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Abstract Nickel sensitization is a growing problem and
the most common cause of allergic contact dermatitis. The
aim of this study was to investigate whether nickel chloride
can induce autoimmunity and cutaneous sclerosis in immu-
nosensitive rats. Nickel chloride, in a dose of 4.5 mg in
0.2 ml NS, was administered by the oral and subcutaneous
routes to 20 Brown Norway rats. Autoantibodies (ANA,
anti-RNP, anti-SCL70 and anti-centromere) were measured
and compared in pre- and post-challenge serum samples.
Histological studies were also performed in skin biopsies
obtained from six positively responding rats and compared
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with an equal number of control rats at the 14th week post-
challenge. Serum ANA was high in a significant number of
rats in both the oral (P < 0.005) and subcutaneously nickel-
treated groups (P = 0.02), while the anti-SCL70 was high in
a significant number of rats in only the orally nickel-treated
group (P =0.04). Histologically, subcutaneous and oral
nickel-treated groups showed sclerodermic features of the
skin (P =0.22, P =0.5), respectively. It may be concluded
that nickel chloride can induce scleroderma-related autoan-
tibodies and cutaneous sclerosis. More prolonged duration
of exposure is probably associated with greater risk. This is
the first study showing the potential risk of nickel in trig-
gering the development of cutaneous sclerosis in suscepti-
ble hosts.

Keywords Nickel - Autoimmunity - Scleroderma - ANA -
Anti-SCL70 - Anti-centromere

Introduction

There is abundant evidence in literature concerning the
allergy-inducing potential of some metals such as nickel.
Nickel is a ubiquitous trace element that occurs in soil,
water and air. Major dietary sources of nickel include plant
foods such as cereals and green vegetables. Other dietary
animal sources include fish, egg, milk and fats. Foods with
high nickel content, irrespective of its source, are whole
wheat, cocoa, nuts, chocolate, tea, gelatin and baking pow-
der [1]. Nickel is the fourth most frequently used metal in
the world and the most common cause of allergic contact
dermatitis [1]. The prevalence of nickel sensitization in the
general population is estimated at around 7-10% with a
predominance in women (female:male ratio of 7-14:1).
Nickel is responsible for 35% of occupational and
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non-occupational allergic contact dermatitis. The average
age for its onset is 21-30 years [2].

Most of the nickel produced worldwide is used for the
manufacture of stainless steel, which is mostly used to pro-
duce food-processing equipment and containers, and also
for fashion jewelry, machine parts, coins, invasive medical
tools, prosthetic implants and metal eyeglasses [1, 3, 4].
Last, but not the least, nickel may be found as a component
of dental crown and bridges [5, 6]. The majority of nickel
allergies are now thought to be caused by ear piercing and
wearing of nickel-plated jewelry [7].

The risks of nickel hypersensitivity were related to ear
piercing and the number of holes in the earlobes [8]. Impor-
tant prerequisites for causing a nickel allergy are the pres-
ence of nickel-releasing materials, sufficient duration of
contact, the nature of skin contact (duration, temperature,
pH of the skin) and the status of the epidermal barrier (e.g.,
inflamed skin) as well as other conditions that can increase
the bioavailability of nickel ions [9].

There is enough evidence of the role of nickel in
inducing skin allergy [1-8]; however, data supporting an
association of nickel with autoimmune disease such as
scleroderma are lacking. The objective of this study was to
investigate the potential of nickel chloride in inducing auto-
immunity and sclerosis of skin in Brown Norway rats.

Materials and methods

This study was conducted at the Research Center, College
of Medicine, King Khalid University Hospital, King Saud
University, Riyadh, Saudi Arabia. Brown Norway (BN)
rats were purchased from Charles Rivers Laboratories,
Wilmington, USA. They were kept in polycarbonate metro-
lon plastic cages covered with stainless steel in the animal
house in the College of Medicine. They were maintained
under 12 h dark-12 h light cycles and kept under observa-
tion for 3 weeks. No evidence of sickness was observed.
All rats were 8—11 weeks old at the onset of the experiment.

