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It has been reported that cyclo
phosphamide (CY) proten tia tes cell SUMMARY Spleen cells of BALB/c mice injected with cyclophosphamide 
mediated immune responses, I such (CY:100 mg/kg i.p.), and one day later with glutaraldehyde-treated MOPC·315 
as delayed-type hypersensitivity / tumour cells (GA-MOPC:25x106 cells/mouse i.p.), exhibited cytostatic activity 
contact sensitivity,3 auto-immune in vitro against MOPC·315 tumour cells, when tested on the sixth day but not 
response4 and antitumour immune when tested on the 28th day after CY injection. Spleen cells from mice injected 
response.s Moreover, the eradica with CY alone or with GA-MOPC cells only were not cytostatic. The cytostatic 
tion of established MOPC-31S activity (decrease in thymidine incorporation by tumour cells) was detected in 
tumours was assumed to be due to unfractionated spleen cell suspensions, in spleen cell suspensions depleted of T 
cooperation between the CY effect cells, in the glasswool-adherent macrophage-enriched population but not in the 
and the host's anti tumour immuni nylon wool nonadherent T-enriched population. The cytostatic activity of the 
ty.6 It was also shown that the com macrophage-enriched population was not affected by the addition of T cells. The 
bination of CY with immunothe T-enriched population was devoid of cytostatic activity even when supplemented 
rapy was more effective than of with various amounts of macrophages. Most mice injected with CY and GA
either one alone against tumours.?-IO MOPC cells were resistant to inoculation with a tumourigenic dose of MOPC-315 
Potentiation 0 f cell-mediated im tumour cells. 
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munological response by CY was re
lated to its selective effect on sup ASIAN PACIFIC J ALLERG IMMUN 1984; 2 : 175-180. 

pressor T celisS ,Il-13 or to the selec
tive depletion of B cells. 14 We have 
shown lS that immunisation with 
syngeneic M OPC-3 15 tumour cells 
treated with glutaraldehyde (GA
MOPC cells) afforded partial pro
tection against inoculation with a 
tumourigenic dose of MOPC-31S 
cells. The aim of the present work 
was to determine whether admin
istration of CY would increase the 
immune response induced by the 
injection of GA-MOPC cells as ex
pressed by the generation of .~'\ 

cytostatic activity of spleen cells 
in vitro against MOPC-31S tumour 
cells. 

MATERIALS AND METHODS 

Mice and tumour 

BALB/c male mice between 8 
and 12 weeks of age, selected from 
a breeding colony of the He brew 
University at Jerusalem, were used 
in this study. The MOPC-315 mye
loma cell line was derived from a 

plasma tumour originally induced 
in BALB/c mice by the intraperi
toneal injection of mineral Oil .16 An 
in vitro line of MOPC-31S tumour 
cells, adapted to growth in cul
ture"? was maintained by serial 
passages in RPMI 1640 medium 

*From the Department of Human Microbio
logy, Sackler School of Medicine, Tel·Aiv Uni
versity, Tel-Aviv 69978, Israel, and the Depart
ment of Bacterial Vaccines, Institut Pasteur, 
92380 Carches, France. 
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(Grand Island Biological Company, 
Grand Island, NY, USA) supple
mented with 100 units/ml penicil
lin, 100 Ilg/ml streptomycin, 2 
mmole/ml L-glutamine and 10 per 
cent foetal calf serum (complete 
medium). The viability of tumour 
cells in cultures was approximately 
90 per cent as shown by trypan 
blue dye (0.1 per cent) exclusion 
test. The in vitro grown line was 
used in all experiments. 

GA treatment of tumour cells (GA
MOPC) 

Tumour cells were washed three 
times in PBS, pH 7.2, and resus
pended at a concentration of 2x 
107 viable cells/ml. A volume of 
0.2 ml of the cell suspension was 
mixed with 1.8 ml of 0 .02 per cent 
GA (TAAB, England) solution in 
PBS and kept for 10 minutes at 
room temperature. The GA-treated 
cells were washed by three su bse
quent centrifugations at 100xg for 
7 minutes at 4°C and resuspended 
in PBS to a concentration of 5x 
107 cells/ml for injections. 

