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M Abstract

Background: T cells play a major role in delayed-type hypersensitivity reactions. Their reactivity can be assessed by measuring the upregulation
of the activation marker CD69, followed by assessment of proliferation and cytokine production. The aim of our study was to develop a
novel, whole blood—based, quantitative, absolute count activation index (Al) for analysis of CD69 upregulation in various subsets of T cells
in nickel-hypersensitive patients and compare it with previously reported approaches.

Methods: The study population comprised 10 patients with nickel allergy and 9 healthy controls. CD69 expression of CD3*, CD3*CD4*,
and CD3*CD8* T cells in heparinized blood was determined with flow cytometry after incubation with nickel sulfate for 48 hours. The
absolute count of CD69* cells was determined using microbeads. Production of the cytokines IL-2, IL-5, IL-13, and IFN-y was determined
after stimulation of peripheral blood mononuclear cells with nickel sulfate for 48 hours.

Results:We showed absolute Al to be the most sensitive approach. The index was calculated as the ratio of the absolute count of nickel-
stimulated CD69-positive T cells to the absolute count of CD69-positive T cells in nonstimulated blood. This novel quantitative approach
was more discriminative than previously reported approaches in which the T-cell CD69 percentage Al and cytokine production are measured.
Conclusions: Our results demonstrated that measuring the absolute CD69 Al is a novel and accurate approach for quantification of
antigen-specific T cells in the blood of patients with hypersensitivity reactions to nickel. This approach may be useful for better in vitro
assessment of patients with delayed-type hypersensitivity reactions.
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M Resumen

Antecedentes: Los linfocitos T juegan un papel importante en las reacciones de hipersensibilidad de tipo retardado. Su actividad puede
evaluarse midiendo la expresion del marcador de activacion CD69, sequido de la proliferacion y la produccion de citocinas. El objetivo
de nuestro estudio ha sido el desarrollar un novedoso analisis cuantitativo del indice de activacion absoluto (Al) en sangre completa
de la expresion de CD69, en diferentes subconjuntos de linfocitos T, en pacientes con hipersensibilidad al niquel, y compararlo con los
métodos existentes.

Meétodos: Se estudiaron diez pacientes con alergia al niquel y nueve controles sanos. La expresion de CD69 de los linfocitos T CD3*, CD3*
CD4+y CD3* CD8* en sangre heparinizada se determiné con citometrfa de flujo, después de una incubacion con sulfato de niquel durante
48 h. El recuento absoluto de células CD69* se determind con microesferas. La produccion de las citocinas IL-2, IL-5, IL-13 e IFN-y se
cuantificd después de la estimulacion de células mononucleares periféricas, durante 48 h, con sulfato de niquel.

Resultados: Se demuestra que la determinacién del indice Al absoluto es la metodologia mas sensible. Se calculé como la relacion entre el
recuento absoluto de linfocitos T CD69-positivos estimulados con niquel y el recuento absoluto de linfocitos T CD69-positivos en sangre
no estimulada. Este nuevo enfoque cuantitativo fue mas discriminativo que los enfoques publicados previamente en los que se midio el
porcentaje de CD69 de linfocitos Ty la produccién de citocinas.

Conclusiones: Nuestros resultados demostraron que la medicion del Al absoluto de CD69 es un enfoque nuevo y preciso para cuantificar
los linfocitos T especificos de antigeno en la sangre de pacientes con reacciones de hipersensibilidad al niquel. Este enfoque puede ser
atil para una mejor evaluacion in vitro de los pacientes con reacciones de hipersensibilidad de tipo retardado.

