
CHAPTER 3. 

ALTERATIONS IN THE TUMORICIDAL FUNCTIONS 
OF MURINE TUMOR-ASSOCIATED MACROPHAGES 

ALONG WITH THE PROGRESSIVE GROWTH OF DL IN VIVO 

INTRODUCTION 

The interaction between tumor cells and the host immune 

System has intrigued the researchers for several decades. In the 

last few years a lot of attention has been focused on macrophages 

as one of the most important components of host immune response 

against neoplasm. Tumor cytolytic functions of macrophages can be 

altered by various agents including the tumor cells {Adams and 

Hamilton, 1984; Fidler and Klienerman, 1993}. In vitro studies 

have shown that while some tumor cell types up-regulate the 

cytolytic functions of macrophages (Fauve, 1993; Hasday et al, 

1990; Janicke and Mannel, 1990; Keller, 1993; Zembala et al, 

1994) ' the same is down-regulated by some others (Alleva et al, 

1994; Bomstein et al, 1993; Brendt et al, 1978; Cameron, 1983; 

Hannigan et al, 1992; Kumagai et al, 1995; Peters et al, ;L9o~.?; -=·= .,.~-- " - -

Sotomayor et al, 1991). The integrity of the complex process of 

the cytotoxic activation of macrophages is maintained in vivo 

under normal conditions, but during tumor progression one or more 

aspects of macrophage tumoricidal machinery may be altered in 

either directions (Brendt et al, 1978; Chattopadhyay et al, 1986; 

Duffie and Young, 199li Kuda et al, 1987; Sotomayor et al, 1991). 

In the previous chapter, we studied the effect of DL on the 

activation of DLAM in vivo and the effect of in vivo 

57 



administration of FK565 on the tumoricidal functions of tumor-

associated macrophages (TAM). Although the DL growth in vivo was 

shown to alter some functions of TAM, the tumor cytolytic 

activity of the macrophage was not studied. Moreover, the 

ki_J:f_etics of the alterations in the macrophage tumoricidal 

functions concomitant with the progressive growth of the DL 

remained unclear. 

Although the in vivo administration of FK565 was shown tO 

prime the DLAM of early tumor bearing st,;: ... ges for an augmented 

production of RNI and TNF upon in vitro activation with LPS 

(Chapter 1), the effect of FK565 administration on the tumor 

cytolytic functions of TAM of different tum)r bearing stages was 

not known. The therapeutic efficacy of any ~·mmunotherapeutic drug 

depends on the state of.. responsiveness of the target cells, 

which, in turn, is likely to vary with the growth kinetics of the 

tumor. A study of the effect of FK56S administration on the 

cytolytic functions of TAM at various stages of progressive 

tumor growth should, therefore, be helpful in designing protocols 

for therapeutic intervention of macrophage-tumor relationship. 

In order to address the above mentioned problems, in the 

present study, we monitored the alterations ~n the tumor 

cytolytic functions of DLAM, in relation to the tumor 

cytotoxicity vis a vis the production of RNI, through the course 

of tumor growth and the effeCt of in vivo administration of FK565 

there on. Some evidences are also provided to elucidate the 

mechanisms of DL-mediated modulation of the macrophage functions 

during the progressive growth of the tumor. 
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EXPERIMENTAL PROCEDURES 

In vivo treatments 

Mice, in groups of -six animals each, were transplanted i.p. 

with DL (1 x 10 5cells/ffiouse in 0.5 ml of PBS). The mice normally 

die 20-25 days after the tumor transplantation. Peritoneal 

macrophages were harvested from the mice 4, 10 or 16 days after 

the transplantation of DL, henceforth referred to as early, mid 

and late tumor-bearing stages, respectively. The mice were 

injected i.p. with 0.5 ml of PBS alone or containing FK565 or 

indomethacin, at the indicated doses, 48 h prior to the harvest 
"' ---"-

of the peritoneal macrophages. 

Isolation o£ the DL-associated and normal peritoneal macropbages 

(DLAM and NMO). 

The DLAM and NMO were prepared as described in the previous 

chapL·2r. 

Assay of macrophage~mediated cytotoxicity. 

