
CHAPTER 4. 

GROWTH OF DL AS ASCITES IN MICE ALTERS 
THE HUMORAL AND CELLULAR IMMUNE RESPONSE TO EXOGENOUS ANTIGENS 

INTRODUCTION 

A general decline of the immune response concomitant with the 

growth of various types of tumors in vivo have been reported as 

reviewed in Chapter l. However, to the best of our knowledge, 

there· has been no study regarding the fate of .immune system 

during the progressive growth of a murine spontaneous T cell 

lymphoma. Earlier we reported that Dalton's Lymphoma (DL) alters 

various functions of macrophages both in vitro and in vivo 

(Chapters 2 and 3). Macrophages being one of the key mediators of 

the initiation of immune response against tumors, any alteratio:-1 

in their functions should also be reflected in the nature as well 

as magnitude of both cellular and humoral immune responses to 

various antigens. The effect of in vivo growth of DL in ascitic 

form on the cellular and humoral immune response to exogenous 

antigens remains to be determined. 

In the previous chapter, we have also shown an alteration in 

the responsiveness of tumor-associated macrophages (TAM) to the 

activation signal of FK-565. In vivo administration of FK565, 

enhanced the cytolytic functions of TAM in the early tumor-

bearing stages whereas the TAM in later tumor-bearing stages were 

rendered nonresponsive to FK565 treatment (Chapter 3} . .However, 

the effect of in vivo administration of FK565. on the other 

aspects of specific immune response to exogenous antigens in the 
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DL-bearing hosts remains unclear. In view of these observations, 

the present:. investigations were undertaken to study ~) the 

effect of the progressive growth of the DL as ascitis on the 

humoral and cellular immune response to exogenous antigens and 

the mechanism thereof, 2) the effect of in vivo administration of 

FK565 with respect to the above parameters in the DL-bearing 

mice. 

EXPERIMENTAL PROCEDURES 

Preparation o£ DL ascitic tluid (DLAP) and DL c•ll lysate (DLL) . 
.;;::::::. C~e, 

DLAF and DLL were prepared according to a method described 

in the previous chapter. DL was aspirated by peritoneal lavage 4 

or 20 days after the transplantation. The DL cell suspension thus 

obtained was centrifuged at 2000 rpm for 10 min. The supernatant 

was collected, passed through a 0. 22 urn membrane filter and 

stored at -20°c until use. The ascitic fluid thus collected from 

4 day and 20 day DL-bearing mice are referred to as AF-4d and AF~ 

20d, respectively. DL cell lysate (DLL) was prepared by passing 

the DL cell suspens~on (1. x 106 cells in serum-free medium> 

through repeated cycles of freezing in liquid nitrogen followed 

by thawing in a water bath at 37oC. 

Hemolytic pla.que assay 

The number of antibody forming cells in the spleens of· SRBC-

immunized mice 

plaque assay 

immunized with 

was determined by the standard Jerne's hemolytic 
.2. szv,J,<~-~1-

as modified by Cunningham A (19{8). Mice were 

2x10S SRBC by an intraperitoneal injection. Five 

days after immunization, spleens were taken out and a single cell 
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suspension (2xlo 6 cells/ml} was made. SRBC stored in the 

Alsever's solution (0.42% NaCl, 0.8% sodium citrate and 2.0% 

glucose in distilled water, pH 6.1) were washed three times with 

phosphate buffered saline (PBS, pH ?.2) and a stock suspension of 

SRBC (25% v/v) was made. The incubation mixture was set up in 

small glass tubes in the following proportions: 

so ul 
10 ul 
10 ul 
130 ul · 

spleen cells 
SRBC 
complement (normal rabbit serum) 
PBS 

The various ingredients were gently mixed and two minutes later 

transferred into the Cunningham chambers. The chambers were then 

sealed with paraffin wax and were incubated at 37°c for 2 h. The 

chambers were then examined under a dissection microscope to 

enumerate the number of plaques. The data are expressed as the 

number of plaque forming cells (PFC) per 1x10 6 splenocytes. 