Palabras clave: Hipersensibilidad de tipo retardado. Niquel. Sangre completa. CD69.
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Introduction

Nickel is one of the most common causes of allergic contact
dermatitis and delayed-type hypersensitivity reactions [1,2]. A
recent study showed that approximately 15% of the population
are allergic to nickel sulfate [3]. Allergic contact dermatitis to
nickel is caused by release of nickel-specific T cells followed
by proliferation and production of cytokines [4,5]. More
specifically, in the sensitization phase, nickel ions penetrate
the skin, thus activating epithelial cells, which in turn produce
various cytokines and chemokines. This phase is followed
by complex immune responses resulting in activation of
antigen-presenting cell (APCs), such as Langerhans cells
and dendritic cells. Activated APCs migrate to lymph nodes,
where they present the antigens to naive T cells. Subsequent
re-exposure to the same allergen during the elicitation phase
leads to activation of antigen-specific T cells, which enter the
bloodstream, where they activate, proliferate, and produce
various inflammatory cytokines and chemokines at the site of
exposure. These agents promote the allergic reaction and lead
to development of characteristic skin lesions [6].

Nickel allergy is mainly diagnosed using patch testing or
the in vitro lymphocyte transformation test, which exploits
the proliferative potential of antigen-specific T cells [7-11].
However, given that the lymphocyte transformation test
imposes limitations in terms of using radioactive isotopes,
there is a need for other methods that are easier to implement.
Therefore, CD69 has been identified as the earliest marker of
T-lymphocyte activation [12]. An alternative approach, the
lymphocyte activation test (LAT), comprises flow cytometry
analysis of in vitro CD69 upregulation in T lymphocytes
[12-14]. LAT studies have applied analysis of the percentage
activation index (AI), which is the ratio of the percentage

of CD69-positive cells stimulated with nickel sulfate to the
percentage of CD69-positive cells stimulated with culture
medium only. An Al >2 is considered the threshold for
positivity [13,15]. However, the main limitation of this
approach is that the difference between the percentage of
CD69-positive cells stimulated with a test substance and the
percentage of CD69-positive cells in nonstimulated blood is
often small (<2-fold). This percentage-based Al also depends
on the percentage ratio of other lymphocyte populations and
frequently results in an unclear interpretation (Al slightly
greater than 2), with no clear distinction between positive and
negative results. These limitations could be overcome with a
more precise and specific measurement of the absolute number
(cells per pL) of antigen-specific CD69-positive T cells
following in vitro antigen stimulation in whole blood.

The aim of our study was to develop a novel, whole
blood-based, quantitative, absolute count Al for analysis of
CD69 upregulation in different subsets of T cells in nickel-
hypersensitive patients and compare it with the previously
reported method in which the CD69 percentage Al and
cytokine production are measured [16-20].

Methods
Study Population and Blood Collection

The study population comprised 10 patients with a clinical
history of hypersensitivity to nickel. Eight of the 10 patients
had a positive patch test result to nickel sulfate (7 +++ and
1 ++) [21]. Nine healthy controls with no previous evidence of
nickel allergy were also included. Before recruiting patients/
healthy controls, 9 controls were tested for quantitative,
absolute count-based analysis of CD69 upregulation after
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Figure 1. Representative flow cytometry analysis in absolute count—based and percentage-based T-cell analysis of CD69 upregulation in CD3*CD8* cells
for 1 patient after 48 hours of stimulation of whole blood with (A) PBS or (B) 5 pg/mL nickel sulfate. The absolute cell count was determined with SPHERO
AccuCount Fluorescent Particles, which were added to antibody-labeled blood samples prior to flow cytometry analysis.
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stimulation with phytohemagglutinin (PHA), which served as a
positive and methodological control of the novel test approach.
Whole blood samples were collected in heparinized blood tubes
(BD Vacutainer) and were processed within 1 hour.

