
DISCU~SION 

Immune response to malignant tumours has long been 

the subject of study of immunologists which received its 

major impetus only during 1960s. The diverse array of tumour 

cell surface antigens, especially on the chemically-induced 

tumours, always posed problem in developing specific immune-

logical measure against malignancy. Non-specific approaches 

were directed mostly towards stimulating the reticulo-endo-

thelial system of hosts with the agents containing killed 

microrganisms (Halpern et al, 1966; Old et al, 1969; Mathe 

et al, 1969b; Mitchison, 1970: Mathe, 1971: Mathe et al, 1972; 

Hersh, 1973; Milar ~ al, 1974; Pu~nell et al, 1976; Klein and 

Halterman, 1977; Hawrylko, 1977; Prim and Baldwin, 1977; wood-

ruff and Warner, 1977; Gupta et al, 1978; Ray et al, 1979; 

Fredman, 1980; Ray et al, 1980; Elkappany et al, 1980; Meyata 

et al, 1983) or with the help of agents of plant origin (Wall 

and Wani, 1977; Suffness and Douros, 1979; Fletcher ~ al, 

1980; Jika et al, 1983). The function of graft rejection, 

including tumour grafts has been ascribed to the T lymphocytes 

(Daynes et al, 1979; Herberman et al, 1980; Keder and Weiss, 

1:981; Green, 1981; Prowse et al, 1983}; thus stimulation of 

these cells possibly promises more of a specific approach. 

Concanavalin A (Con A) is known to activate only the T lympho--

cytes in such a way so that different clones of T lymphocytes 

can mount immune response polyspecifically. Several authors 
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have shown that Con A stimulates T cells in vitro to diffe

rentiate into polyspecific killer cells against allogeneic 

and tumour target cells (Stobo and Paul, 1973; Waterfield 

et al, 1975; Heinenger, 1976; Chakravarty and Clark, 1977; 

Green et al, 1978; Chakravarty, 1980). Earlier works in our 

and other laboratories indicated the similar phenomena even 

with in vivo stimulation of T lymphocytes by Con A (Anaclerio 

et al, 1974; Waterfield and Waterfield, 1976; Choudhuri and 

Chakravarty, 1981; Chakravarty and Choudhuri, 1983). Objec

tive of our present study was to see whether such in vivo 

polyclonally stimulated lymphocytes could act against chemi

cally-induced tumour cells, where multiplicity of cell surface 

antigens is encountered. 

Earlier works of Choudhuri (1983) wndicated that SO~g 

of Con A/animal was effective in activating T cells and fur

ther differentiating them into cytotoxic killer cells against 

allogene~c targets. Here, we have shown that 50Jg of Con A/ 

animal indeed is the optimum dose for inducing blastogenesis 

(Fig.2C) and characteristic level of incorporation of radio

active thymidine by the activated lymphocytes (Fig.3). Higher 

doses of Con A than SO~g/animal could initially boost the 

level of blastogenesis as it has been observed by us (Fig.~d) 

and Waterfield et a1Cl975) and Waterfield and Waterfield (1976), 

but most of these cells became physiologically exhausted and 

died earlier as observed by Choudhuri and Chakravarty (1981). 
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Gunther et al (1973) also observed nearly cent per cent 

death of activated lymphocytes by 72 hr after injection of 

more than 100 pg of Con A/animal. Thus the dose of 50 ~g of 

Con A/animal was considered to be optimum for our purpose. 

The lymphocytes activated with this dose of Con A were used 

throughout the study to test the efficacy of polyspecifically 

activated lymphocytes towards MCA-induced tumour cells. 

Lymphocytes activated in vivo is with Con A could 

restrict the growth of a tumour piece transplanted together 

in the anterior eye chamber (Group B, Table 4). The inhibition 

of tumour growth could easily be ascertained by the inhibition 

in the degree of blood vascular reactions observed upto 25 

days (Plate 5), since growth of neoplastic tissue transplants 

is always accompanied by the increased vascularization towards 

the grafts (Gimbrone and Gullino, 1976~ Brem et al, 1978~ Ziche 

and Gullino, 1982). The control experiment (Group C, Table 4) 

showed that nonstimulated lymphocytes were not capable of inhi

biting the blood vascular reactions and tumour growth signifi

cantly. It is likely that polyclonally stimulated cells caused 

some physiological impairement of the tumour cells in the 

explants so that the cells were not in.a state to secrete the 

inducing factor (TAF,l for blood vascular ramifications over 

cornea. 

