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Summary

Intravenous immunoglobulin (IVIg) is used for the treatment of an increasing
number of autoimmune diseases. Clinical observations on IVIg-treated
patients have revealed a modulation of T cell populations and functions in
these patients. In vitro studies aimed at understanding the mechanisms
underlying the effects of IVIg on T cells led to the conclusion that IVIg directly
affected lectin-activated T cell functions. However, more recent studies have
suggested the absence of a direct effect of IVIg on T cells. In the present work,
we revisited the effect of IVIg on T cells using lectin-stimulated human T cells
and showed that IVIg inhibited T cell functions only when added simulta-
neously with the activating lectin. Further, we showed that IVIg depleted from
lectin-reactive IgG was no longer inhibitory, suggesting that the effect of
IVIg on T cells was the consequence of lectin neutralization, possibly by
interaction with glycans present in F(ab�)2 portion of IgG molecules. Our
results challenge the previously widely accepted notion that IVIg exerts its
anti-inflammatory effects by acting directly on T cells and suggest that effects
of IVIg observed in treated patients are rather a consequence of the recently
reported inhibitory effect of IVIg on antigen presentation.
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Introduction

Intravenous immunoglobulin (IVIg) is a therapeutic prepa-
ration of human IgG derived from the plasma of thousands
of healthy donors and was used initially as replace-
ment therapy in patients with primary or secondary
immunodeficiencies. In the early 1980s, infusion of high
doses of IVIg was shown to produce therapeutic effects in
patients suffering from immune thrombocytopenia (ITP) by
attenuating platelet clearance [1]. IVIg is now used com-
monly to treat a diversity of autoimmune and inflammatory
diseases [2–4]. However, the mechanisms by which IVIg
produces anti-inflammatory effects in such a diversity
of diseases are still not well defined and require further
investigation [5,6].

T cells are important players in normal immunity, but also
play a critical role in the development and persistence of
autoimmunity [7–9]. Clinical studies conducted on IVIg-
treated patients have revealed significant modulations of T
cell functions in these patients. More precisely, these studies
have shown that IVIg influences the ratio of T helper type 1

(Th1)/Th2 cells, induces Th0 or Th2 responses and modifies
the cytokine expression profile in patients suffering from a
diversity of inflammatory disorders [10–14]. To understand
the mechanisms by which IVIg modulates T cell populations
and their pattern of cytokine secretion, several groups of
investigators have performed in vitro assays in which purified
T cells were activated with mitogenic lectins in the presence
of IVIg. Conclusions derived from these studies indicated
that IVIg has a direct effect on activated T cell functions,
leading to inhibition of proliferation and cytokine secretion
or induction of T cell apoptosis. However, a direct effect of
IVIg on T cells was questioned following reports from
Achiron et al. [15] and Skanse-Saphir et al. [16]. In addition,
work from our laboratory has established recently that IVIg
has no direct effect on antigen-activated T cells, but rather
modulates the functions of antigen-specific T cells by reduc-
ing the activity of antigen-presenting cells (APCs) [17].
These recent observations on the absence of a direct effect of
IVIg on T cells prompted us to re-examine the mechanisms
by which IVIg interfered with the functions of T cells acti-
vated with lectins. Our results reveal that the inhibition of
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cytokine secretion or proliferation reported previously for
lectin-activated T cells in the presence of IVIg is due to a
direct interaction of IVIg with lectins, leading to neutraliza-
tion of their mitogenic or stimulatory potential, rather than
a direct effect of IVIg on T cells.

Materials and methods

Cells and reagents

The human Jurkat T cell line (clone D1·1) was obtained from
American Type Culture Collection (Rockville, MD, USA)
and was mycoplasma free. Jurkat T cells were cultured in
RPMI-1640 medium supplemented with 10% fetal bovine
serum (FBS) ultra-low IgG, 1 mm sodium pyruvate (all from
Invitrogen Canada Inc., Burlington, Canada), 100 units/ml
of penicillin and 100 mg/ml of streptomycin (Sigma-Aldrich
Canada Ltd, Toronto, Canada). IVIg (10%; Gamunex) and
human serum albumin (HSA) were obtained from Talecris
Biotherapeutics Ltd (Mississauga, Canada). IVIg and HSA
were dialysed against RPMI-1640 medium, sterile-filtered
and stored at -80°C until use. Phytohaemagglutin-L (PHA),
concanavalin A (Con A) and pokeweed mitogen (PWM)
were all purchased from Sigma-Aldrich. PHA conjugated to
AlexaFluor 488 (PHA-AF488) was obtained from Invitrogen
Canada Inc. Human peripheral blood mononuclear
cells (PBMC) were isolated by density centrifugation over
Ficoll-Paque (GE Healthcare Bio-Sciences, Inc., Baie d’Urfé,
Canada) starting with whole blood collected from healthy
volunteers after informed consent.

