DOI: 10.1111/jdv.14931 JEADV

ORIGINAL ARTICLE

Cytokine patterns in vitro, in particular IL-5/IL-8 ratio, to
detect patients with nickel contact allergy
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Abstract

Background Patch test (PT) is the gold standard to reveal nickel (Ni) allergy. In vitro tests are under discussion. We
aimed to establish a cytokine based in vitro assay to detect Ni sensitization.

Methods From 15 patients with positive (13f, 42-78 years) and 15 with negative PT to Ni (controls, 3f, 31-82 years)
within a consecutive patient series, peripheral blood mononuclear cells (PBMC) were obtained. Six-day stimulation with
three concentrations of NiSO,4 was performed. Proliferative response (uptake of tritiated thymidine) and production of the
cytokines IL-1B, IL-4, IL-5, IL-6, IL-8, IL-10, IL-17A, TNF-a, IFN-y (cytometric bead array) were assessed.

Results Twelve of fifteen Ni PT-positive patients also had positive LTT, and all control patients were PT and LTT nega-
tive. The mean SI differed between Ni allergics and controls (P < 0.01). Upon Ni stimulation, PBMC of the allergic
patients showed (i) enhanced IL-5 response (P < 0.0001) and (ji) reduced IL-8 production (P < 0.01). The IL-5/IL-8-ratio
best distinguished allergics from non-allergics in all three Ni concentrations with a sensitivity and specificity of 93%.
Conclusion Assessment of the ratio of Ni-induced IL-5 and reduced IL-8 production in vitro is a helpful tool for a better

characterization of Ni-allergic patients.
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Introduction

In the general population, nickel (Ni) is the most prevalent con-
tact allergen with a frequency of approximately 13% and with a
predominance of female patients." The ‘gold’ standard method
to confirm the clinical suspicion of Ni allergy is the patch test
(PT). As its performance takes several days and might not always
give 100% reproducible results,” > there is ongoing search for a
suitable in vitro test. As allergic contact dermatitis is mediated by
T lymphocytes, the lymphocyte transformation test (LTT) has
been under development to establish a reliable method for veri-
fying a diagnosis of Ni allergy. The LTT — under given culture
conditions — can be a helpful tool for the diagnosis of drug

hypersensitivity®’

and has already been used for evaluation of
Ni reactivity in vitro.*® However, the Ni stimulation of periph-
eral blood mononuclear cells (PBMC) may result in sometimes
unspecific proliferative response as reflected in various publica-
tions by overlapping LTT reactivity in non-allergic and allergic
individuals. Such nonspecific mitogenic effect might be

explained by the binding of Ni to TLR4, as reported by Schmidt

®Both authors contributed equally to this work.
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et al.'® in 2010. In addition, for years the LTT has not yet been
sufficiently optimized or validated as potential diagnostic tool
for Ni allergy. We have recently shown in accordance with
Pacheco et al.'"'* that optimized culture conditions can signifi-
cantly increase the specificity of Ni LTT. To enhance the LTT
sensitivity, many laboratories use the measurement of “H-
thymidine uptake in dividing, e.g. proliferating cells. With
varying success, alternative methods for the detection of in vitro
proliferative response to Ni have been described. Examples are
‘MELISA’"

