
CHAPTER 5. 

ALTERATION IN I~-1 AND ARGINASE ACTIVITY 
OF 0~-ASSOCIATBD MACROPHAGES: 

A RO~B IN THE PROMOTION OF TUMOR GROWTH 

INTRODUCTION 

As already indicated in the review of literature, the tumor-

associated macrophages (TAM) play diverse and oftentimes 

confl~cting roles in the regulation of tumor growth. TAM not only 

contribute to tumor inhibition by exerting cytotoxic and 

cytostatic response against tumor cells but can also facilitate 

tumor progression (Mantovani et al, 1992). Although the reasons 

for the continuous growth of DL despite the significant 

infiltration of macrophages into the peritoneal cavity remains 

unclear, it indicates the possibility of: 1) down-regulation of 

macrophage tumoricidal activity in the tumor-bearing host, and/or 

2) secretion of tumor growth-promoting substances by macrophages 

themselves. We have indeed observed a decline in the cytolytic 

activity of DLAM along with the tumor progression (Chapter 3}. 

However, whether DLAM also contribute to tumor growth promotion 

by secretion of tumor growth promoting substances remains to be 

studied. TAM are known to produce a number of factors, such as 

tumor necrosis factor (TNF}, reactive nitrogen intermediates 

(RNI), Reactive Oxygen Intermediates (ROil, IL-l, arginase, 

prostaglandin E (PGE), Transforming growth factor-a (TGF-B) and 

IL-6 {as reviewed in Chapter 1), which influence the tumor growth 

positively or negatively depending on the tumor type and the 

cytokine balance in the tumor microenvironment. Bowf"ver.-, the 
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involvement of these factcrs in the DLAM-mediated modulation of 

the DL growth remain speculative. Considering that DL has a T

cell phenotype and that IL-l has a strong T-cell mitogenic 

activity, we investigated whether the production of this cytokine 

by the DLAM could be implicated in the promotion of DL growth. 

Macrophages metabolize arginine by two pathways, viz. NO 

synthase pathway yielding RNI and citruline (Hibbs et al, 1988; 

Bredt and Snyder, 1990) , and 'arginase pathway yielding ornithine 

and urea (Schneider and Dy, 1985). The increased activity of NO 

synthase and arginase pathways have been implicated in the 

suppression and the promotion of tumor growth, 

(Mills, 1991; Mills et al, 1992). In one of 

respectively 

the previous 

chapters, it was observed that the production ?f RNI by the DLAM 

gradually declined along with the progression of DL in the 

ascites {Chapter 3) . However, whether such a down-regulation is 

associated with an increased arginase activity is not known. In 

view of these observations, we also studied whether the 

progressive growth of DL was accompanied by an increased arginase 

activity of the DLAM. 

EXPERIMENTAL PROCEDURES 

2. 3. Isolation of DL-associated macrophages (DLAM) and normal 

peri toncal maC:rophages (NMO) 

DLAM or NMO were isolated and the monolayers prepared 

following a method described in Chapter 3. 
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2. 5 Assay of in vitro proliferation of DL cells 

DL cells (1 x 106 cells/ml) were incubated in medium in a 

plastic 96 well tissue culture plate for 72 h. DL cell 

proliferation was assayed by pulse labeling with 1.87 kBq/well of 

3H-TdR, 18 h before the end of incubation period. After the 

incubation, the cells were washed (3 x) with PBS and lysate was 

prepared with 1% sodium dodecyl sulphate {w/v). A 0.1 ml aliquot 

was counted using a liquid scintillation counter (Packard, USA). 

Results are expressed as 3H-TdR incorporation in counts per 

minute. 

' 
1

/ 2.6. Assay of IL-l activit:y 
.; 

IL-l activity was assayed by a standa:t:•d · thymocyte_ 

proliferation assay as described earlier (Kumar et al, 1994). 

Thymocytes obtained from 4. to 8 week-old c 3H/He mice were 

incubated at a concentration of 1.Sx106 cells/well in a 96 well 

plastic tissue culture plate with medium containing suboptimal 

doses of concanavalin A {1 ug/ml) and 2-mercaptoethanol (2xl0-s 

mol) along with culture supernatants of macrophages. The cultures 

were then incubated at 37°C in a co2 incubator for 72 h. 

Thymocyte proliferation was assayed by pulse labeling with 1. 87 

kBq/well of 3H-TdR, 18 h before the end of incubation period. 

