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= Abstract =This experiment was performed through the rosette formation method to study
the inhibition mechanism of the immune response in the spleen of young rats born to
azathioprine-administered pregnant rats.

The following results were obtained.

1. In the group | consisting of animals born to normal pregnant rats and immunized with
SRBC after birth, there was increase in the number of RFC, compared with that in the group O
consisting of animals born to normal pregnant rats and not immunized with sRBC.

2. In the group Il consisting of animals born to azathioprine-administered pregnant rats and
immunized with sRBC, there was decrease in the number of RFC, compared with that in the
group I. However the group Ili, which consists of animals born to azathioprine-administered
pregnant rats and inoculated with thymus cells derived from outbred animals and simul-
taneously immunized with sRBC, showed much more RFC than other groups.

3. Generally the 3rd day post sRBC injection groups showed more RFC than the 7th day
post sRBC injection groups.

4. The number of RFC increased with age in the sRBC-injected groups.

Above results suggested that peripheral T lymphocytes were depleted due to retarded fetal
development of thymus caused by azathioprine.
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INTRODUCTION

I[mmunosuppression mechanism of an immuno-
suppressant, azathioprine has been studied by
many investigators. Santos and Owen (1975), Rdl-
linghoff (1973), and Otterness and Chang (1976)
reported that azathioprine had an immunosuppres-
sive effect on both cell-mediated and humoral im-
munities,whereas Camiener and Wechter (1971) and
Abdou et al. (1973) demonstrated that azathioprine
had selective immunosuppressive effect on only
the T-cell system. Galanaud et al. (1975) and
Brown et al. (1976) reported the same results as
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above.

The morphological observation of thymus by Lee
et al. (1977) showed that the fetal development of
the thymus was retarded by azathioprine, and the
plague assay by Lee et al. (1978) showed that the
number of plaque-forming cells(PFC) to sheep
erythrocytes was decreased in the animals, of
which the fetal development of thymus was re-
tarded by azathioprine. Thereafter Chang et al.
(1983) performed an advanced experiment, which
showed that in the rats with retarded thymus the
number of PFC to sheep erythrocytes was in-
creased after inoculation of thymus cells from out-
bred rats. However the plaque assay is a method
for approaching directly to the B cell system which
is responsible for antibody production. Therefore
we can't evaluate directly the variations in the num-
ber of T helper or T-cells which are involved in the
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T-cell dependent immune response. Needless to
say, it is necessary to groove for a method which
can approach directly to the T-cell system. The
rosette formation method is a representative one for
approaching directly to the T-cell system. Specifi-
cally human peripheral T lymphocytes have a natu-
ral tendency to form rosettes with sheep erythro-
cytes. Moreover, rosette-forming cells(RFC) are in-
creased in the experimental animals after im-
munization (Charreire 1973).

In this experiment,only T lymphocytes among all
lymphocytes involved in T-cell dependent immune
response were observed through the rosette forma-
tion method in the experimental animals in which
the fetal thymic development was retarded by
azathioprine and which were immunized with sRBC
after birth.

MATERIALS AND METHOD

1. Animals and grouping

Two hundred young Sprague-Dawley rats were
used in this experiment. They were born to 40
female rats, 25 of which had 8 mg/kg of azathiop-
rine orally administered to them on the 7th day of
gestation. The animals were divided into 4 groups
as follows;

Group O: young rats born to normal pregnant rats
and injected with no sRBC antigen intraperi-
toneally.

Group |: young rats born to normal pregnant rats
and injected with sSRBC antigen intraperitoneally af-
ter birth.

Group II: young rats born to azathioprine-admi-
nistered pregnant rats and injected with sSRBC anti-
gen intraperitoneally after birth.

Group llI: young rats born to azathioprine-admi-
nistered pregnant rats and injected with sRBC anti-
gen intraperitoneally and with thymus cells in-
travenously after birth.

2. Antigen(sRBC) preparation

After aseptic sampling of blood from the jugular
vein of sheep, the blood was kept in Alsever solu-
tion.at 4C for at least 1 week. The blood was
washed 3 times with the aseptic Hank's Balanced
Salt Solution(HBSS) at pH 7.2, through centrifuga-
tion with 450 g at 4°C for 10 minutes.

A 30% sRBC suspension was prepared and a
0.5 ml of the suspension was injected into the 4
week old group, 1.0 ml into the 8 week old group,
respectively.

3. Thymus cell suspension

Outbred normal Sprague-Dawley rats were killed

and their thymuses were resected aseptically.
Heterogenic thymus cell suspension was prepared
in HBSS. Only thymus cells were collected from
that heterogenic thymus cell suspension via centri-
fugation in Ficoll-Hypaque density gradient solution
with 600 g for 30 minutes. The relatively
homogenous thymus cell suspension was washed
out 3 times with HBSS and diluted with normal
saline.