Macrophage-mediated tumor cytotoxicity was assayed by 

measuring the release of radioactivity as described by Sodhi et 

al (1991) Target cells (DL) were incubated (1 x 10 13 cells/ml) 

for 24 h in complete medium containing 1 fCi/ml of 3H-TdR. The 

target cells were then washed (3 x) and plated in wells (l.Sxlo 4 

cells/well) containing effector cells at an E:T cell ratio of' 

10:1 and 18 h later the incubation was terminated. Supernatants 

(0.1 ml/well) obtained after a brief centrifugation a_t BOO· g were 

harvested and the release of radioactivity (counts per minute) 
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was determined in a liquid scintillation counter (Packard) The 

percentage macrophage-mediated cytotoxicity was calculated using 

the following formula: 

Cytotoxicity (%) = 

Experimental release - Spontaneous release X 100 

Total release - Spontaneous re:lease 

where, Spontaneous release was obtained from supernatants of 

target cells incubated in medium alone. Maximum release was 

determined from cultures in which target cells were 'incubated 

with 1 N NaOH (0.1 ·ml). 

Assay £or nitrite production. 

Nitrite production in the culture supernatants was determined 

by a spectrophotometric assay method of Ding 

described in the previous chapter. 

Preparation of rabbit antiserum to DLL 

et al. (1988) as 

DLL was prepared by passing the DL cell suspension (1x10 6 

cells in serum-free medium) through repeated cycles of freezing 

in liquid nitrogen followed by thawing in a water bath at 37°C. 

Two Peal thy albino adult rabbits weie immunized against DLL by 

the standard method of immunization. DLL (1 ml} was emulsified 

with 1 rnl of Freund's complete adjuvant. Multiple intradermal 

injections of the emulsion were given on the shaven back of the 

animals. After one month the animals were test bled and the blood 

was left at room temperature for 1 h and then at 4°C overnight. 

Antiserum was collected and checked for reactivity against the 
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antigen by the standard Ouchterlony double immunodiffusion test. 

Animals with positive response were boosted with 1 ml DLL 

emulsified with Freund's complete adjuvant, via multiple 

intrad~rmal injections. The animals were bled 7 days after the 

booster injection. The antisera collected, after testing for 

their reactivity against the antigen, were stored at -2o 0c until 

further use. 

Ouahterlony double immunodiffusion 

A 1 %solution of agar (w/v) in 0.05 M phosphate buffer (pH• 
! 

7. 2 I having 0. 9% NaCl tw/vl and 0. 02% sodium azide (w/vl was: 
! 

boiled for 5 min. and poured into petridishes with a thickness 

upto 3. 0 mm. After it had cooled down to form a gel, wells of , 

appropriate capacity were cut .with a cork borer at a distance of. 

about 1.0 em. Equal volume of different antigen solutions and 

antiserum, as indicated in the results, were put into the.wells. 

Plate was left at room temperature for ~ h and then at 4°C in a 

humidified chaml:::er overnight. Plate was then studied for the 

appearance of precipitin lines. Gel was washed thoroughly with 

saline solution (0.9% NaCl) for about 24 h to remove free antigen 

and antibody proteins. Plate was then dried by placing a filter 

paper onto the surface of gel and leaving it at 37°C. Staining 

was done with Coomassie R 250, followed by destaining. 

Statiscjcal analysis 

The sttJ,dent' s t-test (two tailed) was utilized. to eValuate 

the statistical significance of the data. The difference was 

considered significant when p value was less than 0.05. 
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RESULTS 
' 

DLAM-mediated tumor cytotoxicity 

DLAM, obtained from different tumor-bearing stages or NMO 

were treated with LPS (1 ug/ml} for lBh and then incubated 

with 3H-TdR-labeled DL cells for tumor cytolytic assay as 

described in the materials and methods. The results are shown in 

Fig. 3.1. DLAM obtained from early tumor-bearing mice had a 

significantly higher tumor cytolytic activity compared with NMO, 

land it further increased upon in vitJ·o treatment with LPS. 

However, the DLAM obtained at the miC::. and late tumor-bearing 

stages showed a significant decline in the tumoricidal activity 
I 

.-compared with early DLAM. Moreover, in vitro LPS treatment of the 

·DLAM of mid and late tumor-bearing stages did not augment their 

tumor cytolytic activity. 

Production of RNI by DLAM of different tumor-bearing stages 

DLAM were obtained from early, mid and late tumor-bearing 

stages, incubated for 24 h in the presence or absence of LPS (1 

ug/ml), and the supernatants were tested for the presence of RNI. 