In vivo treatments 

Groups of mice were injected 
with a freshly prepared solu tion. of 
100 mg/kg CY in distilled water 
(Taro, Haifa, Israel, Iyophllised 
powder), i.p. on day 0, and one day 
later were immunised with 25x 106 

GA-MOPC cells/0.5 ml i.p . and 
sacrificed on the six th day (if not 
stated otherwise) for harvesting of 
spleen cells. Groups of untreated 
mice, 0 f mice injected with CY 
only or of mice receiving only GA
MOPC cells served as controls. Mice 
injected with CY and GA-MOPC 
tumour cells and with CY alone was 
also inoculated i.p. with a tumouri
genic dose of 5x I 04 viable MOPC
315 tumour cells eigh t days after 
CY administration. The mortality 
of tumour-bearing mice was record
ed and compared with that of ino
culated, untreated mice. 

Cell preparations 

Intact spleen cell suspensions, T
depleted spleen cell suspension, 

macrophage-enriched and T-enrich
ed spleen cell fractions were used. 
Spleen cell suspensions were pre
pared in RPMI medium (without 
FCS) and finally resuspended in 
complete RPMI medium supple
mented with 5x10-s M 2-mercap
toethanol. T-cell depletion was 
achieved by incubating Ixl07 

viable spleen cells/ml with an equal 
volume of a I :5,000 dilution of 
anti-Thy 1,2 monoclonal antibody 
(Booth, England) and an equal 
volume of I :20 fresh guinea pig 
serum as the source of complement. 
Preliminary tests showed that 
approximately 98 per cent of 
thymocytes were killed by this pro
cedure. A T-enriched fraction was 
obtained by passage through a glass
wool column IS and subsequent pas
sage through a nylon-wool column. 19 

The nylon-wool nonadherent frac
tion contained more that 98 per 
cent anti-Thy 1,2 sensitive cells as 
shown by cytotoxic assay with mo
noclonal anti-Thy I, 2 antibody. 
The macrophage-enriched popula
tion was obtained by elution of 
cells adherent to the glasswool 
column with warm PBS containing 
0 .02 per cent EDTA.'S 

In vitro Cytostatic assay 

The assay is based on the inhi
bition of DNA synthe!lis of MOPC
315 tumour cells by spleen cells 
in vitro and was performed as 
described. 20 A mixture of 0.05 ml 
of I x 105 spleen cells and 0.05 ml 
of Ix 103 target tumour cells per 
well (E/T ratio of 100/1) in com
plete medium supplemented with 
5x10-s M 2-mercaptoethanol was 
incubated in 96-well fiat-bottom 
tissue culture plates (Linbro, USA) 
at 3TC in a humidified atmosphere 
of 5 per cent CO2 for 24 hours. A 
quantity of 0.5 IlCi eH) thymidine 
[(3H) dT, Nuclear Center, Negev, Is
rael] in 0.05 ml/well was tken 
added and the incubation was con
tinued for another 18 hours. The 
cultures were terminated by adsorp
tion onto glass filter disc papers by 
the use of an automatic harvester 
and counted in a Packard beta 
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counter. Each combination mix
ture was performed in 4-6 parallel 
samples. The incorporation of (3H) 
dT within MOPC-315 cells was cal
culated by substracting the back
ground value of spleen cells alone 
from the value of total incorpora
tion in mixed cultures of spleen 
cells and tumour cells. Parallel 
cultures containing mitomycin
treated tumour cells were also in
cluded in order to evaluate the pos
sible stimulation of DNA synthesis 
in effector cells by tumour anti- .~ 
gens. The rate of eH) dT incor
poration did not differ appreciably 
between effector cells alone and 
effector cells mixed with mitomy
cin-treated tumour cells. For com
parison, the rate of eH) dT incor
poration was also determined in 
tumour cells incubated without the 
addition of Spleen cells. 

