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Summary

Intravenous immunoglobulin (IVIg) preparations are reportedly effective in
inhibiting the relapse of multiple sclerosis (MS), but few reports have inves-
tigated the effect of IVIg on dendritic cells (DCs), which are thought to be
involved in such relapses. In the system that uses monokines to differentiate
DCs from peripheral blood monocytes (Mo-DCs), we investigated the effect
of immunoglobulin G (IgG) on these antigen-presenting cells. Using mono-
cytes derived from healthy volunteers, IgG partially inhibited the expression
of CD1a, a marker of immature DCs (imDCs), and CD40 and CD80, which
are markers associated with T cell activation. In contrast, IgG enhanced the
expression of CD83, a marker of mature DCs (mDCs). Furthermore, IgG
markedly inhibited the expression of CD49d [very late activation antigen
(VLA)-4 a4-integrin], the adhesion molecule required for mDCs to cross the
blood–brain barrier. We obtained similar results on all the aforementioned
cell surface molecules investigated in both healthy controls and MS patients.
In addition, IgG treatment of cells from both healthy controls and MS patients
inhibited the production of interleukin (IL)-12, a cytokine associated with
mDC differentiation, but did not inhibit the production of IL-10. These
results suggested the possibility that IgG treatment, apart from its known
ability to regulate inflammation, may help to prevent relapses of MS by con-
trolling DC maturation, consequently inhibiting invasion of immune cells
into the central nervous system and affecting the cytokine profile.
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Introduction

Intravenous immunoglobulin (IVIg) has been reported to
be an effective treatment for several autoimmune diseases
[1–10]. In autoimmune diseases, IVIg may exert a therapeu-
tic effect via multiple mechanisms, including the neutraliza-
tion of autoantibodies with anti-idiotype antibodies [11],
inhibition of complement-mediated damage [12,13], inhibi-
tion of inflammatory cytokine production by activated lym-
phocytes [14,15] and Fc receptor-mediated inhibition of
inflammation [16,17]. All these actions, however, influence
effector cells; their effect on dendritic cells (DCs), which
promote the development of autoreactive effector T cells
involved in the onset and relapse of autoimmune disease
[18,19], have not been investigated sufficiently. Several
reports on relapsing–remitting multiple sclerosis (RR-MS)
assert that monocyte-derived DCs (Mo-DCs) release matrix-
degrading metalloproteinases (MMP)-9 and are involved in

the disruption of nerve tissues [20]. In addition, the spinal
fluid of relapsing MS patients may contain some soluble
factors that promote the differentiation of Mo-DCs [21],
implicating Mo-DCs in MS relapses. Duddy et al. argued
that Mo-DCs may be a therapeutic target cells in MS,
because current effective therapies, including interferon
(IFN)-b and steroids, inhibit the differentiation of mono-
cytes into DCs [22].

To elucidate the molecular mechanism by which IVIg
administration affects the course of MS, we examined
Mo-DC differentiation. We investigated the effect of IgG on
the differentiation of monocytes into immature DCs
(imDCs) and from imDCs into mature DCs (mDCs). We
analysed the effect of IgG treatment on the expression of the
following cell surface molecules: CD1a, an indicator of
imDC differentiation; CD83, a marker of mDC differentia-
tion; the co-stimulatory molecules CD40, CD80 and CD86;
and the adhesion molecule CD49d, which controls the
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migration of DCs. We used a DC differentiation system
based on monocytes derived from the peripheral blood of
healthy volunteers. As DCs produce the cytokines interleu-
kin (IL)-12 and IL-10, which control the differentiation of
effector T cells [23–25], we analysed the effect of IgG on the
production of these cytokines. Our results demonstrated
that IgG inhibited CD1a expression and CD86 down-
regulation in association with impaired imDC differen-
tiation. Also, IgG enhanced the expression of CD83, and
partially inhibited the expression of the co-stimulatory mol-
ecules CD40 and CD80 associated with mDC differentiation.
In addition, IgG abrogated the expression of CD49d, a
marker associated with the differentiation of mDCs. These
effects of IgG were confirmed using monocytes derived from
the peripheral blood of RR-MS patients in remission. These
findings suggest that in addition to the known actions
[11–17], IVIg possesses additional anti-MS activity support-
ing the multi-functionality of IgG in the treatment of
autoimmune disease.