Measurement of CD69 Activation

The next step involved incubation of 225 pL of heparinized
whole blood with 25 puL of nickel sulfate hexahydrate (Sigma
Aldrich) at a final concentration of 0.5 or 5 pg/mL or 25 pL
in phosphate-buffered saline (PBS) as a negative stimulation
control. For the positive control, the same amount of
heparinized blood was stimulated with PHA (Sigma Aldrich) at
a final concentration of 20 pg/mL. All samples were incubated
for 48 hours at 37°C in 5% CO,. Next, CD69 expression of
CD3", CD3*CD4", and CD3"CDS8" T cells was determined
using flow cytometry from 50 pL of stimulated/nonstimulated
blood and antihuman CD4-FITC, CD3-PerCP, CD8-APC, and
CD69-PE (all BD Biosciences). The absolute cell count was
determined with SPHERO AccuCount Fluorescent Particles
(Spherotech). Whole blood probes were lysed, washed, fixed,
and analyzed within 2 hours on a FACSCalibur flow cytometer
(BD Biosciences). Moreover, 15 000 events were acquired
in forward and side scatter lymphocyte gates in each tube
analyzed. Figure 1 shows representative flow data and gating
strategy from the absolute cell count assay. The percentage Al
(Pct AI) was calculated as the ratio of the percentage of CD69-
positive CD3*, CD3*CD4*, or CD3"CDS8" T cells stimulated
with nickel sulfate to the percentage of the corresponding
CD69 cells in nonstimulated blood (PBS alone). The absolute
Al (Abs Al) was calculated as the ratio of the absolute number
of CD69-positive CD3*, CD3*CD4*, and CD3"CDS8" T cells
stimulated with nickel sulfate to the absolute number of the
corresponding CD69 cells from nonstimulated blood.

Measurement of Cytokine Secretion

Peripheral blood mononuclear cells (PBMNCs) were
isolated using a Ficoll-Paque density gradient, which was
washed twice with PBS and resuspended in cell culture
medium consisting of RPMI-1640 medium supplemented
with 10% fetal bovine serum, 2 mM of L-glutamine, and
1% penicillin/streptomycin (all Sigma Aldrich). PBMNCs
were seeded at a concentration of 2 x 10° cells per well and

incubated with nickel sulfate hexahydrate (Sigma Aldrich) ata
final concentration of 0.5 or 5 pg/mL or cell culture medium as
negative stimulation control for 48 hours at 37°C in 5% CO..
Four cytokines, namely, IL-2, IL-5, IL-13, and IFN-y, were
quantified in the supernatants using the cytometric bead array
system (BD Biosciences) according to the manufacturer’s
protocol. The results were normalized to nonstimulated
(cell culture medium) cytokine secretion. Samples were
analyzed within 2 hours on a FACSCalibur flow cytometer
(BD Biosciences).

Statistical Analysis

The Mann-Whitney test was used to compare Als and
cytokine responses between patients and controls. Receiver
operating characteristic (ROC) curve analysis was used for
the flow cytometric assay of CD69 upregulation or cytokine
production to predict clinical history. We used the nickel sulfate
concentration of 5 pg/mL for statistical analysis. A P value
below .05 was considered significant. All statistical analyses
were carried out using GraphPad Prism software (version 5).
All reported P values are 2-tailed.

Results
Lymphocyte Activation Test

The CD69 Pct Al (percentage-derived) in response to
5 pg/mL nickel sulfate was significantly higher in patients
than in healthy controls for CD3" cells (median 2.62 vs 0.96;
P=.002), CD3"CD4" cells (median 4.17 vs 1.00; P=.006), and
CD3*CDS8" cells (median 1.73 vs 0.95; P=.0002). The median
increase in Pct Al was 2.73-fold for CD3" cells, 4.17-fold for
CD3"CD4" cells, and 1.82-fold for CD3*CD8" cells.

The CD69 Abs Al (absolute count—derived) in response
to 5 ug/mL nickel sulfate was significantly higher in patients
than in healthy controls for CD3" cells (median 6.93 vs 0.92;
P=.0004), CD3*CD4" cells (median 14.59 vs 0.93; P<.0001),
and CD3*CDS8" cells (median 3.14 vs 1.03; P<.0001). The
median increase in Abs Al was 7.53-fold for CD3" cells,
13.66-fold for CD3"CD4" cells, and 3.04-fold for CD3*CDg*
cells. Flow cytometry Pct and Abs data are presented in
Table 1.