Treatment

As much as 20 rats with an average weight of 157 g were
randomized into two groups each consisting of ten rats. One
group received single dose of nickel chloride 4.5 mg
[=0.029 gm/kg = 125 micmol/kg] [10]. The dose was dis-
solved in sterile 0.9% NaCl solution and 0.2 ml was given
subcutaneously (SC) on the dorsal side. The remaining ten
rats received the same dose of nickel chloride orally (PO) on
the first day of the experiment. Pre-challenge serum autoan-
tibody results were compared with post-challenge results.
An extra six rats were used as parallel control group for
the post-challenge histopathological studies. Their average
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weight was 155 g. Three received subcutaneous normal
saline (NS) and another three received oral NS of the same
volume (0.2 ml).

Blood sampling

Blood samples were obtained from the retroorbital vein
plexus and collected in heparinized tubes prior to interven-
tion and at the 7th and 14th weeks post-intervention,
respectively.

Serological studies

Serum ANA was detected by indirect immunofluorescence
(IF) using the Immco Diagnostic, Inc. (60 Pineview Drive,
Buffalo, NY 14228) test kit. ANA/HEP-2 test system is a
pre-standardized kit designed for the quantitative and semi-
qualitative detection of anti-nuclear antibodies in rats. In
this test, rat serum samples were initially diluted 1:10 with
phosphate buffer saline (PBS) by adding 20 pl of sera to
180 ul PBS as screening dilution. Slides were removed
from storage and allowed to warm to the room temperature
of 20°-25°C. Slides containing tissue culture substrates
were used as an antigen source. Each well was identified
with the appropriate sera and controls (positive and nega-
tive). With a suitable dispenser, one drop of approximately
20 pl of test sera and controls was added to the cells in the
respective wells and spread over the entire area of the well.
Slides were incubated in a moist chamber at room tempera-
ture (20°-25°) for 30 min and removed at one time and
gently rinsed with a stream of PBS, avoiding direct streams
of PBS into the test wells. The slides were then placed in
the staining dish and washed in PBS for 5-min intervals
with change of buffer PBS. A magnetic stirrer was used for
mixing the setup. Slides were removed from PBS one at a
time and blotted (with blotters provided) by wiping the
reverse slide with an absorbent wipe. One drop (approxi-
mately 20 ul) of conjugate [rat IgG F(ab), (H + L)] frag-
ment affinity purified fluorescein conjugate (AP 136 G
Chemicon International Temecula, CA 92590 lot No.
12036741) was added and the slides incubated and washed
as previously mentioned. Three to five drops of mounting
media were applied to each slide and cover-slipped. The
slides were examined immediately with an appropriate
fluorescent microscope. Detection of apple green fluores-
cence was considered as positive. The results were evalu-
ated against positive and negative controls. Interpretation of
the result depended on the pattern observed and any titer
above 1:10 was considered to be significant (1:10 the base-
line titer).

Other serum autoantibodies including anti-RNP, anti-
SCL70 and anti-centromere were detected by ELISA using
the Immco Diagnostic, Inc. test kit (60 Pineview Drive,
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Buffalo, NY 14228). ImmulLisa is an in vitro diagnostic
enzyme-linked immunosorbent assay (ELISA), designed
for the detection and quantitation of IgG antibodies to (anti-
RNP, anti-SCL70, anti-centromere) in rat serum. Purified
specific antigens were bound to the wells of a polystyrene
microwell plate under conditions that would preserve the
antigen in its natural form. The unreacted sites of the poly-
styrene were blocked to reduce nonspecific binding. Serum
samples and test reagents were allowed to come to room
temperature (20°-25°C) before starting with the test proce-
dure. To separate wells, 100 pl of pre-diluted positive and
negative controls and 1:100 serum dilutions (5 pl of rat
serum + 500 pl of serum diluents) were added. The plates
were incubated for 30 min at room temperature (to allow
antibodies to bind to the immobilized antigen). Unbound
samples were washed away from microwells using an auto-
matic washer, as per the manufacturer’s instruction. Anti-
rat IgG Alk. Phos. Conjugate (AP 136 A) from Chemicon
International Temecula, CA 92590 (lot No. 0606033637)
was diluted at 1:5,000 (as an optimal working dilution),
100 pl of which was added and incubated for 30 min at
room temperature. Microwells were washed as previously
mentioned. As much as 100 pl of substrates was added to
each well in the same order and timing as for the conjugates
and incubated for 30 min. The reactions were stopped by
the addition of stop solution using the same order and tim-
ing. Absorbance values were read within 1 h from adding
the stop solution.

