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Originally used as a replacement therapy for patients with

primary or secondary antibody deficiencies, intravenous

immunoglobulin (IVIG) is increasingly being used as an anti-

inflammatory agent for the treatment of chronic inflamma-

tory and autoimmune diseases (1–3). Despite its widespread

use, the understanding of its immunoregulatory mechanisms

of action remains incomplete (3).

We and others have previously shown that IVIG has the

capacity to modulate the survival of leukocytes or tissue cells

by means of naturally occurring autoantibodies against Fas,

sialic acid immunoglobulin-like lectin (Siglec)-8, and Siglec-9

(4–9). Siglecs are a novel family of immunoregulatory recep-

tors that recognize sialic acid (Sia) (10, 11), and whose cyto-

toxic efficacy and potency are significantly enhanced by a

pro-inflammatory cytokine environment (12, 13). Siglec-9 is

expressed on neutrophils, monocytes, dendritic cells, and on

a subpopulation of lymphocytes (10). Ligation of Siglec-9 by

monoclonal antibodies or natural autoantibodies in IVIG

leads to neutrophil apoptosis (8, 14, 15). Interestingly, Siglec-

9-mediated death is dramatically enhanced in the presence of

proinflammatory cytokines, such as granulocyte/macrophage

colony-stimulating factor, interferon-alpha (IFN-alpha), and

IFN-gamma (8, 14), and in inflammatory cells ex vivo from

inflammatory diseases, such as sepsis and rheumatoid arthri-

tis (8, 14, 15). Recent evidence suggests that Siglec-9 may

also act as an inhibitory receptor: sialylated capsular poly-

saccharide of group B Streptococcus may engage neutrophil

Siglec-9, dampening neutrophil responses in a Sia- and
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Abstract

Background: Intravenous immunoglobulin (IVIG) preparations are increasingly

used for the treatment of autoimmune and chronic inflammatory diseases. Natu-

rally occurring autoantibodies against Siglec-9 and Fas are thought to contribute

to the anti-inflammatory effects of IVIG via cell death regulation of leukocytes

and tissue cells. Dimeric IVIG fractions are suspected to contain idiotypic (Id)-

anti-idiotypic complexes of antibodies, which might also include anti-Siglec-9 and

anti-Fas autoantibodies.

Methods: Dimeric IVIG fractions were separated from monomeric IVIG by size-

exclusion chromatography and remonomerized by low pH treatment. Binding

studies of total, monomeric, and dimeric IVIG were performed using surface plas-

mon resonance and flow cytometry on primary human neutrophils.

Results: Anti-Siglec-9 and anti-Fas autoantibodies were contained in both mono-

meric and dimeric IVIG fractions, but anti-Siglec-9 antibodies were highly

enriched in dimeric IVIG. The propensity to engage in dimer formation was para-

tope dependent. IVIG binding to Siglec-9 was specific and sialylation indepen-

dent. Interestingly, we detected anti-idiotypic antibodies (anti-Ids) against anti-

Siglec-9 autoantibodies in dimeric, but not in monomeric fractions of IVIG.

Conclusions: Our study supports the concept that idiotype–anti-idiotype (Id–anti-

Id) interactions contribute to the dimer formation in IVIG preparations. To our

knowledge, this is the first description of Id–anti-Id dimers of death receptor-spe-

cific antibodies in IVIG. Such Id–anti-Id interactions might determine the activity

of immunomodulatory antibodies present both in IVIG and the patient.
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Siglec-9-dependent manner, including oxidative burst, forma-

tion of neutrophil extracellular DNA traps, and bacterial

killing (16). Siglec-9-mediated inhibition or clearance of

immune cells by cell death might provide an important

immunoregulatory mechanism (10), which might eventually

be exploited by pathogens as molecular mimicry (16).

Agonistic anti-Fas antibodies present in IVIG have been

shown to induce apoptosis of primary leukocytes and different

B and T cell lines in vitro (5, 6). In patients with toxic epidermal

necrolysis (TEN), IVIG treatment dramatically improves the

clinical situation, which has been linked to antagonistic anti-

Fas autoantibodies (4). Intravenous immunoglobulin contains

concurrent agonistic and antagonistic anti-Fas antibodies, and

their effect on Fas is concentration dependent (6).

The regulation of the bioactivity of natural anti-Fas and

anti-Siglec autoantibodies in IVIG may have several impor-

tant clinical implications for the treatment of inflammatory

diseases (9, 17). Anti-idiotypic regulation (18) might present

one potential mechanism to control the activity of natural

autoantibodies in IVIG. Intravenous immunoglobulin con-

tains antibodies so-called anti-idiotypes (Ids) that are capable

of interacting with variable regions of other antibody mole-

cules to form Id–anti-Id complexes. Indeed, a broad range of

anti-Ids have been identified in IVIG that after intravenous

application bind to disease-associated and natural autoanti-

bodies of the patient as well as to B cell receptors (3, 19, 20).

