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Spleen Cell Kinetics in Mice Bearing the
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Abstract—The proliferative response of splenic lymphocytes in mice bearing the
Landschiitz ascites tumour has been examined in vitro and correlated with the changes
occurring in the growth characteristics of the tumour. Between 8 and 12 days after
tumour transplantation the spleen increased markedly in size and this has been shown to
be associated with an increased proliferative activity of the splemic lymphocytes. The
activity rapidly diminished as the spleen atrophied. Maximal tumour cell DNA
synthetic activity also occurred 12 days after transplantation corresponding to the
attainment of maximum tumour cell numbers. Although the volume of the ascites fluid
continued to increase after this time the absolute number of tumour cells fell in parallel
with areduction in DN\ synthesis. The close temporal relationship between the changes in both
spleen cell and tumour cell populations suggests that factors imfluencing cell groweth are acting

simnltaneously on both cell populations.

INTRODUCTION

IN ANIMALS receiving an intraperitoneal in-
jection of Landschiitz ascites tumour cells an
increase in spleen size was noted reaching a
maximum at 12 days. This was followed over
the next 2 weeks by a decrease in spleen size
and splenic atrophy. It has been shown in
anothér model that this phenomenon is not
due to pooling of blood and presumably re-
flects a proliferation of lymphoid cells within
the spleen [1]. We set out to confirm this
earlier report in the present model and to
study the in wvitro growth characteristics of
splenic lymphocytes in tumour bearing ani-
mals at varying intervals following tumour
inoculation. The spontaneous uptake of tri-
tiated thymidine by spleen cells at different
times was assessed and this was compared to
the uptake by tumour cells taken from the
same animals.

MATERIALS AND METHODS
Moice

Eight to twelve weeks old animals of both
sexes were obtained from a closed colony of
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random-bred Schofield albino mice main-
tained at this laboratory.

Tumour

The Landschiitz ascites carcinoma is pro-
pagated by weekly serial passage in female
mice. Tumour cells for experiment were col-
lected into phosphate buffered saline (PBS)
and washed three times. A cell count was
carried out in a haemocytometer and the cell
viability determined by trypan blue vital
staining. Only cell suspensions of >909%, via-
bility were used. Tumour growth was initiated
in the experimental animals by intra-
peritoneal injection of 107 viable tumour cells
in 1 ml of PBS. This dose has been previously
shown to kill 1009, of injected animals within
30 days of transplantation, 509, of the ani-
mals dying within 23 days [2]. Animals re-
ceiving tumour cells killed with 109, formol
saline for 30 min and washed in P.B.S. served as
controls.

Spleen weights

Spleens were excised intact from 8 normal,
24 tumour-bearing and 24 control mice at 4
day intervals after injection. Care was taken
to remove any adherent adipose tissue, and
the organs were placed in PBS. They were
then weighed on a Mettler 6HT balance after
removing excess moisture with tissue paper.
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Spleen haemoglobin

After weighing, the spleens were disrupted
in a constant volume of distilled water in a
Dounce homogeniser and the homogenates
subjected to repeated freezing and thawing to
lyse the cells. The cell debris was spun down
and the supernatants assayed for haemoglobin
using the cyan-methaemoglobin method and a
Coulter haemoglobinometer measuring absor-
bance at 540 nm.

Tumour cell culture

Tumour. cells were recovered into HBSS
and treated in the same manner as the spleen
cells recovered at the same time.

Radioactivity measurement

After incubation the cells were resuspended
and transferred onto filter paper discs. Acid
precipitable radioactivity was measured in a
Philips automatic scintillation counter using
PPO/POPOP as scintillant.

RESULTS
Spleen werghts

The changes in spleen weight following
intraperitoneal injection of equal quantities of
live and formalin-killed tumour cells are illus-
trated in Fig. 1. In animals receiving live
cells, spleen weights increased to 2-3 times
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Fig. 1. Changes in spleen weight following intra-peritoneal
injection of 107 viable or formalin-killed Landschitz ascites
tumour cells.

the normal value between 8 and 12 days after
transplantation. This was followed by a pro-
gressive decrease in weight so that by the 24th
day the size of the organ was only one-third
normal. No significant changes were observed
in the spleen weights of control mice receiving
killed cells.

Spleen haemoglobin

A 509 rise in spleen haemoglobin content
followed intra-peritoneal injection of both live
and killed tumour cells (Fig. 2). There was no
significant difference between tumour-bearing
animals and controls and the spleen haemog-
lobin content values returned to normal in
both cases within 12 days of injection.
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Fig. 2.
peritoneal injection of 10 viable or formalin-killed Landschiit:
ascites tumour.

