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Mouse spleen cell suspensions can make 
antibody when they are transferred to irradi- 
ated syngeneic recipients and stimulated with 
an antigen such as sheep erythrocytes 
(SRBC) (1). Thymus and marrow cells are 
by themselves not immunocompetent ; howev- 
er, suspensions of both thymus and marrow 
cells are immunocompetent and can respond to 
SRBC in such a transfer experiment (1-3). 
Thus, the cells needed to make antibody to 
SRBC are present in the spleen and also 
thymus-marrow cell combinations. In  the lat- 
ter case, it appears that the antibody is actu- 
ally manufactured by marrow-derived cells 
while the thymus-derived cells act in some as 
yet unknown auxiliary fashion (4) .  

The identity of the bone marrow cell which 
is the precursor of the antibody-making cell 
is not known, and cell separation techniques 
have so far failed to isolate it. However, 
kndwledge of the behavior of the bone mar- 
row immunocompetent cell may be gained by 
studying its responses in various situations. 

Thymus and marrow immunocompetence is 
radiosensitive ( 2 ,  3 )  as is that of the spleen 
( 5 ) .  The experiments reported here measure 
the kinetics of recovery of immunocompe- 
tence of the spleen and marrow following 
sublethal irradiation. This type of experimen- 
tal model gives a more physiological picture 
of cellular interaction involved in ‘the im- 
mune response. The recovery of cell numbers 
and hematopoiesis was also measured. 

The immunocompetence of irradiated 
transferred spleen cells was measured by the 
number of direct plaque-forming cells (PFC) 
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in the recipient spleen. The immunocompe- 
tence of marrow cells was measured similarly 
by their ability to interact with normal thy- 
mus cells and produce PFC in recipient 
spleens (1,2,3) .  

Methods. Donor LAFl male mice, 10-12 
weeks old received 500 R of 6oCo whole-body 
irradiation. On each of days 2,  4, 7, and 11 
following irradiation, a group of donor mice 
was sacrificed (together with a similar group 
of control nonirradiated mice). Spleen and 
marrow cell suspensions were made, counted, 
and separately injected with SRBC (0.1 ml 
of 40% suspension) intravenously into 
groups of lethally irradiated (900 R of 6oCo) 
recipient LAFl mice, 10-12 weeks old. Cell 
suspensions were adjusted so that each recipi- 
en8t received the mean number of cells from 
one donor spleen or two femurs, either nor- 
mal or irradiated. Therefore, the response 
was looked at  in terms of recovery of a whole 
donor organ (spleen or marrow). Recipients 
of spleen cells were sacrificed 6 days after 
transfer. Recipients of marrow cells all re- 
ceived a standard dose of 3.5 x lo7 normal 
thymus cells. These recipients of marrow and 
thymus and SRBC also received a booster 
intraperitoneal injection of 0.5 ml of 10% 
SRBC 4 days after transfer, and were sac- 
rificed 4 days later. Twenty-four hr before 
sacrifice, each group received 0.5 pCi of 59Fe 
as FeC13 intravenously. At sacrifice, recipient 
spleens were weighed and the spleen index 
calculated: spleen index = spleen wt 
(mg)/mouse wt (9) (6).  The “Fe uptake 
per spleen was measured in a well-type gam- 
ma scintillation counter and expressed as 
counts per minute per recipient spleen. The 
number of PFC per recipient spleen was de- 
termined in duplicate aliquots (7,  8). 
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ResuZts. The results were statisticaly evalu- 
ated using geometric means and upper and 
lower 95% confidence limits (9) and are 
summarized in Table I and Fig. 1.  Table I 
gives the actual data. Since the normal mice 
sacrificed at each interval had varying levels 
of immunocompetence and hematopoiesis, 
Fig. 1 compares the mean values of irradiated 
and control mice sacrificed that same day. 

The proliferative ability of donor cells 
(measured by spleen index) was parallel to 
the hematopoietic ability of these cells (mea- 
sured by "Fe incorporation). The hemato- 

poietic ability of the irradiated spleen recov- 
ered slowly and by day 1 1  was within normal 
limits. That of irradiated marrow, however, 
recovered much faster, with a pronounced 
"overshoot" on day 7 and a return towards 
normal on day 11.  

The discrepancy between spleen and mar- 
row recovery of immunocompetence was even 
more striking. By day 11 ,  irradiated spleen 
cells produced only 3.4% of the PFC of 
normal spleen cells, although the number of 
irradiated nucleated spleen cells transferred 
was 33.3% of normal. Irradiated bone mar- 
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row cells, on the contrary, recovered immuno- 
competence steadily and achieved a normal 
level by day 11.  

