
CHAPTER 2. 

EFFECT OF FK-565 ON THE ACTIVATION 
OF TUMOR-ASSOCIATED AND BONE MARROW-DERIVED MACROPHAGES 

BY DALTON'S LYMPHOMA 
~,. 

INTRODUCTION 

Macrophage a represent a major component of the 

lymphoreticular infiltrate of tumors (Mantovani et al, 1986; 

Evans and Haskill, 1983). Considerable progress has been made 

in the definition of the origin, regulation and function of 

macrophage that infiltrate tumors, although several aspects of 

the immunobiology of tumor-associated . macrophages (TAM) remain 

obscure. TAM have pleiotropic functions that can influence tumor 

growth and progression in opposite directions. The outcome 

depends on the sum of individual functions, dictated by the 

activation state of macrophages and the intrinsic properties of 

tumor cells (Mantovani et al, 1.986, 1992). It remains to be 

established whether TAM can be therapeutically modulated to 

express anti-tumor activity. TAM from growing tumors have 

cytolytic potential that can be enhanced by in vitro stimulation 

(Brunda et al, 1991; Me Bride, 1986; Mantovani et al, 1993). 

In vitro co-incubation of macrophage with tumor cells or their 
,, ' 

products have been shown to both up- or down-regulate macrophage ,-, 
.,,_." -~"· - ""' - - ' -

activation {Sotomayor et al, 1991i Mantovani et al, 1992; Janicke 

and Mannel, 1990 ; Szura-sudol et al, 1983; Hannigam et al, 1992; 

Hasday et al, 1990; Zembala et al, 1994). A study on the in vitro 

interactions of murine peritoneal macrophages and Dalton's 
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Lymphoma (DL) , the DL cells were shewn to inhibit the 

tumoricidal activity of macrophages (Singh et al, 1992). In the 

above study macrophages were obtained from normal mice and then 

cO"-· incubated with 'Dh-·· oells in vitro. However, the effect of DL 

cells on the functions of DL-associated peritoneal macrophages 

(DL-AM) is not understood. In view of these observations, the 

present investigations were undertaken to study: (a) the effect 

DL cells on the function of 0~-associated macrophages (DL-AM) in 

situ, (b) the effect of in vivo administration of FK-565, 

comparing it with another chemotherapeutic drug cisplatin 

(Rosenberg, 1985), also known for macrophage activating 

properties (Sodhi and Singh, 1986; Sodhi et al, 1988), on the 

·functions of DL-AM, and (c) whether DL induced modulation of 

macrophage is a local phenomenon or DL cells elaborate soluble 

mediators that can affect the functions of macrophages located 

even at distant sites. 

EXPERIMENTAL PROCEDURES 

Reagents: 

Tissue culture medium RPMI 1640 and most of the chemicals 

were purchased from Sigma chemical Co. {St. Louis, MO, USA). 

Fetal calf serum, purchased from the Biological Industries 

(Israel) was heat inactivated by heating in a water bath at 56° c 

for 30 min. 3H-thymid:Lne (3H-TdR) was obtained from Bhabha Atomic 

Research Centre (Bombay, India). FK-565 was a kind gift from the 

Fujisawa Pharmaceutical Co. Ltd. (Osaka, Japan) . This 

preparation was 99.2% pure as per the quantative analysis report 
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of Fujisawa Pharmaceutical Co. All the reagents used in the 

experiment were determined endotoxin free by the Limulus 

Amoebocyte lysate Assay (sensitivity limit, O.l ng/ml} 

Mice and tumor lines 

I ? Inbred, ~~~~"- R~~-~-';!~.--~-~ .... ;.!_=:,:; c3H He mice, of either sex, 

were used at 8-12 weeks of age. Daltorts Lymphoma is maintained in 

ascitic form by serial transplantation in c3H/He mice or in an in 

vitro cell culture system. Irrespective of whether the cells were 

obtained from in vitro culture system or from the ascitic fluid 

they exhibited a similar effect on the immune responses. 

Therefore, in all the experiments the cells obtained from the 

ascites, where the yield is higher, were unifor~}._Y used. L929 ~/ 
-~----~---~---·--" ·--

(murine fibroblast cell line) was obtained from the National 

Tissue Culture Facility (PUne, India). 

