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Eradication of Tumour Cells by 
Successive Injections of Allogeneic 
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Abstract  Allogeneic C57BL immune and hyperimmune (vs SL2) peritoneal cells 
are used for eradication of DBA/2 derived SL2 lymphoma cells injected into the peri- 
toneal cavity of DBA/2 mice. 

SL2 bearing DBA/2 mice are treated with 3, 5, or 8 successive i.p. injections of 
2 x 106 allogeneic C57BL immune or hyperimmune peritoneal macrophages (contami- 
nated with lymphocytes). 2 x 10 v SL2 cells could be eradicated successfully with five 
injections of immune or three injections of hyperimmune C57BL peritoneal cells. This 
is a ten-fold improvement compared to the result obtained with single injections of 
immune or hyperimmune peritoneal cells. 

The number of injections with immune or hyperimmune cells, time intervals between 
the injections and the total length of the period of the therapy was important for the 
result of the therapy. 

I N T R O D U C T I O N  

ALLOGENEIC immune and hyperimmune 
peritoneal exudate cells, comprising about 
equal numbers of macrophages and lympho- 
cytes, are very effective tools in immunotherapy 
of ascific lymphoma cells injected into the 
syngeneic host [1-3]. With one injection of 
2 x 10 6 immune or hyperimmune peritoneal 
macrophages, contaminated with an approxi- 
mately equal number of lymphocytes, 2 x 10 6 
SL2  cells can be eradicated. 

In this paper, experiments are described in 
which SL2 bearing DBA/2 mice are treated 
with successive i.p. injections of allogeneic 
immune or hyperimmune peritoneal cells. 
With this technique, even 2 x 10 7 SL2 cells 
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can be eradicated. The importance of this 
result is clear if this number of cells is compared 
to the maximum number of cells that  can be 
obtained from a transplantation mouse which 
is 5 x 108 SL2 cells. Furthermore, it has always 
been stressed that  with immunotherapy, only 
a very small number of tumour cells, no more 
than 103-105 cells, can be eradicated [4-6]. 

M A T E R I A L  A N D  M E T H O D S  

Mice 

Pure bred DBA/2, C57BL and CBA mice, 
6-10 weeks old were used. DBA/2 mice were 
used as: (a) a source of DBA/2 derived SL2 
lymphoma cells; (b) SL2 bearing mice to be 
cured; and (c) as a source of DBA/2 liver cells. 
C57BL mice were used as a source of allogeneic 
non-immune, immune or hyperimmune peri- 
toneal, spleen and lymphnode cells. CBA mice 
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were used as a source of CBA derived TLC5 
lymphoma cells. 

Lymphomas 

The DBA/2 derived lymphoma SL2, and 
the CBA derived lymphoma TLC5 were 
maintained by weekly i.p. passage. 

Both lymphomas were gifts from Dr. P. 
Alexander. 

Immunization 

C57BL mice were immunized by one or 
four i.p. injections of 107 SL2, 107 TLC5 or 
107-108 DBA/2 liver cells. 

Immunization schedules 
(a) C57BL mice were immunized by one i.p. 

injection of 107 SL2, 107 TLC5 or 107-108 
DBA/2 liver cells. Peritoneal cells were harvest- 
ed 10 days later. This is the optimal time for 
collection of allogeneic immune peritoneal cells 
[1, 2]. (b) C57BL mice were hyperimmunized 
by four injections at days 0, 9, 18 and 27. 
The peritoneal cells were collected 5 days 
after the last immunization. (This is the optimal 
time for collection of allogeneic hyperimmune 
peritoneal cells [3]). 

Collection of peritoneal cells 
Peritoneal cells (non-immune, immune or 

hyperimmune) were collected by washing the 
peritoneal cavity with 5 ml Fischer's medium. 
Cells were centrifuged and resuspended in 
Fischer's medium [7]. 

Cells used for therapy 
(a) 2 x 106 immune or hyperimmune (vs. 

SL2) allogeneic C57BL peritoneal macrophages/ 
ml. The macrophages were contaminated with 
an approximately equal number of lympho- 
cytes [1, 2]. 

