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SUMMARY

In vitro mercury induces a high proliferative response in splenic lymphocytes andin vivo it induces a
systemic autoimmune disease in susceptible mouse strains. This disease is characterized by increased
serum levels of IgE and IgG1 antibodies, by the production of anti-nucleolar antibodies and by the
formation of renal immune complex deposits. We have previously found that the presence of 2-
mercaptoethanol (2-ME) inhibited mercury-induced cell proliferationin vitro. In this study, we tested
the effects of four other thiol compounds, namely dithiothreitol (DTT),L-cysteine,meso-2,3-dimer-
captosuccinic acid (meso-DMSA) and 2,3-dimercapto-1-propanesulfonic acid, Na salt (DMPS) on
mercury-induced immunological changes bothin vitro andin vivo. We found thatin vitro, the addition
of all thiol compounds abrogated mercury-induced cell aggregation and proliferation.In vivo, injection
of meso-DMSA and/or DMPS (s.c. or i.p.) immediately following exposure to mercury markedly
decreased IgG1 synthesis in spleen cells and serum IgE levels in mercury-susceptible SJL mice.
Treatment with DMPS also prevented mercury-induced IgG1 anti-nucleolar antibody synthesis and the
development of mesangial IgG1 immune complex deposits in SJL mice.
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INTRODUCTION

Several studies have shown that mercuric chloride (HgCl2) induces
a systemic autoimmune disease in susceptible mice and rats
(reviewed in [1–3]). In susceptible mice, the mercury-induced
autoimmune disease is characterized by increased serum levels of
IgG1 and IgE antibodies, by the production of anti-nucleolar
antibodies (ANolA) and by the development of immune com-
plex-mediated glomerulonephritis [1–3]. The cellular and mole-
cular mechanisms by which mercury activates the immune system
leading to the development of an autoimmune disorder are not fully
understood. It is known that mercury is able to bind to and modify
the chemical structure of cell surface proteins which contain
sulfhydryl/disulfide groups [4]. This led to the postulation that
mercury possibly modifies the chemical structure of the molecules
of the immune system, e.g. MHC class II molecules, T cell
receptors and/or self peptides, in such a way that modified
structures could be recognized as foreign molecules by T cells [1].

In order to study the mechanism(s) by which mercury affects
the immune system, we established anin vitro system and found
that mercury primarily activated murine T lymphocytes, resulting
in transformation and proliferation [5]. We also found that the

presence of a commonly used thiol compound, 2-mercaptoethanol
(2-ME), which has been shown to enhance DNA synthesis in
mitogen stimulation [6–8], was highly inhibitory for mercury-
induced T lymphocyte proliferation [5]. This observation and the
fact that mercury has a propensity to react with the sulfhydryl
group of thiol compounds led us to suggest that thiol compounds,
including 2-ME, compete with cell surface proteins containing
sulfhydryl groups in binding to mercury and are therefore, capable
of preventing the mercury-induced immunological changes bothin
vitro andin vivo. The main objective of this study was to test this
suggestion. We examined five thiol compounds, namely 2-ME,
dithiothreitol (DTT), L-cysteine, meso-2,3-dimercaptosuccinic
acid (meso-DMSA) and 2,3-dimercapto-1-propanesulfonic acid,
Na salt (DMPS) for their inhibitory effects onin vitro mercury-
induced T lymphocyte proliferation. We also tested the preventive
effects of meso-DMSA and DMPS onin vivo mercury-induced
antibody/autoantibody production and renal immune complex
deposit formation.

MATERIALS AND METHODS

Mice
Female BALB/c and SJL mice were bred and maintained in our
animal facilities at the Department of Immunology, Stockholm
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University. Both BALB/c and SJL mice were 6–8 weeks old at the
beginning of the experiments.

