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Ganglioside GT1b suppresses immunoglobulin production by human peripheral blood

mononuclear cells

N. KANDA & K. TAMAKI Department of Dermatology, Faculty of Medicine, University of Tokyo, Tokyo, Japan

SUMMARY

Gangliosides are sialic acid-containing glycolipids and have various immunomodulatory effects.
We previously reported that various gangliosides in vitro either inhibited or enhanced spontaneous
immunoglobulin production by human peripheral blood mononuclear cells (PBMC). Among
them, GT1b was the most inhibitory. In this study, we further examined the mechanism for the
inhibitory effect of GT1b. The inhibitory effect of GT1b was apparent at 0-1 pm, increased dose
dependently, and was maximal at 10 pMm. In the presence of 10 um GT1b, spontaneous production
of immunoglobulin (Ig)G, IgM and IgA in human PBMC was reduced by 60%, 59-5% and 58%,
respectively, compared with controls. GT1b did not affect the proliferation and viability of PBMC,
and did not enhance their apoptosis. GT1b did not alter immunoglobulin production of B cells
alone. Interleukin (IL)-6 and IL-10 each partially reversed the GTlb-induced inhibition of
immunoglobulin production by PBMC, and the presence of both cytokines completely reversed
the inhibition. GT1b inhibited IL-6 and IL-10 production in monocytes, without affecting that in
T or B cells. When monocytes were preincubated with GT1b, washed and then cultured with B
and T cells, the immunoglobulin production was also suppressed. These results suggest that GT1b
may indirectly suppress immunoglobulin production of B cells in whole PBMC via reducing the
production of IL-6 and IL-10 in monocytes. It is thus indicated that GTlb may act as an

important inhibitor for human humoral immune responses.

INTRODUCTION

Gangliosides are sialic acid-containing glycosphingolipids, and
are constituents of the plasma membranes of various cells.!
Gangliosides are also shed into the extracellular environment,
and play important immunomodulatory roles in neoplastic
and neurological diseases.>® Previous studies reported that
various gangliosides either inhibited or enhanced cellular
immune responses in mice and humans.>*> Several studies
also revealed the effects of gangliosides on human®® and
murine’ humoral immune responses in vitro. However, the
results of these studies are inconsistent with one another:
ganglioside GM1 enhanced immunoglobulin production of
human plasma cells,® while it suppressed anti-sheep erythrocyte
plaque-forming cell responses of murine splenocytes.” GM2
and GM3 suppressed Staphylococcus aureus Cowan strain 1
plus interleukin (IL)-2-induced immunoglobulin production
of human tonsillar small resting B cells,” but had no effect
on immunoglobulin production of human plasma cells.®
Presumably the effects of individual gangliosides may vary
with species and type of immunoglobulin-producing cells.
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These previous investigators generally used mitogen- or cyto-
kine-induced systems for immunoglobulin production or
immortalized or neoplastic cells to test the effects of ganglios-
ides.”® However, these experimental conditions might alter
the cellular responses to gangliosides and thus mask the
original effects of gangliosides on the constitutive immunoglob-
ulin production of non-immortalized cells. Our first study
therefore aimed to elucidate the in vitro effects of gangliosides
on spontaneous immunoglobulin production by peripheral
blood mononuclear cells (PBMC) from normal human sub-
jects.'® Spontaneous IgG, IgM and IgA production was
inhibited by GT1b and GDIlb, while enhanced by GQIlb,
GM2 and GDIla.!® Amongst these, the inhibitory effect of
GT1b was strong and reproducible. In this study, we further
examined the mechanism for the inhibitory effect of GT1b on
immunoglobulin production by human PBMC. PBMC consist
of various subpopulations: B cells, which differentiate into
immunoglobulin-producing cells; and accessory cells, like
T cells or monocytes, which help B-cell differentiation via the
release of cytokines and/or direct contact with B cells.!® We
thus aimed to identify whether GT1b suppresses B-cell activity
directly, or helper functions of accessory cells, or both.

MATERIALS AND METHODS

Reagents
Highly purified bovine brain ganglioside GT1b was purchased
from Sigma (St Louis, MO). Recombinant human IL-1a and
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IL-1 were from R&D Systems (Minneapolis, MN).
Recombinant human IL-2, IL-4 and IL-6 were purchased from
Boehringer Mannheim (Indianapolis, IN). Recombinant
human IL-10 was from Bachem Bioscience (Philadelphia, PA).