Sta tis tical analysis 

The significance 0 f cytostatic 
effect was evaluated by the Stu
dent's t test. Differences were con
sidered significant when P was less 
than 0 .05. 

RESULTS 

Antitumour cytostatic activity in 
intact spleen-cell populations 

The cytostatic activity was 
evaluated in spleen cells of untreat
ed mice, mice injected with CY and 
GA-MOPC cells and mice injected 
either with CY or with GA-MOPC 
cells. As shown in Figure I, the in- " 
tact spleen cell population taken on 
the sixth day from mice injected 
with CY 100 mg/kg (day 0) and 
25x 106 GA-MOPC cells (day I) 
exhibited cytostatic activity in vitro 
towards MOPC-315 tumour cells 
whereas spleen cells of normal 
mice, of mice injected either with 
CY or with GA-MOPC celis, were 
not cytostatic. Usually no signifi
cant difference was found in the 
rate of eH) dT incorporation bet
ween tumour cells incubated with 
spleen cells from normal mice and <, 
tumour cells incubated without the 
addition of spleen cells (Figs. 1,2,3). 
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ANTI- TUMOUR CYTOSTATIC ACTIVITY OF MACROPHAGES 
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Fig. 1 Cytostatic activity of intact spleen cell populations towards MOPC-315 tumour 

cells following injection of cyclophosphamide (CY) and immunisation with glutaral

dehyde treated MOPC-315 tumour cells (GA-MOPC), as expressed by the rate of eH] 
dT uptake. Tumour cells alone (.); tumour cells mixed with spleen-cell suspen
sions (D); CY (100 mg/kg) was given i.p. on day 0; GA-MOPC (25 X 106/mouse) 
were injected i.p. on day I; spleen cells were harvested on day 6 for evaluation of 

cytostatic activity; E/T - effector/target cell ratio of 100/1 ; P values were related to 
the mixture of tumour cells with spleen cells of the untreated mice; bars indicate 
mean ± SE of 4-6 para lied samples. 
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Fig. 2 Cytostatic activity of spleen cell populations towards MOPC-315 tumour cells 
following injection of CY and immunisation with GA-MOPC. Tumour cells alone 

'- (.); tumour cells were cultured with: intact spleen cell suspension (D); spleen 
cell suspension depleted of T cells (!!TIl); and T -enriched nylon-wool nonadherent 
fraction of spleen cells (~). See footnotes to Figure I for details . 