reduced) PBMC numbers per well or the flow cytometric evalua-

the controversial using increased (monocyte
tion by CFSE dilution assay assessing the division depending
‘weakening’ of carboxyfluorescein succinimidyl ester (CFSE)-
stained cells."®'> Simultaneous assessment of released cytokines
by ELISA or its ELISPOT variant might add to distinguish
between allergic and non-allergic individuals.'"® Accordingly,
cytokine patterns such as IFN-v, IL-2, IL-12 (TH1-related), IL-4,
IL-5, IL-13 (TH2-related) and TH17-associated 1L-17 have been
investigated.'” > A modification of this approach was the addi-
tion of ‘cytokine cocktails skewing lymphocytes towards type 1
or 2 phenotype’ while performing Ni stimulation in vitro.
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Accordingly, Spiewak et al.?! stated that the presence of type 2
skewing cytokines resulted in best correlation with contact
allergy to Ni when using readout by IL-2 and IL-13 ELISPOT. In
2013, Martins and Reis reported on in vitro IL-13 production as
potential marker to distinguish chromate-stimulated in vitro
response of PBMC derived from allergic/non-allergic individu-
als.?® In 2017, on the other hand, Akerman et al.** stated on
their experiments with PBMC cultured with/without potassium
dichromate that ‘PBMCs from patients with ACD to chromium
secreted significantly higher amounts of all cytokines tested,
except IL-4’. Czarnobilska et al.*® reported in 2009 that in their
experiments regarding contact allergy to Ni, ‘patch test score
correlates with IL-5, but not with IFN-Gamma’. We felt that
there was still an open question: The characterization of a partic-
ular pattern of cytokine response allows (i) to determine both
unspecific and (ii) specific, e.g., allergy-linked in vitro reactions
to nickel. For this purpose, we analysed the in vitro response of
PBMC of Ni-allergic patients and controls after stimulation with
Ni and evaluated the sensitivity and specificity of different
potential marker cytokines.

Patients and methods

Patients

The study included 30 individuals within a consecutive patient ser-
ies of our clinic who underwent allergological workup with at least
the standard PT series and who either showed a positive or nega-
tive PT to Ni. All patients gave their written consent to blood
donation for this investigation.”® The here selected 15 patients with
positive PT to Ni (13f, 42-78 years) and 15 individuals without
PT reactivity to Ni (‘controls’, 3f, 31-82 years) were non-smokers,
had no metallic orthopaedic-surgical implant and did not under-
went immunosuppressive therapy. All patients were additionally
asked for the presence of atopic diseases (e.g. allergic rhinocon-
junctivitis, allergic asthma or atopic dermatitis). Eleven of the PT-
positive patients and two of the control persons had at least one
atopic disease. This investigation was approved by the local ethics
committee. Characteristics of the 30 subjects are given in Table 1.

Table 1 Characteristics of the 30 patients

Patients with
positive* Ni PT

Control patients

Age 31-82 years, 42-78 years,
mean 61.47 years mean 63.8 years
Sex
Male 12 2
Female 3 13
History of suspected Ni allergy**  All negative 14/15 positive
Atopic disease*** 2/15 10/15

Controls, Ni PT-negative patients; *, eight with ‘+’ reaction, six with “++ reac-
tion and one with ‘+++ reaction; **, history of itching, erythema, eczema
upon contact with jeans button, wrist watch, jewellery; ***, allergic rhinocon-
junctivitis, allergic asthma and/or atopic eczema.
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Patch testing

In every patch tested patient, at least the baseline standard series
containing 29 allergens including Ni was placed on DO on the
patient’s back for 48 h. Additional test series were used depend-
ing on the patients’ personal history, e.g. suspected potential
allergen exposure. On D2 and D3, reading was carried out
according to the guidelines of the German Contact Dermatitis
Research Group (DKG).*® The cutaneous reactions were docu-
mented as negative = no reaction or positive graded as +, ++
and +++,

Lymphocyte transformation test

The LTT was performed according to Summer et al.'”?’

