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Abstract
A vast majority of studies investigating cytokine profiles in contact dermatitis (CD) due to nickel

have focused on cytokine release in response to nickel challenge. This study was performed to deter-
mine the Th1 and Th2 cytokine profile of un-stimulated circulating T lymphocytes in CD patients with
positive nickel skin patch test. A total of 35 patients with positive nickel patch test presenting clinically
with CD in allergy clinic at King Khalid University Hospital, Riyadh, were included in the study. Using
lysed whole blood method peripheral blood T lymphocytes were analyzed for surface markers and intra-
cellular cytokines by flowcytometry. The proportion of CD4+IL-10+ lymphocytes in the patients
(3.3 ±1.1%) was significantly less than (p ≤ 0.000001) the normal controls (8.4 ±2.3%). The percent-
age of IL-4+CD4+ lymphocytes in the patients (1.9 ±1.9%) was also less (p ≤ 0.007) than that of the
normal controls (3.1 ±1.4%). For CD8+ lymphocytes nickel sensitive CD patients had a remarkably
low (p ≤ 0.00001) percentage of IL-10+ cells then the normal individuals (1.1 ±1.6% versus 3.3 ±1.5%).
The proportion of CD8+IL-4+ lymphocytes was also lower (p ≤ 0.0005) in patients (0.42 ±0.41) com-
pared to the normal healthy individuals (0.94 ±1.9%). There was no difference in the percentages of
IFN-γ+ and IL-5+ lymphocytes between the patients and controls. Percentages of IL-10+ and IL-4+
CD4+ lymphocytes (r = –0.758 and –0.653 respectively) and CD8+IL-10+ (r = –0.733) cells negatively
correlated with patch test scores. These findings indicate that in the healthy state Th2 cytokine profile
prevails however lymphocyte cytokine profile is skewed towards Th1 type in patients with nickel contact
dermatitis.
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Introduction
Nickel sensitization is common and its prevalence is

increasing [1] most likely due to nickel being a highly reac-
tive element and its very wide presence in daily life [2].
Hypersensitivity reactions due to nickel have been report-
ed more frequently among females (11.1%) compared to
males (2.2%) in a population based study [3]. This was also
evident in a study examining patch test reactivity in patients
suspected to have nickel dermatitis where 0.5% to 8.5% of

males and 43% females reacted to epicutaneous nickel patch
test [4]. Younger age appears to favor nickel sensitization
and development of contact dermatitis (CD) most likely
due to an early and prolonged exposure to nickel contain-
ing materials such as ear rings [5, 6]. Implementation of
legal restrictions on wearing earrings with high nickel con-
tent decreased nickel induced dermatitis by 64% among
girls [7]. Nickel sensitization because of the prolonged and
direct exposure has been well documented both in the occu-
pational and non-occupational settings [8, 9].
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Nickel induced CD is believed to be a delayed type of
hypersensitivity reaction mediated by T lymphocytes as
a result of exposure to the metal [10]. Nickel as a hapten can
bind to extracellular proteins and this complex is presented
to helper T lymphocytes in association with MHC class II
molecules [11]. Activation of T lymphocytes following expo-
sure to nickel results in a proliferation and release of
cytokines promoting inflammation [12, 13]. Traditionally T
helper 1 (Th1) lymphocytes the main source of interferon γ
(IFN-γ) have been implicated in nickel sensitization [14, 15].
It was mainly due to this reason that a number of studies in
the past focused predominantly on role of IFN-γ producing
cells in nickel induced CD. In contradiction to these obser-
vations sufficient evidence has emerged in the recent past
supporting the involvement of both Th1 and Th2 lympho-
cytes in the induction of CD due to nickel [16, 17]. In addi-
tion the intensity of patch test reactivity in patients with CD
due to nickel has also been shown to be correlated with nick-
el induced secretion of IL-5 by peripheral blood mononu-
clear cells indicating that Th2 lymphocytes may be involved
in the pathogenesis of nickel induced CD [18]. Interleu-
kin-10 a Th2 cytokine is well known for its downregulato-
ry effects can be induced by nickel thus inhibiting nickel spe-
cific Th1 responses [19, 20]. Because of the conflicting evi-
dence the cytokine profile, the relationship between different
cytokines and the involvement of Th1 and Th2 lymphocytes
in nickel induced CD remains unclear. This study was per-
formed to examine Th1 and Th2 profile of peripheral blood
CD4+ and CD8+ lymphocytes of symptomatic nickel patch
test positive CD patients and normal healthy individuals.

