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We studied whether feeding pregnant female rats a 15% olive-oil diet affects the splenic lymphoid system and
synthesis of apoptosis-related proteins in offspring with chemically induced mammary glands tumors. Rat mothers
were fed either a 7% corn-oil or a 15% olive-oil diet. Five-week-old offspring were exposed twice to the carcinogen,
dimethylbenz(a)antracene, (10 mg/rat) and divided into 3 groups. Control group fed the 7% corn-oil control diet
as their mothers. The first experimental group was fed a control diet (7% corn-oil) whereas their mothers were fed
15% olive-oil diet. The second experimental group was fed the same 15% olive-oil diet as their mothers. Results of
experiments were studied 4 months later. The activity of lymphoid elements of the spleen and of tumors were
studied using immunohistochemical methods for evaluating different types of lymphocytes (B and T cells) and the
synthesis of apoptosis-related proteins (Fas ligand, p53, Bcl-2). Maternal feeding a diet rich in olive oil before and
throughout pregnancy resulted in different manners in their offspring, and results were dependent on diets fed their
progeny. In the spleen, feeding mothers the 15% olive-oil diet inhibited the reaction of zones producing the B and
T lymphocytes in offspring fed a control diet. In offspring fed the 15% olive-oil diet, the activation of the lymphoid
system was seen. In tumors, activity of T cell killers/suppressors, macrophages and of the synthesis of Bcl-2
protein was found to manifest on their border. The positive correlation was found between the most parameters
studied. The effect of maternal feeding a high-fat diet was manifested in a different manner in different parts of the
spleen. In the white pulp, the effect was manifested only in an increase in the size of the germinal center due to the
activation of production of B cells and was seen even in offspring fed a regular diet. In the red pulp, such effect was
exhibited in an increase in the number of T cell killers and macrophages in both groups of progeny. The findings
indicate that feeding mothers a diet high in olive oil concentrations retains its cancer-modulating role in offspring,
but such a role is manifested in different manners, mostly at a cellular level.
Key Words: apoptosis-related proteins, Bcl-2, carcinogens, dietary fats, Fas ligand, mammary gland tumor, p53, spleen.

Àíàëèçèðîâàëè èçìåíåíèÿ êëåòî÷íîãî ñîñòàâà ëèìôîöèòîâ ñåëåçåíêè è ñèíòåç áåëêîâ, ó÷àñòâóþùèõ â ðåãóëÿöèè
àïîïòîçà ó ïîòîìñòâà êðûñ ñ èíäóöèðîâàííûìè îïóõîëÿìè ìîëî÷íîé æåëåçû, ìàòåðè êîòîðûõ ñîäåðæàëèñü äî è
â ïåðèîä áåðåìåííîñòè íà ðàöèîíå, â ñîñòàâ êîòîðîãî âõîäèëî 15% îëèâêîâîãî èëè 7% êóêóðóçíîãî ìàñëà. Â
âîçðàñòå 5 íåä êðûñÿòàì ââîäèëè äâàæäû äèìåòèëáåíç(à)àíòðàöåí (ïî 10 ìã), ïîñëå ÷åãî äàëüíåéøèé àíàëèç
ïðîâîäèëè â 3 ãðóïïàõ æèâîòíûõ, ðàçëè÷àþùèõñÿ ïî ðàöèîíó. Êîíòðîëüíîé ãðóïïîé áûëè êðûñÿòà, êîòîðûå
ñîäåðæàëèñü íà ðàöèîíå ñ 7% êóêóðóçíîãî ìàñëà è ðîäèëèñü îò ìàòåðåé, ñîäåðæàùèõñÿ â ïåðèîä áåðåìåííîñòè
íà ýòîì æå ðàöèîíå. Îïûòíûìè ãðóïïàìè áûëè êðûñÿòà, ðîäèâøèåñÿ îò ìàòåðåé, êîòîðûå ñîäåðæàëèñü â ïåðèîä
áåðåìåííîñòè íà ðàöèîíå ñ 15% îëèâêîâîãî ìàñëà. Ïðè ýòîì îäíà èç îïûòíûõ ãðóïï ïðîäîëæàëà ïîëó÷àòü
ðàöèîí ñ 15% îëèâêîâîãî ìàñëà, òîãäà êàê äðóãóþ ïåðåâîäèëè íà ðàöèîí ñ 7% êóêóðóçíîãî ìàñëà. Ðåçóëüòàòû
ýêñïåðèìåíòà ó÷èòûâàëè ÷åðåç 4 ìåñ. Ëèìôîèäíûå êëåòêè â ñåëåçåíêå è èíôèëüòðàòàõ îïóõîëåé àíàëèçèðîâàëè
èììóíîãèñòîõèìè÷åñêè, îïðåäåëÿëè Â- è Ò-êëåòêè, à òàêæå ñèíòåç â ýòèõ êëåòêàõ áåëêîâ, àññîöèèðîâàííûõ ñ
àïîïòîçîì (Fas-ëèãàíä, p53, Bcl-2). Ðåçóëüòàòû ýêñïåðèìåíòà â ãðóïïàõ êðûñÿò, ìàòåðè êîòîðûõ ñîäåðæàëèñü íà
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There are different opinions regarding a relationship
between total fat consumption and elevated risk for breast
cancer [1, 2]. Some investigators have suggested that the
period of high sensitivity to dietary fat may be early in life
[3]. It was shown that prenatal exposure to diethylstilbestrol
increased the number of mammary gland tumors up to
50% in offspring from mothers fed high fat diet during pre-
gnancy [4]. Recently it was found that consumption of a
diet high in fat during pregnancy increases the risk of chemi-
cally-induced mammary cancer in mothers and offspring
possibly by increasing the pregnancy levels of circulating
estrogens [5, 6]. As a source of fat corn oil was used which
is high in n-6 polyunsaturated fatty acids, primary linoleic
acid, which is strongly implicated as a promoter in both
cancer-induced and spontaneous mammary tumors in
rodents [7, 8].