with
the optimizations reported by Stinder et al.'? From all the 30
individuals, peripheral venous blood (60 mL) was obtained on
the start date of PT to avoid booster by PT. In short, peripheral
blood mononuclear cells (PBMC) were isolated from hep-
arinized venous blood by density centrifugation. After isolation,
PBMC were washed twice in ‘Hanks balanced salt solution’
(HBSS; Sigma, Darmstadt, Germany) and resuspended in
RPMI1640 medium (1 x 10° cells/mL) completed with 10%
autologous serum, non-essential amino acids and antibiotic/an-
timycotic solution (all reagents by Sigma). The cells were culti-
vated with the respective allergen and control substances for
6 days in quadruplicate. The following substances were used: T-
cell mitogen phytohaemagglutinine (PHA; Biochrom, Berlin,
Germany) 2.4 ng/mL, tetanus toxoid as control recall antigen
(TT; Chiron Behring, Berlin, Germany) 5 pg/mL. The following
Ni concentrations were used: 7.5 x 10~° mol/L NiSOy,,
1 x 107> mol/L NiSO, and 2.5 x 10~ mol/L NiSO,. In addi-
tion, the ‘irrelevant’ metal antigen CoCl, was used as a second
control (concentrations 5 x 107> mol/L, 2.5 x 10~> mol/L,
1 x 107> mol/L). Further control were cells without stimuli, i.e.
in medium alone. On day 5, *H thymidine was added to the cells
and proliferation was assessed by overnight incorporated
radioactivity. The results of the proliferation test were given as
stimulation index (SI), calculated by the ratio of incorporated
radioactivity of stimulated vs. unstimulated cultures. SI > 3 was
regarded as positive result. In parallel with the ‘radioactive’ cul-
tures, cell suspensions with the same cell and stimulus concen-
tration were set up except for two modifications: first, to address
the maximum (general unspecific) stimulatory response instead
of PHA, a mixture of phorbol-myristate-acetate (PMA 15 ng/
mL; Sigma-Aldrich, Munich, Germany) and ionomycin (1.5 pg/
mL; Sigma-Aldrich) was used; and second, no *H thymidine was
added. All cultures were performed in quadruplicate.

Cytokine detection by cytometric beads assay

The accumulated cytokine production was determined by col-
lecting supernatants at day 6. Analysis of samples from the con-
trol stimulation by TT and by the mixture of PMA and
ionomycin should give information of ‘predisposition’ to
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altered/dissimilar cytokine production in the two groups. Super-
natants of the non-radioactive cultures were analysed by flow
cytometry in a FACS Canto (BD Biosciences, Heidelberg, Ger-
many) using a cytometric bead array (BD Biosciences, Heidel-
berg, Germany) for the presence of IL-1f, IL-4, IL-5, IL-6, IL-8,
IL-10, IL-17A, TNF-o and INF-y. The respective detection limit
was 0.5 pg/mL.

Statistical methods

Differences in the LTT reactivity (i.e. SI values) and in the cyto-
kine production were assessed using the Mann—Whitney U-test.
The here presented cytokine data were calculated as differences
between the unstimulated and the Ni-exposed PBMC cultures.
To evaluate the concordance of the differences in cytokine pro-
duction with the Ni allergy status, the sensitivity and specificity
of the LTT reactivity and cytokine reactions were calculated. In
addition, the differences in the ratio between two different
cytokines were assessed by the Student’s t-test. The statistical
software package SPSS for Windows (SPSS 23, IBM, Ehningen,
Germany) was used for the calculations and evaluation.

Results

General patient characteristics and additional patch test
reactivity
Eleven of fifteen patients with Ni allergy and 2/15 control had at
least one atopic disease. Atopic diseases in the 15 patients with
Ni allergy were allergic rhinoconjunctivitis in seven, allergic
asthma in five and atopic eczema in four patients. History of
cutaneous ‘metal intolerance with suspicion of Ni allergy’ was
reported by 14 of the 15 PT-positive patients. In five of fifteen
Ni PT-positive and in nine of fifteen Ni-negative patients, no
other PT reaction was found (Table 2).

Within the Ni-allergic, i.e., Ni PT-positive patients, there were
eight with ‘+, six with “++” and one with ‘“+++ reaction.

In vitro lymphocyte proliferation

Twelve of the 15 Ni PT-positive patients also had positive LTT,
i.e. ST > 3 to at least one of the three stimulation concentrations.
The three Ni allergics with negative LTT had a weak, i.e. “+” reac-
tion in the PT to Ni. All of the 15 Ni PT-negative patients also
had negative LTT (SI < 3). Accordingly, stimulation with
NiSO,, at 7.5 x 107° mol/L, 1 x 107> and 2.5 x 10~ mol/L
correctly gave significantly higher proliferative response (e.g.
SI > 3) in 80% of the consecutive Ni PT-positive patients.
Compared with non-allergic subjects, the mean values were as
follows: Ni 2.5 x 107> mol/L: 7.66 + 1.82 vs. 1.72 + 0.17; Ni
1 x 10° mol/L: 5.15 + 1.41 vs. 1254 0.14; Ni 7.5 x
107° mol/L: 4.29 + 1.24 vs. 1.03 + 0.0 (Fig. 1). Interestingly,
only the non-atopic blood donors with positive PT to Ni had a
significantly increased proliferation rate in comparison with
the non-atopic PT negative blood donors. The LTT test