Cells used as controls 
(a) 2 x 106 immune or hyperimmune (vs 

TLC5) allogeneic C57BL peritoneal macro- 
phages/ml. Macrophages were contaminated 
with lymphocytes [1, 2]. (b) 2 x 106 immune or 
hyperimmune (vs SL2) allogeneic C57BL 
peritoneal lymphocytes/ml. These lymphocytes 
were freed of macrophages by twice exposing 
the exudate to glass for 30min  at 37°C. 
Lymphocytes were contaminated with less than 
7 ~ macrophages as counted in a haemo- 
cytometer. (c) 2x106  immune or hyper- 
immune (vs SL2) allogeneic C57BL peritoneal 
macrophages/ml. These macrophages were 
freed of lymphocytes by injecting 0-3 ml anti 

lymphocyte serum (ALS)~ i.p. into immune or 
hyperimmune C57BL mice 45min  before 
collection of the peritoneal cells. Macrophages 
were contaminated with less than 8 ~ lympho- 
cytesascountedinahaemocytometer.  (d) 2 x 106 
non-immune (normal) C57BL allogeneic perito- 
neal macrophages/ml. Macrophages were 
contaminated with lymphocytes. (e) 2 x 106 
non-immune allogeneic C57BL peritoneal 
macrophages/ml, freed of lymphocytes (see 
also c). Macrophages were contaminated with 
less than 7 ~  lymphocytes as counted in a 
haemocytometer.  (f) 2 x 106 non-immune 
allogeneic C57BL peritoneal lymphocytes/ml, 
freed of macrophages (see also b). Lymphocytes 
were contaminated with less than 5 ~ macro- 
phages. (g) 2 x 106 immune or hyperimmune (vs 
SL2) allogeneic C57BL lymph node cells/ml. 
Lymphoid cells were obtained from the lymph- 
nodi mandibulares. Lymph nodes were cut in 
Fischer's medium. (h) 2 x 106 non-immune 
allogeneic C57BL lymph node cells/ml (see 
also g). (i) 4 x 106 immune or hyperimmune (vs 
SL2) allogeneic C57BL lymphoid cells of the 
spleen/ml. Spleen cells were obtained by 
rinsing out the spleen by injecting 5 ml of 
Fischer's medium. (j) 4 x 106 non-immune 
allogeneic C57BL lymphoid cells of the 
spleen/ml. (k) 2 x 106 immune or hyperimmune 
(vs DBA/2 liver) C57BL peritoneal macro- 
phages/ml. Macrophages were contaminated 
with lymphocytes. 

RESULTS 

Therapy with immune peritoneal cells 

The results of the first series of experiments 
are summarized in Table 1. It  was shown 
that treatment of SL2 bearing mice with 
5 i.p. injections of immune C57BL peritoneal 
cells was most effective in eradication of 
tumour cells. Two out of five mice survived 
a dose of as much as 2x107  SL2 cells i.p. 
for more than 35 days. Treatment  of SL2 
bearing mice with 8 injections of allogeneic 
immune peritoneal cells was less successful 
than with 3 or 5 injections. 

Therapy with hyperimmune peritoneal cells 
The effect of treatment of SL2 bearing mice 

with 3 or 5 i.p. injections of 2 x 106 C57BL 
hyperimmune (vs SL2) peritoneal macrophages 
(contaminated with lymphocytes) is shown in 
Table 2. Two out of five DBA/2 mice treated 
with 3 i.p. injections of hyperimmune cells 

"~ALS: ALS was a horse-anti mouse serum. It was a 
gift from Radiobiological Institute, TNO, Rijswijk, 
The Netherlands. 
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Effect of successive* injections with 10 days immune (vs SL2) allogeneic C57BL peritoneal cells into 
SL2 bearing DBA/2 mice 

Number of survivors at 35 days (real survival time in days in parentheses) after treatment 

No. of SL2 cells 2 x 10 a 2 x I0" 2 x 105 2 x 106 2 x 107 108 

Treatment with 

3 i.p. injections of 5/5 
immune peritoneal cells]" (5 > 150) 
3 i.p. injections of 0/5 
Fischer's medium only (19.0 4- 0.0) 
5 i.p. injections of 4/5 
immune peritonealcells t (35.3 > 150) 
5 i.p. injections of 0/5 
Fischer's medium only ( 13.0 4- 0-0) 
8 i.p. injections of 2/5 
immune peritoneal cells~" (35, 51) 
8 i.p. injections of 0/5 
Fischer's medium only (14-6 4- 0.8) 

