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Development of the immune response to
an antigen such as sheep erythrocytes (Srbc)
is thought to require the interaction of at
least three distinct cell types: (a) An ad-
herent cell, probably a macrophage; (b) the
thymus-dependent (T), and (c) the bursal
derived, or bone marrow equivalent of mam-
mals (B) lymphocytes (1, 2). These lympho-
cytes in peripheral lymphoid tissue possess
properties which distinguish them from simi-
lar cells in the tissue of origin. Thus, thymus
cells during differentiation and/or migra-
tion to lymphoid tissue lose the TL antigen
and some of their theta antigen while ob-
taining more H-2 determinants (3). In the
thymus, the cell is referred to as antigen re-
active while the postmitotic daughter cells
which settle in the spleen are referred to as
specific inducer cells that are capable of
triggering B cells (4). B lymphocytes have a
greater sensitivity to inhibition by anti-im-
munoglobulin, or anti-mu chain sera in
spleen than they do in bone marrow (5).

The new environment in which T and B
lymphocytes settle may be essential for de-
velopment of full immunocompetence by
affecting differentiation or by certain cellular
interactions. It has been postulated, for ex-
ample, that the spleen exerts a pronounced
effect upon T and B cells which allows them
to take part in the response resulting in IgM
synthesis (6).

Recently, we have reported that congenital
asplenic mice have a marked deficiency of
immunoglobulin production in the primary
and secondary immune responses to sheep
erythrocytes (7). Also, we have shown that a
neonatal spleen cell transplant markely en-
hanced interferon production in congenitally
asplenic mice to the extent that they were
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able to produce amounts of interferon ap-
proximately the same as normal littermates
with spleen (8). The growth of the spleen
graft was associated with hyperplasia of the
majority of bone marrow cells including
lymphoid cell (9). These results prompted
us to explore the T and B cell synergistic
ability leading to antibody formation of
adult congenitally asplenic mice prior to and
after transplantation of spleen cells at birth.
Adult splenectomized littermates were also
studied.

Material and Methods. Animals. Mice that
are genetically asplenic in the heterozygous
condition (Dh/+, dominant hemimelia)
and normal littermates with spleens (+/4,
homozygous), hereinafter described as “as-
plenic” and ‘“normal”, respectively, were
used in this study. A partially inbred colony
of asplenic mice was developed by brother—
sister matings and have been maintained
here (UTMRC) for the past three years.
Splenectomy and sham-splenectomy was
performed in 1-mo-old mice of both sexes as
indicated previously (7). Mice were used
60-80 days after surgery because these mice
remained anemic for at least 45 days after
splenectomy (10).

Neonatal spleen cell transplants (SCT).
Spleen cells were obtained from 1-mo-old
normal donors (4-/+) and 20 X 10¢ cells,
in 0.1 ml of saline, were injected subcutane-
ously into both asplenic and normal litter-
mates within 20 hr after birth. The number of
spleen cells to be injected was determined on
the basis of the number of nucleated cells in
the spleen of a newborn mouse, which ranged
from 15 to 23 X 10¢ cells. These mice were
then held for 2 mo before being used in the
plaque forming cells experiments. An autopsy
was made in all transplanted mice to deter-
mine the macroscopic appearance of the
graft. Tissue sections were also examined by
standard techniques. The macroscopic and
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microscopic appearance of spleen grafts has
been described (8, 9).

Irradiation and reconstitution experiments.
Normal recipients, 2 mo of age, were given
850R with an X-ray source as described else-
where (11). Sixteen hr later viable bone mar-
row (B) and/or thymus (T) cells (20 X 10¢
cells each) in 0.2 ml of Eagle’s Minimal Es-
sential Medium with Hank’s balanced salt
solution containing 40 units of heparin were
injected intravenously (iv). Cell viability
was determined using trypan blue as indi-
cated previously (7). On the fourth day after
irradiation, 0.2 ml of 2 10% suspension of
washed Srbc was given iv. Mice were killed
on the 14th day, spleen cell suspensions were
made and the number of plaque-forming cells
(PFC) was determined.

Plaque-forming cells assay. Direct (19S)
PFC were detected according to the method
of Jerne, Nordin and Henry (12) as reported
previously (7). Indirect (7S) antibody form-
ing cells were developed using goat-anti-
serum to mouse 7S gamma globulin (Hyland,
Inc., Costa Mesa, CA) diluted 100-fold, a
concentration found to give optimal develop-
ment of indirect PFC (7) following the
method of Dresser and Wortis (13).

Results. The cooperation of B and T cells
in forming PFCs in the spleen of irradiated
recipients is presented in Table 1. Several
conclusions can be drawn from these data:
(a) There was a basal level of 300-400 PFC/
spleen when B cells alone and T cells from
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asplenic mice were used in reconstitution;
(b) when B cells and T cells were taken from
normal (+/+4) or sham-splenectomized
mice, reconstitution results in a significant
(P < 0.02) higher number of PFC with 62 %
being IgM producers; (c) when B and T cells
were taken from splenectomized mice the
number of PFC was similar to that found in
normal (4/4) mice but only 29% were
IgM producers; (d) in general, reconstitu-
tion of irradiated recipients with B and T
cells from asplenic or splenectomized normal
mice results in a lower number of 19S PFC.