Variation in spleen haemoglobin content afier intra-

Spleen cell culture

Maximal spontaneous thymidine incorpo-
ration by unstimulated spleen cells occurred
within 24 hours of their removal from the host
animal (Table 1). Consequently an 18 hour pulse
period was chosen for the culture experiments.

Figure 3 illustrates the change in DNA
synthetic activity of spleen cells observed in
tumour bearing animals. Following tumour
transplantation the DNA synthetic activity of
spleen cells increased, reaching a peak of five
times the normal value 12 days later. By the
sixteenth day, however, this had fallen to only
twice normal. Due to the progressive atrophy of
the spleen after this time it was not possible to
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recover sufficient cells to determine whether this-
trend continued.

Table 1. Uptake of tritiated thymidine by 2 x 10°
normal murine spleen cells in unstimulated cultures at
different culture periods expressed as counts/min +S.E.

Incubation time

(hr) counts/min + S.E.
12 2463 + 210*
18 3347 + 283
24 3485 + 365
42 2783 + 204
48 2869 + 225
66 1642 + 122

*Each value=mean of triplicate determinations carried
out on each of 4 animals.
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Fig. 3. Spleen weight changes correlated with in vitro tri-
tiated thymidine (*HTdAR) uptake after transplantation of 107
viable Landschiitz ascites tumour cells.

Tumour cell quantitation in vivo

The variation in tumour cell numbers in the
ascites fluid during the course of tumour growth
was similar to that previously reported (2). The
close relationship between the size of the tumour
cell population and the DNA synthetic activity of
those cells is shown in Fig. 4. No evidence of
tumour cell escape outside the peritoneal cavity
other than limited growth at the size of injection
was observed.

Tumour cell culture

The incorporation of tritiated thymidine by
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Fig. 4. Variation in tumour cell numbers and in vitro

SHTAR uptake after transplantation of 107 viable Landschiitz
ascttes tumour cells.

tumour cells was considerably greater than thatof
an equal number of spleen cells (Fig. 5). Both
however reached peak values at 12 days post-
transplantation after which the fall in spleen cell
activity was paralleled by a similar decrease in
tumour cell DNA synthetic activity. The de-
termination of the in vitro DNA synthetic activity
of tumour cells recovered within a week of
transplantation was not possible because an
insufficient number of cells were recoverable at
this stage of tumour growth.

DISCUSSION

In mice bearing Landschiitz ascites tumour,
mean spleen weight increased progressively
over a twelve day period and this was fol-
lowed by a progressive decrease in weight and
atrophy. The weight changes observed have
been related to changes in the lymphoid
population of the spleen as total haemoglobin
content did not show comparable changes. A
direct relationship between spleen size and in
vitro DNA synthetic activity of spleen cells has
been demonstrated. Studies on DNA synthesis
by tumour cells similarly showed a direct
relationship between synthetic activity and
total tumour cell count.
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Similar spleen weight changes have pre-
viously been reported following transplan-
tation of both the Landschiitz and the Ehrlich
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Fig5. Changes in *HTdR uptake by spleen cells and tumour
cells after transplantation of 107 viable Landschiitz ascites
tumour cells.
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Fig. 6. Changes in “'total” DNA synthesis by both spleen and

tumour, i.e. allowing for the changes occurring in the size of

each population (arbitrary units).

ascites tumours [1, 4| although splenomegaly
did not invariably occur [5]. This may be due
to contaminant passenger viruses within the
tumour {6]. The initial increase in splenic
haemoglobin content observed with this tu-
mour has also been noted with the Ehrlich

tumour [1] although the cause is uncertain.
In both cases, however, it had returned to
normal  before  maximal  splenomegaly
occurred.

Spleen cell culture

Spleens were removed aseptically from 4
tumour-bearing animals at 4 day intervals
post-transplantation and teased apart with
forceps into a plastic Petri dish containing
Hanks’ balanced salt solution (HBSS). The
cell suspensions were washed with Tris-
ammonium chloride solution to lyse the con-
taminating erythrocytes, washed three times
in HBSS, and finally resuspended in RPMI
1640+25mM HEPES (Gibco) containing
109, foetal calf serum with streptomycin and
penicillin. Cell counts and viablilities were
determined using a haemocytometer and try-
pan blue vital staining. The single cell suspen-
sions  contained predominantly lymphocytes
(>90°, by visual inspection).

