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Abstract. An in vitro lymphocyte transformation test 
(L TT) was performed in 8 patients with nickel contact 
dermatitis and in 4 control persons. The mitogenic re­
sponse was of the same magnitude before patch testing, 
after patch testing and after oral challenge with nickel. 
When purified protein derivative (PPD) was used as the 
antigen, there was no difference between the L TT re­
sponse of patients and controls before and after patch 
testing. After oral challenge with nickel, however, the 
patients' responses to PPD were significantly increased 
when compared with the responses after patch testing. 
The responses of the controls were unchanged. The L TT 
levels of the patients were approximately the same be­
fore and after patch testing, but were markedly in­
creased after oral challenge. 
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A group of nickel-sensitive persons can be distin­
guished from a group of controls by the lymphocyte 
t.-ansformation test (L TT) using nickel sulphate as 
the antigen (2, 3, 5, 9). When the individual nickel­
sensitive patient is tested, however, the transforma­
tion leve! may differ only slightly from that of a 
control person (2, 9). The L TT cannot, therefore, 
be used to identify all patients who have a positive 
nickel patch test. It is not known whether the L TT 

can be used to detect nickel sensitivity in persons 
who are suspected to be nickel sensitive yet who 
have negative nickel patch tests. 

The leve! of transformation increases following 
epicutaneous challenge in humans with experimen­
tally induced allergic contact dermatitis (8). The 
dermatitis of some nickel-sensitive persons flares 
up following epicutaneous and/or oral challenge (I, 
4). The urinary excretion of nickel has been used as 
an indicator for the absorption of orally ingested 
nickel (6). 

The present study was designed to show whether 
the results of the L TT are altered following patch 

testing and oral challenge with nickel sulphate when 
nickel sulphate is used as the antigen. 

MATERIAL AND METHODS 

Eight patients with eczema compatible with nickel contact 
dermatitis participated in the investigation. All the pa­
tients had been patch tested with the European Standard 
Series including 5 % nickel sulphate in petrolatum within 
the preceding year. The patch tests were read after 48 and 
72 hours, and the nickel tests were positive, i.e. showed 
erythema. infiltration, papules and/or vesicles for all the 
patients. Three patients also had weakly positive patch 
tests to cobalt (I% cobalt chloride in petrolatum). 

Four persons with no history of dermatitis served as 
controls. In order to avoid stimulation of the lymphocytes 
by nickel, neither patients nor controls were patch tested 
immediately prior to the first L TT. Neither patients nor 
controls had any recent history or symptoms of infectious 
disease. Leukocyte and differential counts were made 
prior to and at the conclusion of the investigation. 

The tests listed in Table I were carried out for both 
patients and controls. Urine sampels (the first voiding of 
the day) were collected from both groups. The nickel 
content in urine was determined by flameless atomic ab­
sorption (Perkin-Elmer 305B, with HGA-70 background 
corrector) following acid digestion and extraction into 

Table 1. Timetab/e for the tests pe,formed 

Day 

0 
I 

3 
4 

15 
22 

23 
24 
25 

36 

Test 

Urinary excretion of nickel 
Lymphocyte transformation test (L TT); 
Nickel patch test 

U rinary excretion of nickel 
Patch test read 
LTT 
Oral challenge with 4 mg nickel; 
Urinary excretion of nickel 

U rinary excretion of nickel 
U rinary excretion of nickel 
Urinary excretion of nickel; 
Evaluation of clinical condition 

LTT 
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Fig. I. Results of lymphocyte trnnsformation for 8 pa­
cient; - and 4 controls --- before patch 1esting (A). 

after patch tesling (B) and after oral (C) using a nickel 
dilution of I: 100 as the antigen and a culture period of 144 
hours. The result) are expressed as increment counts per 
minute; for explanation see texl. One palient was nol 
challenged orally. 

methylisobu1ylkc1one as a pyrrolidinedilhiocarbamate 
comple>. (7). 

The L TT was performed as previously de�cribed (9). 
Nickel sulphate NiSo 4 7HtO, Merck 6725) was used as the 
antigen (hapten). From a stock solu1ion of I w/v% nickel 
sulphate in saline, dilutions of I: 100 and I : 200 were 
made with RPMl-1640 medium (Gibco). The concentra­
tions in the culture tubes were 3.6x 10-• M and 7.2x 10 • 
M. respectively.