T cell activation assay

Jurkat T cells (5 ¥ 105) or PBMC were seeded in 1 ml of
culture medium in 24-well microplates (Corning, Fisher Sci-
entific Company, Ottawa, Canada) and cultured at 37°C in a
humidified atmosphere containing 10% CO2, in the presence
of 0·5 mg/ml of PHA unless indicated otherwise, with or
without IVIg or the immunoglobulin fraction tested at the
indicated concentrations. In some experiments, cells were
activated with 20 mg/ml of Con A instead of PHA. After
24 h of culture, T cell function was assessed by measuring
the amount of human interleukin (IL)-2 secreted in the
culture supernatants by enzyme-linked immunosorbent
assay (ELISA), using matched antibody pairs (R&D systems,
Minneapolis, MN, USA).

Determination of lectin-reactive IgG by ELISA

The presence of lectin-reactive IgG was evaluated in a stan-
dard ELISA using PHA, Con A or PWM diluted to 20 mg/ml
in carbonate buffer (100 mm, pH 9·6) and bound to the wells
of 96-well microplates (Immulon 2 HB; Fisher Scientific
Company). The lectin-bound human IgG were detected
using a goat anti-human lambda chain-specific horseradish

peroxidase (HRP) conjugate (Jackson Immunoresearch
Laboratories, West Grove, PA, USA) and tetramethylbenzi-
dine as HRP substrate (ScyTek Laboratories, Logan, UT,
USA). The reaction was stopped by addition of H2SO4 (1 m)
and the optical densities (OD) were read using a microplate
reader at 450 nm (SpectraMax Plus384; Molecular Devices,
Chicago, IL, USA).

Depletion of lectin-reactive IgG from IVIg

To deplete IVIg from PHA-reactive IgG, PHA was conju-
gated to N-hydroxysuccinimide (NHS)-activated Sepharose
in a HiTrap column (GE Healthcare), following the manu-
facturer’s instructions. IVIg was depleted from Con
A-reactive IgG using a Con A-Sepharose 4B column (GE
Healthcare). Dialysed IVIg was loaded onto each of the
columns and a volume of flow-through corresponding to the
sample loading volume was recovered. The flow-through
fractions contained IVIg depleted from PHA-reactive IgG
(IVIg–PHA) or IVIg depleted from Con A-reactive IgG
(IVIg–Con A), respectively, as confirmed by ELISA.

Preparation of F(ab�)2 fragments of IVIg

F(ab′)2 fragments of IVIg were obtained by digestion
with immobilized pepsin (Fisher Scientific Company). The
immobilized pepsin was first equilibrated in IVIg buffer
(glycine 0·2 m, pH 4·25) prior to addition of IVIg. After over-
night incubation at 37°C, digestion was stopped by addition
of Tris-HCl 1 m, pH 9·0 and the crude digest was recovered
after centrifugation. Undigested IgG and Fc fragments were
removed by chromatography on protein A-Sepharose (GE
Healthcare) followed by chromatography on an anti-human
IgG-Sepharose column prepared using the mouse mono-
clonal C5-1 anti-human IgG antibody [18] conjugated
to NHS-activated Sepharose (GE Healthcare). The purity
of the F(ab′)2 preparation was >95%, as assessed by gel
filtration chromatography and sodium dodecyl sulphate-
polyacrylamide gel electrophoresis (SDS-PAGE) under non-
reducing conditions. The F(ab’)2 fragments were dialysed
against RPMI-1640 medium, sterile-filtered and stored at
-80°C until use.

IVIg deglycosylation

Fc-deglycosylated IVIg was obtained by digestion with
peptide:N-glycosidase F (PNGase F) (New England Biolabs,
Pickering, Canada). Briefly, IVIg was diluted to 100 mg/ml
with phosphate-buffered saline (PBS) (pH 8·6) and 10 mg of
diluted IVIg were incubated with 50 000 units of PNGase F
for 48 h at 37°C. The efficiency of the deglycosylation was
assessed by SDS-PAGE under reducing conditions.

