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ABSTRACT

Concanavalin A-induced blastogenesis of spleen lympho
cytes was significantly inhibited when lymphocytes from rats
on a high-polyunsaturated-fat diet were compared to lympho
cytes from rats on a low-fat diet. Responsiveness was depend
ent on source of serum since lymphocytes from rats fed a low
fat diet were suppressed in serum from rats fed a high-poly
unsaturated-fat diet. Alternatively, lymphocytes from rats on a
high-polyunsaturated-fat diet were more responsive in serum
from low-fat-fed rats compared to their response in autologous
serum. One of the inhibiting factors in serum was the lipoprotein
fraction; however, rats on a high-polyunsaturated-fat diet prob
ably had additional inhibitors in their serum. While tumor mci
dence was highest in rats with the least responsive lympho
cytes and lowest in rats with the most responsive lymphocytes,
the significance of the observation is not known.

INTRODUCTION

The incidence of DMBA3-induced mammary carcinoma in
female Spnague-Dawley rats is dependent on the quantity and
type of dietary fat (3â€”5,9). Rats maintained on low-fat diets
had the lowest tumor incidence and the longest latent period.
Rats maintained on high-polyunsaturated- or saturated-fat diets
had higher incidences and shorter latent periods. Furthermore,
polyunsaturated-fat diets enhanced the yield of adenocarci
nomas more than did saturated fat diets. More recent evidence
(i 2) indicates that the number of tumors per rat and the rate of
tumor growth were significantly higher in rats fed the high
polyunsaturated-fat diet compared to rats fed the low-fat diet.
Rats fed high levels of saturated fats had intermediate values.

While a correlation between high-fat diets and mammary
tumor incidence has also been observed in humans (2, 7, i 3,
i 4, 3i , 32), the mechanism by which high-fat diets promote
tumor growth is not known. However, results of other studies
suggest that high-fat diets suppress the immune response. For
example, feeding on injection of linoleic acid prolongs skin
allograft survival in rodents (1 i , 18, 21 , 24, 27, 28). Other
reports indicate that polyunsaturated fatty acids may be ben
eficial as an adjunct to immunosuppressive therapy following
renal transplantations (1 3, i 5, i 7, 18, 2i , 23).

More direct evidence that fats may affect the response of
lymphoid cells in vitro comes from studies which indicate that
proliferation of lymphocytes, induced by mitogens or allogeneic
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cells, was inhibited by fatty acids, both saturated and polyun
saturated (i 6, i 9, 20, 23, 30), as well as by lipoproteins (6,
22, 29). Since these inhibitors can be extracted from normal
serum, their influence on lymphocyte function may depend on
the amount and/or type of these constituents measured in
absolute on relative terms.

Since high levels of dietary fat increase the incidence of
mammary adenocarcinoma, they may promote the neoplastic
process by jeopardizing immune reactions and limiting host
responsiveness during early stages of tumor growth.

MATERIALS AND METHODS

Animals. Female, albino, outbned Sprague-Dawley rats were
used for these studies. Weanlings (2i-days old) were obtained
from the Charles River Colony (Wilmington, Mass.) or from
Charles River breeders maintained at the University of OkIa
homa Health Sciences Center (Oklahoma City, OkIa.). Upon
arrival in our animal facility, rats were placed and subsequently
maintained (ad !ibitum) on one of 3 diets (ICN Pharmaceutical,
Inc. , Life Sciences Group, Cleveland, Ohio) outlined in Table
1. On the basis of calories per g of diet and the average amount
of food consumed per day, it was estimated that all groups
consumed about 70 calories/day. Growth curves indicated
that none of the groups were significantly different.

Collection of Serum and Cell Samples. Three to 5 rats were
killed from each group on a weekly basis for 5 weeks starting
when rats were 35 days old. Animals were anesthetized with
sodium Nembutal (30 mg/kg; Abbott Laboratories, North Chi
cago, Ill.), and blood was taken via cardiac puncture. Serum
was used immediately or stored at â€”70Â°until used.

