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SUMMARY

Two principal types of stress protein, heat shock proteins (hsps) and metallothionein (MT), are induced
in cells responding to a variety of stresses. They play an important role in protecting cells from these
stresses. However, many reports indicate that antibodies to hsps are present in human serum and are
associated with several autoimmunity diseases. Metals, which are commonly allergenic to humans,
induce both MT and hsp70 (one of the hsps family). Until now, there has been no report of any antibody
to MT in human serum. In the present study, serum samples from healthy controls (Group I), and
patients suffering from atopic dermatitis without (Group II) or with (Group III) metal allergy, were
measured for antibodies to MT and hsp70, using an enzyme-linked immunosorbent assay (ELISA).
Metal allergy was confirmed by patch testing. We first found that antibody to MT exists in human serum.
We also found a high positive frequency of antibody to MT (51-:3%) and to hsp70 (43:6%) in the sera
of Group III, compared to those of Group I (3:8% and 5:1%) or Group II (6:4% and 5-1%). Further-
more, there was a strong positive correlation between antibody to MT and antibody to hsp70 in Group
III (P =0-:0013), but not in Group I and Group II. Our results indicate that antibody to MT exists in
human serum, as do antibodies to hsps, and suggest that elevated levels of MT and hsp70 antibodies are

associated with metal allergy in atopic patients.

Keywords

INTRODUCTION

Metallothionein (MT) is a low-molecular mass (6-7 kD),
cysteine-rich intracellular protein with a high affinity for metals. It
is induced by environmental agents including heavy metals [1-4]
and oxidative stress [5] or by inflammatory cytokines, such as
interleukin-1 (IL-1) and IL-6 [6,7]. MT plays an important role in
protecting cells from stresses such as those caused by metals.
There are four isoforms of MT (I-IV). MT-I and MT-II are
expressed in all tissues. Protection against metal toxicity has been
attributed primarily to them. MT-III is localized mainly in the
brain [8] and plays a role in zinc homeostasis in neurones [9],
whereas MT-1V is localized in stratified squamous epithelium
[10]. The function of MT-IV remains unclear.
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Another class of proteins induced by stress is heat shock pro-
teins (hsps). They are found in both prokaryotic and eukaryotic
cells, and are induced by stresses both environmental (e.g. heat
shock, heavy metals, or oxidants) or physiologic (e.g. infections,
inflammation, or ischaemia) to protect cells from these stresses
(reviewed in [11,12]). They are also expressed under nonstress
conditions, playing essential roles in protein metabolism, includ-
ing functions in protein folding, membrane translocation, and
degradation of misfolded proteins (reviewed in [13,14]). Different
families (low molecular weight, 60, 70, 90, 110 kD) of hsps can be
distinguished on the basis of their molecular weight. However,
many reports indicate that there are antibodies against different
members of the hsp family in the sera of healthy subjects and
patients with certain autoimmune diseases. In fact, antibody to
hsp70 occurs not only in systemic lupus erythematosus but also in
healthy subjects [15,16].

We assumed, therefore, that antibody to MT is also present in
human serum, as are antibodies to hsps, particularly in cases with
metal allergy. The aim of our study was to examine this hypothesis
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and to investigate the correlation between antibody to MT and
antibody to hsp70.

SUBJECTS AND METHODS

Subjects

Healthy blood donors were used as healthy controls (Group I, 24
male and 54 female; mean age, 38-9 years). Patients with atopic
dermatitis from the Department of Dermatology (Yokohama
City University School of Medicine) and Nakayama Dermatology
Clinic, between March 2000 and February 2002, were selected as
subjects for this study. Patients suffering from autoimmune dis-
eases (e.g. lupus erythematosus) or other severe illness were
excluded from the study. Serum samples were taken from all sub-
jects and stored at —80°C until they were assayed. After serum
was taken, all subjects received patch testing to determine
whether they had metal allergy. Patients suffering from atopic
dermatitis without metal allergy were classified as Group II (24
male and 54 female; mean age, 39-0 years), while those with metal
allergy were allocated to Group III (12 male and 27 female; mean
age, 39-5 years). The Local Ethics Committee approved the study
and all subjects gave informed consent.

Patch testing

Patch testing was carried out by applying the metal series patch
test allergens (type 9) on the back for two days, using Miniplas-
ter® (Torii, Japan), a classic vinyl tape with six cloth discs. The use
of aluminium chambers was avoided, because some metal aller-
gens, especially mercury bichloride, have been reported to pro-
duce hydrochloric acid by reactions with aluminium [17]. The
reagents used were 2% copper sulphate (CuSO,) in aqueous
solution (aq), 1% palladium chloride (PdCl,) aq, 0-4% potassium
dichromate (K,Cr,05) aq, 2 and 5% nickel sulphate (NiSO,) aq,
2% cobalt chloride (CoCl,) aq, 0-05 and 0-1% mercury chloride
(HgCl,) aq, 1% tin chloride (SnCly) aq, 1% cadmium sulphate
(CdSO,) aqg, 0-2% hydrogen tetrachloroaurate (HAuCl,) aq,
0-5% hydrogen hexachloroplatinate (H,PtCl) aq, 2% iron chlo-
ride (FeCl;) aq, 1% indium chloride (InCl;) aq, 1% iridium chlo-
ride (IrCl,) aq, 1% molybdenum chloride (MoCls) aq, 2% silver
bromide (AgBr) in petrolatum (pet.), 1% antimony chloride
(SbCls) pet., 2% zinc chloride (ZnCl,) pet. and 2% manganese
chloride (MnCl,) pet. The patch tests were read on the second,
third and seventh days according to the recommendation of the
International Contact Dermatitis Research Group (ICDRG)
guidelines. These guidelines are as follows: negative (-),
erythema only? (+), palpable erythema (+), erythema plus pap-
ules or vesicles (++), blister (+++). Reactions of (+) or more
were diagnosed as metal allergy.

