret S: Treatment of myasthenia gravis exacer-
bation with intravenous immunoglobulin: A randomized double-
blind clinical trial. Arch Neurol 62:1689–1693, 2005

47. Bain PG, Motomura M, Newsom-Davis J, Misbah SA, Chapel HM,
Lee ML, Vincent A, Lang B: Effects of intravenous immunoglob-
ulin on muscle weakness and calcium-channel autoantibodies in
the Lambert–Eaton myasthenic syndrome. Neurology 47:678–683,
1996

48. Dalakas MC, Fujii M, Li M, Lutfi B, Kyhos J, McElroy B: High-
dose intravenous immune globulin for stiff-person syndrome. N
Engl J Med 345:1870–1876, 2001

49. Sorensen PS, Fazekas F, Lee M: Intravenous immunoglobulin G
for the treatment of relapsing-remitting multiple sclerosis: A meta-
analysis. Eur J Neurol 9:557–563, 2002

50. Achiron A, Kishner I, Dolev M, Stern Y, Dulitzky M, Schiff E,
Achiron R: Effect of intravenous immunoglobulin treatment on
pregnancy and postpartum-related relapses in multiple sclerosis. J
Neurol 251:1133–1137, 2004

51. Hommes OR, Sorensen PS, Fazekas F, Enriquez MM, Koelmel
HW, Fernandez O, Pozzilli C, O’Connor P: Intravenous im-
munoglobulin in secondary progressive multiple sclerosis: Ran-
domised placebo-controlled trial. Lancet 364:1149–1156, 2004

52. Dalakas MC: Mechanisms of disease: signaling pathways and
immunobiology of inflammatory myopathies. Nat Clin Pract
Rheumatol 2:219–227, 2006

53. Toubi E, Kessel A, Shoenfeld Y: High-dose intravenous im-
munoglobulins: An option in the treatment of systemic lupus ery-
thematosus. Hum Immunol 66:395–402, 2005

54. Braun-Moscovici Y, Furst DE: Immunoglobulin for rheumatic dis-
eases in the twenty-first century: Take it or leave it? Curr Opin
Rheumatol 15:237–245, 2003

55. Dalakas MC, Illa I, Dambrosia JM, Soueidan SA, Stein DP, Otero
C, Dinsmore ST, McCrosky S: A controlled trial of high-dose
intravenous immune globulin infusions as treatment for dermato-
myositis. N Engl J Med 329:1993–2000, 1993

56. Walter MC, Lochmuller H, Toepfer M, Schlotter B, Reilich
P, Schroder M, Muller-Felber W, Pongratz D: High-dose im-
munoglobulin therapy in sporadic inclusion body myositis: A
double-blind, placebo-controlled study. J Neurol 247:22–28,
2000

57. Dalakas MC: Sporadic inclusion body myositis-diagnosis, patho-
genesis and therapeutic strategies. Nat Clin Pract Neurol 2:437–
447, 2006

58. Jayne DR, Davies MJ, Fox CJ, Black CM, Lockwood CM: Treat-
ment of systemic vasculitis with pooled intravenous immunoglob-
ulin. Lancet 337:1137–1139, 1991

59. Jayne DR, Chapel H, Adu D, Misbah S, O’Donoghue D, Scott
D, Lockwood CM: Intravenous immunoglobulin for ANCA-
associated systemic vasculitis with persistent disease activity. QJM
93:433–439, 2000

60. Aries PM, Hellmich B, Gross WL: Intravenous immunoglobulin
therapy in vasculitis: Speculation or evidence? Clin Rev Allergy
Immunol 29:237–245, 2005

61. Jayne DR, Lockwood CM: Intravenous immunoglobulin as sole
therapy for systemic vasculitis. Br J Rheumatol 35:1150–1153,
1996

62. Odum J, D’Costa D, Freeth M, Taylor D, Smith N,
MacWhannell A: Cryoglobulinaemic vasculitis caused by in-
travenous immunoglobulin treatment. Nephrol Dial Transplant
16:403–406, 2001

63. Levy Y, Sherer Y, Ahmed A, Langevitz P, George J, Fabbrizzi
F, Terryberry J, Meissner M, Lorber M, Peter JB, Shoenfeld Y: A
study of 20 SLE patients with intravenous immunoglobulin-clinical
and serologic response. Lupus 8:705–712, 1999

64. Boletis JN, Ioannidis JP, Boki KA, Moutsopoulos HM: Intravenous
immunoglobulin compared with cyclophosphamide for prolifera-
tive lupus nephritis. Lancet 354:569–570, 1999