4. Spleen cell suspension

Cell suspensions of the spleens resected 3 days
and 7 days after antigen injection were prepared.
Only lymphocytes were collected from the suspen-
sions via centrifugation in Ficoll-Hypague density
gradient solution with 600 g for 30 minutes. Sple-
nic lymphocyte suspensions were prepared in
HBSS and diluted into 4 x 10/ml with HBSS.

5. Treatment of sSRBC with neuraminidase

A 2.0 ml of SRBC(4 x 10/ml) was mixed with 50
u of neuraminidase (General Biochemicals Divi-
sions, Chagrin Falls, Ohio) in 1 ml of phosphate
buffered saline (pH 7.4) and the mixture was incu-
bated at 37°C for 30 minutes.

6. Rosette formation

A 0.5 ml of the splenic lymphocyte suspension
was mixed with 0.5 ml of sSRBC suspension treated
with neuraminidase and the mixture was incubated
at 37°C for 30 minutes. Thereafter it was centri-
fuged with 100 g for 6 minutes and it was ‘incu-
bated at O°C for 1 hour and the mixture was resus-
pended cautiously with a Pasteur pipette after in-
cubation at room temperature for 30 minutes. A
0.1 ml of 1% sodium azide in phosphate buffered
saline was added immediately before resuspending
the pellet.

7. T-rosette-forming cells(T-RFC) count

Cautiously resuspended mixture was dropped
onto the hemocytometer and the number of T-RFC
was counted. The lymphocytes to which 4-10
sRBC were attached were counted as T-RFC in
this experiment(Elliott et al. 1972).

RESULTS

1. Rosette-forming cells(RFC) in the 4 week
old groups

a) 3 days after antigen(sRBC) injection

The group O(Background Control Group), which
consists of the animals born to the normal pre-
gnant rats and not immunized with sSRBC showed
0.59 x 10° RFC per 10° splenic lymphocytes,
whereas the group [(Control Group) consisting of
the animals born to the normal pregnant rats and
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Fig. 1. Changes of the number of RFC with increasing
age on the 3rd day after Antigen injection.
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Fig. 2. Changes of the number of RFC with increasing
age on the 7th day after Antigen injection.

Table 1. Number of T-RFC per 10° spleen cells in each group at the age of 4 weeks.

Days after
Cells inoculated antigen Average RFC per P values*
Groups injection  10° spleen cells
Group O 3 (0.59+0.05) x 10° -
(Background Control) No treatment 7 (0.51+0.06) x 10° —
Group | 3 (1.36+0.12) x 10° P < 0.01
(Normal Control) sRBC 7 (0.62+0.05) x 10° P < 0.01
Group |I 3 (0.57+0.07) x 10° -
(Experimental Control) SRBC 7 (0.30+0.03) x 10° -
Group I sRBC + 3 (1.68+0.19) x 10° P < 0.01
(Experimental) thymus cells 7 (1.02+0.09) x 10° P < 0.01

* P values are compared with the average of the group

immunized with sRBC after birth, did 1.36 x 10°.
However, 0.57 x 10° RFC were observed in the
group I (Experimental Control Group) which con-
sists of the animals born to azathioprine-adminis-
tered pregnant rats and immunized with sRBC after
birth, indicating a marked decrease in the number
of RFC, compared with that in the group |. Mean-
while 1.68 x 10° RFC were counted in the group Il
consisting of the animals born to azathioprine-ad-
ministered pregnant rats and inoculated with the
outbred thymus cells and immunized with sRBC
after birth (Table 1). The ratio of the group | vs. the
group Il in the number of RFC is 2:1, indicating a
relatively marked difference between the two
groups (Fig. 1).

b) 7 days after sRBC injection

Generally fewer RFC were counted than in the
3rd day post sRBC injection groups. The group O
showed 0.51 x 10° RFC whereas the group | did
0.62 x 10° RFC. In the group 1, 0.3 x 10° RFC
were observed, in the group Ill, 1.02 x 10° RFC
were observed (Table 1, Fig. 2).

2. RFC in the 8 week old groups

a) 3 days after sRBC injection

Generally more RFC were counted than in the 4
week old groups. The group O showed 0.67 x 10°
RFC, whereas the group | did 1.54 x 10° RFC. The
group Il showed 1.07 x 10° RFC and the ratio of
the group [ vs. the group Il in the number of RFC,
1.5:1, indicating that a relatively greater increase of
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Table 2. Number of T-RFC per 10° spleen cells in each group at the age of 8 weeks.

