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Intravenous human IgG (IVIg) given to patients with autoim-
mune disorders can result in significant clinical improvement in
some patients. The mechanism(s) by which IVIg induces these
improvements is(are) not known. We have previously shown
that IVIg inhibited the proliferation of peripheral blood lym-
phocytes in allogeneic mixed lymphocyte reactions and of
autonomously growing human and mouse cell lines. In an effort
to identify the antigen(s) to which the human IgG binds, the
human B cell line JY, whose proliferation was inhibited by
IVIg, was incubated with IVIg, washed extensively with PBS,
and lysed. Human IgG from these lysates was purified by
protein A-Sepharose (IVIgJY). IVIgJY binds to and inhibits the
proliferation of JY cells and of peripheral blood lymphocytes
stimulated in a MLR at a 1000- to 10.000-fold lower concen-
tration compared to IVIg. IVIgJY was analyzed on a 5-15%
gradient SDS/PAGE and only immunoglobulin heavy- and
light-chain (run under reducing conditions) proteins were
detected. Immunoprecipitation experiments from JY cell ly-
sates with IVIgJY indicated that this IgG did not bind to a
protein epitope. Thin-layer immunoblot experiments showed
that the IVIgJY binds to glycolipids expressed by JY cells and
lymphocytes. Furthermore, evidence is presented indicating
that antiglycolipid antibodies are involved in IVIg-induced
growth inhibition.

KEY WORDS: Immunoglobulin for intravenous use (IVIg); plasma
membrane glycolipids; mixed lymphocyte reaction; growth inhibition
and thin-layer chromatography.

INTRODUCTION

High-dose polyvalent immunoglobulin G for intravenous
use (IVIg), purified from pooled plasma from healthy
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blood donors, has been reported to be an effective
treatment in a variety of autoimmune disorders (1-7).
Although, the precise mechanism of action of IVIg is still
far from clear, several possibilities have been suggested:
inhibition of autoantibody production (8), neutralization
of pathogenic antibodies (9-13), and inhibition of anti-
body-dependent cellular cytotoxicity by Fc-receptor
blockade of macrophages (14). Furthermore, it has been
shown that IVIg administration enhances CD8+ suppres-
sor T-cell function (15-17), inhibits pokeweed mitogen-
induced antibody production in vitro (18-21), decreases
NK cell function (22), modulates complement activation
(23, 24), and interferes with the cytokine network (25-
27). We have shown that IVIg inhibits the proliferation
of hematopoetic cell lines and of peripheral blood lym-
phocytes (PBL) in an allogeneic mixed lymphocyte
reaction (MLR) (28). This antiproliferative effect of IVIg
was also found for primary human fibroblasts and myo-
blasts, in which the growth arrest was accompanied with
upregulation of the expression of the growth arrest-
specific (GAS)-3 gene (I. N. van Schaik et al., submit-
ted). How IVIg achieves growth inhibition is not clear. In
immunofluorescence experiments we have shown that
IVIg did bind to the surface of cells whose proliferation
was inhibited (28). Growth inhibition was also induced
in cell lines that do not express receptors for IgG
(Fc^yR's) on their surface, arguing against the involve-
ment of Fc-yR's. F(ab), fragments were shown to be
superior to Fc fragments in mediating growth inhibition
(29). Although intact IgG was more effective than F(ab)2

fragments, the fact that F(ab)2 fragments and not Fc
fragments were the effective part of the polyclonal IgG
suggests that an antigen(s) expressed by the cell line(s)
may be involved in delivering a growth inhibitory signal.
The main purpose of this study was to purify the fraction
of IgG molecules from IVIg responsible for the growth
inhibitory effect. In this paper we present results that

301
(I27l-9i42/97AI7(Ki-03(IISI2.5()/(l © [997 Plenum Publishing Corporation



302 VUIST, VAN SCHAIK, VAN LINT, AND BRAND

show that IVIg contains IgG molecules that bind to
glycolipids expressed by JY cells and PBL and that
effectively inhibit the proliferation of these cells.

MATERIALS AND METHODS

Cells, Reagents, and Medium

Human peripheral blood lymphocytes (PBL) were
obtained from buffy coats of healthy blood donors by
Ficoll-Hypaque density centrifugation. The cells were
used immediately or after cryopreservation in liquid
nitrogen in a suspension containing 10% dimethylsulfox-
ide (Fluka, Brussels, Belgium). Cells were cultured in
RPMI 1640 (GIBCO, Breda, The Netherlands) supple-
mented with 15% (v/v) heat-inactivated (30 min, 56°C)
pooled human serum. The mouse hybridoma W6/32,
which secretes an anti-HLA class I-specinc monoclonal
antibody (mAb), was obtained from the ATCC (Rock-
ville, MD). The human EBV-transformed cell line JY
was kindly provided by Dr. J. Borst, Netherlands Cancer
Institute, Amsterdam. Bulk cultures of JY were per-
formed in roller bottles in RPMI 1640 supplemented
with 5% (v/v) heat-inactivated fetal calf serum (GIBCO).
The hybridoma cells were grown in serum-free medium
(GIBCO) and the mAb was obtained by concentrating
the culture supernatant. SDS/PAGE analysis of a W6/32
mAb preparation showed that it contained >95% IgG. A
mAb specific for human IgG was purchased from Beck-
ton-Dickinson (San Jose, CA). Freeze-dried IVIg was
obtained from the Central Laboratory of The Netherlands
Red Cross Blood Transfusion Service (Amsterdam).
Myeloma IgG was purified from the serum of a multiple
myeloma patient by protein G-Sepharose according to
the method described below. The gangliosides GM1,
GM2, AGM1, AGM2, CTH, CDH, GQlb, GTlb, GDla,
GDlb, Forssman, globoside, and galactocerebroside
were purchased from Biocarb Chemicals (Lund, Swe-
den). Polyclonal anti-HLA-A2-reactive human serum
was kindly provided by Dr. A. Mulder, Academical
Hospital Leiden, The Netherlands. All other reagents
were purchased from Sigma Chemical Company (St.
Louis, MO).