Different explanations can be put forward to account 

for such an inhibition of tumour growth by Con A activated 
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cells. It is possible that, some kind of substance(s) have 

been secreted by the activated lymphocytes which neutralized 

the tumour angiogenesis factor (TAF). Such neutralizing 

substances have been shown by Folkman and Cotran (1976) to 

be secreted from neonatal ·cartilage placed in between a 

tumour graft and blood vessels in the rabbit cornea. Lee and 

Langer (1983) also isolated neutralizing substance for tumour 

angiogenesis factor from shark cartilage. In the present 

investigation, the presence of activated lymphocytes in the 

anterior eye chamber did not only inhibit the angiog~nic 

reactions, but also the growth of the tumour graft itself. 

Thus,another possibility of inhibition of angiogenesis could 

be the incapaciation of the tumour cells by the activated 

lymphocytes and in consequence tumour cells fail to secrete 

TAP. This possibility was initially tested by incubating the 

tumour pieces in vitro with Con A activated lymphocytes for 

24 or 48 hr prior to their implantation in the anterior eye 

chamber. Such tumour piece alone was found to be incapable 

of inducing any significant degree of angiogenesis and growth 

(Group A, Table·6). Furthermore, negligible amount of incor

poration of 3H-TdR by the tumour pieces after incubation with 

activated lymphocytes in vitro indicated the possible incapa

ciation of tumour cells (Fig.4).' To test whether this physio

logical incapaciation was due to cell death, we tested the 

cytotoxicity of Con A activated lymphocytes against the 51cr 

labelled tumour target cells, the results will be discussed 
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later. 

Con· A stimulated lymphocytes restricted the tumour 

growth not only in the anterior eye chamber but also in situ 

on adoptive transfer at tumour site. Highest cell dose, 

2 x 106 cell/animal was most effective in inhibiting the 

growth of the tumour at'its site'and in consequence increased 

the life span of the hosts (Fig. 7a,b). Passive transfer of 

lymphocytes, specially immuned to combat the growth of respec-

tive solid tumours without much success (Delorme and Alexander, 

1964; Burton and Warner, 1977; Broberg et al, 1972; Rossenberg 

and Terry, 1977; Fernandez an? Feldman, 1980; Prowse et al, . 
. was 

1983). So far there;(>not many reports about using nonspecifi-

cally raised lymphocytes for adoptive transfer; however, some' 

success was achieved by transfer of T cells expanded in T cells 

growth factor or in interleukin_2 (Eberlein et al, 1982; Eber

lein et al, 1982; Mazumder and Rosenberg, 1984). Possibly our 

approach of raising effector cells b¥ in vivo use of a poly

clonal T cell stimulator cut much short the methodical para-

phernalias in adoptive transfer to combat' the tumour growth 

with some degree of success. Howeve'r, the number of times of 

cell transfer can possibly be reduced than used in the present 

study. Further study needs to be initiated in this direction. 

Then it was obvious to try to stimulate the lympho-

cytes of tumour bearing hosts as a more direct approach. Host's 

immune sy~tem was stimulated following two protocols. First, 

con A was injected only twice, 5 days prior and 5 days later 

to MCA injection; this was not significantly effective in 
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curbing the tumour growth (Fig.8). The second protocol was 

to stimulate repeatedly the host's immune systemed by inject

ing Con A at every 10 days for 12 times beginning from the 

palpable appearance of tumour. The second protocol (Fig.9a,b) 

was found to be comparatively better than the first one (Fig.9), 

but this schedule also opens the possibility of clonal exhaus

tion and generation of antibody to Con A due to repeated injec

tion of it. 