Antitumour cytostatic activity in 
spleen-ceU fractions 

In view of the results showing 
cytostatic activity of spleen cells 
from mice injected wi th CY and 
GA-MOPC cells, a ttempts were 
made to define the spleen cell 
population responsible for this acti
vity. The cytostatic activity to
wards MOPC-315 tumour cells was 
detected in a spleen cell population 
depleted of T cells but not in a 
nylon-wool nonadherent T -enriched 
population (Fig. 2). As shown in 
Figure 3, cytostatic activity was 
detected in the macrophage-enrich
ed glass-wool adherent fraction 
(mostly macrophages) from CY + 
GA-MOPC-treated mice but not in 
the same fraction obtained from 
normal untreated animals. The ad
dition of various amounts of the 
macrophage fraction to a T-enrich
ed population did not render the 
T fraction cytostatic. Thus, slight 
cytostatic activity, although not 
significant, was observed with the 
mixture of macrophages + T cells 
only when the quantity of macro
phages added was 4x 104 cells out 
of a total of I x lOS effector cells 
(Fig. 3, 1/2.5 ratio columm). When 
the quantity of macrophages in the 
mixture of M+T cells was less than 
4x 104 no cytostatic effect was 
observed and the rate of thymidine 
incorporation was similar to that 
observed with the effector cell po
pulation containing only T cells 
(Fig. 3). The possibility that the 
T-enriched population contained 
cells suppressing the cytosta tic acti
vity of the macrophage-enriched 
fraction was examined by adding 
various quantities of cells from the 
T-enriched population to a cytosta
tic glasswool adherent fraction. As 
shown in Figure 4 , a slight reduc
tion in the cytostatic activity of 
macrophages against MOPC-315 
tumour cells was observed in cul
tures supplemented with cells from 
a T-enriched population . However, 
the cytostatic activity in mixed cul
tures of T cells and macrophages was 
still significant. The persistence 
of cytostatic activity was examin
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Fig. 3 Cytostatic activity towards MOPC-315 tumour cells in glass-wool adherent 
(macrophage-enriched) and T-enriched nylon-wool nonadherent spleen cell popula
tions originated from mice injected with CY and GA-MOPC . Tumour cells alone 
( .); tumour cells were cultured with : intact spleen cell suspensions (D); T
enriched population ( ~ ); rna crophage-enriched population ( 1IIIlIll); and T -enriched 
popula tion completed to a total quantity of I X lOs cells/culture with the following 
amounts of macrophage-enriched population/culture (m): 1/2.5, 1/5, 1/10 and 
1/20. See footnotes to Figure I for details. 
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Fig. 4 Effect of addition of nylon-wool nonadherent (T-enriched) cells to macrophage 
enriched population on their cytostatic activity. Macrophage-enriched and T-enriched 
population originated form mice injected with CY and GA-MOPC. Tumour cells 
alone (.): tumour cells were cultured with: intact spleen cell suspension (D); T
enriched population (~); macrophage-enriched population (IIIIIII); and macrophage
enriched population (1 X lOs cells/culture) supplemented with various amounts of 
T-enriched popula tion (1!liillI): 5 X 103 /culture, 1.5 X 104

/ cult ure and 4 .5 X 104
/ cul

ture . See footnotes to Figure 1 for details. 

ed by evaluating this effect on the with day 7 after the CY injection 
28 th day after the injection of CY (day 5 after immunisation with 
(day 27 after immunisation with GA-MOPC cells). On the sixth day 
GA-MOPC cells), in comparison after the CY injection the cytosta
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Fig. 5 Peristence of cytostatic activity in 
macrophage-enriched fraction of spleen 
cells from mice injected with CY and 
GA-MOPC. Sa - day 5 after CY injec
tion; 5b - day 28 after CY injection. 
Tumour cells mixed with: intact spleen 
cell population (D); and rna crophage
enriched population (1lIDlII). See foot
notes to Figure 1 for details. 

tic activity was again detected in 
the intact spleen cell population 
and in the glasswool adherent frac
tion but was not detected in spleen 
cells taken on the 28th day after 
the injection of CY (Fig. 5). 

Tumour development in mice treat- . " I 

ed with CY and GA-MOPC cells 

Mice injected with CY and GA
MOPC cells under conditions simi
lar to those required for induction 
of cytostatic activity were inoculat
ed with a tumourigenic dose of 
MOPC-3 15 tumour cells. As shown 
in Figure 6, most mice injected 
with CY and GA-MOPC cells, sur
vived after the inoculation, where
as injection of CY alone had no 
effect on mortality. As shown pre
viously, IS a single injection of GA
MOPC did not induce a detectable ~ 
level of protection against tumour 
inoculation. 
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Fig. 6 Resistance of mice injected with CY and GA-MOPC to inoculation ofMOPC-315 
tumour cells. CY (l00 mg/kg) injected in 0.5 ml i.p. on day O. GA-MOPC cells (25 X 
106/injection) injected on day 1. Viable tumour cells (5 X 104 

) were inoculated i.p. 
on day 8. (0--0) normal mice (8 mice per group); (~) CY injection mice (8 
mice per group); (e---e) CY and GA-MOPC injected mice (9 mice per group). 