Isolation o£ tbe DL-associated and normal peritoneal macrophagee 

(DLAM and NMO) 

The DLAM of early, mid and late tumor-bearing stages, and the 

NMO were isolated as described in the previous chapter. 

Assay for antigen presentation by macropbages to T-ly.mphocytes in 

vitro 

The antigen presenting capacity of the macrophages towards 

Keyhole Lirnplet Hemocyanin (KLH)-primed T-cells was measured 

according to a method described by Sodhi and Gupta (1988) with 

slight modifications. The mice were injected in each foot pad 

with 20 ul of an emulsion of KLH in PBS and Freund's complet~ 
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adjuvant (100 ug KLH/animal). Ten days after the immunization, 

poplitial lymph nodes were removed aseptically, and a single cell 

suspension was prepared in se:r.:·um-free medium. Contamination of 

macrophages in this cell suspension was removed by allowing them 

to adhere to the plastic surface of tissue culture flasks at 37°C 

in a co2 incubator for 2 h. The non-adherent lymphocytes were 

further purified by passing the cell suspension over an adherence 

column of nylon wool to remove the a-lymphocytes. 

After appropriate treatment of the macrophages, as indicated 

in the results, the monolayers were washed twice with medium and 

treated with KLH {200 ug/ml} for 6 hat 37°C in a co2 incubator. 

The mac;r:ophage monolayers were again washed and treated with 

mytomycin-C (1 ug/ml) in complete medium for 30 min. The cultures 

were then washed and layered with Sx105 KLH-primed T lymphocytes 

in 200 ul complete medium and incubated for 96 h in a co2 

incubator at 37°. Cultures were pulse labeled w~th 1 rei/ well of 

3H-TdR 1.8 h prior to the end of the incubation. The incubation 

was then terminated and the cells were washed {3 x) and lysed 

with 0.25% SDS (0.1 ml/well). The lysate was counted in a liquid 

scintillation counter. The data of the antigen presentation by 

_ { the macrophages 

(CPM) of the 3H-TdR incorporated per culture well. 

is represented directly as counts per minute 

Assay for Delayed Type Hypersensitivity (DTH) response 

The DTH response was assayed by the mice ear swelling test as 

described by J?hanuphak et al ( 1974) . Mice were sensitized by 

epicutaneous application of 25 ul of 0.5% DNFB on two consecutive 

days i.e., on day 0 and day +1. On the fifth day after the 
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initial sensitization (day +Sl, the contact sensitized mice were 

challenged by careful smearing with 20 ul of 0. 2% DNFB on the 

left ear. The right ear was smeared with 20 ul of the vehicle 

alone (acetone:olive oil, 1:4). The magnitude of DTH response in 

contact sensitized mice was measured after 24 h. The difference 

in the thickness of DNFB-sensitized and vehicle-treated ears, as 

measured with an engineer's micrometer and expressed in units of 

10- 2 mm, was taken as the measure of the DTH response. The data 

are expressed as the percentage suppression of the DTH response 

which. was calculated using 

C - E 
% Suppression = --------- X 100 

c 

where, c = control, E = experimental. 

Statistical analysis 

the following formula: 

The student's t-test (two tailed) was utilized to evaluate 

the statistical signifigance of the data. The differences were 

considered signifi~ant when P value was <0.05. 

RESULTS 

Kinetics of the humoral immune response o£ mice at different DL

bearing stages. 

Mice were transplanted with DL cells (2x1o 5 cells in 0.5 ml 

PBS/mouse). Tumor-transplanted as well as normal mice (injected 

with PBS alone) were immunized with 2x1o8 SRBC on day 0, 8 or 16 

after DL transplantation, referred to as early, mid and latr: 

tumor-bearing stage, respectively. The spleen were havested 5 
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q~ys after the immunization and hemolytic plaque forming cells 

(PFC) were assayed as described in the experimental procedures .. 