Material and methods

Study population

A total of 279 patients were patch tested in allergy clin-
ic at King Khalid University Hospital, Riyadh during the
period between 2009 to 2012. Among the patients who
underwent patch testing 55 patients who reacted only to
nickel sulphate were asked to participate in the study and
only 35 consenting individuals were included in the study.
This group of patients included 29 females and 6 males with
the mean age of 35 ±7 years. The duration of the illness
ranged between six months to three and a half years. Among
the patients 16 patients had lesions on hands, 09 on the dor-
sum of feet, 06 on ears and 04 on the abdominal skin. All
the patients were suffering from clinically active disease at
the time of collection of blood samples. A group of twenty
otherwise healthy individuals (16 females and 4 males;
mean age 29 ±8 years) with no past history or current symp-
toms suggestive of allergic disorders and negative patch test
reactivity was included in the study as a control group. None
of the patients were being treated by local or systemic cor-
ticosteroids and there was no history of systemic steroid
therapy for at least three months prior to being tested.

Patch test

Patch test was performed using TRUE Test (Mekos Lab-
oratories AS, Denmark) comprising of a panel of 24 hap-
tens/haptens mix. The test panel was applied on the upper part
of the back of the patient on the healthy skin free of acne,
scars, dermatitis or any other skin condition that might inter-
fere with the interpretation of the results. The patients were
instructed to wear the patch for 48 hours without removing it
and to avoid contact with water. Interpretations of the results
were performed initially after 48 hours followed by a second
evaluation 72-96 hours after the application. This protocol
allowed sufficient time for the allergic reactions to have ful-
ly developed and for the disappearance of mild irritant reac-
tions. Patients were instructed to report back to the clinic in
case of delayed reactions. The interpretation of the results was
performed in accordance with the recommendations of the
International Contact Dermatitis Research Group (ICDRG)
and the North American Contact Dermatitis Group. Severity
of patch test reaction was graded from no reaction (–) to
a maximum of 3+ [19].

Phenotypic analysis of peripheral blood
lymphocytes

Expression of cell surface and intracellular markers was
performed by flowcyometry using lysed whole blood method.

Cell labeling for surface markers

Cell labeling was performed using whole blood lysis
technique ((BD SimultestTM IMK Plus). One hundred micro-
liters of heparinized whole blood was dispensed into 5 ml
polystyrene round bottom tubes (BD Falcon, Biosciences,
Erembodegem, Belgium). Twenty microliters of fluo-
rochromes-conjugated mouse anti-human monoclonal anti-
bodies, CD4 FITC (Fluorescein isothiocynate), CD8 FITC,
CD8 PE (Phycoerythrin) and IgG1 FITC/IgG2a PE isotype
control antibodies (Becton Dickinson, San Joes, CA, USA)
were added to the blood sample and incubated for 15 min-
utes in the dark at room temperature. One tube containing
100 µl of blood sample and 20 µl of calcium and magne-
sium free phosphate buffer saline (PAA Laboratories GmbH
PAA-Strasse 1 Austria) served as a negative control. After
the incubation 2 ml of FACS lysing solution (B.D Bio-
sciences, San Jose, CA, USA) was dispensed in the tube and
incubated for 10 minutes in the dark at room temperature.
Following this, the cells were washed in 2 ml of wash buffer
at room temperature the supernatant was decanted and the
cells were re-suspended in 500 µl of 1% paraformaldehyde
(B.D Biosciences pharmingen, San Diego, CA, USA) in
phosphate buffered saline for flowcytometric analysis.

