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Introduction

Cadmium(Cd) has been widely used in industry, as an an-
ticorrosive agent for steel iron, copper, brass, and other al-
loys, and as a stabilizer for paint, pigments, batteries, and
plastics"”, Cd is a potential hazard in industrialized and ur-
banized societies™. The major hazards of Cd would be
resulted from exposure to dust or fumes containing high con-
centrations of the metal, or from Cd-contaminated food”.

There is also accumulating evidence for immune al-
teration in animals exposed to Cd. Cd exposure has been re-

ported variously to stimulate®”, to suppress®™*

, and to have
no effect on the immune responses’. These diverse effects
have been related to the dose, route, time of administration
with respect to antigen stimulation, length of exposure to

314 Meanwhile,

Cd and strains of Cd intoxicated animals
numerous investigators have reported that under certain cir-
cumstances Cd expourse suppresses primary humoral im-
munity®'"*', but whether or not the secondary humoral im-
mune response is equivocal™™'. And also, the proliferative

responses of splenocytes to various mitogens were decreased

15,16 717~

or increased””"® by various heavy metals. As des-
cribed above, there are a lot of controversy about the effects
of Cd on humoral immune responses.

In this manuscript, therefore, the effects of Cd on the
humoral immune responses such as plaque forming cell(PFC)
responses in primary or secondary immune response, hemag-
glutination titers, and concentration of IgG,; and IgE in an-
tiserum against sheep red blood cells(SRBC) were in-

vestigated.

Materials and Methods

Animals : Male BALB/c mice, 6 to 8 weeks of age and
weighing 17 to 25g, were obtained from the Korea research
institute of chemicla technology(Taejeon). Animals were
housed five to six per cage, maintained at ambient tem-
peratures of 20 to 23T, and fed commercial rodent chow
pellet(Samyang Co.) ad libitum.

Cadmium treatment : Cadium chloride(CdCl,) was pro-

vided by Sigma(C-3141) Mice received distilled water alone
or water supplemented with 25, 50, 100 or 200ppm of CdCl,
ad libitum for 6 to 7 weeks.

Immunization with SRBC : SRBC was obtained by veni-
puncture and was stored in Alsever's solution at 4. The
SRBC was then washed 3 times with phosphate buffered
saline(PBS, pH 7.2) just before use.

Experimental design : Mice were treated p.o. with vary-
ing concentrations of CdCl,(0, 25, 50, 100 or 200ppm) for
6~7 weeks and divided into two groups by immunization
schedule. One group of mice was singly immunized with 0.
2ml of 2% SRBC in PBS ip. on day 38 of Cd(primary im-
munization group). And the other group of mice was im-
munized with 0.2ml of 2% SRBC on day 29 of Cd and
boostered on day 42(secondary immunization group). Blood
were drained by puncture of orbital venous plexus and
spleens were collected from mice of pirmary immunized
group on day 4 of immunization, and from mice of secon-
dary immunized grooup on day 7 of SRBC-booster.

Spleen cell suspension : Spleens were removed and sin-
gle cell suspensions were prepared after lysing RBC with
distilled water. The culture medium(RPMI-1640) was sup-
plemented with penicillin(100IU/ml), streptomycin(100pg/
ml), 2mM L-glutamine, 25mM Hepes buffer, and 5% fetal
calf serum(FCS, Gibco). Viability was estimated by trypan
blue dye exclusion test.

Analysis of plaque forming cells(PFC) :

IgM antibody response : The number of PFC was measured
according to a modification of cunningham and Szenberg™.
Briefly, three pieces of double-sided tape, 1.25cm wide,
were laid across a clean microscope slide(75 x 25mm), di-
viding it into two equal areas. Two clean coverslips(25mm
square) were placed on the tape such that two edges of each
coverslip were firmly attached to the tape forming two shal-
low chambers. The single cell suspensions of spleen were
prepared at 1.5% 10° cells/ml as described above. To 40l
of the cell suspension, 40p] of fresh 1 : 3 diluted guinea pig
serum and 40p1 of 25% SRBC were added. The 40pl of this
mixture was delivered into the each chamber, The chambers
sealed with paraffin were incubated at 37T for 1 hr. The

plaques were counted with light microscope. The number of
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PFC per 2 x 10*cells/chamber was calculated.

IgG antibody response : The same procedure was used
for assay of the secondary response except that 25% SRBC
suspension was reacted with goat anti-mouse IgG(H+L,
Jackson Immunoresearch) diluted 1/500 for 30 min prior to
assay.

Titration of antibodies to SRBC'™ : Seven days after secor
dary immunization, blood was obtained by puncture of or
bital venous plexus of mice, serum was separated and com-
plement was inactivated in 56°C for 30 min.

Total hemagglutination(HA) antibody response : Twofold
dilutions of the serum were prepared with PBS, pH 7.2, as
diluent using multimicropipette. An equal volume(25pl) of a
2% SRBC suspension in PBS was added, and the tray was
left at 37 for 2 hrs. The agglutination pattern was re-
corded, ang the titer was defined as the reciprocal of the
highest dilution of the serum giving agglutination.