Table 1. Flow Cytometry Percentage and Absolute Data for CD69 Measurements After Stimulation (0.5, 5 ug/mL) or No Stimulation (PBS) of Whole Blood

With Nickel Sulfate for 48 Hours

PBS, Median (IQR)

0.5 pg/mL Nickel Sulfate,
Median (IQR)

5 pg/mL Nickel Sulfate,
Median (IQR)

CD69-Positive Cells, %

CD3" 0.975 (0.600-1.418)

CD3*CD4"
CD3*CD8"

Absolute Count of CD69-Positive Cells/uL
CD3*
CD3*CD4*
CD3*CD8"

0.350 (0.258-0.448)
1.645 (1.298-2.218)

0.141 (0.044-0.252)
0.018 (0.008-0.076)
0.158 (0.044-0.317)

1.020 (0.698-1.590)
0.435 (0.205-1.043)
1.805 (1.370-2.203)

0.112 (0.079-0.308)
0.044 (0.009-0.131)
0.141 (0.072-0.273)

2.695 (1.193-5.640)
1.850 (0.673-5.135)
2.855 (2.433-5.948)

1.322 (0.050-5.013)
0.488 (0.171-3.080)
1.200 (0.232-4.663)

Abbreviation: PBS, phosphate-buffered saline.

© 2019 Esmon Publicidad

J Investig Allergol Clin Immunol 2019; Vol. 29(4): 287-293

doi: 10.18176/jiaci.0331



290 Koren A, et al.

CD3*CD69*
Patients (n=10) Controls (n=9)
% Abs % Abs
o 1000q ;"
5
=2
282 100 ¥
<w g
SEZ 10 v
Lok 10 A 3
gg g '-' v A
_éﬁ “,--'--4.---.. - -l -
R 3 VY
01 i <2
s 05 5 05 & 05 %
Nickel sulfate, pg/mL
CD3+CD8*CD69*
Patients (n=10) Controls (n=9)
= 1000 % Abs % Abs
S 1ooi J
wES 10 v
=2 % % 10 v
5 S | 1]
=E3 u i} 5
<95 ~@--ma------Gpomrcccccaacao-ao - <
233 i Vo -2 g - g
=3
5 ¢ o
=

01 T 1 L) T ) T L)
05 5 05 5 05 5 05 5
Nickel sulfate, pg/mL

CD3+CD4+CD69*
Patients (n=10) Controls (n=9)
% Abs % Abs
- 1000 ° - ’
5
=9
882
<& g
S m v
0\2 Eg 100 Y
Rk
25E
=g 10 3y
eWacia
A S gy -
0.1

0.55055 055055
Nickel sulfate, pg/mL

Figure 2. CD69 activation in CD3*, CD3*CD4+, and CD3+CD8* T cells after stimulation of whole blood with nickel sulfate (0.5 and 5 pg/mL) for 48 hours.
The activation index is expressed as either a percentage (red) or absolute count (blue). Al indicates activation index; Pct, percentage; Abs, absolute.

Given a previously accepted threshold of AI>2 for
positivity [15], 7/10 (70%) patients were CD3CD69-positive,
8/10 (80%) were CD4CD69-positive, and 3/10 (30%) were
CD8CD69-positive when Pct Al was applied. In comparison,
8/10 (80%) patients were CD3CD69-positive, 10/10 (100%)
were CD4CD69-positive, and 8/10 (80%) were CD8CD69-
positive when Abs Al was applied (Figure 2).

ROC analysis demonstrated an AUC of 0.91 for CD3"
CD69 Pct Al and an AUC of 0.94 for CD3" CD69 Abs Al
We found an AUC of 0.87 for CD3*CD4" CD69 Pct Al, an
AUC 0f0.98 for CD3"CD4* CD69 Abs Al, an AUC of 0.97 for
CD3*'CD8" CD69 Pct Al, and an AUC of 0.9 for CD3*CD8"
CD69 Abs Al (Figure 3).

