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Ab.11rac1. Peripheral blood lymphocytes from 16 patients 
with a positive patch test to 2.5 % nickel sulphate (NiSO.1) 

and 18 healthy controls were tested by the lymphocyte 
transformation technique where NiSO, in six differen1 
concentrations was used and tested after various days of 
culture. Lymphocytes from all except one of the patients 
showed a significantly greater response than that of the 
controls. Lymphocyte transformation as measured by in­
creased DNA synthesis seems to be a valuable tool for 
investigating the problems arising from false-positive or 
false-negative patch tests. With these data we have de­
fined certain criteria for in vitro reactivity 1ha1 should be 
fulfilled. Lymphocytes from controls responded non­
specificaJly 10 high concentrations of NiSO •. Cord blood 
lymphocytes from 4 newbom infants could also be acti­
vated by NiSO •. thus confirming the assumption that 
NiSO, is a weak mitogen. 

Key words: Nickel sensi1ivi1y; Lymphocy1e stimulation: 
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Nickel sensitivity Is the most common cause of 

allergic meta! dermatitis, particularly in women (3. 

12). The diagnosis of nickel allergy is usually based 

on case history, clinical findings and results of 

patch testing. However, patch testing can give 

false-positive or false-negative results (4). Thus re­

liable in vit.ro methods are desirable to complement 

the in vivo tests. When using a lymphocyte stimula­

tion test with nickel salts. both specific and non­

specific stimulation have been reported ( I, 6. 7. 8. 

9. 10, 11. 14, 15). In this paper we present in vitro

experiments with nickel sulphate. designed primari­

ly to show whether the DNA synthesis test could be

used to diagnose nickel allergy in vitro.

MATERIAL AND METHODS 

Pa1iems. Sixteen patients with a positive patch test to 
NiSO., were included in the sllldy. They ranged in age 
from 25 to 63 years (mean 39.8 years). There were I 5 
women and one man. Five patients with positive patch 
tests 10 potassium dichromate (K2Cr2O,) and/or cobalt 

chloride (CoCI,> were also included. Their ages ranged 
from 48-77 year, (mcan 63.2 years). They were 3 women 
and 2 men. 

Co11trols. Lymphocytes from allogether 18 age- and 
sex-matched healthy individuals without eczema or a case 
history of meta! contact allergy were included in the ex­
periments. Cord blood lymphocytes from 4 newborn in­
fants were also tested. 

Pa1clt 1,•sti11g. The patch test was pe1formed according 
to Pirilä (13). The test concentration for NiSO, was 2.5%. 
for K2Cr2O, 0.5 % and for CoCI, I%. all compounds in 
petrolatum. The test chamber was rcmoved after 48 
hours. 24 hours prior to reading. The test reactions were 
graded as follows: 
-'- redness. palpable oedema 
-,.+ redness. oedema, papules 
+.L+ redness, oedema. papules. vesicles 

/11 ,·ivo seriol di/11tio11 test. This was performed using the 
following concentrations of NiSO., in distilled water: 1.25. 
0.625, 0.312. 0.156, 0.078. 0.039, 0.019 and 0.009. The 
conditions and time of exposure and reading of the test 
were as mentioned above. 

Prepara1io11 of NiSO, and PHA. A stock solution of I% 
NiSO,6H2O (Merk) was preparcd in 0.9% sodium 
chloride solution. Six di!Terem concentrations of this anti­
gen were prepared in modified Eagle's minimum essential 
medium (MEM) (Flow Laboratories. lrvine, Scotland) 
without serum. giving final concentrations in cultllre of 
6.25. 12.5. 25, 50, 100 and 200 µ,g/ml. Phytohaemaggluti­
nin (PHA) (Wellcome) was added 10 a final concentrntion 
of 50 µ,g/ml. 

A.uay ofDNA sy111hesis. Lymphocytes were separated
from heparinized blood by the rapid one-step Isopaque/ 
Ficoll (Nyegaard AS, Oslo. Norway) procedure (2). 
washed three times in buffered salinc and resuspended in 
MEM to which I% HEPES buffer, I% glutamine and 
20% pooled human AB serum were added. Cultures were 
set up in lriplicate in round-bottom microtitre plates 
(Nunc, Denmark), each well containing I x I(}' cells in 0.1 
ml medium. 0.1 ml of MEM (unstimulated culture). NiSO,, 
or PHA in MEM without serum was added. The plates 
were then incubated at 37°C in humidified air containing 
5 % CO,. To each well. I µCi of methyl [3H)thymidine 
(Radiochemical Centre, Amersham. England, spec. act. 5 
Ci/mmol) contained in 0.05 ml was added 24 hours before 
harvesting on fibreglass filters. Harvesting was done on 
days 1-10 in the case of cells from the patients, on days 
1-8 for controls and on days 4-8 for the newbom infants.
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Fig. I. ( a-d) Time-response curves for peripheral blood 
lymphocytes from 15 patients with positive patch tests to 
NiSO. (X-X) and 15 controls (x ... x) using 6.25. 12.5. 
25 and 50 µ.g NiSO,/ml culture. The mean increment 