The general cellular immune response of the patients
and the mitogenic activity of the lymphocyte� were tested 
using Phytohemagglminin (PHA, Difco), 400 µ.g/ml. 
pokeweed mitogen (PWM. Gibco). diluted I : 500 and 
Concanavalin A (ConA, Pharmacia) 500 µ.g/ml as 
mitogens. Purified protein derivative (PPD. Statens 
Seruminstitut, Copenhagen) IO µ.g protein/ml and a Ca11-

dida a/bican� extract (0.3 µ.g protein/ml) were used as 
recall anligens. 

The cultures were made in round-bottomcd culture 
1ubes. each containing 1()$ lymphocytes. 50 µ.I mitogenic 
solution or antigen and 0.5 ml RPMl-1640 medium. The 
following reagents were added to each lilre of medium: 
480 000 units of penicillin. 0.5 g s1rcptomycin, 50 mM 
hepes. 1.2 mmol glutamine and 20000 units of heparin. All 
cultures were made in triplicate. 24 hours before harvest­
ing with a semi-automatic harvester (Skalron) 0.05 µ.Ci 
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11C-labelled thymidine (NEN Chemicals) was added to
each cuhure 1ube. The radioactivi1y was de1ermined by 
liquid scinlillalion counting. In the following. the resuhs 
are expressed as increment counts per minutc (ICPM). i.e. 
counts per minute (CPM) of stimulated culture (median of 
triplica1es) minu� CPM of unstimulated cultures (median 
of lriplicales). 

Culturing took place at 37°C in humidified air to which 
St;;- CO, was added. The culture period was % hours 
when mitogens wcre added to 1he cuhure 1ube,. 120 hours 
when recall antigens werc added. and 120 and 144 hours 
for those tube; to which nickel sulpha1e wa; added. 

The nickel pa1ch test using 5 'il nickel sulphate in pet­
rolatum and Pirilä's aluminium discs sealed wi1h tape were 
applied to all thc patient; and controls on day I. The 1ests 
were read on day 4. 

A nickel tablet containing 4 mg nickel as nickel sulphate 
in lactose was given on day 22. The clinical cvaluation 
after ingestion of the tablet was made on day 25 and 
consi;ted of a combined evaluation of such symptom� as 
itching and physical findings such as the number of vcs­
icles and the prcsence of ederna and erythema. 

RESULTS 

All 8 patients had po�itive nickel patch tests with 

erytherna, infiltration and papules, as well as. in 

some cases. ederna and vesicles. One patient with 

eczema on both hands experienced a flare following 

the patch test. The dermatitis spread Lo the arms 

and legs and lo an area surrounding the patch test 

site. This patient was not challenged orally. She had 
the highest level of lymphocy1e transformation re­
corded both before and after patch testing (Fig. 1 ). 

one of the control persons had positive nickel 

patch tests. 

The dermatitis tlared up in 4 of the 7 patients who 

ingested the nickel tablet. The flare occurred 1 to 2 

days after ingestion, peaked after approximately 3 

days. and subsided after 7 to 10 days. In one of 

these patients, a widespread erythema was seen one 

hour after ingestion of the nickel tablet. I to 2 days 

later, a moderate aggravation of this patient's hand 

dermatitis was seen. The erythema subsided after 2 

days. One patient whose dermatitis was aggra­

vated noted eruption of eczerna in areas which had 

been involved 10 year!> earlier. but which had re­

mained clear since then. 

The activity of the dermatilis did not vary sig­

nificantly at any time other than following ingestion 

of the nickel tablet. 

The patients and the controls had a uniform re­

sponse to the mitogen�. There were no differences 

in the responses to mitogens prior to patch testing, 
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Table Il. Rernlts of lymp/,ocyte tra11sfor111atio11 in 8 11ickel-se11sitii'e plllients and 4 controls usi11g t/ie 
111i1oge11s phytohe111agg/111i11i11 ( PHA ). po/..ell'eed 111i1oge11 (PWM). and Co11ca11u1·alin A (Co11A) 

The re)ults are exprC))Cd as thc rangc and median (in parentheses) of incrernent counts per rninute; for explanation sce 
tei,.t 

Before patch testing 
After patch testing 
After oral challenge 

PHA 

26 030--56 671 (43 745) 
23 459-64 792 (35 235) 
28 826-51 567 (40 716) 

following patch testing. or following oral challengc 

(Table II). 