Purification and SDS-PAGE Analysis of Human IgG
from IVIg that Binds to JY Cells

JY cells (5 X 109) were incubated for 60 min at 4°C
with IVIg (0.5 X 109 cells/ml, 30 mg IVIg/ml). Subse-
quently, the cells were extensively washed with phos-
phate-buffered saline (PBS) to remove nonbound IgG

and lysed in lysis buffer (1 X 10H cells/ml; 1% NP-40, 50
mM Tris, 150 mM NaCI, 1 mM PMSF, 1 /ig/ml pepsta-
tin, 0.13 TlU/ml aprotinin, pH 8.0). Cell lysates were
cleared of NP-40-nonsoluble material by centrifugation
(30 min, 15,000 rpm; Becknmnn Ultracentrifuge). The
lysate was precleared twice at room temperature (rt) with
CL-4B/Sepharose (Pharmacia, Uppsala, Sweden; 5-tnl
bead volume, 60 min, tumbling). IgG present in the
lysate was purified by incubating the lysate o/n with 5 to
10-ml-bead volume protein A/Sepharose (Pharmacia) at
4°C, tumbling. Bound IgG on the protein A/Sepharose
was eluted with O.I M glycine buffer pH 2.5. The eluate
was neutralized with 2 M Tris buffer, pH 8.0, and
concentrated in PBS to a final concentration of 2-3
mg/ml. This purified IgG (IVIgJY) was analyzed on
5-15% gradient SDS-PAGE and stained with the silver
stain reagents (Pharmacia) according to the manufactur-
er's directions. The IVIgJY was aliquoted and stored at
4°C for immediate use or for an extended time period at
— 20°C. Myeloma IgG was purified from the serum of a
multiple myeloma patient by applying the serum to a
protein G/Sepharose column (Pharmacia) at rt. Bound
IgG was eluted from this column with 0.1 M glycine
buffer, pH 2.7. The eluate was neutralized with 1 M Tris
buffer (pH 8.0) and the myeloma IgG was freeze-dried
and stored at -20°C until use.

Immunoflnorescence Staining of Plasma Membrane
Antigens

Cells (0.5 X 10h) were incubated with appropriate
concentrations of antibodies (IVIg, 30 mg/ml; IVIgJY,
30-0.3 ju.g/ml; polyclonal human anti-HLA-A2 anti-
serum, 1/4 dilution) in a total volume of 50 ^,1 at 4°C for
30 min. After each step the cells were washed twice with
ice-cold PBS supplemented with 0.5% (w/v) bovine
serum albumin (BSA; Sigma). Bound first-step human
IgG was detected with FITC-labeled goat anti-human Ig
(Nordic, Tilburg, The Netherlands). Stained cells were
analyzed by FACScan (Beckton-Dickinson).

Proliferation Inhibition Experiments

An allogeneic mixed lymphocyte culture (MLR) was
set up with peripheral blood lymphocytes (PBL) from
two unrelated donors. The responder and stimulator PBL
were mixed 1:1 and cultured (1 X 105 cells/well) in
96-well flat-bottom microtiter plates (Greiner). JY cells
were seeded at 5 X 103 cells/well. Unfractionated IVIg
was added at 30-0.001 mg/ml, and IVIgJY at 20-0.001
/ng/ml. In addition, experiments that included IVIgJY,
which was absorbed to glycolipids isolated from JY
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cells, were performed. The isolation of JY glycolipids
and the adsorption procedure are described below. The
supernatant of IVIg after incubation with JY cells was
also tested at 30-0.01 mg/ml. Antibodies were added to
the culture at the start of the experiment and remained
present in the culture medium for the duration of the test.
Control cultures were performed in culture medium
without the addition of IVIg (IVIgJY) or with the addition
of control myeloma IgG (at 10 mg/ml). The h'nal volume
in each well was 150 ju,l. Culture plates were incubated in
humidified air containing 5% (v/v) CO2 at 37°C for 3
days. For the last day of culture 1 /j-Ci' H-thymidine was
added to each well of the culture plate, in a volume of 50
jul, and 20 hr later the cells were harvested on a filter and
liquid scintillation counting was performed in a 0-plate
counter (LKB, Wallac 1205).