Cell labeling for intracellular markers

Labeling for the intracellular markers for detection of
cytokines was performed after labeling the surface markers
and prior to fixation. Brefeldin A 10 µg/ml (Sigma Chemi-
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cal) a transport inhibitor that prevents cytokine release from
cells was added to the tube. Cells were permeablized by
adding 0.5 ml of FACS permeabilizing solution 2 (B.D Bio-
sciences, San Jose, CA, USA) to the sample which was fol-
lowed by a 10 minute incubation at room temperature. After
the incubation the contents of the tube were washed at room
temperature with 2 ml of wash buffer containing 10 µg/ml
Brefeldin A (Sigma Chemical). The supernatant was decant-
ed and 20 µl of each relevant antibody IFN-γ PE, IL-4
PerCP (Peridinin chlorophyll protein), IL-5 PE and IL-10
APC (Allophycocyanin) (Becton Dickinson, San Joes, CA,
USA) was added and the contents were incubated for 30 min-
utes in the dark. Cells were washed the supernatant was
decanted and the pallet was finally re-suspended in 500 µl of
1% paraformaldehyde in PBS for flowcytometric analysis.

Flowcytometric analysis

Labeled samples were analyzed on FACSCalibur (Bec-
ton Dickinson, San Jose, CA, USA). In the acquisition mode
a total of 10 000 events were acquired, and the data were
analyzed using Cell Quest software (Becton Dickinson).
The negative thresholds were set using isotype-control-
labeled cells from both patients and normal controls. Lym-
phocyte profiling for Th1 and Th2 cells was based on the
percentage of lymphocytes labeled for IFN-γ and IL-10,
IL-4 and IL-5 respectively.

Results
The majority (82.9%) of the patients were females.

With regards to patch test scores among the patients 23 had
3+, 3 had 2+ and 9 had 1+ reactivity for nickel. Based on

the cytokine labeling Fig. 1 describes Th1 and Th2 profiles
of peripheral blood CD4+ lymphocytes in nickel patch test
positive CD patients and normal controls. The proportion
of CD4+ lymphocytes stained with anti-IL-10 antibody
in the patients (3.3 ±1.1%) was significantly less than
(p ≤ 0.000001) the normal controls (8.4 ±2.3%). Similar-
ly the percentage of IL-4 labeled CD4+ lymphocytes in the
patients (1.9 ±1.9%) was also less (p ≤ 0.007) than that of
the normal controls (3.1 ±1.4%). No differences were
observed between the percentages of CD4+ lymphocytes
labeled with IFN-γ (3.4 ±1.9% vs. 2.7 ±1.4%) and IL-5
(4.5 ±1.7% vs. 5.3 ±2.1%) between patients and normal
controls respectively.

Figure 2 compares Th1 and Th2 profile of CD8+ lym-
phocytes in 35 nickel patch test positive patients with CD
and 20 normal healthy individuals. Patients with CD were
found to carry a remarkably low (p ≤ 0.00001) percentage
of CD8+ cells labeled with anti-IL-10 monoclonal anti-
bodies compared to the normal individuals (1.1 ±1.6% vs.
3.3 ±1.5%). Similarly the proportion of CD8+ cells stained
with anti-IL-4 antibodies was lower (p ≤ 0.0005) in patients
(0.42 ±0.41%) when compared with the normal healthy
individuals (0.94 ±1.9%). No significant differences were
detected in the percentages of cells labeled with IFN-γ (3.9
±2.4% vs. 4.4 ±1.9%) or IL-5 (1.5 ±1.4% vs. 2.2 ±1.5%)
between the patients and the controls respectively.