Evidence of both theoretical and experimental research

suggests that Id–anti-Id complexes contribute to dimer for-

mation in IVIG (21–26). Dimer formation has been linked to

both beneficial effects and transient early adverse reactions of

IVIG (3, 27). We have recently shown that the recognition of

human cellular structures is higher in dimeric than in mono-

meric IVIG, and that the tissue reactivity of the dimeric frac-

tion is further increased after dissociation by pH treatment

(28, 29). The increased self-reactivity of dimeric IVIG after

remonomerization supports the concept that the dimeric

fraction contains Id–anti-Id complexes and that anti-Ids may

efficiently neutralize natural autoantibodies by blocking their

binding sites. Here, we show that naturally occurring anti-Ids

to anti-Siglec-9 autoantibodies exist and that they are local-

ized in the dimeric fraction of IVIG. These novel observa-

tions together with previous work are summarized in a model

where cytotoxic autoantibodies found in IVIG are regulated

by three mechanisms: soluble receptors, antagonistic autoan-

tibodies, and Id–anti-Id interactions.

Materials and methods

Cell isolation

Neutrophils were isolated from the peripheral blood of healthy

donors by Ficoll-Hypaque centrifugation as previously

described (8, 14, 15). Briefly, peripheral blood mononuclear

cells were separated by centrifugation on Ficoll-Hypaque

(Seromed-Fakola, Basel, Switzerland). The lower phase,

mainly granulocytes and erythrocytes, was treated with eryth-

rocyte lysis solution (155 mM NH4Cl, 10 mM KHCO3, and

0.1 mM EDTA, pH 7.3). Resulting cell populations contained

greater than 95% neutrophils. Written consent was obtained

from all donors, and the study was approved by the Medical

Ethics Committee of the Canton Bern.

IVIG preparations

Intravenous immunoglobulin fractions were prepared as

described previously (28, 29). In brief, 12% (w/v) liquid IVIG

was produced by reconstituting 12 g of lyophilized Sando-

globulin (CSL Behring AG, Bern, Switzerland) with 0.9%

NaCl. This preparation consisted of approximately 13%

dimeric IgG and 86% monomeric IgG and IgG aggregates

(<1%). To separate monomeric from dimeric IgG, size-

exclusion chromatography (ReproSil 300 · 20 column;

Dr. Maisch GmbH, Ammerbuch-Entringen, Germany) was

performed. The purity of monomeric and dimeric IgG was

98.5% and 95%, respectively. All IVIG fractions were mono-

merized by dialysis against 10 mM acetic acid at pH 4.0. To

exclude rheumatoid factor activity, all IVIG fractions were

tested by routine diagnostic nephelometry and were below

detectable levels (data not shown).

Intravenous immunoglobulin-derived anti-Siglec-9 anti-

bodies (Abs) were isolated by batch affinity purification as

previously described (8). Briefly, a recombinant Siglec-9/

Fc fusion protein (R&D Systems, distributed by Buehlmann,

Basel, Switzerland) was coupled to Affi-Gel beads (Bio-Rad,

Reinach, Switzerland). Intravenous immunoglobulin was

coincubated (overnight, 4�C, on a rotor) with the beads,

allowing for binding of anti-Siglec-9-specific Abs to the cou-

pled antigen. Following several washing steps, the anti-Siglec-

9-specific Abs were eluted with 0.1 M glycine–HCl, pH 2.7,

(Riedel-DeHäen, Seelze, Germany) and neutralized with 1 M

NaOH. Following centrifugation, the supernatant containing

the Siglec-9-specific Abs was immediately subjected to buffer

exchange employing Vivaspin concentrator tubes (10 000 Da

cutoff; Vivascience, Göttingen, Germany).

Inhibition of binding to Siglec-9 and Fas

Freshly isolated neutrophils were preincubated with the indi-

cated concentrations of IVIG for 30 min, washed once with

PBS (4�C), and subsequently incubated for 15 min with fluor-

escein isothiocyanate (FITC)-coupled anti-Siglec-9 monoclo-

nal antibody (mAb) (1 : 25) (clone E10-286; BD Biosciences,

Basel, Switzerland), anti-Fas mAb (clone DX2; BD Bio-

sciences) (1 : 25), anti-CD16 mAb (Beckman Coulter Interna-

tional SA, Nyon, Switzerland) (1 : 50), or a control IgG1

mAb (BD Biosciences) in PBS at 4�C, followed by a single

washing step with PBS (4�C). Neutrophil staining with anti-

Siglec-9 and anti-Fas mAb was measured by flow cytometry

(FACS Calibur, BD Biosciences).

