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Abstract. Mononuclear cells from the peripheral blood of 
four nickel-sensitive persons and 4 controls bound equal 
amounts of 63nickel in vitro. 90-99'1r (mean 96%) of the 
""nickel was removed from thc cells by washing three 
limes every 30 minutes for 120 minutes. For 4 other pa
tients and 4 controls. lymphocyte transformation with au
tologous nickel-incubated. irradiated cells as the stimulant 
showed that nickel was bound to the cells in sufficient 
quantities and was present in a form which could induce 
lymphocyte transformation in vitro in nickel-sensitive pa
tients. 

Key u•ords: Lymphocyte transformation: Mononuclear 
cells: 63Nickel: Nickel binding: Nickel hyper
sensitivity 

lnorganic nickel salts have been used successfully 
both in the lymphocyte transofrmation test and the 
leukocyte migration inhibition test to demonstrate 
nickel hypersensitivity in vitro (2, 4. 7). In such 
experiments it has been assumed that the hapten 
binds to prmein or cells in the culture medium. to 
become a complete antigen. 

It has been shown morphologically in an auto
radiographical study that 63nickel binds to lym
phocytes (3). 

The following study was conducted to investigate 
t he stability of the in vitro binding of nickel to 
mononuclear peripheral blood cells from nickel
sensitive patients and healthy individuals and to 
determine whether nickel coupled to mononuclear 
cells could induce lymphocyte transformation in 
vitro of autologous lymphocyt.es from nickel-sensi
tive patients. 

MATERIALS 

Eight patients who demonstrated at least infiltration and 
papules 72 hours after patch testing with 5 % nickel 
sulphate in petrolatum and 8 controls participated in the 
study. Venous blood was drawn in equal amounts of 
RPMI-1640 medium (Gibco) with 20 I.U. of heparin per 
ml. and the mononuclear cells were separated by cen
trifugation (500 g) after layt:ring on lymphoprep (Nyco). In
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order to reduce the quanlity of serum proteins bound to 
the cells. these were washed three times in RPMl-I640 
medium. 

63Nickel: Nickel chloride in 0.1 M hydrochloric acid 
with 0.97 mCi""Ni per ml was used (86 µg Ni/ml) (The 
Radiochemical Centre. Amersham, England). From this 
stock solution a 50-fold dilution was made with saline. 

METHODS 
63Nickel study 

For 4 of the patients and 4 controls 50 µ,I ""Ni dilution 
(approximately I µCi '-'Ni) wa, added to 105 mononuclear 
cells in 0.25 ml of RPMl-1640 medium. Triplicates of f'our 
identical cultures were made from the cells of each per
son. The cultures were incubated at 37°C in a hum id 
atmosphere to which 5 <;i CO, was added. After 30 min of 
incubation three culturc tubes of cells from each person 
were washed three times in RPMl-1640 medium and then 
harvested on glass filter paper with a Skatron<& scmi-au
tomatic harvester. The rcmainder of the cells were 
washed three times and re-incubated. At 30 min intervals 
<luring a culture period of 120 min three tubes of cells from 
each person were washed and harvcsted as described 
above. Radioactivity was measured by scintillation count
ing. A blank and 4.8 µ,Ci63Ni were used as standards in the 
scintillation counter. and the radioactivity was expressed 
as counts per minute (medians of the triplicate cultures). 
In initial experiments both the radioactivity of the cells 
and the supernatant were determined. and summation of 
the counts showed that al least 90% of the "3Ni was
recovered. Cell counts were petformed on cultures incu
bated and washed as described above. and the loss of cells 
after washing three limes was 5 7c or less. 

Lymphocyte 1ra11sjormatio11 s111dy 

Throughout this par1 of the study I 5 % pooled human 
serum and 480000 units of penicillin, 0.5 g streptomycin. 
50 mmol HEPES.1.2 mmol glutamine and 20000 units of 
heparin were added to each litre of RPMl-1640 medium. 

One-third of the cells from the remaining 4 patients and 
4 controls were incubat.ed with 0.1 o/c NiSo,. 7H,O (Spec
purell' J a, described above, while two-thirds of the cells 
were incubated without nickel. 

After 30 min of incubation 10% ofthe nickel-conjugated 
cells and half of the non-nickel-conjugated cells were sub
jected to 2 400 rad gamma irradiation in order to arrest 
multiplication without destroying the cells. Following the 
irradiation the cells were washed three limes with RPMl-
1640 medium. 