The best diagnostic cut-off values for CD3*CD4"CD69*
Abs Al were obtained at 2.24 with 100% sensitivity and 89%
specificity and for CD3*CD8*CD69" Abs Al at 1.76 with 90%
sensitivity and 100% specificity (Table 2).

In addition, strong CD69 positivity in all T-cell subsets
was demonstrated for all 9 controls after stimulation of
whole blood with PHA for 48 hours. Median CD69 Abs Al in
response to 20 pg/mL PHA was 2650.0 (range, 236.3-9441.0)
in CD3"* cells, 10031.0 (204.6-31629.0) in CD3*CD4" cells,
and 1126.0 (47.3-2037.0) in CD3*CD8" cells. Median CD69
Pct Al was 52.3 (17.4-95.7) in CD3" cells, 108.4 (14.7-182.7)
in CD3"CD4" cells, and 33.3 (7.7-46.8) in CD3*CD8* cells,
respectively (Supplementary Figure 1).

J Investig Allergol Clin Immunol 2019; Vol. 29(4): 287-293
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Cytokine Secretion Measurements

The 4 cytokines measured were IL-2 and IFN-y, which are
specific for the Ty 1 immune response, and IL-5 and IL-13, which
are specific for the Ty2 immune response. We found significantly
increased secretion of IL-2 (median 182 vs 3 ng/mL; P=.0004),
IL-5 (median 9 vs 0 ng/mL; P=.0025), and IL-13 (median 36 vs
0.5 ng/ml; P=.0004) in response to 5 pg/mL nickel sulfate in
patients compared with healthy controls. Moreover, cytokine
secretion in patients was concentration-dependent. In contrast,
no difference was found for IFN-y (median 2 vs 0 ng/mL;
P=.34) (Figure 4).

Discussion

In this study, we present a novel, whole blood, quantitative,
absolute count-based T-cell analysis of CD69 upregulation
as a new methodology for in vitro diagnosis of delayed-type
hypersensitivity to nickel. The test has better diagnostic value
than previously reported analyses based on Pct Al. Importantly,
our Abs Al analysis showed much larger differences between
stimulated and nonstimulated samples than Pct Al analysis
for all subsets of T cells (CD3*, CD3*CD4", and CD3"CD8").
We also compared our results for activation of CD69 upon
secretion of cytokines (IL-2, IL-5, IL-13, and IFN-y) and
found increased secretion of IL-2, IL-5, and IL-13. These

© 2019 Esmon Publicidad
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observations suggest that absolute counting of antigen-specific,
CD69-positive T cells could be a novel approach in the

diagnosis of delayed-type hypersensitivity reactions.
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CD69 is the earliest marker of activation of T cells in vivo

and in vitro and is detectable within hours of binding to the T-cell
receptor [22]. Our study of CD69 measurement suggests that
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Figure 3. ROC analysis of the CD69 activation index of CD3*, CD3*CD4*, and CD3*CD8* T cells after stimulation with 5 pg/mL nickel sulfate for 48 hours

The activation index is expressed either as A, a percentage (red) or B, an absolute count (blue). AUC indicates area under the ROC curve; Al activation
index; Pct, percentage; Abs, absolute.

Table 2. Optimal Cut-offs for the Parameters of CD69 Upregulation After Stimulation of Whole Blood With Nickel Sulfate (5 pg/mL) for 48 Hours

Parameters AUC ROC Cut-off Sensitivity, % Specificity, %
CD3"CD69" Abs Al 0.94 1.33 90.00 (55.50-99.75) 88.89 (51.75-99.72)
CD3"CD4"CD69" Abs Al 0.98 2.24 100.00 (69.15-100.0) 88.89 (51.75-99.72)
CD3"CD8"CD69" Abs Al 0.99 1.76 90.00 (55.50-99.75) 100.00 (66.37-100.0)
© 2019 Esmon Publicidad
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Figure 4. IL-2, IL-5, IL-13, and INF-y cytokine expression after stimulation of PBMNCs with nickel sulfate (0.5 and 5 pg/mL) for 48 hours.

