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Abstract

Heavy metal exposure may lead to a variety of autoimmune diseases ranging from organ-specific to systemic
disorders. Heavy metals such as mercury (Hg), silver (Ag) and lead (Pb) are associated with autoimmunity. The
increased incidence of autoimmune diseases is due to an increase in industrial pollutants in the environment
that contain high amount of heavy metals. Susceptibility to autoimmunity is determined by both heritable traits
and environmental factors, and in this context it is possible that exposure to heavy metals may cause initiation
and/or progression of autoimmune diseases. This review highlights the heavy metals exposure and cause of

autoimmunity.
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INTRODUCTION

Environmental agentsinterfere with cellsand organs of
the immune system at multiple sites, including thyroid
and kidney and liver. The mechanism of eliciting
autoimmunity for most of the heavy metal toxicants
are not well established, however this information is
not necessary to establish an association of exposure
of heavy metals with autoimmune diseases. The
manifestation of an autoimmune disease may indicate
the production of autoantibodies, infiltration of
destructive inflammatory cells into various target
organs, and deposition of immune complexes in
vascular sites. Some of the chemicals and therapeutic
agents are associated with autoimmune phenomenon,
although notalways disease, in experimental animals/
humans includes heavy metals such as mercury, silver,
gold, and lead (Mirtcheva, et al,, 1989; Goldman et
al., 1991; Hultman et al., 1992, 1993; Griem and
Gleichmann, 1995; Hanley et al,, 1997; Bach et al,
2004).

Heavy metals and their compounds interact with
the immune system in an antigen non-specific
fashion. These metals exert direct toxicity upon the
components of the immune system, which can lead

to the malfunctioning of the system as a whole. The
interaction of heavy metals with the immune system
that may lead to immunodysregulation, may have
consequences of allergy or autoimmunity (Gillespie
et al,, 1995, 1996; Oliveira et al., 1995; Prigent et al,,
1995; Badou et al,, 1997). The potential for adverse
human health effects due to heavy metal exposure-
induced alteration in the immune system has been
a matter of increasing scientific and public concern.
As such, there have been marked efforts in both
basic research undertaken within this area as well as
incorporation and development of appropriate test
methods to assess the potential immunotoxicities
in experimental animals, wild life studies and
humans. Recent immunological findings suggest the
involvement of innate immune receptors in the on-set
of autoimmune diseases (Bach et al,, 2004).

Heavy Metals and Autoimmunity

Reports of heavy metal induced autoimmunity in
humans began to emerge over four decades ago
(Barr et al., 1972; Bernard et al.,, 1987; Silva et al,,
2004). Exposure to the heavy metal lead has been
associated with the induction of autoantibodies and
autoimmune diseases, though no precise mechanisms
have been elucidated. The manner in which lead
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affects the immune cells is not well understood as
both immunosuppression in vivo and enhanced
lymphocyte proliferation in vitro have been reported
in addition to the various immunomodulatory actions
oflead (Pb) on both cellular and humoral components
of the immune system involving B-cells, T-cells,
natural killer (NK) cells, and mediators like cyto-kines,
chemokines, and nitric oxide (NO) (Mishra etal., 2003,
2006, 2009; Singh et al, 2003). Razani-Boroujerdi
et al. (1999) demonstrated that, depending on the
concentration of Pb, in vitro proliferation of splenic
lymphocytes is either stimulated or inhibited, while
Mishra et al. (2010) reported significantly lower CD4
and increased CD45RA" isoform levels in Pb-exposed
subjects compared to controls and a correlation
between higher blood lead level (BLL) and lower
CD4 cell percentage (Mishra et al,, 2010). It is thus
probable that the adverse effects of Pb on the immune
system may affect the kidneys especially in subjects
with chronic exposure.

It has also been demonstrated that heavy metals may
play a role in the pathogenesis of nervous system
diseasesincluding Multiple Sclerosisand Amylotrophic
Sclerosis and Pb can aggravate diseases of nervous
system by increasing the immune response against
neuronal cell proteins (Waterman et al., 1994).