Interpretation of results

In this study, the significant cut-off value for the immuno-
fluourescent (IF) test of serum ANA was taken as 1:10 pos-
itive fluorescence [11]. However, significant reading for the
ELISA test was taken as 0.205 dilution for anti-RNP, 0.296
for anti-SCL70 and 0.120 for anti-centromere. Since we
could not find enough evidence for the cutoff values of anti-
RNP, anti-SCL70 and anti-centromere titers in literature,
these cutoff values were based on our own baseline read-
ings where almost all serum autoantibody levels were unde-
tectable.

Histopathology

Histopathological examination was performed in six rats
with positive autoantibody responses, three from the subcu-
taneous nickel group and three from the oral nickel group.
A parallel control group consisted of six rats, which
received subcutaneous and oral normal saline at a dose of
0.2 ml. At 14-week post-challenge after the last blood sam-
ple, all skin biopsies were done from the right thigh away
from the subcutaneous challenge site on the dorsal side.
Examination of the skin biopsy slides was done, blindly, by

a histopathologist. Skin biopsies, prior to intervention in the
test groups, were avoided to prevent the possibility of
infection or local inflammation.

Skin biopsies were obtained from six rats showing posi-
tive autoantibody responses. The sections from each rat
were bisected and fixed in 10% buffered formalin for a
period of 24 h. The tissue was then processed in the Tissue-
Tek Vaccum Infiltration Processor and stained using hema-
toxylin and eosin stain. The slides were then examined
using a light microscope.

Immunofluorescence

The tissues are processed as a frozen section and stained
with various antibodies. The antibodies used were IgA,
IgG, IgM, C3, Clq and fibrinogen. Once the slides were
ready, they were examined using immunofluorescent
microscope.

Statistical analysis

Statistical differences between nickel-treated and corre-
sponding control groups were calculated using the Fisher’s
exact tests. P values of <0.05 were considered to be signifi-
cant.

Results

The baseline (pre-challenge) results of serum autoantibod-
ies are shown in Figs. 1 and 2, including ANA, anti-RNP,
anti-SCL70 and anti-centromere. All readings in the two
groups were negative except for one rat in the subcutane-
ous group (1/10; 10%) with positive serum ANA titer.
These data were taken as a baseline and compared with the

[ Before oral Nickel
B3 At 7th week post oral Nickel
B8 At 14th week post oral Nickel

antibody titers
(3]

Number of rats with positive serum auto

ANA Anti RNP Anti Scl70

Anti Centromere

* significant difference between pre oral nickel challenge and at 14th week post oral nickel challange.

Fig. 1 Number of rats with positive serum auto antibody titers prior
and post-oral nickel challenges
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[ Before subcut. Nickel
[ At 7th week post subcut. Nickel
HE At 14th week post subcut. Nickel

antibody titers
(3]

Number of rats with positive serum auto

: B

Anti Centromere

ANA Anti RNP

Anti Scl70

* significant difference between pre subcut.nickel challenge and at 14th week post subcut. nickel challange.

Fig. 2 Number of rats with positive serum auto antibody titers prior
and post-subcutaneous nickel challenges

post-challenge results. As in Fig. 1, for the orally treated
group, 3/10 rats (30%) (P = 0.10) at the 7th week, and 8/10
rats (80%) (P < 0.005) at the 14th week showed significant
titer of serum ANA. Anti-RNP was detectable only in only
one rat 1/10 (10%) (P =0.5) at the 7th week and in 2/10
rats (20%) (P = 0.23) at the 14th week.

