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Abstract 
Therapeutic immunoglobulins are used in the treatment of immunodeficiencies as well as several 
autoimmune and inflammatory diseases. These intravenous immunoglobulins (IVIg) represent 
the healthy human IgG repertoire, which can be reactive for both self and non-self antigens. A bet-
ter characterization of IVIg’s repertoire is an important aspect to enable its effective utilization as 
an immunomodulatory treatment. In this study we have investigated the reactivity of IgG1, IgG2, 
IgG3 and IgG4 present in IVIg for a small selection of antigens, including actin, DNA, ferritin and 
thyroglobulin. We observed that two commercial preparations of therapeutic immunoglobulins 
contain very high reactivity for thyroglobulin, which was predominantly detected by IgG4. Since 
IgG4 antibodies can have immunomodulatory properties, these result suggest that these anti-thy- 
roglobulin may have a role in the IVIg treatment of autoimmune disease characterized by high 
avidity for anti-thyroglobulin antibodies such as Hashimoto’s disease. 
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1. Introduction 
Therapeutic immunoglobulins, namely intravenous immunoglobulins (IVIg), are currently used in the treatment 
of immunodeficiencies as well as several autoimmune and inflammatory diseases (reviewed in [1]). IVIg is con-
stituted of the human healthy IgG repertoire (>98% IgG), which contains antibodies against pathogens as well as 
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natural antibodies [2]. IVIg contain IgG1, IgG2, IgG3 and IgG4 in proportions similar to those observed in normal 
human serum [1]. Overall, anti-inflammatory properties of IVIg are related to their capacities to down-modulate 
activation of immune cells or to reduce the negative impact of pathologic IgG [1] [3]. 

However, it is well known that all IgG subclasses are not equal in their potential to modulate immune func-
tions such as complement activation or Fcgamma receptor stimulation [4]. Furthermore, IgG subclasses may al-
so differ in their antigenic targets. For example IgG1 and IgG3 are mostly related to anti-protein response while 
IgG2 is usually attributed to the anti-carbohydrate response [4] [5]. IgG4, the less abundant subclass, have un-
usual characteristics. IgG4 antibodies do not activate complement but have anti-inflammatory activities [6]-[9]. 
Furthermore, following an in vivo Fab-arm exchange mechanism, the IgG4 molecule can become bispecific, a 
property that can be associated to anti-inflammatory functions [8] as well as to rheumatoid arthritis [10]. Con-
versely, several diseases are associated to very high levels of IgG4 in blood and organs leading to the recent de-
finition of hyper-IgG4 syndrome as an emerging systemic disease [11]-[14]. 

The repertoire of IVIg includes a lot of self-reactive antibodies targeting proteins such as siglec-9 [15], cyto-
kines [16] [17], ferritin and thyroglobulin [18] [19], as well as several surface and intracellular components of 
human cells [20]-[22]. These autoreactive antibodies are considered to have a role in IVIg mechanisms of action 
for the treatment of autoimmune and inflammatory disorders [17] [23]-[25]. In this study we have investigated 
whether IVIg autoreactivity contents could vary according to the four IgG subclasses. 

2. Materials and Methods 
2.1. Human IgG Preparations 
Two commercial preparations of IVIg were tested, namely GamunexTM from Talecris Biotherapeutics ltd. (To-
ronto, ON, Canada) and Gammagard from Baxter Corporation, (Mississauga, ON, Canada). Both IVIg prepara-
tions were similar in terms of their proportions of IgG1, IgG2, IgG3 and IgG4, which represents 64% ± 3%, 
28% ± 4%, 4% ± 2% and 4% ± 1% of the total IgG content, respectively (data not shown and [26]). 

2.2. IgG reactivity in Direct ELISA 
Reactivity of IgG in IVIg was evaluated by ELISA using a selection of antigens constituted of human transferrin, 
whole molecules and Fc fragments of murine IgG (Jackson Immuno Research Laboratories, West Grove, PA, 
USA), bovine actin and histone, salmon dsDNA and human fibronectin (Sigma-Aldrich, Oakville, ON, Canada), 
human ferritin and thyroglobulin (Calbiochem, San Diego, USA) [25]. Bovine histone and salmon dsDNA were 
adsorbed at 50 μg/ml in 100 mM citrate buffer pH 6.0 [27]. All other antigens were adsorbed at 10 µg/ mL in 
100 mM carbonate buffer pH 9.6 [25]. Bound human IgG were revealed with peroxidase-conjugated goat an-
ti-human IgG gamma-chain specific antibodies (Jackson ImmunoResearch) or peroxidase-conjugated mouse an-
tibodies specific to human IgG1, IgG2, IgG3 and IgG4 subclasses (Southern Biotech, Birmingham, Alabama, 
USA). A solution of 10 mM Phosphate buffered saline pH 7.0 containing 5% fetal bovine serum (Invitrogen, 
Burlington, ON, Canada) was used as blocking buffer and as a diluent for IVIg as well as all peroxidase-conju- 
gated antibodies. Non-specific human IgG bindings were determined by using wells coated with 100 mM car-
bonate buffer alone or containing 0.001% FBS. When indicated, the strength of IVIg reactivity was determined 
using two-fold serial dilutions ranging from 250 µg/ml to 8 µg/mL and revealed according to each IgG sub-
classes as described above. All ELISA analyses were done in triplicate. 

