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Abstract
Objective

Gold sodium thiomalate (GST) is a drug commonly used for the treatment of rheumatoid arthritis (RA). 
To clarify the mechanism of therapeutic effects of GST on RA, we investigated if GST affects the differentiation of

dendritic cells (DC), which are thought to play a pivotal role in RA pathogenesis. 

Methods
We generated immature DC (iDC) in vitro from PB monocytes during the 5 to 7-day culture in the presence 
of IL-4 and GM-CSF. Mature DC (mDC) were induced by adding TNF on day 5 of the 7-day culture with 
GM-CSF and IL-4. DC capacity of stimulating T cells was examined in allogenic MLR using generated DC 

as stimulators.  IL-12 production from DC was assayed with ELISA. 

Results
We found that: 1) mDC generated in the presence of GST showed lower expression of CD1a, CD83, CD80,
CD86, HLA-ABC and HLA-DR compared to control mDC on FACS analysis. 2) GST-treated mDC showed
reduced capacity of stimulating allogenic T cells in mixed leukocyte reaction. 3) IL-12p70 production after 

stimulation with SAC or LPS plus IFN was markedly reduced in GST-treated mDC. 

Conclusion
GST suppresses the differentiation and function of DC generated from peripheral blood monocytes. 

This previously unknown action may explain the in vivo effects of GST in the treatment of RA.
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Introduction
Dendritic cells (DC) are the most po-
tent antigen-presenting cells (APC) in
immune system (1,2). Recently, peri-
pheral blood monocytes and precursor
cells have been shown to differentiate
into DC in vitro with combinations of
cytokines (3-5). This technique has
contributed much to elucidate the mat-
u ration process and function of DC.
Immature DC capture and process anti-
ge n s , and become mat u re DC upon
inflammatory stimulation. Mature DC
express higher levels of co-stimulatory
molecules and efficiently activate anti-
gen-specific T cells (4, 6). DC are now
thought to play a central role in im-
mune responses occurring in infectious
d i s e a s e s , a u t o i m mune diseases, a n d
graft rejection (7).
Rheumatoid synovial tissue and fluid
are enriched in DC with potent APC
function, and recent reports have indi-
cated a role for DC in the pathogenesis
of rheumatoid art h ritis (RA) (8).
Peripheral blood DC (PB-DC) express
little or no CD80 and CD86 antigens.
The phenotype of synovial fluid DC is
similar to that of PB-DC, but synovial
fluid DC can stimulate autologous T
cells more efficiently than PB-DC or
s y n ovial fluid monocytes (9). CD86
has been shown to be more important
than CD80 in their capacity of stimu-
l ating T cells. A c c o rd i n g ly, s y n ov i a l
tissue DC, l o c a l i zed to periva s c u l a r
regions and T cell nodules, express low
l evels of CD80 and high levels of
CD86 (10). Therefore, it is suggested
that precursor DC in peripheral blood
are recruited across the blood vessels to
the infl a m m at o ry joint wh e re they
become mature DC, and play a role in
the initiation and perpetuation of the
disease by activating self-re a c t ive T
cells (11,12).
The mechanism of actions of go l d
compounds used in RA treatment is not
f u l ly unders t o o d, although they have
been widely used for many years. Gold
sodium thiomalate (GST), water-solu-
ble salt of gold thiol complexes, acts on
various types of cells including mono-
cyte, T cell, B cells, synovial cell, and
endothelial cells (13). GST has sup-
p re s s ive effects on monocytes as to
monokine production and MHC ex-

pression (14,15). Recently, DC are re-
garded as being critically involved in T
cell response in RA. Therefore, we an-
ticipated a possible effect of GST on
the differentiation and function of DC.
To elucidate the mechanism of actions
of GST on the differentiation of DC,
we used in vitro c u l t u re system in
which DC are differentiated from PB
monocytes in the presence of granulo-
cyte-monocyte colony-stimulating fac-
tor (GM-CSF), i n t e rleukin 4 (IL-4),
and tumor necrosis factor-alpha (TNF-
α). We found that GST could alter the
cell surface expression of differentia-
tion and activation antigens on DC, and
also the capacity of DC to stimulate T
cell proliferation as well as to produce
IL-12p70.