Immunoprecipitation from I25I Surface-Labeled or
'^S-MethioninelCysteine Metabolically Labeled JY
Cells

JY cells (10 X 106) were surface labeled with 1 mCi
Nal25I (Amersham) using lactoperoxidase enzyme (Sig-
ma) according to standard procedures or metabolically
labeled with 3SS-methionine by incubation of 0.5 X 106

cells/ml with 5 ^iCi 3SS-methionine/cysteine (Amer-
sham) in methionine/cysteine-free medium (GIBCO) for
5 hr at 37°C. After labeling, the cells were washed with
PBS and lysed on ice for 60 min in 1% NP-40, 50 mM
Tris, 150 mM NaCl, 1 mM PMSF, 1 /ug/ml pepstatin,
0.13 TIU/ml aprotinin, pH 8.0, lysis buffer. Nonsoluble
material was removed by centrifugation for 15 min at
15,000 rpm and 4°C in an Eppendorf centrifuge. Lysates
were precleared 4X with 50-/U.1 packed protein A/Sepha-
rose beads. Immunoprecipitation (IP) was performed
with 25 ju,l packed protein A/Sepharose with normal
mouse serum (NMS; 10 jal) as a negative control and
anti-HLA class I mAb W6/32 (10 ju.g) as a positive
control. Test immunoprecipitation was done with 10 jig
IVIgJY. In some experiments a monoclonal antibody
specific for human IgG was added (10 jag) in addition to
the 10 ju,g IVIgJY. After incubating the protein A/Sepha-
rose antibody mixtures for 1 hr at rt, the beads were
extensively washed with lysis buffer. The protein
A/Sepharose beads were finally resuspended in sample
buffer (SB) and boiled for 5 min. Subsequently, the beads
were removed by centrifugation and the supernatants
were run under reducing and nonreducing conditions on
a 5-15% gradient SDS-PAGE. The gel was dried and
exposed to X-ray film (Kodak) for 1-8 days at -70°C.

Isolation of Glycolipids from JY Cells and PBL and
Adsorption of lVIgJY to Glycolipids from JY Cells

The gangliosides expressed at the surface of JY cells
and PBL were isolated according to a procedure pub-
lished previously (30). Briefly, cells were resuspended in
200 jal milli-Q purified water (aqua dest), and 750 jid
methanol and 360 /il chloroform were subsequently
added. This mixture was incubated for 30 min on a
rollerbank, then centrifuged for 30 min at 2500 rpm, and
the supernatant was collected (sup 1). The pellet was
resuspended in 200 jul aqua dest and 800 /jl chloroform/
methanol mixture (1:2). This mixture was incubated for
30 min, subsequently centrifuged, as specified above,
and supernatant was collected (sup 2). Sup 1 and sup 2
were pooled and aqua dest was added so that the final
composition of the solution was chloroform:methanol:
aqua dest = 1:2:1.4. The final solution was carefully
mixed and allowed to separate (usually separation took
6 h). After separation the upper phase was collected (UF
1), and to the lower phase 200 ftl methanol and 120 /u-1
0.01 M KCl were added. This was allowed to separate,
and again the upper phase was collected (UF 2). UF 1
and UF 2 were mixed and freeze-dried. Freeze-dried
glycolipids were redissolved in chloroform:methanol
(1:2). For adsorption experiments 1 ml glycolipids from
100 X 106 cells dissolved in chloroform/methanol was
added to a well of a 24-well tissue culture plate and
dried. Subsequently, the well was extensively rinsed with
PBS, and IVIg (3 fig/ml) was incubated in this glyco-
lipid-eoated well for 1 hr at rt. The negative control was
IVIgJY incubated for 1 hr in a well not coated with the
glycolipids. IVIgJY adsorbed in this way was tested for
growth inhibition according to the method described
above.

Thin-Layer Chromatographic Analysis of the Binding
of IVIg" to Glycolipids

Ten micrograms of the purified glycolipids was ap-
plied to plastic-backed, polygram Silica G, 0.25-mm
thin-layer (TLC) plates of 8 X 8 cm (Machery-Nagel,
Diiren, Germany). A standard mixture of neutral glyco-
lipids and a crude glycolipid mixture for thin-layer
chromatography were purchased from BioCarb Chemi-
cals (Lund, Sweden). The TLC plates were run at rt with
60:53:8 (v/v/v) chloroform-methanol-0.2% CaCI2. Af-
ter separation the glycolipids were visualized on the TLC
plates with 0.1% naphthoresorcinol (Sigma, Deisenhof,
Germany) in 20% H2SO4, diluted 1:1 in ethanol. For
immunostaining the plates were air-dried and treated
with 0.05% polyisobutylmethacrylate (Sigma) in hexane

Journal of Clinical Immunology, Vol. 17, No. 4. 1997
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Fig. 1. SDS/PAGE analysis of IVIgJY: 10, 5, or 2.5 ju.g IVIgJY was run on 5-15% SDS/PAGE under
reducing conditions (left) and under nonreducing conditions (right). Unfractionated IVIg and protein
A/Sepharose-purified myeloma IgG were run at 10 /ig/lane. Proteins in the gel were visualised using a
silver staining procedure (Farmacia).

