
CHAPTER 1. 

REVIEW OF LITERATURE 

A neoplastic growth has a complex relationship with the 

host's immune system. An intense ''battle of nerves" 
.__~-----" ------------------------

ensues 

between the two soon after the origin of the ·tumor. The 

onset of a malignant growth in the host results from the failure 

of the immune surveillance mechanism to detect and eradicate the 

tumor cells at the initial stage. The consequent growth of tumor 

mass, then, aflicts enormous injury to the immune system by 

direct or indirect influence on the immune cells. The progressive; 

growth of a tumor is, therefore, invariably accompanied by a 

decline in the host immune response regardless of tumor location 

or etiology. Tumor growth has been shown to influence both the 

specific and non-specific arms of the immune system. All the 

cells participating in the anti-tumor response, such as T-cells, . 
macrophages, NK-cells and B-cells, undergo functional and/or 

structural alterations in the tumor-bearing host. Moreover, the 

immune response in the tumor-bearing host is not only down-

regulated, ·but they are often altered in a manner which further 

promotes the growth of the tumor. Therefore, one of the 

approaches to at least contain the growth of the tumor involves 

the subvertion of the tumor-mediated immunosuppression by 

augmenting the host immune response with the help of 

immunopotentiators. 

In this chapter, a succinct overview of the present state ot 

knowledge regarding interaction between the tumor and the host 
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immune system, with a brief sketch of the various cell types and 

the factors involved, is being preSented. The ongoing attempts on 

reverting the tumor-mediated immunosuppression by means of 

certain immunopotentiating agents will also be touched upon. The 

effect of tumor growth on the various components of the immune 

system can be studied under the following categories depending on 

the cell types involved and the consequences thereof. 

1) The T cell-mediated responses. 

2) The humoral response and the B-cell function·s. 

3) The NK cell functions. 

4) The functions of monocyte/macrophage system. 

5) Mechanisms of immunosuppression in the tumor-bearing host. 

6) Reversing the tumor-mediated immunosuppression by means of 
immunopotentiators 

1.1 ALTERATZONS OP T-CELL PUNCTZONS ZN THE TUMOR-BEARZNG HOST 

T-cells are undoubtedly the most important cell population of 

the immune system because of various effector and regulatory 

functions associated with them. They ~ave an enormous role to 

play in the immune response against tumors. Cytolytic T 

lymphocytes (CTL) have been shown to be important for rejecting 

various types of tumors (Cerottini cind Brunner, 1974; Young et 

al, 1982). In some models, development of Lytl-2+ CTL appears to 

l be critical factor in tumor destruction, in others Lyt 1+2+ cells 
i 
I are cytotoxic (Bear et al, 1988), and for still others Lyt 1+2-

cells are the e£fectors (North and Bursukar, 1984; North and Dye, 

\ 1985) Moreover, antitumor cytolytic potential have been 
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demonstrated in vitro as well as in vivo in both CD4+ and CDS+ T-

cell phenotypes. (Goedegeburre and Eberleen, 1995). However, it 

has been established beyond doubt that the cell-mediated immune 

responses, both specific and non-specific against tumors are 

significantly downregulated in parallel with inhibition of. 

humoral immune response during tumor progression. Thymuses o'f 

mammary tumor-bearing mice become progressively involut~d with 

the increase in tumor burden. These changes in the organ level 

are accompanied by a drastic alteration of the composition of th~ 

thymocyte subsets (Yangxin et al. 19S9) . Over all decrease in 

Thy-1 cells has also been noted with increase in the tumor burden 

{Lopez and Paul, 1982). The capacity of the tumor-primed T-cells 

to produce IL-2 was also found to decrease with the progression 

of tumor-bearing stages (~ou et al, 1992a). 

Another type of immune response elicited by T-cells is 

delayed hypersensitivity (DTH) , which may be a mechanism by which 

tumors are attacked (Gregorian and Battiato, 1990a, b) . In the 

MetA fibrosarcoma tumor model, DiGiacomo and North (1986) have 

shown that a tumor-specific DTH reaction exists and that it could 

be suppressed by Lytl. -2+ T-cells. Furthermore, Gregorian and 

Battiste (1990a) have demonstrated that the DTH response to a 

derrnally applied hapten was approximately 70% less thap n?rmal i~ 

tumor-bearing mice, no matter whether the tumor existed 

subcutaneously or intrarenally. 

Furthermore, Cd4+ T-cell subset has been found to be more 

susceptible to the immunosuppressive effect in the tumor-bearing 

state than CDB+ T-cell subset including CDS+ CTL precursors and 
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CD8+ Th cells (Tada et al, 1990), the reason for which is not 

very clear. The acti vat. ion function of CDO+ CTL precursors is not 

affected in the tumor-bearing host and they haVe a defect in CD4+ 

Th function and this defect is due, mainly, to the activity of 

~~-produced by tumor cells in the tumor-bearing state (Tada et 

al, 1991). It has been illustrated that antigen presenting cells 

{APC) bind tumor antigens, and these tumor antigen bound APC can 

prime anti-tumor CD4+ Th cells during the early tumor-bearing 

stages. Such APC functions in tumor-bearing hosts seems to 

increase with the progress· of tumor-bearing stages. In contr3.st, 

anti-tumor CD4+ Th cells, once activated, gradually lose or 

decrease their responsiveness to tumor antigen-bound APC whose 

stimulatory capacity is increasing with the growth of tumor {Zou 

et al, 1992a,b, Li et al, 1993i. However, a recent study 

demonstrates that it is the aberrant presentation of tumor

associated antigens to a low frequency inhibitory T cell 

population that expanded and inhibited furthe~ responses to TAA 

(Watson and Lopez, 1995). Another mechanism of T-cell suppression 

can be through the expression of TCR complex with CD3 molecules 

which are altered, prasent in low amounts or are even completely 

absent. These alterations in the CD3 molecule are accompanied by 

the inhibition/absence of two kinases known as lck and fyn, which 

are the key signal transduction molecules for TCR chains 

(Mizoguchi et al, 1992; Travis, 1992). 

Many morphologically different tumors have been characterized 

by a T-cell infiltrate. This infiltration is induced by the tumor 

via soluble factors that cause migration of immune cells to the 
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tumor (Vase and Moore, 1985; Goedegebuure and Eberlein, 1995). 

Within the T-cell fraction, both CD4+ and CDS+ T-cells are found. 

A small proportion of tumor-specific CD4+ TIL can directly lyse _;_::_____:_--------------- - --
tumor cells in an HLA class I- or II-restricted fashion. The 

majority of tumor-specific CD4+ TIL, however, recognize tumor 

antigens presented on HLA class II molecules by antigen--

presenting cells (APC) (Goedegebuure et al, 1993; LeMay et al, 

1993; Harel et al, 1993; Wang et al, 1992) 

~, 

I 

' 

~-

The continuous growth of tumor despite the infiltraticn of T :i-

lymphocytes into the progressing tumor, suggests that the TIL'."; 

lack sUfficient in vivo effects. This is further supported by the; 

finding that T-lymphocytes freshly isolated from tumor undergoing 

destruction, exhibit significant antitumor activity, whereas 1' 

cells infiltrating a progressing tumor exhibit a weak cytotoxic 

activity against autologous and/or allogeneic tumors, and 2. 

reduced ability to proliferate in response to a variety of 

mitogenic stimuli (Kurt et al, .1995; Keong et: al, 1983; Miescher 

et al, 1986; Rubbert et al, 1.991}. Studies have also shown a 

depressed ability of TILs in T-cell functional assays such as 

mixed lymphocyte culture and cell-mediated lympholysis. (Topalian. 

et al, 1987). Studies have suggested that the milieu surroundinq 

these cells in vivo either prevents the induction of cytotoxic 'l' 

cell or suppress the activity of the activated T-cells (Mukherjee 

et al, 1990; Yoshino et al, 1992; Whiteside et al, 1992). 