Results are shown in Fig. 3.2. DLAM of early tumor-bearing stages 

produced more RNI compared with the NMO, which was further 

augmented on treatment with LPS. DLAM of mid and late tumor-

bearing stages, however, produced a lesser amount of the RNI. 

Moreover, LPS treatment of the' DLAM of mid and late tumor-bearing 

stages did not significantly alter the production of RNI by these 

macrophages. The effect of in vivo administration of FK565 on the 

functions of DLAM of different tumor-bearing stages with respect 
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to RNI production was also investigated. PBS alone or containing 

FK565 (10 mg/kg body weight) was injected to normal mice or mice 

bearing early, mid or late stages of DL 48 h prior to the harvest 

of the DLAM. The DLAM were incubated with LPS for 24 h and 

assayed for the production of RNI. NMO and the DLAM of early 

tumor-bearing stages obtained from FK565 administered mice showed 

an enhanced production of RNI compared with respective control of 

macrophages obtained from FK565 untreated mice. The RNI 

production of NMO and DLAM of early tumor-bearing stage obtained 

from FKS65 treated mice was significantly augmented upon in vitro 

incubation with LPS. FK565 administration, however, did not alter 

the RNI production by DLAM of mid and late tumor-bearing stages. 

Even LPS treatment in vitro did not have any significant effect 

on the RNI production of these macrophages (Fig. 3.2). 

E:f:fect o:f i.ndometllaci.n admillistratioll Oll the RNI production by 

DLAM. 

In order to establish the participation, if any, of the 

arachidonate metabolites in the process of DL--mediated modulation 

of macrophage-tumoricidal activity, we studied the effect of in 

vivo administration of indomethacin on the RNI production by the 

DLAM. Indomethacin {5 mg/kg body weight) was injected i.p. 48 h 

prior to the harvest of DLAM. The DLAM were incubated in· medium 

with or without LPS (1 ug/ml) and the supernatants were assayed 

for the production of RNI. As shown in Fig. 3. 3, Indomethacin.,~ 
\ 

administration did not alter the RNI production by DLAM at any of t 
the tumor-bearing stages. 
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Modulation of the cytolytic activity o£ HMO by the DL in vitro in 

a cell numbar•dependent JDallJler. 

·since the above results indicated that increase in tumor 

burden resulted in a simultaneous inhibition of macrophage 

activity, in the next part of the study we tried to simUlate the 

in vivo conditions of increased tumor load by incubating NMO with 

different concentrations of the DL cells. The results are shown 

in Fig. 3. 4. NMO incubated with lesser rlumber of the DL cells 

I (10 3 cells/ml) showed a higher cytolytic activity compared with 

, NMO incubated with medium alone. The cytolysis was further 

enhanced in the presence of LPS. Incubation of NMO with-increased .. 
DL cell number, however, resulted in a significant inhibition of 

tumor-cytolysis in a DL cell number-dependent manner. 

In some of the experiments the effect of thE· addition of DL

antisera was also studied. The presence of :ct.-antisera in the 

~ c_~l_ture of NMO coincubated with 103 DL cells/111 resulted in the 

inhibition of NMO-mediated cytolysis. On the other hand, the 

decline in NMO-mediated cytolysis upon coincubation with higher 

cell concentration of DL was reversed by t::lf?. addition of DL

fantisera to the culture {Fig. 3 .. 4). 

Tumor-cytolysis and RNI production by NMO coincubated ;in vitro 

with thymocytes. 

DL being a T cell lymphoma originated in DBA mice, we thought 

it imperative to study the effect of coincubation o+ NMO with 

normal syngeneic thymocytes instead of the DL cells so as to 

confirm whether the macrophage-modulating effect was restricted 
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to the tumor phenotype. NMO were incubated with different cell 

concentrations of thymocytes obtained from normal DBA mice (a 

kind gift from NII, New Delhi) with or without LPS {~ug/ml) and 

assayed for tumor-cytolysis. As shown in Fig. 3.5, NMO incubated 

with normal thymocytes showed an enhanced tumor-cytolysis which 

further increased upon incubation wit.h LPS. The tumor 

cytotoxicity of NMO increased along with the increase in the cell 

concentration-of thymocytes. The supernatants harvested from the 

cultures of NMO coincubated with thymocytes were also assayed for 

RNI r~oduction. As in case of tumor-cytotoxicity, NMO coincubated 

with increasing cell concentration of thymocytes exhibited a 

concomitantly enhanced RNI production which was further augmented' 

by the treatment of LPS (Fig. 3.5) 

Cross-reaction of DL-antisera with normal thyreocytes in 

Ouchterlony doubl.e immunodiffusion test. 