Reagents and drugs
Lipopolysaccharide (LPS) was extracted fromEscherichia coli
055:B5 (Department of Bacteriology, Karolinska Institute, Stock-
holm, Sweden). Concanavalin A (Con A) was purchased from
Pharmacia (Uppsala, Sweden). HgCl2 and 2-ME were purchased
from Merck (Darmstadt, Germany).L-cysteine, DTT,meso-DMSA
and DMPS were purchased from Sigma (St Louis, MO).

Cell preparation and culture conditions
Spleen cells from BALB/c mice were washed twice with Earle’s
balanced salt solution (BSS) and cultured at a concentration of 3× 106

cells/ml in RPMI 1640 medium containing 10% fetal calf serum
(FCS), 0.075% NaHCO3, 50 U/ml penicillin, 50mg/ml streptomycin,
10 mM HEPES and 2 mM L-glutamine (all reagents were purchased
from GIBCO, Life Technologies, Gaithersburg, MD) in flat-bottomed
96-well plates in a final volume of 0.2 ml/well. Cells were cultured in
the presence of different stimuli such as HgCl2 (10mM), LPS (25mg/
ml) or Con A (2.5mg/ml). In the proliferation/aggregation inhibiting
experiments, different concentrations (as indicated in the figures) of
2-ME, DTT, L-cysteine,meso-DMSA, DMPS were added to the
medium at the start of the cultures. Cultures were incubated at 378C in
a humidified incubator containing 5% CO2 for the indicated time
periods.

3H-thymidine incorporation assay
3H-thymidine (Amersham International, Aylesbury, UK) at a
concentration of 2mCi/ml was added to the cultures at different
time periods (as indicated in the figures). After a 6-h pulse of3H-
thymidine, the cells were harvested (semi-automative cell har-
vester; Skatron, Lier, Norway) and the incorporated radioactivity
was analysed by liquid scintillation counting in ab-counter (1218
Rackbeta Liquid Scintillation Counter; LKB Vallac, Bromma,
Sweden).

In vivo treatment with HgCl2 and thiol compounds
A solution of 0.4 mg/ml HgCl2 was prepared in sterile saline. Five
groups of SJL mice (three to four mice per group) were injected
subcutaneously with 0.1 ml of HgCl2 solution (1.6 mg/kg body
weight) twice a week for 3 weeks. Groups 1 and 2 of the mercury-
injected mice were treated intraperitoneally with thiol compounds,
meso-DMSA (30 mg/kg body weight) or DMPS (30 mg/kg body
weight) twice a week for 3 weeks, started immediately following
the administration of mercury. Similar treatment procedures were
used for groups 3 and 4 of the mercury-treated mice, except that
treatment with thiol compounds started 1 week after the first
injection with mercury. Group 5 of mercury-injected mice was
left without any drug treatment. Three control groups were
included in this experiment. One group was injected subcuta-
neously with sterile saline. The other two groups received con-
tinual injection of thiol compounds,meso-DMSA or DMPS at a
concentration of 30 mg/kg body weight by the i.p. route.

In a separate experiment, procedures similar to the above were
used, except that only DMPS was used, groups 3 and 4 were not
included in the experiment, and that the s.c. route was chosen for
the administration of the thiol compound. In this experiment we
had only saline-injected mice as the control group.

Spleen cell suspension and serum preparation
The mice were bled by retro-orbital puncture under light ether

anaesthesia. Thereafter, they were killed by cervical dislocation
and their spleens were removed. Single-cell suspensions were
prepared by teasing spleens gently with forceps in BSS. All
cell suspensions were washed three times and resuspended in
BSS before haemolytic plaque assays. The blood of each mouse
was allowed to clot at room temperature. Serum was separated
after centrifugation and stored at¹208C until tested for antibody
content.

Protein-A plaque assay
Splenic antibody-secreting cells of different immunoglobulin
classes and subclasses were enumerated by using a protein-A
plaque assay as described by Gronowicset al. [9]. Rabbit anti-
mouse IgM, IgG1, IgG3 (Organon Teknika, Durham, NC) and
IgG2b (Nordic Immunological Laboratories, Tilburg, The Nether-
lands) were used as developing reagents.