Preparation of PBMC, monocytes, B cells and T cells

Blood was taken from consenting, healthy volunteers who had
been informed of the objectives and methods of this study.
PBMC were isolated by centrifugation over Ficoll-Hypaque
(Pharmacia, Uppsala, Sweden) as previously described.!!
PBMC were allowed to adhere to plastic dishes. From the
dish-adherent cells, CD3~, CD19~ and CD56~ cells were
isolated by negative selection using immunomagnetic beads
(Dynal, Great Neck, NY ), as previously described,'? and were
used as monocytes. This monocyte population was >97%
CD147, and the contamination of CD3*, CD19*, or CD56*
cells was <1% by flow cytometry. From the non-adherent
cells, CD56~ cells were isolated using immunomagnetic nega-
tive selection, and were incubated with neuraminidase-treated
sheep erythrocytes as previously described.!® From the rosette-
forming cells, CD14~ and CD19~ cells were isolated using
immunomagnetic negative selection, and were used as T cells.
This T-cell population was >98% CD3™, and the contami-
nation of CD14%, CD197", or CD56™ cells was <2%. From
the non-rosette-forming cells, CD3~ and CDI14~ cells were
isolated using immunomagnetic negative selection, and were
used as B cells. This B-cell population was >97% CDI19%,
and the contamination of CD3*, CD14" or CD56" cells in
this population was <1%.

Cell cultures

PBMC or B cells (2 x 105/200 pl/well ) were cultured in tripli-
cate in round-bottom 96-well tissue culture plates, with or
without GT1b at indicated doses in the culture medium, at
37° in an atmosphere of 5% CO, in air, for 5 days (unless
otherwise indicated ). As a high concentration of serum hinders
ganglioside binding to the cell membrane,#~1¢ we used serum-
free Hymedium 920 (Kohjin Bio, Tokyo, Japan) containing
250 mg/l human albumin, which is a concentration appropriate
for cell maintenance and ganglioside binding.'>'® The com-
position of amino acids, minerals and vitamins in Hymedium
920 is similar to that in RPMI-1640 (Life Technologies, Grand
Island, NY), except that the former medium contains 0-48 mg/1
thymidine, 2 mg/l human transferrin, 0-2 mg/ml 3,3’,5-triiodo-
L-thyronine, and 60 mg/l kanamycin. GT1b was dissolved in
absolute ethanol and diluted at least 1000-fold to the required
concentrations. Control cultures contained ethanol at the
highest concentration used in the experimental cultures, and
this level of ethanol was not toxic to PBMC. The culture
supernatants were then harvested and stored at —70° until
use. The levels of IgG, IgM and IgA in the supernatants were
measured by an enzyme-linked immunosorbent assay
(ELISA), as described previously.!” For the measurement of
proliferation, PBMC or B cells were cultured as described
above for 4 days (unless otherwise indicated), and pulsed with
1 pCi [*H]thymidine ([PH]TdR) for 8 hr. The cells were then
harvested and [PH]TdR uptake was counted. For the measure-
ment of cytokine production, PBMC, monocytes, T cells, or
B cells (2 x 10°/200 pl/well) were cultured, as described above,
for 2 days. The level of IL-1a, IL-1pB, IL-2, IL-4, IL-6 and
IL-10 in the culture supernatants was measured using ELISA
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kits (Endogen, Cambridge, MA), according to the manufac-
turer’s instructions. The detection limits for IL-la, IL-1P,
IL-2, IL-4, IL-6 and IL-10 were 2, 1, 6, 2, 1 and 3 pg/ml,
respectively.

Statistical analyses

For the data in Figs 1 and 4, a one-way analysis of variance
(ANovA) with Dunnet’s multiple comparison test was used. For
the data in Fig. 5 and Tables 1 and 2, a paired ¢-test was used.
For the data in Fig. 3, a one-way aNova with Scheffe’s multiple
comparison test was used. A value of P<0-05 was considered
to be significant.