After the incubation, the cells were washed (3 x) with PBS and 

lysate was prepared with 1% sodium dodecyl sulphate (w/v). A O.l 

ml aliquot was counted using a liquid scintillation counter 

(Packard, USA) IL-l activity was expressed as · 3H-Td;z 

incorporation in counts per minute. 
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2.7. Assay for arginase activity 

Arginase activity was assayed by a method described by Satoh 

and Ito (1968). Culture supernatants {0. 5 ml) of macrophages, 

after respective treatments, were added to centrifuge tubes 

containing 0.5 ml of 0.424 rM arginine {pH 

M Tria buffer ·(pH 8. 0) • Reaction mixture 

9.5) and 0.4 ml of 0.1 

incubated at 37°C was 

for 10 min. After 10 min reaction was'stopped by adding 1.0 ml of 

87% (v/v) acetic acid followed by the addition of 1.5 ml of 0.073 

M Ba (OH} 2 to remove amino acids and interfering materials as 

Barium salts; 0.4 ml of 0.273 M Znso4 was added to this mixture 

and centrifuged at 1000 rpm for 10 min to separate ·the 

precipitate and get clear supernatant. The supernatant was 

transferred to the clean separately marked tubes and used tor the 

estimation of urea, as described. 

0. 5 ml of the above supernatant was placed in a test tube 

containing 0. 5 ml of distilled water, lml of diacetyl monoxime 

reagent [1% diacetyl monoxime (w/v) in 5% acetic acid (v/v)]. To 

this mixture, 2 ml of oxidizing agent (10 mg Arsenic acid/ml in 

concentrated HCll was added. This mixture was incubated for 30 

min in boiling water bath. A:fter boiling and cooling at room 

temperature, the 0. D. was measured at 4 75 nm. The reaul ts are 

expressed directly as the O.D./3 x 105 cells. 

2. 8. Statistical analysis 

The statistical significance of the difference between test 

groups was analyzed by the Student's t-test ,(two-tailed} . The 

difference was considered significant when p value was less than 

0 .. OS. 
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RESULTS 

3.1. In vitro proliferation of DL cells in the presence of DLAF 

obtained from early, mid or late tumor-bearing stages 

OUr first objective was to find out whether some tumor growth 

promoting factors are actually present in the ascitic fluid of 

DL. We, therefore, assayed the growth-promoting activity of DLAF 

harvested at different stages of tumor growth, as indicated. DL 

cells {106 cells/ml) were incubated in medium alone or containing 

DLAF (10% and 25% v/v) and the proliferation of DL was ascayed as 

described in the experimental procedures. kesults are shown in 

Figure 5 .1. The DLAF obtained frow early tumor-bearing stage did !i 

not alter the proliferation of DL cells in vitro compared with! 

the proliferation of DL cells cultured in medium without DLAF. 

However, the DL cell proliferation was enhanced in the presence \' 

of DLAF from mid and late tumor bearing stages, with the late 

OLAF showing maximum OL cell proliferating activity. The 

proliferation was further enhanced when the concentration of OLAF 

in the culture was enhanced from 10% to 25%. 

3.2. In vitro proliferation of DL cells in the presence of 

culture supernatants of PLAM 

Next, we studied the proliferation of 01. cells in vitro ir. 

the presence of the culture supernatants of NMO or OLAM, to find 

out whether DLAM also contribute to the promotion of DL cell 

proliferation by the secretion of scme growth-promoting factors. 

DL cells were incubated in medium with or without the culture 

supernatants of NMO or DLAM and the proliferation was assayed as 
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described in the experimental procedures. The results are shown 

in Figure 5.2. Culture supernatant of NMO did not alter the 

proliferation <;>f DL cells compared with the value for medium 

alone, whereas the culture supernatants of mid and late DLAM 

showed significant enhancement of the OL cell proliferation, 

th~ maximum proliferative response being with the culture 

supernatant of late DLAM. However, the_ culture supernatants of 

early DLAM showed lower growth-promoting activity compared with 

the. culture supernatant of NMO. 

3.3.IL-l production by DLAM 

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

or NMO were incubated for 24 h in the presence or absence of LPS 

(1 ug/ml) and the supernatants were assayed for IU-1 activity as 

described in the experimental procedures. The results are shown 

in Table 5.1. NMO showed little IL-l activity which was enhanced 

upon LPS treatment. DLAM obtained from early tumor-bearing stage 

exhibited IL-l activity which was higher than that of NMO even in 

the absence of LPS, which was further augmented on treatment 

with LPS. DLAM obtained from mid and late tumor-bearing stages 

showed increasing IL-l production compared with early DLAM and in 

both the cases the values were further enhanced on in vitro 

treatment with LPS. 

