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CHAPTER I 

INTRODUCTION AND HISTORICAL PERSPECTIVE 

The use of enzymes for antitumor therapy is not a 

well-developed nor well-explored area of cancer research, although 

some investigators have met with limited success when conjugated 

enzymes were used in animal models. Philpott (17,18) used glucose 

oxidase conjugated to specific antibody directed against 

TNP-conjugated tumor cells to effect cytotoxicity in two separate 

systems. In the first system, (17) the glucose oxidase-antibody 

conjugate was added to target cells i_n̂  vivo and j_n̂  vitro, followed 

by lactoperoxidase and iodide. It was found that target cells were 

killed and that iodide molecules were bound to proteins on the 

surfaces of the dead target cells. The second system (18) used 

glucose oxidase conjugated to antibody directed against human 

carcinoembryonic antigen, which is located on the surface of human 

colonic adenocarcinoma tumor cells. When horseradish peroxidase and 

arsphenamine was added to the tumor cells, lysis was observed. It 

was shown that the arsphenamine, in the presence of hydrogen 

peroxide and peroxidase, was oxidized to a toxic arsenical radical 

which was responsible for the cytotoxic effect. Nathan and Cohn 

(19) used glucose oxidase which was conjugated to latex beads and 

injected intraperitoneally to induce formation of hydrogen peroxide 

in vivo in tumor bearing mice. The preparation proved effective in 

eliminating ascites tumor cells in vivo, and the cytotoxicity was 

dependant upon successful production of hydrogen peroxide. 

1 
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A system of coimmobilized peroxidase and oxidase enzymes bound 

to an insoluble matrix has been shown to be effective in causing 

regression of a rat Novikoff Hepatoma tumor i_n vivo (13). 

Interestingly, upon gross examination of these animals, only the 

tumor seemed to be affected by the enzyme treatment, and the 

surrounding host tissue was not altered. Upon further examination, 

it was found that the jjT_ vitro antigen and mitogen-induced immune 

activity of spleen lymphocytes taken from these animals was 

differentially altered by the presence of the tumor and 

administration of the peroxidase treatment. These two 

observations, tumor specificity and immune modulation, gave rise to 

the notion that tumor regression due to peroxidase treatment was 

mediated by immune functions, and possibly that lymphocytes were 

acted upon by the exogenous peroxidase so as to induce heightened 

immune activity. 

This theory was supported by evidence associating peroxidase 

activity with components of the immune system, and the concept that 

peroxidase activity may be involved in cell to cell communication 

processes. Strauss (1) showed that peroxidase levels in spleens of 

mice rise after innoculation with soluble or particulate antigens, 

and this rise preceeds the appearance of specific antibody. Jansai 

and Stark (2) demonstrated the appearance of peroxidase containing 

cells in the white pulp of the spleens of mice one hour after 

intravenous injection of endotoxin. Paul (3) showed that 

circulating lymphocytes, which are predominantly T-cells (4), 

contain peroxidases. 
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In this study, the changes in the mitogen induced immune 

activity of spleen T-cells from animals undergoing tumor growth and 

treatment induced regression were measured. T-cells were chosen as 

an experimental cell population because they have been shown to be 

involved in the immune response to tumors in the capacity of 

helper, cytotoxic effector (5) and suppressor cells (6). The 

innate peroxidase levels of T-cells from the spleens of tumor free 

animals were measured and compared with the peroxidase level in 

tumor bearing and tumor regressed animals to determine if 

peroxidase activity correlates with the presence or absense of 

T-cel 1 tumor immunity. In addition, information was obtained 

pertaining to the mechanism of horseradish peroxidase-glucose 

oxidase (HRP/GOD) mediated tumor regression when the enzyme coated 

Sepharose beads were located in the tumor scar tissue by scanning 

electron microscopy (SEM), and by testing in^ vitro interactions 

between combinations of HRP/GOD, T-cells and cultured Novikoff 

hepatoma celIs. 
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CHAPTER II 

MATERIALS AND METHODS 

Animals 

All animals used in this study were four to six week old 

female Sprague-Dawley rats purchased from the Department of 

Vivarium Services, Texas Tech University School of Medicine in 

Lubbock or King Laboratories in Oregon, Wisconsin. They were 

maintained on Purina Rodent Chow and tap water ad libitum. 

Reagents and Media 

RPMI 1640 (K.C. Biologicals), Eagles Minimal Essential Medium 

(EMEM-Gibco) and L-15 medium (Gibco) were used during this study. 

All were made "complete" by the addition of 10% (vol/vol) heat 

inactivated fetal calf serum (K.C. Biologicals), Hepes buffer (10 

yM, Gibco), penicillin (20,000 units/ml, Squibb), streptomycin 

sulphate (0.1 mg/ml, Pfizer) and amphoteracin B (2.5 yg/ml, 

Squibb). RPMI 1640 used for cultivation of lymphocytes in keyhole 

limpet hemocyamin (KLH) stimulation studies also received 

-5 
2-mercaptoethanol (Sigma) at a final concentration of 5 X 10 M. 

Hank's balanced salt solution (HBSS, K.C. Biologicals) was 

purchased in lOX stock solution, diluted with sterile deionized 

water to isotonic strength and buffered with 10 mM hepes buffer. 

Concanavalin A (Boeringer Mannheim) solution (ConA) was diluted 

from stock with phosphate-buffered saline (PBS) so that 1 ug of Con 

A could be delivered in an aliquot of 10 yl. Keyhole limpet 

hemocyanin (KLH, Schwartz/Mann) was dissolved in PBS and 
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centrifuged to remove insoluble material. The concentration was 

determined spectrophotometrically by using an extinction 

coefficient of E-, = 17.7 at 280 nm (7). A portion of this 

solution was diluted to 200 ug/ml and precipitated with alum (8) 

for use as injectable antigen. KLH immunized animals received 1 ml 

of this preparation injected intraperitoneally (ip) 10-15 days 

before tumor innoculation. The remainder of the soluble KLH was 

sterilized by filtration through a 0.45 micron disposable filter 

(Gelman) and adjusted in sterile PBS so as to deliver 20 yg soluble 

KLH in a 10 yl aliquot. 

Centrifugation and Incubation 

All cultures were maintained and all incubations carried out 

at 37°C in 5% CO^ and 100% humidity. All centrifugation steps were 

carried out in a Damon/IEC 5000 clinical centrifuge. 

Immobilized Peroxidase and Treatment Protocol 

The preparation used for tumor treatment consisted of 

horseradish peroxidase (HRP, Sigma) and glucose oxidase (GOD, 

Sigma) covalently bound to Sepharose 4-B beads (Pharmacia) 

suspended in PBS. This preparation was supplied by Dr. Johannes 

Everse, Department of Biochemistry, Texas Tech University School of 

Medicine. Animals referred to as "treated" received one injection 

of this HRP/GOD preparation per day of treatment. Each treatment 

was adjusted to deliver 2.5 mg enzyme. The immobilized HRP/GOD 

enzyme complex was activated by an injection of 1 ml of sterile 5% 

(wt/vol) dextrose in water. The treatment protocol required 4 

consecutive daily injections of 2.5 mg of the HRP/GOD preparation 



and dextrose. The enzyme treatments consisted of ip injections 

into rats bearing 3 day-old tumors. Some animals were given more 

than 4 consecutive daily treatments, however, the results of such a 

protocol did not differ significantly from the standard 4 day 

treatment protocol. 