Anti-SCL70 was positive in two rats 2/10 (20%)
(P =0.23) at the 7th week and 4/10 rats (40%) (P = 0.04) at
the 14th week post-oral nickel treatment. Serum anti-cen-
tromere level was detectable in three rats 3/10 (30%)
(P =0.10) both at the 7th and 14th week post-challenge.

Results for the subcutaneously treated group are shown
in Fig. 2. Serum ANA titers were high in 5/10 rats (50%)
(P =0.07) at the 7th week compared to one rat in the pre-
challenge group. At the 14th week, 6/10 rats (60%)

(P =0.02) showed high ANA titer. Anti-RNP was positive
in only one rat 1/10 (10%) (P = 0.5) at the 7th week and
3/10 rats (30%) (P =0.10) at the 14th week, while serum
anti-SCL70 showed detectable level in only one rat 1/10
(10%) (P =0.5) at the 7th week and two rats 2/10 (20%)
(P =0.23) at the 14th week post-challenge. Serum centro-
mere was positive in only one rat 1/10 (10%) (P = 0.5) at
the 7th and 14th week post-challenge.

In the parallel control group, serum autoantibodies
including ANA, anti-RNP, anti-SCL70 and anti-centromere
titers at baseline (pre-challenge) and 7th and 14th week
post-challenge were all undetectable. Histopathological
results are shown in Table 1. Sclerodermic features were
considered to be negative if all of the parameters shown in
Table 1 were negative, otherwise it was positive. Positive
sclerodermic features (see Fig. 3) were seen in 2/3 of the
subcutaneous nickel group (P =0.22) and only 1/3 of the
oral nickel group (P =0.5), compared with the negative
results of the corresponding control group (Fig. 4). Immu-
nofluorescent results were all negative for immunoglobulin
and complement deposition. The serum autoantibody titers
of the rats in which histopathology was performed are
shown in Table 2.

Discussion

The risk of nickel hazards is increasing enormously.
Allergy to nickel is the commonest cause of contact derma-
titis [12]. Previous studies showed strong evidence of
nickel-induced contact dermatitis with immune system irri-
tability [12—17]. Contact dermatitis is caused by CD8* and
CD4* T-cell-mediated delayed hypersensitivity reaction to
hapten-modified MHC—peptide complex [17]. Type 1 IgE-
mediated reactions due to inhalation of nickel dust have

Table 1 Histopathological

features of nickel-tested and Skin biopsy Loss of Loss of Dermal . Sclerosis
of the subacutaneous adenexal inflammation

control groups following rats fat and loss of structures and peridermal

periadnexal fat atrophy

Nickel SC1 Mild (1) -ve (0) -ve (0) Mild (1)
Nickel SC2 -ve (0) -ve (0) -ve (0) -ve (0)
Nickel SC3 Moderate (2) Mild (1) -ve (0) Moderate (2)
Nickel PO1 -ve (0) -ve (0) -ve (0) -ve (0)
Nickel PO2 -ve (0) -ve (0) -ve (0) -ve (0)
Nickel PO3 Mild (1) -ve (0) -ve (0) Mild (1)
Control SC1 -ve (0) -ve (0) -ve (0) -ve (0)
Control SC2 -ve (0) -ve (0) -ve (0) -ve (0)
Control SC3 -ve (0) -ve (0) -ve (0) -ve (0)
Control PO1 -ve (0) -ve (0) -ve (0) -ve (0)
Control PO2 -ve (0) -ve (0) -ve (0) -ve (0)

$C subcutaneous, PO per os Control PO3 —ve (0) —ve (0) —ve (0) —ve (0)