Correlations were sought between the severity of patch
test reactions and the percentages of CD4+ and CD8+ lym-
phocytes in the peripheral blood from patients with CD
(Fig. 3). Linear regression analysis revealed a significant
negative correlation between the percentage of IL-10 and
IL-4 expressing CD4+ lymphocytes and the nickel patch

Fig. 1. Cytokine profile of peripheral blood CD4+ lympho-
cytes in nickel patch test positive patients with contact der-
matitis (n = 35) and normal controls (n = 20)
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Fig. 2. Cytokine profile of peripheral blood CD8+ lympho-
cytes in nickel patch test positive patients with contact der-
matitis (n = 35) and normal controls (n = 20)
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test scores with the r values of –0.758 and –0.653 Fig. 3A,
B respectively. For the CD8+ lymphocytes significant neg-
ative correlation (r = –0.733) with the patch test reactivity
was found only for IL-10 (Fig. 3C).

Discussion
Whereas a clear deficiency of IL-10 and IL-4 producing

CD4+ and CD8+ lymphocytes was evident in nickel patch
test positive patients with CD the percentage of IFN-γ

expressing lymphocytes though higher in patients failed to
achieve statistical significance. These findings indicate that
the immune response in nickel allergy is skewed towards
Th1 type. Nickel specific CD4+ and CD8+ lymphocytes
have been isolated from peripheral blood and the skin lesions
and have been shown to be the key cells involved in the epi-
dermal injury in CD [21]. Immunopathogenesis of nickel
related CD is believed to be the result of activation of these
nickel specific T cells leading to their proliferation and pro-
duction of cytokines [22]. The exact mechanism with regards

Fig. 3. A) Correlation between percentage of IL-10 producing peripheral blood CD4+ lymphocytes and patch test scores
(r = –0.758). B) Correlation between percentage of IL-4 producing peripheral blood CD4+ lymphocytes and patch test scores
(r = –0.653); C) Correlation between percentage of IL-10 producing peripheral blood CD8+ lymphocytes and patch test scores
(r = –0.733)
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to the involvement of cytokines mediating the inflammato-
ry process in CD however remains unclear. Traditionally
Th1 cytokines particularly IFN-γ has been implicated in CD
[15] there is however evidence that Th2 cytokines may also
be involved [23]. Significantly low numbers of IL-10 and
IL-4 producing cells found in nickel patch test reactive
patients with CD could be important because of the lack of
Th2 inhibitory effect counterbalancing the detrimental effects
of Th1 cells [24].

Interleukin 10 formerly described as a Th2 cytokine [25]
with regulatory properties has been shown to be produced
by cells other than T cells such as monocytes, macrophages
and dendritic cells [26, 27]. This cytokine has recently been
shown to be capable of downregulating the production of
pro-inflammatory cytokines by Th1 and Th2 cells in an anti-
gen-specific fashion [28]. In vitro experiments investigat-
ing the role of IL-10 in nickel induced IFN-γ release by
CD4+ cells have clearly demonstrated that neutralization
of IL-10 enhances IFN-γ production [29]. In addition ani-
mal studies involving the induction of nickel tolerance by
prolonged oral contact have shown that the key cytokine
involved in the nickel tolerance is IL-10. Based on these
observations production of IL-10 in response to nickel chal-
lenge has been proposed as a test for identification of nick-
el tolerized individuals [30, 31]. The presence of a signifi-
cantly higher percentage of IL-10 producing cells in the
peripheral blood of patch test negative otherwise normal
individuals in the present study is in agreement with the
protective role of IL-10 against development of CD. This
was also evident in the present study from the fact the inten-
sity of the nickel patch test reaction was negatively corre-
lated with the percentages of IL-10 producing CD4+ and
CD8+ lymphocytes in patients with CD.

