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In vitro Testing of Contact Sensitivity 
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A new in vitro technique for the testing for contact sensitivity is described. The method is 
based upon the fact that in response to immunological stimuli, keratinocytes can start to 
synthesize and express class lI histocompatibility antigens. Nickel sulphate (NiSO4) stimu
lated lymphocytes from nickel-sensitive persons, and the supernatant of these cells thus 
induced expression of HLA-DR on keratinocytes when co-cultured with autologous nor
mal skin biopsies. This was in contrast 10 what was the case in healthy controls. Key 
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Epicutaneous tests th at are used to verify the occurrence of delayed type of hypersensitiv
ity reactions to di.Terent compounds, may give both false-negative and false-positive 
results (I) and may also induce sensitization in some individuals (2). More specific 
immunological tests are therefore desirable. 

The work on the development of in vitro tests in patients with allergic contact dermatitis 
has mainly been focused on assays of lymphocytes. where the cells are stimulated to 
proliferate by different metal compounds. The results have been contradictory, however, 
and both specific and non-specific lymphocyte stimulation bas been reported (review ref. 
I). 

We present here a different approach to in vitro tests for the delayed type of hypersensi
tivity, based upon the knowledge that in response to immunological stimuli. keratinocytes 
can start to synthesize and express class II transplantation antigens (3-9), whereas in 
normal epidermis these antigens are confined to Langerhans' cells (10, 11). 

MATERIALS AND METHODS 

Patients and controls 

Two women and one man, with a history of eczema but without active skin disease were chosen for 
the study (Table I). They had been patch tested 2 years (patient I) and 6 years (patients 2 and 3) before 
the present study. Finn chamber technique was used with 5 % nickel sulphate and 1 % cobalt chloride 
in petrolatum and all showed a strong ( + + or more) reaction to nickel sulphate and patient 3 also had 
a positive reaction to cobalt chloride. Three healthy, sex- and age-matched persons served as controls 
(Table I). These persons had no history of eczema. 

Medium 

RPM! 1640 (Flow Lab .. Irvine, UK) supplemented with I mM L-glutamine. streptomycin (100 µg/ml). 
penicillin (100 U/ml). fungizone (1.25 µg/ml) and heat inactivated (56

°
C for 30 min) normal human 

ABO serum (exp. no. I) or autologous plasma (exp. nos. 2. 3). 

Separation of peripheral blood mononuclear cells (PBM) 

30 ml heparinized blood samples were collected from each person. Mononuclear cells were isolated 
by centrifugation on Lymphoprep (Nyco, Oslo. Norway) as described by Bi;yum (12). 
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Lymphocyte proliferation assay 
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Triplicate cultures were set up in% well flat bottomed microtitre plates (Flow Lab.) with 2X 101 PBM 
cells in 200 µl medium per well. Nickel sulphate (NiSO,) (Merck. Germany) was prepared as I% stock 
solution in distilled water. and thereafter diluted in the medium to the final concentrations in the 
cultures of6.25, 12.5 and 25 µg/ml. Phytohemagglutinin (PHAl 5 µg/ml (Wellsome Lab., UK) or the 
medium alone were used as controls. The plates were incubated for seven days at 37°C in a humidified 
atomsphere of 95 % air and 5 % CO,. During the final 18 hour� of culture, each well was pulsed with I 
µCi of (3H)•thymidine (Amersham, Buckinghamshire, UK). The cells were finally harvested on glass
fibre papers and processed for liquid scintillation conunting. Results are expressed as stimulation 
indices (SI), where the mean counts per minute (cpm) of stimulated cultures were divided by the mean 
cpm of unstimulated cultures (13). 

Preparation of lymphocytes and supernata/1/S for skin cultures 

106 fresh PBM cells in I ml medium were cultured in 24 well flat bottomed plates (Flow Lab.) with or 
without 12.5 µg/ml NiSO, for 7 days in a humified atom sphere of 95 � air and 5 % CO1. Supematants 

were carefully pipetted and centrifuged to avoid any cell contamination. The cells were collected. 
washed three times and then counted. Combinations of cells and their supcrnatants or supematants 
alone were then used for cultures of skin specimens as indicated below. 

Biopsies 

Two punch biopses (3 mm) from normal skin were taken from each individual 7 days after blood 
samples. 

C11/111re of skin specimens 

The fresh punch biopsies were washed in phosphate buffered saline (PBS) and subcutaneous tissue 
was trimmed off, whereafter they were divided into halves. The 4 specimens from each person were 
cultured with dermal side down in 96 well flat bottomed microtitre plate� (Flow Lab.) together with (a) 
autologous NiSO, stimulated 0.8x 106 PBM + their supernatant (exp. nos. I, 2, 3). (b) this (a) 
supernatant alone (exp. Nos. I, 3), (c) autologous non•�timulated (0.8 x 106) PBM + their supernatant 
(exp. nos. I, 2, 3), (d) this (c) supernatant alone (exp. no. I), (e) the supernatant from allogeneic 
NiSo,•stimulated lymphocytes (exp. no. 2). or(/) the medium alone (exp. nos. 2. 3). The end•volume 
per well was 300 µI and fresh antibiotics, L•glutamm as indicated above+5% ABO serum or 
autologous plasma was added. 