(oral), -ve negative

@ Springer



Rheumatol Int

Fig. 3 Rat skin with hematoxylin and eosin stain (x200 magnifica-
tion). The section from the rat skin (control) shows a normal-looking
epidermis and dermis. The dermis reveals multiple adnexal structures
such as hair follicles and sweat glands with surrounding periadnexal fat

Fig. 4 Rat skin with hematoxylin and eosin stain (x200 magnifica-
tion). The section from the rat skin shows loss of adnexal structures and
associated periadnexal fat in the dermis. The superficial and mid-der-
mis is replaced by sclerotic and fibrotic tissue. The epidermis appears
normal

been reported [9]. Sunderman et al. [10] (REF) demon-
strated that a subcutaneous injection of nickel chloride
solution to rats caused nickel uptake and activation of alve-
olar macrophages, which was manifested by increased

cAMP concentration and diminished 5-nucleotidase activ-
ity, followed by reduced phagocytic function.

One study demonstrated the correlation between nickel
and development of ANA [18]. However, studies investi-
gating the correlation between nickel and induction of
scleroderma-related autoantibodies and skin sclerosis are
lacking.

Data in this study showed that a significant number of
rats treated with nickel, orally or subcutaneously, showed
high serum ANA titers. High titers of serum anti-SCL70
appeared only in a significant number of rats following oral
administration of nickel. Other serum autoantibodies,
including anti-RNP and anti-centromere, were detected in
low titers and probably may need more time to achieve sig-
nificant levels.

By analogy to the skin-sensitizing potential of nickel
leading to contact dermatitis, autoimmune cutaneous scle-
rosis was more prominent in the group treated with nickel
subcutaneously. However, rats in the group treated orally
with nickel also developed mild skin reaction, probably due
to processing of nickel chloride in the gastrointestinal sys-
tem by M-cells, which are specialized cells found in the fol-
licular-associated epithelium of intestinal peyer patches
[19]. It may be relevant to mention that immunohistochem-
ical staining did not reveal any deposition of immunoglobu-
lin or complement in the nickel-treated group. This could
be due to the short exposure period of the study. Although
the number of rats examined for histology was small, yet
most of them showed cutaneous sclerodermic features cor-
relating with autoantibodies production. It is relevant to
mention that in the control groups, neither autoantibodies
nor histological changes were observed.

The occurrence of anti-SCL70 and anti-centromere was
not consistent with positive histology. This could be
explained by the fact that even in established human limited

Table 2 Serum antibody titers

. . . Skin biopsy ANA Anti-RNP Anti-SCL70 Anti-centromere
of the rats in which histopathol- L L . .
R d of the (significant (significant (significant (significant
0gy was performe following rats titer >1/10) titer >0.205) titer >0.296) titer >0.120)
Nickel SC1 120 0.451 0.760 0.244
Nickel SC2 1/80 -ve -ve -ve
Nickel SC3 1/80 0.859 -ve -ve
Nickel PO1 1/160 -ve 2.00 -ve
Nickel PO2 120 0.396 -ve 0.202
Nickel PO3 1/80 -ve -ve 0.182
Control SC1 -ve -ve -ve -ve
Control SC2 -ve -ve -ve -ve
Control SC3 -ve -ve -ve -ve
Control PO1 -ve -ve -ve -ve
Control PO2 - - - -
SC subcutaneous, PO per os ontro ve ve ve ve
Control PO3 -ve -ve -ve -ve

(oral), -ve negative
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scleroderma patients, positive titer of serum anti-SCL70
antibody and anti-centromere antibody occur in 31.3 and
26.3%, respectively [20]. Our study suggests that it may be
relevant to assess immunological function of patients with
an implant or in close contact with a nickel-releasing mate-
rial prior and post-nickel exposure. It may also be interest-
ing to assess the role of nickel sensitization in patients with
autoimmunity and scleroderma.

In conclusion, nickel chloride is probably a potential risk
factor for autoimmunity and possible development of cuta-
neous sclerosis. Further studies are needed to investigate
the effect of prolonged contact with nickel and the underly-
ing immunopathogenic mechanism of autoimmunity and
end-organ reaction.
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