The possibilities were tested by repeated injections 

of con A for 5 times in normal non-tumour bearing animals 

following the same schedule as was in second protocol. Similar 

percentage of blast cells at 48 hr after each of the five sti

mulations with Con A (Fig.IO) indicated the presence of resti

mulatable lymphocytes bothiin spleen and lymph node and thus 

speaks against clonal exhaustion of responder cells due to 

repeated stimulations, at least for.five times (Fig.l,2, Plate 

9). However, very low titre of anti-Con A antibody could be 

detected only upto l/20th dilution of the serum from animals 

after three injections of Con A (Table 8). Besides these, for 

the possible adverse effect of repeated injections of Con A, 

the histological study of lymphoid organs and growth of the 

animals in term of body weight were taken into eonsideration. 

The blastoid transformation of the lymphocytes throughout the 

spleens and lymph node with each stimulation were easily 

discernible from the histological preparations. In between the 
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stimulations, number of lymphocytes in the secondary lymphoid 

organs were'comparable per area basis to that of the normal 

mouse (Fig.ll) and the total cell count of spleen or lymph 

node did not alter significantly (Table 7). Cell loss and 

appearance of space in the secondary ly~phoid organs (Fig.l, 

2, Plate 7 and Fig.S,6, Plate 8) following the peaks of blasto

genesis was observed and these we~e possibly an indicative of 

cell flow out from the organs as a possible natural phenomenon 

following higher level of blastogenesis. Furthermore, the body 

weight of the animals in course of repeated stimulation did not 

reflect an~ adverse effect of the treatment (Table 7). 

However, our observations indicated that repeated 

transfer of Con A activated syngeneic lymphocytes at the tumour 

site (Fig. 7) was more effective than the repeated stimulation 

of host's own system with Con A (Fig. 8,9). out of several 

possibilities this could be due to the low titre of antibody to 

Con A (Table 8, Fig.l, Plate 10) generated in ~he hosts which 

neutralized a part of the Con A injected every tiffi.e. It may 

also be possible that the injected Con A bind to its receptors 

on the tumour cells and produce a masking effect so that the 

tumour cells may escape the destruction by the activated lym

phocytes of host origin. Although, repeated in vivo injections 

of Con A in the· tumour bearing mice could not very significant

ly curb·the growth rate of tumour as it was observed with 

repeated injections of activated syngeneic lymphocytes, at 

least this schedule could obviously make some of the T lympho-
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cytes in the hosts 'reactive to the malignant cells, which 

were otherwise non-responsive, possibly due to some suppre-

ssor factor(s) or blocking factor of host origin. There is 

the possibility of generation of inhibiting factor for effec-

tor lymphocytes by the malignant cells which could lessen the 

degree of function of the activated lymphocytes of the tumour 

bearing mice or the adoptively transferred T lymphocytes. 

Several authors have already shown the existence of such 

suppressor factors (Hellstrbm and Hellstrom, 1970: Baldwin et 

al, 1972: Gershon et al, 1972: Happner et al, 1973: Hellstrom 

et al, 1973: Gershon et al, 1974: Herberman, 1974: Baldwin et 

al, 1975: Fujimoto et al, 1976: Bansal, 1976: Hellstrom and 

Hellstrom, l97Bb: Hellstrom and Hellstrom, 1979: Naor, 1980: 
• 

Ray and Saha, 1982). The aspect of generation of inhibiting 

factor( s) by malignant cells was ··not taken into much consider a-

tion in the present investigation to avoid further complica-

tions in working out the set objective of this study. But this 

will be dealt in future in some model in vitro experiments, 

like assaying the blastogenic and cytotoxic responses of the 

lymphocytes from normal and tumour bearing mice in presence of 

serum of tumour bearing host and factors produced by tumour 

explants in culture. 