Preparation of L929 cell conditioned medium 

L929 cell conditioned medium (L929CM) was used as a source of 

macrophage colony-stimulating factor (M-CSF) (Waheed and 

Shadduck, 1979.). L929CM was prepared according to the method of 

Hosoe et al, (1989). L929 cells (lxloS cells/ml) were incubated 

in RPMI-1640 supplemented with 10% FCS for S-7 days. Cell free 

supernatant was then harvested from the fully confluent 

monolayers, passed through 0.22 urn membrane filter, and kept at 

-2o 0c until use. 

In vivo treatments 

Mice, in a group of six animals each, were transplanted i.p. 

with DL {1x1o5 cells/mouse in o. OS ml PBS} and after 48 h they 
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were injected i.p. with 0.5 ml of cisplatin or FK565 solution (10 

mg/kg body weight) or PBS alone, as indicated in results. 

Peritoneal macrophages and bone-marrow cells were harvested from 

the mice 48 h after the drUg administrations. Since this 

tre_~.tment protocol was found to produce optimal macrophage 

activation, it was uniformly followed in all the experiments. 

Culture and isolat:lOD of .boDe marrow- dtir.:lved macrop.hages (BNDM) 

Bone marrow-derived macrophages (BMDM) were obtained as 

described earlier by Suresh et. al (1991). Mice were killed by 

cervical dislocation and bone marrow cells were flushed from 

femoral shafts with chilled serum-free· medium. Single cell-

suspension of bone marrow cells was washed with serum-free medium 

and incubated in plastic tissue-culture flasks for 4 h to remove 

t adherent macrophages. Non-adherent bone marrow cells (NAaMC) were 

cultured for 3 days in suspension cultures in L929CM (20% v/v). 

After 3 days of incubation viable cells were washed and plated in 

flat-bottomed 96 well plastic culture plates (2.5xlo5 cells/well) 

for obtaining BMDM. After 2 h of incubation, the cultures were 

vigorously shaken and washed with warm medium to remove non-

·adherent cells. The cultures were then refed with complete 

medium. About 60% of the L929CM-treated viable cells adhered to 

plastic (l.Sxl05 cells/well). More than 95% of the adherent cells 

were positive for non-specific esterase staihing and showed the 

typical macrophage morphology. 

·xsolation of DL-assoc1ated macropbages (DLAM) and normal 

peritoneal macrophages (~0). 

Mice, with or without DL, were killed by cervical dislocation 
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and peritoneal exudate cells (PEC) were harvested by peitoneal 

lavage using chilled serum-free RPMI-1640 as described by Singh 

and Sodhi (1986) with slight modification. PEC were then cultured 

in glass tissue culture flasks at 37°c in a co2-incubator for 2 

h. The cultures were then washed (3x) with warm serum-free medium 

with gentle flushing to ensure that all the DL and/or other non· 

adherent cells were removed. 95% of the adherent cell pop~lation 

were macrophages as determined by morphology. These DL-AM or NMO 

were detached from the tissue-culture flask with a cell-scrapper 

(coaster l and plated in 96 well flat bottom culture plate 

(1. Sx10 5 cells/well). 

Preparation of ascitic fluid 

DL was aspirated by peritoneal lavage 4 days after the 

transplantation. The DL cell suspension thus obtained was 

centrifuged at 2000 rpm for 10 mins. The supernatant was 

collected, passed through 0.22 urn membrane filter and stored at 

-2o 0c until use. 

In vitro activation 

BMDM, DL-AM and NMO, obtained from treated or untreated mice, 

were incubated in vitro either in medium alone or with LPS (10 

fg/ml). The supernatants were harvested after 12 h for TNF and\'//

after 24 h for RNI assay. These incubation periods were found to 

be optimal for the production of TNF and RNI in our prel1minary 

studies. 

Assay £or nitrite production 

Nitrite concentration in the culture supernatants was 
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determined by spectrophotometric assay method according to Ding 

et· a1, (1988), based on the Griess reaction. 100 ul of samples 

were collected from the culture supernatants and incubated w~th 

an equal volume of Griess reagent (one part of 1% sulfanilamide 

in 2. 5% H3Po4 plus one part of 0.1% naphthyl-ethylenediamine 

dihydrochloride in distilled water, two parts being mixed 

together within 1.2 h of use and kept chilled) at room temperature 

for 10 min. The absorbance at 550 nm was determined with an 

automatic ELISA plate-reader (Dynatech) Nitrite concentration 

was determined by using sodium nitrite as a standard. Data were 

At <expressed as rmol nitrite/1.. 5xl05 cell\) originally plated. In all 

d,, .. ,.v experiments, nitrite content in wells containing medium without 
, ~ I 
l"·;.:J.'i cells was also measured and subtracted. 

