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Abstract. Selenium (Se) is an essential nutritional factor with a chemopreventive poten- 
tial. This study examined the ability of C57BL/6J mice, maintained for 8 weeks on Se- 
deficient (0.02 ppm Se), normal (0.20 ppm Se), or Se-supplemented (2.00 ppm Se) Torula 
yeast-based diets, to generate cytotoxic lymphocytes (CTL) and to destroy tumor cells. 
CTL were generated in vivo by intraperitoneal immunization with P815 cells and in vitfo 
by allogeneic stimulation of cells from animals maintained on a normal diet in media 
supplemented with 1 x lo-' to 1 x M Se (as selenite). Lymphocytes from animals 
maintained on the Se-supplemented diet had a greater ability to destroy tumor cells 
than lymphocytes from animals maintained on the normal diet, whereas Se deficiency 
reduced the cytotoxicity. The effects on cytotoxicity were accompanied by parallel 
changes in the levels of lymphotoxin produced. The greatest enhancement of tumor 
cytodestruction occurred with supplementation of 1 x 10-7M Se, whereas with 1 X 
M there was inhibition of the cytotoxic responses. The stimulatory effect of Se occurred 
during the phase of CTL generation rather than during the lytic phase of cytotoxicity. 
These results indicated that Se supplementation enhances CTL generation and the 
ability of a host to destroy malignant cells, whereas Se deficiency has the opposite 
effect. [P.S.E.B.M. 1990, Vol 1931 

he available data on the ability of selenium (Se) 
to prevent the development of malignant neo- T plasms indicate that Se is an important chemo- 

preventive agent (1). The majority of the reported stud- 
ies have demonstrated that Se supplementation inhibits 
tumorigenesis in a number of mammalian species and 
that the protective effect extends to chemical, radiation, 
and oncogenic virus-induced transformation. Other 
studies have indicated that a nutritional deficiency of 
Se can result in a significant enhancement of tumor 
development in a number of model systems and, as 
based on epidemiologic data, also in humans (2). 

The mechanism(s) involved in the chemopreven- 
tive effect of Se is still unknown. Among possible 
mechanisms, Se may be involved in the regulation of 
DNA synthesis (3), act as an antioxidant (4), regulate 
cell function by maintaining or increasing the level of 
total cellular glutathione (9, or it may enhance the 
functions of immunocompetent cells (6). The purpose 
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of this study was to determine whether modulation of 
the levels of Se in the diet can result in significant 
changes in the ability of a host to generate cytotoxic 
lymphocytes and to destroy tumor cells. 

Materials and Methods 
Animals and Diet. Male C57BL/6J mice (The 

Jackson Laboratory, Bar Harbor, ME), 6 weeks of age, 
were housed in a temperature- and humidity-controlled 
animal facility, with a 12-hr/l2-hr light/dark cycle, and 
given water ad libitum. All animals were fed at midday, 
and all experimental animals were sacrificed between 9 
AM and 12 noon to maintain uniformity and avoid 
circadian variations. 

The animals were maintained on the Se-deficient 
(0.02 ppm Se), normal (0.20 ppm Se), or Se-supple- 
mented (2.00 ppm Se) Torula yeast-based diets for 8 
weeks. The diets were prepared commercially (Teklad, 
Madison, WI), and the full composition of the diets 
appears in the accompanying paper. The protein source 
in the diet was Torula yeast and the Se content of the 
yeast was 0.02 ppm, as determined fluorometncally 
(Hazelton Labs, Madison, WI). The normal and sup- 
plemented diets were prepared by adding to the basal 
diet the needed amount of sodium selenite to obtain 
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0.20 ppm and 2.00 ppm Se, respectively. Each animal 
was provided with 5 g/day of the respective diet, and 
body weights were determined on the day of experi- 
mental use. There were no significant differences in the 
body weight of animals maintained for 8 weeks on the 
three diets. Blood samples were taken by cardiac punc- 
ture, under light ether anesthesia, and, for each diet 
group, equal volumes of blood from each animal were 
pooled. Serum was separated, filter sterilized (0.45 pm; 
Millipore, Bedford, MA), and serum Se concentrations 
were fluorometrically determined by National Medical 
Services, Inc., Willowgrove, PA. The sensitivity of the 
assay was 6.85 X lo-' M Se and all assays were run 
against quality control standards (standard concentra- 
tion 9.4 pg/dl; SD f 0.95 pg/dl). The Se concentrations 
of the pooled serum samples from 10 each, Se-normal, 
Se-deficient, and Se-supplemented mice were 3.6 x 
10-6M, 2.7 X 10-7 M, and 6.6 x 10-6M, respectively. 
Although the final Se concentration in the Se-modified 
diets was not assessed, the significant differences in the 
Se levels in the serum from animals maintained on the 
three diets attest to the Se content of the diets. 