Cultures of 10' cells were made in 0.5 ml medium. The 
following stimulants were used in triplicate cultures from 
each person: (I) nickel sulphate. 50 µ,I of a I: 100 dilution 
of a I 7c Mock solution: (2) nickel sulphatc. 50 µI of a 
I : 200 dilution of a I o/c stock solution: (3) 10' itTadiated. 
nickel-conjugated autologous cells; (4) 10" irradiated nick
el-conjugated autologous cells; (5) I 05 irradiated non
nickel-conjugated autologous cells: and (6) 10 6 irradiated 
non-nickel-conjugated autologous cell,. Triplicate un
stimulated cultures served as controls. ldentical cultures 
were incubated for 120 and 144 hours. '"C-labelled 
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Fig. I. Binding of '"'Ni 10 mononuclcar cells. Counb per 
minute (cpm) given a, median of triplicates for each pa
tient (el and control (vl after 30 111111 of incubation and 
following three wa,hmg, every 30 min for 120 min. 

thymidine ,�a, added 10 the culture, for thc la,1 �4 hour,. 
The cuhurcs "ere hanested on glas, filter papcr. and 
liquid scintillation counting was pcrformed in ln,tagel • 
(7). The rc,ults werc cxpressed as increment counu, per 
minute. i.e. counts per minute of stimulated culture� (me
dian of triplicates) minus counts pc.>r minute of un,timu
lated cultures (median of 1riplica1eq. 

RESULTS 

63Nickel bound 10 the mononuclear cells afler an 
incubation period of 30 minutcs. There was cqual 
binding to the cell� from both patients and con
trols (Fig. l ). The binding wa� reversible. and 
after wa,hing three times in RPMl-1640 medium at 
30-min i ntervals for 120 min 90-99 r;. (mean 96 rt) of 
the (�1nickel was removed from thc cells. 

The rcsults of thc lymphocyte transformation 
study after cult urc periods of 120 and 144 ho urs 
were s1milar. The re�ults afler a 120-hour culture 
period are depicted in Fig. 2. After stimulation with 
nickel sulphate, differentiation could be �een be
tween patients and controb. The use of ros ir
radiated nickel-conjugated autologous cell-, pro
duced \timulation only in the patient who had the 
highest counts when nickel wa, present in the 
medium. After stimulation with 10" nickel-conju
gated autologous cells. distinct differentiation be
tween patients and controls wa� seen (p<0.025. 
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Fil[. '!. Nickel-induced lymphOC}te tran,formation. Re
,uhs of lymphocyte tran,fonnation 1e,1 usmg as thc 
,1imula1ors (A) I: 100 and I· '.!00 dilution'> of nickel 
sulphate. (Bl 10' and I()" irradia1ed nickel-coajugated au
tologou, cells. and (C) 10" and IO" i1rndia1ed non-nickel
conjugated au1ologou, cells. Patient, = •· Controb = 0. 
Rc,ull, are ghen in increment counts per minute (icpm). 
(For eAplanation. ,ee text.) 

Mann-Whitney test). lrradiated non-nickel-conju
gated autologow, cells produced no stimulation. 

DISCUSSION 

Sincc equal binding took. place in cell suspensions 
from nickel-hypcr,ensitivc patients and controls. 
thc above re�ults indicate thal the great majority of 
the nickel bind� non-specifically to mononuclear 
cell'> of the periphcral bloo<l. This bimhng ,, rever
sible. and 9oq or more of the nickel can be re
moved by washing the cells every 30 min for 120 
min. That the nickel bound to irradia!ed autologous 
mononuclear celb induced specific lymphocyte 
tran-,formation also indicates reversibility of the 
binding of nickel to the mononuclear cell'>. 

N icke! levcl-, in serum do not vary grcatly (6). 
The capacity of mononuclear cells to bind nickel 
re\ crsibly may in pan explain the v. idc-,pread llare., 
of nickel dermatitis somctime:, :.een in nickel-sensi
tivc persons after ingestion of nickel (I. 5). 