' ' .l,lJ"""~ 
u 

Assay of TNF activity 

The activity of TNF was measured by dye uptake assay as 

de-scribed by Sane et al, (1984) 3xlo4 L929 cells, in lOP ul 

r.1edium, were grown in wells of a 96 well tissue culture plate in 

the presence of 1 ug/ml of actinomycin D and 100 ul of the test 

samples (SO% v/v). Afte:c 18 h the plates were washed and cell 

lysis was determined by staining the plate With a 0. 5% (w/v) 

solution of crystal violet in methanol/water (1:4 v/v) The end 

point on the microtiter plate was determined with an automatic 

ELISA plate-reader at 540 nm. Percentage cytotoxicity was 

calculated as rollows: 

C - T 
% Cytotoxicity = ------- x 100 

c 

where C is the absorption of wells containing L929 cells 
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incubated in medium alone, and T is that of those wells in which 

L929 cells were incubated with test samples. 

Statistical analysis 

The statistical significance of the difference between test 

groups was analysed by the Student's t-test (two-tailed). The 

differences were considered significant when the P value was 

<0.05. 

RESULTS 

Production of RNI by DL-AM and RMO 

DL-AM or NMO, obtained from mice injected with PBS alone, 

were 

ug/ml) 

incubated for 24 h in vitro with or without LPS (10 

Culture supernatants were then harvested and assayed for 

RNI production as indicated in experimental procedures. As shown 

in Fig.2.1, untreated NMO produced little RNI, which was 

significantly enhanced on LPS treatment, whereas DL-AM, even in 

the ab~ence of LPS, showed an enhanced production of RNI as 

compared to untreated NMO. LPS treatment of DL-AM could further. 

enhance RNI production which was significantly higher than LPS~ 1
_ ... 

treated NMO. 

Next, we investigated the effect of in vivo administration of 

FK-565 and cisplatin on the RNI production of DL-AM and NMO. NMO 

obtained 

enhanced 

from cisplatin 

production of 

or FK565 administered mice showed an 

RNI, which could be significantly 

augmented after LPS treatment in vitro (Fig. 2.l) On the other 

hand, DLAM obtained from cisplatin administered mice showed a-
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significant decline in the RNI production, where as those 

obtained from FK565 group showed a signifi.cant rise in the 

production of RNI after treatment of LPS in vitro. 

Production o£ TNP by DL~AM aDd .nwo. 

DL-AM or NMO, obtained from mice injected with PBS, were 

incubated in vitro for 12 h in medium with or without LPS. The 

culture supernatants ·were harvested ·and assayed for the 

production of TNF. As shewn in Table 2 .1, LPS untreated DL-AM 

showed significantly enhanced level of TNF production as compared 

to NMO. Treatment of DL-AM with LPS in vit.ro resulted in a 

significant augmentation in TNF production. Similarly, LPS

treated NMO also showed an enhancement of TNF production although 

it was consistently lower than that of LPS-t reated DL-AM (Table 

2. 1) . 

Next, the effect of cisplatin and FK::ss administration in 

vivo on the production of TNF by DL·AM and NMO was investigated 

(Table 2 .1) . As observed in case of RNI pc·odoctior here agaln 

these two drugs were found to modulate TNF producr:ion by DL-AM 

a·n-d NMO differentially. Both untreated and LPS-treated NMO 

obtained from cisplatin administered mice showed a significantly 

enhanced production of TNF as compared to respective controls. 

Cisplatin administration did not alter the TNF production by 

DLAM. NMO of FK565-treated mice also showed an enhanced 

production of TNF compared with those of untreated mice, both 

with or wit Lout LPS treatment. 

or untreated DLAM of FK565 

Production of TNF by LPS-treated 

administered mice 

significant augmentation of TNF compared with 

also showed a 

the DLAM of 
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untreated mice (Taple 2.1). 