For the in vitro Se supplementation studies, 14- 
week-old, male C57BL/6J mice were used. The mice 
were maintained as described above and fed Purina Lab 
Chow (standard laboratory diet) ad libitum. The DBA/ 
2 mice (The Jackson Laboratory) used for the passage 
of tumor cells were maintained identically. 

Culture Media. All cells were cultured in a basic 
medium of RPMI 1640 supplemented with 25 mM 
Hepes, 100 units/ml penicillin, 100 pg/ml streptomy- 
cin, and 2 mMglutamine (GIBCO, Grand Island, NY), 
and additional supplementation as specified for each 
assay. All cultures were incubated at 37°C with 5% 
COZ. 

In Vivo Generation of Cytotoxic Lymphocytes 
(CTL). Eleven days before the end of the %week feeding 
period, groups of 10 Se-normal, Se-supplemented, and 
Se-deficient mice were immunized by intraperitoneal 
injection with 5 x lo6 freshly isolated P815 mastocy- 
toma cells, maintained by serial passage in DBA/2 
mice. On the day of assay, peritoneal exudate cells were 
obtained by lavage with 10 ml of the basic medium 
supplemented with 1 unit/ml sodium heparin, and to 
5% with fetal bovine serum (FBS; GIBCO). The cells 
were washed once in the basic culture medium supple- 
mented with 0.1 mA4 nonessential amino acids 
(GIBCO) and to 10% with FBS, resuspended in the 
same medium, and cultured for 2 hr. The nonadherent 
cells (lymphocytes) were collected and counted for use 
in the cytotoxicity assay. 

In Vitro Generation of CTL. CTL were generated 
in vitro by allogeneic stimulation of spleen lymphocytes 
removed from animals maintained on standard labo- 
ratory diet. The spleen cells were removed as described 
previously (7), washed once in basic medium supple- 
mented to 5% with FBS, and counted. Lymphocytes (4 
X lo6) were cocultured in 2 ml of the basic medium 

supplemented with 0.1 mM nonessential amino acid, 5 
x M 2-mercaptoethanol, 1 X to 1 X lop6 M 
sodium selenite (Sigma, St. Louis, MO), and to 5 %  
with FBS, with 8 X lo4 P8 15 cells that had been treated 
with mitomycin C (100 pg/ml, 60 min at 37°C; Boeh- 
ringer Manheim, Indianapolis, IN). The cells were 
plated in 24-well culture plates (Linbro 76-033-05) and 
cultured for 5 days. The lot of FBS used for these 
studies was specifically selected for its low Se content, 
i.e., 0.9 pg/dl (National Medical Services, Inc.), which 
is equal to 6.33 x M Se in the final culture 
medium. At the end of the incubation period, the cells 
were harvested, washed once, counted, and used for the 
cytotoxicity assay. 

Cytotoxicity Assay. Lymphocyte-mediated tumor 
cytotoxicity was assayed using a 4-hr "Cr release assay. 
Activated lymphocytes were cocultured with 2 x lo4 
P8 15 cells labeled with 51Cr (400 mCi/mg; New Eng- 
land Nuclear, Boston, MA), at effector cell to target cell 
ratios of 1.25: 1 - 10: 1 in 96-well round-bottom culture 
plates (Linbro 76-013-05). The cells were cultured in a 
total volume of 200 pl/well of the basic culture medium 
supplemented to 5% with FBS for 4 hr. Control wells 
(nonspecific release) consisted of 2 X lo4 "Cr-labeled 
P8 15 cells incubated in the presence of medium alone. 
Total release was determined by incubating an equal 
number of P815 cells, in 100 pl of medium, with 100 
pl of 5% Triton X-100 (Research Products Interna- 
tional, Mount Prospect, IL). Release of "Cr into the 
medium was measured by liquid scintillation counting, 
and the percentage of specific lysis was calculated as 
follows: 