Many investigators have been able to isolate and expand TII·, 

from progressively growing tumors such as malignant melanoma, 
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renal cell carcinoma, ovarian carcinoma, lung carcinoma and 

breast carcinoma. When isolated and propagated in IL-2, the TI~s 

can acquire cytotoxic activity and become capable of mediating 

I the regression, of several established tumors in vitro as well as 

in vivo (Maeurer et al, 1995; Rosenberg et al, 1988). 

The diminished activity of T cells in progressive tumor

bearing stages may be because of the weak immunogenicity of the 

tumor cells, as such weak stimuli has been reported to result in 

incomplete or partial TCR-mediated T-cell activation (Marx, 

1995) . In fact, it has been demonstrated that the culture of CD4+ 

TIL with IFN-Y treated autologous tumor cells produced cytokines 

which were inferior in terms of quantity as well as biological 

activity compared to the ones induced, under similar conditions, 

Jf by anti-CD3, which is a strong immunogen (Goedegebuure et al, 

,1994) A slightly lower percentage of CDS+ cells have been 

reported in progressing tumors compared with that in the 

regressing ones (Kurt et al, 1995) . Moreover, another study has 

shown that the number of tumor-specific TIL is considerably 

smaller than that of tumor-nonspecific and this gap further 

widens as the tumor progresses (Vase, 1992) 
-~--

Studies involving in vitro cloning and expansion of TIL from 

metastatic melanoma (MM) (Goedegebuure et al, 1994) and renal 

cell carcinoma (RCC) (Schoof et al, 1993) showed that the 

65% and 75% 

respectively, in MM and RCC. Among the CD4+ clones in MM 

patients, the proportion of ThO was maximum (64%) followed by Th2 

(19%) and Th1 (15%) . In contrast, 82% of the CD4+ TIL clones from 
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RCC patients were Th2 clones, while only 16% were ThO and 3% Thl. 

This apparent decline in the number of Thl T-cell phenotype in 

the tumor-bearing host seems to be one of the most important 

mechanisms of down-regulating the anti-tumor immune response. The 

involvement of various tumor- and/or host-derived soluble factors 

in the alteration of the T-cell functions in the tumor-bearing 

host has been discussed elsewhere in this chapter. 

It is evident from the literature presented above that the 

TIL recovered from the progressing tumors have a low or 

negligible cytolytic activity, suggesting that recruitment of T 

cells to tumor site is by itself insufficient to cause tumor 

rejection. Moreover, most of the evidences reinforced the view 

that the T cell-mediated immunity is, in general, impaired in the 

tumor-bearing state due to various suppressive mechanisms. Apart 

from the intrinsic defects in the T cells of the tumor-bearing 

host, the defects in the regulatory functions of other cell 

populations, such as macrophages, as well as the cytokine balance 

within the tumor microenvironment, as discussed in later 

sections, may play an important role in the functional 

impairement of the T cells, thereby resulting in the total immune 

dysfunction in the tumor-bearing state. 

l.2 ALTERATION OF THE HUMORAL IMMUNE RESPONSE IN THE TUMOR

BEARING HOST 

·production of antibodies against tumor antigens has been 

widely reported in different tumor-bearing hosts. The effect of 

antibodies against tumors can be mediated by direct complement-

11 



activating cytotoxicity or .antibody-dependent cellular 
~-

cytotoxicity (ADCC) . some highly immunogenic viral or chemically 

induced tumors do clearly elicit a strong antibody response to 

tumors, whereas t 1here are very few evidences on the same line 

regarding spontaneous human tumors (Moore et al, 1973; Wood et 

al, 1980a, b) . Serum samples from a large. number of cancer 

patients have been shown to contain antibodies directed against 

tumor-associated antigens (Lewis et al, ~986; Mortan et al, 

1988). B-cell responses have also been described against 

predefined tumor-membrane molecules including oncogene-coded 

proteins, such as p53 (Schichtholz et al, 1992; Winter et al, 

1992, 1993) or t"he HER-2/neu (Disis et al, 1994). Even in 

experimental tumor system antibodies to membrane-associated 

antigens are present during early tumor-bearing stages, while it 

is difficult to detect them in progressing tumor-bearing stages 

(Gallahan, 1976; Thompson, 1973a,b). Formation of antigen-

antibody complexes and subsequent clearance by the 

reticuloendothelial system may be the primary mechanism by which 

antibodies to tumor cell membrane antigen are eliminated 

(Thompson, 1973a) This may, therefore, be one of the several 

mechanisms due to which Ab titre against tumor antigens decreases 

during the late tumor-bearing stages. 

In a murine tumor model, Manson (1991) demonstrated that IgM 

accumulation on tumor cells concurred with a diminished ability 

of the tumor cells to bind anti-(MHC Class-II) antibodies and a 

resistance of tumor cells to the cytotoxic efector cells. The 

coating by IgM was shown to protect the tumor cells from 
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cytotoxic effector cells without inducing lysis by complement, 

ADCC or macrophages. On the basis of these observations it was 

postulated that tumor specific antigens on the surface of tumor 

cells stimulate both cell-mediated and humoral immune responses, 

the latter resulting in the production of IgM which in its turn 

coats the tumor cell surface, thereby preventing its cytolysis by 

other host defense meshanisms. This antibody-mediated epitope 

masking might explain as to why a tumor cell can still continue 

to grow progressively despite the apparent humoral immune 

response it has triggered. 

It has been demonstrated that sera samples obtained from 

cancer patients as well as those from animals with 

immunologically well defined experimental tumors contain 

detectable level of immune complexes during progressive tumo:t· 

growth (Hellstrom and Hellstrom, 1991; Baldwin et al, 1975). This 

is in direct contrast to both free antibody and cell-mediated 

antitumor activity, which tend to diminish with the progression 

of the tumor, and thus indicates that minimal depressioll of 

humoral immunity occurs during tumor progression. Indeed, the B 

lymphocyte-dependent component of the immune response is believed 

to remain intact during the progression of non-lymphoid tumor as 

it has been shown that individuals bearing such tumo:::-s usually 

respond positively with antibody production upon challenge with 

environmental antigens {Aizawa et al, 1989). Moreover, the 

complexes between tumor antigens and their antibodies as well as 

the free tumor antigens, termed as specific blocking factors 

(SBF) , can inhibit ADCC against tumor cells by blocking the 
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specific effector cells {Hellstrom and Hellstrom, 1974, 1991) 

In a variety of experi.mental tumor systems in which the 

composition of the host cellular infiltrate has been assessed, 

very little evidence for the B lymphocyte infiltrate has been 

found (Haskill et al, 1984; Wood et al, 1980a,b). Tumor 

infiltrating B 

Jl upto a maximum 
1 
' et al, 1990). 

lymphocytes (TIL-B) have been shown to account for 
/ 

of 13% of the total lymphoid infiltrate ~Withford 

Antibodies to tumor antigens are not produced 

locally within the tumor. They can, however, diffuse directly 

from blood stream into the tumor. In addition, antibody may be 

passively transported into the tumor by infiltrating host cells 

{Haskill et al, 1984) 

On the basis of the these observations, it emerges that a 

humoral immune response is generated in the tumor-bearing host 

against the tumor antigens in the early tumor-bearing stages, 

which apparently declines aJong with the tumor progression. 