for 1 min. After drying, the plates were folded in 50-ml
tubes (Greiner) and placed on a roller apparatus for 1 hr
at rt with 50 mM Tris, 0.14 M NaCl (pH 7.4), and 3%
(w/v) nonfat dry milk (Oxoid Ltd, Bastingstoke, Hamp-
shire, England). The plates were subsequently washed
with PBS and antibody solutions of various concentra-
tions (as specified in the figures) were added in PBS
supplemented with 0.5% (w/v) BSA and 0.1% (w/v)
NaN3 (PBS/BSA). After an overnight incubation the
plates were washed and bound human IgG was detected
by incubation with biotinylated goat anti-human IgG
followed by streptavidin/HRP. After each antibody/
conjugate incubation the plates were washed 5X with 10
ml PBS. Subsequently, the plates were developed for 30

min in the dark with a freshly prepared solution of 0.56%
(w/v) chloro-4-naphthol (Sigma). After development, the
reagent solution was removed and the plates were
washed in aqua dest.

RESULTS

In five independent experiments the IgG fraction in
IVIg that binds to JY cells (IVIgJY) was purified and the
average yield was 1.78 ± 0.2 mg IgG/5 X 10'' cells. The
cells were incubated with a total amount of 300 mg IVIg,
and of this 0.6% did bind to 5 X 109 cells (ca. 1.5 X 106

molecules of IgG bound/cell). This IVIgJY was analyzed,
under reducing and nonreducing conditions, on 5-15%

Journal of Clinical Immunology, Vol. 17. No. 4, I9V7
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Fig. 2. FACScan analysis of IVIgJY binding to JY cells: 0.5 x 106 JY
cells were incubated with 50 jzl IVIgJY solution ( ; 10 ^tg/ml),
IVIg ( ; 30 mg/ml), or anti-HLA-A2 serum ( ; 1/4
diluted) for 30 min at 4°C. Subsequently, the cells were washed and
incubated with goat anti-human IgG-FITC (1/100 diluted). Nonbound
FITC conjugate was removed by washing.
A negative control was performed by omitting the first antibody
incubation and subsequent staining with goat anti-human IgG-FITC

( -).

gradient SDS/PAGE. Proteins in the gel were visualized
with a sensitive silver staining procedure (Fig. 1). The
IVIgJY contained >95% IgG protein and no major other
proteins could be identified. With unfractionated IVIg or
monoclonal myeloma IgG, the only protein that was
detected was also IgG. IgG subclass analysis of IVIgJY

showed that all IgG subclasses were present. Moreover,
the relative subclass composition was the same as that of
the IgG fraction of normal human serum (66% IgG,,
23% IgG2, 7% IgG3, 4% IgG4).

The binding of IVIgJY to JY cells was next demon-
strated with an immunofluorescence experiment using a
FITC-labeled goat anti-human IgG to detect bound
human IgG. The results of a representative experiment
are shown in Fig. 2. The result of using IVIgJY at the
optimum concentration of 10 /xg/ml is shown in Fig. 2.
Compared to unfractionated IVIg, 3000-fold less !VIgJY

was needed to obtain maximal binding. Note that even at
the optimal concentration of IVIg (30 mg/ml), the
immunofluorescence signal was significantly lower and
the peak broader than that obtained with IVIgJY. Human
serum that contains polyclonal anti-HLA-A2 antibodies
was included as a positive control and IgG from this
serum clearly bound to the HLA-A2+ JY cells.

The capacity of IVIgJY to inhibit the proliferation of
JY cells and of PEL in an allogeneic MLR was tested in
a 3H-thymidine incorporation experiment (Fig. 3). The
results of this experiment clearly show that IVIgJY

inhibited the proliferation of both JY and PBL in a
dose-dependent way. Interestingly, IVIgJY completely
inhibited the growth of the target cells at a concentration
3-4 logs lower than unfractionated IVIg. In this exper-
iment the IVIg solution, after incubation with the JY
cells, was also included and it is clear that is proliferation
inhibition was not significantly different from that of

unfractionated IVIg. This suggests that with 5 X 109 JY
cells, only a fraction of the IgG molecules responsible for
growth inhibition was removed from the IVIg solution
containing a total of 300 mg IgG.

In an effort to identify the antigen(s) expressed by JY
cells to which IVIgJY binds, immunoprecipitation exper-
iments were performed with lysates from I25I surface-
labeled (three experiments) or 35S-methionine/cysteine
metabollically-labeled (three experiments) JY cells.
Since it was completely unclear what the size(s) would
be of the putative protein antigen(s), the immunoprecipi-
tation samples were run, under reducing or nonreducing
conditions, on a 5-15% SDS-PAGE gradient gel. De-
spite the fact that IVIgJY was purified based on its
binding to protein A/Sepharose, it is possible that the
binding affinity for protein A may be too low to be able
to immunoprecipitate it complexed to its antigen. There-
fore, in the immunoprecipitation experiments IVIgJY was
used not only alone but also in combination with a mouse
mAb against human IgG (Becton-Dickinson). This mAb
was successfully used in immunoprecipitation experi-
ments, indicating that it binds with sufficient affinity to
protein A. In these experiments, however, it was never
possible to immunoprecipitate any protein using IVIgJY

alone or with anti-human IgG mAb added (data not
shown). As a positive control in these experiments the
anti-HLA class I mAb W6/32 was used, and with this
mAb it was always possible to immunoprecipitate HLA
heavy- and light-chain proteins.