JEADV 2018, 32, 1542-1548

Table 2 Positive patch test reactions and atopic disease in the
single patients of the study (AR, allergic rhinitis; AA, allergic
asthma; AE, atopic eczema)

Atopy PT positive to
Control 1 No
Control 2 AR
Control 3 No
Control 4 No
Control 5 No Epoxy resin
Control 6 No
Control 7 No Thiuram Mix, Zinc
Control 8 No Dibromodicyanobutane
Control 9 No
Control 10 No
Control 11 No
Control 12 No
Control 13 No
Control 14 No
Control 15 AR
Ni allergic 1 No Nickel
Ni allergic 2 AR, AA Cobalt, Nickel
Ni allergic 3 AE Balsam of Peru, Nickel, Bufexamac
Ni allergic 4 AR, AA, AE Nickel
Ni allergic 5 No Nickel
Ni allergic 6 No Nickel
Ni allergic 7 No Nickel
Ni allergic 8 AR, AA Nickel
Ni allergic 9 AR, AA Nickel
Ni allergic 10 AE Nickel
Ni allergic 11 No Nickel
Ni allergic 12 AR Nickel
Ni allergic 13 AR Cobalt, Balsam of Peru, Nickel
Ni allergic 14 AR, AE Colophonium, Nickel
Ni allergic 15 AA Nickel

demonstrated a perfect specificity with 100%; i.e., there were no
false positive detected, and on the other hand, the sensitivity was
low with 47-73% (Table 4).

Cytokine release

Differences in cytokine production were found for four of the
nine cytokines tested (IL-5, IL-8, TNF-a, IFN-v). As differences
were most distinctly seen for IL-5 and IL-8, we focus on these
results. Upon Ni stimulation, IL-8 production was lower in Ni
allergics although the difference was not significant. The highest
correlation to the proliferation response in LTT (P < 0.0001)
was observed in Ni-induced IL-5 (Table 3). As shown in Fig. 2,
Ni allergy-specific release of IL-5 as compared to the controls
the highest upon with NiSO,, at
2.5 x 107> mol/L. A significant production of IL-5 upon Ni

was stimulation

stimulation was found in atopic and non-atopic PT-positive
patients. The mean levels of IL-5 (pg IL5/mL) were as follows:
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Figure 1 Proliferative response of PBMC of 15 controls (two ato-
pic and 13 non-atopic, PT to Ni negative) and 15 Ni-allergic
patients (11 atopic, four non-atopic) to the three Ni concentrations
and tetanus toxoid (TT); *P < 0.05, **P < 0.01; single values and
median are given.

Figure 2 IL-5 response of PBMC of 15 controls (two atopic and
13 non-atopic, PT to Ni negative) and 15 Ni-allergic patients (11
atopic, four non-atopic) to the three Ni concentrations, tetanus tox-
oid (TT) and medium alone; *P < 0.05, **P < 0.01 ***P < 0.001;
single values and median are given.

Table 3 Calculated sensitivity and specificity for lymphocyte
transformation test (LTT), IL-5, IL-8 and the ratio of IL5/IL8

Sensitivity (%) Specificity (%)
LTT Ni2.5 x 10°° mollL 73 100
Ni1x 10 5mol/L 60 100
Ni7.5 x 108 mol/L 47 100
IL-5 Ni2.5 x 1075 mol/L 93 87
Ni1 x 107° mol/L 87 87
Ni7.5 x 10 mollL 67 93
IL-8 Ni2.5 x 107° mollL 73 60
Ni1x 10 5mollL 87 67
Ni7.5 x 10°¢ mol/L 87 80
Ratio IL-5/IL-8  Ni2.5 x 10°° mol/L 93 93
Ni1 x 107° mol/L 87 93
Ni7.5 x 10 ¢ mol/L 73 93

24936 & 9299 vs. 1.70 £ 0.61 (Ni 2.5 x 107° mol/L);