Discussion. The present results show that 
the recovery rate of bone marrow following 
sublethal irradiation is much more rapid than 
that of the spleen. Others, studying recovery 
of erythropoiesis, have reported similar 
findings (10-12) and suggested that during 
the first 24 hr following sublethal irradiation 
any marrow repair may represent recovery of 
sublethally damaged cells. Any subsequent 
repair probably is due to cell proliferation. 
Because our study was concerned not only 
with recovery of erythropoiesis, but also with 
recovery of immunocompetence, selective re- 
duction by irradiation of a given cell popula- 
tion must be considered. It seems likely that 
if there were a selective reduction then there 
should be a remarkable reduction of one giv- 
en biological function and no or only a slight 
change in others. Our data show that prolifer- 
ation properties (spleen index), erythro- 
poiesis, and immunocompetence are signifi- 
cantly reduced in both irradiated spleen and 
bone marrow. Although the recovery rates of 
these parameters were different, the data in- 
dicate that the amount of irradiation given 
significankly reduces all cell types studied. 
The fact ‘that the spleen hematopoietic activ- 
ity was slow in returning is a t  least partly a 
reflection of the rate of migration of bone 
marrow stem cells to the spleen ( 5 ) .  

The intac,t spleen has all of the cellular 
elements necessary for evoking an immune 
response ( 1 ) .  However, if this mechanism is 
disrupted, by irradiation for example, the 
spleen seems not to be able to reestablish 
itself immunologically within 11 days. Per- 
haps then, the spleen is dependent on cells 
migrating from other sources. The fact that 
hemapoietic activity ( j9Fe uptake) returns 
to normal levels by day 1 1  suggests that bone 
marrow cells migrate to the spleen ( 5 ) .  
These cells may be preferentially directed 
into erythropoiesis, as suggested by Brecher 
and Smith ( 1 3 ) .  Alternatively, the lag in 
recovery of immunocompetence could be 
caused by absence of “ thymic-derived cells.” 
I t  is known that bone marrow-derived cells 
are capable of repopulating the thymus fol- 

lowing thymic injury (14) .  Also, the rate of 
recovery of the thymus following irradiation 
has been shown, by marrow transfer studies, 
to be directly proportional to the number of 
bone marrow cells injected ( 1 5 ,  1 6 ) .  Thus, 
the slow recovery rate of spleen immunocom- 
petence may then depend on two functions: 
( i)  bone marrow recovery and “stem cell” 
migration to the spleen, and (ii) bone mar- 
row contributing to the reestablishment of a 
population of thymus-derived cells. Once 
reestablished, these cells would be free to 
migrate to other lymphoid tissues such as the 
spleen. It is suggested then, that the recov- 
ery of immunocompetence of the spleen de- 
pends not only on bone marrow repopulation, 
but also on thymus reestablishment and the 
migration of both of these cells types to the 
spleen. Once in the spleen, and in the 
presence of antigen, they can participate in 
cell-cell interaction which is required for a 
cell line activity producing specific antibody. 

Which thymic cell is the antigen recogni- 
tion cell and which bone marrow cell is the 
“effector cell” is not known. Also, what the 
antigenic information is and how i’t is trans- 
ferred is not understood. Answers to some of 
these questions may come from more detailed 
migration studies which are presently in pro- 
gress. 

Summary. The rates of recovery of mouse 
spleen and marrow cells after sublethal irra- 
diation were studied. Cells from donors given 
500 R were transferred to lethally-irradiated 
recipients at  various times after donor irradi- 
ation. Donor spleen cells were given with 
sheep erythrocyte antigen (SRBC), while do- 
nor marrow cells were given with normal thy- 
mus cells and SRBC. The recovery rates of 
cellular proliferative ability, hematopoiesis 
(by 59Fe incorporation) and immunocompe- 
tence (by antibody formation to SRBC) 
were measured. The cellular proliferative 
ability and hematopoietic recovery were par- 
allel; marrow cells had recovered by day 11 
after irradiation (following an “overshoot”) 
while spleen cells had also recovered by day 
11 but without overshoot. The marrow and 
spleen recovery rates of immunocompetence 
were markedly different, however. By day 11,  
marrow immunocompetence had reached 
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normal levels while spleen immunocompe- 
tence was only 3.4% of normal. 
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