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Lactic acid bacteria (LAB) are present in many foods such as yoghurt and are frequently used as probiotics to favour some biological functions in

the host. Many investigators have evaluated the therapeutic effects of yoghurt and LAB commonly used in yoghurt production against diseases

such as cancer, infection, and gastrointestinal disorders. The increase of immune cell activity in the prevention of cancer by LAB consumption

has also been described. Another possible explanation for the preventive effect of probiotics on carcinogenesis is their effect on other bacteria

in the intestine. Probiotics may suppress the growth of bacteria that convert procarcinogens into carcinogens, thereby reducing the amount of car-

cinogens in the intestine. The present review is focused on two types of cancer in which milk fermented by LAB may show a beneficial effect:

colon cancer and breast cancer

Probiotics: Intestine: Breast cancer: Colon cancer

Colon cancer

A study of the immune populations involved

Colon cancer inhibition by yoghurt containing live microor-
ganisms was studied in an experimental model using BALB/
c mice1. Animals were fed with yoghurt for 10 consecutive
days. Colon tumours were chemically induced by dimethylhy-
drazine (DMH) injection and the animals were given yoghurt
cyclically again after tumour induction (for ten consecutive
days followed by a one week break and then again for ten
days) until the end of the experiment (six months). Yoghurt
feeding inhibited tumour growth (yoghurt-DMH-yoghurt
group). In this experimental model, a large inflammatory
immune response was observed during tumour development
in the large intestine in the mice treated only with DMH
(DMH group). The inflammatory response was observed histo-
logically by identification of infiltrating immune cells in the
intestinal wall. The administration of yoghurt to DMH-
injected mice resulted in an increase in the number of IgA-
secreting cells and CD4þT lymphocytes in the lamina propria
of the large intestine together with a decrease in the IgGþ and
CD8þ cells4. The increase in the number of IgAþ secreting
cells but not of IgGþ secreting cells in the large intestine of
the mice fed with yoghurt could limit the inflammatory
response, since IgA is considered as an important barrier in
colonic neoplasia2.

Relationship between inflammation and tumour

The association of chronic inflammation with several malig-
nant diseases has been reported for a long time3. There is

also evidence that this relationship is mediated by cytokines4

or by reactive oxygen species generated by inflammatory pha-

gocytes that can cause injury to target cells, contributing to

cancer development5. As regards the relationship between

inflammation and tumours, several drugs such as the non-ster-

oidal anti-inflammatory drugs (NSAID), which are inhibitors

of the cyclooxygenase enzyme (COX), can delay or prevent

the development and metastatic spread of certain cancers6,7,8.

Based on the results obtained with yoghurt in DMH-injected

mice, we analysed the effect of an NSAID (indomethacin)

on colon cancer in order to compare it with the anti-tumour

activity of yoghurt (DMH-indomethacin group). Histological

observations showed that, during indomethacin administration,

the immune cells that infiltrated the large intestine wall were

smaller9, and differed from those observed with the yoghurt

feeding (yoghurt-DMH-yoghurt group). Cellular infiltration

also occurred in the large intestine of long-term yoghurt-fed

mice, suggesting that these infiltrative cells could explain

part of the anti-tumoural and anti-inflammatory activity of

yoghurt.

During the fourth month of the indomethacin treatment, the
histology of the large intestine from this group of mice was
similar to the non-treatment control group. When indometha-
cin administration was stopped due to cachexia in the animals,
the tumour developed with the same characteristics as in the
DMH group in the sixth month10.

This last observation suggests different mechanisms for

indomethacin and yoghurt, since when the yoghurt feeding

was stopped at the end of the experiment (six months), the ani-

mals from the yoghurt-DMH-yoghurt group, which were

observed until the ninth month, did not develop tumours.
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Cytokine profiles

The studies concerning the cell population in this model
allowed us to suggest the possible anti-inflammatory role of
yoghurt to account for its anti-tumour activity9 which would
be different to indomethacin’s mechanism of action. Since
cytokines are the biological messengers for the regulation
and modulation of the immune response, they are a potential
target for the study of the mechanisms induced by LAB or
yoghurt to modulate the immune response.