Volumes of 0.1ml of each cell suspension
containing 2 x 10° cells per ml were placed in
triplicate in the wells of flat bottomed Cooke
microtitre plates together with 0.1 ml of tissue
culture medium and 1 uCi of tritiated thymi-
dine (specific activity 5 Ci/mmole, Radio-
chemicals, Amersham) added to each of
the wells, the plates sealed and then in-
cubated at 37°C for 18 hr.

Tumour cell quantitation in vitro

This was performed as previously described
[2, 3]. Sheep red blood cells were labelled
with Cr’! and injected intra-peritoneally into
live tumour-bearing animals. These animals
were sacrificed 10 min later and a known
volume of ascites fluid recovered into 3.89%
trisodium  citrate  solution. Radioactivity
measurements were carried out in a Philips
gamma counter which together with the con-
centration of tumour cells in the ascites fluid
determined visually in a haemocytometer, al-
lowed quantitation of the total tumour load
viz.

Radioactivity injected (counts/min/ml)/
radioactivity recovered (counts/min/ml)
x tumour cell count (cells/ml)=total number
of tumour cells.

Tumour cell quantitation was performed at
intervals of 4 days after transplantation.

Altered immunological responsiveness fol-
lowing tumour transplantation has been re-
peatedly demonstrated both in vitro and in
vivo. The response of spleen cells taken from
tumour-bearing mice to mitogens such as
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phytohaemagglutinin and concanavalin A has
been shown to be depressed as tumour growth
proceeds [7, 8] although in this latter study
Kapoor and Chowdhury observed a return to
normal response levels at an intermediate
phase of tumour growth but which again
diminished as the animals neared death [8].
The number of B lymphocytes in the spleen
has recently been shown to increase over the
first 7 days of growth of the Ehrlich ascites
tumour but no data for later changes was
reported [9]. The response of tumour-bearing
mice to antigens such as sheep red blood cells
is diminished and factors within the ascites
fluid lead to an impairment of humoral im-
munity [5, 10, 11]. Cellular immune responses
as evidenced by the ability to mount a graft-
vs-host response did not appear to be affected
[10], although prolonged survival of skin al-
lografts in animals bearing ascites tumours has
been reported [12, 13]. The impairment of
macrophage function in tumour bearing ani-
mals has also been repeatedly demonstrated
(reviewed in [14]).

Several mechanisms have been postulated
by which such immune depression might be
brought about. Antigenic competition by the
tumour may result in unresponsiveness to
other antigens. Badger ¢t al. have shown that
this is not the mechanism involved in immu-
nosuppression mediated by cell-free tumour
ascites fluid [15]. Hr$ak and Marotti have
pointed out that given the weak antigenicity
of most murine ascites tumours this is unlikely
[10]. Immunosuppressive factors released
either by the tumour or by reactive host cells
ther by the tumour or by reactive host cells
have been reported. The murine leukaemia
L1210 has been shown to release a
lymphokine-like substance with macrophage

migration inhibition factor-like (MIF) activity
[16]. Ascites fluids from patients with cancer
metastatic to the peritoneum have been shown
to depress immune responses in mice in a
manner similar to that of the immunoregu-
latory alpha-globulin [15].

The reduction observed in spleen cell DNA
synthetic activity may be due to the release of
such factors but it is also possible that the
poor nutritional state of the host plays a role
since the tumour cells suffered a marked
concurrent reduction in activity. This latter
phenomenon has been observed in many mu-
rine ascites tumours and seems to be due to a
lengthening of the cell cycle throughout the
total cell population [17] though reduced
growth fractions have also been reported [18].
Anoxia [19], the accumulation of toxic meta-
bolites [20], and the action of tumour-specific
chalones {21] have been suggested as possible
mechanisms. Anoxia or toxic metabolites
would also be expected to depress the activity
of other rapidly proliferating cell populations
within the host, including spleen cells involved
in an immune response.

The close relationship between the four
parameters studied in the rates of DNA syn-
thesis by both tumour and spleen cells and the
changes in the size of each population suggests
a common cause for the observed phenomena.
It appears likely that the initial rise in spleen
cell activity reflects an active immune re-
sponse which is aborted by either the un-
availability of vital nutrients, the accumu-
lation of toxic metabolites, or the release of
non-specific suppressive factors from the tu-
mour. Whichever mechanism is operative, it
seems the tumour cells are influenced to a
similar extent.
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