Table I. Response of peripheral blood mononuc/ear (PBM) cells stimulated with PHA and various 

concentrations of NiS04 in three patients with positive patch tesr to NiS04 and three healthy control 

persons 

Induction of HLA·DR antigens in vitro on keratinocytes in normal skin �pecimens cultured for three days with 
autologous (12.5 µg/ml) NiSO,•stimulated PBM and their supernatant is also indicated. The PNM responses are given 
as stimulation indices (SI), where SI = mean cpm of stiumulated cultures divided by the mean cpm of unstimulated 
cultures 

Cone. of NiSO, (µg/ml) In vitro HLA·DR 
Background PHA (µg/ml) (SI) induction on 

Age/ (cpm) (SI) autologous 
sex (PBM+medium) 5 25 12.5 6.5 keratinocytes 

Exp. no. I 
Patient I 31/M 4 000 28.5 3.1 13.3 18.8 + 
Control I 30/M 4 650 11.5 0.5 2.0 1.5 

Exp. no. 2 
Patient 2 26/F 600 158.3 1.3 15.5 9.3 + 
Control 2 24/F 960 182.3 0.2 1.0 0.6 

Exp. no. 3 
Patient 3 40/F 1050 38.8 3.8 5.6 4.9 
Control 3 42/F 1 000 146.0 1.7 1.3 1.0 
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Fig. I. lmmunoperoxidase staining with the 
monoclonal antibody anti-HLA-DR (1.5 µg/ml) 
applied to frozen sections of (a) normal skin 
specimen from a nickel-sensitized person co
cultured for three days with autologous NiSO,
stimulated peripheral blood mononuclear 
(PBM) cells + their supernatant. (b) Normal 
skin specimen from a healthy person co-cul
tured for three days with autologous NiSO,
stimulated PBM + their supernatant. 

The plates were incubated for 3 days at 37°C in a humidified atmosphere of 95 % air and 5 % CO, 
wbereafler the specimens were dried briefly on filter papers, snap frozen in chilled isopentane and 
stored at -70°C until sectioned for immunohistochemical staining. 

lmmunohistochemical staini11g of skin sections 

Acetone fixed 6 µm thick cryostat sections were investigated by means of a sensitive avidin/biotinylta

ed perioxidase complex ('ABC') technique (14) using mouse monoclonal antibodies from Becton 
Dickinson Corp. (Sunnyvale. Ca., USA) denoted: anti-Leu 6 (diluted 1/64, specific for thymocytcs. 
Langerhans' cells), anti-HLA-DR (diluted 1/128) and anti-Leu 10 (dliuted 11128, specific for HLA-DQ 
antigens). 

RESULTS AND DISCUSSION 

The following criteria for a positive in vitro response to NiS04 on day 6 of PBM culture 

have been presented by Al-Tawil et al. (13): (a) The experimental SI should be at least 

twice that of the controls tested simultaneously, when a NiS04 concentration of 6.25 µg 

NiSOJml is used, (b) the SI of the patients should be more than 3 with use of this 

concentration and (c) the SI of the patients should be more than 6 with a concentration of 

I 2.5 µg/ml. As seen in Table I two of our three patients (day 7 of culture) fulfilled all three 

criteria. Patient 3 fulfilled the first two criteria but not the third, thus making the nickel 
sensitivity of this person doubtful. Unfortunately, she was not available for re-testing or 

for a dilution test. 

Immunohistochernical staining revealed an induction of HLA-DR (Fig. I a) but not of 
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HLA-DQ antigens on keratinocytes in two of the three patients when skin specimens were 
co-cultured with NiS04-stimulated autologous PBM + their supernatant, but not with 

any of the other combinations. The control persons showed no induction of class II 
antigens in any of the tests. The patient (no. 3, Table I) who did not show induction of 
class II antigens on keratinocytes was the one with a questionable PBM response to NiSO. 
in vitro, mentioned above. In all these cases with HLA-DR-negative keratinocytes, class 
II antigens were confined to Langerhans' cells, as also were T6 antigens. The Langerhans' 
cells often showed a basal position (Fig. 1 b). 

When added to epidermal cell cultures, recombinanc y-interferon can induce expression 
of class II antigens on keratinocytes (15). as also can y-interferon given locally in vivo (16). 
Another mediator, distinguishable from y-interferon, produced by human allogeneic stimu
lated lymphocytes, can also induce class lI antigen expression in a variety of different cell 

types (17). The supernatant of NiS04-stimulated PBM in nickel-sensitive persons obvious
ly did not contain sufficient amounts of y-interferon and/or other mediators for the 
induction of detectable amounts of class II antigens on keratinocytes, since this was 
observed only when the stimulated cells themselves also were present in the cultures. It is 
thus possible that the lymphocytes in the co-cultures continued co produce mediators 
necessary for the induction of class II antigens. 