There wa!> no statistically significant differencc 

between thc responses of patients and controls 

either before or after patch testing or after oral 

challcnge with nickel when the antigen PPD was 

used (p>0.05. Mann-Whitney test) (Table 111). In 

the patient group, however. there was a significant­

ly increased transformation following oral challengc 
compared with the levet after patch testing 

(p<0.05, Wilcoxon test). There was no similar in­

crease among the controls. 

Prior to patch testing. the results of the L TT 

using nickel sulphate as the antigen showed a sig­

nificant difference between patients and controb 

exccpt when the I : I 00 dilution of the nickel antigen 

was used for a culture period of 144 hours (Table 

IV). There was sorne overlap between the two 

groups following a culture period of 144 hours. 

When the test was repeated after patch testing, no 
definite changes in the responses of either patients 

or controls could be seen. Following oral challenge. 

however, the median level of transformation in the 

patient group showed an increase compared with 

the levels before and after patch testing. The one 

exception to this was in the results following a cul­

ture period of 120 hours with a I : I 00 dilution of the 

nickel antigen (Table IV). The increase was in no 

PWM 

5 6 70--20 056 (12 659) 
5 950-24 330(14 190) 
8 520--27 738 (14 218) 

ConA 

12 492-35 443 (22 926) 
13 291-50 416 (20 291) 
14 891-35 667 (22 194) 

instance statistically significant at the 0.05 leve! 

(Wilcoxon test). 

No increase in the transformation levets of the 

controls was seen following the oral challcnge. 

Details of the results using a nickel dilution of 

I: 100 and a culture period of 144 hours are pre­

sented in Fig. I. The L TT results which providcd 

the best distinction between patients and controls 

wcre obtained after oral challenge (Table IV). 

There was no diITerence in transformation levels 

among patients whose dermatitis nared after oral 

challenge and thosc whose dermatitis remained un­

changed. However. there were only a few patients 

in each group. The patient whose L TT response 

decreased throughout the period of investigation 

experienced aggravation of the derrnatitis following 

oral challenge. 

In Table V the urinary excretion of nickel follow­

ing oral challengc with nickel sulphate is recorded 

for 7 patients and 4 controls. One patient failed to 
collect urine sampel:, after the challenge. There wa� 

no correlation between the severity of dermatitis 

and nickel excretion at the outset of the study. No 

marked deviations in nickel excretion were seen 

when the results prior to and after patch testing 
were compared. lncreased excretion was seen. 

however, on the first or second day after ingestion 

of the nickel tablet for both patients and controls. 

Table 111. Rernlts of lymphocyre tra11sformmio11 in 8 nickel-sensitfre patiems a11d 4 comrols using purifled 

prorein deril•ative (PPDJ as rlte antigen 

The results are expressed as the range and median (in parentheses) of increment counts per minute; for explanation see 
text 

Before patch testing 
After patch testing 
After oral challenge 

Patients 

3 854-11 889 (6 292) 
3 525- 9 990 (6 307) 
4 607-11 597 ( 10 180) 

Controls 

846-18 387 ( 13 918)
2 529-22 I 02 ( 11 248) 

880-18 194 (10 955) 
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Table IV. Results ofrhe lymphocyte 1r<111.1for111atio11 re�t before patch testing, after patch 1esti11g, and ((/ter 
oral challe11ge using I: /00 a11d I: 200 di/11tio11s of the nicl..el a11tige11 and c11/111re periods of 120 and 144 
hours 

The results are expresscd as range and median (in parcntheses) of increment counts per minute; for explanation see text. 
The Mann-Whitney test was used for the statistical analysis 

120 hours 144 hours 

I: 100 I: 200 I: 100 I :200 

Before patch te�ting 
Patients 619-5 862 (2 079) 244-6 677 ( I 521) 191-11 186 (2 548) I 140-11 613 (2 671) 

p<0.01 p<0.01 0.05<p<0.10 0.01 <p<0.05 
Controls -122-496 (350) -497-95 ( 94) -331-1 826(123) -167-1 386(191)

After patch testing 
Patients 250---6 203 (2 313) 360---6 543 ( I 430) 800-11 106 (l 867) 390-12 460(1 833)

0.01 <p<0.05 0.0 l<p<0.05 0.01 <p<0.05 0.05<p<O. IO
Controls -�l 043 (32) -85-869 (43) -112-940 (382) -43-741 (525)

After oral challcnge 
Patients 555-8 543 (2 185) 371-{i 148 ( I 9%) 2 388-10 204 (3 867) 365-6 042 (4 120)

p<0.01 p<0.01 p<0.01 0.01 <p<0.05 
Control� 48-384 ( 157) -15-168 (37) 5&--498 (477) 7-1 459 (332)

For 2 patients (K. H. and B. L.) only a moderate 
increase in nickel excretion was seen. Neither of 
these patients experienced nare of the dermatitis af­
ter oral challenge, but for both of them the L TT 
response increased, The patient with a decreased 

L TT response after oral challenge (H. H.) had a 

high levet of nickel excretion after challenge. 