where the cpm values represent the means of four 
replicates/sample. The total number of peritoneal ex- 
udate cell lymphocytes required to kill 2 x lo4 target 
P8 15 cells was determined by regression analysis of the 
mean percentage of cytotoxicity at the various effector 
to target cell ratios for each individual animal at the 
point at which the regression line intercepted 63% 
specific lysis, which is a measure of the cytotoxic cell 
frequency in a given population of lymphocytes (8). 
The cytotoxic cell activity, A (which represents the 
relative efficiency of CTL to kill a specific target tumor 
cell), for each control and experimental animal was 
calculated as: 

Y=A(l-e+) 

where Y is the % specific lysis, x is the number of 
lymphocytes/well at the 10: 1 effector to target cell ratio, 
and k is the cytotoxic cell frequency (reciprocal of the 
number of lymphocytes required to kill 2 X lo4 target 
cells) (8). 

Effect of Exogenous Selenium on 51Cr Release 
by P815 Cells. The effect of Se on nonspecific release 
of 51 Cr by P8 15 cells was tested by incubating 2 x lo4 
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"Cr-labeled P815 cells, in the basic culture medium 
supplemented with 1 x to 1 X lop6 M sodium 
selenite and to 5% with FBS, as in the 4-hr 5'Cr release 
assay. The percentage of specific 51Cr release was cal- 
culated as in the cytotoxicity assay. 

Effect of Exogenous Selenium on Lysis of P815 
Cells by CTL. The effect of exogenous Se on the lysis 
of P815 target cells by CTL generated in vitro was 
determined with spleen cells from 14-week-old stand- 
ard-fed mice. The CTL were generated as described 
above but without exogenous Se in the medium. The 
lymphocytes were harvested, washed once, and the 
cytotoxic lymphocyte activity was measured in the 4- 
hr 51Cr release assay in the presence of 1 x to 1 x 

M of added sodium selenite. 
Lymphotoxin Production. CTL were generated in 

vivo in animals maintained on the control or experi- 
mental diets (10 animals/diet) and collected as de- 
scribed above. Peritoneal lymphocytes (5 X lo6) were 
cocultured in 25-mm2 culture flasks (Corning 25 100) 
with 2 X lo5 mitomycin C-treated P815 cells in 5 ml 
of the basic culture medium supplemented to 5 %  with 
FBS. The cells were incubated for 4 hr, the culture 
supernatants were collected, filtered (0.45 pm; Milli- 
pore), and immediately assayed for lymphotoxin con- 
tent. L929 cells/well (2.5 x lo5), in 0.2 ml of the basic 
culture medium supplemented with 10 pg/ml actino- 
mycin-D (Sigma) and to 3% with FBS, were plated in 
96-well flat-bottom culture plates (Linbro 76-003-05) 
with serial dilutions (1/4 to 1 /5 12; six replicates/dilu- 
tion) of lymphotoxin containing medium or medium 
alone, and incubated for 2 1 hr. The remaining live cells 
in each well were fixed, stained with 0.5% crystal violet, 
and washed three times in tap water. The dye was 
eluted with 95% ethanol and the optical density of the 
material in each well was measured (Titertek Uniskan 
11; Flow Labs, McLean, VA) at 570 nm. One unit of 
lymphotoxin was defined as the amount of supernatant 
that caused lysis of 50% of the cells/well. 

Statistical Analysis. The results are presented as 
the arithmetic x f SE for each control and experimen- 
tal group. Differences among the x of groups were 
determined using Student's two-tailed t test and P val- 
ues 5 0.05 were considered to be significantly different. 

~ 600 

- 500 

- 400 

- 300 

- 200 

~ 100 

Results 
Effect of Dietary Selenium on In Vivo Generation 

of CTL. Se supplementation significantly enhanced (by 
22.3%; P < 0.05) and Se deficiency significantly re- 
duced (by 16.8%; P < 0.05) tumor cell cytotoxicity 
mediated by alloantigen-induced in vivo-generated lym- 
phocytes (Fig. 1). The response curves for all lympho- 
cyte dilutions (i.e., effector to target cell ratios) were 
linear for the three dietary levels of Se (Fig. 2), and the 
percentage of cytotoxicity was significantly different at 
all effector to target cell ratios tested. 