Materials and methods

Healthy volunteers and MS patients

Anti-coagulated blood was collected from both MS patients
and healthy volunteers at the Department of Neurology,
Tohoku University Hospital (Sendai, Japan). Flow cytometry
of surface molecules was performed using blood collected
from nine MS patients (one male, eight females, aged
31–49 years, median age 42) and eight healthy volunteers
(one male, seven females, aged 27–49 years, median age 32).
To examine intracellular cytokine expression by flow cytom-
etry, we used blood collected from 10 MS patients (two
males, eight females, aged 31–53 years, median age 42) and
10 healthy volunteers (two males, eight females, aged
23–49 years, median age 32). All the MS patients had RR-MS
that was in remission at the time of blood collection; none
was receiving therapy with immunomodulatory agents, such
as interferon (IFN)-b or corticosteroids. This research was
approved by the Ethics Committee of the Tohoku University
School of Medicine, and written informed consent was
obtained from all participants.

Cytokines and antibodies

Recombinant human IL-4 and granulocyte–macrophage
colony-stimulating factor (GM-CSF) were purchased from
Biosource (Camarillo, CA, USA). Recombinant tumour
necrosis factor (TNF)-a was obtained from RELIATech
(Braunschweig, Germany), and IL-1b was acquired from
Alexis (Lausen, Switzerland).

Fluorescein isothiocyanate (FITC)-conjugated anti-CD1a
monoclonal antibodies (mAbs) were purchased from Ancell
(Bayport, MN, USA). Phycoerythrin (PE)-conjugated anti-
CD83, -human leucocyte antigen D-related (HLA-DR),

-CD49d, -CD86, -IL-10 and -IL-12 (p40/p70) mAbs and
FITC-conjugated anti-CD40 and -CD80 mAbs were pur-
chased from BD Biosciences (San Diego, CA, USA). We
purchased PE-cyanine5-conjugated anti-CD14 mAbs from
Immunotech (Marseille, France). The corresponding isotype
control antibodies were purchased from BD Biosciences and
Immunotech.

Human IgG

Human IgG was dispensed from IVIg preparations refined
by cold ethanol (Cohn) fractionation from blood plasma
samples donated by more than 10 000 Japanese people. After
dialysing the IgG fraction against physiological saline, we
determined the IgG concentration by measuring OD280 using
a spectrophotometer. Aliquots were stored at -80°C until
needed. The obtained IgG contained 0·14 mg/ml IgA and
< 0·05 mg/ml IgM per 100 mg/ml of the IgG, and the content
of polymeric IgG was < 0·5 mg/ml. Endotoxins were not
detected (< 0·05 endotoxin units/ml per 100 mg/ml). To gen-
erate F(ab′)2 fragments, we used pepsin-treated immunoglo-
bulin for those that had been dialysed against physiological
saline.