Real-time binding to Fas, Siglec-9, and IVIG-derived

anti-Siglec-9 Ab

Recombinant Fas/Fc (Alexis Corporation, Lausen, Switzer-

land), Siglec-9/Fc proteins (R&D Systems), and anti-Siglec-9

Abs affinity-purified from IVIG were covalently coupled to a

Siglec-9 autoantibodies and anti-idiotypes in dimeric IVIG Schaub et al.
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CM5 sensor chip according to manufacturer’s instructions

(Biacore AB, Uppsala, Sweden) and as previously described

(8). In brief, coating was performed by repeated manual

injections of Fas/Fc, Siglec-9/Fc, and IVIG-derived anti-Sig-

lec-9 Abs in 10 mM sodium acetate at a concentration of

20 lg/ml and followed by blocking with 1 M ethanolamine–

HCl, pH 8.5. For the analysis, all Abs were diluted in HBS-

EP buffer (Biacore) to the concentrations indicated in the

results and the real-time binding was measured on a Biacore

X machine (Biacore).

Desialylation of IVIG

Intravenous immunoglobulin was coincubated with neuramini-

dase (New England BioLabs Ltd., distributed by Bioconcept,

Allschwil, Switzerland) at a concentration of 20 000 U/mg in a

0.05 M calcium citrate, pH 6.0, overnight at 37�C. The desialy-
lation was verified by SDS-PAGE and subsequent lectin blot,

using the NuPage system (Invitrogen AG, Basel, Switzerand).

In brief, a 10% Bis-Tris gel was loaded with 1 lg IVIG and

neuraminidase-treated IVIG and run in MOPS SDS running

buffer at 200 V, 120 mA, for 45 min. The gel was stained by

GelCode Blue Stain Reagent (Pierce; distributed by Thermo

Fisher Scientific, Wohlen, Switzerland). Subsequently, the

proteins were blotted for 1 h at 25 V, 160 mA, to a nitro-

cellulose membrane (Invitrogen AG), blocked in 5.0% low-fat

milk powder, and detected with a combination of biotinylated

Sambucus nigra agglutinin (SNA) (Vector Laboratories,

Burlingame, CA, USA) and alkaline phosphatase-labeled

streptavidin (Invitrogen AG), using an alkaline phosphate

conjugate substrate kit (BioRad, Hercules, CA, USA).

Results

Dimeric IVIG is enriched with anti-Siglec-9 autoantibodies

We and others have previously shown that IVIG contains

functional autoantibodies against the death receptors Siglec-9

Figure 1 Anti-Siglec-9 autoantibodies are prevalent in dimeric

intravenous immunoglobulin (IVIG), whereas similar proportions of

anti-Fas autoantibodies reside in dimeric and monomeric IVIG, as

assessed by surface plasma resonance (SPR). Sensorgrams of the

real-time association (0–180 s) and dissociation (181–360 s) of

different fractions of IVIG and control antibodies to immobilized

recombinant Siglec-9/Fc and Fas/Fc fusion proteins are shown.

Binding of all fractions of IVIG to Siglec-9 (all at 5 lM) and to Fas

(all at 100 nM) was detected. A marked increase in the association

curve for dimeric IVIG to Siglec-9 was observed, confirming the

prevalence of anti-Siglec-9 autoantibodies in this fraction. In

contrast, binding of monomeric IVIG to Siglec-9 was low. Binding

to Fas was similar for all IVIG fractions, although the association of

monomeric IVIG with Fas was slightly enhanced (left panels). Bind-

ing was concentration dependent as shown here for the interaction

between remonomerized dimeric IVIG and total IVIG with Siglec-9

and Fas, respectively, at near maximal RU (170 s, right panels). The

control mAbs, used at a low concentration (1 nM), showed stable

binding with constant association and dissociation curves.