However, whe"ther they have a role in the rejection or. _;Ln. the 

1?..!5?.!!1R.~~on of tumor growth remains d~e.?.l_t;_?)~J.~_.. Moreover, the 

immunodepression that often accompany progressive tumor growth, 

leading to a decreased B-cell function may actually reflect a 

loss of Th activity or certain other accessory cell function (e.g. 

antigen presentation by APCs) rather than any intrinsic B 

lymphocyte anergy. 
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~. 3 ALTERATION OF NATURAL KILLER CELL ACTIVITY IN THE TUMOR-

BEARING HOST 

Natural killer {NK) cells are a functionally distinct subset 

of lymphocytes with the spontaneous ability to recognize an?. 

eliminate tumor cells as well as virus-infected cells. NK cells 

appear to be able to discriminate between abnormal and normal 

cells by at least two interactive receptor systems: 
.~·---~~--·~----~- -·---.-·------ -··----.-~--_. _____ ., the NKR-Pl 

receptor, which recognizes oligosaccharide moieties on target 

cells and may trigger killing of abnormal cells; and another 

~C:-~_Pt?.r family. which recognizes autologous MHC class I 

molecules expressed on all normal nucleatE:d cells and turns cff 1' 

che cytotoxic activity triggered by the first receptor (Whiteside 

and Herberman, 1995) . Vested with this unique mechanism of target 

cell recognition and killing, NK cell functions represent a 

biologically significant host defense mechanism in vivo against 

the spontaneous development of certain tumors, development of 

transplanted tumors as well as tumor me~astasis ( Talmadge et al, 

1980; Gorelik et al, 1982). 

However, a loss of systemic NK activity in tumor-bearing host 

has been reported in a variety of clinical and experim-:mtal tumo:r 

models (Stutman et al, 1980; Ehrlich et al, 1980; Gerso:- et al, 

1980; Lala et al, 1985; Moy et al, 1985). Mice bearing advanced 

Lewis lung carcinoma (LLC) were found to have significantly 

decreased NK cell activity in spleen as well as in blood 

(Kurosawa et al, 1993). The same pattern of lowered spontaneous 

NK cell activity was observed in nude mice with advq.nced human 
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colon carcinoma LS174 and in c 3H mammary tumor virus positive 

mice that spontaneously developed mammary adenocarcinoma 

{Budzynski et al, 1987). On the contrary, the YAC-1 lymphoma 

target-binding ability of spleen null lymphocytes remain the same 

or high, indicative of no depletion of the NK lineage cells in 

these hosts (Lala et al, 1985}. A transient abortive rise of host 

NK activity in the- spleen as well as the tumor site, shortly 

after the tumor transplantation has been reported which, however, 

declines through late tumor-bearing stages {Parhar and Lala, 

1985) . The same authors further demonstrated that t·his 

progressive decline in the NK activity to subnormal levels is due 

to an inactivation of the host NK lineage cells rather than their 

disappearance.· Moreover, another related study demonstrated that 

the number of NK cells remarkably incr-eased at an early stage of 

tumor development (day-3) and is maintained at an appreciable 

1! level until day-14 after tumor inoculation, thereafter the number 

'.1 
~ of NK cells declines (Kurosawa et al, 1993). 

Overall, it is established that NK cells are important 

antitumor effectors at least in the early stages of the 

development of most tumors. A general perception, however, is 

that T cells with the abi~ity to develop specific immunity and 

immunologic memory, and macrophages with a diverse regulatory and 

effector functions are more important for the control of ·tumor 

growth than the NK cells. 
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1.4 ALTERATIONS IN THE FUNCTioNS OF MONOCYTE/MACROPHAGE SYSTEM IN. 

THE TUMOR-BEARING HOST 

The monocyte/macrophage system plays an important role in the 

regulation of tumor growth. However, the exact mechanism by which 

the activated macrophages recognize and destroy susceptible tumor 

cells is still unclear. Activated macrophages have been shown to 

form cell-to-cell contact with tumor cells through cytoplasmic 

bridges via which lytle materials, such as lysosomes are 

transferred to the target cells (Bucana et al, 1976; Singh and 

Sodhi, 1988). Besides, acme cytophilic antibodies, binding to 

both Fc-receptor-positive effector cells and antigen positivP. 

tumor cells, also facilitate macrop~age contact with target· 

cells. Macrophages that bind cytophilic antibody possessing 

antitumor specificity, so called "armed macrophages" are capable 

of the specific immunological recogn..i.tion of the antigen.ically 

appropriate tumor cells (Evans and Alexander, 1971). Macrophages 

can also be armed by a T lymphocyte product termed "specific: 

macrophage arming factor" which endows macrophages with 

specificity similar to that of antibody (Deweger ee al, 1989). 

Now it is well known that macro~hages kill the tumor cells 

not only by direct contact but also by the release of a number of 

tumor cytolytic factors such as reactive nitrogen intermediate£>. 

CRNI) 
~ 

Jiang 

(Hibbs et al, 1988, 1990; Klostergaard, 1993; Keller, 1993J 

et al, 1995)' reactive oxygen intermediates (ROI) 
~ 

(Freund 

and Pick, 1985}, neutral proteases (Adams and Hamilton, 1984), 

peroxidase (Clark et al, 1975), lysozyme (Gupta and Sodhi, 
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lysosomal enzymes (Hibbs, 1974; Bucana et al, 1976), interfe~on 

(Warren and Ralph, 1986; Schwartzentruber et al, 1991), tumor 

cytotoxic factors (Sodhi and Singh, 1986; Sone et al, 1984, 1985; 

Nissen-Meyer et al, 1987) , tumor necrosis factor (TNF) (Hasday et 

al, 2990; Jiang et al, 2992, 2995; Ruddle, 1987; Semenzato, 1990) 

and interleukin-1 (IL-l) (Onazaki et al, 1985). Evidences suggest 

that the tumor cell killing by macrophages (whether activated or 

armed) involves secretion of cytolytic substances (Adams and 

Nathan, 1983). Secretion of these products frequently varies with 

the state of activation of the macrophages {Adams and Nathan, 

1983), which in turn, depend on the type of tumor and stage of 

growth in vivo. Susceptibility to a given mediator can also vary 

widely among targets. Cytolytic substances could also interact 

with one another to produce augmented or inhibited target damage, 

hence the production of target damage cou'ld be a complex 

phenomena {Adams et al, 1980). 