ELISA for mouse IgE antibody
Total mouse serum IgE antibodies were determined by a sandwich
ELISA assay as described previously [10], using a rat anti-mouse
IgE MoAb, R35-72 (Pharmingen, San Diego, CA) as a primary
antibody and a biotinylated rat anti-mouse MoAb, R35-79 (Phar-
mingen) as a secondary antibody.

Detection of antinucleolar antibodies
The presence of ANolA in mice sera was determined by indirect
immunofluorescence using rat liver sections as a substrate [10].
The initial serum dilution was 1:30. The highest serum dilution at
which nucleolar fluorescence could be detected was defined as the
titre of ANolA.

Detection of renal immune complex deposits
The presence of glomerular deposits of IgG1 antibodies was
detected by direct immunofluorescence as described previously
[10]. Briefly, The acetone-fixed kidney cryostat sections were
incubated with serial dilutions of FITC-conjugated goat anti-
mouse IgG1 antibodies (Southern Biothechnology, Birmingham,
AL). The initial dilution for FITC-conjugated antibody was 1:30.
The highest dilution of the antibody at which a specific fluores-
cence could be seen was defined as the titre of the glomerular
deposits.

Statistical analysis
Results were subjected to statistical analysis by Student’st-test.

RESULTS

Thiol compounds inhibit mercury-induced cell proliferationin
vitro
Low concentration of mercury induced a proliferative response of
splenic lymphocytes from high-responder mice and the presence of
2-ME was found to abrogate cell proliferation [5]. To analyse
further whether the other thiol compounds also have similar
effects, we tested the four thiol compounds with a chemical
structure close to 2-ME, i.e. DTT,L-cysteine [6],meso-DMSA
and DMPS [11–13] at various concentrations from 0.01mM to
100mM. As shown in Fig. 1a–e, the presence of either of four thiol
compounds in the medium also abrogated cell proliferation
induced by mercury in a dose-dependent manner. At the standard
concentration of 50mM (a routine concentration of 2-ME in a
normal cell culture), five thiol compounds were effective with
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the following order of inhibitory activity: DTT$ 2-ME>meso-
DMSA $ DMPS> L-cysteine (Fig. 1a–e).

Thiol compounds enhance mitogen stimulation
We compared the different thiol compounds with regard to their
ability to enhance the proliferative response of lymphocytes to
mitogens [6–8]. As shown in Fig. 2, all tested thiol compounds
enhanced the proliferative responses to Con A on day 1 and to LPS
on day 2. The enhancing effect varied among the thiol compounds,
but 2-ME and DTT were most effective (Fig. 2).

Thiol compounds inhibit mercury-induced cell aggregationin vitro
Studies have shown that the cell–cell contact is important for cell
proliferation induced by heavy metals [14]. The addition of
mercury caused a rapid aggregation of lymphocytes in cell culture
(Fig. 3g), and the presence of 2-ME completely blocked cell
aggregation (Fig. 3b). We also tested the blocking effects of four
other thiols and found they could all block mercury-induced cell
aggregation in a dose-dependent manner (not shown). At indicated
concentrations, as shown in Fig. 3c–f, the addition of each thiol
completely abrograted cell aggregation induced by mercury.