65. Sherer Y, Levy Y, Shoenfeld Y: Intravenous immunoglobulin
therapy of antiphospholipid syndrome. Rheumatology (Oxford)
39:421–426, 2000

66. Bucciarelli S, Cervera R, Espinosa G, Gomez-Puerta JA, Ramos-
Casals M, Font J: Mortality in the catastrophic antiphospholipid
syndrome: Causes of death and prognostic factors. Autoimmun
Rev 6:72–75, 2006

67. Giannini EH, Lovell DJ, Silverman ED, Sundel RP, Tague BL,
Ruperto N: Intravenous immunoglobulin in the treatment of pol-
yarticular juvenile rheumatoid arthritis: A phase I/II study. Pe-
diatric Rheumatology Collaborative Study Group. J Rheumatol
23:919–924, 1996

68. Takahashi Y, Takata T, Hoshino M, Sakurai M, Kanazawa I:
Benefit of IVIG for long-standing ataxic sensory neuronopathy
with Sjogren’s syndrome. IV immunoglobulin. Neurology 60:503–
505, 2003

69. Sherer Y, Shoenfeld Y: Mechanisms of disease: atherosclerosis in
autoimmune diseases. Nat Clin Pract Rheumatol 2:99–106, 2006

70. Nicoletti A, Kaveri SV, Caligiuri G, Bariety J, Hansson G:
Immunoglobulin treatment reduces atherosclerosis in apoE
knockout mice. J Clin Invest 102:910–918, 1998

71. Campione E, Marulli GC, Carrozzo AM, Chimenti MS, Costanzo
A, Bianchi L: High-dose intravenous immunoglobulin for severe
drug reactions: Efficacy in toxic epidermal necrolysis. Acta Derm
Venereol 83:430–432, 2003

72. Prins C, Kerdel FA, Padilla RS, Hunziker T, Chimenti S, Viard
I, Mauri DN, Flynn K, Trent J, Margolis DJ, Saurat JH, French
LE: Treatment of toxic epidermal necrolysis with high-dose intra-
venous immunoglobulins: Multicenter retrospective analysis of 48
consecutive cases. Arch Dermatol 139:26–32, 2003

73. Jolles S: High-dose intravenous immunoglobulin (hdIVIg) in the
treatment of autoimmune blistering disorders. Clin Exp Immunol
129:385–389, 2002

74. Letko E, Miserocchi E, Daoud YJ, Christen W, Foster CS, Ahmed
AR: A nonrandomized comparison of the clinical outcome of

Journal of Clinical Immunology, Vol. 27, No. 3, 2007



INTRAVENOUS IMMUNOGLOBULIN 243

ocular involvement in patients with mucous membrane (cicatri-
cial) pemphigoid between conventional immunosuppressive and
intravenous immunoglobulin therapies. Clin Immunol 111:303–
310, 2004

75. Mimouni D, Blank M, Ashkenazi L, Milner Y, Frusic-Zlotkin M,
Anhalt GJ, David M, Shoenfeld Y: Protective effect of intravenous
immunoglobulin (IVIg) in an experimental model of pemphigus
vulgaris. Clin Exp Immunol 142:426–432, 2005

76. Jolles S, Sewell C, Webster D, Ryan A, Heelan B, Waite A, Rustin
M: Adjunctive high-dose intravenous immunoglobulin treatment
for resistant atopic dermatitis: Efficacy and effects on intracellular
cytokine levels and CD4 counts. Acta Derm Venereol 83:433–437,
2003

77. O’Donnell BF, Barr RM, Black AK, Francis DM, Kermani F,
Niimi N, Barlow RJ, Winkelmann RK, Greaves MW: Intravenous
immunoglobulin in autoimmune chronic urticaria. Br J Dermatol
138:101–106, 1998

78. Karim A, Lawlor F, Black MM: Successful treatment of scle-
romyxoedema with high dose intravenous immunoglobulin. Clin
Exp Dermatol 29:317–318, 2004

79. Hagman JH, Carrozzo AM, Campione E, Romanelli P, Chimenti S:
The use of high-dose immunoglobulin in the treatment of pyoderma
gangrenosum. J Dermatolog Treat 12:19–22, 2001

80. Gurmin V, Mediwake R, Fernando M, Whittaker S, Rustin MH,
Beynon HL: Psoriasis: Response to high-dose intravenous im-
munoglobulin in three patients. Br J Dermatol 147:554–557, 2002