Cell Counting Technique 

Enumeration and viability of cell preparations were determined 

using the following procedure. A 1:200 dilution of a cell 

suspension was made in a blood dilution pipette (Rochester 

Scientific) with 0.02% trypan blue (Sigma) in PBS. The diluted 

cell suspension was mixed for 30 seconds on a Yankee Pipetter 

Shaker (Clay Adams), and the cell suspension was loaded onto a 

hemocytometer (American Optical). Following a three minute 

incubation period, the viable cells were counted by microscopic 

examination. Cells were judged viable by their ability to exclude 

trypan blue, and cell viability in all experiments routinely 

exceeded 90%. 

In vivo and in vitro Cultivation of 

Novikoff Hepatoma Tumor Cells 

The cell line used throughout this study was the Novikoff 

hepatoma, which has been previously described (9). Frozen tumor 

cells were obtained from the Noble Foundation in Ardmore, Oklahoma. 

The cells were thawed, injected ip into Sprague-Dawley rats, and 

the tumor allowed to grow in vivo. These rats were then sacrificed 

and tumor explants were cultured in complete RPMI 1640. The 
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resulting continuous cell culture was then maintained in either 

complete RPMI 1640 or complete EMEM in sterile plastic tissue 

culture flasks (Corning). Cultures were replenished at irregular 

intervals by culturing tumor explants taken from tumor-bearing 

animals. 

Cultured hepatoma cells were harvested from the tissue culture 

flasks by scraping with a sterile rubber policeman, after which the 

cells were collected, centrifuged and counted. 

To induce tumor growth, 3 x 10 viable cultured hepatoma cells 

in 1 ml of HBSS were administered ip into each animal. For in 

vitro use, the cultured hepatoma cells were resuspended in complete 

medium. 

Preparation of Lymphocytes for Tissue Culture 

Each rat was sacrificed by cervical dislocation and its spleen 

removed and placed in HBSS. Each spleen was passed through a 

60-mesh Cellector (Bellco) and the resulting single cell suspension 

was strained through several layers of sterile cotton gauze to 

remove debris. The suspension was centrifuged at 1500 RPM for 10 

minutes and the supernatant was discarded. The cell pellet was 

resuspended in 2 ml complete RPMI 1640 and the viable leukocytes 

were counted. Thymus-derived lymphocytes (T-cells) were separated 

on a nylon-wool column as described below. 

Separation of Thymus-Derived Lymphocytes (T-cells) 

In order to remove leukocytes other than T-cells from the 

spleen single cell suspension, a variation of the separation 

technique of Julius, et al., (10) was employed. In this technique, 
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Scrubbed Nylon Filter (Fenwal) was pretreated by soaking overnight 

in 0.5 N HCl, rinsed throughly in deionized water and dried 

overnight in a 60°C oven. The nylon was then cut into pieces 

weighing 0.6 gm. each and each piece inserted into a 12 ml syringe 

barrel to form a packed column. Each column was then autoclaved 

for 60 minutes at 121°C and 15 lbs. pressure. 

Before adding the single cell suspension to the sterilized 

column, the column was prewashed with 20 ml HBSS containing 5% 

(vol/vol) heat inactivated fetal calf serum, capped and incubated 

for 30 minutes. A 2 ml aliquot of the single cell suspension 

8 8 

containing 1.0 x 10 to 1.5 x 10 viable leukocytes was applied to 

the column and washed into the nylon packing with additional 2 ml 

of complete RPMI 1640. Control of the flow of the column was 

achieved by use of a sterile stainless steel stopcock attached to 

the Leur end of the syringe barrel. The column was then capped and 

incubated for 30 minutes in an upright position. The T-cells were 

eluted by washing the column with 20-25 ml of complete RPMI 1640 

added dropwise to the top of the column. The first 20 ml eluted 

from the column were collected. The T-cells were harvested from the 

eluent by centrifugation at 1500 RPM for 10 minutes, and the cell 

pellet was resuspended in 2 ml of fresh complete RPMI 1640 medium. 

The concentration of viable T-cells was then obtained using the 

trypan blue exclusion method described above. This procedure 

reportedly will yield a nylon-wool nonadherent population of spleen 

lymphocytes which is 85-90% T-cells (10). 
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Cell Cultures in Microtiter Tray Assays 

The purified spleen T-cells were then assayed for their 

ability to respond to an in vitro mitogenic and antigenic challenge 

according to the method of Resch (11). Briefly, the T-cells were 

added to the wells of sterile plastic 96 well microti ter trays 

(Costar) such that the final cell population in each well was 1 x 

10 cells in a volume of 0.2 ml. Quadruplicate wells were seeded 

for each experimental value and for each control value. The 

mitogen and antigen preparations were dispensed into each well in 

10 yl aliquots using a Clay Adams dispensing gun and siliconized 

micropipettes. The final concentration of Con A and KLH in each 

well of cell culture was 5 yg/ml and 100 g/ml, respectively. 

Preliminary experiments had revealed that these concentrations gave 

maximal in vitro stimulation (data not shown). A 10 yl aliquot of 

sterile PBS was added to each control well. The trays were 

incubated for 54 hours, then pulsed with 0.1 ml per well of 

complete RPMI 1640 containing tritiated thymidine ( HTdr) at a 

concentration of 10 yCi/ml (specific activity 2 Ci/m mol, ICN 

Radioisotope Division). The cultures were incubated an additional 

16 hours, then harvested onto glass fibre filters using a Titertek 

^^ semiautomatic cell harvester (Flow Labs). The filters were 

allowed to air dry at least overnight, and each filter was then 

placed in a lime glass minivial (Rochester Scientific) containing 3 

ml of toluene base scintillation fluid (8). Each vial was counted 

for one minute using a Tri-carb ^ ' 300 R Liquid Scintillation 

tf!l 
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Counter (Packard) programmed to measure tritium activity. Averages 

of total counts per minute of each group of four sample wells were 

determined. 

Determination of the Immune Profile of 

Control Animals, Tumor Bearing Animals 

and HRP/GOD Treated Animals 

KLH immunized and non-immunized rats were included in groups 

of control animals, tumor bearing animals and peroxidase treated 

animals which were monitored for immune responses at regular 

intervals. Tumor bearing animals were sacrificed in pairs at 

intervals of two days. Treated animals were sacrificed in pairs 6 

hours after the first treatment, 6 hours after the fourth and last 

treatment and then at intervals of four days. Age-matched control 

animals were sacrificed in groups of three at five day intervals. 

For each animal, the in vitro T-cel1 response to antigenic or 

mitogenic challenge was determined using the microtiter tray assay 

described previously. 

Innate Peroxidase Levels of Spleen T-cells 

Purified spleen T-cells from control animals, tumor bearing 

animals, and HRP/GOD treated animals were assayed for their 

specific peroxidase content. T-cel1 homogenates were prepared by 

(R) freeze-thaw and sonication using a Sonic 300^ ' Dismembrator (Artek 

Systems) at 35 watts for 1 minute. These T-cel 1 hemogenates were 

assayed for total protein content by the method of Lowry, et al 

(12). Peroxidase activity was determined by a variation of the 
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method of Paul (3). The peroxidase assay used 100 yl of cell 

homogenate mixed with 300 yl hexadecyltrimethylammonium bromide 

(Sigma) 0.05% in PBS. A 100 yl aliquot of this mixture was then 

placed in a 2 ml plastic cuvette, with 1.76 ml PBS, 40 yl of 0.5 M 

guiacol (Sigma) in ethanol, and 100 yl H2O2 0.03% in H2O. 

