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Abstract--198Au colloidal gold was used for recording the pinocytic activity of 
peritoneal macrophages derived from Lewis lung carcinoma bearing C57BL mice. 
While depressed in an early stage of tumour growth, macrophage function becomes 
highly activated in a late stage of disease. A correlation between pinocytosis of 
macrophages in vitro and in vivo was found. High sensitivity of depressed 
macrophages to thioglycolate stimulation in an early phase of tumour growth was 
observed. The sensitivity to inflammatory stimulants decreased in parallel to macrophage 
activation during disease progression. In addition, a correlation between pinocytosis and 
CSF production by the same macrophages was found. 

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

SEVERAL investigations suggested that mac- 
rophages played a central role in controlling 
tumour growth and tumour spread [1, 2]. 
The influence of malignant growth on the 
host's macrophage function is however still 
controversial. Macrophage stimulation as well 
as macrophage inhibition during the course of 
tumour growth has been reported [3, 4]. 
Recently, depressed RES activity was de- 
scribed in early and late stages of the growth 
of the Lewis lung carcinoma [5]. Since this 
experimental tumour is widely used in many 
laboratories for the investigation of tumour 
and host factors, we want to report our results 
on additional approaches to the evaluation of 
macrophage function in this experimental tu- 
mour system. 

MATERIALS AND METHODS 

Mice 

C57BL mice were used throughout the ex- 
periments. The colony stimulating factor 
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(CSF) assay was carried out using bone mar- 
row cells from C3H mice. Lewis lung car- 
cinoma was maintained and transplanted as 
previously described [6]. Colloidal gold 
(198Au) with a particle size between 5 and 
20nm was obtained from the Radiochemical 
Centre, Amersham (U.K.). 

Experimental design 

The macrophage pinocytic activity was as- 
sayed in vitro and in vivo. For the in vitro assay 
the following groups, each consisting of 6-9 
mice, were formed: non-stimulated controls, 
stimulated controls, non-stimulated tumour 
bearing mice and stimulated tumour bearing 
mice. Macrophage stimulation was carried out 
by intraperitoneal injection of a 2.5% thiogly- 
colate medium 3 days prior to the harvest of 
the cells. Peritoneal cells were harvested by 
peritoneal lavage with HBSS containing 1000 
i.u. heparin/1. After pooling the cells from 
individual animals in each group they were 
thoroughly washed in HBSS. After resuspen- 
sion in Eagles M E M  (supplemented with 
10% fetal calf serum) 2 x 106 cells were in- 
troduced into glass cover slip containing 
35mm Falcon plastic culture dishes. Three 
parallel dishes were prepared from each cell 
pool. After 2hr  incubation at 37°C in a 
humid and 10% CO 2 containing atmosphere, 
the dishes were again washed three times in 
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HBSS to remove non-adherent cells. Colloidal 
gold, 0.05/~Ci, was added to each dish and 
the adherent cells were re-incubated for ano- 
ther 4hr. Non-cellbound radioactivity was 
washed off with HBSS and the remaining 
activity on the cover slip was determined in a 
conventional gamma scintillation counter. 
Control cover slips were prepared in a similar 
fashion without the addition of cells. 

The ratio of gold uptake by thioglycolate 
stimulated and non-stimulated normal per- 
itoneal macrophages had been established in 
previous experiments. As can be inferred from 
Fig. 1, this was a constant ratio and was not 
dependent on the gold particle concentration 
in the culture medium, although pinocytosis 
of normal and stimulated macrophages was 
strictly concentration dependent. The CSF 
assay was performed as described by Metcalf  
[7]: 0.1 ml of macrophage conditioned me- 
dium (for 4 days in R P M I  1640 supplemented 
with 5% fetal calf serum) was assayed for its 
colony stimulating activity in semi-solid agar 
cultures. Thirteen and sixteen days after 
transplantation of the Lewis lung carcinoma, 
groups of 10 control and 10 tumour bearing 
mice were injected each with 5~Ci 198Au 
intravenously. Twenty-four hours later blood 
samples were collected by heart puncture and, 
after sacrifice of the animals, the spleens were 
removed, and radioactivity was measured in a 
gamma scintillation counter. The results were 

expressed as CPM/ml of blood and CPM/total  
spleen. The results obtained in tumour bear- 
ing animals were compared to the correspond- 
ing control animals and the statistical signific- 
ance was evaluated by the U-Test for two 
random variables according to Wilcoxon, 
Mann and Whitney. 