4/5 3/5 4/5 0/5 0/5 
(59,3> 150) ( 3 >  150) ( 4 >  1 5 0 )  (10.2+0"2) (8.64-1.4) 
0/5 0/5 0/5 0/5 0/5 
(18.04-0.0) (16.04-0-0) (15.0+0.0) (9.04-0.0) (8.04- 1.0) 
3/5 2/5 3/5 2/5 0/5 
(39, 59, 1 > 150) (2 > 150) (37, 40, 1 > 150) (2 > 150) (9.0 4- 0.0) 
0/5 0/5 0/5 0/5 0/5 
(10.54-0.5) (10.04-0.0) (10.0 + 0.0) (9.04-0.0) (8.04-0.0) 
1/5 0/5 2/5 0/5 Not done 
(72) (23.6-+4.5) (38 ,1> 150)  (14.2_+1"2) 
0/5 0/5 0/5 0/5 Not done 
(13.6+0-5) (13.64-0.8) (11.04-0"0) (10-04-0.0) 

*The first injection was given 2 hr after challenge, the following injections were given with time intervals of 24 hr. 
I2 x 106 allogeneic immune peritoneal C57BL macrophages contaminated with an approximately equal number 
of lymphocytes; the immune cells were collected I0 days after immunization. 

Table 2. Effect of successive* i.p. injections with hyperimmune (vs SL2) allogeneie C57BL peritoneal cells into 
SL2 bearing DBA/2 mice 

Number of survivors at 35 days (real survival time in days in parentheses) 
after treatment 

No. of SL2 cells 2 x 105 2 x 106 2 × 107 10 s 

Treatment with 

3 i.p. injections of hyperimmune 
peritoneal cells]" 

3 i.p. injections of Fischer's medium 
only 

5 i.p. injections of hyperimmune 
peritoneal cells t 

5 i.p. injections of Fischer's medium 
only 

4/5 3/5 2/5 0/5 
(38, 44, 2 > 150) (42,2 > 150) (35,1 > 150) (10.4 + 1.0) 
O/5 O/5 O/5 O/5 
(11.5+_0.5) (11.5+ 0.5) (10.04-1.0) (10-5+0.5) 
4/5 3/5 0/5 Not done 
(60,3 > 150) (38,2 > 1 5 0 )  (12-8_+ 1.6) 
0/5 0/5 0/5 Not done 
(14.04-0.0) (11.5+0-5) (8.54-0.5) 

*The first injection was given 2 hr after challenge, the following injections were given with time-intervals of 24 hr. 
t2 x 106 allogeneic peritoneal macrophages from C57BL mice immunized at day 0, 9, 18, 27; the cells were coUected 

5 days after the last immunization, macrophages were contaminated with an approximately equal number of 
lymphocytes. 

survived a dose of  2 x 107 SL2 cells for more  
than  35 days. W h e n  t rea ted  with 5 i.p. injec- 
tions with h y p e r i m m u n e  per i toneal  cells, only  
a dose of  2 x 106 SL2 cells could be eradica ted:  
three  out  of  five mice survived more  than  35 
days after  challenge. 

Therapy with 3 successive injections with immune or hy- 
perimmune peritoneal cells within 24 hr after challenge 

SL2 bear ing  DBA/2 mice were t rea ted  with 
3 successive i.p. injections of  2 x 106 allogeneic 
C57BL i m m u n e  or h y p e r i m m u n e  per i toneal  
macrophages  (con tamina ted  with lymphocytes)  
2, 13, and 24 hr  after  challenge. T h e  n u m b e r  
of  survivors at 35 days after  chal lenge decreases 
considerably  (Tab le  3). 

W h e n  DBA/2 mice (not injected with SL2 
cells) were t rea ted  with 3 i.p. injections of  
2 x 1 0 6  i m m u n e  C57BL per i toneal  macro-  
phages (contamina ted  with lymphocytes)  with- 
in 24 hr, 1 out  of  5 mice died. However ,  this 
was not  caused by the allogeneic cells, bu t  was 
due  to prol i ferat ing SL2 cells present  among  
the 10 days i m m u n e  cells [1, 2], 

T h r e e  i.p. injections h y p e r i m m u n e  per i toneal  
ceils wi thin  24hr  caused no h a r m  to the 
recipients. 

Comparison of the 3 foregoing series of experiments 
Compar i son  of  the 3 foregoing series of  

exper iments  (Table  4) shows tha t  t r ea tmen t  
with 5 i.p. injections of  allogeneic immune 
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Table 3. Effect of 3 successive i.p. injections of allogeneic immune or hyperimmune (vs SL2) C57BL peritoneal 
cells into SL2 bearing DBA/2 mice within 24 hr* 

Number of survivors at 35 days (real survival time in days in parentheses) 
after treatment 

No. of SL2 cells 2x 103 2x 104 2x 105 2x 106 2x 107 

Treatment with 

3 i.p. injections of immune peri- 1/5 
toneal cells]" (1 > 150) 