Differentiation of monocyte-derived DCs

T cells, B cells, natural killer cells and granulocytes were
removed from ethylenediamine tetraacetic acid (EDTA)-
treated peripheral blood using RosetteSep Human Monocyte
Enrichment Cocktail (StemCell Technologies, Vancouver,
Canada) to obtain monocyte fractions. After suspension at a
density of 4–5 ¥ 105 cells/well in Hank’s balanced salt solu-
tion (HBSS; Sigma, St Louis, MO, USA) containing 5%
heat-inactivated human AB serum, monocytes were incu-
bated for 1 h in a 24-well culture plate at 37°C. Non-adherent
cells were removed by aspiration, and the remaining cells
were washed with phosphate-buffered saline (PBS). Greater
than 85% of the monocytes obtained in this manner
were CD14-positive. We induced DC differentiation using
the method of de Jong et al. [26], with the following
modifications. Briefly, monocytes were cultured in 1600
units/ml GM-CSF and 200 units/ml IL-4 in RPMI-1640
medium containing 3% fetal bovine serum (FBS; HyClone,
Logan, UT, USA), 2 mM L-glutamine, 0·05 mM 2-
mercaptoethanol, 100 mg/ml streptomycin and 100 units/ml
penicillin (3% complete medium) at 37°C for 7 days under
humidity and 5% CO2 to differentiate the cells into imDCs.
Throughout the 7 days, 30% of the medium was replaced
with new medium every 2 days. After the 7-day culture,
imDCs were cultured in 3% complete medium containing
50 ng/ml TNF-a and 50 ng/ml IL-1b for 2 additional days to
differentiate the cells into mDCs. To examine the effects of
IgG on DC differentiation, at the beginning of incubation
IgG at a final concentration of 20 mg/ml or an equal volume
of saline was added to the cultures. As described above, 30%
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of the medium was replaced with new medium every 2 days
with either IgG or saline as mentioned above to maintain the
incubation condition. In the experiments to clarify the
involvement of FcgR, IgG, equimolar F(ab′)2 or an equal
volume of saline was used in the cell culture.

Flow cytometry of cell surface molecules

Cells collected on days 7 and 9 were suspended for 15 min at
4°C in PBS containing 1% bovine serum albumin, 2%
normal rabbit serum and 0·05% sodium azide (staining
buffer). Cells were then stained with fluorescein-conjugated
or isotype control antibodies for 30 min at 4°C. After
washing and resuspending the cells in staining buffer, greater
than 5000 cells from each sample were analysed using a
fluorescence activated cell sorter (FACSCalibur) flow cytom-
eter and CellQuest software (BD Biosciences).

Flow cytometry of intracellular cytokines

Intracellular cytokines were assessed using Cytofix/
Cytoperm kits according to the manufacturer’s instructions
(BD Biosciences). Briefly, imDCs were collected on day 7 and
resuspended in 3% complete medium containing 50 ng/ml
TNF-a and 50 ng/ml IL-1b. After the addition of 1 ml/ml
Golgi Stop (BD Biosciences) to prevent cytokine secretion,
we incubated the cells under humidity for 12 h at 37°C in 5%
CO2. We then stained the cells for accumulated IL-10 and
IL-12 (p40/70) using appropriate fluorescently labelled anti-
bodies and a FACSCalibur flow cytometer.

Statistical analysis

To calibrate the data, we used an unpaired t-test for unpaired
data and a paired t-test for paired data. P-values less than
0·05 (two-tailed) were considered significant. We used sas
software (SAS Institute Inc., Cary, NC, USA) for statistical
analysis.

Results

Differentiation of monocyte-derived dendritic cells and
the effect of IgG

Monocytes isolated from the peripheral blood of healthy
volunteers were incubated with GM-CSF and IL-4 for 7 days
to generate non-adherent CD14–, CD1a+ cells (74·5 � 9·3%)
as shown in Table 1, and exhibited the morphological
characteristics of imDCs (data not shown). The addition of
TNF-a and IL-1b to the cultures for 2 additional days did
not produce any remarkable morphological changes in these
cells. The expression frequency of CD1a, a characteristic DC
cell surface marker, increased on day 7, but there was little
additional change during the subsequent 2-day culture with
TNF-a and IL-1b. During this phase, the cells matured from
imDCs to mDCs. Expression of CD83, a characteristic mDC
marker, increased slightly by day 7 and increased further by
day 9. CD40 and CD80, co-stimulatory molecules involved
in the sensitization and activation of T cells, increased
with each additional day of culture from the monocytic
stage. In contrast, CD86 expression, which was initially
78·0 � 14·2% in the monocyte cultures, decreased on day 7
(51·5 � 17·5%) and then recovered by day 9 (84·7 � 15·5%).
Expression of HLA-DR, a major histocompatibility complex
(MHC) class II molecule, exhibited a similar transition,
with 46·0 � 19·5% positive in the monocyte cultures,
21·1 � 12·2% positive on day 7 and 48·1 � 22·3% positive
on day 9 (Table 1). These results confirmed that our culture
system promoted the differentiation of monocytes into
imDCs (day 7) and mDCs (day 9) in a phased manner.