The specificity of DL-antisera was determined by an 

Ouchterlony double immunodiffusion test as described in the· 

materials and methods. As shown in Fig. 3.6, DL-antisera formed 

strong multiple precipitin bands with DLL whereas only a. single 

band was observed with cell lysates of normal thymocytes obtained 

from c 3H/He or DBA mice. 

DISCUSSION 

The present study showed that. the tumoricidal activation of 

DLAM at the early stage of the DL growth is a transient 

phenomenon since it was observed that the antitumor functions and 

endotoxin responsiveness of the DLAM significantly declined 
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during the mid and late tumor-bearing stages. The inhibition of 

DLAM-mediated tumor-cytolysis at the later stages of tumor growth 

indicates to, among several possibilities, the involvement of 

certain tumor cell secreted/induced suppressor molecule {s) which 

either are secreted late or can act only after getting 

accumulated at higher concentrations during later tumor-bearing 

stages. An antiproliferative lymphokine produced from rat T cells 

has been reported specially in response to syngeneic mammary 

adenocarcinoma (Christensen et al, 1988). This tumor-induced 

suppressor lymphokine (TISL) was produced late in the culture 

(peak productions on days 4 & 5) and showed strong but selective 

inhibitory activity on a variety of immune .responses. In the 

present context, however, it is the higher concentration of DL

derived suppressor factors, rather than the late secret ion 

thereof, that seems to have caused the decline of tumoricidal 

functions of the DLAM of mid and late tumor-bearing stages. This 

assumption is supported by the results of in vitro coincubation 

of NMO with different cell concentrations of DL. The re·sults also 

indicate that DL can directly inhibit the macrophage functions 

without the possible involvement of factors pr-:>duced by other 

cells. This interpretation is further su~ported by the 

observations of neutralization of DL-mediated modulation of NMO

tumoricidal activity in vitro by DL-antisera. However, the 

involvement of tumor-induced host cell-derived suppressor 

factors, apart from those secreted by tumor cells, cannot be 

ruled out entirely. 

Among the macrophage-suppressing factors secreted and/or 
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induced by tumor cells, many have been identified and well 

characterized as reviewed in Chapter 1. Since in vivo 

administration of indomethacin did not reverse the decline in 

tumor-cytolytic functions of DLAM of rn~d and late tumor-bearing 

stages, the involvement of arachidonate metabolites in the 

process does not appear likely. This is further corroborated by 

the observation that the tumor cytolytic activity of DLAM, or NMO 

co-incubated with DL, were not significantly altered by the 

treatment of indomethacin in vitro (results not shown). Among the 

other likely candidates, in the present context, the involvement 

of granulocyte-macrophage colony-stimulating factor (Sotomayor et 

al, 1991) also does not seem plausible as DL growth in situ has 

been shown to have no effect on the colony formation and 

proliferation of the bone marrow cells {Kumar et al, 1995). 

Investigations are in progress in our laboratory to identify and 

characterize the tumor/host factors involved in the suppression 

of DLAM. 

To confirm whether the macrophage suppressive activity is 

~umor-specific or whether it is also simulated by syngeneic 

normal cells of the same phenotype, we incubated NMO with 

different concentrations of normal thymocytes of DBA mice and 

studied the RNI production and tumor-cytolysis. It was observed 

that the normal thymocytes, in contrast to the DL cells, enhance 

the RNI production and tumor-cytolysis by NMO in a cell 

concentrat-ion-dependent. manner (Fig. 3. 4) . It suggests a 

possibility that the DL-mediated activation of early DLAM may be 

a mere effiulation of a normal T cell-macrophage interaction where 
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the normal T cell factors, secreted by DL cells, which itself 

being a T cell lymphoma, augment the tumoricidal functions of 

DLAM. However,. with an increase in the tumor load, the DL-derived 

suppressor factor {s) might also increase in concentration which 

would bring ~bout the decline in the tumor-cytolytic functions 
' 

of the DLAM. The cross-reaction of DL-antisera with thymocytes 

of normal DBA mice {Fig. 3. 6) clearly indicates that DL cell 

antigens include normal T cell proteins that might simulate the 

normal T cell functions. 