3.4. Arginase production by DLAM 

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

stages, or NMO were incubated for 24 h in the presence or absence 

of LPS (1 ug/ml) and the supernatants were assayed for· arginase 
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activity as described in the experimental procedures. The results 

are shown in Figure 5.3. LPS-treated NMO showed significantly 

enhanced arginase activity compared with that of untreated NMO. 

OLAM obtained from early tumor-bearing stage exhibited arginase 

activity which was higher than that of NMO, and it was further 

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

bearing stages showed comparable arginase activity, the values 

being even higher than DLAM from early tumor~bearing stage. LPS 

treatment of mid and late DLAM, however, did not further enhance 

their arginase production. 

3.5. Effect of DLAF from early and late tumor-bearing stages on 

the arginase activity of NMO in vitro 

Macrophages (NMO) were incubated in medium containing 

indicated concentrations of DLAF from early (DLAF-4d) or late 

(DLAF-16dl tumor-bearing stages. After 24 h the culture 

supernatant were harvested and assayed for arginase activity. The 

results are shown in Table 5,2. At low concentratif')ll.S (10% and 

20%), DLAF-4d only marginally enhanced the arginase activity of 

NMO, although at higher concentration of DLAF-4d. (40\ v/v) the 

enhancement of arginase activity was very prominent. On the other 

hand, OLAF obtained f~om late tumor-bearing stage (DLAF·l6d) 

caused a significant enhancement of macrophage arginase activity 

even at lower dilution (10%), which further increased at 20% and 

remained at the same level at 40% concentration. 

3. 6. Effect of DL cells on the arginase activity of rnacrophages 

in vitro in presence or absence of IL-l or LPS 

Macrophages (NMO) were incubated wich DI.. cells {10 5 cells/ml) 
• 
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in medium alone or containing IL-l (100 U/ml) or LPS (1 ug/ml), 

as indicated. After 24 h the culture supernatants were harvested 

and assayed for arginase activity. The results are shown in 

Figure 5.4. LPS, but not the IL-l, could enhance the arginase 

activity of NMO individually, in absence of DL cells. Mcrever, OL 

cells alone also did not have any effect on the arginase activity 

of NMO. However, DL cells in presence of IL-l or LPS enhanced the 

arginase activity of NMO, the value being higher than that of LPS 

alone. 

DISCUSSION 

One of the observations of the present study demonstrated 

that the OLAF harvested from the mid and late tumor-bearing 

stages could aUgment the proliferation of DL cells in vitro. This 

indicated the DLAF contained certain tumor growth-promoting 

factors and the DLAM could be one of the sources of such factors. 

To varify this possibility, we incubated the DL cells with 

culture supeinatants of DLAM obtained from different tumo.r

bearing stages. We observed that the DL cell proliferation was 

enhanced in vitro in the presence of culture supernatants from 

the mid and late DLAM but not the early DLAM or NMO. This 

observation sugge~ted that the mid and late DLAM are 

constitutively different from the other macrophages with respect 

ta .. the tumor growth-promoting activity. Although the mechanism of 

this differential. tumor growth promoting activity is not 

understood, a few possibilities have been explored. 
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RNI is an important molecule often associated with the 

suppression of 

Mills, 1991), 

tumor cell proliferation (Hoffman et al, 1990; 

and in one of the earlier chapters, it was 

demonstrated that there is a down-regulation of RNI production by 

DLAM at mid and late tumor-bearing stages (Chapter 3). It can, 

therefore, be suggested that the enhanced proliferation of DL 

cells in vitro in presence of culture supernatant of mid and late 

DLAM could be due to a decrease in the RNI-mediated suppression. 

An additional mechanism of the observed enhancement of DL cell 

proliferation in vitro could be the secretion of tumor growth 

promoting substances by the DLAM. We observed that DLAM of the 

u.id and late tumor-bearing stages produced more IL-l than the 

early DLAM or NMO. IL-l being one of the important T cell growth 

factors, it could be conjectured that the DLAM, during later 

tumor-bearing stages, might contribute to the promotion of DL 

growth by an enhanced secretion of IL-l. Stimulation of tumor 

growth by IL-l has been reported with respect to some other tumor 

types as well (Wu et al, 1992; Lachman et al, 1987). However, the 

mechanism of the augmented IL-l activity of DLAM remains unclear. 