To evaluate the effect of IgG on DC differentiation, we
measured the expression of these DC-specific cell surface
markers after the addition of IgG to this culture system
(Table 1). We utilized an IgG concentration of 20 mg/ml,
which was based on the dosage administered for the medical
treatment of autoimmune diseases. Expression of CD1a was
significantly lower on both days 7 (P < 0·001) and 9

Table 1. Effects of immunoglobulin G (IgG) on the expression of cell surface molecules in healthy controls.

Molecule Monocyte

Day 7 Day 9

IgG Saline IgG Saline

CD1a 6·9 � 4·3 59·8 � 12·0** 74·5 � 9·3 64·4 � 8·5** 79·5 � 8·0

CD83 3·7 � 2·6 20·9 � 8·7** 14·3 � 9·0 50·1 � 6·6** 29·7 � 2·8

CD40 3·9 � 2·3 34·0 � 9·7 34·4 � 10·3 53·9 � 13·0** 81·0 � 8·7

CD80 0·8 � 0·8 25·4 � 8·2* 32·3 � 9·5 48·9 � 14·1** 81·4 � 7·2

CD86 78·0 � 14·2 74·3 � 13·2** 51·5 � 17·5 96·8 � 3·0* 84·7 � 15·5

HLA-DR 46·0 � 19·5 21·4 � 11·9 21·1 � 12·2 52·6 � 24·0 48·1 � 22·3

CD49d 94·4 � 3·4 39·7 � 8·2** 29·5 � 8·7 27·5 � 10·9** 49·8 � 12·3

Monocyte isolation and differentiation into DCs were performed as described in Materials and methods. Healthy control samples (n = 8) were each

divided into a group with IgG added at the beginning of the culture period (IgG) and a group treated with vehicle alone (saline). Monocytes and

cells on days 7 and 9 of treatment were analysed by flow cytometry. The results show the frequency of cells (%) positive for each cell surface molecule

[CD1a, CD83, CD40, CD80, CD86, human leucocyte antigen D-related (HLA-DR), and CD49d] as the mean value � standard deviation. To calibrate

the differences between the paired mean values, we used a paired t-test (**P < 0·01, *P < 0·05).

Effects of IgG on DC differentiation in MS
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(P < 0·001) relative to the saline-treated group. In contrast,
the expression frequency of CD83 was significantly higher
on days 7 (P = 0·006) and 9 (P < 0·001) compared to the
saline-treated group (Fig. 1).

Expression of the co-stimulatory molecules CD40 and
CD80 in the IgG-treated group on day 9 (mDCs) was sig-
nificantly lower than that seen in the saline-treated group
(Table 1; P < 0·001 for CD40, P < 0·001 for CD80). In con-
trast, IgG maintained the high expression of CD86 on day 7
(imDCs) (Fig. 2; P = 0·001). The expression of HLA-DR on
both days 7 and 9 was unaffected by IgG treatment.

