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Abstract. Mouse spleen cells were 
separated into two populations on the 
basis of adherence to plastic. The re- 
combination of these two populations 
was required for the in vitro antibody 
response to sheep erythrocytes. By sep- 
arating the two populations from x-ir- 
radiated mice and combining each with 
the other population prepared from 
normal mice, it was demonstrated that 
the immunologic function of the non- 
adherent population only was highly 
sensitive to x-ray injury. In contrast, 
x-irradiation in doses as high as 1000 
roentgens had no measurable effect on 
the immune function of adherent cells, 
that is, the population which first inter- 
acts with antigen and is composed prin- 
cipally of large phagocytic cells. 

The remarkable sensitivity of the 
immune response to x-ray (1) has been 
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adherent population only was highly 
sensitive to x-ray injury. In contrast, 
x-irradiation in doses as high as 1000 
roentgens had no measurable effect on 
the immune function of adherent cells, 
that is, the population which first inter- 
acts with antigen and is composed prin- 
cipally of large phagocytic cells. 

The remarkable sensitivity of the 
immune response to x-ray (1) has been 
attributed to injury to macrophages, 
specifically to antigen "processing" by 
such cells (2). The present experiments, 
in which the in vitro response of mouse 
spleen cells to sheep erythrocytes was 
used (3), fail to support this suggestion. 
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Spleen cells were separated into two 
different populations on the basis of 
their adherence to plastic (4). The ad- 
herent population, which comprises 
about 10 percent of the total cells, con- 
sists primarily of macrophages; the non- 
adherent population is composed pri- 
marily of small lymphoid cells. The 
recombination of both the adherent and 
nonadherent populations is required for 
the in vitro antibody response to sheep 
erythrocytes. Equally high in vitro re- 
sponses are obtained whether sheep 
erythrocytes are added to the recom- 
bined populations and remain present 
during the 4 days of the response or 
are added only briefly to the adherent 
population. In this latter procedure, the 
adherent population is washed free of 
all detectable extracellular antigen be- 
fore being combined with the nonad- 
herent population; thus the first cell- 
antigen interaction is limited to the 
adherent population. 

The following experiment demon- 
strated that the kinetics of suppression 
by x-ray was similar for the in vivo 
and in vitro responses. One group of 
mice was x-irradiated with doses of 
from 25 to 250 r and then immunized 
with sheep erythrocytes; a second group 
of similarly x-irradiated animals was 
killed and their spleen cells were im- 
munized in vitro. After 4 days the num- 
ber of spleen cells releasing hemolytic 
antibody (5) was measured in the living 
animals and also in the cultures (Table 
1). When the radiosensitivity of the in 
vitro response was established, the two 
populations of cells separable in vitro 
were examined to determine the cell 
type impaired by x-ray. Two recipro- 
cal experiments were performed: (i) ad- 
herent cells from x-irradiated mice 
were combined with nonadherent cells 
from normal mice and (ii) adherent 
cells of normal mice were combined 
with nonadherent cells from x-irradi- 
ated mice. These experiments demon- 
strated that the immunologic function 
of the nonadherent population alone 
was sensitive to x-irradiation. 

In one such experiment, spleen cells 
were pooled from six female DBA/2J 
mice that had received 500 r total body 
x-irradiation 1 hour previously (6). The 
spleens were teased apart in Hanks 
balanced salt solution. Large cell aggre- 
gates, removed by 3-minute gravity sedi- 
mentation, were discarded. The suspen- 
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Table 1. X-ray suppression of the in vivo and 
in vitro plaque-forming cell response. Groups 
of mice were irradiated 1 hour before either 
being injected intravenously with 2 X 108 
sheep erythrocytes or killed and their spleen 
cell suspensions immunized in vitro with the 
same antigen. The in vitro and in vivo re- 
sponse were measured 4 days later. 