The observed changes in cytotoxicity were appar- 
ently related to an increase or decrease in the cytotoxic 
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Figure 1. Effect of Se supplementation and deficiency on tumor 
cytodestruction by peritoneal cytotoxic lymphocytes generated by 
intraperitoneal immunization with P815 mastocytoma cells 11 days 
before the assay. Data are presented as the X +- SE of the percentage 
of specific lysis of r815 cells at a 1O:l effector to target cell ratio 
(open bars), and as X f SE of the number of peritoneal lymphocytes 
required to lyse 2 x 1 O4 P815 cells (closed bars). 

100 , I 

0 
k 

a 
0 
W 

v, 
I- z 
W 
0 
rY 
W 
a 

LYMPHOCYTES / 2 x lo4 ~ 8 1 5  CELLS ( I N  THOUSANDS) 

Figure 2. Effect of dietary Se supplementation and deficiency 
on tumor cytodestruction by cytotoxic lymphocytes generated in 
vivo. Data are presented as the X rf~ SE of the percentage of specific 
lysis of 2 x 1 O4 P815 mastocytoma cells by 2 x 1 05, 1 x 1 05, 5 x 
lo4, and 2.5 X lo4 peritoneal lymphocytes, representing effector to 
target cell ratios of 10:1, 5 1 ,  2.5:1, and 1.251, The least-squares 
linear regression is given for each experimental and control diet. 

cell frequency (i.e., relative numbers of activated cyto- 
toxic lymphocytes within the peritoneal exudate pools). 
The number of peritoneal exudate lymphocytes re- 
quired to kill a fixed number of target tumor cells (2 X 
1 04) was significantly increased in Se-deficient (by 
72.0%; P < 0.01) and significantly decreased in Se- 
supplemented (by 53.9%; P < 0.05) mice (Fig. 1). The 
cytotoxic cell activity, however, was not affected as 
mice on all three diets generated cytotoxic lymphocytes 
with A values in the range of 0.945-1.02. 

Effect of Selenium Supplementation on In Vitro 
Generation of CTL. The concentration of Se in the 
culture medium contributed by the FBS was 6.33 X 
1 0-9 M. Supplementation of the medium with the low- 
est level (1 X M )  of Se tested, which was below 
the endogenous concentration of Se in the culture 
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medium, had no apparent effect ( P  > 0.9995) on the 
percentage of specific lysis of target cells (Fig. 3). How- 
ever, supplementation of the medium with 5 x lo-’ to 
5 X M Se resulted in significant increases ( P  < 
0.05-P < 0.0025) in the percentage of cytotoxicity that 
were from 7.2% to 19.2% above baseline controls. 
When the Se supplementation dose was plotted semi- 
logarithmically against the percentage of specific tumor 
cell lysis, the curve was linear in the range of 1 x 
to 1 X M. 
However, the percentage of cytotoxicity decreased to 
32.41 f 10.81 (P < 0.05) at 1 X A4 Se, and the 
number of viable lymphocytes recovered after 5 days 
of culture in the presence of 1 X A4 Se was de- 
creased to 54.3% of control. 

to 5 x lop7 
M Se during CTL generation in allogeneically stimu- 
lated cultures resulted in a significant reduction (P < 
0.05) in the number of lymphocytes required to destroy 
a fixed number of target cells (Fig. 4). The increase in 
cytotoxic cell frequency was not accompanied by an 
alteration in cytotoxic cell activity, since all concentra- 

M, and then plateaued at 5 x 
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Figure 3. Effect of selenium supplementation on tumor cytodestruc- 
tion by in vitrg-generated splenic cytotoxic lymphocytes. Data are 
given as the X + SE of the percentage of specific lysis of P815 
mastocytoma cells at an effector to target cell ratio of 1O:l. The linear 
regression line for 1 x 1 0-’ to 1 x 1 0-7 M of added Se is given. The 
horizontal lines represent the R (solid line) f SE (dashed lines) for 
nonsupplemented control lymphocytes. Supplementation with 1 x 
10-6M Se (not shown) resulted in 32.41 f 10.81% specific lysis. 
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Figure 4. The effect of 1 x 1 0-’ to 5 x 1 0-7 M exogenous Se on the 
in vitro generation of splenic cytotoxic lymphocytes by allogeneic 
stimulation with mitomycin C-treated P815 mastocytoma cells for 5 
days. The data are presented as the X & SE of the number of 
lymphocytes required to lyse 2 x 1 O4 target cells. 

tions of Se (1 X lo-’ to 5 X lop7 M )  tested resulted in 
A values in the range of 0.86-0.9 1. 