Different cytokines were studied using immunofluorescent
methods on large intestine slices from the different groups
of mice. Proinflammatory cytokines (TNF-a and IFN-g)
increased in the cells from the large intestines of the tumour
control mice (DMH group, Fig. 1) and in the yoghurt-DMH-
yoghurt group (Table 2). Yoghurt-fed mice also had high
levels of these proinflammatory cytokines9 Mice injected
with indomethacin presented fewer infiltrating cells in the
large intestine with a low number of positive TNF-a and
IFN-g secreting cells. When the drug treatment was stopped,
both cellular and proinflammatory cytokines increased and
the tumour grew (Fig. 1).

For the purpose of demonstrating that the proinflammatory
cytokine increase in the large intestine from mice fed yoghurt
was not related to the development of gut inflammatory
responses and that this cytokine response was being regulated,
the nitric oxide synthase enzyme was studied. The inducible
oxide nitric synthase enzyme (iNOS) was evaluated in slices
from the large intestine of different groups of mice (Table 1
and Fig. 1). the iNOS enzyme is induced during the course
of the immune response by microbial products and/or cyto-
kines and plays a role in the antimicrobial mechanism of
macrophages11. One of the Th1 mechanisms mediated by
IFN-g is iNOS induction.

Tumour bearing mice (DMH group) were shown to present
high amounts of iNOSþ cells (Table 1), suggesting an increase
in nitric oxide (NO) production by these cells. The iNOS
enzyme synthesis could be induced by IFN-g which
was increased in the intestinal tissue from the DMH group.

In the DMH group fed with yoghurt, when the inflammation
decreased, the iNOSþ cells were also depleted (Table 1).
Long-term yoghurt administration showed an iNOSþ cell
number similar to that of the non-treatment control group
throughout the experiment. The DMH-indomethacin group
showed an increased number of iNOSþ cells at the beginning
of the anti-inflammatory treatment and at the end of the study,
when the tumour grew. iNOSþ cells increased according to the
IFN-gþ secreting cell increase observed in the DMH-indo-
methacin group (Fig. 1)

The lack of iNOS enzyme induction in the yoghurt-DMH-
yoghurt and yoghurt control groups may show the pathway
through which yoghurt may regulate the immune system by
modulating the inflammatory response. In spite of the
increased number of IFN-gþ secreting cells, these animals
did not increase NO production and consequently tumour
growth was not observed, only cellular infiltration. Therefore,
we suggest that the large number of positive cells in mice fed
yoghurt is related to the increased number of immune cells
number observed in the intestine; IFN-g being regulated by
other cytokines.

We also analysed a regulatory cytokine (IL-10) that could
be involved in the immune response of the mice fed with
yoghurt since, unlike the DMH group, the increased pro-
inflammatory cytokine positive cells were not related to the
inflammation and tumour development observed in those
animals.

In our model, the number of IL-10þ secreting cells
increased significantly in all the samples from the three exper-
imental groups (DMH, yoghurt-DMH-yoghurt and yoghurt)
(Table 1) It is important to remark that there were more
IL-10þ secreting cells in the yoghurt-DMH-yoghurt group
than in the DMH group9. In view of these results we suggest
that the immune mechanisms through which yoghurt may act
may be different from those induced by the anti-inflammatory
drug (indomethacin), which did not lead to an increased
activity of the infiltrating immune cells in the large intestine,
where cytokine levels were lower than in the other groups and
iNOS diminution was only evident during treatment. Yoghurt
exerted its anti-tumour activity by an anti-inflammatory
activity. It appears that yoghurt could modulate the immune
response by 1) stimulating cytokine production when this is
required, or 2) inducing down-regulation of the immune
cells to avoid an exacerbated immune response. This effect
would occur mainly through IL-10, which was increased in
the tissue during all the periods tested.

Breast cancer

Considerable advances have been made in recent years in
understanding the molecular factors involved in breast
cancer development. There are genetic and environmental fac-
tors that increase the chances of breast cancer and the most
common breast cancer types are oestrogen-dependent. Some
factors, such as diets rich in cultured dairy products, may inhi-
bit the growth of many types of cancer, including breast
tumours.