Materials and methods
Reagents and cytokines
GST was a kind gift from Shionogi
P h a rmaceutical Co. (Osaka, Jap a n ) .
GST was dissolved into RPMI1640
( N i s s u i , To kyo , Japan) medium, a n d
used at the concentration of 0.2 to 20
µM.  Recombinant human IL-4 wa s
kindly provided by Dr. Kazuaki Hama
(Ono Pharmaceutical Co. Ltd., Osaka,
Japan). Recombinant human GM-CSF
and TNFα were obtained from Gen-
zyme (Cambridge, MN, USA). Recom-
binant human inrterferon γ (IFNγ) was
obtained from Serotec Ltd. (Oxfo rd,
U K ) , L i p o p o ly s a c ch a ride (LPS) wa s
purchased from Sigma Chemical Co.
(St. Louis, MO, USA), Staphylococcus
aureus cowan I strain (SAC) was ob-
tained from Calbiochem-Novabiochem
(La Jolla, CA, USA). Anti-CD1a, anti-
C D 1 4 , a n t i - C D 8 6 , a n t i - H L A - A B C , a n t i -
H L A - D R , and isotype-mat ched control
Abs were purchased from PharMingen
(San Diego,CA, USA). Anti-CD80 and
anti-CD83 Abs were from Immunotech
( M a rs e i l l e, Fra n c e ) , and FITC-anti
mouse Ig GAM was from Becton Dick-
inson (San Jose, CA, USA).

Monocyte preparation
PBMC we re isolated from norm a l
healthy donors or patients with RA by
density gradient centri f u gation on
Ficoll-Paque (Pharmacia Biotech, Upp-
salla, Sweden). T cells were removed
with neuraminidase-treated sheep red
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blood cells (N-SRBC)-rosetting. Non-
T cells we re incubated on a macro-
phage-separated plate (JIMRO, Tokyo,
Japan) for 1 hour, and adherent cells
were harvested after 25 min-incubation
in cold phosphat e - bu ffe red saline (PBS)
containing 5mM EDTA. The harvested
cells were positive for CD14 (> 90%),

and negative for CD3 (< 2%) and CD19
(< 2-7%), and used as PB monocytes in
the following experiments.

Cell culture
I m m at u re DC (iDC) we re ge n e rat e d
from PB monocytes. As shown in Fig-
ure 1-A.1, PB monocytes were cultured

at 5 × 105 cells/ml in 12-well tissue cul-
t u re plates (Costar, C a m b ri d ge, M A ,
USA) for 7 days in RPMI 1640 supple-
mented with 10% FCS, 0.025 M
HEPES, ampicilin, streptomycin, IL-4
(25 ng/ml) and GM-CSF (50 ng/ml).
For generating mature DC (mDC) (Fig.
1-A.2), TNFα (10 ng/ml) was added at

Fig. 1. Effect of GST on the cell surface antigen expression of immature DC (iDC) and mature DC (mDC) generated in vitro from PB monocytes in both
healthy donors (Fig.1-A.1, -A.2 and -A.3) and RA patients (Fig.1-B.). The representative results of five experiments are shown in upper panel. iDC and mDC
were generated as shown in lower panel. 
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day 5 of the culture stated above. To
examine the effects of GST on DC dif-
fe re n t i at i o n , GST was added at the
beginning (day 0) or day 5 of the cul-
ture (Fig. 1-A.3). On day 7, cells were
h a rve s t e d, counted under micro s c o p e
using Tripan blue excursion and exam-
ined for their phenotypes.

FACS analysis
H a rvested cells we re washed twice
with cold PBS and resuspended in PBS
with 1%BSA. Cells we re aliquotted
into 5 x 104 cells/sample and stained
with the indicated mAbs for 30 min at
4°C , s u b s e q u e n t ly incubated with
FITC-conjugated 2nd Ab for 30 min at
4°C in the dark.  Flow cytometry analy-
sis was carried out with an EPICS Pro-
file fl ow cytometer (Coulter, M i a m i ,
FL, USA).

Primary allogenic mixed lymphocyte
reaction (allo-MLR)
mDC were generated in the presence or
absence of GST (20 µM) as shown in
(Fig. 1-A.2). The generated mDC were
pre-treated with mitomycin-C (MMC,
25 µg/ml) for 30 min at 37˚C, washed
ex t e n s ive ly, and used as stimu l at o r
cells. Responder cells were purified T
cells by N-SRBC rosetting from differ-
ent donors. Then, T cells (1 x 105) were
c u l t u red with indicated number of
MMC-treated DC for 6 days without
GST. 
T cell proliferation was measured with
cell proliferation ELISA according to
the manu fa c t u re ’s instruction (Boeh-
ri n ger Mannheim, M a n n h e i m , G e r-
m a ny). Bri e fly, 5 - b ro m o - 2 ’ - d e ox y-
uridine (BrdU) was added in the last 24
h o u rs of the culture, and cells we re
fixed and stained with anti-BrdU Ab.

Color reactions were measured with a
m i c ro - p l ate re a d e r. Each group wa s
performed in triplicate form.

