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A possible free radical mechanism in metal allergy was investi- was not changed. We considered this difference in free radical-

generating properties between Ni2+ and Co2+ to be of interestgated in peripheral blood mononuclear cell (PBMC) cultures
from 6 subjects, contact allergic to Ni2+ and Co2+, and 6 control with respect to the absence of cross-reactivity between the two

metal-ions in experimental ACD.individuals. Ni2+ and Co2+-mediated free radical generation was
studied with electron spin resonance spectroscopy. The immune In biological tissues, the free radicals derived from metal-

ion-mediated redox reactions are likely to react further withresponse was characterized by cellular [methyl-3H ]thymidine
uptake and interferon-c (IFN-c) production. Ni2+ and Co2+ biomolecules close to their generation site. We hypothesize

that those secondary reactions lead to the formation of anti-(10–50 mM) significantly increased lymphocyte proliferation and
IFN-c production in PBMC cultures from contact allergic genic structural modifications in biomolecules and as such

ultimately cause ACD to Ni2+ and Co2+ . This hypothesissubjects in comparison with cultures from controls. Inhibition of
Co2+-mediated free radical generation by ascorbic acid did not differs from the dominating theory of the initial step of antigen

formation in ACD to metal-ions, namely the formation ofinfluence cellular [methyl-3H]thymidine uptake and IFN-c pro-
duction. Detectable amounts of free radicals were not obtained specific coordination complexes with electron-rich ligands (8).

However, a possible free radical mechanism of antigen forma-with Ni2+. We therefore conclude that it is unlikely that free
radicals are involved in contact allergy to Ni2+ and Co2+. Key tion has been suggested for other haptens, such as hydroperox-

ides and urushiols (9, 10). A free radical-mediated mechanismwords: metal-ion; ESR spectroscopy; peripheral blood mono-
nuclear cells; human. in ACD to Ni2+ and Co2+ has so far not been investigated.

The aim of this paper was to study the free radical-(Accepted August 7, 1997.)
scavenging effect of ascorbic acid on metal-ion-mediated
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lymphocyte proliferation and interferon-c (IFN-c) production

L. T. Van den Broeke, Department of Occupational Health, in peripheral blood mononuclear cell (PBMC ) cultures from
Dermatology Division, National Institute for Working Life, contact allergic patients and control subjects.
S-171 84 Solna, Sweden.

MATERIALS AND METHODS

MaterialsAlthough Ni2+ and Co2+ are two of the most frequent causes

L-Ascorbic acid sodium salt, 5,5-dimethyl-1-pyrroline-N-oxideof allergic contact dermatitis (ACD) (1), the pathogenesis is
(DMPO) (Sigma Chemical Co., St. Louis, MO); Chelex-100 resinstill essentially unknown. As a result, apart from symptomatic
(Bio-Rad Laboratories, Richmond, CA); CoCl2Ω6H2O, NiCl2Ω6H2Otreatment with e.g. corticosteroids, specific methods of treating
(Merck KGaA, Darmstadt, Germany); gentamycin, L-glutamine,ACD to Ni2+ and Co2+ are at present not available. Analysis
penicillin, RPMI 1640 medium, streptomycin (Gibco BRL, Life

of the early events leading to ACD to Ni2+ and Co2+ may
Technologies Ltd., Paisley, Scotland); phytohemagglutinin (PHA)

lead to new ways for prevention and treatment.
(Pharmacia Biotech., Uppsala, Sweden) and [methyl-3H]thymidine

Studies with Co2+-sensitized guinea-pigs (2) and human
(Amersham International plc, Amersham Place, England) were used

Ni2+-reactive T-lymphocyte clones (3) showed that Ni2+ and in this study. The patch-test materials were obtained from
Co2+ do not cross-react. Simultaneous reactivity to Ni2+ and Chemotechnique Diagnostics (Malmö, Sweden) and the subjects were