Schaub et al. Siglec-9 autoantibodies and anti-idiotypes in dimeric IVIG
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and Fas (4–8). In the present study, we decided to analyze

the distribution of anti-Siglec-9 and anti-Fas autoantibodies

in monomeric and dimeric IVIG fractions and assessed their

binding capacity to immobilized recombinant Siglec-9/Fc and

Fas/Fc fusion proteins by surface plasmon resonance (SPR),

as previously described (8). Monomeric and dimeric IVIG

fractions were separated by size-exclusion chromatography

and acid treated (pH 4) for monomerization of the dimeric

fraction, as previously described (29). Reactivity with the

human IgG1 Fc was excluded by nephelometry (8). We then

performed kinetic SPR experiments with monomeric IVIG,

remonomerized dimeric IVIG, and total IVIG. To exclude

nonspecific binding effects, parallel signals produced by an

uncoated but otherwise identical flow cell were continuously

subtracted from the primary curves. The anti-Siglec-9 mAb

(E10-286) and anti-Fas (DX-2) mAbs were employed as posi-

tive controls (both at 1 nM). They exhibited stable binding

and constant ‘on-rate’ and undetectable ‘off-rate’, reflecting

their high-affinity interactions with Siglec-9 and Fas.

Figure 1 depicts the real-time association (0–180 s) and

dissociation (181–360 s) curves of the IVIG fractions at 5 lM
to Siglec-9 and at 100 nM to Fas (left panels). For the detec-

tion of Fas, lower quantities of IVIG were required than for

the detection of Siglec-9. Remonomerized dimeric IVIG dem-

onstrated a markedly increased association with Siglec-9,

which appeared to be concentration dependent (right panel).

Interestingly, this association curve (of remonomerized

dimeric IVIG) reproducibly exhibited an exponential binding

pattern followed by readily visible dissociation. Binding of

monomeric IVIG to Siglec-9 was similar compared to total

IVIG, but slightly reduced. In contrast to Siglec-9 recogni-

tion, no major differences in binding to Fas were found

among the IVIG fractions, which all exhibited similar associ-

ation and dissociation curves (left panel). However, the

monomeric fraction of IVIG showed a slightly higher rate of

Fas association. Fas binding of total IVIG was concentration

dependent (right panel).

Taken together, these data show that dimeric IVIG is

enriched in anti-Siglec-9 autoantibodies, whereas anti-Fas au-

toantibodies are similarly distributed between monomeric and

dimeric IVIG.

Paratope-dependent distribution of antibodies in dimeric and

monomeric IVIG

Previously, we reported that agonistic and antagonistic anti-

Fas autoantibodies recognize different epitopes (6). We won-

dered about similarities and differences in terms of epitope

specificity between autoantibodies contained in monomeric

and dimeric IVIG. Therefore, we decided to perform flow

cytometric blocking assays using anti-Siglec-9 monoclonal

antibody (mAb) clone E10-286 and anti-Fas mAb clone

DX-2 to compete with natural anti-Siglec-9 and anti-Fas

autoantibodies in monomeric and dimeric IVIG fractions for

binding to their specific receptor epitope.

Preincubation of human neutrophils with total IVIG inhib-

ited flow cytometric staining of Siglec-9 with FITC-conju-

gated mAb clone E10-286 and of Fas by FITC-conjugated

mAb clone DX-2 in a concentration-dependent manner

(Fig. 2A). This observation confirmed the occurrence of natu-

ral autoantibodies in IVIG with specificity for the E10-286

and DX-2 epitopes. A concentration of 5 mg/ml of total

IVIG was sufficient to completely block staining with clone

E10-286, whereas staining with clone DX-2 was blocked at

8 mg/ml.

Next, we preincubated the cells with monomeric and

remonomerized dimeric IVIG fractions. Surface staining of

Siglec-9 on neutrophils with the FITC-conjugated E10-286

mAb was efficiently blocked by total and remonomerized

dimeric IVIG at 5 mg/ml (Fig. 2B). In contrast, monomeric

IVIG only partially inhibited E10-286 binding. DX2 binding was

significantly blocked by preincubation with monomeric IVIG,

but not with remonomerized dimeric IVIG. In agreement with

A

B

Figure 2 The distribution of natural autoantibodies in monomeric

or dimeric intravenous immunoglobulin (IVIG) is paratope depen-

dent, as assessed by flow cytometry. (A) Cells were preincubated

with IVIG for 30 min before staining with FITC-conjugated anti-

Siglec-9 mAb clone E10-286 and anti-Fas mAb clone DX2. Intra-

venous immunoglobulin concentration dependently inhibited staining

with clone E10-286 and DX2 on human neutrophils. Data represent

at least four independent experiments. (B) The capacity to inhibit

Siglec-9- and Fas-staining on neutrophils varied between mono-

meric and dimeric IVIG. Cells were preincubated with IVIG at

5 mg/ml for 30 min. Dimeric IVIG blocked E10-286 staining. In

contrast, DX2 binding was inhibited by monomeric IVIG, whereas

dimeric IVIG had no blocking effect. Values indicate the mean

fluorescence intensity (MFI) as ratio compared to an unspecific

FITC-IgG1 isotype control (n = 3). *P < 0.05.

