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ORIGINAL ARTICLE

Continuing the quest for autoimmunity due to oral metal exposure

Dessy Rachmawati'?, Joris Muris®, Rik J. Scheper', Thomas Rustemeyer®, Cornelis J. Kleverlaan®, Albert J. Feilzer®,
B. Mary E. von Blomberg', and Ingrid M. W. van Hoogstraten'

"Laboratory of Medical Immunology, Department of Pathology, VU University Medical Centre, Amsterdam, The Netherlands, *Department of
Biomedical Science and Department of Prosthodontic, Faculty of Dentistry, Jember University, Jember, Indonesia, >Department of Dental Materials
Science, Academic Centre for Dentistry Amsterdam (ACTA), VU University Amsterdam and University of Amsterdam, Amsterdam, The Netherlands,
and “*Department of Dermatology, VU University Medical Centre, Amsterdam, The Netherlands

Abstract Keywords
Aim: The role of metal exposure in the development of autoimmune disease (AID) is still Amalgam, autoimmunity, allergy, gold, nickel,
controversial. Here, we studied the relationship between oral metal exposure, metal allergy and oral metal exposure, palladium

autoimmunity. Methods: A mixed population (n = 78) of non-allergic volunteers, metal-allergic
patients and patients with oral problems putatively due to metal alloys was evaluated for oral
Ni, Pd, Au and Hg exposure and skin hypersensitivity. Clinical autoimmune parameters were .
based on medical histories; additionally, serum levels of the four most common autoantibodies ~ Received 11 December 2014
were measured. Results: Skin hypersensitivity, as seen mainly for Ni and/or Pd, was not Revised 29 January 2015
positively associated with autoimmune parameters. In contrast, metal hypersensitive individ-  Accepted 21 March 2015

uals showed an extremely low frequency of thyroid autoantibodies (3% vs 20% in non-  Published online 27 April 2015
hypersensitive controls). Next, the relation between metal exposure and autoimmunity was

evaluated in individuals >35 years (n=58), since from that age on metal exposure had

plateaued and was not correlated with age. In this subgroup, oral Ni exposure was associated

(p<0.01) with self-reported AID, irrespective of autoantibody levels. These unexpected findings

warrant further confirmation in a larger test group. Of note, oral Pd, Au or Hg contacts were not

associated with any of the clinical or serological autoimmune phenomena tested. Conclusion:

The results of this study support the view that development of metal contact allergies may

prevent autoimmune activation, and, second, that oral exposure to Pd, Au or Hg does not

facilitate the development of AID.

History

Introduction presented (auto) antigens, remains an intriguing question.
Here, we focus on the putative association between oral
exposure to dental alloys and the presence of autoimmunity.

Both genetic and environmental factors play a role in the
pathogenesis of AID. Metal exposure could be considered as
one of the latter, but robust pathogenesis studies have mainly
been performed in animal models. In rodents, exposure to
high concentrations of heavy metals such as mercury, silver
and gold resulted in proliferation of B and T cells, in
increased levels of IgGl and IgE and more specifically in
anti-nucleolar antibody production [7-10]. More recently,
also Ni was suggested to induce autoantibodies as well as
clinical signs of cutaneous sclerosis in rodents [11]. In
humans, much controversy still exists about the role of metal
exposure in the development of autoimmunity. The majority
of reports derive from the group of Stejskal et al. [12-14]
relating in vitro metal responsiveness to systemic diseases
with unknown etiology; Hg and Ni exposure were thus
considered as potential risk factors for fatigue and auto-
immunity [13]. A pathogenic role of amalgam exposure
could, however, not be confirmed in a meta-analysis on

Oral exposure to dental alloys is associated with both local
and systemic adverse reactions [1]. The release of metal ions
from such alloys has convincingly been demonstrated.
Depending on their concentration, these metals can have
toxic inflammatory, allergenic or even mutagenic effects [2].
Recently, distinct pathways for immune activation by orally
applied transition metals were unraveled: nickel (Ni), cobalt
(Co) and palladium (Pd) were shown to directly bind to the
endotoxin receptor TLR4 and Au to TLR3, thereby on one-
hand triggering maturation of antigen presenting cells and on
the other hand initiating immune reactions via the production
of pro-inflammatory mediators such as IL-8 [3—6]. For other
metals such as mercury (Hg), the mechanism of activating
dendritic cells is still under investigation. Whether the
capacity of distinct transition metals to trigger the innate
immune system might facilitate the development of metal-
specific allergy or immune responses to simultaneously