Co2+ , which is often seen in contact allergic individuals, is tested using Finn chambers according to a standard procedure (11).

therefore most likely the result of separate sensitizations. In a
Subjectsprevious paper, we have described that the two metal-ions,
Six female subjects (age range: 24–52 years, mean: 33 years), withwhen chelated with proper ligands, are able to generate
confirmed ACD to materials containing cobalt or nickel and withsignificant amounts of free radicals under biologically relevant
positive patch-test reactions (++: erythema, papules and infiltrationconditions (4). Comparable results have been obtained by
or+++: erythema, papules, infiltration and vesicles) to CoCl2Ω6H2Oothers (5, 6). Ni2+- and Co2+-mediated free radical production
(0.5%) and to NiSO4Ω7H2O (5.0%) in petrolatum, were recruited from

has also been observed in vivo, in circulating blood in rats (7).
the Karolinska Hospital. The patients had had a positive patch-test

However, we found that the free radical-generating properties
within 1 year before the start of the study. In addition, 6 female

of Ni2+ and Co2+ were distinctly different (4). For example, control subjects (age range: 37–49 years, mean: 45 years), without a
at physiological pH glutathione and histidine significantly history of ACD participated in the study. When subjected to patch-
enhanced free radical generation of Co2+ from H2O2 , whereas testing they all had a negative patch-test reaction to CoCl2Ω6H2O,

but 3 of them showed a weak positive patch-test reaction (+: erythemaunder identical conditions the reactivity of Ni2+ toward H2O2
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and oedema) to NiSO4Ω7H2O. The in vitro Ni2+ and Co2+-induced The IFN-c levels were analyzed in duplicate with an ELISA procedure

according to a standard protocol from Mabtech AB (Stockholm,lymphocyte proliferation, IFN-c production and free radical genera-

tion were similar for all 6 controls subjects. The +patch-test reaction Sweden). The sensitivity of the assay was enhanced up to 4 pg/ml by

amplification with N-biotinyl-4-hydroxybenzohydrazone (14). Theto NiSO4Ω7H2O was regarded as not clinically relevant (11–13). Thus,

the controls were considered as one population. All the subjects gave colour reaction was measured in a Thermomax microplate reader

(Molecular Devices, Sunnyvale, CA) and evaluated with the Softmaxtheir informed consent to donate blood. The study was approved by

the local ethics committee. Pro Software (Molecular Devices).

Electron spin resonance (ESR) measurementsPreparation of PBMC cultures
According to a recently described procedure (4), free radical genera-Ficoll-Paque (Pharmacia-Biotech., Uppsala, Sweden) density gradient
tion in PBMC cultures was studied by spin trapping with DMPOcentrifugation was used to prepare PBMCs from heparinized blood.
(final concentration 200 mM) in a Varian E9 ESR spectrometer. AfterCells from the interface were washed three times with RPMI 1640
3 h incubation (unless differently indicated) duplicate samples weremedium and resuspended to 106 cells/ml in RPMI 1640 medium,
analyzed.supplemented with heat-inactivated autologous serum (10%; v/v),

gentamycin (25 mg/ml ), penicillin (100 IU/ml ), streptomycin (100 Statistics
IU/ml ) and L-glutamine (2 mM). The PBMCs (200 ml; 2×105

The statistical evaluation of the results was performed with the Mann-
cells/well ) were cultured in U-bottomed 96-microwell plates (Costar,

Whitney U-test.
Cambridge, MA) at 37°C in an atmosphere of 5% CO2 in air. After

pre-incubation for 30 min, 10 ml of filter-sterilized ascorbic acid (final

concentration 20–100 mM) in phosphate-buffered saline (PBS; pH= RESULTS
7.4, 10 mM) or PBS only was added. Next, 10 ml filter-sterilized Co2+

Lymphocyte proliferation and IFN-c productionor Ni2+ (final concentration 10–50 mM) in saline, phytohemagglutinin

(PHA; final concentration 10 mg/ml ) or saline only was added. The Addition of Ni2+ and Co2+ to PBMC cultures from the
saline and PBS were pretreated with Chelex-100 resin to remove

contact allergic subjects significantly increased the cellular
possible transition metal-ion contaminants.