DISCUSSION 

The L TT results for nickel-sensitive patients ap­
pear to be most distinct from those obtained for 

controls when the test is performed after an oral 
challenge with nickel. Patch testing prior to the 
L TT did not produce increased levels of transfor­
mation. contrary to the observations made when 

persons with experime,Hally induced contact der­

matitis caused by dinitrochlorobenzene (DNCB) 
were challenged with DNCB (8).

The 2 week interval between challenge and L TT 
was chosen on 1he ba:.is of the results obtained after 
epicutaneous challenge in humans with experimen­
tally induced contact dermatitis (8). The interval 
between epicutaneous challenge and L TT following 

Table V. Uri,wry excretion of nicl..elfor 7 patients and4 controls (µg nickel per /00 ml 11ri11e) 

After oral challcnge 
Before After 

Pa1ien1s· inilials patch tests palch tesls Day I Day 2 Day 3 Day 4 

K. H. 0.7 0.4 1.2 I. I 1.3 0.9 
s.w. 1.5 1.3 2.0 6.4 4.0 4.1 
G. K. 0.9 0.9 5.4 2.3 2.0 1.7 
K. P. 0.2 0.7 0.4 

H. H. 0.1 0.1 8.0 3.6 2.4 1.9 
G.H. 0.1 0.1 0.1 2.8 1.2 1.0 
B. L. 0.5 1.8 0.8 1.4 2.0 0.1 

Mean 0.6 0.8 2.6 2.9 2.2 1.6 
Controls' initials 

N. V. 0.7 0.8 3.9 2.4 I.I 1.2 
K. V. 0.8 I.I 6.5 2.9 3.1 2.1 
H.M. 0.3 2.8 0.3 7.2 6.7 2.0 
T.M. 2.8 4.5 12.3 11.8 4.4 2.8 

Mean 1.2 2.3 5.8 6.1 3.8 2.0 
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oral challenge was 35 days (Table I). Although this 

interval reduce� the likelihood of an additive etfect 

of epicutaneous and oral challenge, such an effect 

can be excluded only by duplicating the experiment 

with two groups of patients-one to be challenged 

epicutaneously. the other oral ly. The likelihood of 

an additive effcct is decreased further a� no in­
crease in L TT rcsponse was seen after patch test­
ing. 

The increased leve! of transformation after oral 

challenge was seen both in patients who expe­

rienced clinical aggravation and those who <lid not. 

This would indicate that both clinical evaluation 

and L TT are useful in determining the significance 

of the oral ingestion of nickel in maintaining nickel 

dermatitis. The increase in nickel excretion after 

ingestion of the nickel tablet indicates that all pa­

tients and controls absorbed nickel from the gastro­

intestinal tract. 
The L TT in this �tudy was for practical reasons 

performcd with cells from the peripheral blood. 

Thus we did not study the cells actually producing 

damage in the skin but rather an .. excess 
.
. of memo­

ry cells present in the peripheral blood. We ob­

served an increase in L TT response to nickel after 

oral challenge but not after patch testing, indicating 

that oral challenge is a more effective booster. 
Svejgaard et al. (9) noted that individual controb 

without symptomatic nickel allergy resp0nd signifi­
cantly to nickel in the L TT. This type of reactivity. 

which was also seen in one of the controls ( Fig. I) in 
the present study. may be due to non-specific rnito­
genic properties of nickel or to latent nickel allergy 
in the controls in question. None of the controls in 

the current study showed significantly increased 

responscs to nickel after patch testing or oral chal­

lenge; it is therefore unlikely that any of them have 

latent allergy. 

It is also concluded that ingestion of nickel may 
be an important factor in the maintenance of nickel 

dermatitis, since oral challenge with nickel sulphate 

was followed by I) absorption of the meta! salt; 2) 

an increase in the transformation leve) of lymphocy­

tes; and 3) flare of the dermatitis in some of the 

patients tested. 
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