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Adverse immune reactions develop in up to 30% of patients
treated with gold compounds. However, sensitization to gold(I)
drugs is rarely demonstrated by in vivo or in vitro testing.
Recent data from a mouse model provides evidence that gold(I)
is oxidized to gold(IIl) before T cells are sensitized. To study the
diagnostic value of skin tests, patch testing with various gold
compounds - including gold(I) and gold(III) — was performed in
50 patients with rheumatoid arthritis treated with gold(I)
drugs. Positive patch test reactions to either gold(I) or gold(I1I)
compounds were not detected. In contrast, the lymphocyte
transformation test (LTT) revealed a gold(111)-induced response
in one of the 7 patients being tested. We conclude that patch
testing fails to indicate T cell sensitization to gold(I) drugs in
rheumatoid arthritis patients. The in vitro response to gold(III)
obtained by LTT supports the hypothesis that biooxidation of
gold(I) compounds may play a crucial role for sensitization. Key
words: Gold sensitization; Patch test; Lymphocyte proliferation.
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Since 1929, gold compounds such as gold sodium thiomalate
(GST), containing monovalent gold., gold(l), are widely
used in the treatment of rheumatoid arthritis (RA) (1). Fre-
quently observed side effects are dermatitis and stomatitis.
Glomerulonephritis. neutropenia, formation of antinuclear
auto-antibodies and hypergammaglobulinaemia with in-
creased serum IgE levels are less common (2). The clinical
spectrum of immunological side effects suggests a T cell-
mediated pathomechanism. This hypothesis is further sup-
ported by the association between gold-induced nephropathy
and MHC class II genes (3).

In a recently established mouse model comparable adverse
immune reactions — such as hyper-IgE production and forma-
tion of antinuclear auto-antibodies — developed after repeated
intramuscular injections of GST (4). Splenic T cells from mice
treated with GST showed strong anamnestic responses to gold
(ITI) but not to gold(l). Therefore, it has been suggested
that biooxidation of gold(I) to gold(IIl) in macrophages or
granulocytes precedes T cell sensitization (5, 6).

In contrast to the high frequency of adverse immune reac-
tions to gold(T) drugs in RA patients. sensitization to gold(I)
was rarely detected in vivo or in vitro.

To elucidate the diagnostic value of a single skin test proce-
dure for detecting gold-specific T cell reactivity. patch testing
was performed in 50 RA patients during or after gold therapy,
33/50 with a history of adverse immune reactions. Further-
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more, peripheral blood lymphocytes of 7 selected patients
were tested in vitro by means of the lymphocyte transforma-
tion test (LTT).

PATIENTS AND METHODS

Patients and controls

Fifty patients suffering from RA for 2-10 years treated with different
gold compounds were studied. Out of these, 35 patients received GST,
and the remaining 15 patients aurothiopolypeptide. aurothioglucose
or auranofin. They had been treated with gold compounds for 1-30
months, receiving cumulative doses of 804,060 mg gold salt. 33 of
these patients had developed gold induced adverse reactions. Side
effects such as dermatitis, stomatitis and proteinuria caused cessation
of therapy after approximately 7 months of treatment. At that time the
average dose of GST had been 1,180 mg (804,060 mg). Additionally,
17 patients without clinically overt side effects were tested by means of
patch tests.

Seven patients were selected for LTT. They had received GST for 10
days to 7 months with cumulative doses of 80 to 960 mg. All 7 had
suffered from exanthema, one additionally from transient proteinuria.

Skin tests and determination of total IgE

Patch-testing was performed using Finn chambers (50 ul size) on the
back. The test sites were examined after 24, 48, 72 and 168 h. Positive
test reactions were defined as infiltration and erythema (+), papulo-
vesicles (++) and bullous reaction (+++). The patch test protocol
included both gold(l) and gold(Ill) compounds: gold sodium thio-
malate (2.0% aequ., 0.5% petrol.), gold sodium thiosulphate (0.5%
petrol.) and gold trichloride (1.0% petrol.) (Hermal, W-Reinbek/
Hamburg, Germany). Fifty age- and sex-matched healthy volunteers
served as controls. Total serum IgE concentrations were determined
using a commercially available testkit (Synelisa, Pharmacia. W-Frei-
burg, Germany).