Nickel bind� '>lrongly to albumin (6). and it could 
be a!.sumed that the "'1nickel bound co albumin
adheres to thc mononuclcar cells. Howcver. the 
cells were washed six timcs before thc initial deter
mination of radioactivity. and accordingly. this ex
planation for the binding of nickel would �eem un
likcly. The rapid decline of the ti3nickcl concentra-
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tion after furthcr washing also indicates that thc 
nickel was. in fact. bound to thc cell;.. 
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Abstract. fhe rok of cell-mediated rmmuni1y rn control
ling Basal Cell Carcinoma (BCC) growth v.a, ,tudied b> 
measuring the transformation of lymphocyte, when chal
lenged in ,·i tro with aqueou, cxtracr, of the patients' BCC, 
and of control skin. Tests -...cre carricd out in 1he pre,ence 
of autologous and heat-treated pla�ma. Three pat1en1s out 

-le la V,1ma101 cnc'r 1S1oc J.:lwlmJ f,/ 

of 8 ,ho,,ed ,ignificantl} raised 1hymidine uptake ratio 
(TUR). Hea1-1rea1cd plasma produccd highcr fUR,. rnd1-
cating the pre,ence of an 1nhibi1ory fac1or. 

Ke_\' ,rnrds: Ba,al cell c.ircinoma: Aqueou� tumour e,
trac1: L}mphoc}h! transform,llion: Cdl
med,atcd immunity 

Tu mor,; ma} de, elop a, a re-.ult of e,po,ure 10 
c.ircinogens (chcmical. physical or vira!). defect, in
DNA repair. and deficicncy of immunological �ur
, eillance. The common Ba!>al Cell Carcinoma
(BCC) of the �kin i� slow growing, has limited inva

sive propertie�. and i, only locally malignant. Hi,
tologicall} thc tumour i, associatcd ,, ith a \'ariable
degre.: of lymphocy1ic infiltrate. Does t he tumour
grov. autonomously in an '"indifferent 

.. 
environ

ment or  is thcre an acti, e conte�t bet�een host and
tumour. involving a cell-mcdia1ed immune r�
spon!.C '? We report herc experiments involving chal
lengc of patient·, I} mphocytes \\åth e,trach of their
BCC, and as,essment of the re,ulting blast tran�
formalion.

MATERIALS AND METHODS 

BCC, wcre exci,ed under local anaes1he11c ( I '1 ltg
nocame) from il patient,. Al lhe �amc time a control biop
sy wa, obtained (with informed conscnt) from a skin site 
remote from the IUmour (upper ou1cr arm). Hi�1olog1cal 
conlirmation of the diagno,i, -...a, obtained from a ponoon 
of the tumour. A portion of the remainder ( 100-400 mg) 
was wcighed. minced. homogeniz:ed in 2 ml phy�iological 
,alinc u,ing a 1",ue di,in1egrator. and the e\lract filtered 
through a 0.45 µm Mille, filter. The normal ,kin samplc 
was treated similarly. 

20 ml heparinized venou, blood wa, obtaincd from cach 
pa1ient and -...a, ,eparated under gra,i1y for 1-::? hour�. 
The -...hi1e cell layer wa:, removed and total and differen
tial cell count:, carried out which confirmed a lymphocyte 
content of 50-70'1. The plasma wt" scparated from thc 
remaining cell, b>· centrifugation at 150 !/ for 10 mrn. 
Half the plasma was heatcd at 56°C for 30 min 10 dc
s1roy complement. Cells were wa,hed in Medium 199 
(Wellcomel and re-suspended in Medium 199 to con1ain 
2x 10'' cell, per ml. 

I 10-µI aliquots of thi, cell su,pen,ion wi:rc placed in 
microwells. supplemented -... ith 30 µI plasma and 10 µI of 
thc folio" ing con,tituent�. (a) ph)',iological saline (a, 

basehnc conuol): (bl BCC cxtract (BCC I}: (cl BCC c,-
1rac1. I rn 10 diluuon in phy,iological ,alinc (BCC 2): (dl 
conlrol ,kon extract (Cont. I J: (el control skin c,tract. I in 
10 dilutoon in phy,iological salinc (Con1. 21. All sample, 
were ,el up in quadruplicatc. The ,c1ie, wa, duplicatcd 
using thc heat-trcated pla,ma instead of the normal pla,
ma. 

Aner rncuba11on a1 37°C for 6 day,. 2 µCi ( H)1hymidrnc 
<RCC Amersham) in 10 µI Medium 199 wa, added to each 