Statistical analysis

All statistical analyses were performed using GraphPad
InStat software (GraphPad Software, La Jolla, CA, USA),
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using the appropriate parametric [t-test, (one-way analysis
of variance (anova)] or non-parametric (Mann–Whitney
U-, Kruskal–Wallis) tests and post-tests. Values of P < 0·05
were considered to indicate statistical significance.

Results

Presence of PHA-specific IgG in IVIg

PHA-activated Jurkat T cells are known to secrete significant
levels of IL-2. To measure the effect of IVIg on IL-2 secretion,
Jurkat T cells were incubated in the presence of PHA (0·5 mg/
ml) and increasing concentrations of IVIg (0–20 mg/ml).
After 24 h of culture, IL-2 secretion was measured by ELISA.
The results showed a dose-dependent inhibition of IL-2
secretion with an almost complete inhibition in the presence
of 20 mg/ml of IVIg (Fig. 1a). The inhibitory effect was spe-
cific to IVIg because addition of similar concentrations of
HSA did not decrease IL-2 secretion compared to the control
condition in which no protein was added (data not shown).
Unstimulated Jurkat T cells were also used as control and did
not secrete detectable levels of IL-2 (data not shown). These
results are in agreement with those reported in previously
published studies on IVIg using T cells and PHA. However,
additional experiments performed with Jurkat T cells acti-
vated with a higher dose of PHA (4 mg/ml) in the presence of
IVIg (10 mg/ml) did not result in a significant inhibition of
IL-2 secretion (data not shown). We therefore postulated
that the inhibitory activity of IVIg on IL-2 secretion was
dependent upon the concentration of PHA used to activate
cells. The effect of different concentrations of PHA on the
inhibition of IL-2 secretion in the presence of 10 mg/ml of
IVIg was thus determined. Results showed an inverse rela-
tionship between the dose of PHA used and the extent of
inhibition of IL-2 secretion in the presence of IVIg. Indeed,
IL-2 secretion was reduced by only 20% when high concen-
trations of PHA were used, compared to >90% inhibition
when cells were activated with 0·25 mg/ml PHA (Fig. 1b).
These results suggested that IVIg did not act on PHA-
activated Jurkat T cells, but rather interfered with PHA,
either by binding and neutralization or competition for PHA
receptors on the T cell surface, therefore preventing Jurkat
T cell activation and the subsequent IL-2 secretion.

To study this hypothesis, we first determined whether IVIg
interferes with the binding of PHA on the surface of Jurkat T
cells. This was performed using fluorescent PHA (PHA-
AF488) to allow detection of binding by flow cytometry.
Jurkat T cells were incubated for 30 min with PHA-AF488 in
the presence of increasing concentrations of IVIg followed
by determination of the mean fluorescence intensity (MFI)
of the cells. Results obtained showed a decreased binding of
PHA-AF488 with increasing concentrations of IVIg (Fig. 2),
indicating that IVIg prevents binding of PHA to Jurkat T
cells. In contrast, similar concentrations of HSA (used as
control protein) did not inhibit PHA-AF488 binding to

Jurkat T cells. To gain more insight into the mechanism of
inhibition of PHA binding, Jurkat T cells were first incubated
with IVIg (10 mg/ml) for 4 h, followed by washing and
stimulation with PHA (0·5 mg/ml), in the presence or not of
freshly added IVIg. After an additional incubation of 24 h,
the IL-2 concentration in the supernatants was determined
by ELISA. IVIg-treated Jurkat T cells responded to PHA
stimulation by secreting levels of IL-2 comparable to those
observed using untreated Jurkat T cells stimulated with PHA
(Fig. 3). This result indicated that PHA receptors were not
blocked by IVIg. In contrast, IL-2 secretion by IVIg-treated
or untreated Jurkat T cells was inhibited when IVIg was
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Fig. 1. Combined effect of intravenous immunoglobulin (IVIg) and

phytohaemagglutinin (PHA) concentrations on Jurkat T cell

activation. (a) Jurkat T cells were activated with 0·5 mg/ml of PHA in

the presence of increasing concentrations of IVIg (0–20 mg/ml) and

cultured for 24 h prior to evaluation of interleukin (IL)-2 secretion by

enzyme-linked immunosorbent assay (ELISA). Results shown are the

mean [� standard deviation (s.d.)] of three independent experiments.