Patch test negative healthy individuals were also found
to harbor a significantly higher percentage of IL-4 a Th2
cytokine producing cells in their peripheral blood when
compared with nickel sensitized CD patients indicating
a predominant Th2 response in healthy state. Nickel spe-
cific T cell clones derived from the peripheral blood and
the skin lesions in CD have been shown differ in their
capacity to produce IL-4. Compared to blood, the skin
derived nickel specific T cell clones secrete a significantly
higher amount of IL-4 either alone or in combination with
IFN-γ exhibiting aTh0 cytokine profile indicating com-
partmentalization of IL-4 secreting cells in nickel sensitized
individuals [32]. The detection of decreased percentage of
IL-4 producing cells in the peripheral blood of patients with
CD in the present study could possibly be due to increased
extravascular migration of IL-4 producing cells in the
peripheral tissues. This observation gains further support
from the fact that the skin lesions of patients with nickel
CD have been shown to exhibit increased infiltration by
Th2 type of cells [33]. Moreover, in vitro Th1 and Th2
skewing of culture conditions using cytokine cocktails have
also demonstrated increased nickel specific responses in the

presence of Th2 cytokines by peripheral blood cells from
patients with nickel contact dermatitis [34]. It is therefore
possible that the local pro-inflammatory milieu and cytokine
release in the affected tissues skew cellular immune
response to Th2 phenotype. In addition serial evaluation of
other Th2 cytokines such as IL-4 and IL-13 release by
peripheral blood mononuclear cells in response to nickel
challenge have been shown to vary over time in nickel sen-
sitive individuals and exhibit a strong correlation with
changes in patch test reactivity [35]. These findings point
to the existence of a possible link between the fluctuating
systemic T cell reactivity and the changes in disease activ-
ity. The fact that all the patients included in the present study
had clinically active disease and the observed paucity of
IL-4 producing cells in the peripheral blood exhibiting
a negative correlation with patch test scores of the patients
was probably due to a major shift of IL-4 producing cells
to the extravascular compartment.

The involvement of IFN-γ and IL-5 in nickel sensitiza-
tion has been investigated in contact and systemic nickel
sensitization (rhinitis and/or diffuse eczema) by challeng-
ing peripheral blood mononuclear cells with nickel. Where-
as IFN-γ was found to be the key cytokine mediating nick-
el contact dermatitis both IFN-γ and IL-5 were proposed to
be the principle cytokines mediating systemic allergy [36].
The higher percentage of IFN-γ producing cells devoid of
statistical significance found in the present study favors
a dominant role of IFN-γ in nickel CD. These findings may
be relevant as the present study compared the cytokine pro-
files of un-stimulated cells in the peripheral blood of nick-
el sensitive CD patients. Moreover, it would be interesting
to investigate whether IFN-γ producing cells from patients
with CD differ from normal individuals with regards to their
capacity to produce the cytokine in response to nickel chal-
lenge. No correlations were detected between the percent-
ages of the IFN-γ and IL-5 producing cells in the peripher-
al circulation with the intensity of patch test reactions. Data
regarding such correlations are lacking, a study investigat-
ing IFN-γ production in response to nickel challenge has
also failed to demonstrate any correlation between IFN-γ
and patch test scores, IL-5 however was shown to exhibit
a strong correlation with nickel patch test scores [18]. Nick-
el has been shown to exhibit cross reactivity to palladium
with regards to T cell recognition of these sensitizing agents
[37]. Data from a recent study in agreement with the per-
vious findings have not only revealed induction of a pre-
dominant Th2 response by nickel and palladium challenge
but a strong correlation between Th2 response and skin
patch test scores was also observed in individuals sensitized
against the respective metals [38]. Along with nickel and
palladium other metals such as cobalt, gold and chromium
have also been shown to elicit a mixed Th1 and Th2
response in sensitized individuals [39]. Collectively these
observations along with the findings of the present study
indicate that immune alterations found in patients with nick-
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el induced CD are not nickel specific and may also be
observed in individuals sensitized against other metals.

Conclusions
Majority of the studies investigating Th1 and Th2

cytokines in nickel induced CD have been performed using
nickel stimulation assays. This study examining the cytokine
profiles of un-stimulated peripheral blood CD4+ and CD8+
lymphocytes describes a predominant Th2 cytokine profile
in normal healthy individuals and Th1 skewed response in
patients with nickel induced CD. Because of the conflict-
ing data regarding the cytokine profiles in nickel sensitive
individuals large scale studies are needed to further eluci-
date the role of cytokines in nickel induced CD.
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