meso-DMSA and DMPS prevent mercury-induced IgG1 and IgE
antibody productionin vivo
We [10] and others [15–17] have shown that in susceptible mouse
strains such as SJL (H-2s), continual injection with subtoxic doses
of HgCl2 induced a systemic autoimmune disease. Increased
synthesis of IgG1 and IgE antibodies, production of high levels
of ANolA and development of renal immune complex deposits
were the characteristics of mercury-induced autoimmune disease.
Our in vitro findings that thiol compounds inhibited mercury-
induced cell aggregation and cell proliferation led us to test
whether any of these agents could also prevent or dampenin
vivo mercury-induced immunological alterations. Sincemeso-
DMSA and DMPS have been used successfully to treat heavy

metal poisoning, including mercury [11,12], and since their che-
mical, pharmacological and toxicological properties have been
extensively studied [11,12], we selected a concentration of 30 mg/
kg body weight of these two antidote drugs for ourin vivo studies.
This concentration was found to be effective and not toxic ([12],
H. V. Aposhian, personal communication, and our own observa-
tion). In the first experiment, we studied the effect ofmeso-DMSA
and DMPS on mercury-induced IgG1 and IgE production. SJL
mice were continuously injected with either HgCl2 or saline for 3
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Fig. 1. Inhibitory effects of thiol compounds on mercury-induced cell proliferation. Spleen cells (3× 106/ml) from BALB/c mice were
incubated with mercuric chloride as described in Materials and Methods. Different thiol compounds were added at the beginning of the culture
at indicated concentrations.3H-thymidine was added (2mCi/ml) on day 3 or day 4 and cells were pulsed for 6 h. SI, Stimulation index,
calculated by dividing ct/min from wells with mercury (or mercury plus thiol) by ct/min from medium (or medium plus thiol) wells. Results
were representative of three separate experiments.

Fig. 2. Enhancement effects of thiol compounds on concanavalin A (Con
A)- or lipopolysaccharide (LPS)-induced cell proliferation. Spleen cells
(3 × 106/ml) from BALB/c mice were incubated with Con A (a) or LPS (b)
as described in Materials and Methods. Different thiol compounds were
added at the beginning of the culture at indicated concentrations.3H-
thymidine was added (2mCi/ml) on day 1 or day 2 and the cells were pulsed
for 6 h. Each column represents the mean ct/min of triplicate cultures.
Results were representative of three separate experiments.
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Fig. 3. Blocking effects of thiol compounds on mercury-induced cell
aggregation. Spleen cells (3× 106/ml) from BALB/c mice were cultured
for 24 h, in (a) medium alone, (b) HgCl2 þ 2-ME (50mM), (c) HgCl2þ DTT
(50mM), (d) HgCl2þ DMPS (100mM), (e) HgCl2þ meso-DMSA (100mM),
(f) HgCl2þ L-cysteine (500mM), (g) HgCl2 (10mM) alone.



weeks. Groups of mercury-treated mice received continual i.p.
injections ofmeso-DMSA and/or DMPS started immediately after
or 1 week after the first injection with mercury, as described in
Materials and Methods. After 3 weeks of treatment, spleens and sera
were tested for the presence of different immunoglobulin antibody-
secreting cells and IgE antibodies, respectively. As shown in Fig. 4,
mice injected with mercury alone exhibited a high increase in the
numbers of splenic IgG1 antibody-secreting cells and in serum IgE
levels compared with saline-injected control mice. Mercury-injected
mice treated with eithermeso-DMSA or DMPS, which started
immediately after the first injection of mercury, showed a marked
reduction in the numbers of IgG1 antibody-secreting cells as well as
in serum IgE levels compared with mice injected with mercury
alone (Fig. 4), and DMPS was more effective thanmeso-DMSA.
Treatment with bothmeso-DMSA and DMPS 1 week after the first
injection with mercury also decreased the numbers of IgG1-secret-
ing cells, but it was not statistically significant compared with
mercury-injected mice. Treatment withmeso-DMSA or DMPS
alone did not affect antibody production in SJL mice (Fig. 4). In
addition, no significant differences were observed between saline-,
mercury-, mercury plusmeso-DMSA- and mercury plus DMSP-
injected mice with regard to IgM, IgG2b and IgG3 antibody-
secreting cells (not shown).

