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d’enzyme dans le sérum et le poids de la rate représenterait
peut-étre le degré de destruction de ces cellules dans la rate,
étant donné que le lysozyme ne se libére dans la circulation
qu’aprés la mort de la celtule productrice de celui-ci'®.
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Robert Koch-Institut, Nordufer 20, D-1000 Berlin 65 (West), und Klinikum Steglitz, Hindenburgdamm 30, D-1000 Berlin 45
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Summary. Chronic oral exposure of mice to Cd** inhibits cell-mediated immunity of delayed type hypersensitivity
induced by sheep red blood cells (SRBC). No effect was detected on humoral immune response to SRBC. Spleen cells
derived from mice exposed to Cd™** showed in vitro enhanced response to T and B cell mitogens. These results demon-

strate that Cd* * exposure alters the immune system of mice.

It has been reported that cadmium, known as an environ-
mental contaminant, alters the antibacterial defense
mechanisms>®. This alteration seems to be due especially to
an impairment of the function of phagocytic cells®. As
tested in rabbits, Cd* * given in subtoxic doses results in
decreased circulating antibody titers’ and diminishes the
humoral immune response of mice to sheep red blood cells
(SRBC) as measured by the number of antibody forming
cells in the animal spleen. Therefore, it has been claimed
that the decreased antibody titers after Cd** treatment
might be due to the impairment of the clonal expansion of
the specific B lymphocytes®. Recently, we showed an im-
pairment of the T cell-mediated, macrophage-dependent,
celluglar immune response of mice by subtoxic doses of
lead”.

In this study we present results concerning the effect of
chronic Cd** exposure a) on cell-mediated immunity
(delayed type hypersensitivity=DTH) induced by SRBC,
b) antibody production to SRBC and c) function of spleenic
T and B lymphocytes in vitro. Cd* * was given orally, since
this route can be considered as relevant for intoxication
with Cd** as an environmental agent. In the form of
cadmium acetate 30, 300 and 600 ppm Cd**+ were adminis-
tered to mice ad libitum with drinking water for 10 weeks.
This dose range is reported to be subtoxic and to be
inhibitory for humoral immune response in mice®. Histo-
logical studies revealed no morphological changes of kid-
neys, small and large intestine, thymus, and lymph nodes,
but a dose-dependent decrease of the white spleen pulp,
cell necrosis in liver and inflammatory infiltrates and
edema in the cardia, especially in mice, which showed the
highest cadmium level in the serum.

Cd* + resorption was measured in the sera of specimens by
atomic absorption spectrophotometry (AAS) in a range of

0.2 up to 4.0 pg/100 ml serum. The cadmium range of
normal individuals is between 0.17 up to 0.23 ug/100 ml
serum'® ! This reveals the possibility that the Cd** doses
detected in mice after exposure is in a similar range as in
Cd* *-burdened humans.

Groups of Cd* *-treated and control mice were sensitized
with SRBC and challenged by a single intracutanous foot-
pad injection of the antigen to provoke a specific DTH-
reaction. The intensity of the DTH-reaction was measured
by the footpad swelling due to the inflammatory re-
sponse!"12 In parallel, the influx of '*J-HSA into the
inflammatory area was determined'?,

As shown in figure 1, DTH reactions were inhibited in mice
fed with Cd**. The inhibition of DTH by Cd** was
related to the concentration detected in the serum of the
animals.