(b) Jurkat T cells were activated with increasing concentrations of

PHA (0·25–4 mg/ml) in the presence or not of IVIg (10 mg/ml), for

24 h prior to IL-2 determination. Results shown are the mean (� s.d.)

of four independent experiments. **P < 0·01; ***P < 0·001 [one-way

analysis of variance (anova)] followed by Bonferroni’s post-test).
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added during PHA stimulation (Fig. 3). This indicated that
IVIg needs to be present at the same time as PHA to perform
its inhibitory effect, suggesting that IVIg directly binds and
neutralizes PHA, therefore preventing cell activation and the

subsequent IL-2 secretion. Direct binding of IVIg to PHA
was confirmed by ELISA, using PHA as capture antigen (see
Fig. 4a).

Inhibitory potential of IVIg depleted from
PHA-reactive IgG

To confirm that IVIg inhibited IL-2 secretion by neutralizing
PHA, we depleted the IVIg preparation from PHA-reactive
IgG using a PHA-Sepharose affinity column. The flow-
through recovered from the column after loading IVIg was
considered as the PHA-reactive IgG-depleted IVIg fraction
(IVIg–PHA). The extent of depletion was evaluated by
ELISA (Fig. 4a) and showed > 85% depletion as evaluated by
the reduction of OD in the IVIg–PHA fraction (OD of 0·322
and 0·043 for IVIg and IVIg–PHA, respectively). The effect of
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Fig. 2. Intravenous immunoglobulin (IVIg) interferes with the

binding of phytohaemagglutinin (PHA) to Jurkat T cells. Jurkat T

cells were incubated with AF488-PHA in the presence of increasing
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at 37°C, followed by fluorescence determination by flow cytometry.
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Fig. 3. Intravenous immunoglobulin (IVIg)-treated Jurkat T cells are

responsive to phytohaemagglutinin (PHA) activation. Jurkat T cells

were incubated for 4 h in the presence of IVIg (10 mg/ml) (step 1),

followed by three washes and PHA activation (0·5 mg/ml) in the

presence or absence of 10 mg/ml of IVIg (step 2). Cells were

incubated to 24 h prior to interleukin (IL)-2 determination by

enzyme-linked immunosorbent assay (ELISA). Results [� standard

deviation (s.d.)] are representative of five independent experiments.

n.s.: not significant, **P < 0·01; ***P < 0·001 (Kruskal–Wallis with

Dunn’s post-test).
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Fig. 4. Depletion of phytohaemagglutinin (PHA)-reactive IgG from

intravenous immunoglobulin (IVIg) abolishes its inhibitory activity.

(a) The presence of PHA-reactive IgG in IVIg before and after passage

on a PHA-Sepharose column was evaluated by enzyme-linked

immunosorbent assay (ELISA) using PHA as capture antigen and

50 mg/ml of each fraction. ***P < 0·001 (unpaired t-test, Welch

corrected). (b) Jurkat T cells were incubated in the presence of PHA

(0·5 mg/ml) and 5 mg/ml of human serum albumin (HSA), IVIg or

IVIg–PHA for 24 h, prior to interleukin (IL)-2 determination by

ELISA. ***P < 0·001 (Kruskal–Wallis with Dunn’s post-test). Results

[� standard deviation (s.d.)] are representative of at least four

independent experiments.
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IVIg or IVIg–PHA (both at 5 mg/ml) on Jurkat T cell stimu-
lation by PHA was next studied. Results obtained showed a
78% inhibition of IL-2 secretion in the presence of IVIg,
while IVIg–PHA or a similar concentration of HSA did not
inhibit IL-2 secretion significantly (Fig. 4b). This observa-
tion indicated that PHA-reactive IgG play a major role in the
IVIg-mediated inhibition of IL-2 production by Jurkat
T cells.

F(ab’)2-dependent interaction between PHA and IVIg

To determine whether interaction between IVIg and PHA
occurred following a classical antigen/antibody-type inter-
action, F(ab′)2 fragments of IVIg were prepared and their
reactivity with PHA was evaluated by ELISA (Fig. 5a).
Results obtained showed that equimolar amounts of purified
F(ab′)2 fragments bound to PHA as effectively as IVIg, indi-
cating that IVIg interacts with PHA via its Fab region. In
contrast, Fc fragments of IVIg showed no reactivity with
PHA in ELISA (data not shown), indicating that PHA does
not interact with glycans present in the Fc region (Asn297)
of IgG. The effect of F(ab′)2 fragments of IVIg on PHA-
mediated Jurkat T cell activation was compared to that of
IVIg, using equimolar amounts of proteins. As shown in
Fig. 5b, the F(ab’)2 fragments inhibited IL-2 secretion as effi-
ciently as IVIg, confirming that IVIg binds and neutralizes
PHA via its F(ab’)2 region.