RESULTS 

The radioactivity taken up by peritoneal 
macrophages harvested 3, 10 and 16 days 
after tumour transplantation is demonstrated 
in 'Fable 1. Figure 2 gives the mean values of 
CPM/105 adherent cells as a percentage of 
the corresponding controls. It is evident that 3 
days after the tumour transplantation a sup- 
pression of gold uptake was found. The pino- 
cytic response to thioglycolate stimulation re- 
sulted in an increase of activity exceeding that 
of normal controls by a factor of 1.5. Ten 
days after tumour transplantation macrophage 
gold uptake was still suppressed and the re- 
sponse to stimulation became poor. During 
the final stage of tumour growth (day 16) 
peritoneal macrophages appeared to be ma- 
ximally stimulated since no additional uptake 
could be recorded after thioglycolate injection. 

Figure 3 illustrates the blood and spleen 
activity resulting from intravenous injection of 
gold particles on days 13 and 16 after tumour 
transplantation. The increased blood clea- 
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Fig. 1. Dose-response curves o/'gold uptake o/ normal and stimulated macrophages. 
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Table 1. Mean values with standard deviations of 3 4  
parallel assays in CPM/IO 5 adherent cells from control 
and tumour-bearing mice, C= non-stimulated control mac- 
rophages, TU=non-stimulated tumour macrophages, SC 
= stimulated control macrophages, S T U =  stimulated tu- 

mour macrophages 

CPM/105 cells 

Day 3 Day l0 Day 16 

C ~= 113.2 ~= 104.6 ~= 90.5 
s= 20.4 s= 8.5 s= 16.9 

TU .~= 83.6 ~= 66 .6  ~=195.1 
s= 26.9 s= 3.4 s= 12.5 

SC Y= 198.1 ~= 121.8 ~=171.1 
s= 47.2 s= 12.6 s= 16.9 

STU ~= 240.2 ~= 98.2 ~= 160.0 
s= 66.7 s= 9.2 s= 25.1 

rance and splenic uptake of the label by 
tumour bearing animals correlates well with 
the in vitro finding of macrophage stimulation 
during the final stage of tumour growth. 

The CSF production of macrophages was 
tested on day 10 after tumour transplantation, 
when the pinocytic activity was clearly sup- 
pressed. The mean number of colonies/2 x 105 
bone marrow cells stimulated by conditioned 
media derived from tumour animals was 51 
-t-7, as opposed to 94__+12 if media from 
normal animals were used. This difference was 
highly significant (P<0.05) .  Thioglycolate ac- 
tivated macrophages did not promote colony 
growth in agar culture. However, when mixed 
with sera from endotoxin treated mice un- 
impaired colony growth was noted, indicating 
the absence of inhibitory activity in the acti- 
vated macrophages. 

% of unstimulated controls O = non stimulated 

250- i • = stimulated 
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Fig. 2. Gold uptake/10 5 adherent cells ±s .d .  derived from 
the peritoneal cavity of non-stimulated and stimulated tumour 

bearing mice in percent of the normal control animals. 
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Fig. 3. Blood clearance and splenic uptake of gold particles (with 
standard deviations ) in tumour-bearing mice expressed as a percentage 

of control mice. 