15477 £ 64.19 vs. 0.33 +£0.23 (Ni 1 x 107> mol/L);
68.83 4+ 32.44 vs. 0.17 + 0.17 (Ni 7.5 x 10~ mol/L). A base-
line, spontaneous IL-5 production was found only in two blood
donors in the ‘medium control’. Moreover, the Ni-induced cyto-
kine production also showed inverse correlation with allergy sta-
tus in the case of IL-8 (Fig. 3). Its production was significantly
higher in the non-allergic individuals: 3911 + 943.4 vs. 8119 +
1969 (Ni 2.5 x 107 mol/L); 2388 & 661.8 vs. 9851 =+ 3559
(Ni 1 x 107° mol/L); 2367 + 693.5 vs. 8239 + 1815 (Ni
7.5 x 107° mol/L). When assessing the relation between prolif-
erative response (SI) in general with cytokine release upon Ni
stimulation, best positive correlation was with IL-5 and negative
correlation with IL-8. An overview is given in Table 2.
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Sensitivity of IL-5 production and IL-8 inhibition was better as
the LTT reactivity (67-93% for IL-5, 73-87% for IL-8), and on
the other hand, the specificity for these marker cytokines was
below the LTT (Table 4).

IL-8/IL-5 ratio to distinguish between allergic and non-
allergic individuals

We observed that PT-positive individuals responded to Ni most
prominently with IL-5 production but also with an inhibition of
IL-8 production. On the other hand, there was high IL-8 release
by PBMC of both PT- and LTT-negative individuals. Thus, we
tested the hypothesis that (i) IL-5 production in response to Ni
correlated positively with the extent of allergy status while at the
same time was negatively correlated with the corresponding IL-8
levels and (ii) this could be a special discrimination mark. In
fact, when calculating the respective ratio, a clear-cut distinction
between both patient groups was possible at all three nickel con-
centrations (P < 0.0001). Stimulation at Ni 2.5 x 107> mol/L
was the best ‘differentiator’ (Fig. 4). This ratio also showed the
best compromise for sensitivity and specificity (93% sensitivity
and 93% specificity (Table 3).

Discussion

The established gold standard of confirming the clinical suspi-
cion of Ni allergy is the PT. In our study, 14 of the 15 patients
with positive PT gave a self reported history of suspected Ni
allergy. Such high specificity is in accordance with previous pub-
lications.»>?® In contrast, a substantial part of subjects with ‘pu-
tative history of Ni allergy’ may not show positive PT reactions
to Ni**?® being true- or false-negative cases. Thus, several
authors point to a potential supportive role of LTT as diagnostic

tool.¥>1H12171827 Qur LTT proliferation data are in line with
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Figure 3 IL-8 inhibition of PBMC of 15 controls (two atopic and
13 non-atopic, PT to Ni negative) and 15 Ni-allergic patients (11
atopic, dour non-atopic) to the three Ni concentrations, tetanus
toxoid (TT) and medium alone; single values and median are given.

Table 4 Correlation between stimulation index (Sl) and cytokine
production (correlation to Spearman test)

Correlation SI/IL-8 Correlation SI/IL-5
(Spearman) (Spearman)

NiSO, —0.286 0.640%*

2.5 x 10~° mol/L

NiSO, —0.409* 0.709%*

1 x 10° mol/L

NiSO, -0.311 0.691**

7.5 x 10~ mol/L

Tetanus toxoid 0.043 0.061

*Correlation is significant on the 0.05 level.
**Correlation is significant on the 0.01 level.

these observations although the sensitivity was quite low. Fur-
thermore, an established opinion regarding cellular mechanisms
in Ni allergy was for long time that they are characterized by
Thl-cytokines like IFN-y.*"”* In analogy to Minang et al.,'***
the role of concomitant TH2-(IL-4, IL-5) cytokine production is
now being increasingly discussed. Finally, a nonspecific mito-
genic effect by the binding of Ni to TLR4, as reported by
Schmidt et al.'®
Thus, we aimed at the refinement of in vitro LTT — apart from

in 2010, might be an argument against LTT.