The results are shown in Fig. 4.1. The number of PFCs in samples 

of splenocytes obtained from early tumor- bearing stage were 

significantly higher than those obtained 'from normal mice. 

Although a decline in the humoral immUne response was observed at 

the mid and late tumor-bearing stages, the magnitude was still 

significantly higher than that of the normal mice. 

We also studied the effect of in vivo administration of FKS65 

·on the humoral immune response of normal as well as tumor-bearing 

mice. FKSGS (10 mg/kg body weight,in PBS) was injected to normal 

or tumor-bearing mice along with the administration of SRBC. As 

shown in Fig. 4.1, splenocytes· obtained from FK565-administered 

normal mice showed an increased number of PFCs compared with 

]

splenocyte samples from FK565-untreated control. FKS65 

d."clministration of early DL-bearing mice also enhanced the count 

of PFC in the splenocyte preparation whereas the splenocytes 

obtained from FK565 administered mid or late tumor-bearing mice 

did not show any alteration in the number of hemolytic plaques 

with respect .to the splenocytes obtained from FK565-untreated 

tumor-bearing mice. 

To find out whether non-specific soluble mediators are 

involved in the DL-mediated alteration of humoral immune 

response, we studied the effect of in vivo administration DL 

ascitic fluid (OLAF) on the humoral immune response of normal 

mice. DLAF, obtained from early {4d-AF) or late {20d-AF) tumor-

bearing stages were injected i.p. into the normal mice along with 
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the administration of SRBC. It was observed that the injection of 

4d-AF enhanced the number of PFCs in the splenocyte samples while 

the 20d-AF administration did not alter the humoral immune 

response in mice compared with splenocytes obtained from mice 

injected with PBS alone (Table 4.1). 

Effect of DL in vivo and in vitro on the antigen presenting 

ability of macrophages. 

Next, we investigated whether the modulation of humoral 

immune response in the DL-bearing mice corresponded to any 

alteration in the antigen presenting ability of the macrophages 

at different tumor-bearing stages. Perit.oneal macrophages from 

normal mice or mice at different tumor-bearing stages (NMO or· 

DLAM}, as indicated, were harvested and were then assayed for 

antigen presenting ability as described in the materials and 

methods. The results are shown in Table 4. 2. The DLAM obtained 

from early tumor-bearing stages showed a higher antigen 

presenting ability than the NMO. The antigen presentir:g ability 

of DLAM at the mid and late tumor-bearing stages were, however, 

not significantly altered compared with NMO. 

We also studied the effect of in vivo administration of FK56S 

on the antigen presenting ability of NMO or DLAM. The tumor

bearing or normal mice were injected with FK565 solution (10 

mg/kg body weight) or PBS alone, as indicated, 48 h before the 

harvest of peritoneal macrophages (NMO or DLAM) as this treatment 

protocol was found to produce optimal macrophage activation in 

our earlier studies {Chapters 2 and 3). In vivo administration of 
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1FKS6S resulted in an enhanc~ment of the antigen presenting 

ability of the NMO as well as the DLAM from the early tumor-

·~bearing mice 

with LPS. The 

which was further augmented by in vitro treatment 

in vivo administration of FK565, on the other hand, 

did not alter the antigen presenting ability of DLAM in mid and 

late tumor-bearing stages. The DLAM obtained from mid or late 

tumor-bearing stages, treated or untreated with FKS65, also did 

not respond to the in vitro treatment of LPS. In vitro 

incubation with IL-2 signif.icantly enhanced the antigen 

presenting activity of macrophages from normal and early tumor

bearing mice. IL-2 treatment also partially restored the antigen 

presenting abil:i:ty of DLAM from mid- as well as late tumor-

bearing stages (Table 4. 2). 