A number of recent studies have shown that in vitro co-

incubation of macrophages with tumor cells or their products can 

both up- or down-regulate macrophage activation (Szura-Sudol, 

1983; Hasday et al, 1990; Janicke and Mannel, 1990; Sotomayor et 

al, 1991; Hannigan et al, 1992; Zembala et al, 199{; Shrivastava 

et al, 1.995; l?eters et al, 1.995; Kumagai et al, 1995). Such 

alterations are mediated by direct macrophage-tumor cell contact 

and or release of soluble mediators by the tumors. The factors 

{tumor membrane-associated or · secreted) involved in 

immunomodulation in the tumor-bearing host are discussed 

separately, elsewhere in this chapter. 
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Macrophage tumor cell interaction has also been studied in 

vivo with respect to the tumor~!:JCia~e~--'!l~~E~El:-~.9~~-- ('1:M1l . TAM 

represents a major component of lymphoreticular infiltrate of the 

tumors and they have a complex relationship with the neoplastic 

cells. On the one hand, the two cell types produce reciprocal 

growth factors and may be considered ':.o have a symbiotic 

relationship. on the other hand, TAM can be activated to inhibit 

tumor growth and destroy the neoplastic cells {Mantovani et al, 

1992). · The extent of macrophage infiltration into tumor cf same 

histologic type can vary widely. However, the percentage level of 

TAM !:or each tumor is maintained as a relatively stable property 

of a particular tumor during growth and on transplantation into 

syngeneic hosts (Mantovani et al, 1986). The proportion of TAM iS 

higher soon after secondary implantation at distant sites and 

decreases thereafter, suggesting that therapeutic approaches 

targeted to TAM have a better chance of controlling metastatic 

diseases when applied early during progression (Mantovani et al, 

1992) . 

Evidences suggest that TAM are not potent effectors of the 

tumoricidal activity in the absence of an appropriate stimulatio11 

(North and Nicolson, 198Si McBridge, 1986; Mantovani et al, 1992; 

Andreasen, 1993) except in case of only a few tumor models whel-e 

TAM were found to be more cytotoxic than the normal" jn~-ciophages 

(Evans and Alexander, 1971; Chapes and Gooding, ~985i 
.. 

"?amazakl 

and Okutomi, 1989}. A defect in the macrophage tum'oricida:l 

activity has been reported in the tumor-bearing animals (Garraud 

et al, 1988; Kan-Mitchel et al, 1985; Kerrebij in e~- al, 1994; 
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Skew et al, 1993; Walker et al, 1993} . Cameron and Stromberg 

(1984) reported that macrophages obtained from the patients with 

head and neck cancer were not cytotoxic towards the tumor cells 

in vitro. Allen and Hogg (1987) found no histological evidence 

for a cytotoxic role of macrophages in colorectal tumors. 

It has also been suggested that the manifestation of the TAM 

activation is dependent upon the stages of the tumor growth 

{Nakahashi et al, 1984; Gangemi et al, 1985; Duffie and Young, 

1991). The progressive tumor growth has been associated with 

modification of macrophage cytotoxic and immunoregulatory 

functions in animal systems (North and Nicolson, 1985; 

Chattoppadhyay et al, 1986) as well as in humans (Nakata et al, 

1985). In lung cancer patients, the antitumor activity of 

alveolar macrophages is not affected at initial stages of the 

tumor growth, whereas, in the advanced stages, their activity got 

suppressed (Kuda et al, 1987) The monocyte functions with 

respect to the production of IL-l and TNF in non-Hodgkin's 

lymphoma-bearing patients was found to be unaltered (Kanchan et 

al, 1991). In the contrary, progressive growth of the C57BL/65 

sarcoma was found to be associated with a systemic increase in 

level of IL-l activity in TAM (Evans and Haskill, 1983). 

Studies have also shown that tumors containing a higher 

concentration of macrophages were less metastic than those tumors 

which had a relatively lower macrophage content (Eccles and 

Alexander, 1974; Eccles, 1978) A number of subsequent studies 

have provided clear evidences that TAM indeed react with the 
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tumor cells, however, the final outcome of macrophage-tumor 

interaction depends on several factors including the type and 

state of tumor. For example, macrophage a recovered from an 

immunogenic non-metastic murine sarcoma were cytotoxic, whereas 

those from weakly immunogenic metastasizing variants of the same 

tumor were stimulatory to the tumor growth (Mantovani, 1978 l . 

Similarly, macrophages derived from regressing Moloney sarcomas 

were found to be cytotoxic whereas those t"rom progressing 

sarcomas did not influence the tumor growth (Russel and Mcintosh, 

1977) . Thus TAM can either be cytotoxic or stimulatory for the 

proliferation of tumor cells or may have no effect at all (Milas 

et al, f987). In the recent years a nur.'lber of soluble mediators 

emanating from the tumor and/or the host cells have been 

identified which can alter the various antitumor properties of· 

the macrophage a. These factors are dealt with in details 

elsewhere in this chapter. 

The literature cited above clearly show that the tumor cells 

can activate as well as inhibit macrophage functions depending on 

the type of the tumor and stage of growth or culture conditions 

in vivo or in vitro, respectively. The macrophages can not only 

contribute to tumor inhibition by exerting cytotoxic or 

cytostatic responses against tumor cells but can also facilitate 

tumor progression and metastasis (Fidler and Kleil"~l.-IL<:.n, 1984; 

DeBaetselier et al, 1985; Mills et al, 1992 i Mant.ovani et al, 

1992). In addition, macrophages contribute to the regulation of 

other cells that are important in tumor immunity, including T

cells, NK cells, and LAK cells {Bloom and Babbitt, l985; DeBoer-
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et al, 1982; Schulof et al, 1981; Roth and Golub, 1988). Thus, it 

appears that the macrophages provide a ve:cy vital site for 

therapeutic exploitation of the host immune response against 

tumors with a hope of at least slowing down the tumor growth. 

1.5 MECHANISMS OF IMMUNOSUPPRESSION IN THE TUMOR-BEARING HOST 

The literature on tumors is replete with references to the 

existence of immunosuppression in tumor-bearing hosts. Tumors 

have been desciibed not only as a direct source of 

immunosuppressive factors but also as inducers of 

immunosuppression that derives from the host's own regulatory T 

cells and macrophage a (reviewed in Stuttman, 1975; Schatter et 

al, 1984; North, 1985; Elgert and Farrar, 1978; Naor, 1979). 

Treves et al (1976, 1984) showed that T lymphocytes from tumor-

bearing mice had the ability to suppress host resistance to a 

syngeneic tumor. The importance of tumor- induced suppressor T 

cells in animals possessing P815 mastocytoma, MethA fibrosarcoma 

and renal cell carcinoma has been well demonstrated by a number 

of investigators ( Dye and North, 1984; Bear, 1986; Schatter et 

al, 1984; Gregorian and Batt.~sto, 1990a,b). The phenotype of T 

suppressor cells seems to vary in different tumor systems. For 

example, predominantly Lyl-2+ suppressor cells are important with 

some mouse tumors (Mule et al, 1985) while the presence of Lyl+ 

~ suppressor cells has been reported in response to chemically 

induced sarcomas and P815 mastocytoma (Dye and North, 1981; North 

.and Bursuker, 1984). 

In addition to T cells, macrophages have been implicated as 
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suppressors of various immune responses in tumor-bearing hosts 

(Elgert and Farrar, 

1984). Sene et al 

1978; Fujii et al., 1987; Kadhim and Rees, 

(1987) have shown that normal human alveolar 

macrophages suppress the induction of IL-2-activated killer (LAK) 

cell activity against allogeneic Burkitts lymphoma (Daudi) cells. 