It has been demonstrated that tumor rejection or growth is 

associated with local up-regulation of the NO synthase or 

arginase pathway, respectively, and that arginine metabolism of 

TAM plays a role in determining the fate of the tumor growth 

{Mills et al, 1992). We, therefore, studied the kinetics o£ the 

arginase activity in the DLAM during the progressive growth of 

DL. It was observed that DLAM from the m'id and late tumor-bearing 

stages had an enhanced arginase activity compared with the early 
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····-~·~ ... ., ..Lu contrary to the pattern of the RNI 

production, as shown in Chapter. 3. This suggests a possibility 

that the DLAM might have gradually switched over 

pathwa~of arginine metabolism during the course of 

to arginase 

progressive 

tumor growth, from the NO synthase pathway of the early tumor

bearing stages. This could be an additional mechanism of 

promoting the tumor growth by DLAM. However, the underlying 

mechanism of the augmentation of macrophage arginase activity 

during progressive tumor growth is not understood. The present 

study demonstrated that the DL cells alone were not sufficient to 

enhance the arginase activity of NMO in an in vitro coincubation. 

However, the arginase ac.tivity of NMO was enhanced in vitro in 

the presence of DLAF. This indicated that certain tumor-induced 

host-derived factor{s) is involved in the augmentation of 

macrophage arginase activity. Since IL-l has been reported to 

alter RNI production by macrophages {Ding et al, 1988; Lejeune et 

al, 1994), we investigated whether IL-l could also be implicated 

in the observed augmentation of macrophage arginase activity. 

Treatment of macrophages in vitro with IL-l alone did not 

alter the arginase activity of macrophages. However, IL-l 

augmented the arginase activity of macrophages in presence of DL 

cells in vitro. This showed that factors secreted by DL qells 

augmented the arginase activity in synergy with some host cell

derived factors, one of which could be IL-l. 

This study demonstrates that the progressive growth of DL in 

the ascites alters 'the functions of the DLAM so as to make the 

conditions in the microenvironment conducive to their own 
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growth. The augmented arginase activity as well as the enhanced 

IL-l production by DLAM of mid and late tumor-bearing stages 

could be implicated in the ·DLAM-mediated promotion of tumor 

growth. It would be appropriate to note here that the marginally 

lower proliferative response of DL cells in vitro in the presence 

of culture supernatants of early DLAM (Fig 5.2) could be because 

of the fact that Early DLAM has lower IL-l and arginase activity 

along with a higher production of TNF and RNI compared with mid 

and late DLAM (Chapters 2 and 3). This observation reinforces the 

argument that the DLAM has a role in the promotion of DL growth 

in vivo. Factors other than IL-l and arginase could also be 

involved in the process. Our earlier studies have ruled out the 

involvement of the metabolites of the arachidonate pathway 

(Chapter 3), while the involvement of other factors remains to be 

investigated. 

104 



Table 5.1. IL-l activity of OLAM 

In vitro 
treatments 

Medium 

LPS 

Thymocyte proliferation (counts per minute) 
-------------------------------------------------

NMO 

14660±3521 

39184±5502 

Early 

23325±4644 

86697±9800 

DLAM 

Mid 'Late 

30650±2880 45327±5894 

90054;t7354 145432±10320 

Macrophages, obtained from normal mice (NMO} or from early, 

mid or late DL-bearing mice (DLAM), were incubated for 24 h in 

medium alone or containing LPS {1 ug/ml). Cell-free culture 

supernatants were harvested and assayed for soluble IL-l activity 

as described in the experimental procedures. Values are mean 

counts per minute {CPM)±.S.D. and representative of three 

independent experiments. 
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Table 5.2. Effect of DL ascitic fluid on the arginase activity of 

macrophages in vitro. 

Arginase activity (O.D./3 X 10~ cells) 

Concentration of DLAF 

Medium only 10 % 20 % 40 % 

DLAF-4d 0.071±0.006 0.090.±.0.008 0.086±0.010 0 .115±0. 012. 

DLAF-16d 0.105±0.007 0.149±0.016 0.148±0.018 

Macrophages obtained from normal mice were incubated with the 

indicated concentrations of DLAF, obt~ined from early {DLAF-4d) 

or late (DLAF-16d) tumor-bearing stages. After 24 h, the cultu:r·e 

supernatants were harvested and assayed for arginase activity as 

described in the experimental procedures. Values are mean±S.D. of 

the O.D./3 x 105 cells in three independent experiments done in 

triplicate. 

106 



Figure 5 .3 .. Arginase activity of DLAM of different tumor-bearing 

stages. 

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

stages, or NMO were incubated for 24 h in medium alone or 

containing LPS (1 ug/ml). The supernatants were harvested and 

assayed for arginase activity as described in the experimental 

procedures. Values are mean of o.o. measured in three independent 

experiments done in triplicates. The S.D. were consistently less 

than 10% of the mean. 
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Figure 5.1. In vitro proliferation of DL cells in the presence of 

DLAF harvested from different tumor-bearing stages. 