In our previous studies, we found that maternal feed-
ing a diet rich in olive oil to mice before pregnancy re-
sulted in the stimulation of morphological and functional
attributes of the splenic immune system in the offspring,
particularly B cell-producing zones [9]. In rats, the
transplacental effects of 15% olive-oil diet on offspring
was found to manifest in significant restriction of the
size of a tumor [10]. The aim of the present study was
to evaluate the importance of some immunological and
apoptosis-related parameters in effects of high-fat diets
on mother�s and offspring�s immune systems.

MATERIAL AND METHODS
Animals and diets. All experiments with animals

in the present study were carried out in accordance
with guidelines established by the Institutional Animal
Care and Use Committee of the Hebrew University of
Jerusalem. Forty Sprague-Dawley rat females (Har-
lan Labs, Israel) were fed for a month with 7% corn-oil
diet rich in n-6 polyunsaturated fatty acids (control,
n = 20) or with 15% olive-oil diet rich in n-9 monounsa-
turated fatty acids (experiment, n = 20). After mating
and till the end of suckling (one month after birth) fe-
males were kept on the same diets. At the end of suck-
ling, mothers were killed, and the spleen was taken for
morphological studies (group 1 and 2). The 5-week-
old female offspring (n = 164) were divided into three
groups according to their diets. Control group of off-
spring (group 3) was fed the same 7% corn-oil diet as
their mothers. Offspring in the experimental groups were
fed 7% corn-oil diet while their mothers had been fed

15% olive-oil diet (group 4), or were fed the same 15%
olive-oil diet as their mothers (group 5).

Tumor induction. Female offspring were exposed to
DMBA (Sigma, St Louis, MO, USA) at a dose of 10 mg/rat
in 0.5 ml of corn oil. The carcinogen was administered by
intragastric intubation, twice at weekly interval. Animals
were examined on a weekly basis over 4-month exper-
iment. After killing the rats with Pentobarbital (0.2 ml/rat),
tumor position, type and size were recorded, and tumors
and the spleen were removed for the following study.