Spleens were excised and gently homogenized to provide a
single-cell suspension. Cells were washed in Hanks' balanced
salt solution and transferred to MEM, and cell aggregates and
debris were removed. Cells were counted with a Coulter
counter, centrifuged, and resuspended in MEM supplemented
with antibiotics and appropriate serum using concentrations of
2.5 or 5.0%. Cells were cultured in autologous serum, in
allogeneic serum from each dietary group, and in horse serum.

Lymphocyte Blastogenesis. Suspensions of spleen cells
were pipeted into microtest plates (Falcon, Cockeysville, Md.)
in 0.i-mI aliquots (5 x i05 cells/aliquot). An equal volume of
appropriately diluted Con A (Calbiochem, San Diego, Calif.)
was added (final concentrations of 4 and 8 j@g/ml). These
concentrations of Con A produced the optimal response under
the conditions of these assays. Triplicate determinations were
done for each concentration of Con A. Unstimulated values
were determined by adding an equal amount of MEM without
Con A. Cells were incubated in a moist 5% CO2 atmosphere
for 72 hr. Twenty-four hr prior to harvesting, cells were exposed
to i @Ciof[3H]thymidine (New England Nuclear, Boston, Mass.;
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specific activity, 20 Ci/mmol). Cells were harvested onto glass
fiber filters (Whatman, Inc., Clifton, N. J.) using a multiple
automated sample harvester. The filters were allowed to air dry
prior to counting on a Beckman liquid scintillation counter. The
net cpm was determined by subtracting the average of 3-
unstimulated cultures from the average of 3-stimulated cul
tunes. For Charts 2 and 4, the net cpm for lymphocytes taken
from each rat on the low-fat diet and cultured in autologous
serum were determined. The average net cpm from 3 to 5 rats
was established as the i 00% response level for each time of
sacrifice, since net counts varied from week to week. Re
sponses in other serum, or responses of lymphocytes taken
from rats on the polyunsaturated-fat diet taken at the same
time, were expressed as a percentage of these values. The
data presented in Chart 3 are expressed as net cpm since
pooled sera were used, and all values were determinedby
using a single source of lymphocytes.

Exposure to DMBA. Animals which were exposed to the
carcinogen were given i 0 mg of DMBA (Sigma Chemical Co.,
St. Louis, Mo.) in i ml of stripped corn oil via stomach tube at
50 days of age. Animals were weighed and examined for
tumors on a weekly basis. When animals were 220 to 250 days

Tablei
Content of various diets

old, tumors were removed and certified histologically as mam
manyadenocarcinoma.Mammaryadenocarcinomadid not ap
pear in rats which were not exposed to DMBA.

Preparationof Lipoprotein Fractions and Lipoprotein-free
Serum. Serum from each dietary group was adjusted to a
density of i .23 by the addition of solid sodium bromide and
centrifuged in a SW 50.i rotor at 40,000 rpm for 36 hr at 4Â°.
The top layers containing the lipoprotein fraction and the in
franatant containing lipoprotein-free serum were recovered,
dialyzed against phosphate-buffered saline (Contents per liter
of distilled water: NaCI, 8.500 g; Na2HPO4(dibasic), 0.952 g;
NaH2PO4.H20 (monobasic), 0.5i 6 g), pH 7.4, for 16 hn, and
adjusted to a volume equal to that of the original serum. These
samples designated as the lipoprotein fraction and lipoprotein
free serum were used in combination with autologous serum to
test lymphocyte blastogenesis.

RESULTS

Chart i illustrates the tumor incidence as a function of time
in rats maintained on the low-fat diet, the saturated-fat diet,
and the polyunsaturated-fat diet. Tumor incidence was signifi
cantly lower in rats on the saturated-fat diet compared to rats
on the polyunsaturated-fat diet. Rats on the low-fat diet had a
significantly lower tumor incidence as compared to rats on the
saturated-fat diet.

The blastogenic response of spleen lymphocytes taken from
rats on the low-fat diet and from rats on the polyunsaturated
fat diet is shown in Chart 2. These data emphasize that lym
phocyte response was dependent on both the source of lym
phocytes and the source of serum. Lymphocytes from rats on
the low-fat diet produced a comparable response when grown
in autologous serum, allogeneic serum from rats on low-fat
diet, or in horse serum. A significantly lower response was
observed when these lymphocytes were grown in serum from
rats on the polyunsaturated-fat diet.

a Stripped corn oil.

b Stripped, hydrogenated coconut oil, 1 8%, plus linoleic acid, 2%.