Dats after
Cells inoculated antigen Average RFC per P values*

Groups injection  10° spleen cells

Group 0 3 (0.67+0.05) x 10° —
(Background Control) No treatment 7 (0.63+0.040 x 10° —

Group | 3 (1.54+0.13) x 10° P < 0.01
(Normal control) SRBC 7 (145+0.18) x 10° NS**

Group |l 3 (1.07+0.12) x 10° —
(Experimental Control) sRBC 7 (1.37+40.15) x 10° -

Group I sRBC + 3 (2.10+0.18) x 10° P < 0.01
(Experimental) thymus cells 7 (1.78+0.20) x 10° P < 0.01

* P values are compared with the average of the group 1.

** NS; not significant

RFC was in the group Il than in the group I, com-
paring withthe ratio (2.0:1) in the 4 week old
groups (Fig.1). The group Il showed 2.10 x 10°
RFC, and showed a greater number of RFC than
the group | as well as the group Il (Table 2).

b) 7 days after sRBC injection

Generally fewer RFC were observed in the 3rd
day post sRBC injection groups. The general
tendency between all groups was similar to that in
the 3rd day post sRBC injection groups (Fig. 2,

Table 2).

DISCUSSION

Immune responses in mouse to sheep erythro-
cytes can be observed via a hemolytic plaque
assay in a single cell (hemolysin secretion cell) level
and a rosette formation method using immunocy-
toadherence phenomenon.

Zaalberg (1964) described rosette forming cells
(RFC) for the first time. The many splenic lympho-
cytes of the immunized mice formed rosettes with
sRBC. Such reactive lymphoid cells involved in the
interaction were called as RFC. And the interaction
was independent of complement.

The relationship between the functions of RFC
and antibody forming cells (AFC) has not been well
known. There is a report by Shearer et al. (1968)
that RFC secrete a agglutinating antibody. However
this has not been well accepted due to absence of
direct evidence. Zaalberg et al. (1968) tried an ex-
periment where they correlated PFC with RFC in
one animal. However because the cells used in one
experimental method (Plaque assay), good results
could not be obtained from the above trial. There-

fter Bach et al. (1970; 1972) found in immunized
mice that 50% of RFC had a theta(B) antigen on
their surface and that the number of RFC was
markedly decreased by treatment of RFC - with
anti-8 antisera. Wilson et al. (1971) and Schlesin-
ger (1971) also found the same results as above in
unimmunized mice. Elliott et al. (1972) demons-
trated that fewer sRBC were attached to T-RFC
than to B-RFC. Substantially 4-10 sRBC are
attached to T-RFC, whereas more than 10 sRBC
are attached to B-RFC. The next year, they sug-
gested that T-RFC were less stable than B-RFC, so
the number of sRBC attached to T-RFC were fewer
than those to B-RFC.

In this experiment only T-RFC attaching 4-10
sRBC, were counted. And because T-RFC were
very friable, a metabolic inhibitor (1% sodium azide
in PBS) was used to prevent sRBC from being de-
tached from the surface of T lymphocytes during
the experiment.

In general, more RFC were observed in the 3rd
day post sRBC injection groups than in the 7th day
post sRBC injection groups. This is known to be its
own antigenicity of SRBC antigen (Lee et al. 1978;
Chang et al. 1983).

In the group | (Normal control group), there was
a statistically significant increase in the number of
RFC, compared with that in the group O (back-
ground control group). This implies that RFC in-
crease by immunization with sRBC (Charreire
1973).

Meanwhile the group I (Experimental control
group) showed much fewer RFC than the group |.
This is a direct evidence of suggestion by Chang et



al. (1983) that the fetal development of thymus is
inhibited by azathioprine and consequently
peripheral T lymphocytes were depleted.

In the group Il (Experimental group) born to
azathioprine-administered pregnant rats and inocu-
lated with thymus cells derived from the outbred
rats and immunized with sRBC after birth, there
were much more RFC than in other groups. As
pilot study, we confirmed that 10% of thymus cells
used in this experiment formed rosettes with sheep
erythrocytes. From comparing the number of in-
oculated thymus cells to the increased number of
RFC it can be suggested that total RFC counted in
the group Iil are the summation of RFC increased
by immunization and inoculated RFC with capacity
to form rosettes.

The ratio of the group | vs. the group Il in the
number of RFC is 2:1 at the age of 4 weeks,
whereas it is 1.5:1 at the age of 8 weeks. Specifi-
cally the number of RFC in the group Il, which
consists of the animals born to azathioprine-admi-
nistered pregnant rats, gradually increase with age.
It suggests the immunological activity is related to
the age, and that depleted peripheral T lympho-
cytes by inhibited fetal development of thymus can
be replenished with age (Lee et al. 1978; Chang et
al. 1983).

In conclusion, it is apparent that the peripheral T
lymphocytes are depleted due to retarded fetal de-
velopment of thymus caused by azathioprine.
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