Morphometric and immunohistochemical stu-
dies. All histopathological studies were performed using
standard procedures, with uniform conditions of fixation
and staining of 3 µm sections with hematoxylin and eosin.
The areas of different parts of the spleen (white pulp:
follicles, germinal centers, mantle layer, PALS; marginal
zone; red pulp) were determined on the whole slide at a
magnification of ´ 150. The total number of cells in dif-
ferent structures of the spleen, and the number of dif-
ferent types of cells per 10,000 µm2 were counted with
an ocular grid at a magnification of ́ 1,500. In each case,
2000 to 5000 cells were evaluated. The different types
of cells were evaluated in the red pulp of the spleen and
in tumors with commercial markers for determination of
T killer/suppressor lymphocytes (CD8, Sigma Chemi-
cals, St Louis, MO, USA) and macrophages (F80, Se-
rotec, Oxford, England).). The number of cells showing
positive reaction to apoptosis-related proteins such as
FasL, p53, and Bcl-2 were calculated using commer-
cial markers purchased from Santa Cruz Biotechnol, CA,
USA. All markers were visualized and quantified by the
immunoperoxidase technique.

Statistical analysis was performed using the one
way ANOVA-test and determination of coefficients of
correlation (r) between different parameters studied. Pairs
of means were compared using the Tukey HSD-test.

RESULTS
In mothers, the high-fat diet affected the size of the

splenic structures. As seen in Table 1, 15% olive-oil
diet in mothers decreased the areas of different zones
in the spleen, such as white pulp (follicles and germi-
nal centers), marginal zone, with a corresponding in-
crease in the size of the red pulp. The olive-oil diet
significantly increased the total number of cells in PALS
(from 128.0% in rats fed 7% corn-oil diet to 175.2% in
rats fed 15% olive-oil diet) and in the marginal zone
(78.5% and 101.5%, respectively) (Table 2, groups 1

ðàöèîíå ñ 15% îëèâêîâîãî ìàñëà, çàâèñåëè îò òîãî, íà êàêîì ðàöèîíå â äàëüíåéøåì ñîäåðæàëîñü èõ ïîòîìñòâî.
Ïðè ñîäåðæàíèè ìàòåðåé íà ðàöèîíå ñ 15% îëèâêîâîãî ìàñëà, à ïîòîìñòâà � íà êîíòðîëüíîì ðàöèîíå â ñåëåçåí-
êå îòìå÷àëîñü óìåíüøåíèå ðàçìåðîâ çîí, ñîäåðæàùèõ Â- è Ò-ëèìôîöèòû. Åñëè æå êðûñÿòà ïðîäîëæàëè ïîëó-
÷àòü ðàöèîí ñ 15% îëèâêîâîãî ìàñëà, ó íèõ îòìå÷àëè ïðèçíàêè àêòèâàöèè ëèìôîèäíîé ñèñòåìû. Ïðè ýòîì
âëèÿíèå òàêîãî ðàöèîíà áûëî ðàçëè÷íûì â ðàçíûõ çîíàõ ñåëåçåíêè. Óâåëè÷åíèå ðàçìåðîâ çàðîäûøåâûõ öåíòðîâ
ñåëåçåíêè, ñâÿçàííîå ñ àêòèâàöèåé ïðîäóêöèè Â-êëåòîê, ó ïîòîìñòâà ìàòåðåé, ñîäåðæàâøèõñÿ â ïåðèîä áåðåìåí-
íîñòè íà ðàöèîíå ñ 15% îëèâêîâîãî ìàñëà, áûëî î÷åâèäíûì äàæå ó êðûñÿò, êîòîðûå ïåðåøëè íà êîíòðîëüíûé
ðàöèîí. Ðàöèîí ñ 15% îëèâêîâîãî ìàñëà îêàçûâàë âëèÿíèå è íà ñîñòàâ ëèìôîèäíî-ìàêðîôàãàëüíûõ èíôèëüòðà-
òîâ èíäóöèðîâàííûõ îïóõîëåé ìîëî÷íîé æåëåçû. Ïîëó÷åííûå äàííûå ñâèäåòåëüñòâóþò î òîì, ÷òî ñîäåðæàíèå
êðûñ â ïåðèîä áåðåìåííîñòè íà ðàöèîíå ñ 15% îëèâêîâîãî ìàñëà îêàçûâàåò ìîäóëèðóþùåå äåéñòâèå íà ïðîöåñ-
ñû èíäóöèðîâàííîãî êàíöåðîãåíåçà ó ïîòîìñòâà.
Êëþ÷åâûå ñëîâà: áåëêè, ó÷àñòâóþùèå â àïîïòîçå, Bcl-2, êàíöåðîãåíû, æèðû ïèùåâîãî ðàöèîíà, Fas-ëèãàíä,
îïóõîëè ìîëî÷íîé æåëåçû, p53, ñåëåçåíêà.
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and 2). The number of macrophages and CD8-posi-
tive lymphocytes increased in the red pulp of mothers
fed an experimental diet compared to those fed a con-
trol diet. In parallel, the number of FasL-positive lym-
phocytes decreased significantly (Table 3).