ELISA
To analy ze the effect of GST on
cytokine production from DC, i D C
were generated with or without GST
( ( Fi g. 1-A.1)). Th e n , ge n e rated iDC
were treated with SAC (0.01%) or LPS
(1 µg/ml) plus IFNγ (25 ng/ml) for 48h
in 96-well plates at the concentration of
1 × 106 cells/ml. IL-12p70 and IL-6 in
the supern atants we re measured by
ELISA according to the manufacturer’s
instruction (PharMingen). 

Statistical analysis
Data were shown as the mean ± stan-
dard deviation (SD). Data were ana-
lyzed by unpaired t-test when two sam-
ples were compared, and by ANOVA
with Fisher’s PLSD method when sam-
ples were more than three samples. P <
0.05 was considered statistically signif-
icant.

Results
GST alters the phenotype of DC during
differentiation from PB monocytes in
both healthy donors and patients with
RA
iDC and mDC generated in the absence
of GST (Ctl-iDC and Ctl-mDC) had a
typical phenotype, CD1a+CD83-CD14-

H L A - D R+ and CD1a+C D 8 3+C D 1 4-

HLA-DR+, respectively (Fig. 1). When
GST was added at the beginning of cul-
ture, iDC treated with GST (GST-iDC)
showed markedly reduced expression
of CD1a (Fig. 1-A.1). mDC induced
with GST (GST-mDC) in both healthy
donors and patients with RA showed
reduced ex p ression of CD1a, C D 8 3

and CD86, a hallmark of mature DC
(Fig. 1-A.2 and Fig. 1–B.). These re-
sults suggested that GST suppre s s e d
the differentiation process of DC. 
To examine the effect of GST on DC
m at u ration from iDC to mDC, we
added GST together with TNFα at day
5 of a 7-day culture (Fig.1-A.3). The
CD83 expression on GST-mDC (Fig.1-
A.3) was suppressed, even though the
suppression was not so complete as that
observed in GST-mDC (day 0-7, Fig.1-
A.2).  GST on day5 to 7 had no effect
on CD86 ex p ression (Fi g. 1-A.3).
These results indicate that GST sup-
presses the entire process of DC differ-
entiation, especially from monocyte to
iDC. 
The dose response experiments showed
that GST exerted its effects at the con-
c e n t ration of 20 µM , at wh i ch the
expression of CD1a, CD83, MHC mol-
ecules (HLA-ABC, H L A – D R ) , a n d
that of co-stimulatory molecules (CD-
80 and CD86) were significantly de-
creased in GST-mDC compared to Ctl-
mDC (Fig. 2). Viable cell percentages
were more than 90% in the presence of
20 µM GST, and recovered cell counts
after 7-day culture were not significant-
ly ch a n ged between Ctl-mDC and
GST-mDC (4.3 ± 1.4 × 105 vs. 4.6 ± 0.6
× 1 05, f rom six independent ex p e r-
iments). 

GST-mDC have impaired capacity 
of stimulating T cells in allo-MLR
To further examine the functional dif-
fe rence between Ctl-mDC and GST-
mDC, we carried out allo-MLR using
Ctl-mDC or GST-mDC as stimulators.
T cell stimu l ating capacity of GST-
mDC was signifi c a n t ly lower com-
pared to that of Ctl-mDC (Fig. 3).

Fig. 2. Dose dependent effect of GST on mature DC (mDC) phenotype. mDC were generated as shown in Fig.1-A.2. Results are shown as mean fluores-
cence intensity (MFI) (mean ± SD) from five independent experiments. *p < 0.001; #p < 0.05; +p  < 0.01 vs. control.

Control
0.2 M GST
2    M GST
20  M GST
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IL-12p70 production is impaired 
in GST-treated DC
Since T cell differentiation is deviated
to Th1 type by IL-12 and IL-12 level is
markedly high in RA joints (16), we
tested the effect of GST on IL-12p70
p roduction from DC. We ge n e rat e d
iDC (Fig.1-A.1), and stimulated with
SAC or LPS plus IFNγ for inducing
mDC and stimulating IL-12 production
from DC according to the literatures
( 1 7 , 18). IL-12p70 production fro m
mDC after both combinations of stim-
uli was almost completely suppressed
when DC we re tre ated with GST,
wh e reas IL-6 production from mDC
stimulated with LPS plus IFNγ was not
affected by GST (Table I).