3 i.p. injections ofhyperimmune Not done 
peritoneal cells]" 

3 i.p. injections of Fischer's 0/5 
medium only (15.0 _+ 0.0) 

0/5 0/5 0/5 0/5 
(21.6+0.8) (22.2+5.2) (21-2+2.9) (10.6_+ 1.0) 
Not done 4/5 0/5 0/5 

(49,3 > 150) (24-4_+3"2) (15.4_+2-7) 
0/5 0/5 0/5 0/5 
(14.0_+ 1.0)  (12-5_+0-5) (11.8_+0.4) (9.8_+0.4) 

*The injections were given 2, 12, and 24 hr after challenge with SL2 cells. 
]"2 × 106 immune or hyperimmune peritoneal C57BL macrophages contaminated with lymphocytes. 

Table 4. Comparison of the results of the three 
foregoing series of experiments as summarized in 

Tables 1, 2 and 3 

Number of survivors at 35 
days after challenge 

No. of SL2 cells 2 x 105 2 x 106 2 × 107 

Treatment with 

3 i.p. injections* of immune 3/5 4/5 0/5 
peritoneal cells]" 

5 i.p. injections* of immune 2/5 3/5 2/5 
peritoneal cells]" 

8 i.p. injections* of immune 0/5 2/5 0/5 
peritoneal cells]" 

3 i.p. injections* of hyper- 4/5 3/5 2]5 
immune peritoneal cells]" 

5 i.p. injections of hyper- 4/5 3/5 0/5 
immune peritoneal cells]" 

3 i.p. injections$ of immune 0/5 0/5 0/5 
peritoneal cells]" within 
24 hr 

3 i.p. injections$ of hyper- 4/5 0/5 0/5 
immune peritoneal cells]" 
within 24 hr. 

*The first injection was given 2 hr after challenge with 
SL2 cells, the rest of the injection was given with time 
intervals of 24 hr. 

]"2 x 106 immune or hyperimmune C57BL peritoneal 
macrophages contaminated with lymphocytes. 

:~The injections were given 2, 13 and 24hr after 
challenge. 

peri toneal  cells, or with 3 i.p. injections of  
allogeneic hyperimmune peritoneal cells gives the 
best results in eradication of  tumour  cells. 
T rea tmen t  of  SL2 bearing DBA/2 mice with 
3 i.p. injections with immune  or hype r immune  
peri toneal  cells within 24 hr  after challenge was 
less successful. 

Control cell suspensions 

Experiments in which the control suspensions 
were tested showed tha t  only immune  or hyper-  

immune  peritoneal lymphocytes were able to 
eradiacate 2 x l0 5 SL2 cells. When  DBA/2 
mice were challenged with 2 x l0 s SL2 cells 
and treated with 3 successive i.p. injections 
with 2 x 10 6 C57BL immune  or hyper immune  
peritoneal lymphocytes 1 out  of 5, and 3 out  
of  5 mice respectively survive for more than  
35 days (Table 5). However,  when DBA/2 
mice were injected i.p. with 2 x 10 6 SL2 cells 
and treated with 3 i.p. injections of immune  or 
hyper immune  peritoneal lymphocytes,  none of 
the mice survived for more than  35 days. 
Further,  only t rea tment  with 3 successive i.p. 
injections of 4 x 10 6 C57BL hyper immune  
lymphoid  cells of the spleen, and 2 x 1 0  6 
C57BL hyper immune  peritoneal macrophages 
caused a prolongation of life t ime of the SL2 
bearing DBA/2 mice. Wi th  the rest of  the 
control suspensions, only a very slight pro- 
longation of lifetime or no prolongation at all 
was obtained. 

DISCUSSION 

I t  is well established tha t  resistance to 
allograft murine  tumours can be transferred by 
immune  or hyper immune  peritoneal cell sus- 
pensions [2, 3, 8-11]. Transfer of  i mmu n i ty  by 
immune  [12-14] or hyper immune  lymphocytes 
[3] and hyper immune  spleen cells [3, 4] has 
been reported. I t  has been shown also tha t  
passive transfer of allogeneic immuno-compe-  
tent  lymphoid  cells under  certain conditions 
m a y  hold in check experimental  tumours 
temporar i ly  and sometimes even destroy the 
tumour  completely [ 15-18]. 