Eighty percent of the mice given a neo-
natal SCT developed visible masses of
splenic tissue, richin lymphocytes and hema-
topoietic elements, at the site of the injection
and surrounding area. The transplanted cells
proliferate and differentiate well as indicated
by the formation of nodular (2-8 mm in di-
ameter) masses of spleen cells within the sub-
cutaneous tissue. These masses were very
rich in lymphocytes and have all the hema-
topoietic elements peculiar to the normal
mouse spleen. In Table II are presented the
data obtained when normal and asplenic
donors, which had been given a subcutaneous
SCT, were used as a source of B and T cells.
The results indicate that a SCT did not re-
store either the ability of B cells from asplenic
mice to produce IgM in normal numbers or
to cooperate with T cells in irradiated re-
cipients.

Discussion. Our data indicate that the ab-

TABLE I. BoNE MARROW-THYMUS CELL COOPERATION OF CONGENITALLY ASPLENIC AND
SPLENECTOMIZED MICE.

Genotype of syngeneic

No. of N a
cells transplanted irradiated Number of PfC/spleen % 195 gg%};;?é :rf

Bone marrow Thymus recipients 19S 7S
+/+ +/+ 19 536 + 112 326 & 73 62 862
Dh/+ Dh/+-¢ 9 171 + 80 150 = 80 53 321
S Se 10 286 + 160 685 + 110 29 971
SS SSe 5 610 + 208 500 + 180 60 1010
+/+ Dh/+ 9 290 + 144 114 + 74 72 404
Dh/+ +/+ 9 100 + 100 200 £ 115 33 300
+/+ none 9 400 + 120 0 100 400
Dh/+ none 10 240 + 65 80 + 53 75 320
S none 8 250 + 120 180 = 49 58 430
SS none 5 316 + 164 0 100 316

2 Dh/4, S, and SS denote congenitally asplenic,

respectively. The number of PFC given is the mean

splenectomized, and sham-splenectomized mice,
+ one SD observed.
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TABLE II. EFFecT OF A SPLEEN CELL TRANSPLANT AT BIRTH ON THE BONE MARROW-THYMUS CELL
COOPERATION OF CONGENITALLY ASPLENIC MICE.

Genotype of syngeneic .
cells transpianted 1:1?;}?:: egf Number of PFC/spleen 9 195
Bone marrow Thymus recipients 195 7S Total
+/+ +/+ 17 565 + 180 420 + 128 985 59
Dh/+4 Dh/+ 14 170 &= 95 168 + 66 338 50
+/+ Dh/+ 8 300 + 300 100 = 50 400 75
Dh/+ +/+ 8 200 + 150 133 + 84 333 60

e Values are mean + one SD.

sence of spleen in donor mice results in a
lowered capacity of B and/or T cells to re-
constitute in appropriate irradiated recipients
a normal degree of immunocompetence.
Both B and T cells from asplenic mice ap-
pear to be defective in their cooperative re-
sponse to Srbc. This lowered capacity is di-
rectly related to a diminished number of IgM
producers and lower levels of serum IgM
antibody (7, 14). It appears that a regulatory
role of spleen is essential to develop coopera-
tive functioning of either B or T cells during
embryogenesis and perinatal life (15). Such
regulation may be the response of cellsto the
microenvironment of the spleen.

The fact that we were unable to get resto-
ration of T-B cooperation by transplanting
spleen cells at birth stands in agreement with
the results of Battisto ez al. (6) who achieved
only minimal, at best, restoration of the re-
sponse by giving an entire spleen, on two oc-
casions, intraperitoneally to young adult
mice with spleen agenesis.

Another important finding of the present
study concerns the marked shift from IgM
to IgG producers shown by B and T cells
from adult splenectomized animals trans-
planted in irradiated recipients. The propor-
tional number of PFC of IgG type produced
by T and B cells from asplenic mice, was
similar to that of normal littermates. Thus
the shift from IgM to IgG PFC could only
be seen when T and B cells from mice splenec-
tomized were used, but not with those cells
from mice with spleen agenesis. In addition,
B cells from the asplenic and splenectomized
mice produced a significant number of PFC
of IgG type, whereas B from normal and
sham-splenectomized mice produced only
IgM.

Since B cells alone do not synthesize IgG
in the absence of T cells (15) or T cell-re-
placing factor (16) we must assume that
numerous T cells were present among mar-
row cells from asplenic and splenectomized
animals or that T replacing factor was syn-
thesized in the recipients of B cells from mice
without spleen but not in those getting B cells
from mice with spleen.

The possibility that the spleen influences
the immune competence, early in fetal life, is
based on several observations: (a) Spieen
cells may have antigens recognized by neo-
natal thymus cells but to which tclerance de-
velops in the adult (17, 18); (b) the spleen
secretes a factor which participates in the
regulation of the in vitro primary immune
response (19); (c) normal T and B cells do
not collaborate when they are derived from
an hereditarily asplenic mouse (6, present
study) or from neonatally splenectomized
mice (20-21); and (d) B-cell differentiates
further in the splenic environment (22).

Summary. The cooperation between bone
marrow (B) and thymus (T) cells was mark-
edly impaired in mice with congenital as-
plenia. The deficiency of IgM producers
could not be corrected by neonatal trans-
plantation of spleen cells. The use of T and
B cells from splenectomized donors results
in a marked shift from 19S to 7S antibody
forming cells.
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