In the spleen of control offspring (group 3), DMBA on
the background of the feeding with the same 7% corn-
oil diet as their mothers decreased the areas of white
pulp and its separate zones (follicles, germinal center,
mantle layer, marginal zone) and increased the size of
the red pulp (Table 1, groups 3 and 5). The total number
of lymphoid cells increased in marginal zone and in PALS
but decreased in germinal centers (Table 2). The num-
ber of CD8+ lymphocytes sharply increased in offspring
compared to their mothers (Table 3).

In offspring obtained from mothers fed 15% olive-oil
diet, some other changes in the spleen were found. For
those fed a control diet (group 4), a decrease in the area
of the marginal zone was seen compared to their moth-

ers, whereas in offspring fed a high fat diet (group 5), a
decrease in the area of the red pulp was observed (Ta-
ble 1, groups 2, 4, 5). In parallel, the total number of
lymphoid cells decreased in most zones of the spleen of
offspring fed a control diet, whereas in offspring fed a
high fat diet, the number of cells did not change or even
increased (Table 2). The cellular composition of the red
pulp was similar in offspring groups 4 and 5 (Table 3).

Mammary gland tumors in offspring showed different
variants of infiltrated ductal cancer. The effect of 15% olive-
oil diet was observed in the cellular composition of lym-
phoid-macrophageal infiltrates in tumors (Table 4). It
should be noted that such infiltrates were found mainly on
the border of tumor knots and very rarely in their depths.
The total number of lymphoid cells and macrophages as
well as of Bcl-2-positive cells increased significantly in
offspring fed 15% olive-oil diet (group 5). The number of
T cell killers/suppressors did not change while the num-
ber of FasL-positive cells decreased sharply compared
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to these parameters in tumors from offspring fed the same
control diet as their mothers (group 4) (Table 4). The pa-
rameters studied were found to be manifested in different
manners in different areas of the tumor: in the tumor depth
(stroma) and on the border of the tumor knot (Figure). It
was found that the maternal feeding 15% olive-oil diet
stimulated production of all lymphoid cells studied and
macrophages. This was especially evidenced by the in-
creased number of Bcl-2-positive cells in both groups of
offspring born from these mothers, although activity of all
parameters was significantly higher in offspring fed the
high olive-oil diet. When comparing parameters correla-
tions were found between most of them (Table 5).

DISCUSSION
Results presented in this report show that 15%

olive-oil diet in adult rats not exposed to a carcinogen
(mothers) decreases the area of different zones in the
white pulp of the spleen and increases the area of the
red pulp. The total number of cells in the areas known
as the centers for production of B lymphocytes (the
germinal center of the follicles and marginal zone) and
T cells (PALS) increased significantly. The number of
macrophages and T killers/suppressors increased in
the red pulp of mothers fed 15% olive-oil diet com-
pared to those fed 7% corn-oil diet.

Maternal feeding a diet rich in olive oil before and
throughout pregnancy resulted in differenñes on a cellu-
lar level in their offspring, depending on the diet of the
progeny. In the spleen from offspring fed a control diet,
the feeding of their mothers 15% olive-oil diet activated
the reaction of the spleen to the carcinogen. This mani-
fests as an increase in size of most parts of the white pulp
responsible for production of B and T lymphocytes, ex-
cept for the marginal zone. Offspring fed the same rich-
fat diet as their mothers, exhibited a significant increase
in all areas of the white pulp including the marginal zone.

Analysis of the effects of the total fat load as itself
(7% vs 15%) irrespective of the qualitative differences
of the employed oil was outside the scope of the present
study. Meanwhile, it could not be excluded that the fac-

tors other than linoleic acid content could also affect
the studied immunological parameters as well as ob-
served alterations of tumor morphology.