Siglec-9 autoantibodies and anti-idiotypes in dimeric IVIG Schaub et al.
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previous work (6), none of the IVIG fractions inhibited stain-

ing of a FITC-conjugated anti-CD16 mAb, used as a control

(data not shown). These data show that autoantibodies recog-

nizing the E10-289 epitope of Siglec-9 are predominantly

contained in dimeric IVIG together with the majority of anti-

Siglec-9 autoantibodies. In contrast, anti-Fas autoantibodies

recognizing the DX2-epitope are enriched in monomeric

IVIG. This is remarkable because DX2 epitope-specific anti-

bodies appear to reside preferentially in monomeric IVIG,

whereas overall Fas-specific autoantibodies are equally dis-

tributed within monomeric and dimeric fractions (Fig. 1).

This observation suggests that the propensity of a given

antibody to form dimers in IVIG is linked to its paratope.

Sialylation-independent binding of IVIG to Siglec-9

As Siglecs are known for binding to Sia (10, 11), they have

been proposed as candidate receptors for sialylated IVIG

glycoforms (30). To estimate the extent of Sia-mediated bind-

ing of IVIG to Siglec-9, we decided to compare the binding

capacities of regular and desialylated total IVIG.

Intravenous immunoglobulin was treated with neuramini-

dase to remove Sia (14, 31). Lectin blotting of control and

neuraminidase-treated IVIG (NA IVIG) with SNA lectin was

used to assess the efficacy of the neuraminidase treatment

in removing the lectin-accessible Sia. Desialylation with

neuraminidase completely abrogated the binding signal of the

Sia-specific plant lectin SNA confirming the successful removal

of Sia from NA IVIG by neuraminidase treatment (Fig. 3A).

Surface plasmon resonance was employed to compare the

binding capacity of IVIG and NA IVIG to immobilized

Siglec-9/Fc. No differences between IVIG and NA IVIG in

terms of binding to Siglec-9 (Fig. 3B) were seen, suggesting

that the association of IVIG with Siglec-9 is Fab dependent

and not mediated by Sia.

Presence of naturally occurring anti-idiotypes of anti-Siglec-9

autoantibodies in dimeric but not monomeric IVIG

It has been postulated that dimers in IVIG are formed by Id–

anti-Id interactions (21–26). Our observation that the propen-

sity of dimer formation is paratope related, is very well com-

patible with this assumption because Id–anti-Id interactions

depend on characteristics of the variable region (antigen-bind-

ing site) of the idiotype. Furthermore, we hypothesized that

the exponentially shaped SPR association curve of remono-

merized dimeric IVIG to Siglec-9 in Fig. 1 might originate

from reformation of Id–anti-Id complexes alongside the bind-

ing of the immobilized antigen. To test this hypothesis, we

measured anti-Ids in the IVIG-derived fractions binding to

covalently immobilized anti-Siglec-9 Ids, which were affinity-

purified from IVIG as previously described (8).

A B

Figure 3 Binding of anti-Siglec 9 autoantibodies in intravenous

immunoglobulin (IVIG) is sialic acid (Sia) independent. (A) Coomas-

sie-stained gel (upper panel) and Sambucus nigra agglutinin (SNA)

lectin blot (lower panel) of control and neuraminidase-treated IVIG

(NA IVIG). Neuraminidase treatment resulted in loss of SNA bind-

ing, confirming the successful desialylation of NA IVIG. Lectin blots

are representative of three independent experiments. (B) Sensor-

gram of the binding activity of control IVIG and NA IVIG (both at

5.7 lM) and anti-Siglec-9 mAb (5 nM) to immobilized recombinant

Siglec-9/Fc. Desialylation of IVIG had no effect on its binding capac-

ity to Siglec-9.

Schaub et al. Siglec-9 autoantibodies and anti-idiotypes in dimeric IVIG
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The remonomerized dimer fraction, used at concentrations

ranging from 0.3 to 5 lM, bound to the immobilized anti-

Siglec-9 Ids (Fig. 4) in a concentration-dependent manner,

confirming the presence of natural anti-Ids to anti-Siglec-9

autoantibodies in IVIG. In contrast, no binding of the mono-

meric IVIG to the purified anti-Siglec-9 Ids was detected.

These findings suggest that anti-Ids do bind their counter-

parts in IVIG, i.e., Siglec-9-specific Ids, with sufficient affinity

to form relatively stable dimeric Id–anti-Id complexes.