Antibodies to MT and hsp70

Antibodies to MT and hsp70 in sera were determined by an
ELISA method. Microtiter plates (Nunc, Copenhagen, Den-
mark) were coated with 100 ul of 8 pg/ml purified MT (containing
MT I and I, purchased from Sigma Chemical Co., St. Louis, MO),
or 4 pg/ml of recombinant human hsp70 (StressGen, Victoria,
Canada), in coating buffer (carbonate buffer, pH 9-8). The plates
were incubated at 4°C overnight, then blocked with 1% human
serum albumin (Sigma) in phosphate-buffered saline (PBS) at
room temperature (RT). Diluted sera (1 :50) were added to the
wells in duplicate and the plates were incubated at RT for 1-5 h.

The plates were then washed with washing buffer (PBS/0-05%
Tween-20), and diluted (1 :1000, in PBS with 1% human serum
albumin) horseradish peroxidase (HRP)-conjugated antihuman
IgG monoclonal antibody (PharMingen, San Diago, CA, USA)
was added to the wells and incubated for 1 h at RT. The plates
were again washed. Thereafter tetramethylbenzidine (TMB) and
hydrogen peroxide substrate reagent (PharMingen) were added
to the wells. After incubation at RT for 30 min, the reaction was
stopped by 1 M phosphoric acid (H;PO,). The absorbance was
measured within 30 min at 450 nm by a microplate reader (Bio-
Rad model 550: Bio-Rad Laboratories, Hercules, CA).

All samples were prescreened, and samples of highest known
level were assigned a concentration of 1000 arbitrary units/ml
(AU/ml). The standard dose-response curves of antibody to MT
and antibody to hsp70 were generated by using a serial dilution of
these samples. The concentrations of antibodies in this samples
were these calculated from curves. After correction for back-
ground, absorbances exceeding 0-3 were regarded as positive for
antibodies to MT (45 AU/ml) and hsp70 (55 AU/ml).

Statistical analysis

Statistical analyses were performed using StatView software for
Macintosh. Categorical data were compared by the y* and Fisher’s
exact test. Correlation between the levels of two antibodies was
analysed by nonparametric Spearman test. The relation between
the levels of the two antibodies was calculated by regression anal-
ysis. A value of P < 0-05 was considered to indicate a significant
difference in all statistical analyses.

RESULTS

Antibodies to MT and hsp70 were found not only in healthy con-
trols but also in patients suffering from atopic dermatitis. Metal
allergy was confirmed by patch testing. There were no differences
in the positive frequency of the two antibodies between healthy
controls (Group I) and patients suffering from atopic dermatitis
without metal allergy (Group IT). However, significantly high pos-
itive frequencies of antibodies to MT and hsp70 were found in the
patients suffering from atopic dermatitis with metal allergy
(Group III), compared with those of Group I or Group II
(Table 1), and high titres of both antibodies were seen in Group
III (Fig. 1).

Numerous metals and their salts are known to be allergens in
human. In this study, the results of patch testing of 39 patients
showed hypersensitive reactions to different metals; the most
common metal allergen was nickel (11 patients), and the next was
mercury (5 patients).

The correlation between antibody to MT and antibody to
hsp70 was calculated. There was a significant positive correlation
between the two antibodies in Group III, and a significant nega-
tive correlation in Group I and II (Fig. 2). These results indicate
that serum antibodies to MT and hsp70 are both present in cases
of metal allergy.

DISCUSSION

Exposure to metal compounds, including occupational and envi-
ronmental pollutants, food contaminants and drugs, can give rise
to adverse reactions mediated by the immune system. Metal com-
pounds have attracted increasing attention for the last two
decades. It is well known that numerous metals and their salts are

© 2003 Blackwell Publishing Ltd, Clinical and Experimental Immunology, 131:275-279
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Table 1. Comparison of positive rates of antibody to MT (Ab to MT) and
antibody to hsp70 (Ab to hsp70)

Ab to MT Ab to hsp 70
Subjects No. positive (%) No. positive (%)
Group I (n=78) 3 (3-8) 4 (51)
Group II (n=78) 5 (6-4) 4 1)
Group IIT (n=39) 20 (51-3)%F 17 (43-6)*t