DISCUSSION 

The uptake of particles by peritoneal mac- 
rophages is considered to be an expression of 
their functional state. The present investi- 
gations suggest that macrophage function is 
depressed during the early stage of tumour 
growth since peritoneal macrophages derived 
from animals with an early Lewis lung car- 
cinoma showed a significant decrease of their 
pinocytic activity. This finding supports the 
results obtained by other investigators [8] who 
suggested a humoral macrophage inhibitor 
produced by malignant cells. Although the 
spontaneous uptake of gold particles was de- 
creased, non-specific stimulation by thiogly- 
colate resulted in an increase of macrophage 
activity exceeding that of controls. This high 
sensitivity of the suppressed macrophages to 
inflammatory agents however decreased with 
progression of the disease. The spontaneous 
activity of macrophages during late stages of 
tumour growth rendered them unresponsive to 
further non-specific stimulation. The present 
data indicate that non-specific immunosti- 
mulants might be useful only in early stages of 
the growth of the Lewis lung tumour. 
Corynebacterium parvum for instance, exerts its 
antitumour and antimetastatic activity in this 
tumour model only if given on the day of 
transplantation or shortly thereafter [9]. It is 
conceivable that the ineffectiveness of 
Corynebacterium parvum at later stages of tumour 
growth is related to the unresponsiveness of 
the animals' macrophages to stimulation. 
Spontaneous activation of the macrophages 
during the final stage of tumour growth is 
surprising but whether this phenomenon is of 



782 

Table 2. 

H. von Melchner and P. Hilgard 

:llean values and standard deviatiom (if CPM/ml ~ blood and CPM/total spleen of tumour-bearing and control 
animals, 13 and 16 days after tumour tramplantation 

Day 13 Day 16 

Blood Spleen Blood Spleen 

CPM x 103/ml CPM x 103/total spleen CPM x 103/ml CPM × 103/total spleen 

Control Tumour Control Tumour Control '['umour Control Tumour 

4.313 1.283 295.201 169.522 3.54 1.44 318.28 131.46 
2.711 1.423 236. 799 174.409 4.31 1.58 271.08 142.94 
4.826 1.340 225.873 95.429 3.15 1.38 343.37 88.88 
3.542 1.014 433.343 149.568 3.76 1.11 375.53 95.33 
3.109 1.006 296.129 164.043 3.52 1.35 410.66 167.53 
4.061 1.192 476.496 226.524 3.84 1.71 59.79 127.59 
3.633 1.223 374.985 243.995 3.39 1.04 259.61 106.32 
3.156 0.995 306.967 106.630 4.03 1.26 297.63 155.32 
2.525 1.263 362.2(/8 127.966 4.50 1.51 323.23 155.58 
3.021 295.602 2.96 .... 346.3I 

~=3.490 ~=1.193 f¢ = 330.360 ~=162.010 ~=3.70 R=1.38 ~=300.55 R=130.11 

s.d. =0.732 s.d. =0.156 s.d. =80.830 s.d. =49.889 s.d. =0.49 s.d. =0.22 s.d. =96.04 s.d. =28.14 

a n y  s ignif icance to the host or  not ,  r ema ins  
unce r t a in .  

M a c r o p h a g e  der ived  C S F  is k n o w n  to be 
one  o f  the mos t  i m p o r t a n t  s t imuli  to differen-  
t ia t ion  o f  h a e m o p o i e t i c  cells [7]. Since earl ier  
invest igat ions  h a d  shown  tha t  h y p e r r e a c t i v e  
m a c r o p h a g e  s tem cells a p p e a r e d  d u r i n g  tu- 
m o u r  g r o w t h  [10],  m a c r o p h a g e  C S F  pro-  
duc t i on  was tested in the present  e xpe r i m e n t a l  
sys tem at a t ime w h e n  the m a c r o p h a g e  p ino-  
cyt ic  ac t iv i ty  was c lear ly  depressed.  T h e  sim- 

u l t aneous  depress ion o f  CSF  p r o d u c t i o n  in- 
dicates  a possible cor re la t ion  be tween  pino-  
cyt ic  act ivi ty  and  C S F  p roduc t i on .  Dec reased  
C S F  avai labi l i ty  f rom m a c r o p h a g e s  m a y  be 
the cause o f  depressed h a e m o p o i e t i c  ac t iv i ty  
tbund  in some expe r imen ta l  tumours .  
F u r t h e r m o r e ,  it is conce ivab le  tha t  decreased  
C S F  p r o d u c t i o n  results also in a r e d u c t i o n  o f  
s tem cell der ived  cy to toxic  m a c r o p h a g e s ,  thus 
a l lowing  t u m o u r  g r o w t h  to escape f rom the 
host 's  det~nce mechan i sms .  
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