DL cells (106 cells/ml) were incubated in medium alone or 

containing indicated dilutions (10% or 25%) of DLAF, obtained 

from the early, mid or late tumor~bearing stages, and the 

proliferation of DL cells was assayed as described in the 

experimental procedures. Values are mean of three independent 

experiments done in triplicates. The S.D. were consistently lower 

than 10% of the mean. 
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Figure 5.2. In vitro proliferation of DL cells in the presence of 

culture supernatants of. DLAM. 

DLAM, obtained from the early (DLAM-El , mid (DLAM-M) or late 

\DLAM-L} tumor-bearing stages, were incubated in medium for 24 h 

and the cell free supernatants were harvested. DL cells (10 6 

cells/ml) were incubated in medium alone or containing the DLAM

culture supernatants (25% v/v) and the proliferation of DL cells 

was assayed as described in the experimental procedures. Values 

are mean of three independent experiments done in triplicates. 

The S.D. were consistently less than 10% of the mean. 
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Figure 5. 4. Effect of OL cells on the arginase activity of 

macrophagea in vitro in the presence or absence of XL-1 or LPS. 

Macrophages obtained from normal mice {NMO) were incubated 

with DL cells (10 5 cells/ml) in medium alone or containing IL-1 

(100 U/ml) or LPS (1 ug/ml), as indicated. After 24 h the culture 

supernatants were harvested and assayed for arginase activity as 

described in the experimental procedures. Values are mean of 

three independent experiments done in triplicates. The S.D. were 

consistently less than 10% of the mean. 
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CHAPTER 6. 

MODULATION OF HEMOPOIESIS IN NORMAL AND TUMOR-BEARING MICE 
ON IN VIVO ADMINISTRATION OF FK565 

INTRODUCTION 

We haVe discussed the role of FK565 as an immunoaugmentary 

drug for murine natural killer cells, peritoneal macrophages, T 

lymphocytes and IL-2-induced lymphokine activated killer cells of 

mice in vitro as well as in vivo. Moreover, FK565 treatment also 

stimulates human monccytes to tumoricidal state in vitro (Chapter 

1). In Chapter 2, in vivo administration of FK565 was shown to 

prime the murine peritoneal macrophages for an augmented 

production of reactive nitrogen intermediates and tumor necrosis 

factor upon in vitro stimulation with LPS. However, the effects 

of in vivo administration of FK565 on the prolifet·ation and 

differentiation of murine bone marrow progenitor cells is not 

understood. 

Tumor cells have been shown to affect the functions of 

various cells of the immune system (Chapter 1) . Although the 

effect of tumors of different cellular origin on the 

proliferation and differentiation of bone marrow precursor cells 

is not very clear some tumors have been shown to up-regulate 

while others down-regulate the process of hemopoiesis (Degowi...-; 

and Gibson, 1978; Lee and Lottsfeldt, 1984; Hardy and Balducci, 

1985). However, the effect of in vivo administration of FK565 on 

the process of hemopoiesis in_ tumor-bearing mice is not clear. In 

view of these observations, in the present study, we undertook to 
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investigate the effect of in vivo administration of FK565 on the 

process of bone marrow cell proliferation and differentiation in 

normal and tumor-bearing mice. Since the DL does not 

significantly alter the process of hematopoiesis (Kumar and 

' 
Singh, 1995}, we studied the effect of FKS65 administration on 

• 
another tumor system, the P815 (a murine mastocytoma) also in the· 

form of ascites. 

EXPERIMENTAL PROCEDURES 

Tumor lines 

Tumor cell lines P815 (a murine mastocytoma) and L929 (mouse 

fibroblast) were ob~ained from National Tissue Culture Facility, 

Pune (India). P815 tumor is being maintained in the laboratory 

in an ascitic form by serial transplantation in c 3H/He mice. 

Preparation o£ L929 cell-conditioned medium 

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

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

1979). L929CM was prepared according to the method of Hosoe et 

al. {1989). L929 cells were incubated in RPMI-1640 supplemented 

Wfth 10% FCS for 5-7 days. Cell-free supernatant was then 

harvested from the confluent monolayers, passed t~rough 0.22 urn 

membrane filter, and kept at -2o 0c until use. 

In vivo treatments 

Mice were injected i. p. with 0. 5 ml of PBS alone or 

containing PBlS cells {lx1.06cells/mouse}. After 48 h normal or 

tumor-transplanted mice, in groups of three each, were injected 
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with FK565 solution (10 mg/kg body weight) or PBS alone. Bone 

marrow cells were harvested from these mice 48 h after the FK565 

adminis.tration. 