To test the effect of Cd** on the humoral immune
response, groups of mice treated as described above were
injected i.p. with 2x 108 SRBC. 5 days after immunization,
the number of IgM and IgG antibody producing cells in the
spleen of Cd**-treated and non-treated mice was deter-
mined by the plaque test according to Cunningham and
Szenberg!4, as described in detail by Diamantstein et al.!>.
Mice treated even with 600 ppm of Cd** showed
no significantly reduced quantity of anti-SRBC-plaque
forming spleen cells (IgM: 446,285+ 45,000/spleen,
IgG: 566,000+ 154,000/spleen) as compared to the non-
treated mice (IgM:  504,571149,000/spleen, IgG:
740,000 £ 100,450/spleen). In another experiment, mice were
fed with 100 ppm Cd** for 10 weeks and then immunized
with 2 102 SRBC. No influence of Cd** on the circulat-
ing antibody titers could be observed after the primary
immune response against SRBC and secondary challenge
with SRBC 4 weeks later (data not shown). These results
are in contrast to those reported by Koller et al.®
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Fig.1.. Suppression of delayed type hypersensitivity by Cd++.
Female NMRI-mice, 6-8 weeks old, received orally 30, 300 and
600 ppm Cd*++ of cadmium acetate dissolved in drinking water for
10 weeks until sacrifice. The average consumption of water was
measured twice a week. The x-axis represents the Cd++ content in
sera detected by AAS. Mice were sensitized with 10° SRBC i.v. and
challenged 4 days later i.c. in the right hind footpad with 108
SRBC. 48 h later the footpad swelling was measured by means of a
gauge caliper (left y-axis, O——0O). Additionnally the mice were
injected with 1 pCi 125J-HSA (Behring) 1 h after SRBC challenge,
48 h later they were killed, the joint of each leg distal to the femur
was severed and both hind feet were counted for radioactivity. The
ratio of radioactivity between the right, challenged footpad and the
left, unchallenged footpad was estimated (right y-axis, X—X).
Each point represents the mean+SEM of 10 mice (left y-axis) and
5 mice (right y-axis), respectively.

Using cell cultures, Shenker et al.'® stated a dose-dependent
enhancement or inhibition of DNA-synthesis of murine
spleen cells by Cd**. Similary, Cd*+ enhanced or inhib-
ited, respectively, stimulation of cell proliferation by a B
lymphocyte activator (lipopolysaccharide, LPS)'. For the
question whether Cd*+ administered in vivo might affect
the function of B and T lymphocytes, we examined the
reactivity of spleen cells derived from Cd** treated and
non-treated mice to various T and B cell mitogens in vitro.

Spleen cells derived from Cd™ *-treated animals gave a
significantly higher response to the T cell mitogens phythe-
magglutinin (PHA) and concanavalin A (Con A) than
spleen cells of non-treated mice (figure 2). A similar but
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Fig. 2. Influence of Cd+* exposure on mitogenic stimulation of
spleen cells- in vitro. Groups of NMRI-mice were treated with
Cd++ as described in the legend of figure 1. Spleen cell suspen-
sions obtained from individual mice were cultured in a concentra-
tion of 2x 106 spleen cells per ml in RPMI-1640 medium supple-
mented with 5% fetal calf serum, 2 mM L-glutamine, 100 units
penicillin and 100 pg streptomycin/ml for 48 h at 37°C in an
atmosphere of 5% CO, in air. The cells were incubated with either
10 pg/ml PHA (Difco), 2 pg/ml Con A (Serva) or 50 pg/ml LPS
(E.coli 055B5, Difco). *H-thymidine (0.1 pCi; 2 Ci mM~1; Radio-
chemical Centre, Amersham) was added to the cultures for the last
4 h of incubation period. Cells were collected on glass fibre filters
using a Skatron multiple cell culture collector. Incorporation of 3H-
thymidine into the nuclear DNA was determined as described
previously!3. 1:0, I1:30, 111:300, IV: 600 ppm Cd+ +. ’

less pronounced effect was observed by stimulating the
spleen cells with the B cell mitogen lipopolysaccharide
(LPS).

The results presented here demonstrate that the immune
system is altered by Cd**+ exposure. It might be of interest
to consider that p.o. administration of lead influenced
neither DTH nor humoral immune response to SRBC
(Miller et al., unpublished data). In contrast to cadmium,
lead, even when administered i.p. in doses which inhibited
DTH and humoral immunity, failed to affect the capacity
of the spleen cells in their response to LPS, Con A and
PHA (Miiller et al., unpublished data).
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