The glyeolipids expressed by JY cells and PBL were
isolated and fractionated by thin-layer chromatography
(TLC). The binding of IgG from IVIg or IVIgJY was
tested on the TLC-fractionated glyeolipids (Fig. 4).
Direct staining with naphthoresorcinol revealed two
distinct major bands in the JY and PBL preparations.
One band ran just below AGM3 (Galbl-4Glcbl-
ceramide) but above CTH (Galal-4Galbl-4Glcbl-
ceramide), while the other band ran in between CTH and
globoside (GalNacbl-3Galal-4Galbl-4Glcbl-lCer).
The latter band clearly bound IVIgJY, while also with
unfractionated IVIg, staining, although faint, could be
seen. Furthermore, the JY and PBL preparations also
contained a small amount of glycolipid, which appeared
in the TLC plate at the position of galactocerebroside
(Galbl-lceramide), which was just visible after direct
staining of the TLC plate. IVIgJY and, to a much lesser
extent, unfractionated IVIg bound to this glycolipid.
Neither IVIgJY nor IVIg bound to the glyeolipids present
in the standard mixture and the myeloma IgG did not
bind to any of the glycolipids extracted from the cells. In
order to test directly whether the antiglycolipid IgG was
responsible for the IVIgJY-induced growth inhibition, it

Journal of Clinical Immunology, Vol. 17, No. 4, 1997
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Fig. 3. IVIgJ^ inhibition of the proliferation of JY cells and lymphocytes in an allogeneic MLR. Density gradient-purified PBI.
from two unrelated donors were mixed 1:1 in culture medium and seeded in the wells of a 96-well tissue cu l ture plate at 1 x l<r
cells/well (A). Proliferating JY cells were harvested from an in vitro culture, washed once wi th medium, and seeded in the wells
of a 96%-well tissue culture plate at I X 10•' cells/well (B). IVIg ' Y , IVIg (unfractionated), and IVIg sup (after incubation with JY
cells) were added to the appropriate wells at the indicated concentrations. Negative controls were performed with only culture
medium or with the IgG purified from the serum of a mul t ip le myeloma patient (10 mg/ml). After 2 days of culture at 37"C, in
humidified air containing 5% (v/v) CO2, I /xCi of H-thymidine was added to each well and culturing was continued for another
24 hr. Subsequently, the cells were harvested and processed for 'H-thymidine incorporation. Indicated are the mean ± SD cpm
of triplicate cultures. *H-Thymidine incorporation of control cultures (without IgG or wi th myeloma IgG) is indicated by the
horizontal line in both graphs.

Journal of Clinical Immunology. Vol. 17, No, 4, 1997
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Fig. 4. Binding of IVIgJY and IVIg to glycolipids on thin-layer chromatography (TLC) plates. The first lane (St) in each panel contains a standard
mixture of neutral glycosphingolipids: GalCer, galactocerebroside; AGM3, galactose (Gal) 1-4-glucose (GIc) 1-1-ceramide (Cer); CTH, Gal
l-4Gal l-4Glc 1-lCer (trihexosylceramide); globo, galactosamine (GalNac) l-3Gal l-4Gal l-4Glc 1-lCer (globoside); Forssman, GalNac
l-3GalNac l-3Gal l-4Gal l-4Glc 1-lCer. The second and third lanes in each panel contain glycolipids which were isolated from JY cells and
PBL as described under Materials and Methods. Ten micrograms of each was applied to plastic-backed, silica gel, thin-layer plates. The plates
were developed at room temperature with chloroform-methanol-0.2% CaCI2, 60:53:8 (v/v/v). The glycolipids in the first panel (direct staining)
were visualized with 20% H2SO4 and 0.1% naphthoresorcinol diluted in ethanol 96%, 1:1. The other panels were incubated overnight with
IVIgJY (20 /xg/ml), IVIg (0.6 mg/ml), or myeloma IgG (20 jAg/ml) and immunostained with biotinylated goat anti-human IgG followed by
streptavidin/HRP.

Fig. 5. Growth-inhibitory activity of IVIgJY is diminished by depleting
antiglycolipid IgG. JY cells were harvested from a growing culture,
washed once with medium, and seeded in the wells of a 96-well tissue
culture plate at 1 X 103 cells/well. IVIgJY incubated in a well not
coated with glycolipids (IVIgJY) or IVIg'Y adsorbed to glycolipids
from JY cells (IVIgJY ads) was added to the appropriate wells at the
indicated concentrations. After 2 days of culture at 37°C, in humidified
air containing 5% (v/v) CO2, 1 fxCi of 3H-thymidine was added to each
well and culturing was continued for another 20 h. Subsequently, the
cells were harvested and processed for 3H-thymidine incorporation.
Indicated is the percentage growth inhibition relative to the growth
inhibition obtained with control IVIgJY of duplicate cultures. Maximal
3H-thymidine incorporation in this experiment was 86,753 ± 12,867
cpm (n = 16).