Cell preparations 

Bone marrow cells (BMC) were obtained from the femurs of mice 

following a method described in Chapter 2. Briefly, the mice were 

killed by cervical dislocation and the bone marrow cells were 

.:lushed from the femoral shafts with serum-free medium. The BMC 

were agitated gently to prepare a single cell suspension and then 

washed thrice with serum-free medium by centrifugation at lOOOxg 

at 4°c. BMC were then incubated in plastic tissue culture flasks 

(Tarsons, India) for 2 h at 37Dc to remove the adherent 

macrophages. The non-adherent BMC were then used for the 

proliferation and colony formation assays. 

Bone marrow colony forming assay 

Bone marrow colonies were prepared in methyl cellulose 

cultures as described by Kumar et al {1993) Briefly, bone marrow 

cells (lxlo 5 cells/ml final concentration) were suspended in a 

mixture containing 0.9% (w/vl methyl cellulose in medium with 30% 

(v/v} FCS and 25% (v/v) L929CM. The mixture was gently vortexed 

and 1 ml was plated in a 35 mm plastic culture disc (Ta~"sons, 

India) and incubated at 37°c in a humidified atmosphere of 5% 

C02 in air. Bone marrow colonies were counted after 10 days oL 

incubation. An aggregate of more than 25 cells was counted as a 

single colony forming unit {CFU). Colonies with macrophage like 

morphology were designated as CFU-M, granulocyte- macrophage as 
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CFU-GM and granulocyte as CFU-G. 

Bone marrow cell proliferation assay 

The proliferation of the bone marrow cells was assayed by 

measuring 3H-TdR uptake as described Singh et al (1989). BMC (1 x 

106 cells) were seeded, in complete medium, in a 96 well tissue 

culture plate and incubated at 37°c at in a humidified atmosphere 

of 5% co2 in air for 72h. lBh prior to the end of incubation the 

cultures were pulsed with 1 uCi/well of 3H-TdR. The cells were 

then washed (3x) with PBS and lysed with 100 ul of o. 25% (w/v) 

SDS .. The lysate was cour.ted for radioactivity in a liquid 

scintillation counter (Packard, USA). The bone marrow cell 

proliferation response was expressed as counts per minute (CPM) 

of.the 3H-TdR incorporated. 

Total and differential leukocyte counting 

Blood samples from FK565-treated or untreated normal or 

PB15-bearing mice were collected by tail vein incision. Samples 

were diluted with the TUrk's solution and counted in a 

hemocytometer for total leukocyte count (TLC) . A thin film of the 

blood sample was also made on a slide and the differential 

leukocyte count (DLC) was done after staining with Leishman's 

stain for 30min. The slides were scanned randomly and counted for 

lymphocytes, monocytes and neutrophils upto ~ maximum of more 

than 5000 cells. The number of individual cell type is expressed 

as a percentage of the total of the cells counted. 

Statistical analysis 

All the experiments were done in triplicate and repeated at 
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least 3 times. The statistical significance between differences 

of test groups was analysed by Student's t-test . 

RESULTS 

B££ect o£ in vivo adminlstratlon o£ FJC565 on the colony forming 
ability o£ bone marrow prog~njtor cells. 

BMC were obtained from normal or P815-bearing mice, 

administered with PBS with or without FK565, and the colony 

forming ability in presence of L929CM was studied as described in 

the experimental procedures. Results are shown in Table 6.1. 

Cultures of BMC obtained from normal mice, injected only with 

PBS, resulted in the formation of highest number of CFU-M 

followed by CFO-GM and very low CFU-G. The BMC obta!ned from 

P815-bearing mice showed a significant rise only in the number of 

CFU-G and CFU-GM, which increased upto 10 and 5 folds, 

respectively, compared with that of the _BMC of untreated normal 

mice. Administration of FK565 to normal mi-ce, on the other hand, 

resulted in an enhancement of all types of CFU·B with the number 

of CFU-G and CFU-GM being increased upto 5 and 3 folds, 

respectively compared with the BMC of PBS-injected normal mice. 

Administration of FK565 to P815-bearing mice, however, did not: 

significantly alter the pattern of colony formation compared with 

that of PBS injected tumor-bearing mice. 

Effect of in vivo administration of FKS6S on tbe proliferation of 
bone marrow cells. 

Next, we studied the effect of PB15 tumor transplantation arid 

FK565 administration on the proliferation of BMC. As shown in 

Fig. 6·.1, BMC of FK565 administered mice showed significantly 
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_high~! proliferation than that of the BMC obtained from normal 

mice injected only with PBS. The 3 H-TdR incorpora.tion in the BMC 

of P815-bearing mice was found to be significantly higher than 

the corresponding control of normal mice. Administration of FK565 

to P815-bearing mice also resulted in a further.augmentation of 

BMC proliferation which was1significantly h~gher than that of all 

other groups. 