between 0.6% and 10.0% of CD3* T cells reacted to stimulation
with nickel, consistent with the results of Beeler et al [15], who
reported between 0.5% and 3% drug-reactive CD3*CD4* T cells.
In contrast to other studies of CD69 upregulation on T cells
[12,13,15], our approach utilizes whole blood and therefore does
not involve isolation of PBMNCs, which is time consuming
and does not allow for exact cellular quantification and absolute
counting of drug-activated T cells. Importantly, 48-hour
incubation of nonstimulated heparinized whole blood resulted
only in minimal activation of T-cell subsets (approximately 1%
for CD3*, 0.3% for CD3"CD4", and 1.5% for CD3"CD8").

To normalize for background activation, the CD69
results are analyzed as the AI, which is calculated as
activation in the presence of the tested substance (stimulated)
divided by activation in the absence of the tested substance
(nonstimulated). Previous CD69 T-cell studies of delayed-type
hypersensitivity used Pct Al values [13,15]. The novelty of our
study is the use of Abs Al values, which showed higher AUC
and diagnostic utility than Pct Al for all analyzed T-cell subsets.
The main advantage of the Abs Al approach is the much larger
differences between stimulated and nonstimulated samples in
hypersensitive patients, with comparable Al values observed
in controls. Consequently, there is greater discrimination
between patients and controls. Accordingly, we showed a
median 7.5-fold increase in CD3" in patients compared with
controls when Abs Al was applied and only 2.9-fold when Pct
Al was applied. Similar differences were also observed for the
CD3"CD4" and CD3*CD8&" subsets.

An Al of 2 was previously accepted as the cut-off value
for discriminating between nonreactive and reactive T cells in
CD69 LAT testing [15]. According to our ROC analysis, a very
similar cut-off was also demonstrated for Abs Al, indicating
that a cut-off of >2 might also be suitable for Abs analysis. It
seems that CD3*CD8"CD69" Abs Al and CD3"CD4*CD69*
Abs Al have the highest diagnostic accuracy. This observation
also suggests that both helper and cytotoxic T cells contribute
to the hypersensitivity reaction to nickel. A previous report
failed to detect a change in CD69 upregulation in CD4"CLA+
T cells from nickel-hypersensitive patients [14]. However, the
authors used a less sensitive method to detect CD69-positive,
antigen-specific T cells than the approach we used.

J Investig Allergol Clin Immunol 2019; Vol. 29(4): 287-293
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We also demonstrated increased secretion of I1L-2, IL-5,
and IL-13 in nickel-hypersensitive patients. This result is
comparable with the result of Minang et al [23], who also
demonstrated IL-13 secretion, and suggests that nickel-induced
cytokine production in PBMNCs could be used as a marker of
nickel hypersensitivity [23]. These observations indicate that
both Tyl and T2 cytokines may contribute to delayed-type
hypersensitivity reactions to nickel. In contrast to our data and
those of Minang et al, some previous studies suggested that
nickel-induced allergic contact dermatitis is mediated mainly
by Tul-type cytokines [24,25], whereas Ty2-type cytokines
and IL-10 could have downregulatory effects [4,26].

Our study is subject to a series of limitations, which may
hamper interpretation of the results. The main limitation applies
to the small number of persons/samples involved. Therefore,
larger studies to confirm the methodological and clinical utility
of this approach are needed. In addition, the specificity and
sensitivity of this novel method should also be determined in
patients with equivocal patch test results. Baseline data on
CD69 activation may also be affected by time since last nickel
exposure: this was a prospective study and all patients had a
recent history (median 1 year) of nickel allergy and were tested
for CD69 activation shortly after the initial clinical diagnosis
and patch testing (median 6 months). Accordingly, baseline
CD69 counts were comparable between patients.