Discussion

In the present study, we provide evidence for the existence of

anti-Id antibodies against anti-Siglec-9 autoantibodies in

IVIG. Whereas dimer formation in IVIG was initially

thought of as unspecific complex formation depending on

chemical properties of the preparation, indirect evidence has

accumulated suggesting that Id–anti-Id interactions contrib-

ute significantly to the dimer formation (21–26). Our findings

confirm this concept and suggest that the binding activity of

natural autoantibodies may be affected by anti-idiotypic

regulation. Anti-idiotypic regulation of self-reactive immuno-

regulatory antibodies may be important for normal immuno-

logical homeostasis (28, 29) and is likely to account for at

least some of the clinical effects of total IVIG (3).

Anti-Siglec-9 and anti-Fas antibodies in IVIG have previ-

ously been described (9), and the presence of such antibodies

in our preparations was confirmed by SPR analysis and flow

cytometric blocking experiments on primary human neutroph-

ils. Anti-Fas autoantibodies were similarly distributed in

monomeric and dimeric IVIG. Because there was a striking

prevalence of anti-Siglec-9 autoantibodies in dimeric IVIG,

we hypothesized that the majority of anti-Siglec-9 auto-

antibodies in IVIG are bound as dimeric Id–anti-Id com-

plexes. Indeed, SPR experiments using affinity-purified IVIG-

derived anti-Siglec-9 autoantibodies revealed the presence of

anti-Id antibodies in dimeric, but not monomeric IVIG. Our

results indicate distribution differences for epitope-specific

autoantibodies within monomeric and dimeric IVIG and

suggest that dimer formation in IVIG is not a stochastic pro-

cess, but depends on characteristics of the paratope, the vari-

able region of the idiotype, probably determining the stability

of the Id–anti-Id complex. Notably, agonistic and antagonis-

tic antibodies may recognize different epitopes as shown for

Fas (6). Whether Siglec-9 anti-Id antibodies exhibit a protec-

tive role in autoimmunity remains to be determined. In such

future studies, it would be interesting to quantify and com-

pare anti-Id antibodies to anti-Siglec-9 autoantibodies in sin-

gle sera of healthy individuals and patients with autoimmune

disorders.

Recent evidence suggests an anti-inflammatory role of

sialylated glycoforms of IVIG (31, 32). As distinct Sia-

containing carbohydrates are known ligands of Siglecs

(10, 11), these lectins have been proposed as candidate recep-

tors for sialylated IVIG (30). In our study, desialylation of

IVIG had no apparent effect on Siglec-9 binding in SPR

assays, suggesting that Fab-dependant recognition by specific

autoantibodies provides the main mechanism of IVIG inter-

action with Siglec-9. However, our study does not entirely

exclude a role of Sia-mediated binding, because such protein–

glycan interactions are usually of low affinity and may not be

detectable in our assays.

We and others have described the presence of agonistic

autoantibodies against Fas, Siglec-8, and Siglec-9 in IVIG,

with the capacity to regulate immune cells by induction of

cell death (5–9). The clearance of immune cells by death is

important in the resolution phase of an inflammation and

might significantly contribute to the anti-inflammatory action

of IVIG (2, 3, 10, 17, 33). On the other hand, regulatory

mechanisms must exist that control the activity of these

potentially harmful autoantibodies in IVIG. We propose

that death-inducing autoantibodies in IVIG are controlled

by at least the following three mechanisms: soluble recep-

tors, antagonistic autoantibodies, or Id–anti-Id interactions

(Fig. 5). Soluble forms of the Fas receptor exist that protect

Fas-bearing sensitive cells from apoptosis induced by agonis-

tic antibodies, as well as by the Fas ligand (34, 35). Second,

we have previously reported that both agonistic and antago-

nistic anti-Fas autoantibodies are present in IVIG, and that

Figure 4 Dimeric, but not monomeric, intravenous immunoglobulin

(IVIG) contains anti-idiotypic anti-Siglec-9 antibodies. Sensorgrams

of the binding activity of monomeric and remonomerized dimeric

IVIG fractions (at 0.3–5 lM) to immobilized anti-Siglec-9 idiotypic

Abs, which were affinity-purified from whole IVIG. Remonomerized

dimeric IVIG showed a concentration-dependent increase in the

association curve revealing the presence of anti-idiotypic Abs in

dimeric IVIG. No binding of the monomeric fraction was detectable.

Siglec-9 autoantibodies and anti-idiotypes in dimeric IVIG Schaub et al.
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the effect on Fas is concentration dependent (6). Indeed, the

beneficial effect of IVIG in TEN is believed to be because of

the presence of naturally occurring blocking antibodies to

Fas (4). Third, in the present study, we provide evidence for

the occurrence of anti-Id antibodies that bind anti-Siglec-9

autoantibodies in IVIG. Similarly, the presence of anti-Fas

autoantibodies in dimeric IVIG suggests that a proportion of

these autoantibodies might be bound by anti-Ids. Taken

together, these mechanisms might determine the therapeutic

activity of functional autoantibodies after IVIG application.