Correspondence: Dr. Ingrid van Hoogstraten, Department of Pathology,
VU University Medical Centre, De Boelelaan 1117, 1081 HV . . . . T
Amsterdam, The Netherlands. Tel: +31 20 444 4436, Fax: +31 20 444 ~ multiple sclerosis [15]. Still, some reports provide indirect
2964. E-mail: i.vanhoogstraten@vumc.nl support for metal-induced autoimmune disease (AID), e.g. the
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removal of amalgam fillings would reduce the levels of
thyroid antibodies [16] and urinary Pd levels were found to be
associated with thyroid disease [17].

This study focuses on clinical and serological parameters
for AID in relation to oral metal exposure in non-allergic and
metal allergic individuals, as well as in patients with oral
lesions attributed to dental restorations. Metal exposure,
anamnesis and immune responsiveness to metals were
evaluated extensively in these individuals in previous reports
[18-20]. Hence, this study now tested, in conjunction to the
clinical anamnestic data, objective and early parameters for
autoimmunity, such as autoantibodies associated with con-
nective tissue disease, rheumatoid arthritis and thyroid
autoimmunity. Based on the literature, it was chosen to
focus on Ni, Pd, Au and Hg exposure, thereby addressing the
following questions: (a) Are autoimmune manifestations more
frequent in oral metal-exposed individuals? (b) Are auto-
immune manifestations more frequent in metal hypersensitive
individuals? and (c) Do metals differ in these respects?

Materials and methods
Patients

The investigated population (n="78) consisted of 26 volun-
teers without a history of metal allergy, recruited from the
university campus, 26 metal allergic patients attending the
Dermatology Department at VUmc with a positive history of
metal allergy, and 26 patients with oral lesions possibly due to
their dental restorations, referred to the adverse reaction unit
of ACTA. From all the participants, a medical history was
taken, oral examination was carried out, the number and
composition of all the dental alloys were determined and skin
test responsiveness to metals was evaluated [18-20]. Skin
tests at the time of inclusion showed a positive reaction to at
least one metal salt in 4/26 non-allergic, in 22/26 metal
allergic [18] and in 8/26 patients with oral complaints [20].
The study was approved by the medical ethical committee of
VUmc and ACTA. All the participants gave written informed
consent.

Oral metal exposure

Dental alloys were categorized into palladium (Pd), nickel
(Ni), mercury (Hg) and gold (Au)-based alloys as evaluated
by Scanning Electron Microscopy-Energy-Dispersive X-ray
spectroscopy analysis. Au-based alloys consisted of at least 45
atom percentage (At%) Au, and not more than 20 At% of Pd.
The Pd-based alloys consisted of 30-90 At% Pd and are
alloyed mainly with Au (<45 At%), copper (Cu) (15-30 At%)
or silver (Ag) (15-55 At%) [20]. Further scoring at the
moment of evaluation was based on numbers of Au- or Pd-
based crowns and Hg (amalgam) fillings, and on the absence
or presence of Ni-containing devices, specified as gingival or
non-gingival oral Ni contacts. Thus, oral Ni exposure was
found in 18, Pd in 35, Au in 37 and Hg in 53 of the 78
individuals.

Autoantibody assessment

Serum samples from all the 78 individuals were collected
before skin testing and stored at —20 °C until analysis. All the

Autoimmunity, Early Online: 1-8

serological assays were performed in a certified diagnostic
laboratory (based on EN/ISO 15189) according to standard
operating procedures and included positive and negative
controls.

