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Behavior of Transfused Bone Marrow Cells and
Lymphocytes in Irradiated Rats*

BUNSUKE OSOGOE

Department of Anatomy, Yamaguchi Medical School, Ube,
(Received September 10, 1960)

The behavior of the transfused cellular elements of hematopoietic tissues has been
pursued in a series of earlier experiments in normal rabbits'? and X-irradiated
guinea-pigs.2~® The results obtained have demonstrated that the transfused cells
exhibit a characteristic behavior in the recipients according to their cell type and
may actively proliferate when the animals have been exposed to a large dose of
total-body X-irradiation prior to transfusion.

As a continuation of the previous expefiments, it was intended in this work to
make a comparison of the behavior of the bone marrow cells with that of the lym-
phocytes after transfusion of these elements into irradiated rats.

MATERIAL AND METHODS

Male Wistar rats weighing around 200 Gm. were exposed in pairs to 600 r total-
body X-irradiation.™ Immediately following irradiatin, one of each pair received
an intravenous injection of a suspension of bone marrow elements or of lym-
phocytes in physiological saline, while the other which served as the control received
an intravenous injection of physiological saline. In every instance, 50,000 units of
aqueous penicillin were added to the physiological saline.

In order to standardize the experimental conditions, the same numbers of donors
(4-5 male Wistar rats also weighing around 200 Gm.) were used in preparing the
cellular suspensions from both the bone marrow and the thymolymphatic organs.
The number of nucleated cells injected into one recipient varied from 331 to 1,366
millions.

On the second and the tenth days after irradiation, the animals were killed and
total numbers of nucleated cells in the hematopoietic organs were determined, using
the methods of cell counting in suspension of nuclei.t In addition, histological ex-
amination of various organs was made, after fixing the tissues in ZENKER-formol.

*  Presented at the 8th International Congress of the International Society of Hematology, Tokyo,
September 4-8, 1960.
**  Radiation factors were: 160 Kvp, 3 ma., 0.5 mm. Cu+0.5 mm. Al, dose rate in air 12 r. per
minute at a distance of 33 cm.
T The methods of counting nucleated cells in the hematopoietic tissues have been described.t—$



BUNSUKE OSOGOE

REsSULTS

A. Transfusion of Bone Marrow Cells

On the second day after marrow cells transfusion, bone marrow elements (.e.,
myelocytes and erythroblasts) often occurred in small clusters in the dilated lumen
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Fig. 1. Sections through the liver from the irradiated rats, showing small collections of
bone marrow cells (a-b: erythroblasts; c-d: myelocytes) in the dilated lumen of the
sinusoids. Two days after transfusion of bone marrow cells. x 400.
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-of the sinusoids in the liver of the irradiated hosts (Fig. 1 a~-d). 1In the lungs, lymph
nodes, kidneys and adrenals of these animals, however, marrow elements were never
-seen anywhere until then.

On the tenth day after transfusion, the bone marrow elements, that had once oc-
-cured in the liver in relatively great numbers on the second day, disappeared almost
-completely. In the spleen and bone marrow, on the other hand, the populations of
myeloid elements appeared to be greatly increased by the tenth day.

By that time the total leukocyte count and the reticulocyte count in the treated
rats became significantly higher than the corresponding values in the untreated con-
trols (P<0.001) (Table 1).

The most striking effect of the transfusion of marrow cells was on the bone mar-
tow cellularity. By the tenth day after irradiation, there was a marked increase in
the cellular density of the femoral bone marrow in the treated rats, as compared
-with the control values in the untreated rats. The difference between both groups
-of rats was highly significant (P<C0.001). Similarly, the estimated values of the total
number of nucleated cells in the lymphoid organs, the spleen in particular, were
-definitely greater in the treated rats than those in the untreated controls (Table 1).

The results of differential cell counts in marrow and spleen imprints on the tenth
-day after irradiation showed a preponderance of the erythrocytic cell populations
over the granulocytic ones in the treated rats, as compared with the control pattern
-in the untreated rats. Moreover, in the treated rats, there was a concomitant reduc-
tion in the percentage of plasma cells, which otherwise would have been greatly in-
-creased after irradiation. In the mesenteric lymph nodes, there was no increase in
-the percentages of myeloid elements after the transfusion of marrow cells (Table 2).

B. Transfusion of Lymphocytes

On the second day after lymphocyte transfusion, there occurred a striking degree
-of accumulation of lymphocytes, the smaller forms in particular, in the white pulp
-of the spleen of the irradiated hosts (Fig. 2 a). In contrast, collection of lymphocytes
in the splenic white pulp did not occur either in the irradiated rats without lym-
-phocyte transfusion (Fig. 2 b), or in those that had received marrow cell transfusion
(Fig. 2 ¢). In the liver, kidneys and adrenals of the irradiated rats that received
Tymphocyte transfusion, no accumulation of lymphocytes took place anywhere until
‘the second day.