Effect of IgG on the expression of CD49d
(a4 subunit of VLA-4) associated with
DC differentiation

In MS, CD49d-mediated interactions with endocapillary
cells at the brain–cerebrospinal barrier are necessary for
effector cells to invade the central nervous system (CNS)
[27,28]. CD49d, which is generally expressed by all leuco-
cytes [29], also plays an important role in the localized
inflammation of the CNS during neurological diseases. No
reports, however, have analysed the effect of IgG on the
expression of this molecule. We evaluated the normal
changes in CD49d expression throughout DC maturation
and examined the effect of IgG on this process. In our

system, CD49d decreased in association with the differ-
entiation from monocytes (94·4 � 3·4%) into imDCs
(29·5 � 8·7%), but increased again upon differentiation into
mDCs (49·8 � 12·3%) (Table 1). The expression of CD49d
on day 9 (Fig. 3) decreased significantly upon the addition of
IgG to the culture system (27·5 � 10·9%, P = 0·001) com-
pared with the saline group (49·8 � 12·3%). IgG abrogated
the recovery of CD49d expression associated with mDC
differentiation. Four mg/ml IgG also significantly lowered
the expression frequency of CD49d on day 9 (data not
shown), although the extent of the decrease was smaller than
that seen with 20 mg/ml IgG. These results suggest that IgG
could influence DC passage through the cerebrospinal
barrier by decreasing expression of the adhesion molecule
CD49d.

Effect of IgG on the production of IL-12 and IL-10
associated with mDC differentiation

During the differentiation of imDCs to mDCs, changes in
the cytokine production profiles affect the subsequent types
of T cells produced. CD1a+ CD83+ mDCs produce IL-12 and
induce T helper 1 (Th1)-type immune responses, while
CD1a– CD83+ mDCs produce IL-10 and induce Th2-type
immune responses [23,30]. We performed double staining
for CD1a and cytokines to evaluate the effects of IgG on
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Fig. 1. Effect of immunoglobulin G (IgG) on the expression of CD83 associated with dendritic cell (DC) differentiation. We cultured monocytes

from healthy control samples (n = 8) for 7 days in the presence of granulocyte–macrophage colony-stimulating factor (GM-CSF) and interleukin

(IL)-4 [to produce immature DCs (imDCs)]. These cells were cultured for 2 additional days in the presence of tumour necrosis factor (TNF)-a and

IL-1b to produce mature DCs (mDCs). We prepared two groups: one to which IgG was added at the beginning of culture (IgG) and a group treated

with vehicle alone (saline). (a) We collected the cells on days 7 and 9 and analysed them by flow cytometry. The figure shows a representative

sample stained with anti-CD83 monoclonal (open histograms) or isotype control (shaded histograms) antibodies. (b) The figure details the

transition of CD83+ cells from day 7 to day 9 for the saline and IgG groups. (c) The image shows the frequency of CD83+ cells on day 9.
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IL-12 and IL-10 production during imDC-to-mDC
differentiation. As shown in Table 2, the percentage of IL-12-
producing cells was high in the CD1a+ cells, but the expres-
sion frequency of CD1a+ IL-12+ cells was low in the IgG-
treated group (P < 0·01) compared to the saline-treated
group. In the CD1a– cells, the frequency of IL-10-producing
cells in the IgG-treated group was significantly higher than
that seen in the saline-treated group (P < 0·05). These results

reveal that IgG affects both DC differentiation, as demon-
strated by changes in the expression of cell surface markers
associated with DC differentiation, and the subsequent
cytokine production by DCs that is critical in the induction
of a Th1-type immune response.

Analysis of peripheral blood samples from MS patients

To suggest a possible therapeutic benefit of IVIg in MS, we
needed to confirm that the effects of IgG on the differentia-
tion of DCs (with regard to the expression of surface
markers, co-stimulatory molecules and the adhesion mol-
ecule) were the same in both MS patients and healthy
controls. Using blood obtained from volunteer RR-MS
patients in remission who had not been treated with
immune-modulating drugs, we examined surface molecule
expression and cytokine production by DCs, as described
above. Monocytes separated from the peripheral blood of
RR-MS patients differentiated in the same morphological
manner as those from the healthy controls. The expression of
DC cell surface markers displayed the same temporal pattern
as that seen in healthy controls. The addition of IgG to the
cultures exerted similar effects on DCs as seen on the mono-
cytes of healthy controls (Fig. 4). The increased expression of
CD49d associated with mDC differentiation was abrogated
by IgG treatment (Fig. 4c). In addition, a decrease in the
frequency of IL-12-producing cells was seen in the