Anti-nuclear antibodies (ANA) were tested on Hep-2000
cells (Sacramento, CA; 1:40 diluted, resulting in a relatively
sensitive ANA evaluation; titers exceeding 1:80 are con-
sidered clinically relevant), by indirect immunofluorescence
according to the manufacturer’s guidelines. The intensity of
nuclear fluorescence (—, +, +, ++, +++), as well as the
staining pattern (h: homogeneous, n: nucleolar, s: speckled)
were scored independently by two observers. Positive ANA’s
were additionally specified for reactivity to the antigens
dsDNA, SS-A, SS-B, UIRNP, CenpB, Sm, Jo-1 and Scl70,
using a Phadia 250 of Thermo Fisher Scientific , Freiburg,
Germany [21]. The three sera with strong positive ANA
staining (1 +++s and 24 ++4ns) were additionally tested in a
systemic sclerosis blot (Euroimmun, Liibeck, Germany),
including fibrillarin as antigen.

Antibodies to cyclic citrullinated peptides (CCPs) were
measured with a commercial EliA°  CCP (Thermo Fisher
Scientific , Freiburg, Germany) according to the manufac-
turer’s instructions. Levels>10 U/ml were considered
clinically relevant.

Rheumatoid factors (IgM-RF) were determined by a
routinely used enzyme-linked immunosorbent assay
(ELISA), using heat-aggregated rabbit IgG as antigen.
Results were expressed as IU/ml and levels >51U/ml were
considered clinically relevant.

Thyroid peroxidase (TPO) antibodies [22] were measured
with the IMMULITE 1000 (Siemens, Los Angeles, CA)
according to the manufacturer’s instructions. Results were
expressed in IU/ml; levels>50 IU/ml were considered
clinically relevant.

Clinical Al-related parameters

Medical histories were taken by one of the clinicians [18-20].
Clinical potentially Al-related parameters (joint/muscle pain,
dry mouth and pre-existing AID, such as thyroid dysfunction,
psoriasis, T1DM, connective tissue disease or MS) were
based on this anamnesis.

Data analysis

Categorical data were analyzed by using Fischer’s Exact test.
For non-parametric (semi) quantitative data, the Rank
correlation test (Spearman’s rank correlation) was used to
evaluate potential correlations and the Wilcoxon test for
comparison of groups. All statistics were performed by the
MedCalc software (Mariakerke, Belgium). p <0.05 was
considered statistically significant.

Results

In 38 (49%) of the 78 individuals, one or more of the clinical
Al-related parameters (joint/muscle pain, dry mouth or
presence of AID) were reported. Additionally, as a more
objective parameter for Al, serum levels of the most common
autoantibodies were assessed, i.e. anti-nuclear antibodies
(ANA) associated with connective tissue disease and
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Table 1. Frequency of clinical and serological autoimmune parameters in relation to metal hypersensitivity.

Metal skin test negative Metal skin test positive®

Autoimmunity Downloaded from informahealthcare.com by 145.121.38.58 on 04/29/15
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(n=44) p° Value (n=34)

Characteristics

Age, median (95% CI) 48 (40-57) 47 (43-52)

Gender (female/male) 29/15 0.005 32/2
AlD-related parameters

AID® 9 (20%) 5 (15%)

AID types 2xCTD, Ps, TIDM, 5xTD 2xCTD, MS, 2xTD

Joint and/or muscle pain 11 (25%) 12 (35%)

Dry mouth 12 (27%) 13 (38%)

ANA > 1:80 3 (T%) 3 (9%)

ANA patterns“l h, n/s, s h, 2xn/s

Rheumatoid factors > 5 IU/ml 0 (0%) 0 (0%)

Anti-citrullinated peptides > 10 U/ml 0 (0%) 0 (0%)

Anti-TPO > 50 IU/ml 9 (20%) 0.04 1 (3%)

“Positive skin test reaction to at least one of a panel metal salts at the moment of inclusion [18,19].
bp Values < 0.05 (Fisher’s Exact test) are given for the comparison between metal skin test positive vs negative individuals.
Self-reported Al diseases; CTD, connective tissue disease; MS, multiple sclerosis; Ps, psoriasis; TD, thyroid dysfunction; TIDM, type 1

diabetes mellitus.