Mercury and Autoimmunity

Mercury (Hg) is a known heavy metal which
aggravates autoimmune response (Lawrence, 1995;
Pollard and Hultman, 1997). It was noted in the
1960s that Hg applied topically for the treatment
of psoriasis led to nephritic syndrome (Turk and
Baker, 1968; Li et al,, 2010; Niu et al,, 2017), and a
similar pathology was observed in women using Hg-
containing skin lightening cream (Barr et al., 1972).
Another prominent source of Hg exposure is dental
amalgam, which continuously releases small amounts
of Hg vapor. Reports suggesting a role for this product
in the onset of diseases like multiple sclerosis have
been published (Aminzadeh and Mahyar, 2007; Tseng
et al,, 2020). Removal of Hg-based amalgam resulted
in clinical improvements in patients with systemic
lupus erythematosus (SLE), autoimmune thyroiditis,
and multiple sclerosis. Furthermore, animal studies
demonstrated that development of nephritis in Wistar
rats injected with inorganic mercury (Druet et al,
1978).

Several factors likely work in concert with Hg leading
to such desperate outcomes with respect to immune
modulation. First, there is a clear gene/environmental
interaction where genetic susceptibility factors linked
to the MHC (major histocompatibility complex) as well
as non-MHC linked genes contribute to Hg-induced
systemic autoimmune disease. Mercury-mediated
immunosuppression is also genetically influenced.
Second, the mercury concentration with the chemical
form enhances its immunotoxicity. Third, the cellular
target (i.e., B-cells appear to be more sensitive than
T-cells) and the activation state of the cells, influence
the immunotoxicity of Hg at a given concentration
(Lawrence, 1995; Pollard and Hultman, 1997).

Additionally, epidemiological studies support a
linkage between Hg exposure and autoimmunity
(Schrallhammer-Benkler et al, 1992; Dantas and
Queiroz, 1997; Abedi-Valugerdi and Hansson, 2003;
Abedi-Valugerdi, 2009) as well as many autoimmune
diseases are also associated with abnormal
lymphoproliferation and accumulation of autoreactive

lymphocytes.
Silver and Autoimmunity

Silver (Ag) is a kind of metal which can induce AnolA/
anti-fibrillarinautoantibodiesin Hg-susceptiblemouse
strains with [-A® genotype. Interestingly, in most cases,
Ag induced AnolA production resembled that of Hg-
induced AnolA (Hultman et al., 1994, 1995; Johansson
et al, 1997). The fact that Hg and Ag - as xenobiotic
metals - are able to form strong chemical bonds with
organic donors led the investigators to propose a
general mechanism for induction of AnolA production
by xenobi-otic metals in genetically-susceptible mice
(Frausto da Silva and Williams, 1991).

Mechanism of Metal-Induced Autoimmunity

Xenobiotic metals such as mercury, gold, and silver
- by having high affinity for different organic donors
- bind tightly to several protein side-chains, thereby
creating stable metal-protein complexes. Formation
of metal-protein (i.e., Hg-fibrillarin) complexes results
in an incomplete protein unfolding. Further enzymatic
cleavage of this incomplete unfolded protein leads
to the creation of cryptic self-peptides capable of
binding to MHC (H-2 in the mouse) Class Il mole-cules
in susceptible mice (Hansson and Abedi-Valugerdi,
2003). Metal-induced cryptic self-peptides presented
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to T cells induce activation in non-tolerant nucleolar-
specific T-cells that, in turn, elicit an AnolA response
(Hansson et al., 2003).

CONCLUSION

In spite of the recognition of environmental and
occupational exposure to the heavy metals, the
adverse health consequences of metal induced toxicity
contribute significantly to the overall disease burdenin
many countries. This situation is worse in developing
countries where programs for the control, prevention,
and treatment of heavy metal exposure are none
existent or poorly developed (Fewtrell et al., 2003).
The role of environmental factors in the progression
and modulation of autoimmune processes is now well
established from a variety of epidemiological and
experimental studies. Animal models of heavy metal-
induced autoimmunity offer unique laboratory tools
to reveal the mechanism by which heavy metals can
lead to autoimmunity. Studies of the roles of T 17
cells and toll-like receptors in heavy metal-exposed
subjects are urgently required. Understanding of these
mechanisms will lead us to appropriately find the
solution of the problems exerted by the occupational
or environmental heavy metal exposures.
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