Fig. 2. Effect of immunoglobulin G (IgG) on

the expression of CD86 associated with

dendritic cell (DC) differentiation. Samples

from healthy controls (n = 8) were divided into

groups and differentiated into DCs, as

described in Fig. 1. (a) Cells collected on days 7

and 9 were analysed by flow cytometry. The

figure shows a representative example of a

sample stained with anti-CD86 monoclonal

(open histograms) or isotype control (shaded

histograms) antibodies. (b) The image details

the transition of CD86+ cells [monocytes (Mo),

days 7 and 9] in both the saline and IgG

groups. (c) The figure details the frequency of

CD86+ cells on day 7.
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Table 2. Effects of immunoglobulin G (IgG) on the intracellular pro-

duction of interleukin (IL)-10 and IL-12 associated with mature den-

dritic cell (mDC) differentiation in healthy controls.

Cytokine

CD1a+ CD1a–

IgG Saline IgG Saline

IL-12 18·1 � 8·4** 31·6 � 8·3 5·4 � 2·9 5·5 � 4·4

IL-10 15·1 � 7·5 14·6 � 6·5 11·9 � 4·7* 7·4 � 3·4

Samples from healthy controls (n = 10) were each divided into two

groups, one with IgG added at the beginning of culture (IgG) and one

treated with vehicle alone (saline). Immature DCs collected from the

cultures on day 7 were resuspended in medium containing tumour

necrosis factor (TNF)-a, IL-1b, and Golgi Stop. Cells were collected

after 12 h. We measured cell surface molecules (CD1a) and intracellular

cytokines (IL-12 and IL-10) as described in Materials and methods. The

results indicate the frequency of positive cells (%) in each quadrant as

the mean value � standard deviation. To calibrate the differences

between paired mean values, we used a paired t-test (**P < 0·01,

*P < 0·05).
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IgG-treated group, similar to that exhibited by the samples
from the healthy controls (data not shown).

Discussion

In RR-MS patients, relapse is inhibited by IVIg administra-
tion during remission [7–10]. The mechanism of action by
which IVIg exerts this effect has not been elucidated,
although several theories have been put forth. Few analyses
of the effects of IVIg on MS relapse and the associated dif-
ferentiation of Mo-DCs have been attempted, so we analysed
the effects of IgG on the differentiation of Mo-DCs.

mDCs can be obtained by initially culturing monocytes
isolated from peripheral blood in the presence of IL-4 and
GM-CSF to obtain imDCs, then culturing these cells succes-
sively with lipopolysaccharide (LPS) or other monokines to
produce mDCs [26,31,32]. In the LPS-mediated differentia-

tion of mDCs at least two factors in our system may influ-
ence our results: the individual differences on LPS response
and the presence of anti-LPS antibodies in IVIg preparations
[33,34]. When monocytes are isolated from a buffy coat, the
cells may be activated in the process. Given the importance
of Mo-DCs in the control of effector cell differentiation in
the CNS of MS patients at the time of relapse [25,35,36], we
adopted a system that induces mDC differentiation from
peripheral blood-derived monocytes using purified monok-
ines (TNF-a and IL-1b) rather than LPS.

The effects of IgG on the differentiation of Mo-DCs were
reported by Bayry et al. using peripheral blood samples from
healthy volunteers. Using an LPS-mediated mDC differen-
tiation system, the addition of IgG inhibited significantly the
expression of CD1a, CD83, HLA-DR, CD40, CD80 and
CD86 [37]. In this study, the expression of CD1a, CD40 and
CD80 was inhibited in a similar fashion by the addition of
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Fig. 3. Effect of immunoglobulin G (IgG) on the expression of CD49d, the a4 subunit of very late activation antigen (VLA)-4, associated with DC

differentiation. We divided samples from healthy controls (n = 8) into groups and induced differentiation into mature DCs (mDCs), as described in

Fig. 1. (a) Cells collected on days 7 and 9 were analysed by flow cytometry. The figure shows a representative sample stained with anti-CD49d

monoclonal (open histograms) or isotype control (closed histograms) antibodies. (b) This image shows the transition of CD49d+ cells

(days 7 and 9) in both the saline and IgG groups. (c) This figure details the frequency of CD49d+ cells on day 9.