JANA patterns recorded: h, homogeneous; n, nucleolar; s, speckeled.

anti-thyroid peroxidase (TPO) associated with thyroid auto-
immunity. Autoantibodies to rheumatoid factors (RFs) and
anti-citrullinated peptides (anti-CCP) were not detectable in
clinically relevant concentrations in any of the individuals. Of
note, autoantibodies do not always reflect overt AID, but may
still be considered as early, additional signs of autoimmunity.
Although some individuals with positive clinical Al param-
eters did show high levels of antibodies, there was no overall
correlation between the presence of autoantibodies and the
evaluated clinical symptoms. So, for analytical purposes,
clinical and serological Al symptoms were summarized per
individual. In total, 43/78 individuals showed 1 or more and
24/78 individuals showed 2 or more positive Al-related
parameters (data not shown).

To investigate whether metal hypersensitivity would be
associated with autoimmunity, the 78 individuals were
divided according to metal skin test reactivity. Thirty-four
individuals showed a positive reaction ( > +) to at least one
out of a panel of metal salts: 25 to Ni, 26 to Pd (20 to both Ni
and Pd), 0 to Au and 3 to Hg salts [18]. Table 1 summarizes
the characteristics, as well as the Al-related parameters in
skin test positive and negative individuals. Age was compar-
able in the two groups, but females were overrepresented in
the group with metal hypersensitivity. None of the single or
combined Al parameters were increased in the hypersensitive
group. On the contrary, TPO antibodies were relatively rare in
the metal hypersensitive group (3% vs 20% in the non-
hypersensitive individuals; Fischer’s exact test p <0.05) and
were present in significantly lower titers (Figure 1). Of the
20 patients with strong (+ 4 or++4+) Ni or Pd hypersensi-
tivity, none showed clinically relevant anti-TPO levels
(Figure 1b and c).

Subsequently, data were examined from a metal exposure
point of view. Hence, all the 78 individuals were re-ordered
according to oral metal exposure via dental devices, crowns
and fillings. The number of Pd- and Au-based crowns, as well
as the number of Hg fillings increased significantly with age
(Figure 2), but oral metal exposure was not related to gender
(data not shown). Therefore, to avoid a bias when evaluating
Al-related parameters, which are known to be more frequent

in elderly people, and indeed also in our group (Spearman’s
r=0.36; p<0.01) (data not shown), we evaluated only
patients >35 years (n = 58) (Figure 3), since from that age on
metal exposure plateaued and was not significantly correlated
with age. Table 2 shows that oral Pd, Au or Hg exposure (>1
Pd- or Au-based crowns or amalgam fillings) were not
significantly associated with the presence of any of the Al-
related parameters, though exposure to Pd tended to be
associated with a dry mouth (Fischer’s Exact test p =0.1).
Also, when evaluating, more quantitatively, the number of
crowns or fillings in relation to the number of positive Al-
related parameters present in an individual, no significant
correlations were found. In contrast, oral Ni exposure was
significantly associated with the presence of AID (three
thyroid dysfunction, 1 TIDM, 1MS, 1RA; Fischer’s Exact test
p=0.003). Interestingly, this association became even
stronger (Fischer’s Exact test p=0.0004) when only the
eight individuals with gingival Ni contacts were considered:
six of these had reported to have an AID (data not shown).
Oral Ni exposure was, however, not associated with any of the
other clinical or serological Al-related parameters. Of note,
the strongly positive ANAs (n =3), all from individuals with
Hg exposure, were not positive for a set of systemic sclerosis-
associated antibodies, including anti-fibrillarin.

Discussion

In the present study, we investigated the potential association
between oral exposure to metals, metal hypersensitivity and
the development of AID. We focused on oral Ni, Pd, Au and
Hg exposure in a mixed population of non-allergic volunteers,
metal allergic individuals and patients with oral complaints
putatively due to orally applied dental alloys. Although the
evaluated Al-related symptoms and autoantibodies do not
provide conclusive evidence for AID, they provided useful
parameters for this study.