Mechanisms involved in restriction of tumour growth 

by the Con A activated lymphocytes both in the anterior eye 

chamber andlin situ, could possibly be explained by the cyto

toxic nature of the activated T cells as revealed in the 
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51cr release assay. We observed that radioactivity released 

in the supernatant was higher when Con A activated lymphocytes 

were added to the labelled tumour target cells (Table 9} in 

comparison to the control where normal non-activated lympho~ 

cytes were added to the assay tubes. The higher level of 

chromium release is usually an indicative of death of a greater 

number of target cell. Earlier observations indicatee that both 

in vitro (Clark, 1975; Bevan and Cohn, 1975; Heinenger et al, 

1976; Chakravarty and Clark, 1977: Green et al, 1978; Chakra

varty, 1980} and iD ~ (Waterfield~ al, 1975; Anaclario, 

1974; Choudhuri, 1983} activation with CQn A leads to the cyto

toxic differention of lymphocytes. Significant level of cytoto

xicity was thus revealed by the activated cells after 48 hr 

than 24 hr of injection of Con A. Choudhuri and Chakravarty 

(1983} also observed highest level of cytotoxicity at 48 hr of 

Con A activation of the lymphocytes from C57BL/6 mice agai~st 

allogeneic target cells of DBA/2 origin. By this time of cyto

toxic differentiation an appreciable percentage OL lymphocytes 

expectedly transformed into blasts and could incorporate a 

significant level of 3H-TdR·(Fig. 2C and Fig. 3}. 

The cytotoxic response was possibly mediated by T cells 

as revealed from the fact that removal of T cells before activa

tion with Con A abrogated the cytotoxic response of the residual 

cells (Table 9}. Indeed, the number of blast cells in the resi

dual population of cells treated with Con A was also very poor 
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(Table 3). The T cell nature of the Con A responsive cells 

was further confirmed from the fact that the Con A transformed 

blast cells are susceptible to lysis by anti-thymocyte serum 

(Table 10). T cell depleted lymph node piece treated with 

Con A also failed to inhibit the tumour induced angiogenesis 

and tumour growth in the anterior eye chamber (Group B Table 5) 

indicating more so the participation of cytotoxic T cells in 

the inhibition of tumour 9rowth. 

Of course, the question about the participation of 

natural killer (NK) cells remains. It is known that, NK cells 

in the normal lymphoid population can mount spontaneous in 

vitro cytotoxic reaction against variety of tumour target cells 

without prior immunization (Herberman et al, l975a: Kiessling --
et al, 1975; Takpsugi et al, 1973; Herberman et al, 1978; Karre 

et al, 1980; Gershon et al, 1981). Although these NK cells 

possess Fc-receptors for IgG (Herberman et al, 1977; Pape et al, 

1977; West et al, 1977) and a low density of Thy-1 antigen on 

their surface (Herberman et al, 1975b; Herberman, 1978; Berber

man et al', 1978), Dennert (1980} and Zarling (1980) could 

clearly distinguish them from the killer T cells with the help 

of monoclonal antibodies to Lyt antigens in mouse and OKT3, 

OKT8 and OKMl antigens in man. In our cytotoxic assays, the 

possibility remains that the background level of cytotoxicity 

with non-activated lymphocytes may be due to NK cells, the 

level of which was significantly lower than that observed with 

activated cells at 48 hr (Table 9}. However, further experi-
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ments need to be performed to know whether Con A treatment 

can make NK cells more effective in their response. 