Effect of Dietary Selenium Levels on Lympho- 
toxin Production. Dietary supplementation with Se 
significantly enhanced ( P  < 0.005) the in vitro produc- 
tion of lymphotoxin to a level that was approximately 
double ( 12 1 % increase) that in mice maintained on the 
normal diet (Fig. 5) .  Dietary deficiency in Se signifi- 
cantly decreased lymphotoxin production (by 35.7%; P 
< 0.05). 

Effect of Exogenous Selenium on Tumor Cell 
Lysis by Preactivated CTL. To test the effect of Se on 
the lytic phase of tumor cytodestruction, various 
amounts of Se were added to the culture media at the 
beginning of the 4-hr ”Cr release assay. No significant 
alterations in the percentage of specific lysis were evi- 
dent at any of the Se concentrations tested (1 x to 
5 X I O-’M), when compared with control cultures that 
contained only endogenous (FBS contributed; 6.33 x 
10-’M) levels of Se (Fig. 6). 
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Figure 5. Effect of dietary Se supplementation on the production of 
lymphotoxin by peritoneal exudate lymphocytes generated after intra- 
peritoneal immunization with P815 mastocytoma cells 11 days before 
the assay. Lymphocytes were cocultured with mitomycin C-treated 
P815 cells for 4 hr, and the culture supernatants w-ere assayed for 
cytotoxicity on L929 cells. Data are given as the X + SE units of 
lymphotoxin/ml. 
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Figure 6. Effect of exogenous selenium on the lytic phase of tumor 
cytodestruction by in vitro-generated splenic cytotoxic lymphocytes. 
Splenic lymphocytes were cocultured with mitomycin C-treated P815 
mastocytoma cells for 5 days. The release assay was conducted 
in the presence of-1 x 1 O-’ to 5 x 1 0-7 M exogenous Se. Data are 
presented as the X k SE of the percentage of specific lysis of P815 
cells at a 1O:l effector to target cell ratio. 
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"Cr from P815 Cells. To determine whether the ob- 
served increases in cytodestruction resulted from an 
enhanced release of 5'Cr by P815 cells in the presence 
of Se, 51Cr-labeled P815 cells were incubated for 4 hr 
in the presence of various concentrations of Se. Exog- 
enous Se in the range of 1 x lop9 to 5 x lop7 M had 
no demonstrable effect on the nonspecific release of 
"Cr from P8 15 cells (Fig. 7). 

Discussion 
CTL differentiation in response to alloantigens oc- 

curs as a result of interactions between the alloantigen- 
bearing cells, accessory cells, helper T cells, and CTL 
precursor cells, CTL-P (9, 10). As a result of these 
interactions, soluble factors are produced that activate 
CTL-P and stimulate their proliferation. Among these 
factors, interleukin 2 (IL-2) is the most studied ( 1 1, 12) 
but other lymphokines may also be required for the 
induction of cytotoxic responses (1 3, 14). These factors 
appear to be necessary for the differentiation of CTL 
and for the induction of IL-2 receptor (IL-2R) expres- 
sion. It is postulated that the CTGP acquire receptors 
for IL-2 and non-IL-2 factors after the delivery of the 
activation signal through the T cell receptor complex 

The destruction of tumor cells by CTL occurs in 
two distinct phases ( 1  8, 19). In the first phase, conju- 
gates between CTL and target cells are formed that 
trigger the CTL, and lysis is initiated. In the second 
phase, the CTL detach from the tumor cells and lysis 
occurs independently of the presence of CTL. The 
detached CTL can then attack another target cell. 

The results from the present studies showed that 
peritoneal exudates generated by allogeneic stimulation 
with tumor cells in mice maintained on the Se-modified 
diets contained significantly different numbers of CTL. 
Supplementation with Se resulted in a significant re- 
duction in the number of peritoneal lymphocytes (a 
pool of lymphocytes which contains CTL) required to 
destroy a fixed number of tumor cells, whereas defi- 
ciency in Se had the opposite effect. As the cytotoxic 
activity of CTL from animals maintained on all three 

(1 7). 
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Figure 7. Effect of exogenous selenium on nonspecific Y r  release 
by P815 mastocytoma cells. 5'Cr-labeled P815 cells were incubated 
for 4 hr in the presence of 1 x lo-' to 5 x 1 O-'M Se. Data are given 
as the x f SE of percentage of T r  release. 

diets remained the same, it appears that Se supplemen- 
tation may stimulate CTL differentiation while Se de- 
ficiency may inhibit the process. 