In order to find out whether the DL factors could directly 

alter the antigen presenting ability of the macrophages, we 

coincubated the normal macrophages with various concentrations of 

DLL, as indicated, and the antigen presenting ability was 

shown 

I 
assayed. As 

presenting ability 

in Table 4. 3, we observed that the antigen 

of macrophages was inhibited by DLL in a 

,, concentration dependent manner. In vitro treatment with LPS or 

IL-2 significantly enhanced the antigen presenting ability of 

macrophages cUltured in medium alone. Moreover, the antigen 

presenting ability of macrophages coincubated with DLL was also 

partially restored upon treatment with LPS or IL-2, with IL-2 

showing a more pronounced effect. 
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Modulation of DTH response in mice by the DL. 

Since an aberrant antigen-presentation by macrophages might 

be because of an aberrant T cell response or vice versa, it was 

thoughL essential to study the state of T cell response, too, in 

the tumor-bearing mice. The DTH response to DNFB, which is a. 

reliable parameter of the T cell response (Phanuphak et al, 

1974}, was therefore, taken up for investigation. The DL-bearing 

as well as the normal mice were given the immunizing and 

eliciting dose of DNFB, as described in the materials and 

methods, starting on day o, 8 and 16 after DL transplantation. 

The percentage suppression of the DTH response in the DL-bearing 

mice was calculated taking the DTH response in PBS-injected 

normal mice as control. The results are sho~m in Figure 4. 5. The 

difference in the thickness between the DNFB-sensitized- and 

vehicle-treated ears in mice ·at early DL-bearing stage was much 

less ::ompared with the value in the control mice. The suppression \ 

of DTH response became more prominent during the mid. and late 

tumor-bearing stages. 

We also studied the effect of in \Tivo administration of FK565 

on the DTH response of normal and tumor-bearing mice. An i .p. 

injection of FKS65 (10 mg/kg body weight} was given to the mice 

cogether with the first DNFB sensitization. As shown in Fig. 4.2, 

administration of FKS65 significantly suppressed the DTH response·] 

in the normal mice. Early tumor-bearing mice al·so showed a/ 

further suppression of the DTH response upon administration of 

FK565. However, FK565 treatment of mid and late tumor-bearing 

mice did not alter the percentage suppression of DTH, where the 
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magnitude ot suppression must have already reached the optimum. 

Next, we studied the effect of in vivo administration of DLAF 

on the DTH response in normal mice. Normal mice were injected 

with 4d-AF or 20d-AF together with the first sensitizing dose of 

DNFB. Mice injected with PBS alone were taken as control. As 

shown in Table 4.1, normal mice injected with 4d-AF showed a 

suppressed DTH response compared with the control. A 

\ 

~~.gnificantly higher suppression of DTH response was observed in 

mi.ce administered with 20d-AF. 

,DISCUSSION 

) 

In the present study we observed an early upsurge in the 

( humoral immune response immediately after the DL transplantation 

which~ however, declined along with the growth of DL in vivo. It 

is possible that the DL cells, being derived from T-cell 

lymphocytes, elaborate certain cytokines with the ability to 

modulate 8-cell functions with respect to production of specific 

antibodies. The argument is supported by the observation that the 

administration of DLAF from early tumor-bearing mice also caused 

an increase in the number of PFC. Although the number of PFC 

decreased in the splenocytes obtained from later tumor-bearing 

stages, the values were still higher than that of the normal 

mice. The partial anergy of the B cells during the later tumor

bearing stages might be associated with a possible decline in the 

accessory functions of the macrophages and or the helper 

functions of the T cells. 
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Macrophages are important regulators of the immune response, 

being the most important antigen presenting cells (Germain et: 

al, 1993; Unanue, 1984}. Antigen-presentation being an essential 

step in the initiation of the immune response (Germain et al, 

1993; Kosco, 1991; Zou et al, 1992a), we speculated that the 

modulation of immune response in the tumor-bearing mice could be 

mediated by an alteration in the antigen presenting ability of 

the macrophages. We observed that the antigen presenting ability 

of the DL-associated macrophages indeed follow a similar pattern 

of an early augmentation and a prominent decline in the later 

tumor-bearing stages. Zou et al (199'2b) have demonstrated a 1 

progressive increase in tumor antigen presenting cell functiOn' 