As expected, metal hypersensitivity was in the majority of
cases (88%) caused by Ni and/or Pd, whereas no skin
hypersensitivity to Au was recorded and Hg hypersensitivity
was detectable only in three individuals. Although we did find

RIGHTS LI N Hiy


http://repository.unej.ac.id/
http://repository.unej.ac.id/

Autoimmunity Downloaded from informahealthcare.com by 145.121.38.58 on 04/29/15
For personal use only.

4 D. Rachmawati et al.

Autoimmunity, Early Online: 1-8

1200~ @ o)

e - S | oo
g - S b
> 1000|- oo 4
= z E oo |
0 : g )
@ - © 400 | .
.'5 800 C p=0.03 g 200 | :
o : .
__9 - o E bl ] osesoces  csmeliemes &
'E 600 __ 0 + + ++ 4
© - Ni skin test reactivity

z . =
8 400 - 1200 ©
- _ Ewooo o oo

- =)

- = 800 [

200 . : ém i
0 ;_ ““““““““ Py 2 B T —  ininieirai E 400 | . ’
Q .
= 200 | :
metal skin test metal skin test S R cter e b e
negative positive W = v b aw
Pd skin test reactivity
n=44 n=34

Figure 1. TPO antibodies in relation to metal hypersensitivity. TPO antibody levels (IU/ml) are given per patient (n = 78) in relation to metal skin test
reactivity in general (i.e. to any metal out of a panel with Ni, Cr, Pd, Co, Au and Hg salts), as well as to Ni and Pd skin test reactivity separately.
p Values <0.05 (Wilcoxon test) are given. The dotted line represents the cut off for positivity of the TPO antibodies.
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an association of Pd hypersensitivity with oral lesions, such as
non-plaque-related gingivitis previously [20], no significant
associations were found between Pd or Ni hypersensitivity
and any of the single or combined autoimmune parameters.
Interestingly, however, metal hypersensitive subjects dis-
played significantly lower levels of TPO antibodies, even
though women — being more prone to thyroid autoimmunity
than men — were overrepresented in the metal hypersensitive
group. One might speculate that in hypersensitive individuals,

Age

strict avoidance of (skin) contact with the metal might prevent
the development of TPO antibodies. Actually, very few
studies reported on a positive or negative association between
Ni or Pd allergy and AID. To our knowledge, the only human
case control study in this context was performed by Jin et al.
[23] showing higher levels of autoantibodies to metallothio-
nein and hsp70 in metal allergic patients as compared to
controls. Indirect evidence for an association between metal
allergy and AID was also given by Hybenova et al. [24] who
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Figure 3. TPO antibodies in relation to oral metal exposure in individuals >35 years. TPO antibody levels (IU/ml) are given in 58 patients,
aged > 35 years, in relation to oral Ni, Pd, Au or Hg exposure. p Values <0.05 (Wilcoxon test) are given. n.s. indicates ‘not significant’. The dotted line
represents the cut off for positivity of the TPO antibodies. (1) Due to either gingival (n = 8) or non-gingival (n = 3) contacts. (2) Due to the presence of
>1 Pd-based crowns. (3) Due to the presence of >1 Au-based crowns. (4) Due to the presence of >1 amalgam fillings. For numbers of metal-exposed

individuals, see Table 2.

reported increased lymphocyte responsiveness to Ni and Hg
in various AIDs, including thyroid AID. Data from experi-
mental studies, showing increased levels of ANA in Ni
chloride-treated rats, were less conclusive in this respect since
exposure to Ni rather than a state of hypersensitivity was
evaluated in that study [11]. Although sample sizes were
relatively small, no increased ANA levels or other Al-related
symptoms were found in metal hypersensitive individuals,
arguing against a relation with metal allergy.

Still, in the absence of allergy, metal exposure per se could
provide an important environmental factor in the development
of autoimmune responses. We therefore evaluated the posi-
tivity of Al-related parameters in relation to oral metal
exposure. Since Pd, Au and Hg exposure increased signifi-
cantly with age, just like AI phenomena, we evaluated here
the 58 individuals > 35 years, where exposure had plateaued
and was no longer correlated to age. Although anamnesis-
based AID was relatively infrequent (11/58 individuals),
clinical symptoms often associated with AID, as well as the
presence of serum autoantibodies were more frequent. Thus,
taken these together, Al-related parameters scored positive in
a substantial proportion of the test population (35/58 showed
at least 1 and 22/58 at least 2 Al-related parameters).