Isolation of cells and cell cultures
To demonstrate gold-specific T cell sensitization in vitro LTT was
performed in 7 patients who had developed dermatitis during treat-
ment with GST. Proteinuria was additionally observed in one patient.
For LTT, mononuclear cells were isolated from 50 ml heparinized
peripheral blood using Ficoll gradients (Ficoll-Paque, Pharmacia, W-
Freiburg, Germany). Cells were resuspended in antibiotic-free culture
medium TC 199 (GIBCO/BRL, W-Eggenstein, Germany) supple-
mented with 15% heat-inactivated autologous serum. 1 x 10° mono-
nuclear cells/l ml were cultured for 5 days, incubated with either GST
(0.3 to 5.0 pg/ml; Byk Gulden Lomberg, W-Singen, Germany) or gold
trichloride (1.5 to 100 pg/ml; Fluka, Switzerland) and pulsed with
(*H)-thymidine (81,9 Ci/mmol; NEN, Du Pont de Nemours, W-Bad
Homberg, Germany) 24 h before harvesting. For control purposes
pokeweed mitogen-induced proliferation of mononuclear cells was
assessed (100 ug/ml; GIBCo/BRL, W-Eggenstein, Germany). Incor-
porated radioactivity was counted in a liquid scintillation counter
(LKB Wallac 1217 Rackbeta). Results from duplicate cultures are



Table 1. Skin reactivity of 50 RA patients and 50 healthy con-
trols: patch test results

GST = gold sodium thiomalate; GSS = gold sodium thiosulphate;

aequ. = aequous; petrol. = petrolatum.

Gold compound Conc./Vehicle Patients Controls
GST - gold(I) 2.0% Aequ. 0

GST - gold(I) 0.5% Petrol. 0 1

GSS — gold(T) 0.5% Petrol. 0 pLag

Gold trichloride 1.0% Petrol. 0 0

"24h++ 48h ++.72h ++
*Control 1: 24 h+,48h ++, 72 h +++
Control 2: 24 h +, 48 h ++, 72 h ++

expressed as stimulation index (SI) comparing counts per minute
(cpm) values of gold-treated wells with controls.

RESULTS

Patch-testing revealed neither irritative nor allergic skin reac-
tions to gold(I) or to gold(IIT) preparations in any of the 50
patients suffering from RA. In contrast, 3 out of 50 controls
showed a typical delayed type hypersensitivity to gold(I) de-
spite clinical evidence for gold-induced contact dermatitis.
Once more there were no positive reactions to gold(III) or any
irritative response (Table I).

Three of the 7 patients with exanthema selected for LTT
showed blood eosinophilia up to 8%. There was no con-
comitant elevation of serum IgE concentrations, neither in
these 7 nor in the vast majority (92%) of the other patients
studied.

In response to gold(I), peripheral mononuclear cells of pa-
tients and controls did not exhibit any reactivity (Fig. 1). How-
ever, in one patient after addition of 1.5-12.5 pg/ml gold
trichloride a dose-dependent and specific lymphocyte prolifer-
ation was induced (Fig. 2). This patient had suffered from gold
dermatitis after 10 days of treatment with a cumulative dose of
80 mg GST. Concomitantly blood eosinophilia of 6% was
detectable. Serum IgE concentration was within normal range.
The other patients and all controls showed negative LTT re-
sults with gold(III).

DISCUSSION

The graft-versus-host-like spectrum of gold-induced adverse
reactions, such as mucocutaneous eruptions and nephropathy,
and their association with the MHC suggest that T cells play a
central role in the pathogenesis in humans as well as in mice
(3). In RA patients, however, T cell sensitization to gold(I)
drugs was rarely demonstrated in vitro using the LTT (7-12).
In vivo diagnostic procedures, e.g. epicutaneous patch-testing
with gold(I) salts, were performed in single patients and re-
mained without positive reactions (9, 11-12). Until now the
recently developed concept that biooxidation of gold(I) to
gold(III) precedes specific T cell activation in mice has not
been considered in humans. In the present study in vivo and in
vitro diagnostic procedures were performed including a variety
of gold(I) and gold(I1l) compounds as test substances.
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Fig. 1. Results of LTT obtained with gold(I) (gold sodium thiomalate)
in 7 patients with RA B and 7 healthy controls B. Cells were in-
cubated with 0.3 to 5.0 pg/ml gold compound. Horizontal bars indicate
I SD. Stimulation indices of duplicate cultures of patients are com-
parable to those of controls. A specific response to gold(I) is not
detectable.