The  experiments described in this paper  
show that  t rea tment  of SL2 bearing DBA/2 
mice with successive i.p. injections of allogeneic 
immune  or hype r immune  peritoneal cells is 
very successful (Tables 1, 2). 
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Effect of 3 successive* i.p. injections of C57BL control cell suspensions into DBA/2 mice injected i.p. with 
2 x l0 s SL 2~ cells 

Number of survivors at 35 days (real survival time in parentheses) 
after treatment 

Cell suspension Non-immune Immune Hyperimmune 

2 x 10 6 
2 × 10 6 
2 × 10 6 
4x 10 6 
2 × 10 6 

with 
2 × 10 6 

with 
2 × 10 6 

with 

peritoneal lymphocytes 
peritoneal macrophages 
lymph node cells 
spleen cells 
peritoneal macrophages contaminated 

lymphocytes 
peritoneal macrophages contaminated 

lymphocytes 
peritoneal macrophages contaminated 

lymphocytes 

0/5 (12.0_+ 1.6) 1/5 (42) 3/5 (36, 37, 1 > 150) 
0/5 (13.2 ± 0.4) 0/5 (15"0± 0.6) 0/5 (17-6_+ 2.6) 
0/5 (12-6±0.5) 0/5 (12.8_+0.8) 0/5 (13"0±0.0 
0/5 (12.8±0.4) 0/5 (15.4_+ 1.1) 0/5 (27"0± 3.3) 
- -  0/5~(12.2 ±0-7) 0/5~(15.4±2.2) 

0/5 (12.2_+0.5) 

0/5§(12.2_+0.7) 0/5§(11.2 + 0.4) 

*injection were given 2, 24 and 48 hr after injection SL2 cells. 
tcontrols, injected with 2 x 105 SL2 cells only died after 12.0 + 0-0 days. 
~immune, or hyperimmune vs CBA derived TLC5 lymphoma. 
§immune, or hyperimmune vs DBA]2 liver cells. 

The number  of SL2 cells that could be 
eradicated, however, did not correlate simply 
with the number  of injections with allogeneic 
immune or hyperimmune peritoneal cells. 
Treatment  of SL2 bearing DBA/2 mice with 
8 i.p. injections ofallogeneic immune peritoneal 
cells reduced significantly the number  of 
survivors at 35 days after challenge. 

This reduction possibly might be due to a 
sensitization reaction of the DBA/2 host caused 
by the successive administration of allogeneic 
cells [12] resulting in rejection of the immune 
cells. Rejection of these allogeneic immune cells 
may lead to a "free" proliferation of SL2 
lymphoma ceils which might still be present 
in the immune peritoneal cell suspension 
obtained from mice immunized 10 days earlier 
[1, 2], and which might finally kill the mouse. 
Den Otter  et al. [19] were able to show that 
only 1 SL2 cell i.p. is sufficient to kill a DBA/2 
mouse within 26 days. 

Development of a severe Graft vs Host 
reaction eventually resulting in early death of 
the test animals, as described by Woodruff  
et al. [17, 18] was not noticed as all mice which 
died within 35 days after challenge had a fully 
developed tumour. 

A significant reduction of the number of 
survivors at 35 days after challenge was also 
shown when SL2 bearing DBA/2 mice were 
treated with 3 i.p. injections of immune or 
hyperimmune peritoneal cells within 24h r  

after challenge. However, treatment of DBA/2 
mice (not injected with SL2 cells) with 3 i.p. 
injections of immune or hyperimmune peri- 
toneal cells within 24 hr caused no harm to the 
recipients. Further investigation on this subject 
will be necessary. 

In control experiments, it was shown that 
only treatment of DBA/2 mice, injected i.p. 
with 2 x l0 s SL2 cells by 3 successive i.p. 
injections of 2 x 1 0 6  immune or hyperimmune 
C57BL peritoneal lymphocytes (contaminated 
with 7 ~ macrophages) resulted in survival of 
1 out of 5, and 3 out of 5 mice respectively, 
for more than 35 days after challenge 
(Table 5). However, when DBA/2 mice 
were challenged with 2 x 106 SL2 cells, 
there were no survivors at 35 days. Further, 
only treatment with hyperimmune spleen cells 
resulted in a significant prolongation of life- 
time, but  there were also no survivors at 35 
days. 

These results approve earlier findings [1-3] : 
(a) optimal therapeutic effects in this allogeneic 
system are obtained when a suspension of 
peritoneal macrophages contaminated with 
lymphocytes is used, and (b) the reaction 
described in this paper may be regarded as 
immunologically specific as treatment with 
peritoneal cells from C57BL mice immunized 
or hyperimmunized against CBA derived 
TLC5 lymphoma, or against DBA/2 liver cells 
did not result in significant prolongation of life. 
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