RESULTS

Dose dependency for the inhibitory effect of GT1b on
immunoglobulin production by human PBMC

First, GT1b was added to the culture medium at different
doses, and its effect was examined on spontaneous production

O 1gG
A Igm

A IgA
O PHITdR

400

300

200

PHITAR (c.p.m.x107)

100

Immunoglobulin conc. (ng/ml)

/ 0
0 0-01 0-1 1 10 100
GT1b (um)

Figure 1. Dose dependency of the effects of GT1b on human peripheral
blood mononuclear cells (PBMC). PBMC from one healthy donor
were cultured in triplicate in the presence of the indicated doses of
GT1b. The production of IgG, IgM and IgA was determined by
enzyme-linked immunosorbent assay (ELISA) on day 5, and [*’H]TdR
uptake was determined on day 4. Values are expressed as mean +SD
of triplicate cultures. *P <0-0001 vs. control cultures. The data are
representative of four separate experiments using PBMC from four
different donors.

Table 1. The effects of GT1b on B cells

Immunoglobulins (ng/ml)

[FH]TdR
Conditions IeG IgM IgA (c.p.m.)
Control 50:6+27 344+48 10-8+19 1398 +111
GTl1b 514435 340+52 11:0+16 1385+ 104

B cells (2 x 10° cells/200 ul/well) from five different donors were
cultured in triplicate in the presence or absence of GT1b (10 um).
Immunoglobulin production was determined by enzyme-linked immu-
nosorbent assay (ELISA) on day 5, and [PH]TdR uptake was evalu-
ated on day 4. Values are expressed as mean+SD (n=5). SDs of
triplicate cultures from individual donors were <10% of the means.
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Table 2. The effects of GT1b on cytokine production by peripheral
blood mononuclear cells (PBMC)

Cytokine production (pg/ml)

Conditions IL-1ao  IL-p IL-2 IL-4 IL-6 1L-10
Control 36+8 28+4 4245 1343 144+10 155419
GTl1b 3447 3043 4049 1546 9948* 108+12*

PBMC (2 x 10° cells/200 pl/well) from five different donors were
cultured in triplicate in the presence or absence of GT1b (10 um) for
2 days, and the culture supernatants were analysed for cytokines by
enzyme-linked immunosorbent assay (ELISA). Values are expressed
as mean +SD (n=>5). SDs of triplicate cultures from individual donors
were <10% of the means.

*P<0-05 vs. control cultures.

of IgG, IgM and IgA by human PBMC. As shown in Fig. 1,
GT1b significantly inhibited immunoglobulin production. The
inhibitory effect of GT1b was first evident at 0-1 pum, increased
dose dependently, and was maximal at 10 um, where IgG, IgM
and IgA production was reduced by 60%, 59-5% and 58%,
respectively, compared with controls. On the other hand, the
proliferation of PBMC, as determined by [PH]TdR uptake,
was not altered by GT1b at any dose tested. Moreover, GT1b
at doses < 100 pm did not reduce the viability of PBMC; the
cell viability was always 90-95% as deterimined by Trypan
Blue dye exclusion (data not shown). GT1b did not enhance
apoptosis of PBMC; the level of apoptotic cells after 48 hr of
culture were: (mean +SD) 5-:8+1:7% (n=5) in GT1b (10 pm)-
treated PBMC compared with 5:9+2:0% in controls, as deter-
mined by propidium iodide staining. These results suggest that
GTI1Db inhibits production of IgG, IgM and IgA by human
PBMC without altering proliferation or viability of the PBMC.
As 10 uMm seemed to be an optimal concentration for the
inhibitory effects of GT1b, and was non-toxic, this dose was
used in subsequent experiments.

Kinetics of the inhibitory effect of GT1b

As shown in Fig. 2, GT1b-induced inhibition of IgG, IgM and
IgA production by PBMC was first detected on day 2 of
culture, with the greatest inhibition occurring on day 5. In
contrast, GT1b did not affect the proliferation of PBMC on
any day examined.