Discussion
GST is one of the most effective dis-
ease modifying antirheumatic dru g s ,
and has been analyzed for the mecha-
nism of action on RA. Reports have
been described GST’s effects on vari-
ous types of cells such as monocyte and
m a c ro p h age, T cell, endothelial cell,
and synovial fibroblast (19-22). How-
ever, there are few studies for GST ef-
fects on DC. Recent evidence support-
ing the role for DC in RA prompted us
to examine the effects of GST on the
DC differentiation from PB monocytes
(2, 10, 11). This is the first report des-
cribing the effects of GST on the differ-
entiation of DC in vitro.
We demonstrated that GST altered the
phenotypes of generated DC, and sup-

p ressed IL-12 production from DC.
G S T-mDC had lower ex p ression of
CD1a and CD83, suggesting that GST-
mDC remained at more immature stage
than Ctl-mDC. Furthermore, GST sup-
p ressed the ex p ression of MHCs (HLA-
ABC and HLA-DR) and co-stimulato-
ry molecules (CD80 and CD86), the
lack of which during T cell activation is
known to result in T cell anergy or hy-
poresponsiveness (23-25). It is reported
that both CD80 and CD86 molecules
are expressed on synovial tissue DC,
and are up-regulated by cytokines in
vitro and in situ, and blocking of CD86
results in a marked decrease in T cell
proliferation during allogenic and auto-
l ogous MLR (7, 1 0 , 11). We demon-
strated the lower capacity of GST-mDC
to stimulate allogenic T cells in MLR
c o m p a red with Ctl-mDC. Th u s , it is
likely that GST-induced suppression of
DC function might be the case in vivo
because the concentration used in the in
vitro experiments, 20 µM, is clinically
attainable in patient’s peripheral blood
(13), and GST is known to be accumu-
lated in inflammatory tissues.
The glucocort i c o i d, one of the most
effective immunosuppressive drugs for
RA, is also reported to affect matura-
tion and function of DC in vitro. Gluco-
c o rticoid tre atment part i a l ly re d u c e d
IL-12p70 production from DC upon
LPS stimulation, whereas DC remained
at a more immature stage and showed
an impaired capacity to induce MLR
(26). Our data showed that GST also
has effects on IL-12 production from
DC. The IL-12p70 production fro m
GST-mDC was almost completely shut
down when GST-mDC were stimulated
with the combination of LPS or SAC
plus IFNγ. It is known that synovial
helper T cells from RA patients are pre-
dominantly Th1, which is promoted by
IL-12 production from mDC. Th u s ,
GST may effectively block the role of
synovial DC for Th1 induction as well
as for antigen presentation on RA joint
in vivo.
The cellular response to GST stimula-
tion is not well understood. One hypo-
thesis is that GST might suppress DC
maturation via protein kinase C (PKC),
as GST is known to inhibit PKC that
induces differentiation of human CD-

Fig. 3. Mature DC (mDC) treated with GST showed a decreased T-cell stimulatory capacity in allo-
genic MLR. mDC were generated as shown in Fig.1-A.2. BrdU incorporation after allogenic MLR is
shown as the optical density (OD, mean ± SD) from triplicate determinations. Data is representative of
three independent experiments. *p < 0.001 vs control of the same stimulator cell numbers.

Table I. IL-12 production was decreased in GST-treated mDC #.

IL-12p70 (pg/ml) IL-6 (ng/ml)
Control SAC+IFNγ LPS+IFNγ Control LPS+IFNγ

Ctl-mDC < 10.0 203.1 ± 29.8 * 355.9 ± 83.8 * <1.0 41.8 ± 12.1

GST-mDC < 10.0 14.3 ± 3.6 20.3 ± 12.2 <1.0 37.7 ± 7.8 

# mDC were acquired by stimulating iDC (Fig.1-A.1, 1 × 106 cells/ml) with SAC (0.01%) or LPS (1
µg/ml) plus IFNγ (25 ng/ml), and the supernatants were harvested after 48h of  incubation. The con-
centrations of IL-12p70 and IL-6 in the supernatants were detected with ELISA. Results represent the
mean ± SD of five different experiments. *p < 0.0001.

Ctl-mDC

GST-mDC
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34+ hematopoietic progenitor cells into
DC (27). In addition, gold compounds
are reported to suppress DNA binding
of NFκB (28), which plays major role
in IL-6 and IL-8 production. In fact,
gold compound is reported to suppress
IL1-induced production of IL-6 and IL-
8 from synovial cells (29). As PKC is
known to activate NFκB, PKC-NFκB
pathway may be the key to be negative-
ly regulated by GST.
In the present report, we demonstrated
a new in vitro effect of GST. The strate-
gy of manipulating DC maturation or
function will be one of promising treat-
ment in various autoimmune or inflam-
matory diseases. Our results, showing
suppression of DC differentiation and
function by GST, might explain one of
the in vivo effects of GST on RA from
the viewpoint of DC manipulation. 
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