A similar experimental model has been used as a predictive test in vitro for graft versus 
host disease in patients with genotypic HLA-identical bone marrow transplants (18). Here 
pre-sensitized lymphocytes were cultured with the recipient's skin, and the majority of the 
co-cultured skin explants from patients later developing graft versus host disease showed 
histological changes compatible with this disease. In our experience, however, histological 
evaluation alone, as used in their investigation (18), would be too hazardous, since the 
culture method is hampered with the risk of secondary changes in the specimens, which 
might complicate the interpretation. For the particular immunohistochemical question in 
this study, on the other hand, such changes are of less importance. 

The present investigation thus shows that in nickel-sensitized patients, in contrast to 
healthy controls, expression of HLA-DR antigens on keratinocytcs can be induced in vitro 
by co-culture of normal skin biopsies with NiS04-stimulated autologous PBM. 

ACKNOWLEDGEMENTS 

Catharina Johansson provided excellent technical assistance. This study was supported by grants 
from the Swedish Medical Research Council, the Swedish Work Environment Fund and the E. 
Welander Foundation. 

REFERENCES 

I. Al-Tawil NG. Immunological studies in patients with nickel, cobalt and chromium sensitivity.
Thesis. Stockholm: Karolinska lnstitutet, 1985.

2. Agrup G. Sensitization induced by patch testing. Br J Dermatol 1968: 80: 631-634.
3. Tjernlund U. Epidermal expression of H LA-DR antigens in mycosb fungoides. Arch Dermatol

Res 1978; 261:81--86.
4. Tjernlund U. la-like antigens in lichen planus. Acta Derm Venereol (Stockh) 1980; 60: 309-314.
5. Lampert IA, Su itters AJ. Chrisholf PM. Expression of la antigens on epidermal keratinocytes in

graft versus host disease. Nature 198 I: 293: 149--150.
6. Scheynius A, Tjemlund U. Human keratinocytes express HLA-DR antigens in the tuberculin

reaction. Scand J Immunol 1984; 19: 141-147.
7. Scheynius A. Fisher T. Phenotypic difference between allergic and irritant patch test reactions in

man. Contact Dermatitis 1986; 14: 297-302.
8. Tjemlund U, Scheynius A, Asbrink E, Hovmark A. Expression of HLA-DQ antigens on 

keratinocytes in Borrelia spirochete induced skin lesions. Scand J lmrnunol 1986: 23: 383-388.



Acta Derm Venereol (Stockh) 67 In vitro testing of contact lensitiuiry 421 

9. Vole-Platzer B, Majdic 0. Knapp W, Wolff K. Hinterberger W, Lechner K. Stingl G. Evidence of
HLA-DR antigen biosynthesis by human keratinocyte� in disease. J Exp Med 1984;
159: 1784-1789.

10. Klareskog L, Tjernlund U. Fors um U, Peterson PA. Epidermal Langerhans cells express la
antigens. Nature 1977; 268: 248-249.

11. Rowden G, Lewis MG, Sullivan AK. la antigen expression on human epidermal Langerhans
cells. Nature 1977; 268: 247-248.

12. Bfyum A. Separation of leukocytes from blood and bone marrow. Scand J Clin Lab Invest 1968;
21. Suppl 97.

13. Al-Tawil NG, Marcusson J, Moller E. Lymphocyte transformation test in patients with nickel
sensitivity: an aid to diagnosis. Acta Derm Venereal (Stockh) 1981; 61: 511-515.

14. Hsu SM, Rainer L, Fanger H. Use of avidin-biotin-peroxida�e complex (ABC) in immunoperoxi
dase techniques: A comparison between ABC and unlabelled antibody (PAP) procedures. J
Histochem Cytochem 1981; 29:577-580.

15. Basham TY, NickolofI BJ. Merigan TC, Morhcnn VB. Recombinant y-imerferon induces HLA
DR expression on cultured human keratinocytes. J Invest Dermatol 1984; 83: 88-90.

16. Scheynius A, Johansson C, van der Meide PH. [n vivo induction of la antigens on rat keratino
cytes by y-interferon. Br J Dermatol 1986; 115: 543-549.

17. Groenewegen G, de Ley M, Jeunhomme GMAA, Buurman WA. Supcrnatants of human leuko
cytes contain mediator. different from y-interferon, which induces expression of MHC class II
antigens. J Exp Med 1986; 164: 131-143.

18. Vogelsang GB. Hess AD, Berkman AW. Tutschka PJ. Farmer ER. Converse PJ. Santos GW . An
in vitro predictive test for graft versus host disease in patients with genotypic HLA-identical bone
marrow transplants. N Engl J Med 1985: 313: 645-{i50.