Evaluation of the routes for administration of thiol compounds in
mercury-induced IgG1 and IgE antibody production
The results from the experiment in Fig. 4 showed thatmeso-DMSA

and DMPS were most efficient in prevention of mercury-induced
IgG1 and IgE antibody production if administered immediately
and systematically (i.p.) following exposure to mercury. Since in
most of the studies on mercury-induced autoimmunity, mercury
was injected locally (s.c.) [15–17], we thought that thiol com-
pounds would have more preventive effects if they are given by the
same route as mercury. To test this, groups of SJL mice were
continuously injected either with HgCl2 or with saline. One group
of mercury-injected mice was treated with continuous s.c. injec-
tions (close to the site for injection of mercury) of DMPS
immediately after the first injection with mercury. After 3 weeks
of treatment, spleens and sera were tested for the presence of IgG1
antibody-secreting cells and IgE antibodies, respectively. As
shown in Fig. 5, mice receiving both mercury and DMPS
showed high reduction in both IgG1 and IgE antibody production
compared with mercury-injected mice.

DMPS prevents mercury-induced IgG1 ANolA formationin vivo
One of the major characteristics of mercury-induced autoimmune
disease in mice is the formation of high levels of autoantibodies
against nucleolar antigens [10,15–17]. Most of these autoanti-
bodies are found to be of IgG1 isotype [18] and to be directed
against fibrillarin, a 34-kD protein, which is a component of the U3
and U8 small nuclear ribonucleoprotein [19,20]. To test whether
treatment with DMPS also prevented the production of mercury-
induced ANolA in the same experimental groups, we determined
the serum titres of IgG1 ANolA. Injection with mercury alone
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Fig. 4.Prevention of mercury-induced IgG1 and IgE antibody production by thiol compounds,meso-DMSA and DMPS. Groups of SJL mice
were repeatedly injected subcutaneously with HgCl2 for 3 weeks. Different groups of mercury-injected mice receivedmeso-DMSA and/or
DMPS immediately after (day 0) or 1 week after the first injection with mercury by the i.p. route. One group was left without treatment. The
control groups received continual injection of either sterile saline (s.c.) or thiol compounds,meso-DMSA and DMPS (i.p.). At the end of the
experiment, the spleens were tested for IgG1 antibody-secreting cells (a) and sera were tested for IgE antibodies (b). Data are shown as means
6 1 s.d. Significant differences between mercury- and mercuryþ thiol compounds (meso-DMSA and DMPS)- injected mice were calculated
by Student’s two-tailedt-test. *P < 0:05; *** P < 0:001. NT, Not tested.



induced high levels of IgG1 ANolA synthesis in SJL mice, whereas
injection with saline was ineffective (Fig. 6). Treatment with
DMPS almost completely prevented mercury-induced IgG1
ANolA production (Fig. 6).

DMPS prevents mercury-induced renal immune complex deposits
in vivo
The hallmark of mercury-induced autoimmune disease in
susceptible mice is the development of renal immune complex
deposits [10,15,21]. It has been shown that in mercury-treated
SJL mice, the dominant autoantibody deposited in the kidney is
ANolA [22]. The finding that mercury-induced IgG1 ANloA
production was highly reduced by treatment with DMPS led us
to test whether it also prevents the formation of ANolA immune
complexes in the kidneys of mercury-treated SJL mice. Kidneys
from mercury-, mercury plus DMPS- and saline-injected mice
were tested for the presence of deposited IgG1 antibodies by using
a direct immunofluorescence method. As shown in Fig. 7, SJL
mice injected with mercury alone showed a high increase in the
titres of mesangial and vessel wall IgG1 deposits compared with
saline-injected mice. Treatment with DMPS nearly completely
inhibited the deposition of IgG1 antibodies in the kidneys of

mercury-injected SJL mice, comparable to the levels of saline-
injected mice (Fig. 7).