Gregorian and Battiste (1990) have demonstrated that the 

macrop-hages from renal carcinoma-bearing mice suppress the 

generation of LAK and NK cells in vitro by synthesizing 

prostaglandins. It has also been shown that macrophages from the 

tumor-bearing host significantly suppress both foreign and self 

H2d-restricted CD4+ T-cell proliferation through soluble mediator 

molecules (Walker et al, 1992) . Tumor- induced changes in the 

macrophage accessory activities also significantly suppress T-· 

cell recognition of the allogeneic and syngeneic MHC class II 

molecule (Yurochko et al, 1989; Walker et al, ·1992). 

Phenotypically, tumor-bearing host macrophages express fewer MHC 

class II molecules on their surface and are unresponsive to 

stimuli such are GM-CSF, which induce the MHC class II molecule 

expression. Functionally, the tumor-bearing host's macrophages 

demonstrate altered responsiveness to numerous cytokines (Walker 

et al, 1993}. Recently, it has been demonstrated that the tumc.~· 

growth causes syngeneic macrophages to suppress autoreactive 1' 

cell proliferation by decreasing macrophage class II expression 

and increasing macrophage production of suppressor molecule PGE2 

(Alleva et al 1994). 

Even B-cells have not escaped uncharged as suppressor cells 

and several investigators have identified anti-Ig-sensitive, B-
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cell-like cells capable of suppressing in vitro responses to 

various mitogens {Kilburn et al, 1974; Gorczynski, 1974). 

Although the exact mechanism of tumor-mediated induction of 

host suppressor cell phenotypes and their subsequent effect on 

the host effector and/or regulatory cells has not been 

elucidated, several soluble factors have been implicated in the 

process. These factors are discussed in the following section. 

1.5.1. Trans£or.mlng growth factor B (TGF-B) 

Probably the best characterized among cancer-related 

(TGF-15) . TGF-B was identified as a tumor-associated ---------
immunosuppressive molecule following a series of studies of 

immunosuppression in glioblastoma (Siepl et al, 1988; Bodmer et 

al, J.989). Further work showed that TGF-B mRNA was found in all 

tumors tested (Derynk et al 1987) and that the protein was made 

by many tumor cell lines (Sulitzeanu, 1992). TGF-B was also 

demonstrated in ascitic fluids of patients with ovarian (Hirte 

and Clark, 1991) and breast cancer (Sulit:teanu, 1992), and in 

ascitic fluid of mice bearing plasmacytoma (Berg and Lynch, 1991) 

or hepatoma (Tada et al, 1991) . TGF-B is produced by various 

transformed as well as normal cells (Wakefield et al, 1987; 

Alleva et al, 1.99.4) and has a wide range of biological activities 

including irnmunosupression (Palladino et al, 1.990). TGF-B 

inhibits T- and B-cell proliferation (Wahl et al, 1988); it 

inhibits LAK and CTL generation (Smyth et al, 1.991; Tada et al, 

1991), NK cytolytic activity (Rook et al, 1986), and macrophage 
' 
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oxyge~ metabolism (Tsunawaki et al, 1988}. It down-regulates the 

expression of IL-2 receptor (Kehrl et al, 1986). TGF-B has been 

shown to suppress inducible NO synthase activity in rnacrophages 

by decreasing stability and translation of inducible NO synthase 

gene and by increasing degradation of inducible NO synthase 

protein (Vodovotz et al, 1993). Recently, Boutarci. et al (1995) 

have demonstrated that TGF-B also up-regulates arginase activity 

of macrophages with a resultant increase iP.. polyamine release. 

These findings partly explain why TGF-B can suppress macrophage 

cytotoxicity toward tumor cells. 

TGF-B is probably responsible for 

immunosuppressive activities attributed 

lymphocytes and macrophages (Tsunawaki et al, 

many of the 

to "suppressor" 

1988 I . The role of 

TGF-B as a mediator of suppressor cell activity is nicely 

demonstrated by the work of Wahl et al (1988), who showed that 

the immunosuppression induced 

streptococcal cell walls was 

in rats by injection of 

due to TGF-B released 

GpA 

by 

macrophages. Li et al (1993) have demonstrated that there is an 

increase in TGF-S production in tumor-bearing state along with a 

progressive increase in the TGF-B susceptibility of anti-tumor 

CD4 cells. These findings firmly establish the role of TGF-B as 

one of the most important mediators of immunosuppression in the 

tumor-bearing host. 

1.5.2 Prostaglandin B2 (PGB2 ! 

PGE2 is produced by many tumor cells (Fulton et al, 1985; 

Alleva et al, 1994) as well as by activated macrophages (Hardy 
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and Balducci, 1986; Elmasry et al, 1987; Myers et al, 1989}. 

Evidence have indicated that these arachidcnate metabolites are 

involved directly in the initiation of tumoral process or 

indirectly by their negative feedback effect on the immune 

response and myelopoiesis (Fisher, 1985; Fletcher, 1989). Release 

of PGE2 by macrophages upon activation wit'·1 LPS or with tumor

derived signals have been shown to affect ~heir own tumoricidal 

capability {Schultz et al, 1978; Taffet and Russel, 1981). 

Indeed, evidence has demonstrated elevated PGE 2 release by 

macrophages from tumor-bearing mice (Watson et al, 1991; Pel us 

and Bockman, 19.79; Sotomayor et al, 1991) and the mechanism of 

immunosuppression by TAM has been shown to.involve prostaglandins 

(McBride, 1986). Macrophages synthesizing PGE2 have been shown to 

inhibit human T cell proliferation by affecting the T cells at an 

early step of the activation process {Gemsa et al, 1982). PGE2 

f has also been shown to trigger the generation of suppressor T 

\ cells (Webb and Nowoweiejski, 1981) . The over production of PGE2 

by tumor-bearing host macrophages not only suppress CD4+ T-cell 

response but may also account for the modulation of CDS+ T-cell 

differentiation signal {Gregorial and Baltisto, 1990) . Watson et 

al (1991) have, however, demonstrated that the B-cell responses 

are suppressed via PGE2 production by tumor-bearer macrophages, 

while the T-cell responses are relatively refractory to PGE 2 -

mediated down-regulation. 

Although this PGE2 overproduction has been implicated in the 

decrease of macrophage cytotoxic activity during tumor 

progression {Parhar and Lala, 1988; Taffet and Russel, 1981): 
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this mechanism does not appear to account for the depressed 

cytolytic capability of macrophages from all the tumor-bearing 

mice (Duffie and Young, 1991; Sotomayor et al, 1991). Further, 

prostaglandins may not inhibit all the parameters of turnoricidal. 

activity of macrophages. EL4, a T cell lymphoma has been shown to 

produce PGE2 (Mahan et al, 1985). However, EL4 has been r~ported 

to enhance the production of TNF by peritoneal macrophages in an 

in vitro coculture (Hasday et al, 1990). 