assessing proliferative response — as an alternative for the detec-
tion of Ni-allergic individuals. Based on PT- and LTT-negative
patients, we could show that the enhanced release of IL-5 and
the inversely related, i.e., diminished release of IL-8 in response
to Ni were characteristic for the Ni-allergic individuals. In fact,
detection of IL-5 release in vitro has been described both in indi-
viduals with suspected drug allergy or Ni allergy,”>*>?* is rather
ascribed to being produced by T cells within the PBMC and
seemed to be more closely related to Ni allergy than IFN-y pro-
duction.”>* A substantial part of our 15 Ni-allergic individuals
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Figure 4 IL-5/IL-8 ratio of PBMC of 15 controls (C, PT to Ni nega-
tive) and 15 Ni-allergic patients (P) to the three Ni concentrations
and tetanus toxoid (TT); ***P < 0.001.

also reported atopy. We however do not feel that this promotes
IL-5 response to Ni, first, because in parallel TT-related cytokine
response was dominated by IFN-v, and second, because coexis-
tence of atopy and allergic contact dermatitis has been described,
however with no strict relationship.”* Buchvald et al.>® found an
impaired response of PBMC to nickel in patients with nickel-
allergic contact dermatitis and concomitant atopic dermatitis. In
comparison with his results, we found also an elevated IL-5 pro-
duction in PT-positive patients with atopic disease. In contrast

1,321 we have not studied

to Rustemeyer et al. and Spiewak et a
PBMC response to Ni under the influence of added cytokines,
e.g. IL-7/IL-4 to favour Th2-type response. In addition, we tried
to avoid parallel usage of different cytokine measurement tech-
niques like ELISA and ELISPOT, but rather used the simultane-
ous technique of cytometric bead assay. Thus using freshly
isolated, Ni-exposed PBMC in our culture system, we intended
to also detect potential release of ‘unspecific, innate’ cytokine
pattern by PBMC of non-allergic individuals. We did not focus
on the release of immunoregulatory cytokines such as TGF-8 or
IL-10%%¢ that might reveal patients tolerized to Ni, i.e. without
PT reactivity. However, to not overlook such phenomenon we
have included the assessment of IL-10 production, but did not
observe significant production in our control patients. We anal-
ysed not only T-cell cytokines as also the other cells in a PBMC
cell culture participate in the immunologic answer. Among the
unspecific, ‘innate’ cytokine pattern we found that individuals
with negative patch test and negative LTT proliferative response
produced markedly higher amounts of IL-8 as ‘inflammatory’
response to Ni. The potential underlying mechanism of such
nickel-induced IL-8 production could be that described by Lin
and coworkers in 2016. They postulated an ‘TL-8 gene expression
via the L-type Ca(2+) channel, Toll-like receptor-4 (TRL-4) and
nuclear factor NF-kB signal transduction pathways’.>” This
would be in accordance with results published by Tsou et al.*®
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Thus, IL-8 production seems to be among the consequences of
‘innate immune signal’ by nickel or cobalt.'®** The role of IL-9
in allergic skin inflammation is increasingly discussed.*” Accord-
ingly, in vitro stimulation of PBMC with Ni is reported to induce
IL-9 production in Ni allergics — and elevated IL-9 values were
detected in blister fluids of respective PT reactions.*"** Its proin-
flammatory but also potential regulatory role is currently inves-
tigated. In our experiments, we did not address this topic.

The inverse relation between IL-8 and IL-5 offers a new
approach to distinguish between allergic and non-allergic indi-
viduals. Our results would give the rationale for a consecutive,
blinded confirmatory study. Release of multifunctional IL-8 has
been described in response to multiple agents. However, the pre-
sent results indicate that nickel-allergic individuals can be best
characterized, according to sensitivity and specificity by bringing
together the substantial IL-5 production and diminished IL-8
release. Best discriminatory stimulation condition was provided
by NiS0,4 at 2.5 x 107> mol/L. In line with this, as compared to
Ni-allergic patients, evaluation of such cytokine profile in addi-
tion to ‘standard’ proliferation assay may help to identify ‘true’
PT-negative non-allergic individuals. In conclusion, assessing
the IL-8/IL-5 ratio may offer a new additional tool to character-
ize Ni-allergic individuals.
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