The amount of peroxidase activity was measured as the rate of 

change of absorbance of this solution at 470 nm on a Beckman Model 

24 spectrophotometer equipped with a chart recorder. After taking 

a preliminary reading for total activity, peroxidase activity was 

inhibited (13) with the addition of 10 yl of a 2 mg/ml solution of 

3-aminotyrosine (3AT-Sigma). 

Any measureable activity seen after adding the 3AT was judged 

not to be due to peroxidase activity, but to some nonspecific 

reaction. Nonspecific activity was then subtracted from the 

overall activity measured initially, resulting in a value for 

specific peroxidase activity for each sample. Specific peroxidase 

activity is expressed as units of peroxidase activity (a change of 

one absorbance unit/minute) per miligram of total protein. 

Scanning Electron Microscopy for Localization 

of Immobilized HRP/GOD Beads in vivo 

A sample of tumor tissue was obtained from a tumor bearing rat 

six days after tumor innoculation. A sample of tumor/scar tissue 

was obtained from a tumor innoculated rat which had been given 4 

daily immobilized enzyme treatments and was sacrificed on day 16 

after tumor innoculation. These specimens were fixed in 2% 

•^am 
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glutaraldehyde for one hour and postfixed in 2% osmium tetroxide in 

coacodylate buffer for one hour. The samples were then dehydrated 

in a series of graded ethanol concentrations ranging from 30% to 

100%, dried in a Bomar SPC-1500 Critical Point Dryer, and gold 

coated on a Polaron E 5150 Gold Coater. The specimens were then 

examined and photographed using a Hitachi S-500 scanning electron 

microscope. 

In vitro T-cel1 Response to HRP/GOD 

T-cells taken from tumor bearing rats were prepared for a 

microtiter tray assay as described in Section I. Con A (5 yg/ml) 

and 100 yl aliquots of stock, 1:10 and 1:100 dilutions of HRP/GOD, 

were added to appropriate wells and the plates were incubated for 
3 

54 hr, pulsed with HTdr (1 yCi/well) for 16 hr and counted for 

^HTdr uptake by the T-cells. HRP/GOD beads without cells were 

placed in some wells and, when harvested and counted, were found to 

3 
absorb some HTdr activity. These counts were subsequently 

subtracted from total counts obtained from cell and HRP/GOD 

mixtures. 

In vitro Novikoff Hepatoma Response to HRP/GOD 

For all experiments measuring the effect of HRP/GOD on 

hepatoma cells vn_ vitro, a tube culture system was employed. 

Hepatoma cells diluted to 1 x 10 cells/ml in complete L-15 medium, 

and 1 ml aliquots of this cell suspension were placed in sterile 5 

ml plastic tubes (Falcon). Aliquots of 100 yl of stock HPR/GOD and 

1:10, and 1:100 dilutions in PBS were added to appropriate tubes. 

p-ua 
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Control tubes received 100 yl of sterile PBS instead of HRP/GOD. 

Cell growth was measured by adding a 5 yCi HTdr pulse per tube, 

incubating the tubes for 6 hours, and harvesting the contents of 

each tube by vacuum filtration through a glass fibre disc 

(Whatman). Each of these filters was then washed with 50 ml of 

deionized H^O. The washed filter was allowed to dry overnight and 

the radioactive counts were measured as described previously in 

Section I. A separate, identical set of tube cultures received no 

^HTdr pulse, but did receive the dilutions of HRP/GOD, and after 6 

hr of incubation, the viable hepatoma cell population was counted. 

In this counting procedure, the hepatoma cell HRP/GOD mixtures were 

diluted 1:2 with 0.04% trypan blue in PBS. This mixture was 

allowed to stand for 3 minutes, was shaken thoroughly and 

immediately counted on a hemocytometer. 

In another, separate experiment, 1 x 10 hepatoma cells in 1 

ml tube cultures were set up. Half of the tubes received 100 yl 

HRP/GOD per tube, and the other half received 100 yl PBS/tube as 

controls. After a 6 hour incubation, the hepatoma cells were 

separated from the HRP/GOD bead preparation using Ficol-Paque 

(Pharmacia). In this procedure each 1 ml culture of the hepatoma 

cell HRP/GOD mixture was layered onto a 1 ml aliquot of Ficol-Paque 

in a 5 ml sterile plastic tube. The tubes were capped and 

centrifuged at 1000 RPM for 15 minutes. The PBS-treated control 

cells were centrifuged with Ficol-Paque in an identical manner. 

The cells banded at the interface between the medium and the 
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Ficol-Paque, and were carefully removed using a sterile Pasteur 

pipette. The cells were washed in HBSS, counted, and placed in 1 

ml tube cultures in complete RPMI 1640. Each 1 ml culture was 
3 

pulsed with 5 yCi HTdr and was incubated for 6 hours. Each 
3 

culture tube was subsequently harvested and counted for HTdr 

uptake by the hepatoma cells. 

In conjunction with this experiment, a group of tubes 

containing 1 ml of L-15 medium with 10 yCi/ml '̂ HTdr received 100 yl 

of HRP/GOD to test for a possible chemical alteration of "̂ HTdr 

which would effect cellular uptake in the test system. After 6 

hours, the HRP/GOD was removed by filtering the mixture with a 0.45 

micron Gelman disposable filter. The supernatant, a "conditioned" 
3 

medium, was then used to pulse 5 yCi HTdr into separate tubes 

containing 1 x 10 control Novikoff hepatoma cells in 1 ml tube 

cultures. The pulsed cultures were incubated for 6 hours, 

harvested and counted as above. 

In vitro T-cel1 Responses to Mitomycin-C 

Treated Novikoff Hepatoma Cells 

The preparation of non-viable intact Novikoff hepatoma cells 

for use as antigen and the measurement on in vitro T-cel1 response 

to this antigen were performed by using a variation of the 

technique of Bach and Voynow (14). In this method, cultured 

Novikoff hepatoma cells were adjusted to 1 x 10 cells/ml in 

complete RPMI 1640 and mitomycin-C (Sigma) was added at a final 

concentration of 100 yg/ml. The mitomycin C was added to halt DNA 

Kk: .y (Jl 
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replication in the hepatoma cells without causing cell lysis. This 

mixture was incubated for 30 minutes, after which the cells were 

centrifuged and washed repeatedly in HBSS to remove residual 

mitomycin-C, and resuspended in complete RPMI 1640 at 2 x 10 

cells/ml. Purified spleen T-cells were taken from tumor bearing 

animals and animals in which tumor immunity had been induced by an 

ip injection of a sublethal (1 x 10^) innoculum of viable cultured 

Novikoff hepatoma cells twelve days prior to sacrifice. These 

T-cells were cultured in microtiter trays, and 100 yl of the 

non-viable mitomycin-C treated Novikoff hepatoma cell suspension. 

Con A at a final concentration of 5 yg/ml, or 10 yl PBS were added 

to appropriate wells. The final volume of each well was 0.2 ml 

6 ^ 

containing 1 x 10 T-cells with Con A, PBS, or 2 x 10 mitomycin-C 

treated hepatoma cells. The cultures were taken incubated for 54 

hr, pulsed with HTdr (1 yCi/well) for 16 hr, harvested and counted 
3 

for HTdr uptake by the T-cells. 