E3 control gold(l)

Among other mechanisms delayed-type hypersensitivity is
discussed concerning the pathogenesis of skin eruptions under
gold therapy. Therefore, patch-testing was chosen as a nonin-
vasive, easily performed method to detect specific T cell sensi-
tization in vivo. However, difficulties known from gold-in-
duced contact allergy had to be considered. In a number of
patients who developed contact dermatitis upon exposure to
gold salts, patch-testing with gold-containing compounds re-
vealed false negative results (13, 14). Furthermore, positive
patch test reactions in gold contact allergy showed clinical
abnormalities, i.e. persistent dermatitis-like plaques or granu-
lomatous contact dermatitis (15.16). Especially for gold tri-
chloride prolonged dermal reactions are described (17, 18).

The majority of RA patients included in this study had
suffered from typical side effects such as dermatitis, stomatitis
or proteinuria. Irrespective of any adverse immune reaction to
gold, the epicutaneous testing failed to unravel T cell sensitiza-
tion. Our results confirm the casuistic reports concerning lack
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Fig. 2. Results of LTT obtained with gold(III) (gold trichloride) in 7
patients with RA B and 7 healthy controls . Cells were incubated
with 1.5 to 100 ug/ml gold compound. Horizontal bars indicate 1 SD.
Stimulation indices of duplicate cultures of 6 patients with RA are
comparable to those of controls. In one patient after incubation with
1.5 to 12.5 pg/ml gold trichloride a dose-dependent specific T cell
proliferation is detectable .
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of skin hypersensitivity to gold(I) drugs (8-10). Furthermore,
-the patch test cannot detect gold(III) specific T cells possibly
generated during antirheumatic therapy with gold(I) salts.
These negative results might be due to the route of adminis-
tration, i.e. epicutaneous application of the test compounds
could be inappropriate to detect sensitization induced by sys-
temic treatment with gold salts.

In vitro tests using peripheral blood lymphocytes might rep-
resent a more reliable approach to detect gold-specific T cell
sensitization. In addition, LTT reduces possible hazards from
in vivo administration of the test compounds. In some patients
suffering from gold-induced contact dermatitis, LTT with gold
salts revealed specific dose-dependent reactions to gold(I) (19,
20). Concerning the immunotoxicity of gold(I) drugs, lympho-
cyte proliferation results varied within a wide range of stim-
ulation indices. Until now, LTT performed in RA patients
included only gold(I) compounds and remained inconclusive.
Possible immune reactions to gold(IIl) had not been con-
sidered (7-12).

Our results indicate that neither gold(I) nor gold(III) com-
pounds can elicit any mitogenic effect in cultures of controls.
In RA patients, gold(I) compounds did not induce any
lymphocyte proliferation. However, in one out of 7 patients a
gold(I1T)-specific sensitization was detectable. This finding
was recently confirmed by a similar reactivity of peripheral
blood lymphocytes to gold(IIl) in a number of RA patients
with comparable gold-induced adverse immune reactions (21).

In conclusion, RA patients suffering from gold-induced side
effects lack skin hypersensitivity. Patch-testing fails to indicate
whether gold-specific sensitization has taken place or not. In
contrast, the lymphocyte proliferation test seems to be a better
approach for detecting T cell sensitization during gold therapy.
However, the low number of positive reactions in this study
indicates that further evaluation and standardization of
lymphocyte proliferation assays are necessary. Additional as-
says measuring the activation of specific lymphocyte functions,
such as the pattern of secreted lymphokines. might improve
the diagnostic approach towards gold-induced adverse im-
mune reactions. Any test procedure should include both gold
(I) and gold(IIl) compounds.
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