Lymphoid infiltration is often seen in different cancers
and is believed to represent the host immune response to
tumorigenesis [11, 12]. In tumors studied in this report,
high lymphoid-macrophageal infiltration, activity of T cell
killers/suppressors, macrophages and of the synthesis of
Bcl-2 protein was observed on the border of a tumor ob-
tained from progeny fed the same 15% olive-oil diet as
their mothers. The low amount of proteins related to ap-
optosis such as FasL and p53 [13, 14] in lymphoid cells in
tumors reflects a weak reaction to tumorigenic effects
among animals born to mothers fed a rich-fat diet.
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Figure. Effects of the 15% olive-oil diet on cellular characteris-
tics of lymphoid-macrophageal infiltrates at the border of a tu-
mor obtained from different groups of experimental offspring:
group 4 ( ) and group 5 ( ). Data were calculated as
percentage of similar values in control offspring, group 3
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In experiments with Balb/c mice it has been shown,
that no difference in the ratio of splenocyte subsets nor
their Fas expression was observed between the corn-
oil-fed and fish-oil-fed groups, whereas decreased
proliferation of splenocytes was found in fish-oil-fed
mice compared to corn-oil-fed mice [15]. Dietary fish
oil induces higher apoptosis by increasing the genera-
tion of lipid peroxides and elevating FasL expression
along with decreasing Bcl-2 expression in splenocytes.
A reduced proliferative response of immune cells also
was observed in fish-oil-fed mice [15].

In our previous experiments, we found that mater-
nal feeding of rats 15% olive-oil diet did not show a
distinct tumor preventive effect. The number of tumor-
bearing rats reached 52.0% in control offspring, in-
creased to 60.6% and even to 67.7% among offspring
of experimental groups [10]. In spite of this fact, the
mean tumor size was significantly smaller in offspring
born from mothers fed the 15% olive-oil diet compared
to those born from mothers fed a control diet (2.9 and
2.4 vs 5.9 cm2, respectively).

Analysis of the effect of a high-fat diet itself on the struc-
ture and lymphoid elements of the spleen allow us to dif-
ferentiate the effect of a carcinogen from the effect of a
high-fat diet. For example, an increase in the size of areas
of different structures in the spleen of offspring fed different
diets (a regular and high fat) and exposed to DMBA can be
considered a carcinogenic result because a high-fat diet
itself inhibits the size of the splenic structures.

As to the effect of a high-fat diet on progeny expo-
sed to a carcinogen, our data indicates that 15% oilve-
oil diet stimulated an increase in areas of white pulp
and its separate zones (follicles, germinal center, mantle
layer, marginal zone) and caused a decrease in the
area of the red pulp compared to control offspring fed
7% corn-oil diet. Despite differences in areas of the
splenic structures, 15% olive-oil diet caused a signifi-
cant increase in the total number of cells in all struc-
tures of the spleen. In parallel, the number of mac-
rophages and T cell killers/suppressors increased in
the red pulp.

In our studies performed on mice, we found that
maternal feeding of a diet rich in olive oil before preg-
nancy stimulated morphological and functional attributes
of the splenic immune system in the offspring [9].

The findings in this report suggest that feeding
mothers a high olive-oil diet retains its cancer-modu-
lating role in offspring, but such a role manifests in dif-
ferent manners, predominantly on the cellular level.
These results are in accordance with our previous ob-
servations on the immune response of rat spleen to
dietary fibers and carcinogen [16, 17].

In conclusion, the effect of maternal feeding a high olive-
oil diet was found to be manifested differently in each part
of the spleen. In the white pulp, an increase in the size of
the germinal center indicates activation in production of
B cells and was observed even when offspring were fed a
regular diet. In the red pulp, such an effect was manifested
in an increase in the number of T cell killers and macro-
phages in progeny fed both control and olive oil diets.

ACKNOWLEDGMENTS
This work has been partially supported by the He-

brew University of Jerusalem Grants 034-6306 and
034-6312 and by the Israeli Olive Council, Tel Aviv.