81. Winston DJ, Antin JH, Wolff SN, Bierer BE, Small T, Miller KB,
Linker C, Kaizer H, Lazarus HM, Petersen FB, Cowan MJ, Ho
WG, Wingard JR, Schiller GJ, Territo MC, Jiao J, Petrarca MA,
Tonetta SA: A multicenter, randomized, double-blind comparison
of different doses of intravenous immunoglobulin for prevention of
graft-versus-host disease and infection after allogeneic bone mar-
row transplantation. Bone Marrow Transplant 28:187–196, 2001

82. Winston DJ, Ho WG, Bartoni K, Du Mond C, Ebeling DF, Buhles
WC, Champlin RE: Ganciclovir prophylaxis of cytomegalovirus
infection and disease in allogeneic bone marrow transplant recipi-
ents. Results of a placebo-controlled, double-blind trial. Ann Intern
Med 118:179–184, 1993

83. Sullivan KM, Storek J, Kopecky KJ, Jocom J, Longton G, Flowers
M, Siadak M, Nims J, Witherspoon RP, Anasetti C, Appelbaum
FR, Bowden RA, Buckner CD, Crawford SW, Deeg HJ, Hansen
JA, McDonald GB, Sanders JE, Storb R: A controlled trial of long-
term administration of intravenous immunoglobulin to prevent late
infection and chronic graft-vs.-host disease after marrow trans-
plantation: Clinical outcome and effect on subsequent immune
recovery. Biol Blood Marrow Transplant 2:44–53, 1996

84. Glotz D, Antoine C, Julia P, Pegaz-Fiornet B, Duboust A,
Boudjeltia S, Fraoui R, Combes M, Bariety J: Intravenous im-
munoglobulins and transplantation for patients with anti-HLA an-
tibodies. Transpl Int 17:1–8, 2004

85. Tyan DB, Li VA, Czer L, Trento A, Jordan SC: Intravenous im-
munoglobulin suppression of HLA alloantibody in highly sensi-
tized transplant candidates and transplantation with a histoincom-
patible organ. Transplantation 57:553–562, 1994

86. Jordan SC, Quartel AW, Czer LS, Admon D, Chen G, Fishbein MC,
Schwieger J, Steiner RW, Davis C, Tyan DB: Posttransplant ther-
apy using high-dose human immunoglobulin (intravenous gamma-
globulin) to control acute humoral rejection in renal and cardiac
allograft recipients and potential mechanism of action. Transplan-
tation 66:800–805, 1998

87. Magee JC, Collins BH, Harland RC, Lindman BJ, Bollinger
RR, Frank MM, Platt JL: Immunoglobulin prevents complement-

mediated hyperacute rejection in swine-to-primate xenotransplan-
tation. J Clin Invest 96:2404–2412, 1995

88. Lutz HU, Stammler P, Bianchi V, Trueb RM, Hunziker T, Burger
R, Jelezarova E, Spath PJ: Intravenously applied IgG stimulates
complement attenuation in a complement-dependent autoimmune
disease at the amplifying C3 convertase level. Blood 103:465–472,
2004

89. Jordan SC, Tyan D, Stablein D, McIntosh M, Rose S, Vo A,
Toyoda M, Davis C, Shapiro R, Adey D, Milliner D, Graff R,
Steiner R, Ciancio G, Sahney S, Light J: Evaluation of intravenous
immunoglobulin as an agent to lower allosensitization and improve
transplantation in highly sensitized adult patients with end-stage
renal disease: Report of the NIH IG02 trial. J Am Soc Nephrol
15:3256–3262, 2004

90. Kaul R, McGeer A, Norrby-Teglund A, Kotb M, Schwartz B,
O’Rourke K, Talbot J, Low DE: Intravenous immunoglobulin ther-
apy for streptococcal toxic shock syndrome—A comparative ob-
servational study. The Canadian Streptococcal Study Group. Clin
Infect Dis 28:800–807, 1999

91. Norrby-Teglund A, Kaul R, Low DE, McGeer A, Newton DW,
Andersson J, Andersson U, Kotb M: Plasma from patients with se-
vere invasive group A streptococcal infections treated with normal
polyspecific IgG inhibits streptococcal superantigen-induced T cell
proliferation and cytokine production. J Immunol 156:3057–3064,
1996

92. Sriskandan S, Ferguson M, Elliot V, Faulkner L, Cohen J:
Human intravenous immunoglobulin for experimental streptococ-
cal toxic shock: Bacterial clearance and modulation of inflamma-
tion. J Antimicrob Chemother 58:117–124, 2006