Because the levels of soluble receptors and antagonistic or

anti-Id antibodies in both original pooled sera or in patients

may differ considerably, the clinical response to IVIG ther-

apy might be significantly influenced by these factors (9, 17).
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2. Simon HU, Späth PJ. IVIG – mechanisms

of action. Allergy 2003;58:543–552.

3. Negi VS, Elluru S, Sibéril S, Graff-Dubois

S, Mouthon L, Kazatchkine MD et al.

Intravenous immunoglobulin: an update on

the clinical use and mechanisms of action.

J Clin Immunol 2007;27:233–245.

4. Viard I, Wehrli P, Bullani R, Schneider P,

Holler N, Salomon D et al. Inhibition of

toxic epidermal necrolysis by blockade of

Figure 5 Proposed model of the regulation of death-inducing auto-

antibodies in intravenous immunoglobulin (IVIG). Potentially harmful

cytotoxic autoantibodies in IVIG may be controlled by the following

three mechanisms: soluble receptors, antagonistic autoantibodies, or

Id–anti-Id interactions. (1) Soluble receptors bind to agonistic auto-

antibodies and prevent targeting of the cell surface receptor, as

known for soluble Fas receptor. (2) Antagonistic autoantibodies

compete with cytotoxic (agonistic) antibodies for receptor engage-

ment, e.g., antagonistic anti-Fas autoantibodies protected neutroph-

ils from apoptosis induced by agonistic anti-Fas autoantibodies. (3)

Anti-idiotypic (anti-Id) autoantibodies bind and neutralize agonistic,

idiotypic (Id) autoantibodies resulting in formation of Id–anti-Id

dimers, as shown for anti-Siglec-9 autoantibodies in the present

study.

Schaub et al. Siglec-9 autoantibodies and anti-idiotypes in dimeric IVIG

ª 2011 John Wiley & Sons A/S 7



CD95 with human intravenous immunoglob-

ulin. Science 1998;282:490–493.

5. Prasad NK, Papoff G, Zeuner A, Bonnin E,

Kazatchkine MD, Ruberti G et al. Thera-

peutic preparations of normal polyspecific

IgG (IVIg) induce apoptosis in human

lymphocytes and monocytes: a novel

mechanism of action of IVIg involving the

Fas apoptotic pathway. J Immunol 1998;

161:3781–3790.

6. Altznauer F, von Gunten S, Spath P, Simon

HU. Concurrent presence of agonistic and

antagonistic anti-CD95 autoantibodies in

intravenous Ig preparations. J Allergy Clin

Immunol 2003;112:1185–1190.

7. von Gunten S, Vogel M, Schaub A, Stadler

BM, Miescher S, Crocker PR et al. Intrave-

nous immunoglobulin preparations contain

anti-Siglec-8 autoantibodies. J Allergy Clin

Immunol 2007;119:1005–1011.

8. von Gunten S, Schaub A, Vogel M, Stadler

BM, Miescher S, Simon HU. Immunologic

and functional evidence for anti-Siglec-9

autoantibodies in intravenous immuno-

globulin preparations. Blood 2006;108:4255–

4259.

9. von Gunten S, Simon HU. Cell death modu-

lation by intravenous immunoglobulin. J

Clin Immunol 2010;30(Suppl. 1):S24–S30.

10. von Gunten S, Bochner B. Basic and clinical

immunology of Siglecs. Ann NY Acad Sci

2008;1143:61–82.

11. Crocker PR, Paulson JC, Varki A. Siglecs

and their roles in the immune system. Nat

Rev Immunol 2007;7:255–266.

12. von Gunten S, Simon HU. Sialic acid bind-

ing immunoglobulin-like lectins may regulate

innate immune responses by modulating the

life span of granulocytes. FASEB J 2006;

20:601–605.

13. von Gunten S, Simon HU. Autophagic-like

cell death in neutrophils induced by autoan-

tibodies. Autophagy 2007;3:67–68.

14. von Gunten S, Yousefi S, Seitz M, Jakob

SM, Schaffner T, Seger R et al. Siglec-9

transduces apoptotic and nonapoptotic

death signals into neutrophils depending on

the proinflammatory cytokine environment.

Blood 2005;106:1423–1431.

15. von Gunten S, Jakob S, Geering B, Takala

J, Simon H. Different patterns of Siglec-

9-mediated neutrophil death responses

in septic shock. Shock 2009;32:386–392.