The direct effect of GT1b on B cells

To examine the direct effect of GT1b on spontaneous immuno-
globulin production by B cells, B cells were isolated, for use,
from PBMC. As it was anticipated that normal B cells may
produce a very low amount of immunoglobulins without any
stimuli or accessory cells, the absolute B-cell number was
highly elevated up to 1x 10°/ml, which is approximately 10
times the B-cell number in 1 x 10°/ml PBMC. As shown in
Table 1, immunoglobulin amounts produced by B cells were
still low but measurable. The immunoglobulin production of
B cells was not significantly altered by GT1b. Neither was the
proliferation of B cells affected by GT1b. These results suggest
that GT1b may not directly affect B-cell activity but may act
on accessory cells like monocytes or T cells, and suppress their
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Figure 2. Kinetics of the effects of GT1b on peripheral blood mono-
nuclear cells (PBMC). PBMC from three different donors were
cultured in triplicate in the presence of GT1b (10 um) for 1-6 days.
The production of IgG, IgM and IgA, and [PH]TdR uptake, were
evaluated on each day. Results are expressed as the percentage vs.
control cultures without GT1b. Values are expressed as mean+SD
(n=3). SDs of triplicate cultures from individual donors were <10%
of the mean. The mean values of the controls (n=3) on days 1, 2, 3,
4, 5 and 6 were: 118, 151, 181, 269, 311 and 324 ng/ml for 1gG; 97,
114, 147, 180, 205 and 212 ng/ml for IgM; 10, 19, 22, 35, 49 and
61 ng/ml for IgA; and 1074, 1387, 1922, 2382, 2506 and 2378 c.p.m.
for [PH]TdR uptake, respectively.

function to help immunoglobulin production of B cells via the
release of cytokines.

Cytokine-induced recovery from the inhibitory effect of GT1b

To examine the involvement of cytokines in the inhibitory
effect of GT1Db, cytokines that seemed relevant to immunoglob-
ulin production were added to PBMC, together with GT1b,
and their effect was tested on GTl1b-induced inhibition. As
shown in Fig. 3, these cytokines were used at doses that did
not influence immunoglobulin production without GTIb.
Among various cytokines, IL-6 and IL-10 each partially
reversed the GTlb-induced inhibition of IgG, IgM and IgA
production by PBMC. When both IL-6 and IL-10 were used
together, additive effects were obtained and the GT1b-induced
inhibition was completely reversed. These results suggest that
both IL-6 and IL-10 may be involved in the GT1b-induced
inhibition of PBMC. This also indicates that GT1b may reduce
IL-6 and IL-10 production in PBMC.

The inhibitory effects of GT1b on cytokine production

To examine the effects of GT1b on cytokine production by
PBMC, culture supernatants, with or without GT1b, were
assayed for the activity of various cytokines. After 2 days of
culture, GT1b reduced both IL-6 and IL-10 production in
PBMC by 31-4% and 30-5%, respectively, compared with
controls (Table 2). On the other hand, GT1b did not signifi-
cantly alter the production of IL-1a, IL-1B, IL-2, and IL-4.
Similar results were obtained when the culture period was
changed to 1, 3 and 4 days (data not shown). PBMC were
then subfractionated into B cells, T cells and monocytes, and
GT1b effects on IL-6 and IL-10 production by each fraction
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Figure 3. Cytokine-induced recovery from the GTlb-induced inhibition of immunoglobulin production by peripheral blood
mononuclear cells (PBMC). PBMC from five different donors were cultured in triplicate for 5 days with (+) or without (—) GT1b
(10 pm) in the presence or absence of various cytokines (each 50 pg/ml). IgG (a), IgM (b) and IgA (c) production in each culture
were measured by enzyme-linked immunosorbent assay (ELISA) on day 5. Values are expressed as mean+SD (n=5). SDs of
triplicate cultures from individual donors were <10% of the means. *P <0-001 vs. control cultures. 1P <0-001 vs. cultures with

GT1b alone.

were examined. As shown in Fig. 4, GT1b did not affect IL-6
and IL-10 production in monocytes by 75:7% and 76-5%,
respectively, compared with controls. The dose-response
curves of the GT1b effects on cytokine production were similar
to those shown for immunoglobulin production (Fig.1).
Similarly to whole PBMC, GT1b did not alter IL-1a, IL-1p,
IL-2 and IL-4 production by any fraction (data not shown).
Thus, GT1b suppressed IL-6 and IL-10 production in mono-
cytes. It is suggested that those effects of GT1b on monocytes
may contribute to the inhibition of immunoglobulin pro-
duction by B cells in whole PBMC culture.