93. El-Nawawy A, El-Kinany H, Hamdy El-Sayed M, Boshra N: Intra-
venous polyclonal immunoglobulin administration to sepsis syn-
drome patients: A prospective study in a pediatric intensive care
unit. J Trop Pediatr 51:271–278, 2005

94. Gisslen M, Fredman P, Fuchs D, Lekman A, Rosengren L:
Temporarily controlled HIV-1 replication after intravenous im-
munoglobulin treatment of Guillain–Barre syndrome. Scand J In-
fect Dis 37:877–881, 2005

95. Lam L, Whitsett CF, McNicholl JM, Hodge TW, Hooper J: Im-
munologically active proteins in intravenous immunoglobulin.
Lancet 342:678, 1993

96. Blasczyk R, Westhoff U, Grosse-Wilde H: Soluble CD4, CD8,
and HLA molecules in commercial immunoglobulin preparations.
Lancet 341:789–790, 1993

97. Bayry J, Lacroix-Desmazes S, Delignat S, Mouthon L, Weill B,
Kazatchkine MD, Kaveri SV: Intravenous immunoglobulin ab-
rogates dendritic cell differentiation induced by interferon-alpha
present in serum from patients with systemic lupus erythematosus.
Arthritis Rheum 48:3497–3502, 2003

98. Ryan ME, Webster ML, Statler JD: Adverse effects of intravenous
immunoglobulin therapy. Clin Pediatr (Phila) 35:23–31, 1996

99. Jarius S, Eichhorn P, Albert MH, Wagenpfeil S, Wick M,
Belohradsky BH, Hohlfeld R, Jenne DE, Voltz R: Intravenous im-
munoglobulins contain naturally occurring antibodies that mimic
anti-neutrophil cytoplasmic antibodies and activate neutrophils in
a TNF-alpha dependent and Fc-receptor independent way. Blood,
2007 (Epub ahead of Print)

100. Gras V, Andrejak M, Decocq G: Acute renal failure associated
with intravenous immunoglobulins. Pharmacoepidemiol Drug Saf
8(Suppl 1):S73–S78, 1999

101. Katz U, Shoenfeld Y: Review: intravenous immunoglobulin
therapy and thromboembolic complications. Lupus 14:802–808,
2005

Journal of Clinical Immunology, Vol. 27, No. 3, 2007



244 NEGI et al.

102. Chapel HM: Safety and availability of immunoglobulin replace-
ment therapy in relation to potentially transmissable agents.
IUIS Committee on Primary Immunodeficiency Disease. Inter-
national Union of Immunological Societies. Clin Exp Immunol
118(Suppl 1):29–34, 1999

103. Gregori L, Maring JA, MacAuley C, Dunston B, Rentsch M, Kempf
C, Rohwer RG: Partitioning of TSE infectivity during ethanol
fractionation of human plasma. Biologicals 32:1–10, 2004

104. Sewell WA, Jolles S: Immunomodulatory action of intravenous
immunoglobulin. Immunology 107:387–393, 2002

105. Nimmerjahn F, Ravetch JV: Fcgamma receptors: old friends and
new family members. Immunity 24:19–28, 2006

106. Binstadt BA, Geha RS, Bonilla FA: IgG Fc receptor poly-
morphisms in human disease: Implications for intravenous im-
munoglobulin therapy. J Allergy Clin Immunol 111:697–703,
2003

107. Debre M, Bonnet MC, Fridman WH, Carosella E, Philippe N,
Reinert P, Vilmer E, Kaplan C, Teillaud JL, Griscelli C: Infusion of
Fc gamma fragments for treatment of children with acute immune
thrombocytopenic purpura. Lancet 342:945–949, 1993

108. Akilesh S, Petkova S, Sproule TJ, Shaffer DJ, Christianson GJ,
Roopenian D: The MHC class I-like Fc receptor promotes hu-
morally mediated autoimmune disease. J Clin Invest 113:1328–
1333, 2004

109. Li N, Zhao M, Hilario-Vargas J, Prisayanh P, Warren S, Diaz LA,
Roopenian DC, Liu Z: Complete FcRn dependence for intravenous
Ig therapy in autoimmune skin blistering diseases. J Clin Invest
115:3440–3450, 2005

110. Samuelsson A, Towers TL, Ravetch JV: Anti-inflammatory activ-
ity of IVIG mediated through the inhibitory Fc receptor. Science
291:484–486, 2001