Interference of IVIg with PHA activation of primary
T cells

We next determined whether IVIg also interferes with PHA
activation of primary T cells. It is known that purified
primary T cells cannot be activated by PHA alone, but also
require essential signals from accessory cells [19–21]. We
therefore used PBMC isolated from healthy volunteers to
evaluate the effect of IVIg, IVIg–PHA and F(ab’)2 fragments
on primary T cell activation by PHA. IL-2 secretion was used
as a measure of the extent of primary T cell activation. The
results obtained showed a significant reduction in IL-2 secre-
tion when IVIg and F(ab’)2 fragments were added to the
PHA-supplemented PBMC culture, while no significant
reduction was observed in cultures performed in the pres-
ence of IVIg–PHA (Fig. 6). These results therefore confirm
the results obtained previously using Jurkat T cells.

Interference of IVIg with other lectins

Several groups of investigators reported that IVIg inhibited
the functions of lymphocytes stimulated with Con A or
PWM. To determine whether this inhibitory effect could also
be the consequence of lectin neutralization rather than a
direct effect of IVIg on activated cells, the presence of Con A-
and PWM-reactive IgG in IVIg was evaluated by ELISA. We
also tested the effect of removing Fc-associated glycans

on the binding of IVIg to lectins. This was performed by
digestion of IVIg with PNGase F and assay of the
Fc-deglycosylated IVIg in ELISA. The removal of glycans
from the Fc region of IgG was confirmed by SDS-PAGE
under reducing conditions, as illustrated by the shift in
molecular weight observed in the IgG heavy chains (Fig. 7a).
Results showed that IVIg bound to PHA, Con A and PWM,
but that removal of Fc-associated glycans reduced the
binding to Con A and PWM (Fig. 7b). These results are
consistent with the fact that lectins possess different glycan
recognition patterns. The presence of Con A- and PWM-
reactive IgG in IVIg further supports the idea that IVIg
neutralizes the activity of lectins rather than inhibits
the functions of activated cells. Indeed, removal of Con
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independent experiments. ***P < 0·001 (Kruskal–Wallis with Dunn’s
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A-reactive IgG from IVIg by affinity chromatography (IVIg–
Con A fraction) led to depletion of about 90% of Con A
reactivity in ELISA (OD of 0·976 and 0·096 for IVIg and
IVIg–Con A, respectively) (Fig. 7c). Similarly, Jurkat T cell
activation by Con A (20 mg/ml) was inhibited strongly in the
presence of IVIg while the IVIg–Con A had no significant
effect on cell activation and the subsequent IL-2 secretion
(Fig. 7d).

Discussion

In the present work, we show that IVIg interacts with and
neutralizes the stimulatory effect of lectins such as PHA, Con
A and PWM. These lectins have been used in numerous
studies to determine the effect of IVIg on lymphocyte func-
tions, leading to the conclusion that IVIg had a direct effect
on activated T or B cells (inhibition of proliferation, cytokine
secretion, expression of activation markers such as CD25 or
CD69, or immunoglobulin secretion) [22–29]. In the light of
the results presented here, we believe that these conclusions
should be revisited. Indeed, we demonstrate clearly that IVIg
preparations contain IgG fractions reacting with PHA, Con
A and PWM. Furthermore, we show that removal of PHA- or
Con A-reactive IgG from IVIg results in loss of inhibitory
activity on T cells, indicating that the main mechanism of
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inhibition is simply a direct binding of the lectin with lectin-
reactive IgG, leading to its inability to bind to and activate T
cells. The above observations were mostly conducted using
the Jurkat T cell line, but key experiments were also per-
formed using primary cells and confirmed the interference
of IVIg with mitogenic lectins. In the case of B cells, it is likely
that the previously reported inhibitory effects on immuno-
globulin secretion result from PWM neutralization rather
than by a direct effect of IVIg on stimulated B cells, although
this has not been determined experimentally in the present
work.