One of the aims of the present study is to investigate the 

possibility of a therapeutic modulation of. TAM-mediated tumor 

cytolytic functions with FK- 565. In the previous chapter, we 

showed that the in vivo administration of FK565 primed the NMO 

as well as the DLAM of early tumor-bearing stages for an. 

~augmented production of RNI upon activation with LPS in vitro. 

The present study, however, showed that FKS65 administration had 

no such effect on the DLAM obtained in the later stages of tumor 

growth. The DLAM obtained from FK565-treated or untreated mice of 

mid and late tumor-bearing stages did not respond to the in 

vitro activating signal of LPS. Therefore, there is a possibility 

that the tumor-derived/ induced suppressor factors may drive the 

. macrophages to an unresponsive functional and/or maturational 

state. 

;.iJ1 The 
t· 

because, 

observations in -this study are of a unique significance 

to the best of our knowledge, no·- information is 

available to date regarding the effect of the progressive growth 

kinetics of any murine spontaneous T cell lymphoma in vivo on the 
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activation of macrophages to tumoricidal state and the underlying 

mechanisms thereof. 
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Figure 3.1. DLAM-mediated tumor cytotoxicity 

DLAM, obtained from early, mid or late tumor-bearing stages 

were treated with LPS (l ug/ml) for 24 h and then incubated with 

3 H~labeled DL cells for tumor cytotoxicity assay as described in 

the materials and methods. Values are mean ± S.D. of three 

independent experiments. 
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Figure 3.2. Production of RNI by DLAM of different tumor-bearing 
stages 

DLAM were obtained from mice at early, mid or iate tumor-

bearing stage injected i .p. with PBS alone or containing FK565 

(10 mg/kg body weight) as described in the materials arid methods 

and were incubated (1.5 x 105 cells/well) with or without LPS (1 

ug/ml) for 24 h. Culture supernatants were harvested and assayed 

for nitrite production. Values are mean .±. S.D. of three 

independent experiments. 
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Figure 3, 3. Effect of indomethacin administration on the RNI 

production Py DLAM 

DLAM were obtained from mice at early, mid or 

bearing stage injected i .p. with PBS alone or 

indomethacin (5 mg/kg body weight} and incubated 

cells/well) with or without LPS (1 ug/ml) for 24 

late tumor

containing 

(1.5 X ~0 5 

h. Culture 

supernatants were harvested and assayed for nitrite production. 

Values are mean ± S.D. of three independent experiments. 
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Figure 3.4. Modulation of the tumor cytolytic activity of NMO by 

the DL in vitro in a cell number-dependent manner 

NMO were incubated with' different cell numbers of DL in 

complete medium, as indicated, with or without LPS {l ug/ml} or 

DL nntisera (final dilution 1 : 20 in medium) and assayed for 

tumor cytolytic capacity as described in the materials and 

methods. Values are r~presentative of three independent 

experiments. The s. 0. were consistently less than 10% of the 

mean. 
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Figure 3.5. Tumor-cytolysis and RNI production by NMO coincuhated 

in vitro with syngeneic normal thymocytes 

NMO were incubated with different cell numbers (as indicated) 

of thymocytes obtained from normal DBA mice in -presence or 

absence of LPS (l ug/ml) . After 24 h the supernatants were 

harvested and assayed for RNI production. The macrophage 

monolayer was washed and assayed for tumor cytolytic activity as 

described in the materials and methods. Values are mean ± S.D. of 

three independent experiments. 

?4 



T 

! .... 

Q 

'• 

.. 
0 -X -

-.. 
U) n~ 

X 

0 !) 
- ' 

1 
.~ 3 
! 5 ~ i 
0 r:;a ,__..=_ _____ _j 2 ~ 

-

j 

j 

j 

I 
I 

j 

j 

j 

j 

j 

j 

j 

j 

I 
j 



1 

1 

1 

1 

1 

1 

1 
I 
I 

1 

1 

1 

1 
I 
1 

1 



Figure 3.6. Cross-reaction of DL-antisera with nor.mal thymocytes 

in Ouchterlony double immunodiffusion test 

The specificity of the DL-antisera was tested in an 

Ouchterlony double immunodiffusion test with the following 

antigens: 

Well no. I. DLL 

" " II. Thymocyte lysate from normal DBA mice 

" " III. " " " c3H/He mice 

" " IV. Liver extract (control) 

The DL-antisera was loaded in the central well (no. V). 
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