Production o£ RNI by normal pe.1.·i·toDea.l macrophages on stimulation 
with DL ascitic fluid (DLAF} in vitro. 

PLAF was prepared as described in experimental procedures. 

Peritoneal macrOphages from D.ormal mice were plated {1. Sx 

105 cells/well) in 96 well tissue culture plates and incubated 

with the indicated dilutions of DLAF at 37°C in a co2 incubator 

(Table 2.2). After 24 h, the culture supernatants were harvested 

and assayed for nitrite production. Significantly increased 

production of RNI' was observed in macrophages treated with DLAF 

compared with the untreated macrophage a. The augment at ion 

proportionately followed the· increase in the concentration of 

DLAF. The production of RNI in DLAF-treated macrophages was 

significantly up-regulated upon simultaneous LPS treatment in 

vitro~ 

Production of RNI by BMDN obtained from normal or DL mice. 

BMDM were obtained from mice, with or without DL, as described in 

the experimental procedures and incubated with or without LPS for 

24 h. The culture supernatants were harvested and assayed for 

nitrite production. As shown in Fig. 2.2, BM~M obtained from DL 

mice showed significantly higher level of nitrite production 

compared with BMDM from normal mice. 

DISCUSSION 

The present study demonstrates that DL-AM produce enhanced 

level of RNI and TNF compared with normal peritoneal 

macrophages. These observations suggest that presence of DL in 
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1,'6"'' 
· the form of ascites in the peritoneal cavity creates an . ' 
'';;,e

1
'n'v1' ronment h' h l d h · · f DLAM M DLAM w ~c ea s to t e act~vat1on o . oreover, -- ·-"•• .. ··-----·-'"--

,k•? 
could show a further enhancement of the RNI and TNF production 

after treatment in vitro with LPS. indicating that DL could not 

l
only lead to the activation of macroPhage directly but also prime 

them for a second activation signal of an endotoxin. It is well --
known that the activation of macrophages to a tumoricidal state 

is a multistep process involving a priming and an activation step 

· eaeh regulated by a different signal (Adams and Hamilton, 1984). 

On the same line, another study from our laboratory has shown 

that pre-exposure of normal peritoneal macrophage to DL cells in 

vitro prior to stimula~ion with LPS leads Lo enhanced production 

of RNI compared_ with macrophage treated with LPS alone (Kumar et 

al, 1994). Although the mechanism by which DL can activate 

macrophages in situ is not clear, some of the possibilities can 

be discussed. It is possible that DL cells release certain 

soluble mediator (s) which might alter t.1e function of DL-AM 

and/or of macrophages located at a distance from the tumor site. 

This possibility is favoured by two lines of evidences. Firstly, 

we observed that the cell-free DLAF could activate normal 

peritoneal macrophage in vitro for the production of RNI (Table 

2, 2) . Secondly, BMDM obtained from DL mice showed enhanced 

production of RNI compared with those obtained from normal mice. 

These observations suggest that the soluble mediators might 

influence the functions of TAM and macrophage progenitors not 

only as local acting signal but also via systemic circulation, 

However, it: is not clear at this stage whether DL-mediators act 

on macrophages directly and/o:t· via other cells of the immune 
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system, probably by influencing the cytokine balance in favour. 

of the activation of DLAM and other macrophages. Thi.s conclusion 

is further supported by studies of various workers which show 

that tumor cells or their products can either activate or inhibit 

macrophage functions (Mantovani et 

1991; Janicke and Mannel, 1990; 

al, 1992; Sotomayor et al, 

Szura-Sudol et al, 1983; 

Hannigam et al, 1992; Hasday et al, 1990; Srimal and Nathan, 

1990; Ding et al, 1990; Fontan et al, 1983; Fontan and Fauve, 

1988.) . Macrophage inhibitory or activating factors produced by 

tumor cells, however, may vary with the nature of tumor cell type 

under investigation. The mechanisms of modulatory effect of DL 

cells on macrophages, both in vivo and in vitro, has been dealt 

with in the subsequent chapters. 