using a Titertek cell harvester (Flow Laboratories, lrvine. 
Scotland). Filters were dried and then assayed in a liquid 
scintillation counter (lntertechnique. France). Results 
were expressed as increment counts per rninute (lcprn) 
whcre the mean cprn of triplicates of unstirnulated cultures 
were subtracted from the mean cpm of the cultures stimu­
lated with NiSO, or PHA. and as stirnulation indices (Sil 
where the mean cprn of stirnulated cultures were dividcd 
by the mcan cprn of unstimulated cultures. 

Staristical method 

The Student's 1-test was used. P values of <0.05 were 
considered significan1. 

RESUL TS 

All the 16 patients showed a two plus reaction or 

more when patch tested with 2.5% NiSO4 . Nine of 

them participated in the in vivo serial dilution test. 

A test reaction of the skin could be read in 6 pa-
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counts per rninute and standard error values are plotted. 
Lyrnphocyte transformation by (11) 6.25 µg NiSO4/ml. 
(b) 12.5 µg NiSO,/ml. (c) 25 µ.g NiSO4/ml. (d) 50 µ.g
NiSO./ml.

tients in 4-6 dilution steps but in 3 patients the serial 

dilution test was negative. 

Lymphocytes of 15 patients (excluding No. 17. 

see below) with positive patch tests to NiSO, gave 

their highest response on day 8 of culture when 

stimulated with 6.25. 12.5 and 25 µ.g NiSO4 (Fig. 

I a, b, c) and 011 day 7 when stimulated with 50 

µ.g/ml (Fig. Id). Lymphocytes of controls showed a 

weak response to 6.25, 12.5 and 25 µ.g NiSO,/ml. 

which was maximal on day 7 (Fig. I a, b, c) while 

the peak response to 50 µ.g/ml was on day 6 (Fig. 

Id). Responses of the patients· lymphocytes were 

significantly higher than those of the controls 
(P<0.05) when stimulated with 6.25, 12.5 and 25 µ.g 

but not with 50 µ.g. Neither patient nor control 

lymphocytes showed any response when stimulated 

with 100 µ.g and 200 µ.g NiSO,/ml of culture. Re­

sponses of lymphocytes from individual patients 
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Tablc I. Response ( SJ) of /y111phocytes fi·om I I patients with positive potch tes IS 10 NiSO .,. K 2Cr2O, and/ar 
CoC/2 mul 4 co111rol .\l/bjects. 011 clay 6 of rnlture 

Concen1ra1ion of NiSO_. (µg/mll 
Expt. Pat. Background Clinical 
no. no. (cpm) 6.25 12.5 25 50 meta! allergy 

10 597 10.9 23.4 30.8 15.4 Ni 

Il I 838 17.5 20.3 23.2 12.6 Ni 

12 3 057 3.2 3.4 5.3 8.1 Cr&Co 
C" I 707 2.5 1.9 8.2 7.4 

Il 13 I 547 7.5 10.5 13.2 8.4 Ni 

14 I 367 1.5 2.0 5.0 3.7 Cr 
15 960 1.3 1.9 4.3 5.5 Cr&Co 
16 4 222 9.1 10.6 13.9 10.8 Ni 

C 835 I. I 1.8 5.6 10.4 
C 2 213 1.2 1.2 3 7 5.8 

111 18 2 820 8.1 9.2 I 1.8 3.0 Ni 

19 I 404 4.3 5.4 19.6 6.9 Cr 
20 319 3.5 2.9 9.3 17.4 Co 
21 I 547 26.8 28.0 33.9 10.7 Ni 

C 386 1.5 

" C = conlrol. 

werc almost always higher than control lymphocyte 

responses when tested simultaneously using 6.25, 

12 . .5 and 25 µg iSO,/ml on variou:, days of culture. 
From the above data. the following criteria were 

suggested and should all be fulfilled in order to de­
fine nickel allergy in vitro. 