Group I, healthy controls; Group II, patients suffering from atopic
dermatitis without metal allergy; Group III, patients suffering from atopic
dermatitis with metal allergy. *P < 0-0001, compared with Group I, and
+P < 0-0001, compared with Group I, significant differences on y* and
Fisher’s exact test.
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Fig. 1. Antibodies to (a) MT (@) and (b) hsp70 (O) in sera were measured
by ELISA method. Scattered plots showed positive antibody levels.

allergens. Two pathogenically different modes of action have to be
considered (reviewed in [18]). First, the metal compounds or their
metabolites may exert toxic effects on the immune system as the
target organ and cause a general dysfunction of immune response.
Second, metal salts are able to elicit specific effects mediated by
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Fig. 2. The relation between antibody to MT and antibody to hsp70 was
calculated by regression analysis. Each plot represented one subject that
showed positive to MT and/or hsp70. Correlation between two antibodies
was analysed by nonparametric Spearman test. (a) Group I plus Group II
(r* =-0-660, P =0-0053). (b) Group III (r=0-719, P = 0-0013).*Correla-
tion coefficient.

the immune system through the specific antigen receptor on T and
B cells. Moreover, metal ions may alter the physiological process-
ing and presentation of self-proteins or peptides and thus cause
activation of autoreactive T cells (reviewed in [19]). Among var-
ious metals, nickel is the commonest allergen in humans. Most
nickel exposure occurs through accessories and daily necessities.
Investigative results among Finnish University students in 1995
showed that nickel allergy was encountered in 39% of all female
students and in 42% of those with pierced skin [20]. A clear rela-
tion between ear piercing and nickel sensitization has been found
in several studies [21,22]. Mercury is another common metallic
allergen; it used to be a component of several drugs and still is an
ingredient of preservatives, disinfectants, and ointments. The
main exposure of the general population results from mercury as
a major constituent of dental amalgams. In the metallic state, mer-
cury reacts with eccrine sweat on the skin (reviewed in [23]), and
with the oral mucosa, to form allergenic ions, which account for
mercury-induced lichenoid lesions [24]. In fact, it has been
reported that patients with dental restoration materials represent
a subgroup with a high frequency of metal allergy [25]. Until now,
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there has been no effective curative medicine for this kind of
allergy. What is necessary is to determine the allergens as fast as
possible and to avoid exposure.

A specific set of proteins, called stress proteins, are induced,
or their cellular synthesis enhanced, in response to a variety of
stresses. Generally, there are two types of stress protein, metal-
lothionein (MT) and heat shock proteins (hsps). MT is a cysteine-
rich intracellular protein with a high affinity for metals. It is
induced by stresses due to heavy metals [1-4], and has important
cytoprotective effects against their toxins. It has been reported
that MT represents a constitutive mechanism of defense ex-
pressed by different types of cells in the skin, which is triggered by
contact with metallic compounds at patch-test sites [26].

The hsps are induced by stresses due to metals and other
causes such as heat shock, oxidants, and infections (reviewed in
[11,12]). They play an important role in protecting cells from these
stresses. However, many reports indicate that there are antibodies
against different members of the hsp family in the sera of healthy
subjects and patients with certain autoimmune diseases. Immune
responses against hsps can be cross-reactive among bacterial and
human species and are capable of recognizing both foreign and
self-hsps (reviewed in [11,27]). It has been suggested that healthy
subjects may use this capacity to respond to self-hsp determinants
and help eliminate infected autologous cells (reviewed in [27]).
However, the amount of antibodies to hsps in the serum may also
be elevated in patients with certain autoimmune diseases. In fact,
antibody to hsp70 occurs not only in systemic lupus erythemato-
sus but also in healthy subjects [15,16]. However, no data are
currently available on the autoimmune response against hsps in
patients with metal allergy.

The present research therefore was carried out to assess
whether antibody to hsp70 is related to metal allergy, as hsp70 is
induced by metals. Furthermore, we speculated that antibody to
MT may also be present in human serum, like antibodies to hsps,
and compared the positivity of antibodies to hsp70 and MT,
between patients suffering from atopic dermatitis, with or without
metal allergy. As our hypothesis, antibody to MT is also present in
the serum. Moreover, significantly high positive rates of antibod-
ies to MT and hsp70 are found in the sera of patients with metal
allergy, but not in those without metal allergy. There is also a
strong positive correlation between the two antibodies in cases of
metal allergy, but not in other cases. These results suggest that ele-
vated levels of MT and hsp70 antibodies are associated with metal
allergy in atopic patients. There are many possible mechanisms
triggering the breakdown of immunotolerance against MT or
hsp70, and subsequent development of an anti-MT or hsp70
autoimmune response. First, extensive destruction of cells due to
chronic exposure to metals can result in cell death and release of
induced MT or hsp70. This can lead to bypassing of immunotol-
erance and to the onset of an autoimmune response. Second,
metals bind with MT or affect hsp70, and this results in structural
alteration and produces an immunogen. Further research is
needed to investigate the exact mechanisms. Clearly, more studies
are necessary to investigate the roles of antibody to MT in metal
allergy and other autoimmune diseases.
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