Another ineresting feature of this study was to investigate 

the effect of FK-565 comparing it with cisplatin, which is being 

used as a potential BRM in cancer treatment (Rosenberg, 1985), on 

the function of DLAM. Administration of cisplatin or FK565 to DL 

mice diffrentially modulated the functions of DL-AM. Although 

FK565 indeed augments TNF production in both medium- and LPS

treated DLAM, cisplatin only decreases TNF production by LPS

treated DLAM and does not affect TNF production by medium-treated 

DLAM (Table 2.1). Conversely, cisplatin indeed inhibits RNI 

release in both medium- and LPS-treated macrophages, but FK565 

does not affect RNI release by medium-treated DLAM, but only 

affects only RNI production by LPS-treated DLAM. The reason for 

this differential effect of the two BRMs probably lies in the 

basic difference in their mechanism of action. Cisplatin, being a 
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potent cancer cytotoxic drug (Rosenberg, 1985}, when injected 

i.p., might lead to DL cytotoxicity, thus caus1}ng a decline in 

the DL-mediated activation of macrophages. In vivo administration 

of cisplatin has been shown to regress DL in mice (Prasad and 

Giri, 1994). In vivo administration of FK565, although slowing 

down tumor growth, did not lead to tumor regression (data not 

shown). FK565, which is not directly tumoricidal, might act as an 

additional signal to activate macrophages in situ, along with 

signals of DL cell origin, leading to a synergistic augmentation 

of macrophage activation. These observations about the effect of 

cisplatin and FK565 on DLAM must be taken into consideration 

while designing cancer treatment protocols using these drugs. 

The most important conclusion drawn from this study is that 

DL is capable of modulating the activity of macrophages in the ---
tumor-bearing host. However, the fate of the macrophages during 

the course of progressive tumor growth remain unclear, which is 

the topic of investigation in the subsequent chapters. 
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Table 2. l Effect of in vivo administration of cisplatin and 

FK565 on the TNF production by DL-AM and NMO. 

. 
-~--~~~~:~~~~~~~--~~~~~~=-~~~~~~~~:~~=~-:=:~==~-~=~=--~===~~~~~~-

NMO NMO+CP 

Med 25.7!3·4 65.9:!6·2 

LPS 36.3!l!'7 81.0'!7-B 

NMO+FK DL-AM DL-AM 
+ CP 

DL-AM 
+ FK 

34.3::'"39 35.0±lf·l 39.3t3-7 51.0±3·9 

53.4±:)6 51.2±4-lt 44.5-!-5-3 64.6±6·1 

NMO and DL-AM treated or untreated, in vivo, with cisplatin and FK565 
{10 :ng/kg body wt.) were incubated in complete medium with or without 
LPS (10 ug/ml). After 12 h culture supernants were harvested and 
assayed for TNF production as described· in experimental procedures. 
Values are mean + S.D. of 3 independent experiments done in 
triplicate. 
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Table 2.2 Production of RNI by NMO treated in vitro with DLAF 

Nitrite release (umol/1.5 x 10 5 cells) ±S.D. 

Dilutions of DLAF 

Medium alone 1,20 1,10 1:5 

Med 9.0 .± 2.4 12.5 ± 3.1 13.0 ± 2.8 17.5 ± 3.8 

LPS 12.0 ± 2.9 18.0 .± 3.7 20.0 .± 4.2 24.4 .± 3.8 

NMO were incubated with different dilutions of DLAF in complete 
medium (v/v) ~ as indi_cated~ with or without LPS (10 ug/ml). After 24 
h, culture supernatants were harvested and assayed for RNI production 
as described in experimental procedures. Values are mean + S.D. of 3 
independent experiments done in triplicate. 
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1igure 2.1 Production of RNI by DLAM and NMO. 

DLAM or NMO were obtained from mice injected i.p. with PBS 
tlone or containing cisplatin or FK565 (10 mg/kg body weight) as 
iescribed in the experimental procedures and were incubated 
:1. Sx10 5 cells/well) with or without LPS (10 ug/ml) for 24 h. 
:ulture supernatants were harvested and assayed for nitrite 
)reduction. Values are mean ± S.D. of three independent 
~xperiments done in triplicate. 
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Figure 2.2 Production of RNI by BMDM obtained from normal or DL 
mice. 

BMDM were obtained from normal or DL mice as described in 
the experimental procedures and incubated ( 1. 5x105 cells/well) 
with or without LPS (10 ug/ml) for 24 h. The culture supernatants 
were harvested and assayed for nitrite production. Values are 
mean ± S.D. of three independent experiments done in triplicates. 
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