To address correctly the question of whether IVIg acts
directly on T cells or B cells, more physiologically relevant
activation systems (e.g. anti-CD3 and anti-CD28 or antigen-
driven activation) should be used. In some of the previous
work discussed above, T cells were activated using anti-CD3
antibodies in combination or not with anti-CD28 antibod-
ies, in the presence of IVIg. Results of these experiments also
led the authors to conclude that IVIg directly inhibits T cell
functions. However, we obtained evidence indicating that
IVIg also interferes with the CD3/CD28 activation system,
therefore preventing cell activation (L.P. and R.B., manu-
script in preparation), rather than suppressing functions of
activated T cells. Recent work from our laboratory using
APCs to activate CD4+ T cells with immune complexes of
ovalbumin revealed the absence of a direct effect of IVIg on
T cell activation or proliferation [17]. Rather, our results
showed that IVIg indirectly inhibited the in vivo and in vitro
T cell responses by impairing antigen presentation. Similarly,
Néron et al. showed that IVIg did not inhibit immunoglo-
bulin secretion by human B cells activated by CD154 (the
ligand for CD40) in the presence of cytokines such as IL-2,
IL-4 and IL-10 [30], in contrast to the previously reported
effects observed using PWM to stimulate B cells in the pres-
ence of IVIg [11,22,25]. Another recent report also showed
the absence of a direct effect of IVIg on B cells [27]. Alto-
gether, these observations suggest that the effect of IVIg is
directed mainly towards the APCs and that the effect on
T and B cell functions in IVIg-treated patients described
above are consequences of a reduced ability of APCs to
deliver activating signals to these cells.

We showed that F(ab′)2 fragments were as effective as IVIg
to inhibit IL-2 secretion by Jurkat T cells stimulated with
PHA, suggesting that IVIg interacts with lectins in an
antigen/antibody manner. Because it is unlikely that PHA-
specific IgG were produced in humans by natural immuni-
zation against the lectin, we speculated that lectin-reactive
IgG could be present in the IVIg fraction containing polyre-
active IgG (about 3% of IVIg) [31]. Conversely, IgG are
glycoproteins and may interact with lectins through their
sugar residues. Indeed, it is well established that all IgG carry
a conserved N-linked glycosylation site at Asn297, in the
CH2 domain of the constant region [32]. In addition,
15–20% of human serum IgG also bear complex dianten-
nary oligosaccharides attached to the variable regions of

their light or heavy chains [33,34]. PHA binds preferentially
to galactosylated complex diantennary oligosaccharides
[35], and this glycan structure is found mainly on the Fab
region of human serum IgG in contrast to oligosaccharides
in the Fc region which are hypogalactosylated [34]. This
suggests that PHA would bind efficiently to glycans present
in the Fab portion but not in the Fc region of the IgG. This
hypothesis is supported by our observation that F(ab′)2 and
Fc-deglycosylated IVIg but not Fc fragments of IVIg bound
to PHA in ELISA. Therefore, to determine what fraction
of IVIg interacts with PHA (polyreactive IgG or Fab-
glycosylated IgG), we considered the yield of IgG recovered
in the IVIg–PHA fraction after chromatography on PHA-
Sepharose columns. The IVIg–PHA fraction contained
about 80% of the total amount of IgG loaded onto the
columns (14·6 mg recovered from 20 mg of IVIg loaded onto
the column), indicating that at least 20% of the IgG present
in IVIg were bound to or retarded in the PHA-Sepharose
column. This amount of lectin-reactive IgG corresponds to
the proportion of Fab-glycosylated IgG in human serum
[33,34], suggesting that glycans present in the IgG variable
region rather than polyreactive IgG are responsible for
binding and neutralizing PHA.

Con A and PWM possess oligosaccharide specificities dif-
ferent from those of PHA. These lectins bind preferentially to
a-mannose/glucose and dimers of N-acetyl-b-glucosamine,
respectively, and are known to recognize different carbohy-
drates present in the Fc region of IgG [36], in agreement with
our observation that Fc-deglycosylated IVIg bound less
efficiently to Con A and PWM than intact IVIg in ELISA.
Altogether, these observations lead to the general conclusion
that IVIg interacts with lectins via specific oligosaccharides
present in the Fab or Fc region of IgG, resulting in neutral-
ization of their stimulatory activity.

In conclusion, the observations reported here challenge
the previously widely accepted notion that IVIg exerts its
anti-inflammatory effects by acting directly on T cells. More
probably, the in vivo modulation of T cell populations
observed in IVIg-treated patients is a consequence of the
effect of IVIg on APCs [17]. Our work also emphasizes the
importance of ruling out possible interactions of IVIg with
mitogens or other effector components present in a given
experimental system before deriving strong conclusions on
the mechanisms of action of IVIg based on their apparent
immunomodulatory effects observed in vitro.
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