A polyclonal stimulator of T cells like Con A is 

supposed to activate all the subsets of T lymphocytes includ

ing the suppress?r one. workers like Gershon et al (1972), 

Gershon (1974), Cantor and Simpson (1975), Tada (1975), and 

Hodes and Hatchock (1976) have shown that these suppressor 

cells are responsible to modulate immune responses in normal 

animals. This subset of T cells are also known facilitate the 

growth of tumour by interacting with the immune responsive 

cells in a tumour bearing host (Gershon ~ al, 1974: Fujimoto 

et al, 1975: Fujimoto~ al, 1976: Border~ al, 1977; Hell

strbm and Hellstrom, 1978; Naor, 1980; Green, 1980; North and 

Bursuker, 1984). Use of higher doses of Con A like 25 mg or 

more per ml in vitro have been implicated by Peavy and Pierce 

(1974), Shou et al (1976), Primi et al (1979) and Ozer et al, 

~9821 for enhancing suppressor activity of T cells in cytotoxic 

responses. In v H~ot·o, the dose of 150 pg Con A or more injected 

per animal has been shown to enhance the activity of the 

suppressor cells both in normal and tumour bearing mice (Nirmul 

et al, 1972: Markowitz_et al, 1969; Dutton, 1973; Egans et al, 

al, 1974: Davis et al, 1975: Nespolie et al, 1977; Primi ~ al, 

1979; Ekstedt, 1979; Eibl et al, 1980: Catalona et al, 1980). 

Although, one third of this amount of Con A was injected in 

vivo in the present study, the possibility of activating the 

suppressor T cells remained. So, in certain experimental sets, 
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. 
suppressor T cells were removed by cyclophosphamide treat-

ment prior to activation and then degree of function of this 

residual activated cells were tested in cytotoxicity and 
. 

adoptive transfer assays. 

Test with different doses of cyclophosphamide was 

necessary as the dose and the schedule of administration was 

uBually considered to be critical in effective removal of 

suppressor T cells. Workers like Winkelstein (1973), Dumont 

(1974), Putman et al.- (1975), Mcintosh~ al (1979), Greely 

et al (1982), Wilmer et al, (1984) and Greely et al (1985) 

observed that a dose more than 100 mg of cyclophosphamide/kg 

body weight/animal often produced a general immune suppression 

and toxic effect, on the other hand lower doses of cyclophos

phamide were shown to remove selectively the suppressor-sub-

population of T lymphocytes without causing much toxicity to 

other cells (G~aser, 1979: Kauffman et al, 1980; Stevenson 

and Fauci, 1980: Ray and Roychoudhuri, 1981: Yu et al, 1980: 

Berd et al, 1984; Ye and Mokyr, 1984). Again the treatment 

with cyclophosphamide prior to antigenic challenge was found 

to be more effective than a post antigenic treatment (Bonavida, 

1977: Yu ~ al, 1980: North, 1982) and hence the schedule of 

cyclophosphamide treatment 48 hr prior to Con A injection was 

chosen here. out of the four doses of cyclophosphamide (100, 

50, 25, and 12.5 mg/kg body wt/animal) tried in this study, 

the dose of 25 mg/k~ was considered to be most effective. 

This was found on the basis of higher percent of blast cells 
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(Fig~l2) with higher degree of cytotoxicity (Table 13). 

Whereas the doses higher than that reduced the size and 

weight of the lymphoid organs (Table 11) to such an extent 

that could not be brought even to the normal level after 

Con A treatment, possibly due to low blastogenic transfor

mations (Fig. 12). 

Thus it seems that even the dose of 50 ~g of Con A/ 

animal could generate suppressor T cells and effective 

removal of these cells prior to Con A stimulation indeed 

made the effector cell population more efficient in cytotoxic 

ki~ling (Table 13). Possibly, reflection of this effective 

killing by Con A activated cells in the absence of suppressor 

T cells was observed in the restriction of tumour growth and 

increasing the life span of hosts on adoptive transfer of 

these cells at the tumour site (Fig. 13 a,b). 

In conclusion, this study provides some evidences 

that polyclonal stimulation of T cells with Con A can generate 

the effector cells to combat chemically-induced tumours in 

mice. This is possibly a hopeful proposition in the backdrop 

of failures to develop any specific immunity against neoplas

tic cells with diverse types of tumour associated antigens. 

Inhibition in angiogenesis and tumour growth in the anterior 

eye chamber or in situ in presence of Con A activated cells 

was possibly the reflection of killing of tumour cells by poly-
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clonal~y stimulated lymphocytes as evident from 
51

cr release 

cytotoxic assay. The adoptive transfer of activated cells at 

the site of the tumours was more effective over in situ stimu

lation of host's lymphocytes; this could be due to several 

factors including low titre of antibody towards Con A. 

This study suggests the feasibility of making this 

model of polyclonal stimulation of lymphocytes operative in 

human. 