In vitro T-cel1 Responses to HRP/GOD Treated 

Mitomycin-C Treated Novikoff 

Hepatoma Cells 

Mitomycin-C treated Novikoff hepatoma cells were prepared as 

described in Section 0 and were adjusted to 1 x 10 cells/ml in 

complete L-15 medium. One milliliter volumes of this suspension 

were placed into separate 5 ml sterile plastic tubes, and 0.1 ml 

volumes of undiluted HRP/GOD were added to appropriate tubes. 

Control tubes received 0.1 ml PBS instead of HRP/GOD. The tubes 
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were then capped and incubated for 6 hr. The hepatoma cells were 

then separated from the HRP/GOD beads using the Ficol-Paque 

separation method described in Section N. Purified spleen T-cells 

from control rats were placed in wells of a microtiter tray and 

appropriate wells received PBS on Con A (5 yg/ml). Some wells 

received mitomycin-C treated hepatoma cells or HPR/GOD mitomycin-C 

treated hepatoma cells in addition to Con A. The final volume of 
g 

each well was 0.2 ml containing 1 x 10 T-cells with PBS, Con A or 
5 

Con A and 2 x 10 hepatoma cells. The cultures were incubated for 
3 

54 hr, pulsed with HTdr (1 yCi/well) for 16 hr, harvested and 
3 

counted for HTdr uptake by the T-cells. 
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CHAPTER III 

RESULTS 

Effect of HRP/GOD Protocols on 

Animal Survival 

The results in Table 1 show that a successful treatment 

protocol consists of administering 4 daily treatments to each 

animal beginning on the 3rd day of tumor growth (trial 2). When 

the animals received more than four daily treatments with HPR/GOD 

(trial 3), there seemed to be no additional improvement in tumor 

regression than was seen in those receiving the standard four 

treatments. 

The HRP/GOD preparation does have to be administered early 

after tumor innoculation in order to see extension of the animals 

life span. When the HRP/GOD treatments are delayed until day five, 

it appears that the course of tumor development can not be 

affected. 

Gross Effects of Tumor Growth on the Host 

Externally, rats in advanced stages of tumor growth appeared 

to be in generally poor health, showing ragged, scruffy coats, 

blanched ears, diarrhea and severely distended abdomens. Rats 

receiving treatment subsequent to tumor innoculation which 

displayed tumor regression showed none of these symptoms. 

Internally, the untreated tumor (Fig. 1) was large, soft and 

reddish in color, heavily involved with the mesenteric lymphatics 

especially in the areas of the spleen, transverse colon and liver. 
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Large amounts of ascites fluid, occasionally as great as 50 ml per 

rat, were found in association with the tumor and appeared to be 

the main cause of the abdominal distension described previously. 

The appearance and color of this fluid ranged from a clear amber to 

an opaque red. This coloration has been shown to be due to a 

large number of erythrocytes which are contained in the fluid along 

with lesser numbers of leukocytes and free floating tumor cells 

(15). 

Gross Effects of HRP/GOD Treatment on 

Tumor Growth 

The treated tumor in Fig. 2 is located in the same area of the 

peritoneum as the untreated tumor in Fig. 1, but the appearance is 

greatly altered. The treated tumor mass is white, hard and nodular 

and is confined to a single area of the peritoneum. The gross 

outward appearance of the tumor resembles fibrous scar tissue. The 

erythematous ascites fluid associated with the untreated animals is 

not observed in those which were treated. On the infrequent 

occasions when small amounts of peritoneal fluid were observed in 

treated animals, it was a clear, thin fluid with a watery 

consistency. 

Matter presumed to be the HRP/GOD beads was found in the 

peritoneal cavities of treated animals only. This material was 

light brown in color and granular, very closely resembling the 

uninjected HRP/GOD preparation. The majority of the HRP/GOD 

preparation in treated animals was found packed into aggregates 

'—'' ^- " -"^ —^~ ^"^ TITi 
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lining the anterior peritoneal lining and the mesentery, with some 

located on the serosal surfaces of the stomach, between the lobes 

of the liver and along the inferior surface of the diaphragm. 

Two animals were maintained up to 50 days after tumor 

innoculation followed by four treatments. These rats showed no 

recurring tumor symptoms before they were sacrificed to determine 

their immune status. The internal appearance of these animals 

correlated with the animal in Fig. 2. 

Effect of Tumor Proliferation on the 

Con A Induced Response of Rat T-cells 

The data in Figure 3 indicate that the spleen T-cells of a 

tumor bearing animal show a significant decrease in the immune 

stimulation index when challenged with Con A. This response is a 

measure of general immunological integrity of a subset of T-cells 

of a host (16). 
3 

Figure 3 reflects both the decrease in total CPM of HTdr 

uptake (panel A) and the decrease in stimulation index (panel B, 

and panel C) seen in animals with tumor. T-cells taken from tumor 

bearing animals which were not stimulated with Con A show a modest 

rise in CPM of HTdr incorporation beginning on day 6 after tumor 

innoculation, indicating that a nonspecific immune response took 

place in these animals in response to tumor associated antigens or 

other tumor products. T-cells from age matched non-tumor bearing 

animals do not show either the steady decline in Con A reactivity 

or the rise in nonspecific activity observed in the tumor bearing 

animals. 
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When the data are represented as stimulation indices in panel 

B the result are even more striking, in that advanced tumor bearing 

animals in this series of experiments show a 50-100 fold decrease 

in Con A reactivity when compared to animals with 2 day old tumors. 

A large difference was also seen when advanced tumor bearing 

animals are compared to age-matched non-tumor bearing controls. 

The same trend is shown in panel C when animals from a different 

supplier were used. Although the stimulation indicies were not as 

vigorous, there was a marked decrease as the tumor developed in the 

animal. The decrease in stimulation indices in both panel B and C 

was concomitant with the onset of symptoms of tumor progression. 

If the animals had not been sacrificed for immune assay, they would 

have been expected to expire by days 9 to 12. Upon necropsy, these 

animals showed large tumors with large amounts of ascites fluid. 

The results showed a direct correlation of a lack of the Con A 

response and a poor prognosis for the animals. 

Effect of Tumor Proliferation on Antigen 

Specific Responses of Rat T-cells 

The results in Figure 4 show that KLH immunized spleen T-cells 

of a tumor bearing animal lose their capacity to be stimulated by 

KLH. This response is a measure of the specific immune response of 

a subset of T-cells which have been primed with specific antigen 

(17), in this case, KLH. The decrease in the stimulation index of 

antigen-primed T-cells as tumor load increases shows that a 

specific clone of T-cells is suppressed by the presence and growth 

of the tumor. 
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The data in Figure 4, panel A, show an initial decrease 

followed by an increase in activity of T-cells from tumor-bearing 

animals when challenged with KLH. However, it will also be noted 

that the PBS-challenged T-cells show the same increase in activity 

over days 6 to 10, indicating that the presence of the tumor is 

causing increased spleen T-cell activity, but the CPM from these 

wells are not significantly increased by the addition of KLH. This 

indicates that the KLH specific T-cell subpopulation is either 

being suppressed by the tumor or a tumor product so as to be 

incapable of responding to the KLH antigen or this clone of cells 

is being depleted from the spleen lymphocyte population. 