REFERENCES
1. Howe GR, Hirohata TG, Iscovich JM, Yuan JM,

Katsouyanni K. Dietary factors and risk of breast cancer:
combined analysis of 12 case-control studies. J Natl Can-
cer Inst 1990; 82: 561�9.

2. Willett WC, Hunter DJ, Stampfer MJ, Colditz G,
Manson JE, Spiegelman D. Dietary fat and fiber in rela-
tion to risk of breast cancer. An 8-year follow-up. JAMA
1992; 268: 2037�44.

3. Walker BE. Transplacental exposure to diethylstil-
bestrol. In: Kalter H, ed. Issues and Reviewes in Teratolo-
gy, Vol 2, New York: Plenum Press, 1984: 157�87.

4. Walker BE. Tumors in female offspring of control
and diethylstilbestrol-exposed mice fed high-fat diets. J Natl
Cancer Inst 1990; 82: 50�4.

5. Hilakivi-Clark L, Onojafe I, Raygada M, Cho E,
Clarker R, Lippman ME. Breast cancer risk in rats fed a
diet high in n-6 polyunsaturated fatty acids during preg-
nancy. J Natl Cancer Inst 1996; 88: 1821�7.

6. Hilakivi-Clark L, Clarker R, Onojafe I, Raygada M,
Cho E, Lippman ME. A maternal diet high in n-6 polyun-
saturated fats alters mammary gland development, puber-
ty onset, and breast cancer risk among female rat offspring.
Proc Natl Acad Sci USA 1997; 94: 9372�7.

7. Welsh CW. Relationship between dietary fat and
experimental mammary tumorigenesis: a review and cri-
tique. Cancer Res 1992; 52: 2040S�2048S.

8. Caroll KK. Dietary fats and cancer. Am J Clin Nutr
1991; 53: 1064S�1067S.

9. Zusman I, Benhur H, Budovsky A, Geva D,
Berman V, Gurevich P, Tendler Y, Lavee S, Stark A,
Madar Z. Transplacental effects of maternal feeding high
fat diets on lipid exchange and response of the splenic
lymphoid system in mice offspring exposed to low doses of
carcinogen. Int J Mol Med 2000; 6: 337�43.

10. Kossoy G, Yarden G, Benhur H, Sandler B, Zus-
man I, Stark A, Madar Z. Transplacental effects of the
15% olive-oil diet on chemically-induced tumorigenesis in
offspring. Oncol Rep 2000; 7: 1145�8.

11. Hartveit F. Breast cancer: poor short-term prognosis
in cases with moderate lymphocyte infiltration at the tumour
edge: a preliminary report. Oncol Rep 1998; 5: 423�6.

12. Stephens M, Lim K, Stephens P, Thomas DW,
Lim SH. Molecular characterisation of tumour infiltrating
lymphocytes in oral squamous cell carcinoma. Cancer Im-
munol Immunother 1998; 46: 34�40.

13. Diebold J, Baretton G, Felchner M, Meier W,
Dopfer K, Schmidt M, Lohrs U. Bcl-2 expression, p53
accumulation, and apoptosis in ovarian carcinomas. Am J
Clin Pathol 1996; 105: 341�9.

14. Baekelandt M, Kristensen GB, Nesland JM, Tro-
pe CG, Holm R. Clinical significance of apoptosis-related
factors p53, mdm2, and bcl-2 in advanced ovarian cancer.
J Clin Oncol 1999; 17: 2061�8.

15. Avula CPR, Zaman AK, Lawrence R, Fernandes G.
Induction of apoptosis and apoptotic mediators in Balb/c
splenic lymphocytes by dietary n-3 and n-6 fatty acids. Lip-
ids 1999; 34: 921�7.

16. Zusman I, Gurevich P, Benhur H, Berman V,
Sandler B, Tendler Y, Madar Z. The immune response of
rat spleen to dietary fibers and to low doses of carcinogen:
morphometric and immunohistochemical studies. Anticancer
Res 1998; 18: 1577�81.

17. Madar Z, Gurevich P, Benhur H, Hagay Z, Ber-
man V, Sandler B, Timar B, Tendler Y, Zinder O, Stark A,
Zusman I. Effects of dietary fibers on the rat intestinal
mucosa exposed to low doses of a carcinogen. Anticancer
Res 1998; 18: 3521�6.