Journal of Clinical Immunology, Vol. 17, No. 4, 1997

was adsorbed to a well that was coated with the glyco-
lipids from JY cells. The result of the proliferation
experiment is given in Fig. 5. The adsorption of IVIgJY

to the glycolipids diminished its ability to inhibit the
proliferation of JY cells by approximately 50%. After
one adsorption step the growth inhibition was not com-
pletely abolished, suggesting that not all the antiglyco-
lipid antibodies were removed.

DISCUSSION

The mechanism by which IVIg inhibits the growth of
cell lines and of lymphocytes in an allogeneic MLR is
still obscure. Previous data from our laboratory indicated
that the IVIg-induced growth inhibition was mediated by
the binding of IgG to cells whose proliferation was
inhibited (28). Therefore, experiments were performed to
purify and characterize the IgG from IVIg that is respon-
sible for growth inhibition. In this paper we present
results that point to glycolipids as the target antigens on
cells whose proliferation is inhibited by IVIg.

Our results show that IVIgJY (a) was >95% pure IgG,
(b) bound to JY cells, (c) did not immunoprecipitate a
protein antigen from JY cells, (d) inhibited the growth of
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cell line cells and of lymphocytes in a MLR, and (e)
contained antiglycolipid antibodies which were involved
in the growth inhibition. The purification of IVIgJY

proved to be very reproducible and SDS/PAGE analysis
of this material on a 5-15% gradient gel showed that it
comprised >95% IgG (Fig. 1). Importantly, this analysis
did not show a protein antigen which might still be
bound to the IgG since the isolation procedure would not
necessarily break the IgG/antigen interactions. Immuno-
fluorescence experiments (Fig. 2) showed that IVIgJY

stained JY cells much more efficiently than did IVIg.
Optimal staining with IVIgJY was achieved at 10 ug/ml
(3000-fold lower concentration than needed with IVIg),
was more intense, and resulted in a sharper peak than
staining with an optimal concentration of 30 mg/ml IVIg.
The reason for the more efficient staining with IVIgJY is
not clear. However, this result again suggests, as did the
SDS/PAGE analysis, that no antigen remained bound to
the IVIgJY since this would prevent it from binding its
antigen on JY cells. The results of the proliferation
experiment show (Fig. 3) that IVIgJY inhibited the
growth of JY cells and of PBL in an MLR at 3-4 log
lower concentrations compared to unfractionated IVIg.
In this experiment the IVIg solution after incubation with
JY cells was also included and the growth inhibitory
activity was still present at the same level as in the
preabsorbed IVIg solution. This clearly indicates that the
adsorption experiments were performed with an excess
of IVIg. These results confirm previous findings from our
and other laboratories with regard to IVIg-induced
growth arrest (28, 29, 31-33). The growth inhibitory
activity of IVIgJY was also observed on a CD4+ T-cell
clone which was isolated from the joint of a rheumatoid
arthritis patient and which proliferated in response to
stimulation with the exudate from an arthritic joint (M.
Maurice and C. Verwey, personal communication).

Immunoprecipitation experiments with IVIgJY showed
that it was not possible to immunoprecipitate a protein
antigen from either I25I surface-labeled or 35S-
methionine metabolically labeled JY cells (data not
shown). With the control monoclonal anti-HLA class I
antibody W6/32, it was always possible to immunopre-
cipitate heavy- and light-chain HLA class I molecules
from labeled JY cell lysates. The immunoprecipitation
experiments were also performed with the addition of a
monoclonal antibody to human IgG that binds to protein
A with a high affinity. However, this also did not result
in a positive immunoprecipitation. The negative results,
obtained in six independent immunoprecipitation exper-
iments, suggest that IVIgJY does not bind to a protein
antigen expressed by JY cells.

There is increasing evidence that glycolipids ex-
pressed by lymphocytes and nonhematologic cell lines
may be involved in transmembrane signal transduction
and lymphocyte activation (5, 34, 35). The expression of
asialo-GMl of lymphocytes, thymocytes, and natural
killer cells has been shown to be correlated with activa-
tion and reflect a change in the level of exposure and
glycolipid sialylation rather than a change in membrane
lipid composition (34-39). With thin-layer chromatog-
raphy, IVIgJY and also, although to a lesser extend, IVIg
were shown to bind to two unidentified neutral glycolip-
ids which ran between CTH and globoside and one
which ran at the same position as did galactocerebroside
(Fig. 4). In a proliferation experiment in which IVIgJY

was used after adsorption to glycolipids isolated from JY
cells, it could be demonstrated that removal of antigly-
colipid antibodies from the IVIgJY solution also dimin-
ished the growth-inhibitory effect (Fig. 5). However,
using this method it was not possible to remove all
growth-inhibitory activity. An explanation for this result
could be that the binding affinity of the IgG for isolated
glycolipids is lower compared to the affinity for the
native membrane-bound glycolipids. This would make it
difficult to remove all antiglycolipid IgG. An alternative
explanation would be that not only antiglycolipid anti-
bodies are responsible for growth inhibition but also that
antibodies with so far unidentified specificities, albeit
nonprotein, are involved.