and a reciprocal decrease in tumor antigen-responsive CD4+ T cell 

activity in tumor-bearing mice. Although the antigen involved i~ 

the present study is a non-tumor one, a general immunosuppression 

in the PL-bearing mice due to an abrogation of T helper function 

can be conjectured. Thl cells secrete IL-2 and IFN-Y and 

preferentially induces the macrophage activation and the DTH 

(Cher and Mosmann, 1987; Stant and Bottomly, 1989). A down

regulation in the humoral immune response simultaneously with the 

decrease in the antigen pre~entat.ing activity of macrophages, 

therefore, suggest a possible decline in the Th cell response in 

the tumor-bearing animal. This assumption was support·c=d' by the 

observation that the antigen presenting ability of TAM of all 

tumor bearing stages was enhanced upon in vitro incubation with 

IL-2. Hence, it was thought essential to study the state of T-

cell functions in the tumor-bearing mice. 
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Contrary to the earlier observed pat;:tern of modulation of 

humoral immune response and macrophage functions along with the 

progressive growth of DL, the 'nTH response was suppressed even at 

the early tumor-bearing stages and the magnitude of inhibition 

increased concomitant to the growth of the DL. Although DTH may 

not be reflecting the functions of the particular Th population 

involved in the pathway of antigen presentatiOn and humoral 

immune response as described above, a prominel'l:t decrease in the 

CD4+ T cell activity in the DL-bearing mice is indicated. It is 

also evident from the observations that the growth of the DL 

differentially influences different cell populations of the 

immune system. Administration of the ascitic fluid obtained from 

early tumor-bearing mice up-regulated the humoral immune 

response as well as the antigen presenting ability of 

macrophages, whereas the DTH response was down-~egulated. It 

suggests that the ascitic fluid of early DL-bearing mice contain 

certain factors, produced by DL itself or by other cells, that 

can enhance antigen presentation and the humoral immune response 

while the DTH is inhibited. However, the ascitic flu±d obtained 

from the lat.o:: tumor-bearing stage is suppressive for all the 

above functions, probably because of an accumulation of the 

suppressor factors at a higher concentration 'during later tumor

bearing stages. A similar concentration dependent suppression of 

macrophage cytolytic activity in vivo as well as in vitro by DL 

cells has been reported in Chapter 3. Moreover, these 

/observations also suggest a possibility that the TDTH cells may 

1 be more sensitive to the suppressor factor (s) in the tumor-

' l be~~ing anima,l than the B cells or macrophages. A differential 

87 



susceptibility of the different cell populations to the 

immunosuppressive effect in the tumor-bearing animal has in fact 

been reported by other authors as well (Tada et al, 1990; Tada et 

al, 1.991). The suppression of antigen presentation by normal 

macrophages on coincubation with DLL suggest that some of t.he 

suppressor molecules involved in the process are secreted by the 

DL itself. Our earlier studies have also indicated the secretion 

of macrophage-suppressor factors directly by DL cells 

3). Tumor cells have been reported to secrete molecules 

10 and/or TGF-8 which are immunosuppressive (Chapter 1) . 

(Chapter 

like IL-~~ 

However, 1 

the factors that are involved in the DL-mediated 

immunosuppression remains to be characterized. 

We also studied the effect of in vivo administration of FK565 

on the various functions of the immune system in no~·mal as well 

as in the tumor bearing mice. FK565 treatment augmented the 

humoral immune response and the antigen presenting ability of 

macrophages in the normal and early tumor-bearing mice, while it 

could not reverse the suppression of the above functions in later 

tumor-bearing stages. FK565 administration, on the other hand, 

was observed to suppress the OTH response in the normal as well 

as in the tumor-bearing mice. It shows that FK565 treatment is 

effective only with cells that are at a resting or at an elicited 

stage. The dose and the treatment modalities have to be further 

worked out if FK565 is to be employed to rejuvinate the cells of 

the immune system which are under some kind of suppression. This 

study throws some light on the interactions of a progressively 

growing spontaneous T cell lymphoma and the host immune system. 
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Figure 4.1. Kinetics of the humoral immune response of mice at 

different DL-bearing stages. 