3. Results 
3.1. IgG Self-Reactivity Is Detected in Both IVIg Preparations 
In a first step, the reactivity pattern was determined for IVIg using a final concentration of 25 µg/mL of total 
IgG by a direct detection in ELISA (Figure 1). Background for IVIg binding was 0.2 ± 0.1 (O.D.) as determined 
by controls done with diluent (FBS) and uncoated wells (CTL-neg). Both IVIg preparations were tested simul-
taneously and showed similar capacity to bind dsDNA, actin, ferritin, thyroglobulin and transferrin. In this 
ELISA system, the total IgG anti-species cross-reactivity of IVIg for murine IgG molecules was comparable to 
that of transferrin, thyroglobulin and ferritin antigens Analysis done with both IVIg adjusted to 250 µg/mL re-
sulted in O.D. varying from 1.0 to more than 3.5 in most cases (data not shown) indicating that these reactivity  
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Figure 1. IVIg self-reactivity is present in both preparations. Total IgG in 
IVIg preparations were tested at a final concentration of 25 µg/ml and their 
reactivity was screened on a small selection of antigens as indicated. IVIg 
preparations A and B stand for Gamunex and Gammagard, respectively. Data 
are expressed as the mean of triplicate ±SD. 

 
patterns were proportional to the amount of human IgG in tested samples. 

3.2. Self-Reactivity Is Present in IgG1, IgG3 and IgG4 
To compensate for the lower concentration of IgG3 and IgG4, IVIg-A and IVIg-B were adjusted to 250 µg/mL 
and their reactivity patterns were determined for each IgG subclasses (Figure 2). Background reactivity for 
IgG1, IgG3 and IgG4 was higher for IVIg-A when compared to IVIg-B, resulting in a similar level of specific 
binding for most selected antigens. As expected, IgG2 was reactive only for mouse Fc-IgG, which is known to 
have several glycosylation sites. IgG1, IgG3 and IgG4 showed comparable pattern of reactivity and even though 
IgG1 is about 10-fold more abundant than IgG3 and IgG4, their level of reactivity was also similar. In fact, IgG3 
and IgG4 were characterized by a higher level of reactivity for bovine actin, salmon dsDNA, as well as human 
ferritin and thyroglobulin. 

3.3. IgG4 Contains Most Anti-Thyroglobulin Reactivity 
Based on the above observations, titration of IVIg reactivity was done to evaluate the strength of IgG1, IgG2, 
IgG3 and IgG4 binding on human ferritin and thyroglobulin, which are targets naturally present in human blood 
[18]. Serial dilution concentrations were established in function of the total IgG content while reactivity was de-
tected using antibody specific for each IgG subclass. Bovine actin reactivity as well as background was also as-
sessed in parallel using the same serial dilutions of IgG in both IVIg preparations. These results are representa-
tive of four independent experimentations using IVIg-A and three using IVIg-B. The relative reactivities of IgG 
subclasses for actin, ferritin and thyroglobulin were similar to those observed above for both IVIg (Figure 3) 
and were all directly proportional to their final concentration. IVIg-A was showing high IgG1 background reac-
tivity as above. Overall, the titration for thyroglobulin reactivity corroborated that the high level of anti-thyrog- 
lobulin antibodies, present in both IVIg, is mainly confined to the IgG4 subclass. 

4. Discussion 
In this study we showed that IVIg content of autoreactive antibodies varied according to their isotypes. Fur-
thermore, we highlighted that anti-thyroglobulin was mainly constituted of IgG4. These observations lead us to 
question whether that reactivity for human thyroglobulin in two IVIg preparations may have some importance in 
its utilization for the treatment of the autoimmune disorder Hashimoto disease. Hashimoto disease is an IgG4-  
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Figure 2. IgG3 and IgG4 have high levels of self-reactivity. IVIg preparations (a) 
(Gamunex) and (b) (Gammagard) were adjusted at a final concentration of 250 µg/ml 
according to their total IgG content. The binding of IgG1 IgG2 IgG3 and IgG4 was re-
vealed using antibody specific for each subclasses as described in Material and me-
thods. Data are expressed as the mean of triplicate ±SD. 

 
related systemic disease characterized by autoantibodies directed against thyroglobulin or thyroid peroxidase 
[28]. Besides, these autoreactive antibodies can be associated to IgG4 antibodies showing high reactivity for 
their targets [29]-[31]. Furthermore, high avidity of thyroglobulin antibody in sera from patients with Hashimo-
to’s thyroiditis often corresponds to high disease activity [32]. 

Previous studies done by Kazatchkine and collaborators underline a link between IVIg and anti-thyroglobulin 
related to reestablishment of idiotypic networks [33]-[36]. Our observations showing the presence of anti-thy- 
roglobulin IgG4 inside IVIg preparation suggests that IVIg-IgG4 anti-thyroglobulin having lower avidity may 
succeed to alter their high avidity counterparts. IgG4 are able to self-associate to other IgG molecules [37]-[39] 
and have anti-inflammatory characteristics conferred by their extraordinary capacity to perform dynamic Fab 
arm exchange [6] [7] [38]. Therefore, the presence of anti-thyroglobulin typical of IgG4 subclass in IVIg, may 
help the immune system to dampen inappropriate binding of thyroglobulin in Hashimoto’s patient. 

The autoreactivity content of IVIg has already been proposed as a possible target for the preparation of  
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Figure 3. IgG4 is highly reactive for thyroglobulin. IgG subclasses reactivity in IVIg (panel A—Gamunex; panel B— 
Gammagard) were titrated to determine the level of reactivity specific for actin, ferritin, thyroglobulin as well as FBS for 
background reactivity. 
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substitute [18] [40]. In this study we bring new insights indicating that fractionation of IgG4 prepared from hu-
man plasma could also be investigated as a substitute to treat IgG4-related disorders. 
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