1.5.3 Inter1eukin-10 (IL-10) 

IL-10 is a 35 -~P.e. pleitropic cytokine that regulates immune ___ ,. __ ~------·----'-·-"' 

and inflammatory responses. It is produced by cells of the 

monocyt_i<:__}i!leage, Th1 clones, B cells and mast cells (Howard and 

O'Garra, 1992). Several tumor cells have also been shown to 

produce IL-10 (Alleva et al, 1994; Kambayashi et al, 1995}. IL-10 

might play a critical role in modulating an anti-tumor immune 

response, since IL-10 may inhibit proliferation of T cells and 

down-regulate constitutive and IFN' Y-induced MHC class II 

expression (Wall et al,1991; Geng et al, 1994). Among its 

activities, IL-10 is a potent inhibitor of macrophage functions 

including cytokine synthesis, cytotoxicity, !a expressi0n, 

respiratory burst and antigen presentation (Kambayashi et al, 

1995; Oswald et al, 1992; Ding and Shevach, 1992). IL-10, 

secreted by neoplastic cells themselves, either alone or in 

combination with TGF-B and MDF, has been shown to down-regulate 

the mRNA expression and production of TNF, IL-l and IL-6 protein 

in macrophages (Fiore~tino et al, 1991). Contrary to the reports 

implicating IL-10 in the down-regulation of immune functions, 
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several studies have described roles of IL-10 in augmenting 

immune responses via the enhancement of T-cell cytotoxity 

(Schwartz et al, 1994; Kurt et al, 1995), Chemot-axis (Jinquan et 

al, 1993) and proliferation (Chen and Zlotnik ("1991). In a recent 

1study it was shown that IL-10 inhibited antitumor immunity only 
! 
:!'if antigen presenting cells were exposed ~o IL-10 prior to GM-CSF 

iexposure. ,, 
,, 

In contrast, simultaneous exposure of antigen 

1presenting. cells to both IL~10 and GM-CSF had no effect upon 

~induction of antitumor immunity (Beissert et al, 1.995). These 

observations, therefore, indicate that IL-10-mediated effects may 

not necessarily be immunosuppressive, but rather exert 

pleiotropic effects dependent on the tumor microenvironment. 

1..5.4 Granulocyte Macrophage-Colony Stimulating Factor (GM-CSF) 

GM-CSF is known to stimulate bone marrow precursor cells to 

proliferate and differentiate into granulocytes and macrophages 

that participate in a variety of functional activities ( Metcalf, 

1986). Although there are reports of a relRtionship between 

hemopoiesis and suppressor cells (Fu et al, 1990, 1991), the 

consequences to the immune system of hematopoietic alterations 

need further elucidation. Tumor production of GM-CSF leads to 

myelopoietic stimulation in the host mice and, consequently, an 

increase in the number of immunosuppressive GM progenitor cells 

in the bone marrow, spleen, and within the tumor mass (Young et 

al, 1994; Young et al, 1989; Hardy and Balducci, 1985; Tsuchiya 

et al, 1988; Fu et al, 1990, 1991). Mazzel et al (1990) have 

presented data suggesting t:.hat GM-CSF provides a signal to 
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macrcphages to become inhibitory macrophages. In fact, 

differentiation of the cells from monoblasts to adherent 

macrophages is an absolute requirement for induction of 

suppressive macrophages. These suppressor cells not only inhibit ___ ,.,..~,~·-'""'"' 
~~ ·---~- ------

T-cell functions, but also facilitate tumor establishment and 

metastasis (Young et al, 1994; Young et al, 1995). GM-CSF has 

also been reported to have direct inhibitory effect. on the 

capacity of peritoneal macrophages to kill tumor target cells 

upon LPS stimulation (Sotomayor et al, 1991). GM-CSF produced by 

many tumor types, especially adenocarcinomas, has been reported 

to inhibit the macrophage-mediated cytotoxicity (Tsuchiya et al, 

1988; Sotomayor et al, 1991; Takada et al, 1991). On the 

contrary, there are various reports of activation of macrophage 

tumoricidal functions by GM-CSF (Grabstein et al, 1986; Cannistra 

et al, 1988; Coleman et al, 1988; Sisson et al, 1988). GM-CSF has 

also been reported to stimulate monocytic up-regulation of LAK 

induction by IL-2 (Singh et al,1989}. 

From these reports, it appears that GM-CSF may not have a 

direct immunosuppressive effect in the tumor-bearing mice. 

Additional studies reveal that the tt:.mor-induced GM-progenitor 

cells mediate their immunosuppression, in part, through their 

production of TGF-B (Young et al, ~992) or PGE {Hancock et al, 

1988). Moreover, as it has been stated earlier, GM-CSF-induction 

of immunosuppression was effective only if followed by the 

exposure of the antigen presenting cells to IL-10 (Beissert et 

al, 1995) 

29 



1.5.5. Other Factors 

Apart from the above mentioned well-characterized fact ore, 

there are lots of other factors secreted by tumor cells or tumor

moclulated host cells participating in the immunosuppression. Ding 

and Nathan (1990) have isolated a macrophage deactivating factor ...;c;;:.:c=.=::;:::=.;::__;:. ____ ~ •. 
'~ .. -~---

(MDF) from P815 mastocytoma that suppresses macrophage 

tumoricidal activity. Lymphocyte blastogenesis inhibitory factor 

(LBIF), produced by the 0937 macrophage cell line arrests lectin-

stimulated T-cells at early Gl phase~ and it acts on both human 

and murine lymphocytes {Sulitzeanu, 1992}. 

An inhibitor of chemotaxis, antigenically related to the 

retroviral transmembranal (TM) immunosuppressive protein plSE is 

coproduced with chemotactic factors by sertain ·tumors (Snyderman 

and Cianciolo, 1984; Wang et al, 1986). The p51E-like factors, 

presently called as TM factors, have ~ suppressive effect not 

only on monocyte chemotaxis but also on the functions of various 

cells of the immune system (Cianciolo, 1990; Lindeskog et al, 

199.3; Lindvall and Sjogren, 1991). 

Macrophage chemotactic protein-1 (MCP-1} is a proinflammatory 
---------·· . -····--·----~--- ..... --~~~~. ··--<· .. -""" "" 

cytokine t.hat stimulates chemotaxis of peripheral blood 

monocytes. In addition to being a chemoattractant, it is also an 

important tumor-derived factor for the regulation of TAM in 

certain tumors, including sarcomas and gliomas {Bottazzi et al, 

1992; Mantovani et al, 1993). This chemokine has been reported to 

be involved in the inhibition of macrophage anti-tumor functions 

{Mantovani et al, ~992). 
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Nitric oxide (NO), a molecule produced by a variety of. cells 

including macrophages, has been described as inhibiting 

alloantigen- and Con A-induced proliferation of rat splenocytes 

(Hoffman et al, 1990i Mills, 1991). Further reports have strongly 

implicated NO in the tumor-induced immunosuppression in rats 

(Lejuene et al, 1994). RNI, which is a major cytotoxic/cytostatic 

mediator secreted by activated macrophages is believed to be an 

inhibitor of immune functions against tumors (Geimsa et al, 1982; 

Pelus et al, 1979; Webbs et al, 1990). 

The oxygen intermediates (superoxide anion and H2o 2 l, 

produced by macrophages and granulocytes, have potential 

immunosuppressive activity along with their tumoricidal and 

microbicidal activity. It has indeed been demonstrated that H2o 2 

contributes to the suppression of lymphocyte proliferation by 

activated macrophages (Metzger et al, 1980). 