Our results point to a possible mechanism by which
IVIg may inhibit the proliferation of cell line cells and of
primary lymphocytes in a MLR. The growth-inhibitory
effect of IVIg may also be operative in achieving
immunosuppression, which is a well-documented effect
of IVIg (5, 6, 29). However, we do not postulate that
IVIg binding to glycolipids on the surface of lympho-
cytes and thereby exerting a growth inhibitory effect is
the only mechanism by which IVIg achieves its benefi-
cial effect in the treatment of autoimmune disorders. It is
even conceivable that in different autoimmune diseases
in which IVIg has been shown to be beneficial, different
mechanisms or different combinations of mechanisms
may be operative. Nevertheless, our data are the first to
show an antigen target expressed by lymphocytes for
IVIg. The possible signal transduction mediated by
IVIgJY through surface glycolipids will have to be
addressed in future experiments.

ACKNOWLEDGMENT

The authors are grateful to Dr. Chris Reutelingsperger
for critically reviewine the manuscript.

Journal of Clinical Immunology, Vol. 17, No. 4, 1997



ANTIOLYCOLIPID ANTIBODIES IN IVIg INDUCE GROWTH ARREST 309

REFERENCES

1. Dwyer JM: Intravenous therapy with gamma globulin. Adv Intern
Med 32:111-136, 1987

2. Berkman SA, Lee ML, Gale, RP: Clinical uses of intravenous
immunoglobulin. Ann Intern Med 112:278-292, 1990

3. Buckley RH, Schiff RI: Drug therapy: The use of intravenous
immunoglobulin in immunodeficiency diseases. N Engl J Med
325:110-117, 1991

4. Kaveri SV, Dietrich G, Hurez V, Kazatchkine MD: Intravenous
immunoglobulin in the treatment of autoimmune diseases. Clin
Exp Immunol 86:192-198, 1991

5. Dwyer JM: Manipulating the immune system with immune glob-
ulin. N Engl J Med 326:107-116, 1992

6. Rodey GE: Anti-idiotypic antibodies and regulation of immune
responses. Transfusion 32:361-376, 1992

7. Rostami AM: Guillain-Barre syndrome: Clinical and immunolog-
ical aspects. Springer Semin Immunopathol 17:29-42, 1995

8. Jayne DRW, Davies MJ, Fox CJV, Black CM, Lockwood CM:
Treatment of systemic vasculitis with pooled intravenous immu-
noglobulin. Lancet 337:1137-1139, 1991

9. McGuire W, Yang HH, Bruno E, Brandt J, Briddel R, Coates TD,
Hoffman R: Treatment of antibody-mediated pure red-cell aplasia
with high-dose intravenous gamma globulin. N Engl J Med
317:1004-1008, 1987

10. Sultan Y, Rossi F, Kazatchkine MD: Recovery from anti-VIII:C
(anti-hemophilic factor) autoimmune disease is dependent on the
generation of antiidiotypes against anti-VIII:C autoantibodies.
Proc Natl Acad Sci 84:828-831, 1987

11. Brand A, Witvliet M, Claas FHJ, Eernisse JG: Benificial effect of
intravenous gammaglobulin in a patient with complement-
mediated autoimmune trombocyopenia due to IgM-anti-platelet
antibodies. Br J Haematol 70:1-5, 1988

12. Lundkvist I, Van Doom PA, Vermeulen M, Van Lint M, Van Rood
JJ, Brand A: Regulation of auto-antibodies in inflammatory demy-
elinating polyneuropathy: Spontaneous and therapeutic. Immunol
Rev 110:105-117, 1989

13. Sultan Y, Kazatchkine MD, Nydegger U, Rossi F, Dietrich G,
Aligman M: Intravenous immunoglobulin in the treatment of
spontaneously acquired factor VIII:C inhibitors. Am J Med 91(54):
35S-39S, 1991

14. Fehr J, Hofmann V, Kappeler U: Transient reversal of thrombo-
cytopenia in idiopathic thrombocytopenia purpura by high-dose
intravenous gamma globulin. N Engl 1 Med 306:1254-1258, 1982

15. Delfraissy JF, Tchernia G, Laurian Y, Wallon C, Galanaud P,
Dormont J: Suppressor cell function after intravenous gamma-
globulin treatment in adult chronic idiopathic thrombocytopenic
purpura. Br J Haematol 60:315-322, 1985

16. Leung DYM, Burns JC, Newburger JW, Geha RS: Reversal of
lymphocyte activation in vivo in the Kawasaki syndrome by
intravenous gammaglobulin. J Clin Invest 79:468—472, 1987

17. Macey MG, Newland AC: CD4 and CD8 subpopulation changes
during high-dose intravenous immunoglobulin treatment. Br J
Haemato! 76:513-520, 1990

18. Hashimoto F, Sakiyama Y, Matsumoto S: The suppressive effect of
gammaglobulin preparations on in vitro pokeweed mitogen-
induced immunoglobulin production. Clin Exp Immunol 65:409-
415, 1986