In conclusion, our results point to the potential of
quantitative, microbead-based T-cell analysis of CD69
upregulation to be an accurate new approach for identification
of antigen-reactive T cells in the peripheral blood of patients
with nickel hypersensitivity reactions. Abs Al seems to be
more discriminative than Pct Al and complements analysis
of cytokine secretion. These findings suggest the sufficient
diagnostic utility and technical reproducibility of CD69 Abs Al
analysis. Our findings should be further assessed in validation
and replication studies, especially in clinically complex
patients with hypersensitivity reactions to drugs.

Funding

This work was funded by Slovenian Research Agency
Grant P3-0360.

© 2019 Esmon Publicidad



New Methodology of CD69 T-Cell Analysis

293

Conflicts of Interest

The authors declare they have no conflicts of interest.

References

1.

10.

11.

12.

13.

. Al-Tawil

Grabbe S, Schwarz T. Inmunoregulatory mechanisms involved
in elicitation of allergic contact hypersensitivity. Immunol
Today. 1998;19:37-44.

. Diaz Palacios M, Lépez-Salgueiro R, Mencia Sanchez G,

Martinez Romero A, Morales-Rubio A, Hernandez-Fernandez
de Rojas D. Chronic urticaria after implantation of a mitral
annuloplasty ring in a nickel-allergic patient. J Investig Allergol
Clin Immunol. 2017;27:74-5.

. Mahler V, Geier J, Schnuch A. Current trends in patch testing

- new data from the German Contact Dermatitis Research
Group (DKG) and the Information Network of Departments of
Dermatology (IVDK). J Dtsch Dermatol Ges. 2014:12:583-92.

. Cavani A, Nasorri F Prezzi C, Sebastiani S, Albanesi C,

Girolomoni G. Human CD4+ T lymphocytes with remarkable
regulatory functions on dendritic cells and nickel-specific Th1
immune responses. J Invest Dermatol. 2000;114:295-302.

. Borg L, Christensen JM, Kristiansen J, Nielsen NH, Menné

T, Poulsen LK. Nickel-induced cytokine production from
mononuclear cells in nickel-sensitive individuals and controls.
Cytokine profiles in nickel-sensitive individuals with nickel
allergy-related hand eczema before and after nickel challenge.
Arch Dermatol Res. 2000;292:285-91.

. Saito M, Arakaki R, Yamada A, Tsunematsu T, Kudo Y, Ishimaru N.

Molecular mechanisms of nickel allergy. Int J Mol Sci. 2016;17:1-8.
NG, Marcusson JA, Moller E. Lymphocyte
transformation test in patients with nickel sensitivity: an aid
to diagnosis. Acta Derm Venereol. 1981;61:511-5.

. Nordlind K. Further studies on the lymphocyte transformation

test in diagnosis of nickel allergy. Effect of fractionation of
lymphocytes into different subpopulations on the basis of
density. Int Arch Allergy Appl Immunol. 1984;75:333-6.

. Cederbrant K, Hultman P, Marcusson JA, Tibbling L. In vitro

lymphocyte proliferation as compared to patch test using gold,
palladium and nickel. Int Arch Allergy Immunol. 1997;112:212-7.
Gonzalez-Cavero L, Dominguez-Ortega J, Gonzalez-Mufioz
M, Mayor-lbarquren A, Tomas M, Fiandor A, et al. Delayed
Allergic Reaction to Terbinafine With a Positive Lymphocyte
Transformation Test. J Investig Allergol Clin Immunol.
2017;27:136-7.

Dominguez-Ortega J, Entrala A, Pola-Bibian B, Gonzales-
Mufioz M, Fiandor A, Quirce S. Delayed allergic reaction to
acenocoumarol with a positive lymphocyte transformation
test. J Investig Allergol Clin Immunol. 2016;26:273-5.

Werfel T, Boeker M, Kapp A. Rapid expression of the CD69
antigen on T cells and natural killer cells upon antigenic
stimulation of peripheral blood mononuclear cell suspensions.
Allergy. 1997;52:465-9.

Granchi D, Ciapetti G, Savarino L, Stea S, Filippini F, Sudanese A,
et al. Expression of the CD69 activation antigen on lymphocytes
of patients with hip prosthesis. Biomaterials. 2000;21:2059-65.