X-ray Plaque-forming cells 
dose In vivo* In vitrof 

None 155 145 
25 99 58 
50 46 42 

100 36 12 
175 8 3 
250 2 0 
* The number recorded X 400 is the number of 
plaque-forming cells per spleen. The number is 
the average count of six slides; the slides were 
duplicates from three mice. f The number re- 
corded is plaque-forming cells for 106 spleen cells 
initially cultured per dish. The number is the 
average count of eight slides; the slides were 
duplicates from each of quadruplicate cultures. 

serum (MEM), and dispersed in 1.0-ml 
portions in Falcon plastic petri dishes 
(35 by 10 mm). The dishes were then 
incubated for 30 minutes (7). Nonad- 
herent cells were removed from these 
dishes by aspiration, pooled, and rein- 
cubated in new petri dishes for 30 
minutes to remove any remaining ad- 
herent cells. The nonadherent cells were 
again pooled, sedimented by centrifuga- 

Table 2. Plaque-forming cell response of 
various combinations of cell populations ob- 
tained from normal and x-irradiated mice. 
Adherent and nonadherent cell populations 
were obtained from mice 1 hour after irradia- 
tion with 500 r, or from normal mice. The 
plaque-forming cell response was measured at 
4 days. Each number is the average of counts 
on six slides; the slides were duplicates from 
each of the triplicate cultures. In vivo con- 
trols included three mice receiving the same 
dose of x-ray and three normal mice; the 
six mice were injected intravenously with 
2 X 108 sheep erythrocytes. Duplicate slide 
counts were made on each spleen 4 days after 
immunization. Spleens of x-irradiated mice 
contained 60 ? 49 plaque-forming cells; 
spleens of the control mice contained 56,400 
? 12,600 plaque-forming cells. 

Plaque- 
Combination forming 

cells 

Normal adherent cells + 
normal nonadherent cells 197 

Normal adherent cells + 
x-irradiated nonadherent cells 18 

X-irradiated adherent cells + 
normal nonadherent cells 156 

X-irradiated adherent cells + 
x-irradiated nonadherent cells 0 

Normal adherent cells only 7 
Normal nonadherent cells only 7 
X-irradiated adherent cells only 0 
X-irradiated nonadherent cells only 0 
Normal spleen cells unseparated 170 
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tion, and resuspended to a concentra- 
tion of 1 x 107 cells per milliliter. The 
original dishes containing adherent cells 
were incubated with 1.0 ml of MEM 
containing 1 X 107 sheep erythrocytes. 
After 30 minutes the medium and sus- 
pended erythrocytes were removed by 
aspiration. The dishes containing the 
adherent cells with phagocytized or ad- 
herent sheep erythrocytes, or both, were 
then washed twice by adding 1.0 ml of 
MEM to dishes and aspirating the fluid. 
These procedures were carried out 
simultaneously with spleen cells from 
normal mice that had not been x- 
irradiated. 

The nonadherent cells from x-irradi- 
ated mice were added in 1-ml portions 
to the dishes of adherent cells from 
normal mice, and the nonadherent cells 
from normal mice were added in similar 
volumes to adherent cells from x-ir- 
radiated mice. These cultures and 
appropriate control cultures were then 
incubated. Each day 0.05 ml of a 
"nutritional cocktail" and 0.05 ml of 
fetal calf serum were added to the 
dishes. At the end of 4 days the cells 
were scraped from the dish, agitated to 
disperse clumps, and the number of 
direct plaque-producing cells was as- 
sayed by the slide modification of the 
Jerne technique. The results (Table 2) 
show that x-ray impaired the immune 
function of the nonadherent population 
but had no measurable effect on the 
adherent population. 

The same experimental design was 
used to examine the effects of the dose 
of x-irradiation and of the interval be- 
tween x-irradiation and the time the 
animal was killed. In some experiments 
spleen cells were prepared from mice 
killed 1 hour after x-irradiation with 
doses of 250, 750, and 1000 r. In other 
experiments spleen cells were prepared 
from mice killed 6, 24, or 48 hours 
after receiving 500 r. In every experi- 
ment adherent cells from x-irradiated 
mice functioned as well as adherent 
cells from normal mice. In contrast, the 
function of nonadherent cells from 
x-irradiated mice, whether combined 
with adherent cells from normal or 
x-irradiated mice, was markedly im- 
paired. The results were consistent for 
the range of x-ray doses and time in- 
tervals tested (see Table 3). 