To confirm this, we performed the following experiments:
we preincubated monocytes with GT1b for 24 hr, washed them
and then added them to B cells and T cells, cultured for 5
days and then examined if immunoglobulin production was
suppressed by the preincubation. As shown in Fig. 5(a), prein-
cubation of monocytes with GT1b reduced IgG, IgM and IgA
production by 50-3%, 51-7% and 48-7%, respectively, compared
with controls. This suggests that the inhibitory effects of GT1b
on immunoglobulin production may be manifested by the
GT1b molecules incorporated into monocytes. Production of
IL-6 and IL-10 by GT1b-preincubated monocytes, as examined
in parallel, was also reduced by 59-8% and 59-2%, respectively,
compared with controls (Fig. 5b). It is thus suggested that
GTI1b may indirectly inhibit the immunoglobulin production
of B cells by reducing the paracrine IL-6 and IL-10 production
of monocytes in whole PBMC.

DISCUSSION

This study demonstrated that GT1b inhibited spontaneous
IgG, IgM and IgA production by human PBMC. GT1b did
not act directly on B cells but decreased IL-6 and IL-10
production of monocytes, and thus seemed to indirectly inhibit
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immunoglobulin production of B cells in whole PBMC.
Previous studies have also reported that GT1b did not directly
affect immunoglobulin production of human plasma cells,
lymphoblastoid B-cell lines or tonsillar small resting B cells.®®
Other gangliosides have also been shown to regulate immuno-
globulin production of B cells, indirectly, by modulating the
cytokine production of accessory cells: the stimulatory effect
of GQIb was mediated by promoting IL-6 and IL-10 pro-
duction in T cells.!®

Both IL-6 and IL-10 are known to differentiate B cells
into immunoglobulin-secreting cells.!®'* We also previously
revealed that exogenous IL-6 and IL-10 additively enhanced
IgG, IgM and IgA production in B cells through autocrine
and paracrine mechanisms. Our present results suggest that
GT1b may not influence the autocrine loops of IL-6 and IL-10
but may suppress the paracrine cytokine production of mono-
cytes. IL-10 also enhances the proliferation of B cells.!®
However, GT1b did not inhibit the proliferation of PBMC,
including B cells (Fig. 1), although it did reduce the level of
IL-10 in PBMC (Table 2). Some reasons are proposed for this
result; B cells are numerically a small population, =~10% of
PBMC, and thus the reduction of B-cell proliferation by
decrease of IL-10 may easily be obscured in whole PBMC.
Alternatively, GT1b-induced 1L-10 decrease in PBMC may be
too small to reduce the proliferation of B cells although it did
reduce their production of immunoglobulin.

It is reported that exogenous gangliosides, including GT1b,
are incorporated into the plasma membranes of various cells'
and modulate transmembrane signal transduction.?® In this
study, GT1b inhibited only IL-6 and IL-10 production, and
not that of other cytokines, from monocytes. This indicates
that GT1b may block certain signalling pathways that mainly
act in IL-6 and IL-10 production and are not essential to the
production of other cytokines. The cyclic AMP (cAMP)-
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Figure 4. Dose dependency of the effects of GT1b on production of
interleukin (IL)-6 (a) and IL-10 (b). Monocytes, T cells and B cells
from one healthy donor were cultured in triplicate in the presence or
absence of the indicated doses of GT1b for 2 days, and the culture
supernatants were analysed for cytokines by enzyme-linked immuno-
sorbent assay (ELISA). Values are expressed as mean + SD of triplicate
cultures. *P <0-05 vs. control cultures. The data are representative of
four separate experiments using peripheral blood cells from four
different donors.

dependent signalling pathway is involved in IL-6 and IL-10
production of human monocytes,*"*?* and thus may be related
to the inhibitory effects of GTl1b. It is reported that GT1b
down-regulates the cAMP-dependent protein kinase in neu-
ronal cells, directly by inhibiting this enzyme activity, and
indirectly by decreasing the intracellular level of cAMP
through the activation of cyclic nucleotide phosphodiester-
ase.”® GT1b may inhibit the cAMP-dependent signalling path-
way similarly in monocytes and thus reduce their production
of IL-6 and IL-10. Another possible mechanism may be the
inhibition of the Ca?* /calmodulin-dependent pathway; GT1b
inhibits various Ca?"/calmodulin-activated enzymes, such as
Ca?" /calmodulin-dependent protein kinase II, by binding to
Ca?" /calmodulin complexes and/or to the catalytic domains
of the enzymes.?* As it has been reported that a calmodulin
antagonist suppresses [L-6 and IL-10 production from human
monocytes,>>?® GTlb may also suppress a certain
Ca?" /calmodulin-activated enzyme involved in the production
of these cytokines.