When the data are expressed as stimulation indices, as in 

Figure 4, panel B̂ , the tumor suppressive effect on this clone of 

immune cells is readily observed. The stimulation indices fall 

precipitously after tumor innoculation, again reflective of a 

tumor-mediated suppression of the T-cells. As can also be observed 

in Figure 4, the immune response to KLH early in tumor growth 

(before day 6) varies in the individual animals tested. This may 

be due to a variation in the time needed for the tumor cells to 

colonize in the peritoneal cavity and cause a decrease in each 

individual rat's immune response. The same trend is observed in 

panel C when animals from a different supplier were tested. The 

same decrease in the stimulation index was observed. 

Effect of HRP/GOD Treatment on the Con A 

Induced Immune Response of Rat T-cells 

The results presented in Figure 5 show that the general immune 
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profile of tumor bearing animals is favorably affected by HRP/GOD 

treatment. 
3 

The data in panel A show that the average CPM of HTdr uptake 

of spleen T-cells from treated, tumor bearing animals does not fall 

as low as the untreated, tumor bearing animals shown in Figure 3, 

panel A, and the treated animals have extended lifespans. 

Radioactive CPM from PBS-chall enged wells begin to rise at day 6, 

as was seen in the untreated animals, but fall to normal levels by 

day 16. This rise in activity of the PBS challenged wells 

indicates that the tumor is present and providing antigenic 

stimulation to the T-cells. However, the subsequent fall in CPM of 

these wells reflects the regression and diminished antigenic nature 

of the tumor as the CPM return to normal levels. By comparison, 

the rise in activity of T-cells taken from tumor bearing, untreated 

animals which received PBS diminishes only slightly at day 10 (see 

Figure 3, panel A) when the animals appeared to be close to death, 

but these counts do not return to normal levels. 

Figure 5, panel B̂  presents the same data as stimulation 

indices. This figure indicates that the stimulation index in Con A 

challenged cultures of T-cells from treated, tumor bearing animals 

declines steadily until day 11, when the index begins to rise. The 

initial steady decline in the stimulation indices seen in these 

animals resembles the immune profile of untreated tumor bearing 

rats. This indicates that the tumor is developing and growing in 

the treated animals, at least for a short while. The increase in 

Con A stimulation shown by the increased stimulation index seen at 

Ersm»* 
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day 16 indicates that the animals have regained immune competency 

by this date, and the tumor is either regressing or is completely 

regressed. In panel C_ animals were tested from a different 

supplier and the stimulation indicies were shown to be much lower. 

Again the same trend for improved immune responses correlated with 

HRP/GOD treatment. The datum point shown on day 3 of panel C_ was 

taken from rats sacrificed 6 hours after the 1st HRP/GOD treatment 

in order to measure whether the treatment shows any immediate 

effect on T-cell response. The data from this day show a large 

standard error which resulted from the T-cells of one animal which 

appeared to be totally unresponsive to Con A challenge. This lack 

of response makes it impossible to determine any difference in the 

Con A stimulation immediately after treatment. Stimulation indices 

of animals sacrificed on day 6, 6 hours after the last treatment 

are somewhat depressed, showing an average of 2.0. However, Figure 

5 does show that the animals lifespans have been extended, and that 

their Con A response rises by day 20 to an average of 4.0 instead 

of the lower levels of 1.0 or below seen in day 8-10 of the 

untreated animals in Figure 3. It is also significant that the 

treated animals easily survived until sacrifice, even to twice the 

lifespan of the untreated animals shown in Table 1. 

Effect of HRP/GOD Treatment on the Antigen 

Specific Response of Rat T-cells 

The data in Figure 6, panel A indicate that the average CPM of 

cultures containing T-cells from treated, tumor bearing animals 

msi9'f^ 
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varies during and after treatment. The initial low CPM seen on day 

3 may reflect a rapid tumor growth in these animals, with a rapid 

loss of reactivity to KLH. By day 6, the response has risen 

five-fold only to fall again by day 12. This appears to be 

inconsistant with previous data until the CPM of HTdr uptake of 

T-cells from these animals which were not stimulated by KLH is 

considered. These counts show a rise in non-specific activity on 

days 3 through 6, indicating tumor growth during the course of 

treatment. This activity is reduced to control levels on days 12 

and 16, indicating that the tumor and its effects are diminishing 

during this time. The rise in CPM of spleen cells from tumor 

bearing, treated animals challenged with KLH seen at day 16 further 

substantiates this observation. 

Figure 6, panel B, shows the same data presented as stimulation 

indices. This figure shows that the KLH stimulation of the treated 

animals does not fall to the very low levels observed in the 

nontreated animals in Figure 4, panel B. These data indicate that 

the KLH reactive T-cell subpopulation in these animals is being 

maintained, either by removal of tumor suppression or increasing 

the numbers of cells available for KLH stimulation. 

The data in Figure 6 show that the antigen-specific immune 

profile to tumor bearing rat can be altered by HRP/GOD treatment, 

similar to the general Con A response depicted in Figure 5. 

Extended lifespans and a partial recovery of immune activity in 

HRP/GOD treated animals are also seen in these results, indicating 

that treated tumor bearing rats maintain the ability to react to 
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specific antigen after treatment is applied. As also seen in 

Figure 5, the change in the immune status of the animals 

immediately following treatment is not readily apparent. However, 

with time, there is a significant change in the immune status of 

these animals which allows them to recover from the effects of the 

tumor. 

These experiments (Figs 3-6) show that the presence and growth 

of the tumor was suppressive to two parameters of the immune 

system, and that the HRP/GOD treatment was effective in combating 

the tumor. This effect was shown when the treated, tumor bearing 

animals survived past day 10, the average life span at which 

untreated tumor bearing animals die. The results also show that 

the T-cells taken from HRP/GOD treated animals retained an ability 

to react to mitogen and antigen while the T-cells from untreated 

animals did not. 

It is interesting to note that the immune responsiveness of the 

treated tumor bearing animals appears to have continued to decrease 

during the course of 4 treatments, and increased responsiveness was 

seen only after a brief lag time. Another interesting observation 

was that the size of the regressed tumor mass seen in day 20 

animals was larger than the tumor mass seen in animals sacrificed 

at day 3. These observations suggest that the tumor continued to 

increase in mass even during the course of treatment and was 

arrested following a brief lag subsequent to treatment, i.e., the 

effect of the treatment is not immediate. 
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Effect of Tumor Growth on Host T-cell 

Levels of Peroxidase Activity 

The data in figure 7 show that the peroxidase activity in 

control animals remains stable at about 0.5-0.6 units/mg protein 

throughout the experiements. Animals which received tumor show a 

rise in measureable spleen T-cell peroxidase activity beginning 3 

to 4 days after tumor innoculation. In KLH-immune and non-immune 

untreated animals, the peroxidase level rises to a high point of 

1.38 units/mg and 1.05 units/mg respectively. Both groups show 

this highest activity at day 8, after which the peroxidase levels 

fall toward control levels by day 10, and in panel A, to 0.04 units 

on day 12. (The data on day 12 come from the T-cells of a single 

untreated rat which survived until day 12 of tumor involvement). 

Animals receiving tumor and treatment show a large rise in 

peroxidase levels on day 12 in panel A and 16 in panel B. No 

definative explanation is available for the variation of the time 

interval of these peaks between the two groups. It may be that 

presence or absence of the alum-precipitated KLH as antigen in 

these animals alters the expression of peroxidase in these cells. 