It is conceivable that x-ray injury to 
adherent cells might become manifest if 
the interval between initiation of culture 
and antigenic stimulation were pro- 
longed. To examine this possibility, ad- 
herent cells were prepared from mice 2 
days after x-irradiation with 550 r. The 
adherent cells were cultured for 2 days 
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Table 3. Summary of results for cell combina- 
tions obtained from x-irradiated and normal 
mice. 

Adherent Nonadherent Plaque- 
population population freng 

Normal Normal 167 ? 18* 
Normal X-ray 3 ? 1.5 
X-ray Normal 151 ? 19 
X-ray X-ray 0 ? 0 

* The plaque-forming cell response is the mean ? 
standard error of the mean of in vitro responses 
from 11 experiments and represents the results of 
counts on 66 or more slides. Spleen cells were 
obtained from mice receiving 250 to 1000 r, 1 to 
48 hours after x-irradiation. Responses were 
measured 4 days after immunization. 

and then exposed briefly to antigen be- 
fore normal nonadherent cells were 
added to them. Thus, the total elapsed 
time was 4 days between x-irradiation 
and antigenic stimulation of cultures. 
The usual high plaque-forming cell re- 
sponse was observed 4 days after in 
vitro immunization, the response being 
equivalent to that for in vitro antigen- 
stimulated control cultures of fresh ad- 
herent and nonadherent cells from nor- 
mal mice. 

These experiments show that the im- 
mune function of nonadherent cells is 
sensitive to x-irradiation, and con- 
versely, that the immune function of 
adherent cells is highly resistant to 
x-ray injury. Other deductions can be 
made concerning nonadherent and ad- 
herent cells. First, nonadherent cells 
contain two subpopulations that are re- 
quired for the in vitro response to 
sheep erythrocytes (8). Although the 
present experiments do not resolve 
whether one or the other (or both) of 
these subpopulations is sensitive to 
x-ray, the following two observations 
are relevant to this question. On the 
one hand, it is possible that neither 
subpopulation is directly injured by 
x-ray, but that the immune function is 
suppressed by some indirect mecha- 
nism such as release of a toxic product 
from injured cells. This seems unlikely 
since the plaque-forming cell response 
of 1 X 107 cells from x-irradiated mice 
was fully restored by addition of 
8 x 106 nonadherent cells from normal 
mice. In other experiments from this 
laboratory, it has been found that thy- 
mocytes restore the in vitro antibody 
response of spleen cells from mice that 
have been thymectomized, heavily 
x-irradiated, and then given syngeneic 
bone-marrow cells (9). However, the 
addition in vitro of from 106 to 107 
normal mouse thymus cells to cultures 
of unseparated spleen cells, or to cul- 
tures of separated and recombined 
spleen cells from x-irradiated mice, 

failed to restore the response. This re- 
sult does not indicate whether the non- 
adherent population contains highly 
x-ray sensitive thymus-derived cells, 
but it does suggest a requirement for at 
least one x-ray sensitive subpopulation 
that cannot be substituted for by thy- 
mus cells. The other subpopulation in 
nonadherent cells probably consists of 
cells derived from bone marrow, cells 
that synthesize antibody and are identi- 
fiable as plaque-forming cells (10). 

Second, adherent cells from the 
mouse spleen contain a subpopulation 
of 1 to 10 per 10,000 cells that are 
essential for the in vitro response to 
sheep erythrocytes (8, 11). The morphol- 
ogy and function of the cells in this 
subpopulation is undefined at present, 
but it is clear that their immunologic 
function is relatively resistant to x-ir- 
radiation. It seems unlikely, therefore, 
that these cells divide rapidly and re- 
peatedly to give rise to antibody syn- 
thesizing (plaque-forming) cells. Ad- 
herent cells obtained from normal or 
x-irradiated mice (800 r, 24 to 72 hours 
previously) contain "rosette-forming 
cells." Rosettes are formed by the 
rapid and dense clustering of heterol- 
ogous erythrocytes on the surface of 
about 1 per 10,000 adherent cells. 
Rosette-forming cells are different from 
background plaque-forming cells and 
are apparently specific for different non- 
cross-reacting heterologous erythrocytes. 
Thus, it is possible to demonstrate in 
adherent cells a subpopulation that 
interacts with erythrocyte antigens, but 
it has yet to be determined conclusively 
that this interaction is required for the 
in vivo or in vitro antibody response 
(12). 