. Dickel H, Kuss O, Kamphowe J, Altmeyer P, Hoxtermann S.

Association of CD69 up-requlation on CD4+ Cla+ T cells
versus patch test, strip patch test and clinical history in nickel
sensitization. Eur J Med Res. 2010;15:303-8.

© 2019 Esmon Publicidad

15.

16.

18.

19.

20.

21,

22.

23.

24.

25.

26.

Beeler A, Zaccaria L, Kawabata T, Gerber BO, Pichler WJ. CD69
upregulation on T cells as an in vitro marker for delayed-
type drug hypersensitivity. Allergy Eur J Allergy Clin Immunol.
2008;63:181-8.

Lochmatter P, Beeler A, Kawabata TT, Gerber BO, Pichler WJ.
Drug-specific in vitro release of IL-2, IL-5, IL-13 and IFN-gama
in patients with delayed-type drug hypersensitivity. Allergy Eur
J Allergy Clin Immunol. 2009;64:1269-78.

. Merk HF. Diagnosis of drug hypersensitivity: Lymphocyte
transformation test and cytokines. Toxicology. 2005;209:217-20
Sachs B, Erdmann S, Baron JM, Neis M, Al Masaoudi T, Merk
HF. Determination of interleukin-5 secretion from drug-specific
activated ex vivo peripheral blood mononuclear cells as a test
system for the in vitro detection of drug sensitization. Clin Exp
Allergy. 2002;32:736-44.

Halevy S, Cohen AD, Livni E. The diagnostic role of the in vitro
drug-induced interferon-y release test in Stevens-Johnson
syndrome. Int J Dermatol. 1999;38:835-40.

Halevy S, Cohen AD, Grossman N. Clinical implications of in
vitro drug-induced interferon gamma release from peripheral
blood lymphocytes in cutaneous adverse drug reactions. J Am
Acad Dermatol. 2005;52:254-61.

Johansen ID, Aalto-Korte K, Agner T, Andersen KE, Bircher
A, Bruze M, et al. European Society of Contact Dermatitis
guideline for diagnostic patch testing - recommendations on
best practice. Contact Dermatitis. 2015;73:195-221.

Maino VC, Suni MA, Ruitenberg JJ. Rapid flow cytometric
method for measuring lymphocyte subset activation.
Cytometry. 1995;20:127-33.

Minang JT, Troye-Blomberg M, Lundeberg L, Ahlborg N. Nickel
elicits concomitant and correlated in vitro production of Th1,
Th2-type and regulatory cytokines in subjects with contact
allergy to nickel. Scand J Immunol. 2005;62:289-96.
Kapsenberg ML, Wierenga EA, Stiekema FE, Tiggelman AM,
Bos JD. Th1 lymphokine production profiles of nickel-specific
CD4+T-lymphocyte clones from nickel contact allergic and
non-allergic individuals. J Invest Dermatol. 1992;98:59-63.
Silvennoinen-Kassinen S, Poikonen K, Ikaheimo I.
Characterization of nickel-specific T cell clones. Scand )
Immunol. 1991:33:429-34.

Cavani A, Mei D, Corinti S, Girolomoni G, Guerra E, Giani M,
et al. Patients with allergic contact dermatitis to nickel and
nonallergic individuals display different nickel-specific T cell
responses. Evidence for the presence of effector CD8+ and
requlatory CD4+ T Cells. J Invest Dermatol. 1998;111:621-8.

I Manuscriptreceived June 7, 2018; accepted for publication
September 27, 2018.

Ana Koren

Laboratory for Clinical Immunology and Molecular Genetics
University Clinic of Respiratory and Allergic Diseases Golnik
Golnik 36

4204 Golnik, Slovenia

E-mail: ana.koren@klinika-golnik.si

J Investig Allergol Clin Immunol 2019; Vol. 29(4): 287-293
doi: 10.18176/jiaci.0331