K. Ohkuma et al.

402 © 2007 British Society for Immunology, Clinical and Experimental Immunology, 150: 397–406



IgG to monocytes of both healthy controls and MS patients
in remission. In contrast, the expression of CD83 was
enhanced by IgG treatment. Several previous reports have
observed this enhancement of CD83 expression by IgG.
Reddy et al. reported that the differentiation of mDCs from
imDCs, as assessed by CD83 expression, was promoted by
conditioned media from cultures of human monocytes on
IgG solid-phase plates [38]. Nuclear factor (NF)-kB is
reportedly activated by the cross-linking of FcgRII (CD32),
promoting the differentiation of Mo-DCs [39]. These
reports suggest a mechanism by which IgG could enhance
the expression of CD83.

In the present study, as seen by Bayry et al., the expression
of CD40 and CD80 was inhibited by IgG treatment. In con-
trast, IgG treatment abrogated CD86 down-regulation, and

levels remained high on day 7 (Fig. 2). We could not find any
other reports of similar phenomena. CD86, however, exhib-
its strong binding to cytotoxic T lymphocyte-associated
antigen (CTLA)-4 [40]. As the levels of CD86 expression
were significantly higher than those of CD80, signalling
through CD86-CTLA-4 may inhibit T cell activation [41]. To
verify this, future studies must confirm that CD86 interacts
with CTLA-4 with a higher avidity than that of the binding
to CD28, and that an inhibitory signal is transmitted in the
presence of IgG.

Anti-a4-integrin antibodies inhibit the binding of CD49d
to its ligand, vascular cell adhesion molecule (VCAM)-1.
Such treatment diminishes lesions in the brains of MS
patients, inhibits relapse and alleviates symptoms [42,43].
Lapointe et al. reported that IVIg inhibits the interaction of

Saline IgG

Saline IgG Saline IgG

Saline IgG Saline IgG Saline IgG

CD83

CD49d

CD86(b)

(c)

(a)

C
D

83
+

 c
el

ls
 (

%
)

C
D

86
+

 c
el

ls
 (

%
)

0

10

20

30

40

50

60

70

0

10

20

30

40

50

60

70

80

90

100

C
D

49
d+

 c
el

ls
 (

%
)

0

10

20

30

40

50

60

70

80

90

100

MS HC

MS HC

HCMS

P < 0·001 P < 0·001 P = 0·001P = 0·028

P = 0·001 P = 0·001

Fig. 4. Effects of immunoglobulin G (IgG) on the expression of CD83, CD86 and CD49d in multiple sclerosis (MS) patients. Samples from MS
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CD49d-expressing activated leucocytes with endocapillary
cells expressing VCAM-1 in MS patients [44]. In the present
study, we have determined that IgG significantly inhibits the
expression of CD49d associated with mDC differentiation.
These results suggest that IVIg, unlike preparation of anti-
a4-integrin antibody, inhibits the invasion of immune cells
into the CNS by inflammatory cells by inhibiting CD49d
expression by mDCs.