Increased levels of IL-6 have been reported in the sera from 

hepatoma and fibrosarcoma-bearing mice (Utsumi et al, 1990) A 

variety of tumor cells including various carcinoma, sarcoma and 

lymphoid tumor cells are known to produce IL-6 (Kirnbauer et al, 

1989i Van Damme et al, 1987). IL-6 produced in tumor-bearing 

state by the tumor cells themselves or by macrophages and/ or the 

T-cells, especially Lyt-2+ subset (Utsumi et al, 1990) This 

cytokine may function to correct the suppressive imr,mne 

reactivity through its T and B cell differentiation/proliferation 

activities (Kishimoto et al, 1987 i Garman et al, 1987; Takai et 

al, 1988). Alternately this pleiotropic cytokine may be involved 
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in the generation Of immunosuppression through its capacity to 

stimulate acute phase proteins (Gauldie et al, 1987). It is also 

possible that IL-6 further regulates other cytokines that have 

the potential to affect host's immune responses. 

IL-4, that is mainly produced by Th cells and by some tumor 

types also inhibits the tumoricidal and microbicidal functions of 

macrophages (Sands et al. 1994}~ 

The membrane components of the tumor cells have also been 

shown to participate in the alteration of immune response. A Few 

studies have shown that the tumor-derived .g e::a:.:n:cg;,cl:..~osi.~_:;- can 

inhibit the macrophage-mediated cytotoxicity and other accessory 

functions (Ladisch et al, 1984} as well as production of 

cytokines like TNF (Ziegler-Heitbrock et al, 1992) and IL-l (Jeng 

et al, 1988, Hoon et al, 1989). Furthermore, a significantly 

increased level of gangliosides has been observed in the ascites 

as well as in the serum of the cancer patient$ {LadisCh and Wu, 

1985; Saha and chattopadhyay, 1988; Bernhard et al, 1989). 

Janicke and Mannel (1990) identified two different membrane 

protein fractions with relative molecular mass of 46 to 56 kDa 

for tumor cell lines K562 (pro-erythromyeloid cell line) and 32 

&0-38 kDa for Jurkat (T cell line) that stimulate human monocytes 

to accumulate TNF- mRNA in vitro. 

Several murine and human tumor cell lines stimulated TNF-a 

production by murine macropbages owing to an extractable activity 

from tumor cell membranes (Hasday et al, 1990). The activity was 

subsequently ·character.ized as a soluble product of approximately 
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40 kDa which was released from K562 erythroleukemia as well as 

from several small lung cell carcinoma cell lines to induce TNF-a 

release from human monocyte -derived macrophages (DeMarco et al, 

1992). 

KS62 cells were reported to release another low molecular 

weight soluble factor of 8 kDa, referred to as i~hibitory factor 
....-. --~~·.' -~· 

1 (IFl), which inhibited adherence-related functions and oxygen-

dependent bactericidal activity of neutrophile (Amar et al, 

1991) . 

Studies show possible existence of a short lived, local 

acting down-regulator of macrophage cytokine activity, produced. 

by tumor cells irrespective of the presence of macrophages 

(Hannigan et al, 1992). The in vitro expanded TIL from ovarian 

and breast cancer patients produced heparin binding epidermal 

growth factor (hbEGF) and basic fibroblast growth factor (bFGF) 

(Goedegebuure and Eberlein, 1995). These factors, thought to be 

exclusively produced by macrophages, were also produced by PBL 

(Blotnick et al, 1994) . These growth factors may be actively 

contributing to the growth of tumor in vivo. 

P815, a mastocytoma was shown to regulate the intra- tumor 

macrophage arginine metabolism via the production of a variety of 

products that have potential influence on the macrophage arginine 

metabolism. Nathan and co-workers (Srimal and Nathan, 1990; Ding 

et al, 1990) have isolated a protein from several murine tumors 

that regulates the nitric oxide synthase pathway in macrophages. 

P815 has also been shown to secrete one such factor which plays a 
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role in down-regulating the nitric oxide synthase pathway during 

progressive P815 tumor growth (Ding et al, 1990). 

Murine sarcoma cell lines produced one or more activities 

that regulated IL-1a, IL-18, TNF-a and IL-6 gene transcription in 

murine macrophages (Evans et al, 1991}. Tumor-derived recognition 

factor (TDRF} is a soluble factor produced constitutively by P815 

mastocytoma, L1210 leukemia a:nd other murine tumor cells, 

synergize with IFN-Y amd IL-2 to promote TNF-a mRNA synthesis and 

release by murine macrophages for increased autocrine induction 

of nitric oxide (NO) (Jiang et al, 1992, 1995}. Interestingly, 

tumor cell lines that did not produce TDRF were confirmed to be 

more resistant to killing by IFN-Y and LPS activated macrophages 

(Jiang et al,l995) 

Immunosuppression in a tumor-bearing host may involve one or 

more of these factors at a time. Moreover, apart from the 

immunosuppressive factors, tumor cells also induce the production 

of immunostimulatory cytokines, such as TNF and IL-l Jiang et al, 

1995; Suziki et al, 1992; Schwartzentruber et al, 1991), which 

may, however, decline in concentration or their functions are 

negated by immunosuppressive factors, during later tumor-bearing 

stages. Since the efficacy of an antitumor immune response is 

codetermined by the net effect of stimulatory and inhibitory 

cytokines, a detailed understanding of the stimulatory/inhibitory 

mOlecules and their activity during different .tumor-bea.ring 

stages, with respect to each tumor type, is critical for the 

design of clinical protocols. 
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REVERSING THE TUMOR-MEDIATED IMMUNOSUPPRESSION BY MEANS OF 

IMMUNOPOTENTIATORS 

Recently lots of attention is being focussed on the 

therapeutic intervention of the host-tumor interact-ion towards 

restoration of the diminished immune response enhancing specific, 

or non-specific antitumor activity of the host. >.. number of 

natural products and synthetic immunopotentiators, also termed as 

biological response modifiers (BRM} have been made available for 

use in active immunotherapy to stimulate the host antitumor 

immunity. BRM are defined as those agents or approaches that have 

the capacity to modify the host's biologic response to tumor 

cells by altering the effects (toxic, immunomodulatory, 

therapeutic) of many antineoplastic drugs in an attempt to 

improve their therapeutic index or the efficacy in drug resistant 

tumors (Oldham, 1983; Mihich and Fefer, 1983; Foon, 1989). 

Among biological response modifiers (BRM), immunostimulating 

agents augment the host immune response against tumor ce.lls 

(Oldham, 1983). These fa'll into two major groups i.e. natural and 

synthetic. Natural BRM include bacterial products such as 

bacillus Calmette-Guerin (BCG) (Mizutani et al, 1994) ' 

Corynebacterium parvum (P. acnes) (Shu et al, 1989) and 

Streptococcus pyrogenes (OK-432) (Uchida and Micksche, 1983; 

Saito et al, 1986) ;cytokines such as IL-2, IFN-Y; hormones~ plant 

products; fungal products such as the protein bound 

polysaccharide derived from Coriolus vesicolor (Basidiomycetes; 

PSK) (Vanky et al, 1992; Hirai et al, 1993); and products of 
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tumor origin. The synthetic BRM include several synthetic 

oligopeptides, pyran copolymer MVE [Maleic~nhydride divinyl 

ether, poly I: C pyrimidines, FKS65, synthetic MDP [Muramyl 

dipeptide] and cancer chemotherapeutic compounds like cisplatin, 

mitomycin C, adriamycin etc. 