2-mercaptoethanol(@-ME) resistant HA antibody response :
After titration of total HA antibody as above, 25pt of 0.15M
2-ME was added, shaked well and reincubated at 37°C for 2
hrs. The agglutination titer was defined.

ELISA for IgG, and IgE® : To detect indirectly the con-
centrations of IgG, and IGE in the IgG-rich antiserum, the
sandwithc ELISA was used. Briefly, primary antibodies
(rabbit anti-mouse IgG,, sheep anti-mouse IgE, Serotec) di-
luted appropriately in carbonate bicarbonate buffer(pH 9.6)
was added into each well of 96 well EIA/RIA plate(Costar)
and incubated overnight at 47C. Then, the plate was washed
three times with PBS-tween 20 and dried. And the pooled
sera of each group diluted appropriately(1/16) with PBS-
tween 20 were added in each well and incubated for 2 hrs at
37¢. Then, the plate was washed and dried. Peroxidase con-
jugated secondary antibodies(sheep anti-mouse IgG;-perox-
idase), rat anti-mouse IgE peroxidase, Serotec.) were added
in each well and incubated for 1 hr at 37C. Then, ortho-
phenylenediamine containing substrate indicator solution
was added and reacted for 10 min at room temperature. Fi
nally this reaction was stopped by adding 4N H,SO, and ab-
sorbance of each well at 490nm was measured.

Stafistical analysis : The statistical significance of data

between unexposed control group and Cd-exposed group

was estimated by Student's paired t-test.

Results

Splenic direct IgM and IgG antibody response : The
direct IgM and IgG antibody responses of the splenocytes
against SRBCs were investigated. For direct IgM antibody
response, mice were immunized with 0.2ml of 2% SRBC 1.
p- on day 38 of Cd exposure. On the other hand, in secon-
dary immunization group for IgG antibody response, the
first and second immunization were performed on day 29
and 42 of Cd, respectively. Four days after primary of 7
days after secondary immunization, the PFC assay was car-
ried out. Due to the change in number of splenocytes in-
duced by Cd exposure, results were expressed both as PFC/
2% 10° celts and PFC/spleen.

As shown in Table 1 and Table 2, direct IgM antibody
responses were significantly decreased in all Cd-fed groups
as compared with control, but in total splenocytes, IgG
responses of Cd groups were slightly increased although
PFCs in definite number of splenocytes were similar o that
of control.

HA titers : Total HA titers and 2-ME resistant IgG titers
were investigated at 7 days after the second immunization.
As shown in Table 3, total HA titers were increased in all
Cd-fed groups, especially in 100ppm Cd group. IgG titers
were increased slightly except for 50ppm Cd group.

Concentraions of IgG, and IgE : The concentrations of IgG,
and IgE in IgG-rich antiserum were detected indirectly by
using sandwitch ELISA. As shown in Table 4, con-
centrations of IgG, were increased in all Cd-fed groups,
especially 50, 100 and 200ppm groups. The IgE con-
centration were also increased in all cd-fed groups, cspe-

cially 25, 50 and 100ppm Cd groups.

Discussion

At present, cadmium(Cd), a by-product of zinc and lead
mining and smelting, is very important metal with many ap-
plications. It is used mainly in electroplating or galvanizing

because of its noncorrosive properties'’. It is also used as a
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able 1. Effect of CdCl; on direct IgM PFC response

Groups PEC/2x 10* cells PEC x 10® /spleen
0 37.67+8.04 452.73+96.69
25 1157 +351* 160.39+48.58**
50 12.50+4.04* 206.00+£66.54**

100 9.00£321** 12744 +45.43**
200 9.334£493** 138.32173.02**

Mice were administered with 0, 25, 50, 100 or 200ppm of
Cd in drinking water. The mice were immunized with 0.2ml
of 2% SRBC on day 38 of Cd administration.

PCf was assayed 4 days after primary immunization.

Each value represents the mean+SD.

Asterisks indicate values significantly different from control(df=p
<0.01).

Table 2. Effect of CdCl; on 1gG PEC response

Groups PFC/2x 10* cells PFC x 10°/splecn
0 15.44+4.45 187.57+53.99
25 15.68+5.98 219.79+82.96
50 1144+5.52 188.60+86.07

100 18.75+8.45 265.49+119.61
200 13.67+4.38 202.53+64.85

The mice were primed with 0.2ml of 2% SRBC on day 29 of
Cd and boostered on day 42 of Cd.

PFC was assayed 7 days after the second immunization. Each
value represents the mean+SD.

color pigment for paints and plastics, and cathod material
for nickel-cadmium batteries. Cd has been recognized as
one of the most toxic pollutants due to its ability to induce
severe alterations in various organs and tissues following
either acute or chronic exposure’**.