DISCUSSION 

The present experiments show 
that combined administration of 
cyclophosphamide and glu taralde
hyde-treated syngeneic MOPC-315 
tumour cells generated cytostatic 
activity against MOPC-315 tumour 
cells in vitro. On the other hand, 
injection of CY alone or of GA
MOPC cells only, did not induce 
cytostatic activity. It seems, there
fore, that both CY and GA-MOPC 

(t. injections are required for induc
tion of cytostatic activity against 
tumour cells. 

Selective effects of CY on sup
pressor T cellsS,ll-13 and on B 
cells 14 were reported. It seems 
that under our conditions, the com
bined administration 0 f CY and 
GA-MOPC cells resulted in increas
ed macrophage activity. Thus, the 
cytostatic activity against MOPC
315 tumour cells was expressed by 
the macrophage-enriched fraction 
of spleen cells and was not detect
ed in the T-enriched fraction. More

". 	 over, the depletion of T cells from 
the intact spleen cell population 

did not affect its cytostatic activity 
against tumour cells. The Jack of 
cytostatic activity in the T -enriched 
fraction is probably not due to de
pendence on macrophages for ex
pression of cytostatic effect, be
cause the addition of macrophages 
to the T-enriched fraction did not 
render this population cytostatic. 
The addition of T-cell fraction to 
macrophage-enriched fraction re
duced slightly the cytostatic activi
ty of macro phages against tumour 
cells. However, in view of the slight 
reduction in cytostatic activity, it 
does not seem possible to conclude 
whether the T-cell fraction contains 
a population suppressing the cytos
ta tic effect. AI though the full kine
tics of the development and per
sistence of cytostatic activity has 
not been yet performed, it seems 
that this activity is transient as 
shown by its absence in spleen cells 
taken on the 28 th day after CY ad
ministra tion. 

Injection of CY may cause 
changes in the relative proportions 
of the different types of cells with
in the spleens, such as selective eli

mination of suppressor cells.S ,ll-13 

However, it seems unlikely that the 
induction of the cytostatic effect 
against MOPC-315 tumour cells by 
injection of CY and GA-MOPC cells 
is due exclusively to such changes 
because spleen cells taken from 
mice injected with CY alone were 
not cytostatic. Another possibility 
is that the thymidine incorporation 
assay in tumour cells is subjected 
to many errors when carried ou t in 
the presence of macrophages. This 
possibility seems also unlikely be
cause the addition of unfractionat
ed spleen cells or macrophage
enriched fraction of spleens from 
normal mice had no effect on the 
rate of thymidine incorporation in 
tumour cells. 

It was reported 21 that cytotoxic 
activity against MOPC-315 target 
cells can be generated in vitro in 
cultures of spleen cells and that this 
activity is expressed by cytotoxic 
T cells. (For a review, see foot
note22 

). It seems that the cytostatic 
activity reported here is different 
from the cytotoxic activity generat
ed in vitro because in our hands, 
the T-enriched fraction was not 
cytostatic. 

It was of interest to find out 
whether induction of cytostatic 
activity against tumour cells in vitro 
by CY and GA-MOPC administra
tion has any bearing on the deve
lopment of ascitic tumours of 
MOPC-315. We found in this res
pect, that most mice injected with 
CY and GA-MOPC cells survived 
after inoculation with an otherwise 
tumourigenic, lethal dose of MOPC
315 tumour cells, whereas injection 
of CY alone had no effect on the 
mortality rate after inoculation. 
We have also shown IS that a single 
injection of MOPC-315 cells treated 
with 0.02 per cent GA did not 
confer protection against inocula
tion with a tumourigenic dose. 

The mechanism of induction of 
cytostatic activity of macrophages 
against tumour cells by combined 
CY and GA-MOPC administration is 
not yet clear. A likely possibility23 
is that macrophages are activated 
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by soluble products released from 
T cells stimulated, in our case, by 
GA-MOPC antigen entity and that 
this stimulation is facilitated by 
CY-induced elimination of suppres
sor T cells. 
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