The mechanism of the antitumor effects of BRM have not been 

elucidated. Until recently, BRM were considered to effect the 

eradication/containment of tumor by non-specific stimulation of 

the T-cells, NK eels and macrophages. However, Ozaki et al (1995) 

have reported that BRM act as a nominal antigen but not as a non

specific immunostimulator. ,According to them, some BRM exert 
• 

tumoricidal activities by inducing T cells that recognize them as 

an antigen and kill tumor cells in an antigen-specific manner. 

The T cells killed tumor cells in a TNF-dependent or a 'J'NF-

independent manner. The mediator of the killer pathway remains to 

be elucidated. 

FK565 

The interest in the search for immunomodulating agents 

gathered momentum during the the last two decades. In fact, many 

BRM were made available for rendering the T-cells, NK cells and 

.macrophages tumoricidal. Most of these agents, however, were 

associated with undesirable side effects, ·such as allergic 

reactions, which was all the more reason for the discovery and/or 

synthesis of new immunopoten~iating agents with much lower 

toxicity. The Research Laboratories, Fujisawa Pharmaceutical Co. 

Ltd., Osaka, Japan, reported the isolation, from cultures of 
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S r::rep tomyces __ ?! __ i va~e!:_eogr i seus, of a lactoyl tetrapeptide (FK-
~ -- -· -~=-~ 

156) (Kawai et al, 1982), which is the principal component of the 

peptido__g_J.y_g_§:p. structure of the bacterial cell wall. Soon, an ·-"---- ---------·-- "'''". --- ··-·--·-·---·---

analogue of FK-156 was synthesized. termed as FK-565 . 
..... -----

FK-565, [D-Lactyl-L-Ala-Y-D-Glu-{L}meso-a,e-diaminopimelic 

acid (L) -GlyOH] (Figure 1.1), is an acrylpeptide (molecular 

weight 503 daltons) composed of heptanoic acid and three amino 

acids: the heptanoil moiety is at the N-terminal of D-glutamic 

acid and an N-(meso-2, 2-diaminopimeloyl)D-alanine residue is at 

the Y-C terminal of the D-glutamic acid (Henmi et al, 1982). It 

was interesting to note that -FK-565 possessed various 

immunological activities despite lacking the sugar moiety which 

had, till then, been considered necessary for the biological 
' 

' ' act1vtty of peptidoglycan (HaSegawa et al, 1981). Thus, 

elucidation of the structure-activity relationship of the 

derivatives showed that the glutamyl-diaminopimelic acid moiety 

is the minimal and essential structure for these activies (Henmi 

et al, 1982). The extensive screening of synthetic derivatives 

structurally related to FK-1.56 resulted in the discovery that 

acyltripeptide, FK-565, (MW-502) a synthetic derivative of FK-

156, enhanced antitumor host defense activity (Izumi et al, 

1983) 

FK-565 was found to have one of the broadest spectrum of 

immunostimulatory and anti-tumor properties, being active in all 

in vitro and in vivo systems, which on a comparative basis ·was 

superior to FK-156 and many other BRM (Mine et al, 1983a,b; 
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Yokota et al, 1983; Watanabe et al, 1985; Weigman et al, 1985; 

Talmadge et al 1 1985, 1989). The immunotherapeutic potential of 

several biological materials has been compared in the same 

experimental and spontaneous metastasis models. In these studies, 

FK-565 1 along with poly{I,C)-LC and recombinant IFN-Y, ranked 

highest for the therapy of experimental metastasis (Talmadge et 

al 1 1985, 1989}. FK-565 has been shown to augment the tumoricidal 

,]•_,~)~. 'l activity of NK cells, peritoneal macrophages, alveolar 
. 0 ~ ,\,f: i

1 
macrophages, T lymphocytes and IL-2 induced LAK cells of mice in 

- . ··-">" ' 

~vitro as well as in vivo (Talmadge et al, 1989; Inamura et al, 

1985; Sene et al, 1984; Basu et al, 1991). Moreover, systemic 

administration of FK-565 was found to be effective in inhibiting 

experimental pulmonary metastases of 816 melanoma cells (Inamura 

et al, 1985). FK-565 also activate human blood monocytes to 

tumoricidal state in synergy with riFN-Y (Sene et al, 1988; 

Inamura et al, 1989}. However, whether FK-565 actually restores 

the activity of these effector/regulator cells in animals with 

progressively growing tumor is not known. 

The mechanism of FK-565 action is not clearly understood. 

Because of th.e structural similarity between FK-565 and MOP it is 

worthwhile ·to consider that the mechanism of action of these two 

agents might also be similar. Macrophages have been shown to 

produce biologically active molecules, such as IFN-Y 1 TNF 1 CSF, 

FGF and IL-l (Adam and Lederer, 1984; Galelli and Chedid, 1983; 

s-tevenson et al, 1985; Riveau et al, 1980) when activated by MDP 

in vitro. Therefore, it is possible that the multiple effects on 

cells of the immune system and the antitumor effects of FK565 

38 



might be mediated not only by the direct effects produced in 

these cells but also by regulatory circuits mediated by several 

factors secreted by the:se cells. The effect of FK-565 on the 

production of such bioactive molecules by different immune cells 

in the tumor-bearing state remains to be worked out. 

CONCLUDING RI!MARltS 

On the basis of the literature cited above, the following 

generalizations with respect to the relationship of t~e tumor and 

the host immune system can be derived: 

1) Both the specific and non-sp~cific arms of the immune system 

participate in the immune response against the tumor. 

2) Some tumor types augment the cytolytic activity of various 

immune cells in vivo during early stage of tumor growth or in 

vitro, and this augmentation is generally mediated by 

substances associated with the tumor membrane. However, 

progressive growth of a tumor invariably results in an 

immunosuppression, with defects in the T helper and effector 

functions, macrophage cytotoxi,c and accessory functions, B

cells and NK cells. 

3) Tumor infiltrating lymphocytes and mac~ophages (TIL and TAM), 

although present in considerable numbers. does not seem to 

play a significant role in the rejection or containment of 

tumor. On the contrary, they often have a dubious distinction 

of promoting the tumor growth. However, when expanded and/or 

activated in vitro, TAM and TIL do exihibit tumoricidal 
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activity. 

4) The immunosuppression in the tumor-bearing host is mediated by 

soluble factors secreted by the tumor cells or by the host 

cells in response to tumor-derived signals. 

5) Tumor cells also activate suppresser mechanisms in the tumor

bearing hosts to override the host immune response. Suppressor 

functions have been associated with the T-cells as well as 

macrophages and it involves soluble mediators, many of which 

have been well characterized. 

6) Most of the soluble mediators are seen to have pleiotropic 

functions. It, therefore, appears that immunosuppression in a 

tumor-bearing host is in fact a result of the presence of 

several pleiotropic molecules in the milieu creating an 

unfavourable cytokine balance, rather than the individual 

suppressive effect of some part Lcular mediator {s). 

Investigations have been carried out :.o see the effect of 

different individual cytokines on various components of the 

immune response, where as not much week seems to have been 

done to elucidate the overall effect of several cytokines 

together, on the immune response. 

7} The effect of different tumor cells On the immune functions 

varied from tumor to tumor in vitro as 'well as in vivo. 

However, a clear cut generalization could not be 

regarding the mechanism involved, due mainly to 

incongruence in the parameters chosen for study. 
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Figure 1. Chemical structure of FK565. 
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