On day 5 of culture: the SI of the patient cells 
should be twice the SI (or more) of the healthy 
control cells simultaneously testcd using 12.5 and 

25 µ.g NiSO./ml. In addition. on day 6 of culture: the 
experimental SI ,hould be at least twice thc SI of 

the controb simultaneously te:,ted using 6.25 µ.g 

NiSO.fml. and the SI of the patients should be more 

than 3 using 6.25 µg and more than 6 using 12.5 

µg/ml. 
To te-,t the specificity of iSO_.-induced activa­

tion, we stimulated lymphocyte� from 5 patients 

with positive patch tests to K�Cr�O, and/or CoCl2 

with d ifferent concentrations of N iSO4 for various 

days in cuhure. In these experiments we al;.o in­

cluded cells from 6 of the patients who were patch 

test positive to NiSO.1 as well as from healthy con­

trols. The tests were performed on 3 different occa­

sions (Table I). The response of lymphocyte'> from 

all the patients with positive patch tests to K2Cr2O 1 

and/or CoCl2 did not fulfil our criteria of in vitro 
nickel rcactivity. thus confirm ing the spccificity of 
the test. 

Three of the patients who were patch test posi­

tive to 2.5'k NiSO, were found to have a negative 

34-812806 

2.1 6.1 10.2 

response to serial dilutions of the compound when 

applied in vivo. Case history and follow-up of these 

patients revealed that one of them (No. 17) was not 
nickel allergic. while the other 2 (Nos. 7 and 9) 

were. Their stimulation indices fit and confirm such 
a diagnosis (Table Il). 

Another important finding which demanded 
cvaluation was that lymphocytes from our healthy 
controls also showed a weak response to stimula­

tion with NiSO,. In order to ascertain whether these 
findings retlect a low degree sensitization or are due 

to a non-specific mitogenic effect of iSO,. cord 

blood lymphocytes were stimulated with variou, 

concentrations of N iSO.1 on days 4-8 of culturc. 

Cord blood lymphocytcs could indecd be activated 
by NiSO, and the stimulation was more pronounced 
at higher concentration-, (Table 111). This de­

monstrates that NiSO, is a weak mitogen, which 

might also explain the low degree :,timulation ob­

served with cells from healthy control •. 
Lymphocytes from all patients and controls rc­

sponded to PHA. On day 4 of culture, patient and 

control lymphocyte responses were within the 

range of 54-223 and 58-204 cpm x 10-a respectively. 

DISCUSSION 

Sensitivity against nickel is a commonly occurring 

contact allcrgy affecting mostly women. In a recent-
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Table Il. Respo11se ( SI) of lymphocytes ,li-0111 J patients ll'ith II positil·e patch test to 2.5 � 1\/iSO, fin 1-il-o
dilurion tel/ ne,:mi,·e) a11d 3 cvnrro/., 011 day 6 of culturt' 

Concentrar,on of NiSO, (µg/ml) 
Pat. Background Clinical 
no. (Cpm) 6.25 12.5 25 50 metal allergy 

7 845 9.5 17.9 23.1 6.0 Ni 
C" 597 nd• 3.7 6.6 13.8 
9 2 568 6.0 10.5 13.1 8.6 Ni 

C I 695 0.7 1.7 5.0 4.9 
17 I 600 1.5 1.9 
C 386 1.5 2.1 

• C = control.
• nd = not done.

ly pcrformed investigation of a Finnish population it 

was observed that as many a:, 8'1 of the females 

werc patch test positive to nickel and that on!y 

one-third of them had active ee7ema (12). Some 

invcstigaton, have tried 10 use the lymphocyte 

transformation test to aid in the diagnosis of nickel 

al!ergy (10, 14, 15) but none gave criteria that define 

nickel sensitivity in vitro. On the basis of our '>llldy 

we are able to provide \uch criteria. 

One patient (No. 17) had a pmitive patch te�t lO 

2.1 
6.1 

5.6 
10.2 

2.5 % NiSO, but his lymphocytc responsc did not 

fulfil our criteria. Casc history and follo\\ -up of thi� 

patient showed that the in vivo reaction was a 

false-positive. Two other patients (Nos. 7 and 9) 

also had positive patch tests to 2.5 9c iSO, but the 

diagnosis was kept provisional. since the in vivo 

�crial dilution tests wcre negative. By following up 

these 2 patients the diagnosb of nickel sensitivity 

was established. \\ hich was also independent ly 

reached by using our in vitro criteria. In all such 

Table 111. 3H-t/rymidin<' uptake (cpm x /0 "J b_,. cord hlood lymp/rocytes of4 111•11·bom i11/a111s a11d p<'l'iphera/
blood ly111p/10cy1es of 3 lrealrhy co111ro/5 and 011e nickel-allergic wbjecr,following sti11111/atio11 by NiSO4• 011 
days 5 and 6 uf culrure

Stimulation indiccs are ,hown in parentheses 

Concentration of NiS04 (µg/ml) PHA (µ.g/ml) 
Sub- Back-
jects" Day� ground 6.25 12.5 25 50 50 