The interesting point seen in T-cells of treated animals, though, 

is the impressive rise in peroxidase activity above that seen in 

either tumor bearing or control animals. This rise is not 

interpreted as a direct measurement of HRP activity added to 

treated animals, but rather an increase in either the numbers of 

activited T-cells in the leukocyte population of the spleen or an 
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increased ability of a set number of T-cells to become activated. 

The level of peroxidase in animals judged to be cured of tumor by 

both visual inspection and immune profile assays (days 16-20) falls 

toward the levels measured in control animals. 

Association of HRP/GOD With Regressed 

Tumor Scar Tissue 

Figure 8 shows a scanning electron micrograph of the surface 

of a portion of tumor removed from the peritoneum of a rat 6 days 

after injection of 3 x 10 tumor cells. Note the large, rounded, 

loosely adherent cells at the surface which are characteristic of a 

growing tumor mass. Figure 9 shows tumor tissue taken from an 

animal 12 days after it received the 4 treatments, and reveals a 

sharp contrast when compared to Figure 8. In this animal, the 

surface of the tumor is made up of flattened, fibroblastic cells 

which are apparently interwoven with collagen fibrils, indicating 

that a healing and scarring process has taken place at the tumor 

site. 

Figure 10 shows the underside of the tissue sample pictured in 

Figure 9. It can be seen that the large round Sephadex beads 

(compare to Figure 11) are embedded within the healed tumor mass 

indicating that direct contact takes place between the cells of the 

tumor mass and the HRP/GOD bound to the beads. Note also, that 

collagen fibres are also apparent here, indicative that scarring 

has taken place within the tumor mass itself. 
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Effect of HRP/GOD on T-cells from 

Tumor Bearing Rats 

The data in Table 2 shows that the HRP/GOD preparation has 

little effect on HTdr uptake by T-cells taken from a tumor bearing 

rat. No increase in T-cell activity is seen in the presence of the 

bound enzymes in vitro, indicating that the HRP/GOD does not cause 

T-cell mitogenesis. This implies that the mechanism by which the 

HRP/GOD causes tumor regression U}_ vivo is not due to direct 

immunostimulation of T-cells. Therefore, it was necessary to test 

the effect of HRP/GOD on the Novikoff hepatoma cells. 

Effect of HRP/GOD on Novikoff Hepatoma 

Tumor Cells 

The results in Table 3 show that the HRP/GOD system causes a 

decrease in the ability of the Novikoff hepatoma cells to take up 

HTdr 2J1 vitro, and this derease is dose responsive to the amount 
3 

of HRP/GOD present. A decrease in HTdr uptake could be 

interpreted as a cytotoxic event, which was an expected 

observation. However, the results of the viable tumor cell counts 
3 

indicate that the loss in HTdr uptake was not due to loss of 

viable cells as a result of cell death or lysis. It is interesting 

to note that adding 100 ul of HRP/GOD to the cells causes a 66% 

decrease of '̂ HTdr uptake while not significantly altering the 

number of cells judged viable by trypan blue exclusion. Further 

experimentation was needed, therfore, to test whether the loss of 
3 

the hepatoma cells' ability to incorporate HTdr in vitro was due 

to a permanent alteration of the cells, or was due only to the 

immediate presence of the HRP/GOD in the system. 
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Table 2. In vitro Effect of HRP/GOD on T-cells 

From Rats with 4 Day Old Tumors 

Culture contents HTdr uptake CPM 

Exp. 1 Exp.2 

Control (no HRP/GOD) 1,425+ 26 1,812+ 57 

Undiluted HRP/GOD 771 + 273 1,883 + 734 

1:10 diluted HRP/GOD 1,224 + 209 1,150 + 147 

1:100 diluted HRP/GOD 1,091 + 63 1,391 +303 

Con A 5 yg/ml 1,766 + 99 2,361 + 173 

3 
Data are reported as the average counts per minute of HTdr 

uptake ± standard error for 4 identical wells. 

Each well contained 0.2 ml of total volume, which included 1 x 

10^ T-cells in complete RPMI 1640 and 100 ul of HRP/GOD dilution or 

100 yl PBS (control) or 5 yg/ml of Con A. The cultures were 
3 

incubated for 54 hr then pulsed for 16 hr with 1 yCi/well of HTdr. 
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The results in Table 4 show that the effect of HRP/GOD upon 
3 

the HTdr uptake by Novikoff hepatoma cells iji vitro is not 

permanent, as the tumor cells regain their ability to incorporate 
3 
HTdr once the enzyme preparation is removed. The data from tables 

3 and 4 collectively, indicate that the HRP/GOD is inhibitory to 

the growth of the hepatoma cells, but this inhibition is not due to 

enzyme mediated cell lysis or cell death when measured in this test 

system. 

In conjunction with the experiment shown in Table 4, 1 x 10 

control Novikoff hepatoma cells were placed in 1 ml cultures of 

L-15 medium and were pulsed with 5 yCi of HTdr which had been 

placed in the presence of HRP/GOD for 6 hr and then removed by 

filtration. The average CPM was 35,782 j^l564 for three identical 

samples. Comparing this value with the control cultures in Table 
3 

4, it can be seen that the decrease in HTdr uptake by Novikoff 

hepatoma cells shown in Table 3 was not due to an alteration of the 

^HTdr by the HRP/GOD. 

In vitro Response of Immunized 

T-cells to Tumor Antigens 

Immunized T-cells were challenged with tumor antigens to 

determine if the host maintained a level of immunocompetence to the 

tumor cells. Table 5 shows that tumor immune animals retain the 

ability for their T-cells of vigorously respond to Con A in vitro 

showing stimulation indices of 62.4 to 115.9. T-cells from these 
3 

animals also show significant increases in HTdr uptake when placed 

in the presence of mitomycin-C treated Novikoff hepatoma cells 
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Table 4. Determination of the Mechanism of 
3 

Inhibition of HTdr Incorporation by 

HRP/GOD Treatment of Novikoff 

Hepatoma Cells 

Culture Contents ^HTdr Uptake CPM 

HRP/GOD treated Novikoff 35,348 t 2,426 

hepatoma cells 

Control (untreated) Novikoff 37,575+1,783 

hepatoma cells 

Identical tube cultures of 1 x 10 Novikoff hepatoma cells in 

1 ml of L-15 medium received either 100 yl undiluted HRP/GOD 

(treated) or 100 yl PBS (control) per tube and were incubated for 6 

hr. All cultures were then centrifuged with Ficol-Paque, the cell 

counts were readjusted to 1 x 10 cells/ml in 1 ml tube cultures of 
3 

complete RPMI 1640, and each tube was pulsed with 5 yCi HTdr for 6 

hr. 

^HTdr uptake is reported as the average counts per minute ĵ  

standard error of three identical samples. 
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Table 5. Mitomycin-C Treated Novikoff Hepatoma 

Cells as Antigen in T-cell Cultures: 

Effect on T-cells From Four 

Tumor Immune Rats 

PBS Con A yg/ml Mito-C Novikoff hepatoma 

Rat# CPM+SE^ CPM+SE^ SJ^ CPM+SE^ SI^ 

1 2332+138 199,338+13,529 85.4 9 ,365+845 4.01 

2 2904+257 336,651+20,392 115.9 13,227+434 4.55 

3 3503+ 93 373,423+17,621 106.6 8 ,117+568 2.31 

4 5149+192 321,110+29,949 62.4 18,608+366 3.61 

Four rats were injected ip with a sublethal ( 1 x 1 0 ) dose of 

viable cultured Novikoff hepatoma cells. Twelve days later, all were 

sacrificed and their purified spleen T-cells were set up in microtiter 

trays at 1 x 10 cells/well. Approprite wells received PBS, Con A (5 
5 

yg/ml) or 2 X 10 mitomycin-C treated Novikoff hepatoma cells. The 
3 

cultures were incubated for 54 hr, then pulsed with 1 yCi of HTdr for 
3 

16 hr. The cultures were then harvested and counted for HTdr uptake by 

the T-cells. 