C Linoleic acid.

dSeeRef 10.
e Vitamin Fortification Mixture of ICN Life Sciences Co.. Cleveland, Ohio.
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Chart 1. Groups of rats were maintained on the low-fat diet, the 20%-saturated-fat diet, or the 20% polyunsaturated-fat diet throughout the experiment. DMBA

was given on Day 50. Tumor incidence based on palpation and subsequently confirmed with histological analysis is shown as a function of time. Rats on the
saturated-fat diet (U) had significantly fewer tumors ( p@ 0.01 ) compared to rats on the polyunsaturated-fat diet (C). Rats on the low-fat diet (A) had significantly
fewer tumors (p@ 0.05) compared to rats on the saturated-fat diet. Each group consisted of 30 to 32 rats.
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Chart 2. The response of lymphocytes from rats
on the low-fat diet is compared to the response of
lymphocytes from rats on the polyunsaturated-fat diet
when lymphocytes were cultured in different sera.
Lymphocytes from rats on the low-fat diet produced a
significantly lower response ( p@ 0.01 ) in serum from
rats on the polyunsaturated-fat diet compared to their
response in autologous serum. The responses of poly
unsaturated-fat lymphocytes cultured in autologous
serum was also lower ( p@ 0. 1) when compared to
the response to low-fat lymphocytes cultured in autol
ogous serum. The response of polyunsaturated-fat
lymphocytes was significantly improved when cultured
in horse serum (p@ 0.01 ) or in serum from rats on the
low-fat diet (p@ 0.05) compared to their response in
autologous serum. ALLO, allogeneic. Bars, SE.

SN'E FAT
GROUP DIET

S@E
GROUP DIET

SERIIbISOURCE

26

24

22

Alternatively, lymphocytes from rats on the polyunsaturated
fat diet produced a significantly lower response in autologous
serum when compared to lymphocytes from rats on the low-fat
diet grown in autologous serum. Lymphocytes from rats on the
polyunsaturated-fat diet produced a significantly higher re
sponse when grown in horse serum or in allogeneic serum from
rats on the low-fat diet when compared to their response in
autologous serum on in allogeneic serum from rats on the
polyunsaturated-fat diet.

In order to determine if sena from rats on the high-polyun
saturated- or saturated-fat diets were deficient or if they con
tamed inhibiting factor(s), cells were grown in mixed serum.
Serum from rats on either high-fat diet was diluted with serum
from rats on the low-fat diet. Representative results are shown
in Chart 3. Since lymphocytes from rats on the low-fat diet
produced a good blastogenic response in cultures supple
mented with 2.5% low-fat serum and a very poor response
when supplemented with 2.5% low-fat serum plus 2.5% high
fat serum (serum dilution, 1:i ), serum deficiency was not
considered a reasonable explanation. Since further dilution of
serum produced a blastogenic response comparable to that
seen in autologous or allogeneic serum from rats on the low-fat
diet, it was concluded that blastogenesis was inhibited by one
or more serum factors.

Chart 4 shows the response of low-fat lymphocytes in serum
and serum constituents taken from rats on the low-fat diet or
from rats on the polyunsaturated-fat diet. While lipoprotein-free
serum taken from rats on the low-fat diet did not inhibit the
blastogenic response, significant inhibition was associated with
the lipoprotein fraction. In contrast, lipoprotein-free serum from
rats on the polyunsaturated-fat diet did inhibit the blastogenic
response. Very severe inhibition was observed when the lipo
protein fraction from this serum was evaluated.
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Chart 3. Spleen lymphocytes from rats on the low-fat diet were cultured in
autologous serum, allogeneic serum from rats on the low-fat diet, and in serum
from rats on the saturated-fat diet which was diluted with allogeneic low-fat
serum. Triplicate cultures were done using 2 concentrations of Con A. The mean
of these 6 values Â±SE. (bars) is shown for all allogeneic serum. The range of
values for 6 cultures is shown for autologous serum.