[methyl-3H]thymidine uptake and the production of IFN-c,
in comparison with the cultures from controls (Fig. 1a,b). TheLymphocyte proliferation assay
polyclonal stimulant PHA (10 mg/ml ) induced a lymphocyteInitial experiments indicated that optimal lymphocyte proliferation
proliferation of 94,834±18,299 CPM (mean±SE) and anwas obtained after a culture period of 4.5 days. Thus, after 96 h the

IFN-c production of 2,814±586 pg/ml in the cultures fromPBMC cultures were pulsed with 0.1 mCi of [methyl-3H]thymidine

(specific activity: 25 Ci/mmol ) in 10 ml RPMI 1640 medium. The cells the allergic subjects. With the control subjects these amounted
were harvested after another 18 h on a Skatron multiple-cell collector, 70,091±6,103 CPM and 1,373±201 pg/ml, respectively. The
using glass-fibre filters. The filters were dried and assayed in a Packard PHA-induced cellular uptake of [methyl-3H ]thymidine and
liquid scintillation counter. The background radioactivity of the the production of IFN-c were significantly different from the
vehicle- (PBS+saline) treated cultures was 3,424±760 CPM

vehicle-treated cultures ( p<0.005).
(mean±SE) for the allergic subjects and 1,947±477 CPM for the

controls. The lymphocyte proliferation assay was performed in

ESR measurementstriplicate.

Free radical production in the PBMC cultures increasedIFN-c assay
linearly with increasing Co2+ dose. No difference in intensityThe highest IFN-c levels were obtained after a culture period of 4
of the ESR signal was observed between cultures from patientsdays, as determined by preceding experiments. Consequently, after a

and controls (Fig. 2). Pretreatment of the PBMC cultures withculture period of 96 h supernatants of the PBMC cultures were taken

by centrifugation (10 min; 400 G) and stored at −80°C until used. ascorbic acid resulted in the absence of a detectable spin-trap

Fig. 1. Lymphocyte proliferation (a) and IFN-c production (b) in PBMC cultures from patients contact allergic to Co2+ and Ni2+ (n=6) and

controls (n=6). PBMCs were cultured in the presence of Co2+ or Ni2+ (10–50 mM). After 4.5 days the T-cell proliferation was measured by

[methyl-3H]thymidine incorporation and expressed as mean CPM±SE. IFN-c levels in the supernatants were measured after 4 days with an

ELISA method and expressed as mean pg/ml±SE. *: significantly different from the controls, p<0.05; **: significantly different from the

controls, p<0.01.
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orated [methyl-3H ]thymidine at significantly higher rates and

produced IFN-c in significantly higher amounts on application

of metal-ion+ascorbic acid, in comparison with the cultures

from controls (Table I ).

DISCUSSION

In this paper we showed that Ni2+ and Co2+ (10–50 mM)

increased the cellular [methyl-3H]thymidine uptake and IFN-c

production in PBMC cultures from individuals with clinically

relevant contact allergy to both metal-ions. However, inhibi-

tion of metal-ion-mediated free radical generation by ascorbic

acid did not affect the immune response. A free radical

involvement in ACD to Ni2+ and Co2+ is therefore unlikely.