The stimulatory effect of Se on tumor cytodestruc- 
tion and generation of CTL in vivo was confirmed in 
our in vitro cytotoxicity studies. The serum Se level for 
animals maintained on the normal and Se-supple- 
mented diets was 3.6 x low6 and 6.6 x 1OP6M, respec- 
tively, which falls within the physiologic serum level 
range reported by others (20, 21). This physiologic 
range, however, reflects the total Se levels rather than 
the various organic and inorganic forms of the element 
(22, 23). In vitro studies that have utilized selenite, 
because of its significant biologic activity, have consist- 
ently reported a growth inhibitory effect in a number 
of cell types at 1 to 5 x M and a cytotoxic effect 
at greater concentrations (24-28). On this basis, 1 X 
lop9 M to 1 x lop6 M Se (as sodium selenite) was 
chosen for our in vitro studies. The greatest amount of 
cytodestruction and the lowest number of peritoneal 
exudate lymphocytes required to destroy a fixed num- 
ber of tumor cells occurred at 1 X lop7 M Se, whereas 
at 1 x lop6 M Se, there was a significant inhibition of 
the stimulatory effect. As the growth of hematopoietic 
and other cell types is optimal at 1 X lO-'M Se (as 
sodium selenite) (29, 30), it is possible that the observed 
effect of Se supplementation in our studies may be 
associated with enhanced generation of CTL. That the 
effect of Se was exerted during the CTL generation 
phase rather than in the process of cytodestruction was 
further indicated by the fact that Se had no effect on 
the lytic phase of the process, or on the release of 51Cr 
from P815 cells. 

It has been proposed that the cytotoxicity of CTL 
is expressed through the release of a toxic product 
termed lymphotoxin (TNF-P) (31). This material is 
released by lymphocytes activated under various con- 
ditions, e g ,  when lymphocytes are stimulated with 
alloantigen, the material is released within 4-6 hr after 
interaction with the stimulating antigen (32, 33). More- 
over, lymphotoxin has properties that are consistent 
with those of a toxin injected by CTL into their targets 
(34). In our system, significantly greater amounts of 
lymphotoxin were produced in cultures of allogenei- 
cally stimulated peritoneal exudate lymphocytes from 
animals maintained on the Se-supplemented diet, as 
compared with control cultures. The reverse was true 
for cells from animals maintained on the Se-deficient 
diet. These results support our conclusion that the same 
lymphocyte populations, i.e., allogeneically stimulated 
peritoneal exudate lymphocytes, also contain greater or 
lower numbers of CTL depending on the amount of Se 
in the diet. 

Recently, it was shown that lymphotoxin produced 
following allogeneic stimulation significantly enhanced 
the proliferative responses in the mixed lymphocyte 
reaction, and the enhanced proliferation appeared to 
be the result of the ability of the lymphokine to increase 
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IL-2R expression (35). As the expression of IL-2R is 
one of the key factors involved in the regulation of 
CTL-P proliferation, the increased amounts of lympho- 
toxin produced after allogeneic stimulation in our sys- 
tem can be related, at least in part, to the increased 
proliferation and differentiation of CTL-P in the same 
cultures. 

The mechanism(s) involved in the enhancement of 
cell proliferation as the result of supplementation of the 
diet with low doses of Se, as well as the inhibition of 
the process as the result of Se deficiency, is unknown. 
As suggested in the accompanying paper, the observed 
effects may have resulted from the ability of Se to 
directly influence the expression of IL-2R, or, indi- 
rectly, through an effect on the transmission of trans- 
membrane and/or intracellular signals. Although these 
studies were not designed to elucidate the mechanism(s) 
of the action of Se, the results indicate the necessity for 
further studies, especially as the maintenance of an 
adequate nutritional intake of Se appears to be a signif- 
icant factor in the ability of a host to prevent the 
expression of malignant neoplasms ( 1 ). 
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