111. Kaneko Y, Nimmerjahn F, Madaio MP, Ravetch JV: Pathology
and protection in nephrotoxic nephritis is determined by selective
engagement of specific Fc receptors. J Exp Med 203:789–797,
2006

112. Nimmerjahn F, Ravetch JV: The antiinflammatory activity of IgG:
the intravenous IgG paradox. J Exp Med 204:11–15, 2007

113. Siragam V, Crow AR, Brinc D, Song S, Freedman J, Lazarus
AH: Intravenous immunoglobulin ameliorates ITP via activating
Fc gamma receptors on dendritic cells. Nat Med 12:688–692,
2006

114. Park-Min KH, Serbina NV, Yang W, Ma X, Krystal G, Neel BG,
Nutt SL, Hu X, Ivashkiv LB: FcgammaRIII-dependent inhibition
of interferon-gamma responses mediates suppressive effects of in-
travenous immune globulin. Immunity 26:67–78, 2007

115. Kaneko Y, Nimmerjahn F, Ravetch JV: Anti-inflammatory activ-
ity of immunoglobulin G resulting from Fc sialylation. Science
313:670–673, 2006

116. Bayry J, Kazatchkine MD, Kaveri SV: Shortage of human intra-
venous immunoglobulin: reasons and possible solutions. Nat Clin
Pract Neurol 3:120–1, 2007

117. Kazatchkine MD, Dietrich G, Hurez V, Ronda N, Bellon B,
Rossi F, Kaveri SV: V Region-mediated selection of autoreactive
repertoires by intravenous immunoglobulin (IVIg). Immunol Rev
139:79–107, 1994

118. Sami N, Bhol KC, Ahmed AR: Influence of IVIg therapy on autoan-
tibody titers to desmoglein 1 in patients with pemphigus foliaceus.
Clin Immunol 105:192–198, 2002

119. Sami N, Bhol KC, Ahmed RA: Influence of intravenous im-
munoglobulin therapy on autoantibody titers to desmoglein 3 and
desmoglein 1 in pemphigus vulgaris. Eur J Dermatol 13:377–381,
2003

120. Dalakas MC: Intravenous immune globulin therapy for neurologic
diseases. Ann Intern Med 126:721–730, 1997

121. Liblau R, Gajdos P, Bustarret FA, el Habib R, Bach JF, Morel
E: Intravenous gamma-globulin in myasthenia gravis: Interaction
with anti-acetylcholine receptor autoantibodies. J Clin Immunol
11:128–131, 1991

122. Basta M, Fries LF, Frank MM: High-dose intravenous im-
munoglobulin inhibits in vitro uptake of C4 fragments onto sensi-
tized erythrocytes. Blood 77:376–380, 1991

123. Vuist WM, van Schaik IN, van Lint M, Brand A: The growth
arresting effect of human immunoglobulin for intravenous use is
mediated by antibodies recognizing membrane glycolipids. J Clin
Immunol 17:301–310, 1997

124. Mollnes TE, Hogasen K, De Carolis C, Vaquero E, Nielsen EW,
Fontana L, Perricone R: High-dose intravenous immunoglobulin
treatment activates complement in vivo. Scand J Immunol 48:312–
317, 1998

125. Basta M, van Goor F, Luccioli S, Billings EM, Vortmeyer AO,
Baranyi L, Szebeni J, Alving CR, Carroll MC, Berkower I,
Stojilkovic SS, Metcalfe DD: F(ab′)2-mediated neutralization of
C3a and C5a anaphylatoxins: A novel effector function of im-
munoglobulins. Nat Med 9:431–438, 2003

126. Andersson U, Bjork L, Skansen SU, Andersson J: Pooled human
IgG modulates cytokine production in lymphocytes and mono-
cytes. Immunol Rev 139:21–42, 1994

127. Bhol KC, Desai A, Kumari S, Colon JE, Ahmed AR: Pemphi-
gus vulgaris: The role of IL-1 and IL-1 receptor antagonist in
pathogenesis and effects of intravenous immunoglobulin on their
production. Clin Immunol 100:172–180, 2001

128. Andersson UG, Bjork L, Skansen-Saphir U, Andersson JP:
Down-regulation of cytokine production and interleukin-2 recep-
tor expression by pooled human IgG. Immunology 79:211–216,
1993