On the tenth day after lymphocyte transfusion, the lymphatic nodules of the
splenic white pulp of the irradiated hosts, that had once regenerated to a considera-
ble extent on the second day, again underwent atrophy, so that there remained
relatively small aggregations of actively proliferating, medium-sized lymphocytes in
he splenic white pulp (Fig. 3). On the other hand, the cortex of the mesenteric
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subsequent transfusion. x 100. 5: Section through the spleen from the irradiajed rat without
lymphocyte transfusion, showing no collection of lymphocytes in the white pulp. Two days.
after irradiation. x 100. c: Section through the spleen from the irradiated rat that received
marrow cell transfusion, also illustrating no collection of lymphocytes in the white pulp.
Two days after irradiation and subsequent transfusion. x 100.



Behavior of Transfused Bone Marrow Cells and Lymphocytes in Irradiated Rats 187

TR NS TRELET | A ™ LT
i;{“} N Ty SR 20 & y
LRy

-

‘ -
s X
&

A
»?#’:Qe‘&:

- -

Fig. 3. Section through the spleen from the irradiated rat that recsived lymphocyte transfusion,
showing a small aggregation of actively proliferating, medium-sized lymphocytes in the splenic
white pulp. Ten days after irradiation and subsequent transfusion. x 200.

lymph nodes of the treated rats, FLEMMING’s secondary nodules in particular, showed
a fairly remarkable degree of regeneration by the tenth day after irradiation (Fig.
4 a). The cortical tissue of the mesenteric nodes of the untreated controls showed
no indication of regeneration until then. (Fig. 4 b).

Like the transfusion of marrow cells, the transfusion of lymphocytes also caused
.a marked increase in the number of blood leukocytes, lymphocytes in particular, by
the tenth day. However, no simultaneous increase in the percentage of reticulocytes
was observed after lymphocyte transfusion.

The effect of lymphocyte transfusion on the bone marrow of the irradiated hosts
was essentially different from that of marrow cell transfusion. Namely, after lym-
phocyte transfusion, there was no increase in the cellular density of bone marrow
until the tenth day; whereas after marrow cell transfusion, the bone marrow cel-
lularity was greatly increased by the tenth day (Table 1).

In the lymphoid organs, on the other hand, the total number of nucleated cells
was increased to a considerable extent by the tenth day after the transfusion of
lymphocytes. This tendency was particularly prominent in the mesenterict lymph
nodes (Table 1).

The results of differential cell counts in marrow and spleen imprints indicated no
relative increase of the erythrocytic cell population. It should be added, here, that
the transfusion of lymphocytes caused a striking reduction of the percentage of
plasma cells in the bone marrow, which otherwise would have been greatly increased
after irradiation. The transfusion of bone marrow cells also had a similar effect, as
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Fig. 4. a: Section through the cortex of the mesenteric lymph node from the irradiated rat
that received lymphocyte transfusion, showing two large developing secondary nodules.
Ten days after irradiation and subsequent transfusion. x 100. b: Section through the
cortex of the mesenteric lymph node from the irradiated rat without lymphocyte trans-
fusion, which is almost developing secondary nodules. Ten days after irradiation. x 100.

already stated (Table 2).

DiscussioNn

The present experiments demonstrated that, while the transfusion of bone marrow
ells caused a rapid regeneration of myeloid tissues of the irradiated hosts, the
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~transfusion of lymphocytes failed to do so. After lymphocyte transfusion, there
was a fairly remarkable degree of regeneration of lymphatic tissues, the splenic
white pulp and the cortical nodules of the mesenteric lymph nodes in particular.
“This is in accord with the observation of CONGDON et al.’ that the treatment of
X-irradiated mice with isologous spleen caused quicker regeneration of splenic
white pulp and of lymph nodes than did treatment with isologous bone marrow.

These findings indicate that the chief sites of accumulation and proliferation of
the transfused lymphocytes are quite different from those of the transfused bone

marrow cells.

In this connection, it is pertinent to refer to the view of YOFFEY et al.,” who as-
sumed that lymphocytes produced in excess in the thymolymphatic organs are filtered
off in the bone marrow to become stem cells for the development of erythrocytes
-and granulocytes. If this is really the case, it is to be expected that the transfusion
-of lymphoctes would effectively accelerate morrow regeneration in irradiated ani-
mals.

However, the experiments of CAMPELL and Ross®, who used thoractic duct lym-
phocytes, failed to demonstrate morrow regeneration in lethally irradiated rats after
the transfusion of lymphocytes. Recently, Vos et al.’ have shown that the-injection
of a large number of homologous lymphoid cells kills X-irradiated mice protected
with isologous bone marrow within a week or two. Besides, there are a number of
papers reporting similar results.’’~*

The above-mentioned findings, including ours, do not support the view of YOFFEY
-et al. that the lymphocytes may transform into mother cells of myeloid elements
.and, in this way, the transfusion of these cells would accelerate marrow regeneration
in irradiated animals.

SUMMARY

After transfusion of either bone marrow cells or lymphocytes into sublethally ir-
-radiated rats, the behaviors of both types of cells in the hosts were compared with
each other. The results indicated that the chief sites of accumulation and prolifera-
tion of the transfused lymphocytes are quite different from those of the transfused
marrow cells.
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