^Data are given as average counts per minute ĵ  standard errors for 

four identical wells. 

Stimulation index = Average CPM or 4 wells receiving Con A 

Average CPM of 4 wells receiving PBS 

^Stimulation index = Average CPM of 4 wells receiving Mitomicin-C 

treated Novikoff cells 

Average CPM of 4 wells receiving PBS 
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serve as the tumor antigens in this experimental system. The 

stimulation indices from these cultures range from 2.31 to 4.55, 

showing that the tumor cells are antigenic. Presumably, the immune 

system of the rat should recognize the Novikoff tumor as a foreign 

antigen which triggers an immune response which would rid the host 

of the invading tumor. In the Novikoff hepatoma system the host 

immune response is unable to control tumor burden as manifest by 

successful colonization of tumors in the test animals used 

throughout the course of the study. The question becomes what is 

the effect of mitomycin-C treated hepatoma cells on T-cell 

responses from tumor bearing animals. 

In vitro Response of T-cells from 

Tumor Bearing Rats to 

Tumor Antigens 

The data in Table 6 show that, as in previous experiments, the 

ability of cultured T-cells of tumor-bearing rats to respond to Con 

A is suppressed. However, even more remarkable is the suppressive 

effect of mitomycin-C treated hepatoma cells on the T-cell cultures 

from these animals. The T-cells placed in the presence of the 

hepatoma cells show no antigenic stimulation, but rather show a 

marked decrease in activity when compared to control cultures. 

This is evident in the stimulation indices of these cultures, 

ranging from 0.01 to 0.04, which represents a 25 to 99-fold 
3 

decrease of HTdr uptake when compared to control cultures. These 

results indicate that the tumor cells are inhibitory to the T-cells 

taken from tumor bearing rats. 
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Table 6. Effect of Mitomycin-C Treated Novikoff 

Hepatoma Cells On T-cells from Rats 

with a Six Day Tumor Burden 

Rat# 

1 

2 

3 

PBS 

CPM+SE^ 

5,515 + 126 

13,038 +. 565 

15,003 + 458 

Con A 5 yg/ml 

CPM+SE^ 

10,078 + 565 

25,347 ± 1868 

34,299 + 324 

Mito-C Novikoff hepatoma 

SI^ 

1.82 

1.94 

2.28 

CPM+SE^ SI^ 

226 + 46 0.04 

254 + 34 0.02 

168 + 76 0.01 

Three rats were injected ip with 3 x 10 viable cultured 

Novikoff hepatoma cells. Six days later, all were sacrificed and 

their purified spleen T-cells were set up in microtiter trays at 1 

X 10 cells/well. Appropriate wells received PBS, Con A (5 yg/ml) 
5 

or 2 X 10 mitomycin-C treated Novikoff hepatoma cells. The 
3 

cultures were incubated for 54 hr, then pulsed with 1 yCi HTdr for 
3 

16 hr. The cultures were then harvested and counted for HTdr 

uptake by the T-cells. 

^Data are given as the average counts per minute ĵ  standard error 

of four identical wells. 

^Stimulation index is calculated for each value as SI = 

Average CPM of 4 wells receiving Con A or Novikoff hepatoma 

Average CPM of 4 wells receiving PBS. 
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Release of in vitro Novikoff Hepatoma 

Induced Immunosuppression by HRP/GOD 

Treatment of Novikoff Hepatoma 

Tumor Cells 

Table 7 shows that mitomycin-C treated Novikoff hepatoma cells 

are immunosuppressive to T-cell immune responses, as their presence 

blocks Con A induced stimulation of normal T-cells in vitro. This 
3 

is evident when the HTdr counts of cultures of T-cells receiving 
3 

Con A and hepatoma cells (Culture B) are compared to the HTdr 

counts from cultures receiving Con A only (Culture A). The T-cell 

cultures incubated in the presence of the hepatoma cells show 80% 

and 99% decreases in T-cell activity. Interestingly, Con A 

stimulated T-cell cultures incubated in the presence of hepatoma 

cells which were previously treated with HRP/GOD (Culture C), 

showed no decrease (trial 1) and a 50% decrease (trial 2) in T-cell 

activity when compared to culture A. These data are interpreted to 

mean that the Novikoff hepatoma cells are immunosuppressive in 

vitro, and that they are altered in some way by the HRP/GOD enzyme 

activity such that their suppressive nature is lost or decreased. 

In trial 2, HRP/GOD treated tumor cells did not completely release 

the immunosuppressive nature of the tumor cells. However, it did 

release approximately 50% of the immunosuppressive effect which is 

still significant. Since the amount of enzyme activity on the 

Sepharose 4-B beads is not known, there may not have been enough of 

the covalently attached enzyme activity to reverse tumor immune 

suppression completely. 
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Table 7. In vitro Response of Non-immunized 

T-cells to HRP/GOD and Mitomycin-C Treated 

Novikoff Hepatoma Cells^ 

Culture A 

CPM + SE^ 

22,649 + 1503 

34,786 + 6569 

Culture B 

CPM + SE^ %Inhibition^ 

1,741 +435 93 

6,916 + 286 80 

Culture C 

CPM + SE^ %Inhibition'^ 

40,002 + 4246 0 

17,568 + 2430 50 

In each trial, purified spleen T-cells from a non-immunized 

rat were placed in 0.2 ml cultures in microtiter trays at 1 x 10 

cells/well. Wells designated Culture A received Con A (5 yg/ml). 

Wells designated Culture B̂  received Con A (5 yg/ml) and 2 x 10 

mitomycin-C treated Novikoff hepatoma cells/well. Wells designated 

Culture £ received Con A (5 yg/ml) and 2 x 10 mitomycin-C treated 

Novikoff hepatoma cells which had been incubated for 6 hr in the 

presence of HRP/GOD. All cultures were incubated for 54 hr. then 
3 

pulsed with 1 yCi HTdr for 16 hr. The cultures were than 
3 

harvested and counted for HTdr uptake by the T-cells. 

^Data are given as the average counts per minute +_ standard error 

of 4 identical wells. 

^Percent inhibition for each value is calculated as % inhibition = 

Average CPM from 4 wells receiving Con A and Novikoff hepatoma 

Average CPM from 4 wells receiving Con A 

^The data is expressed as two separate trials. 
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CHAPTER IV 

DISCUSSION 

This study shows that the T-cell functions of rats are 

impaired in vitro by innoculation and subsequent growth of Novikoff 

hepatoma tumor cells (Fig. 3 and 4) and vn_ vitro when tumor cells 

are incubated with cultured T-cells (Tables 5, 6, 7). This T-cell 

dysfunction is restored in tumor-bearing animals which are treated 

with an HRP/GOD enzyme complex (Fig. 5 and 6), and that jm vitro 

tumor cell mediated suppression of the T-cell response to Con A is 

abrogated when the tumor cells are first pretreated with HRP/GOD 

prior to incubation with normal T-cells in mixed lymphocyte culture 

(Table 7). The restoration of iri vivo immune function is presumed 

to be the result of chemical activity of HRP/GOD upon the tumor 

cells which inhibits tumor cell growth (Table 3). However, 

cytolysis of the tumor cells by the HRP/GOD does not appear to be 

the mechanism of tumor regression (Table 4). 