In a recent year, the effects of Cd on immune responses
have also been widely investigated. However, there are a lot
of controversy about the effect of Cd on immune responses

1% and

including immunostimulation®’, immunosuppression
no effect cd on the humoral immune responses of BALB/c
mice, when adult male BALB/c mice(6~8 weeks) received
distilled water only or water containing 25, 50, 100 or
200ppm CdCl, for 6~7 weeks. Under the present con-
ditions of exposure and dose, total PFCs in the primary im-
mune rtesponse were significantly decreased in all Cd ad-
ministered groups(Table 1). However PFCs in the secondary
immune response were not suppressed but even slightly

enhanced(Table 2). This assertion in supported by data

Table 3. Effect of CdCl; on the antibody production of mice

boostered with SRBC
Groups PFC/2 % 10* cells PEC x 10° /spleen
0 8.351£0.14 5.60+0.22
25 8.38+£0.14 5.63+0.63
50 8.46+0.10 5.50+027
100 8.80+0.27** 5.90+0.65
200 8.67 1041 5.83+0.58

The mice were primed with 0.2ml of 2% SRBC on day 29 of
Cd and boostered on day 42 of Cd. Antibody titers were
assayed 7 days after the second immunization.

Each value represents the mean+SD.

Asterisks indicate values significantly different from control{df=4,
**p<0.01).

Table 4. Effect of CdCl, on IgG, and IgE production in

mice o
X Immunoglobulins
Groups e IgE
25 105.5* 105.7
50 118.7 107.3
100 1174 108.7
200 107.2 1004

The mice were primed with 0.2ml of 2% SRBC on day 29 of
Cd and boostered on day 42 of Cd. Seven days after the
second immunization, antiserum against SRBC(IgG-rich
antiserum) was harvested.

*Each value indicates the mean percentage of control.

showing increase of CD," cells” which has considerably
more responsible for IgG response’. Previous study reported
that oral exposure of Cd to mice for several weeks enhanc-
ed proliferative responses of lymphocyte to various mi-
togens'® or caused polyclonal activation of B cell thereby
producing antinuclear antibodies™. And also, it is possible
that tymphoid cells responding to Con A and PHA as well
as those participating in the antibody response to SRBC are
more Tesistant than other lymphocyte populations to the tox-
ic effects of Cd accumulation. Thus, their proportion would
be increased in the spleen of mice exposed to Cd’.

On the other hand, total and 2-ME resistant HA titers of
secondary immune responses were slightly increased in Cd-
fed mice(Table 3). These results supported by evidences that
in Cd-fed mice blood B cells increase'>™, low level of Cd

(~10°M) exists which has mitogenic effect'*>*

, the ac-
tivity of leucine aminopeptidase is reduced thereby de-

creasing or prolonging the break down of antibody and/or
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nucleic acid from cells killed or injured by the Cd increase
which can enhance antibody synthesis by acting as ad-
juvants®. This present study showed that IgG titers of Cd-
fed mice in the secondary immune response were slightly in-
creased except for S0ppm Cd group and concentrations of
IgG, and IgE in antiserum were significantly increase. It is
well-known that glucocorticoids both in vitro and in vivo in-
duce T cells to produce predominantly interleukin(IL)-4 and
IL4 is required in culture for production of IgG, and IgE*"
%, Therefore, it is possible that in Cd-fed mice the level of

. - ,14,2
glucocorticoids is increased™*?

and it modifies the lym-
phocyte distribution of blood and spleen”, especially T-help-
er cells into spleen”. Subsequently, they might promote 1L-4
production enabling enhance IgG, and IgE from activated
mouse B cells.

The results of this study and previous report suggest that
Cd is able to modify the immune responses by altering the
distribution of T cell subpopulations and function of ma-
crophage which play a major role in the celluar immune
responses, and the humoral immune responses may be re-

lated with these alterations.

Summary

This study was designed to investigated the effects of
cadmium(Cd) feeding on the humoral immune responses
such as PFC-responses and production of immunoglobulins
in BALB/c mice. The results obtained were summarized as
follows;

1. Total PFCs of direct IgM antibody response were sig-
nificantly decreased in all Cd-fed goups, whereas total PFCs
of IgG antibody response were slightly increased.

2. In secondary immunization, total HA titers were in-
creased in all Cd groups as compared with control, espe-
cially in 100ppmm group and also IgG titers were slightly
increased except for SOppm group.

3. The levels of IgG, were increased fo 5.5% 18.7%, 17.
4% and 7.2% in 25, 50, 100 and 200ppm groups as com-
pared with control, respectively. And also the levels of IgE
were increased to 5.7%, 7.3%, 8.7% and 0.4% in those of

Cd groups, in order. Conclusively, concentrations of IgG,,

and IgE were increased in all Cd groups.

Based on the results of this study and previous report, it
was shown that Cd might affect humoral immune responses
by modifying the distribution and function of cells playing
in the cellular immune response.
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