Exposure to mercury in relation to AID has been studied
extensively in the literature, both in experimental animals
[8,11,25,26] and humans [27]. In men, long-term exposure to
inorganic mercury was evaluated in Brazilian gold miners and
was found to be associated with increased levels of ANA and

systemic inflammatory cytokines [28] but no clinical AID
symptoms were evaluated in that study. We did not find
increased ANA levels upon exposure to amalgam, the most
frequent source of Hg exposure in men, although the strongest
ANA responses in our study were indeed found in amalgam-
exposed individuals. Of note, none of these were directed to
scleroderma-associated ANA antigens in a blot system.
Neither did we find an association between Hg exposure
and any of the other Al-related parameters. Although quite
some reports in the literature show beneficial effects of the
removal of amalgam fillings, including remission of lichenoid
lesions [29] and reduction of anti-thyroid and anti-nuclear
autoantibodies [30], no consensus for a pathogenic role of Hg
in AID was reached [31-34]. Also, a meta-analysis on the
relation between amalgam exposure and the most prominent
AID in this context, multiple sclerosis, did not show a
significant association [15].

Like mercury, gold was shown to induce ANA directed to
the nucleolar protein fibrillarin in mice [35]. Despite the fact
that about half of the individuals in our study were exposed to
Au, no association with ANA was observed. Although most
studies refer to the use of Au salts, Au ions can also be
released from gold foils and taken up by macrophages [36].
Both salts and foils were shown to display distinct
immunomodulatory effects on human dendritic cells and
macrophage cell lines [6]. In addition, in vivo exposure to Au-
based crowns was shown to be associated with oral lichenoid
lesions in the present population [20]. Despite these
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well-established effects of Au exposure, in our present study,
we did not find support for a relation between Au-based
dental alloy exposure and Al phenomena.

Few studies reported on the risk of Ni and Pd exposure for
the development of AID. One study, in 367 German students,
found an association between urinary Pd levels and various
AID, including T1DM and thyroid disease [17]. For Ni, only
in experimental studies, using Brown Norway rats a clear
association was found between nickel chloride administration
and both clinical and serological (ANA) signs of scleroderma.
We did, however, not find an association between either Ni or
Pd exposure with ANA levels. Also, ANA specificity did not
reveal reactivity with any of the known scleroderma-
associated antigens, such as fibrillarin. But, with respect to
the clinical AI parameters, we observed that Pd exposure
tended to be associated with at least one of these, a dry mouth.
Pd alloys, especially when alloyed with Ag or Cu, were shown
to release metal ions and to be associated with adverse
reactions [20,37,38]. Most remarkably, we did find a strong
correlation between oral Ni exposure and the presence of
clinical AID (thyroid dysfunction n=3, TIDM n=1, MS
n=1, RA n=1). This association became even stronger
when only gingival Ni exposure was evaluated. Interestingly,
both Ni and Pd have recently been shown to display
immunomodulatory effects on human dendritic cells, via
TLR4 triggering, Ni providing the strongest signal [3-5].
Further studies on the relation between this type of immune-
stimulating agents and the development of AID are therefore
warranted.

This study has some limitations. First, the number of
patients is relatively small, dictated by the extensive moni-
toring of clinical pathological, allergological and autoimmune
data (n=78), so findings need to be confirmed in a larger
group. Second, the focus in this study was on oral exposure.
Environmental exposure, although expectedly low [39], or
systemic exposure resulting from implants elsewhere in the
body were not taken into account. Finally, oral exposure to
Au, Hg and Pd appeared to increase with age, just
like manifestations of AID. Potential, weak association
could thus be masked. Future studies on extended groups
should allow for statistical elimination of confounding factors
such as age.

In conclusion, the results of this study support the view
that oral exposure to Ni, but not to Pd, Au or Hg, may
facilitate the development of AID. Therefore, further inves-
tigations into a possible role of transition metals, in particular
Ni, in the development of AID are warranted.
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