Most of the adherent cells are mor- 
phologically and functionally macro- 
phages. It is not known whether they 
play any part in the immune response 
to sheep erythrocytes, but if they are 
functional, then that function is also 
resistant to x-irradiation. 

Numerous investigators have sug- 
gested that ingestion and "processing" 
of antigen by macrophages is required 
for antibody synthesis by lymphoid cells 
(13). It has further been proposed that 
this phase of the immune response may 
be highly sensitive to x-irradiation. In 
the present experiments, the first anti- 
gen-cell interaction occurs with ad- 
herent cells only. Excess antigen is 
then removed so that the stimulus 
provided by antigen (directly or in- 
directly) to nonadherent cell popula- 
tions is presumably only by interaction 
between adherent and nonadherent cells. 
If it is assumed that the adherent cells 
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necessary for the immune response are 
phagocytic and that these cells, by inter- 
acting with antigen, process antigen in 
some manner, then clearly x-irradiation 
does not injure macrophages primarily 
or any processing mechanism of these 
cells for sheep erythrocyte antigens. 

Many elegant experiments in which 
cells are used to reconstitute heavily 
x-irradiated animals have identified 
radiosensitive populations required for 
the immune response, but it is obviously 
impossible to evaluate any requirement 
for radioresistant populations with such 
a model. This first demonstration, that 
a step or cell required for the antibody 
response is relatively x-ray resistant, 
may permit further dissection of the 
complex cell interactions required for 
the immune response. 

JEFFREY ROSEMAN 

Department of Pathology, 
University of Chicago, 
Chicago, Illinois 60615 
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Mammary Alveolar Epithelial Cells: 

Effect of Hydrocortisone on Ultrastructure 

Abstract. Hydrocortisone is necessary for the formation of rough endoplasmic 
reticulum in mammary alveolar epithelial cells. This membrane system is required 
for the synthesis of the milk protein, casein, but it is not required for the syn- 
thesis of a nonmilk protein fraction. 

Insulin, hydrocortisone, and prolac- pregnancy do not make detectable ca- 
tin are necessary for the induction of sein; however, within 12 hours after 
casein synthesis by mouse mammary the addition of prolactin these explants 
gland explants (1). After 4 days of do make casein. In contrast, explants 
culture with insulin and hydrocortisone that have been cultured in the absence 
(2), explants from mice midway through of hydrocortisone (medium containing 
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Fig. 1 (top). Ultrastructure of alveolar epithelium from mammary gland of C3H/HeN 
mouse midway through pregnancy. This micrograph shows portions of four alveolar 
epithelial cells from explants cultured for 96 hours in Medium 199 (I), containing 
5 ug/ml of crystalline beef insulin (Lilly). The explants were fixed in Karnovsky's 
fixative (7) and embedded in Maraglas (8). Sections were cut on a Porter-Blum MT-1 
ultramicrotome, stained with lead citrate and uranyl acetate (9), and examined in an 
RCA EMU-3G electron microscope. In most respects, these cells resemble the alveolar 
epithelial cells seen in the uncultured tissue. The cytoplasm contains very little rough 
endoplasmic reticulum. The epithelium contains no visible secretory products (ap- 
proximately X 20,400). Fig. 2 (bottom). Ultrastructure of alveolar epithelium in 
explants derived from the same animals as in Fig. 1, cultured for 96 hours in Medium 
199 containing 5 ,ug/ml of crystalline beef insulin (Lilly) and 5 tAg/ml of hydrocortisone. 
The tissue was fixed and prepared as in Fig. 1. Rough endoplasmic reticulum (RER) 
is present throughout the cytoplasm. It often forms-parallel nondilated cisternae and 
sometimes whorls. In some cells the RER is dilated. Lipid droplets (left side of micro- 
graph) are often present in the cytoplasm (approximately x 21,250). 
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