The HRP/GOD beads were found by scanning electron microscopy 

to be in contact with the regressed tumor in treated animals (Fig. 

10). 

Evidence for continued tumor growth during the administration 

of the four treatments was shown in Figures 5A and 6A. Tumor 

regression does not immediately begin following HRP/GOD treatment. 

The immunosuppressive effect of the tumor remained for days after 

the last treatment. Additional evidence for the latent effect of 

the HRP/GOD complex was the observation that the regressed tumor 
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masses at 12 and 16 days after treatment were much larger than the 

actively growing tumors in animals sacrificed at 6 hr after the 

initial treatment on day 3. 

In theory, once the tumor mass engulfed enough HRP/GOD beads, 

the inhibitory influence of the enzyme preparation either slowed 

tumor growth, or perhaps killed the tumor. However, there was 

specificity only for the tumor cells and normal tissue seemed 

unaffected by the presence of the HRP/GOD beads (Figure 2). 

A putative mechanism for HRP/GOD induced regression can be 

constructed form the literature and the results in this study. 

Since HRP/GOD was not found to stimulate T-cell activity jjl vitro 

under the described experimental conditions (Table 2), then it 

becomes feasible that the HRP/GOD complex chemically alters a tumor 

associated factor which normally is responsible for host T-cell 

suppression. Examples of the acceptability of the association of 

immunosuppression with neoplastic disease are observed in a number 

of experimental tumor systems. 
3 

Bluestone and Lopez (20) showed impaired mixed lymphocyte HTdr 

reactions in spleen cells from mice bearing a Maloney-virus induced 

tumor. Chandressa and Bradley (21) found that lymph node cells in 
3 

mice showed progressive loss of ability to incorporate HTdr after 

the animals were injected subcutaneously with tumor cells. The 

degree of suppression seen in these cells was directly related to 

the size of the tumor mass in the animal prior to sacrifice. 

Kilburn et al. (22) showed that spleen cells from mice bearing 
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large tumors of any of four separate types (two virally-induced, 

one chemically induced and one spontaneously occurring) were unable 
3 

to show enhanced jji vitro HTdr incorporation and DNA synthesis 

upon stimulation with PHA (a mitogen). Gillette (23) also showed 

that the ability to stimulate mouse spleen T-cells with PHA was 

severely depressed when the animals were successfully innoculated 

with any of five fibrosarcomas, one adenocarcinoma, or one SV-40 

virus-transformed tumor cell line. It was also shown that the 

tumors had varying degrees of antigenicity, but the loss of 

PHA-stimulated spleen cell activity was independent of this factor. 

(The suppression was not antigen specific.) Warner et.al. (24) 
3 

showed that in vitro specific antigen induced HTdr uptake of mouse 

spleen T-cells was reduced in animals infected with WEHI-164 

plasmacytoma. Thus, the relationship between neoplastic disease 

and decreased general immune response seems to be the rule rather 

than the exception. 

The mechanisms of tumor-induced immunosuppression have been 

shown to involve the presence of mononuclear, nylon wool adherent 

cells (25), cells having characteristics similar to B lymphocytes 

(22), suppressor macrophages (26,27), suppressor T-cells (28) , or 

the presence of soluble factors in the serum of tumor bearing 

animals. Although several of these mechanisms may be functioning 

to suppress T-cell activity of animals in this study, data from 

Table 7 shows that a tumor-produced soluble factor, or surface 

associated factor can be chemically altered and the tumor cell is 
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no longer immunosuppressive. The identity of such a factor is 

elusive, however, there is sufficient indirect evidence to 

implicate alphafetoprotein (AFP) as a distinct possibility. 

AFP is a glycoprotein of 70,000 daltons (29) which has been 

found in sera and amniotic fluid of various mammalian species 

including mice, rats, and humans and is associated with pregnancy 

or disease of the liver and gastrointestinal tract (30,31). AFP is 

produced by the fetal liver and yolk sac, is found in elevated 

levels in maternal sera, and is theorized to be involved in 

protection of the fetus from the maternal immune system (32,33,34). 

AFP production is also seen in pathological conditions of the 

liver, including hepatomas. Watabe et.al. (35) reported that 26 of 

78 transplantable rat hepatoma cell lines tested were positive for 

AFP production. Watabe et.al. (36) and Stanislawski-Birencwajg 

et.al. (37) showed AFP production in two separate hepatoma cell 

lines which were induced by feeding rats 4-dimethylaminoazobenzene, 

the same carcinogen used by Novikoff to induce the transplantable 

hepatoma used in this study(9). 

Kanai et.al. (44) showed histologically that an AFP producing 

rat hepatoma cell line contained AFP which was being produced by 

membrane-bound ribosomes, i.e., for extracellular transport, and 

Nishioka (45) localized AFP in hepatoma cells using immunofloures-

cence, finding it in the cytoplasm, perinuclear zone and on the 

cytoplasmic membrane of tumor cells. AFP has been shown to cause 

immunosuppression both in vivo and in vitro (26,32) causing a loss 
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in T-cell function and antibody production (29). The mechanism by 

which AFP induces immunosuppression has been shown to involve 

activiation of a subset of thymus-derived lymphocytes, or 

suppressor T-cells, both jr̂  vitro (38,39,40) and i_n vivo (29). 

Suppressor T-cells then act to limit activity of helper T-cell 

stimulation to various antigenic challenges, but does not limit 

B-cell production of antibodies specific for T-independant antigens 

(39,46). Circulating levels of AFP have been shown to vary and the 

in vivo halflife in rats is known to range from 1.1 to 1.3 days 

after which AFP is catabolized (47). Once AFP is removed from an 

in vitro immune tumor system then immunosuppression is no longer 

observed (48). 

Suppressor T-cells act by releasing a soluble factor (40) of 

40,000 to 70,000 daltons (41) which restricts helper T-cell mitotic 

activity (43) and delayed-type hypersensitiviy reactions (42). 

The administration of HRP/GOD to tumor bearing animals in this 

study allowed maintainence and later recovery of T-cell activity in 

vivo. It is postulated that this recovery is due to the release of 

immunosuppression induced by the tumor mass. In vitro, the HRP/GOD 

preparation revealed an ability to suppress the physiology oi; 
3 

cultured tumor cells, reflected by their decreased HTdr uptake 
3 

(Table 3). This decrease HTdr uptake was not due to cell death, 

however (Table 4), and U}_ vitro suppression of T-cells by 

mitomycin-C treated tumor cells (Table 7) was released when the 

tumor cells were pretreated with HRP/GOD. The results of this study 
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indicate that the Novikoff hepatoma tumor cells induce a state of 

immunosuppression on a host T-cell population which allows the 

tumor to proliferate. Biochemical intervention of tumor growth is 

possible under the proper experimental conditions. Presumably, a 

biochemical event at the surface of a tumor cell or a biochemical 

alteration of an effector molecule from the tumor cell releases the 

immunosuppressive state. A putative effector molecule is AFP, 

which is known to induce immunosuppression and to be a product of 

active hepatoma tumor cells. Once the immunosuppression has been 

released then the hosts immune system can respond specifically to 

the tumor antigens and cause tumor regression. 
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