16. Carlin AF, Uchiyama S, Chang Y-C, Lewis

AL, Nizet V, Varki A. Molecular mimicry

of host sialylated glycans allows a bacterial

pathogen to engage neutrophil Siglec-9 and

dampen the innate immune response. Blood

2009;113:3333–3336.

17. von Gunten S, Simon HU. Natural anti-Sig-

lec autoantibodies mediate potential immuno-

regulatory mechanisms: implications for the

clinical use of intravenous immunoglobulins

(IVIg). Autoimmun Rev 2008;7:453–456.

18. Jerne NK. Toward a network theory of the

immune system. Ann Immunol 1974;125C:

373–389.

19. Rossi F, Dietrich G, Kazatchkine MD.

Anti-idiotypes against autoantibodies in nor-

mal immunoglobulins: evidence for network

regulation of human autoimmune responses.

Immunol Rev 1989;110:135–149.

20. Rossi F, Kazatchkine MD. Antiidiotypes

against autoantibodies in pooled normal

human polyspecific Ig. J Immunol 1989;

143:4104–4109.

21. Gronski P, Bauer R, Bodenbender L, Kanzy

EJ, Schmidt KH, Zilg H et al. On the nature

of IgG dimers. I. Dimers in human poly-

clonal IgG preparations: kinetic studies.

Behring Inst Mitt 1988;82:127–143.

22. Gronski P, Bauer R, Bodenbender L, Bo-

land P, Diderrich G, Harthus HP et al. On

the nature of IgG dimers. II. Idiotype –

anti-idiotype complexes of polyclonal and

monoclonal origin: size distribution patterns

and molecular geometries. Behring Inst Mitt

1988;82:144–153.

23. Roux KH, Metzger DW. Immunoelectron

microscopic localization of idiotypes and all-

otypes on immunoglobulin molecules. J

Immunol 1982;129:2548–2553.

24. Roux KH, Tankersley DL. A view of the

human idiotypic repertoire. Electron micro-

scopic and immunologic analyses of sponta-

neous idiotype-anti-idiotype dimers in

pooled human IgG. J Immunol 1990;144:

1387–1395.

25. Tankersley DL. Dimer formation in immu-

noglobulin preparations and speculations on

the mechanism of action of intravenous

immune globulin in autoimmune diseases.

Immunol Rev 1994;139:159–172.

26. Tankersley DL, Preston MS, Finlayson JS.

Immunoglobulin G dimer: an idiotype-anti-

idiotype complex. Mol Immunol 1988;25:

41–48.

27. Tha-In T, Bayry J, Metselaar HJ, Kaveri

SV, Kwekkeboom J. Modulation of the

cellular immune system by intravenous

immunoglobulin. Trends Immunol 2008;

29:608–615.

28. Schaub A, Wymann S, Heller M, Ghielmetti

M, Beleznay Z, Stadler BM et al. Self-

reactivity in the dimeric intravenous immu-

noglobulin fraction. Ann NY Acad Sci 2007;

1110:681–693.

29. Wymann S, Ghielmetti M, Schaub A,

BaumannMJ, Stadler BM, Bolli R et al.

Monomerization of dimeric IgG of

intravenous immunoglobulin (IVIg) increases

the antibody reactivity against intracellu-

lar antigens.Mol Immunol 2008;45:2621–2628.

30. Clynes R. Protective mechanisms of IVIG.

Curr Opin Immunol 2007;19:646–651.

31. Kaneko Y, Nimmerjahn F, Ravetch JV.

Anti-inflammatory activity of immunoglobu-

lin G resulting from Fc sialylation. Science

2006;313:670–673.

32. Anthony RM, Nimmerjahn F, Ashline DJ,

Reinhold VN, Paulson JC, Ravetch JV.

Recapitulation of IVIG anti-inflammatory

activity with a recombinant IgG Fc. Science

2008;320:373–376.

33. Simon HU. Neutrophil apoptosis pathways

and their modifications in inflammation.

Immunol Rev 2003;193:101–110.

34. Cheng J, Zhou T, Liu C, Shapiro J, Brauer

M, Kiefer M et al. Protection from

Fas-mediated apoptosis by a soluble form of

the Fas molecule. Science 1994;263:1759–

1762.

35. Cascino I, Fiucci G, Papoff G, Ruberti G.

Three functional soluble forms of the human

apoptosis-inducing Fas molecule are

produced by alternative splicing. J Immunol

1995;154:2706–2713.

Siglec-9 autoantibodies and anti-idiotypes in dimeric IVIG Schaub et al.

8 ª 2011 John Wiley & Sons A/S