19. Stohl W: Cellular mechanisms in the in vitro inhibition of

pokeweed mitogen-induced B cell differentiation by immunoglob-
ulin for intravenous use. J Immunol 136:4407-4413, 1986

20. Kondo N, Ozawa T, Mushiake K, Motogushi F, Kameyama Y,
Koshahara K, Kaneko H, Yamashina M, Kato Y, Orii T: Suppres-
sion of immunoglobulin production of lymphocytes by intravenous
immunoglobulin. J Clin Immunol 11:152-158, 1991

21. Haas H, Schlaak M: In vitro synthesis of human IgE is suppressed
by human IgG. J Clin Immunol 15:172-178, 1995

22. Engelhard D, Waner JL, Kapoor N, Good RA: Effect of intrave-
nous immune globulin on natural killer cell activity: Possible
association with autoimmune netropenia and idiopathic thrombo-
cytopenia. J Pediatr 108:77-81, 1986

23. Basta M, Kirshbom P, Frank MM, Fries LF: Mechanism of
therapeutic effect of high-dose intravenous immunoglobulin; At-
tenuation of acute, complement-dependent immune damage in a
guinea pig model. J Clin Invest 84:1974-1981, 1989

24. Frank MM, Basta M, Fries LF: The effect of intravenous immu-
noglobulin on complement-dependent immune damage of cells
and tissues. Clin Immunol Immunopathol 62:S82-S86, 1992

25. Arend WP, Smith MF, Janson RW, Joslin FG: IL-1 receptor
antagonist and IL-lb production in human monocytes are regulated
differently. J Immunol 147:1530-1536, 1991

26. Schifferli JA, Didierjean L, Saurat JH: Immunomodulatory effects
of intravenous immunoglobulin G. J Rheumatol 18:937-939, 1991

27. Shimozato T, Iwata M, Kawada H, Tamura N: Human immuno-
globulin preparations for intravenous use induces elevation of
cellular cyclic adenosine 3':5' monophosphate levels, resulting in
suppression of tumor necrosis factor alpha and interleukin-I
production. Immunology 72:497-501, 1991

28. Van Schaik IN, Lundkvist I, Vermeulen M, Brand A: Polyvalent
immunoglobulin for intravenous use interferes with cell prolifera-
tion in vitro. J Clin Immunol 12:325-334, 1992

29. Klaesson S, Ringden O, Markling L, Remberger M, Lundkvist I:
Immune modulatory effects of immunoglobulins on cell-mediated
immune responses in vitro. Scand J Immunol 38:477-484, 1993

30. Svennerholm L, Fredman P: A procedure for the quantitative
isolation of brain gangliosides. Biochim Biophys Acta 617:97-
109, 1980

31. Anderson UG, Bjork L, Skansen-Saphir U, Anderson JP: Down-
regulation of cytokine production and interleukin-2 receptor ex-
pression by pooled human IgG. Immunology 79:211-216, 1993

32. Amran D, Renz H, Lack G, Bradley K, Gelfand EW: Suppression
of cytokine-dependent human T-cell proliferation by intravenous
immunoglobulin. Clin Immunol Immunopathol 73:180-186, 1994

33. Toungouz M, Denys CH, De Groote D, Dupont E: In vitro
inhibition of tumour necrosis factor-a and interleukin-6 production
by intravenous immunoglobulin. Br J Haematol 89:698-703, 1995

34. Spiegel S, Wilchek M: Membrane sialoglycolipids emerging as
possible signal transducers for lymphocyte activation. J Immunol
127:572-575, 1981

35. Ting CC, Bluestone JA, Hargrove ME, Loh NN: Expression and
function of asialo-GMl in alloreactive cytotoxic T lymphocytes.
J Immunol 137:2100-2106, 1986

36. Beck BN, Gillis S, Henney CS: Display of the neutral glycolipid
ganglio-N-tetraosylceramide (asialo GM1) on cells of the natural
killer and T lineages. Transplantation 33:118-122, 1982

37. Stout S, Schwarting GA, Suttles J: Evidence that expression of
asialo-GMl may be associated with cell activation: correlation of

Journal of Clinical Immunology, Vol. 17, No. 4, 1997



310 VUIST, VAN SCHA1K, VAN LINT, AND BRAND

asialo-GMl expression with increased total cellular RNA and
protein content in normal thymocytes and spleen cell populations.
J Immunol 139:2123-2129, 1987

38. Giuffrida A, Galli MC, Gismondi A, Santoni G, Picoli M, Cavallo
G, Tubaro E, Frati L, Santoni A: Augmentation of mouse natural
killer (NK) activity by GMl/p, a processed form of monoganglio-

side GMI . Immunopharm Immunot 12:545-563, 1990
39. Giuffrida A, Morrone S, Gismondi A, Santoni G, Punturieri A,

Velotti F, Cavallo G, Tubaro E, Picolli M, Frati L, el al.:
Enhancement of lymphocyte proliferation and IL-2 receptor ex-
pression by a processed form (GMI/p) of monosialoganglioside
GMI. Immunopharm Immunot 12:565-582, 1990

Journal of Clinical Immunology, Vol. 17, No. 4, 1997