may suppress immune responses (for recent review, see Ref.
26). Suppressive factors may be nonspecific and affect metab
olism of cells in general, on they may be specific for lymphoid
cells. These factors may be related to disease states, age, sex,
or diet. The suppressive nature of these agents is usually
defined by in vitro systems, and it is not clear if extrapolation
to physiological conditions which exist in vivo is always justi
fied. For example, patients with hyperlipoproteinemia (type IV

DISCUSSION

There are a variety of nonantigenic factors in serum which
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Chart 4. Lymphocytes from rats on the low-fat diet were cultured in 2.5% autologous serum supplemented with 2.5% allogeneic serum, lipoprotemn-freeserum
LPFS or the serum lipoprotein fraction (LI') taken from rats on the low-fat diet or the polyunsaturated-fat diet. Statistical comparisons were made with respect to the

response of low-fat lymphocytes in autologous serum (shown in Chart 2). The lipoprotein fraction from rats on the low-fat diet inhibited the blastogenic response (p
@ 0.05). whereas lipoprotein-free serum did not inhibit. Blastogenic response was inhibited by both lipoprotein-free serum (p@ 0.05) and the lipoprotein fraction (p
@ 0.001) takenfromratsonthepolyunsaturatedfat diet.Bars,SE.

or type V) are characterized by elevated plasma concentrations
of very low-density lipoproteins (29). Plasma from these pa
tients inhibited the response of cultured mononuclear leuko
cytes from normal subjects when stimulated with lectins or
allogeneic leukocytes. Alternatively, patients' cells which were
inhibited in autologous plasma responded well after washing
when cultured in plasma from control subjects. These data
clearly indicated that the lipoprotein fraction from these pa
tients inhibited lymphoid responses under these conditions.
However, clinical data indicated that these patients were not
immunodeficient. It is possible that this apparent discrepancy
exists because plasma lipoproteins may be largely confined
within the vascular bed. Immune reactive cells outside the
circulatory bed may not be exposed to the high concentrations
of lipoproteins present in plasma. Alternatively, immunocom
petence defined at the clinical level may measure reactions
which differ quantitatively or qualitatively from in vitro re
sponses.

Our data indicate that lymphocytes taken from rats on high
polyunsaturated or saturated-fat diets, did not respond well to
mitogen stimulation compared to lymphocytes taken from rats
on the low-fat diet. This inhibition of response was related to
serum factors. Serum was collected from relatively young rats
(35 to 62 days old) that were maintained on their respective
diets from 2 to 6 weeks. It is not known how properties of
serum and lymphocytes change with age on time on diet.

The observations that lymphocyte function was inhibited by
lipoproteins is consistent with reports from other investigators
(6, 22, 29). While lipoproteins were more inhibiting when taken
from rats on the polyunsaturated-fat diet compared to rats on
the low-fat diet, it is not known if differences were due to
quantitative on qualitative changes. Preliminary evidence from

our laboratory indicates that serum concentration of lipopro
teins was higher in rats on the polyunsaturated-fat diet. These
rats may also have higher levels of free fatty acids in their
serum which could account for the inhibition observed when
using lipoprotein-free serum from this group.

The inhibition of lymphocyte proliferation by serum and se
rum constituents may be an indirect effect mediated through
other lymphoid cells. Data from the report of Folch and Waks
man (8) indicate that macnophages play a major role in negu
lation of mitogen-mnducedproliferation. In that regard, Stuart,
et a!. (25) demonstrated that simple liquid complexes de
pressed the functional capacity of the reticuloendothelial sys
tem. Berken and Benacerraf (i ) demonstrated depression of
reticuloendothelial phagocytosis by lipids. Preliminary studies
from our laboratory indicated that macnophages were not ac
tivated by using serum from rats on the polyunsaturated-fat
diet but were activated in serum from rats on the low-fat diet.

The correlation between immune function and tumor mci
dence seen in our studies does not imply a cause-and-effect
relationship. Tumor incidence and growth may be encouraged
by nutrients which exist in rats on high-fat diets. Studies in
progress are designed to determine relationships between
tumor incidence, dietary factors, and immune responses.
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