Splenocytes obtained from SRBC-injected early-, mid- or late 

DL-bearing or ~ormal mice, administered with FK565 (10 mg/kg bqdy 

weight in PBS) or PBS alone, were incubated with SRBC fer 2 h in 

Cunningham chambers and the hemolytic plaques were counted as 

described in the materials and methods. Values are representative 

of three independent experiments. s. D. were consistently less 

than 10% of the mean. 
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Figure 4.2. Modulation of the DTH response in mice by the ascitic 

growth of DL. 

DNFB was applied epicutaneously to · the mice for two 

consecutive days as described in the materials and m~thods. After 

5 days, left ear of mice was smeared with DNFB and right ear with 

vehicle. After 24 h thickness of both ears were measured. The 

difference in thickness of the two ears was taken as measure of 

the DTH response. Percentage suppression of DTH response was 

calculated taking the DTH response in PBS-injected normal mice as 

control. Values are representative of three independent 

experiments. The S.D.s were constintly less than 10\ of the mean. 

90 



100 

80 

eo 

40 

20 

-PBS ~ FK585 

% suppression of DTH response 

Normal mice Early- Mia- Late-

Tumor-bearing stages 





Table 4 .1. Effect of in v.:ivo administration of DLAF on the 

I:n vivo 
treatments 

PBS 

4d-AF 

20d-AF 

humoral immune response and OTH response of mice. 

N\?. of PFCs/ 
10 splenocytes 

300 ± 16 

480 ± 22 

360 ± 20 

% suppression 
of DTH response 

23 ± 2 

80 ± 6 

Mice were injected with DLAF (0.5 ml of 1:5 dilution in PBS), 

obtained from 4 day or 20 day DL-bearing mice ( 4d-AF or 20d-AF) , 

or PBS alone and the humoral immune response and the DTH response 

were studied, in separate groups of mice, as described in the 

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

independent experiments. 





Table 4.2. Modulation of antigen-presenting ability of 

In vitro 
treatments 

PBS 

LPS 

IL-2 

macrophages by DL in vivo. 

counts per minute ± S.D. 

DL-bearing mice 

Normal mice Early Mid 

PBS FK565 PBS FK565 PBS FK565 

29289 36230 49444 56941 30157 20873 
±2450 ±1030 ±2945 ±.4035 ±2003 ±,.1255 

78474 68242 76195 64126 39513 25027 
±9674 ±4012 ±5955 ±5876 ±3342 ±1204 

79525 627901 48972 
±7690 ±3670 ±.3565 

Late 

PBS FKS65 

30446 22601 
±2366 ±1460 

32552 30305 
±.3389 ±187Q 

41134 
±4532 

DLAM obtained from early-, mid- or late DL-bearing mice after 

in vivo administration of PBS alone or containing FK565 (lG 

mg/kg body weight) were incubated in vitro with medium alone or 

containing LPS {1 ug/ml) or IL-2 (100 U/ml) and the antigen 

presenting ability were studied as described in the materials and 

methods. Values are mean± S.D. of three independent experiments. 
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Table 4. 3. Modulation of antigen presentating ability of 

macrophages by DLL in vitro. 

Counts per minute .± S.D. 

DLL (dilutions in medium) 

Only medium 1 : 40 1 : 20 1 : 10 

Med 29289.±2450 27057±2875 14675±1344 10602.±1244 

LPS 78474±9674 32519±.3860 39645±3219 37170±3440 

IL-2 79525.±7690 ~0837.±.3773 44239±4740 56199.±7329 

Macrophages (1.5 x 105 } were incubated in medium alone or 

containing different concentrations of DLL, as indicated, in the 

presence or absence of LPS (1 ug/ml) or IL-2 {100 U/ml) for 24 h 

and the antigen presenting ability was assayed as described in 

the materials and methods. The values are mean ± s. D. of three 

independent experiments. 
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