E£Eect or FK5GS administ:rat.ton on the total and di££erential 
leukocyte count 

The TLC and DLC of blood samples collected from normal or 

tumor-bearing mice, with or without FK565 administration, was 

also carried out. As shown in Fig. 6.2, the TLC of P815-bearing ) 

was significantly higher compared with the TLC of normal \ 

administration significantly increased the TLC of 

mice 

mice. FK565 

normal mice, whereas that of tumor-bearing mice was only 

marginally increased. The results of DLC showed that the count of 

neutrophil was higher in the P81.5-bearing mice than that in 

normal mice (Table 6.2). Administration of FK565 to normal mice 

also resulted in an increased neutrophil count compared with the 

PBS-injected normal mice. FK565 administration, however, did not 

significantly alter the DLC of' P815-bearing mice. 

DISCUSSION 

In the present investigations we observed that the BMC 

obtained from FK565 administered mice showed enhanced 

proliferation and colony formation in vitro. Similarly, the 

presen"ce of tumor growth in situ also lead to enhanced colony 
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forming ability and proliferation of the BMC. The mechanism 

underlying the similar effects if P815 tumor transplantation and 

in vivo administration of FKS65 on BMC is not clear at present, 

however, some possibilities can 

known that FK565 can stimulate 

be discussed. It is now well 

different cell types for the 

production of cytokines like IL-l and TNF (Chapter 1 and 2) and 

both of these cytokines have been implicated in the process of 

hemopoiesis (Kumar et al, 1993; Broxmeyer et al, 1985; Mochizuki 

et al, 1987; Gullbert et al, 1993). It is, therefore, possible 

that in vivo administration of FK565 might generate a blend of 

local stimuli which, in their turn, may lead to an enhancement of 

BMC proliferation and differentiation. The results of enhanced 

TLC of the FK565-treated group is another confirmation of an 

enhanced hemopoiesis in these mice. Further, it was observed that 

BMC of FKS65-treated mice formed comparatively higher number of 

CFU-G and CFU-GM. Although we used only L929CM, which contains 

only M-CSF as a source of ~olony stimulating activity, the 

preferential differentiation in vitro of these BMC towards the 

granulocyte lineage indicates that a larger fraction of these 

cells would have already become committed to lineage restricted 

differentiation in situ after FK565 administration. The argument 

that the BMC selectively differentiate towards granulocyte 

lineage in situ after FK565 administration is further supported 

by the observations that the neutrophil count in the blood 

sampJ.es of the FK565-treated mice were significantly higher 

compared with that of the untreated mice. Sinc8 ~81~ tum~r 

transplantation also produced similar effects on the hemopoiesis, 
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it therefore, cannot be ruled out that the cytokine balance 

influencing the BMC diff.erentiation in both the conditions is 

similar. Lineage restricted differentiation of the BMC in the 

presence of other tumor systems have been reported (Lee and 

Lottsfeldt, 1984·). P815 tumor cells might act either by producing 

cytokines for themselves or by influencing the activity of other 

cell types. There are reports supporting the contention that in 

the tumor-bearing animals the high level of GM-CSF is 

responsible, at least in part, for the hemopoietic and 

immunologic alterations observed (Chapter 1) . Production of GM-

CSF by other cell types have also been reported (Chapter l) . The 

possibility of production of GM-CSF by P815 itself, therefore, 

cannot be ruled out. However, further investigations are required 

to confirm this. 

- Since the role of FK565 as a potential immunotherapeutic 

agent is being explored , it was therefore essential to study the 

effect of PK565 administration on the hemopoiesis of the tumor-

bearing mice as well. Interestingly, we observed that FK5651 

administration although resulted in an augmentation of the BMC 

proliferation of the tumor-bearing mice, it did not significantly 

alter the number of CFU or the TLC and OLC. An explanation to 

this could be that the tumor itself is not a passive entity and 

it might have already influenced the BMC differentiation to an 

optimal level which could not be further modulated by the 

administration of FK565. These results should be taken into 

account while considering FK565 for therapeutic purposes against 

tumors. Thus, this study is of particular significance in the 

118 



area of FK565 research. 
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Table 6.1. Effect of FK565 administration on the bone marrow 

colony formation of normal and P815-bearing mice. 