The metal-ion-induced lymphocyte proliferation in PBMC

cultures of allergic subjects (Fig. 1a) is in accordance withFig. 2. Free radical production in PBMC cultures from patients

contact allergic to Co2+ and Ni2+ (n=6) and controls (n=6). PBMCs observations by others (12, 15, 16). Although Ni2+-induced
were cultured for 3 h in the presence of Co2+ (10–50 mM) and DMPO production of high levels of IFN-c has been found with Ni2+-
(200 mM). Free radicals were measured with ESR spectroscopy and specific T-cell clones (16), studies with PBMC cultures from
expressed as mean mM±SE. Ni2+-allergic individuals have been unsuccessful (17). This

discrepancy with our results (Fig. 1b) is possibly related to

differences in experimental protocols. Karttunen et al. (17)adduct of DMPO, indicating an efficient inhibition of Co2+-

generated free radicals. Ni2+ , even at a concentration of collected supernatants after culture periods of 5 and 7 days,

whereas we found a rapid decrease in IFN-c levels after an100 mM, did not generate detectable amounts of free radicals

under the applied culture conditions (data not presented). incubation period of 4 days, with no apparent enhanced

concentration after 7 days of incubation (data not presented).

In the present study, 3 of the 6 control subjects showed a
Effect of ascorbic acid on Ni2+- and Co2+-induced lymphocyte

weak patch-test response (+: erythema and oedema) to
proliferation and IFN-c production

NiSO4Ω7H2O (5.0%) in petrolatum. In a normal population,

without clinical signs of ACD to nickel, positive patch-testPretreatment of the PBMC cultures from allergic subjects and

controls with ascorbic acid did not influence Ni2+- and Co2+- responses to NiSO4Ω7H2O have been observed before (11).

This phenomenon is typical of NiSO4Ω7H2O and much lessinduced [methyl-3H]-thymidine incorporation and IFN-c pro-

duction. Consequently, cultures from allergic subjects incorp- frequently apparent with other metal-ion haptens like

Table I. Effect of ascorbic acid on lymphocyte proliferation and interferon-c production in peripheral blood mononuclear cell cultures
from contact allergic subjects and controls

Co2+a Ascorbic acida Lymphocyte proliferation Interferon-c production

Patients Controls Patients Controls

CPM±SEb CPM±SEb pg/ml±SEc pg/ml±SEc

0 mM 100 mM 3,390±240 (n=6) 2,376±189 (n=6) 31±7 (n=6) 34±12 (n=6)

10 20 26,122±7,223* (n=5) 2,101±292 (n=5) 584±99** (n=5) 18±9 (n=5)

100 33,403±8,053** (n=6) 1,833±345 (n=6) 688±226* (n=6) 22±9 (n=6)

25 50 28,409±9,047* (n=5) 1,401±188 (n=5) 584±162* (n=5) 16±7 (n=5)

100 26,120±5,699** (n=6) 1,319±351 (n=6) 705±274* (n=6) 26±15 (n=6)

50 100 19,701±6,074* (n=6) 1,035±241 (n=6) 624±264* (n=6) 18±9 (n=6)

Ni2+a Ascorbic acida Patients Controls Patients Controls

CPM±SEb CPM±SEb pg/ml±SEc pg/ml±SEc

10 mM 20 mM 25,602±6,792* (n=5) 2,753±673 (n=5) 703±251* (n=5) 17±7 (n=5)

100 29,644±9,932* (n=6) 2,701±695 (n=6) 598±266* (n=6) 23±8 (n=6)

25 50 35,052±8,401* (n=5) 3,743±635 (n=5) 935±171** (n=5) 32±16 (n=5)

100 33,521±6,247** (n=6) 3,904±1,451 (n=6) 902±241** (n=6) 31±12 (n=6)

50 100 48,146±6,933** (n=6) 4,763±2,081 (n=6) 1,643±367** (n=6) 57±19 (n=6)

a PBMCs were cultured in the presence of Co2+ or Ni2+ (10–50 mM) and ascorbic acid (20–100 mM ). Free radicals were not detectable under

the applied conditions.

b Lymphocyte proliferation was measured after 4.5 days by [methyl-3H]thymidine incorporation and expressed as mean CPM±SE.

c IFN-c levels in the supernatants were measured after 4 days with an ELISA method and expressed as mean pg/ml±SE.

* significantly different from the controls p<0.05.

** significantly different from the controls p<0.01.
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