129. Ruiz de Souza V, Carreno MP, Kaveri SV, Ledur A, Sadeghi H,
Cavaillon JM, Kazatchkine MD, Haeffner-Cavaillon N: Selective
induction of interleukin-1 receptor antagonist and interleukin-8 in
human monocytes by normal polyspecific IgG (intravenous im-
munoglobulin). Eur J Immunol 25:1267–1273, 1995

130. Sharief M, Ingram D, Swash M, Thompson E: I.v. immunoglobulin
reduces circulating proinflammatory cytokines in Guillain–Barre
syndrome. Neurology 52:1833–1838, 1999

131. Mouzaki A, Theodoropoulou M, Gianakopoulos I, Vlaha V,
Kyrtsonis MC, Maniatis A: Expression patterns of Th1 and Th2
cytokine genes in childhood idiopathic thrombocytopenic purpura
(ITP) at presentation and their modulation by intravenous im-
munoglobulin G (IVIg) treatment: Their role in prognosis. Blood
100:1774–1779, 2002

132. Bouhlal H, Hocini H, Quillent-Gregoire C, Donkova V, Rose S,
Amara A, Longhi R, Haeffner-Cavaillon N, Beretta A, Kaveri SV,
Kazatchkine MD: Antibodies to C-C chemokine receptor 5 in nor-
mal human IgG block infection of macrophages and lymphocytes
with primary R5-tropic strains of HIV-1. J Immunol 166:7606–
7611, 2001

133. Bayry J, Lacroix-Desmazes S, Donkova-Petrini V, Carbonneil C,
Misra N, Lepelletier Y, Delignat S, Varambally S, Oksenhendler
E, Levy Y, Debre M, Kazatchkine MD, Hermine O, Kaveri SV:
Natural antibodies sustain differentiation and maturation of hu-
man dendritic cells. Proc Natl Acad Sci USA 101:14210–14215,
2004

134. Banchereau J, Schuler-Thurner B, Palucka AK, Schuler G:
Dendritic cells as vectors for therapy. Cell 106:271–274,
2001

Journal of Clinical Immunology, Vol. 27, No. 3, 2007



INTRAVENOUS IMMUNOGLOBULIN 245

135. Bayry J, Lacroix-Desmazes S, Carbonneil C, Misra N, Donkova
V, Pashov A, Chevailler A, Mouthon L, Weill B, Bruneval P,
Kazatchkine MD, Kaveri SV: Inhibition of maturation and function
of dendritic cells by intravenous immunoglobulin. Blood 101:758–
765, 2003

136. Bayry J, Lacroix-Desmazes S, Kazatchkine MD, Galicier L,
Lepelletier Y, Webster D, Levy Y, Eibl MM, Oksenhendler E,
Hermine O, Kaveri SV: Common variable immunodeficiency
is associated with defective functions of dendritic cells. Blood
104:2441–2443, 2004

137. Bayry J, Lacroix-Desmazes S, Hermine O, Oksenhendler E,
Kazatchkine MD, Kaveri SV: Amelioration of differentiation of
dendritic cells from CVID patients by intravenous immunoglobu-
lin. Am J Med 118:1439–1440, 2005

138. Bayry J, Hermine O, Webster DA, Levy Y, Kaveri SV: Common
variable immunodeficiency: The immune system in chaos. Trends
Mol Med 11:370–376, 2005

139. Rodriguez M, Miller DJ, Lennon VA: Immunoglobulins reactive
with myelin basic protein promote CNS remyelination. Neurology
46:538–545, 1996

140. van Engelen BG, Miller DJ, Pavelko KD, Hommes OR, Rodriguez
M: Promotion of remyelination by polyclonal immunoglobulin in
Theiler’s virus-induced demyelination and in multiple sclerosis. J
Neurol Neurosurg Psychiatry 57(Suppl):65–68, 1994

141. Gabriel CM, Gregson NA, Redford EJ, Davies M, Smith KJ,
Hughes RA: Human immunoglobulin ameliorates rat experimental
autoimmune neuritis. Brain 120(Pt 9):1533–1540, 1997

142. Kuhlmann T, Bruck W: Immunoglobulins induce increased myelin
debris clearance by mouse macrophages. Neurosci Lett 275:191–
194, 1999

143. Bonner JC, Osornio-Vargas AR, Badgett A, Brody AR: Differential
proliferation of rat lung fibroblasts induced by the platelet-derived
growth factor-AA, -AB, and -BB isoforms secreted by rat alveolar
macrophages. Am J Respir Cell Mol Biol 5:539–547, 1991

Journal of Clinical Immunology, Vol. 27, No. 3, 2007