Number of colonies ± SD 

Normal mice P8l5-mice 
In vivo 

treatments 
--------------------------------------------

PBS FK565 PBS FK56S 

CFU-M 55±5 71±7 60±5 63±6 

CFU-GM 37±5 100±12* 206±18* 189±17* 

CFU·G 03±2 16±3* 30±4* 43±4 * 

Bone marrow cells {105) obtained from FK565-treated {10 mg/kg 

body weight for 48 h) or 11ntreated normal or PBlS-bearing mice 

were cultured in methyl cellulose (0. 9%- w/v) containing RPMI-

1640 medium with L929CM (25% v/v} as a source of CSF and the 

colonies were enumerated after 10 days. Values are mean ± SD of 

three independent experiments done in triplicates. 

* P <0.05 vs. values for PBS-injected normal mice. 
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Table 6. 2. Effect of Fk565 administration on the differential 

leukocyte count (DLC) in normal and tumor-bearing mice. 

% of different cell types ±SD 

Normal mice P815-mice 
In vivo ----------------------------------------------------

treatments PBS FKS65 PBS FKS65 

Lymphocytes 51±5 39±4 48±4 49.±5 

Monocyte a 17±.3 13±3 12. 4±2 10.6±2 

Neutrophils 32±.3 48±5* 39. 6±.4 * 40.4±.4 * 

Tumor transplantation and FK565 administration were carried 

out as described in the text. 48h after FK565 administration 

blood samples were collected and differential number of 

leukocytes were counted as described in the experimental 

procedures. The values are representative of three independent 

experiments . 

• P <0.05 vs. values for normal mice injected with PBS alone. 
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Figure 6 .1. The effect of FK565 administration on_ the in vitro 

proliferation of BMC of normal or P815-bearing mice. 

BMC (lx1o 6 cells/well) of normal or P815-bearing mice, 

injected with PBS alone or containing FK565 (10 mg/kg body 

weight), were incubated in medium RPMI-1640 and the proliferation 

was assayed as described in the experimental procedures. Data are 

repres~ntative of three independene experiments done in 

triplicate. The SD was consistently <10% of the mean . 

• P <0.05 vs. values for PBS injected normal mice. 

# P <0.05 vs. values for all other groups. 
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Figure 6. 2 The effect of PK565 administration on the TLC of 

~ormal or tumor-bearing mice. 

Tumor transplantation and FK565 administracion were carried 

out ~s de~cribed in the text. 4Bh after the FKS65 administration 

the total number of leukocytes were counted as described in the 

experimental procedures. Oat a are representative of three 

independent experiments done in triplicate. The SD was 

consistent-.ly <10% of the mean. 

' \ J - ""T""'o..l Tl"'ic.t. . * P .( 0· OS' vs. valv.e.s fcT PB$· t"'J&A:- ~"' '""' 
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CONCLUSION 

On the basis of the study presented in this dissertation, on 

the relationship of DL with the host immune response, a summary 

of the conclusions drawn is as follows. 

1) The presence of DL in the ascites, at least at early, stages 

of its growth, leads to the creation of an environmment that. 

favours the activation of ma·crophages associated with the 

tumor (bLAM) as well as those located at a distant site 

(BMDM), indicating that soluble mediators are involved in 

affecting the macrophage funct.ion. 

2) However, the tumoricidal activation of DLAM at the early 

tumor-bearing stage is a transient phenomenon, because the 

DLAM obtained from mid and late tumor-bearing stages show a 

significant decline in their antitumor and other accessory 

functions. 

3) The progressive growth of DL also results in the inhibition 

of the DTH response, indicating to a decline in the T cell

mediated immune responses. 

4) The down-regulation of the humoral immune response in the DL

bearing mice during later tumor-bearing stages ~an be 

due to the suppression of T cell activity and the macrophage 

acCessory functions along with the DL growth. 

5} The suppression of the immune response during the progressive 

growth of DL can be attributed, at least in part, to the 

factor(s) of DL cell origin. 
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6) The DL-mediated alterations of the immune response is a 

function restricted to the tumor-phenotype. 

7) The DLAM at the later tumor-bearing stages contribute to the 

promotion of the tumor growth by an enhanced IL-l production 

and arginase activity along with a concomitant decline in the 

RNI production. 

8) Certain DL-derived factor(s) synergize(s) with IL-l, produced 

by DLAM, to enhance the arginase activity of DLAM. 

9) In vivo administration of FK565 is effective in augmenting 

the tumoricidal activity of macrophages which are at a 

resting or at an elicited state. However, FK565 can not 

reverse the inhibition of macrophage functions during the 

late tumor-bearing stages. 

10) FK565 administration also influences the process o.f bone 

marrow cell (BMC) proliferation and differentiation. The BMC 

selectively differentiate towards granulocyte lineage in situ 

after FKSGS administration. 

• 
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