DISCUSSION

Several thiol compounds, such as 2-ME,L-cysteine and DTT,
have been reported to promote the growth of lymphoma cells [6],
to enhance the proliferative response of lymphocytes to mitogens
[6–8], to augment the primary immune responsein vitro
[8,23,24], to substitute for macrophages [25], and to be an
essential ingredient in thein vitro cell culture [26,27]. Previous
studies [6–8] and also this study showed that the addition of thiol
compounds, includingmeso-DMSA and DMPS, enhanced the
proliferative response to Con A and LPS. It is believed that
effects of thiol compounds on the activities of lymphocytes are
due to the low redox potential of thiol compounds to either
maintain monothiols completely in a reduced state on cell surface
proteins or to interrupt disulfide bonds between cell membrane
proteins [6,28,29]. Such modulation on lymphocyte activities has
been found to be related to chemical structure of thiol compounds
[6], in which the substitution of non-thiol group on thiol com-
pounds with other functional groups may alter the activity of
the molecule [6,29]. The differences in the enhancing effects on
mitogen-stimulation among various thiol compounds (2-ME and
DTT being most effective), especially in Con A stimulation,
might be due to the differences in their chemical structures.
This would also explain why 2-ME and DTT at routine con-
centrations completely abrogated mercury-induced cell aggrega-
tion, whereasL-cysteine, meso-DMSA and DMPS were less
efficient.
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Fig. 5. Evaluation of the routes for administration of thiol compounds in
mercury-induced IgG1 and IgE antibody production. Groups of SJL mice
were repeatedly injected subcutaneously with HgCl2 for 3 weeks. One
group of mercury-injected mice received DMPS immediately (day 0) after
the first injection with mercury by the s.c. route. One group was left without
treatment. The control group received continual injection of sterile saline
(s.c.). At the end of the experiment, spleens were tested for IgG1 antibody-
secreting cells (a) and sera were tested for IgE antibodies (b). Data are
shown as means61 s.d. Significant differences between mercury- and
mercuryþ thiol compounds (meso-DMSA and DMPS)-injected mice were
calculated by Student’s two-tailedt-test. **P < 0:01; *** P < 0:001.

Fig. 6. DMPS prevents mercury-induced IgG1 anti-nucleolar autoantibody
(ANolA) formation in vivo. Titres of IgG1 ANolAs in sera from the same
SJL mice treated with mercury alone, mercuryþ DMPS and/or saline (as
described in Fig. 5) were measured by indirect immunofluorescence.
Significant differences between serum titres of IgG1 ANolAs in mercury-
and mercuryþ DMPS-injected mice were calculated by Student’s two-
tailed t-test. *** P < 0:001.



Previousin vitro studies have shown that mercury induces a
primary proliferative response in splenic lymphocytes [5]. In this
study, we clearly showed that the addition of thiol compounds
abolished both the cell aggregation and proliferative response
induced by mercury. There are three possibilities to explain the
inhibitory effects of thiol compounds on mercury-induced responses
in vitro. First, thiol compounds interfere with the binding of mercury
to free sulfhydryl groups of proteins on cells of the immune system.
Therefore, it is likely that free thiol groups present on thiol com-
pounds bind to mercury directly, thus preventing the binding of
mercury to lymphocyte surface proteins containing sulfhydryl groups
[11–13]. Second, as reducing reagents, thiol compounds have the
potential to protect sulfhydryl groups on cell surface proteins from
oxidation [28,29], and thus it is possible that they are able to release
bound mercury from cell surface proteins. Third, as we proposed in
our previous studies [5], mercury ions and 2-ME might form certain
compounds which might be toxic to the cells. However, this seems
unlikely, since by using trypan blue exclusion test we found that in
mercury stimulation there were no more dead cells in the presence of
2-ME than in the absence of 2-ME (data not shown). This result
indicated that in anin vitro system, the possible formation of
mercury-thiol compound complexes may provide environmental
conditions in which cells can not undergo cell division but are still
alive. At present, it is not clear which of the first two proposed
mechanisms, or both, are responsible for the inhibitory effects of thiol
compounds. Preliminary experiments have shown that when 2-ME
was added to the cultures after 24 h, the mercury-induced prolifera-
tive response, but not cell aggregation, was abolished (not shown),
indicating that both mechanisms may be involved.