We also performed experiments to clarify the involvement
of FcgR in the therapeutic effect of IgG treatment. We per-
formed a comparative experiment using pepsin-treated
globulin (F(ab′)2) at concentrations equimolar to those of
IgG examined in this study. The F(ab′)2-treated group exhib-
ited an enhancement of CD83 expression on day 9 similar to
that seen in the IgG-treated group (Fig. 5a), suggesting that
the effect of IgG was not mediated by interactions with the

Fig. 5. Effects of F(ab′)2 on the expression of

CD83, CD86 and CD49d. We divided samples

from healthy controls (n = 8) into three groups,

one to which immunoglobulin G (IgG) was

added at the beginning of culture, one treated

with vehicle alone (saline) and one to which

pepsin-treated IgG [F(ab′)2] was added. We

then induced the differentiation of monocytes

into mature dendritic cells (mDCs) as described

in Materials and methods. This figure shows the

results of flow cytometry analysis of (a) CD83

on day 9, (b) CD86 on day 7 and (c) CD49d on

day 9. The left panel shows one typical result of

each cell surface molecule analysis for each

group [IgG sample (filled histograms), F(ab′)2

sample (bold-lined histograms), no IgG sample

(thin-lined histograms) and an isotype control

antibody (dotted-lined histograms)]. On the

right, we used a paired t-test to calibrate the

differences between the corresponding averages.
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FcgR. The inhibitory effect on CD86 down-regulation seen
on day 7 after treatment with IgG was reduced significantly
in the F(ab′)2-treated group (61·7 � 17·4%) compared to the
IgG-treated group (80·1 � 9·8%), although both were still
higher frequencies compared to the saline-treated group
(39·9 � 11·4%) (Fig. 5b). While the F(ab′)2 group exhibited
inhibitory effects on day 9 CD49d expression similar to
those seen with the IgG group, there were differences
between individuals (Fig. 5c). For both CD86 and CD49d,
however, the differences in expression levels between the
F(ab′)2 group and the saline group were statistically
significant. These results suggest that it is difficult to explain
all of the above-mentioned effects of IgG only by the FcgR-
mediated mechanism.

With samples from both healthy controls and MS patients,
we confirmed that the generation of IL-12-producing cells is
inhibited by IgG treatment. In contrast, we confirmed that
IgG treatment did not affect, but rather enhanced, the gen-
eration of IL-10-producing cells. This result suggests that
IgG inhibits the differentiation of Th0 cells into Th1 cells,
while the differentiation to Th2 cells is enhanced. In animals
with experimental autoimmune encephalomyelitis (EAE),
an animal model of MS, Th17 cells that produce IL-17 are
involved in tissue injury in the CNS [45,46]. The differentia-
tion of Th1 and Th17 cells requires the transcription factor
T-bet; expression of T-bet requires IL-12R-mediated signal-
ling [47,48]. Therefore, the inhibitory effect of IgG treatment
on IL-12-producing cells generation may affect not only the
differentiation of Th1 cells, but also that of Th17 cells. To
confirm this hypothesis, it will be necessary to perform
mixed lymphocyte cultures of mDCs and Th0 cells to
examine the effect of IgG on Th1, Th2 and Th17 cell
differentiation. In future, we plan to focus on the relation-
ship of DC differentiation and Th17 cell production in
human cell systems.

We evaluated the effect of IgG on the expression of DC
surface molecules using samples from MS patients in remis-
sion to determine if the effect seen in control cells also occurs
in Mo-DCs from MS patients. We obtained results in
MS-derived cells similar to those seen in healthy controls,
suggesting that IgG similarly affects the monocytes of both
healthy controls and MS patients in remission. Meanwhile,
analyses using samples from relapsing MS patients might
show different IgG effects compared to those of MS patients
in remission, as the differentiation of Mo-DCs was presum-
ably accelerated in relapsing MS patients. Therefore, we
attempted to analyse the relapsing MS patient samples;
however, we were unable to obtain enough samples for inves-
tigation during this study.

In summary, our results suggest there is a mechanism of
IgG which regulates the development of mDCs in vitro.
Notably, we found that IgG down-regulates CD49d, which is
a crucially important molecule in the pathogenesis of MS.
The clinical efficacy of IVIg against MS is still controversial;
however, IVIg is possibly effective against certain types of

RR-MS, in which relapse is caused mainly by monocyte-
derived DCs.
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