It is unknown why GTl1b inhibits IL-6 and IL-10 pro-
duction only in monocytes, and not in T or B cells. Possibly
in monocytes, putative GT1b target signalling molecules, as

(a)400 (
= I O Control
£ 300
> B GT1ib
£
12
£
2200 L
°
[2] *
2 -
=)
£ *
E 100 7

0

I9G IgM IgA

(b) 600r

500+ _]—
£ T
S 400t
&
2
= 300t
3
2 "
£ 200} . ——

1
1001
0
IL-6 IL-10

Figure 5. The effect of preincubation of monocytes with GT1b on
production of immunoglobulins (a) and cytokines (b). Monocytes
(1 x 10° cells) from one healthy donor were preincubated with 1 ml of
medium alone or with medium containing GT1b (10 um) for 24 hr.
After washing, the monocytes (2x 10* cells) were added to B cells
(2x 10* cells) and T cells (15 x 10* cells) from the same donor, and
cultured, in triplicate, in 200 pl of medium, for 5 days. IgG, IgM and
IgA production in the culture supernatants were measured by ELISA.
Simultaneously, the preincubated and washed monocytes (2x 10°
cells) were cultured alone with 200 pl of medium in triplicate for 5
days, and the supernatants were analysed for IL-6 and IL-10 by
ELISA. Values are expressed as mean+SD of triplicate cultures.
*P<0-05 vs. control cultures of preincubation with medium alone.
The data are representative of three separate experiments using
peripheral blood cells from three different donors.

described above, may be associated with plasma membranes
in a greater number, and thus be more susceptible to GT1b
effects, compared with other cell types. Alternatively, signalling
systems regulating 1L-6 and IL-10 production may vary with
cell types; in T and B cells, GT1b target signalling molecules
may not be necessary for the production of these cytokines.
Our results in vitro suggest that GT1b may also in vivo
inhibit immunoglobulin production in humans. The human
serum GTI1b level is 0-4-0-5 um,?” which is higher than the
threshold for GTl1b effects in vitro (0-1 um) although lower
than its optimal dose (10 um). Thus, GT1b may systemically
down-regulate immunoglobulin production, although its con-
tribution may be weak. Furthermore, GT1Db is enriched in the
brain: its concentration in the human occipital lobe is
103 umol/kg wet tissue weight.?® This indicates that monocytes
in the brain may be at least locally exposed to GT1b at high
concentrations, which would block IL-6 and IL-10 production,
and that GT1b may act as an inhibitor for intrathecal immuno-
globulin synthesis. The inhibitory effect of GT1b may, how-
ever, be compensated for with other gangliosides, such as
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GQI1b or GD1a, which were shown to enhance in vitro PBMC
immunoglobulin production in our previous study.!® Thus,
intrathecal immunoglobulin synthesis may be totally balanced
by these various gangliosides’ effects. Although gangliosides
have only been tested for the treatment of neuropathies,! the
inhibitory effects of GT1b also indicate that this ganglioside
can be used as a therapeutic immunosuppressive agent. GT1b
may normalize abnormally increased humoral immune
responses in some autoimmune diseases, such as systemic
lupus erythematosus (SLE).?®?° In patients with SLE, pro-
duction of IL-6 and IL-10 in monocytes are extremely high,
which may induce the abnormal enhancement of immunoglob-
ulin production in these patients.?®-3° It is thus indicated that
GT1b may contribute to the treatment of SLE patients through
the inhibition of IL-6 and IL-10 production. We are currently
investigating whether GT1b reduces IL-6 and IL-10 pro-
duction, and also that of immunoglobulins, in PBMC from
SLE patients.
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