The novel findings that treatment with two thiol compounds,
meso-DMSA and DMPS, prevented mercury-induced antibody/

autoantibody production and renal immune complex deposit for-
mation indicate that thiol compounds also have inhibitory effects
on mercury-induced immunopathological changesin vivo. The
observation that bothmeso-DMSA and DMPS were less effective
when administered 1 week after exposure to mercury suggests that
their inhibitory effects may be due primarily to prevention of
mercury binding to cells and/or molecules of the immune system.

The efficacy ofmeso-DMSA and DMPS in the treatment of
mercury intoxication or in mobilizing mercury compound has been
extensively studied in humans as well as in experimental animals
[11–13]. In rats the influence ofmeso-DMSA and DMPS on the
distribution and excretion of mercuric chloride as well as methyl-
mercury has been compared [30,31].Meso-DMSA was found to
remove more organic mercury (methylmercury) from the body
[30], whereas DMPS removed more inorganic mercury (mercuric
mercury) from most organs [31]. Therefore, it is conceivable that
DMPS is more potent thanmeso-DMSA in inhibition of adverse
immunological changes caused by inorganic mercury. This was
supported by the finding that DMPS prevented mercury-induced
IgG1 and IgE antibody production more effectively thanmeso-
DMSA.

Several studies on the treatment of mercury intoxication have
shown that the route of administration ofmeso-DMSA and/or
DMPS has little or no influence [11,12]. In concordance, we found
that identical doses of DMPS, when given by either the i.p or s.c.
route, had similar preventive effects on mercury-induced auto-
immunity.

Several attempts have been made to prevent/treat mercury-
induced autoimmune disease [18,32]. The autoimmune disease
caused by mercury has been attributed partly to IL-4 production by
T helper cells [1,33]. Therefore, in most of the studies, prevention/
treatment of autoimmune disease was achieved either by elimina-
tion of T helper cells, using anti-CD4 MoAb [32] or by neutraliza-
tion of their product such as IL-4, using anti-IL-4 MoAb [18].
However, treatment with anti-IL-4 antibody only partially inhib-
ited the increase of IgG1 antibodies/autoantibodies caused by
mercury [18], and treatment with anti-CD4 antibodies resulted in
severe suppression of T cell function and almost complete abroga-
tion of CD4þ T cells [32]. Compared with treatment with anti-IL-4
and anti-CD4 antibodies, treatment with DMPS prevented all
characteristics of mercury-induced autoimmune disease without
having direct interfering effects on the immune system. In addition,
treatment with DMPS not only prevented mercury-induced auto-
immune disease (this study), but also eliminated mercury from the
body and prevented the accumulation of mercury in different
organs [11–13]. More importantly, as safe antidote drugs,meso-
DMSA and/or DMPS have already been used for treatment of
humans who were exposed to toxic or subtoxic doses of mercury
[11–13,34]. Therefore, they could be used for the prevention/
treatment of possible immunological disorders caused by mercury
in humans.

In conclusion, ourin vitro andin vivostudies indicate that thiol
compounds in general andmeso-DMSA and DMPS in particular
exert their inhibitory effects by interacting with mercury, and
therefore prevent mercury-induced immunological and immuno-
pathological alterations in susceptible mice.
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Fig. 7.DMPS prevents mercury-induced immune complex depositsin vivo.
Kidneys from the same SJL mice treated with mercury alone, mercury
þ DMPS and/or saline were analysed for the presence of glomerular
deposits of IgG1 antibody by direct immunofluorescence. Significant
differences between the titres of granular mesangial IgG1 deposits in
mercury- and mercuryþ DMPS-injected mice were calculated by Student’s
two-tailedt-test. * P < 0:05.
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