5 1.9 2.1 (I.I) 2.5 (1.4) 6.6 (3.5) 8.7 (4.7) 28.9 ( 15.6) 
6 2.4 3.5 ( 1.5) 3.7 (1.6) 3.1 ( 1.3) 12.6 (5.3) 27.2 (11.5) 

2 5 15.1 16.8 (I.I) 19.5 (1.3) 20. 7 ( 1.4) 27.4 ( 1.8) 20.0 ( 1.3) 
6 29.7 32.3(1.1) 35.8 (1.2) 43.6 ( 1.5) 35.7 (1.2) 13.8 (0.5) 

3 5 13.3 12.7 ( I OJ 15.3 (I.I) 19.0 ( 1.4) 27.5 (2.1) 45.8 (3.4) 
6 JO.I 12.2(1.2) 17.3 (1.7) 7.3 (0.7) 13.2(1.3) 55.7 (5.5) 

4 5 9.1 11.9 I 1.3) I 4.4 ( 1.6) 20.4 (2.2) 29.4 (3.2) 31.4 (3.5) 
6 17.0 23.3 ( 1.4) 27.9 (1.6) 20.2 (1.2) 20.0(1.2) 24.0(1.4) 

Cl 5 2.0 2.2 (I, I) 2.3(1.2) 5.6 (2.8) 11.0 (5.5) 87.8 (44. I) 
6 3.6 6.1 ( I. 7) 9.5 (2.7) 19.8 (5.5) 24.3 (6.8) 18.2 (5.1) 

C2 5 0.9 1.6 ( 1.8) 2.0 (2.2) 3.9 (4.2) 14.1 (15.3) 40.8 (44.5) 
6 1.0 3.7 (3.7) 5.5 (5.5) 10.6 (10.6) 28.7 (28.7) 21.7 (21.7) 

C3 5 0.8 0.8 (I.I) 0.4(0.5) 0.3 (0.4) 2.2 (2.8) 75. 7 (99.4) 
6 0.6 0.4 (0,8) 0.5 (I.OJ 0.5 (0.8) 4.0 (7.3) 98.5 ( 179.4) 

21 5 2.8 18.1 (6.6) 28.0(10.1) 27.6 (10.0) 40.3 ( 14.5) 70. 7 (25.5)
6 3.5 48.4 ( 14.0) 54.7 (15.8) 62.9 (18.0) 61.6 (17.8) 29.4 (8.5)

a 1-4: newborn infants.
CI-C3: healthy adults. 
21: nickel-allergic subject. 
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instances the in vitro DNA synthesis test would be 

of great help in confirming the diagnosis without 

exposing the patients ro nickel salt. 
In this study it was also shown that the response 

of the nickel patch test positive patient lymphocytes 
was specific. as was demonstrated by the weaker 
resi:-on'.;es of lymphocytes of 5 patients with posi­
tive patch tests lO K�Cr 20; and/or CoCl2. Although 
none of the latter 5 patients could fulfil all the 
criteria. it was notcd that one of them (No. 19) had 

reacrions very close to those suggested. Case his­

tory revealed that this patient was regularly 
exposed to many metal �alts inclu<ling NiSO •. This 

patient may be in a latent stage of nickel allergy and 

further follow-up would prove or disprove such an 
assumption. 

Some authors (I. 11) have found that nickel may 
lead to non-specific transformation of lymphocytes 
and some have suggested the possibility that nickel 
could be a weak non-specific mitogen ( 15, I 6) but 
they gavc no evidence in support. In thc present 
investigation. lymphocyte� from healthy controls 

also showed a non-spccific transformation induced 

by NiSO •. For this reason we tested cord blood 

lymphocytes of 4 newborn infants for any mitogenic 

effect of NiSO,. together with lymphocytes from 3 
healthy adults and one nickel-sensitive patient (No. 
21 ). Our results wnfirm the assumption that NiSO, 
is a weak mitogen. 

Finally. it is quitc clear that lymphocyte trans­

formation measured by the DNA synthesis test isa 
reliable mcthod to diagno�c nickel allergy without 
exposing the patients to the hazards of patch test­
-ing. Work is in progress to find out whether this test 

could be applied to diagnose sensitivity Lo other 

metab such as cobalt and chromium. We have also 

started investigating the role of cytotoxic T-lym­
phocytes in the pathogcnesis of nickel allergy and it 
seems at present that these lymphocytes show some 
cytotoxicity following primary cultures in vitro. Fu­

ture studies will also try to elucidate whether nickel 
allergy is HLA-associate<l. whether T cell activa­
tion to nickel is HLA-restricted and furthermore we 
shall try to define the target cell for both specific 

and non-specific activation by nickel salts. 
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