In addition to LAB, fermented milks can possess non-bac-
terial components produced during fermentation that may con-
tribute to their immunogenicity and to properties such as their
anti-tumour activities. Matar et al.12, reported different roles

Fig. 1. Comparative study of mice that were injected with DMH and treated

(circles) or not (triangles) with indomethacin. TNF-a þ (gray), IFN-g þ

(black) secreting cells and iNOS enzyme (white) were analysed by immuno-

flourescence in tissues from large intestine.
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and functions of biologically active peptides released from fer-
mented milks. Peptide fractions liberated during milk fermen-
tation with Lactobacillus (L.) helveticus R389 stimulated the
immune system and inhibited the growth of an immuno-
dependent fibrosarcoma in a mouse model13. The peptide
profiles of milk proteins were significantly different after fer-
mentation by LAB, suggesting that microbial proteolysis
could be a potential source of bioactive peptides14. Milk fer-
mented by L. helveticus R389, a bacterium with high protease
and peptidase activity, exerted an anti-mutagenic effect while
a mutant strain (L89), deficient in proteolytic activity, did
not15. Likewise, milk fermented with the proteolytic strain
increased the number of IgAþ secreting cells in the small
intestine as well as in the bronchus of mice, but fermented
milk obtained with the proteolytic deficient mutant strain did
not show the same in vivo results16.

The aim of this work was to study the effects of the con-
sumption of milk fermented by L. helveticus R389 or its pro-
teolytic deficient variant, L. helveticus L89, on a murine
hormone-dependent breast cancer model, studying the sys-
temic and local immune responses in the mammary glands
and tumours.

Mice were fed with milk fermented by L. helveticus R389
(P þ ) or L89 (P 2 ), for 2 or 7 d. The ATCC tumoural cell
line 4T1 was used to induce breast tumour growth. Each
mouse was challenged by a single subcutaneous injection
(0·5 mL) of tumour cells (1·4 £ 104 cells/mL) in the upper
right mammary gland. The experimental groups: 1) P(þ)2d,
2) P(2)2d, 3) P(þ)7d and 4) P(2 )7d, were fed a diet sup-
plemented with milk fermented by L. helveticus R389 or
L89, for 2 or 7 consecutive days, respectively. At the end of
each feeding period mice were injected with the tumour
cells in the same way that the tumour control animals
(which were not fed fermented milk) had been. Four days
after the tumour injection, fermented milks were added

again to the diet for 2 or 7 consecutive d (depending on the
group), followed by a 5 d break, and then added again for a
further 2 or 7 d. Feeding was done in this manner cyclically
until the end of the experiment (28 d after tumour induction).

Mice receiving two d cyclical fermented milk feeding did
not show significant differences in tumour volume, compared
to the tumour control group. Seven d cyclical administration
of both bacterial strains delayed or stopped tumour develop-
ment. There were no significant differences between both bac-
terial strains used in milk fermentation either 2 or 7 d cyclical
feeding17.

Cytokines have been shown to regulate oestrogen synthesis
in breast tumours, stimulating research questions around these
important molecules. Therefore, we evaluated cytokines in
different samples to have a spectrum at a systemic level,
and to measure the local response in mammary glands or
tumours to study the effect of the fermented milks cited
above on the immune response.

Serum TNF-a levels increased as a function of time, as did
the tumour volume in the control group17. Mice receiving
cyclical feeding with milk fermented by L. helveticus
R389 or L89 for 7 days showed a significant increase of
TNF-a in the basal sample, compared to the tumour control
group. This increase prior to tumour induction could be related
to the decrease of tumour growth. The P(þ)7d group main-
tained the TNF-a concentration at close to the basal level
throughout the trial, demonstrating a regulation of this cyto-
kine, whereas the P(-)7d group showed increased TNF-a in
the last sample (similar to the control group), which is con-
sidered a typical immune response to the tumour17.

IL-6 is a cytokine implicated in oestrogen synthesis18, a
hormone that the tumour needs to grow. It is also a pro-angio-
genic factor19, supporting the growth of new blood vessels that
are essential for tumour growth. The three groups in which the
tumour grew at a faster rate showed elevated levels of IL-6.

Table 1. Comparative study of the cell populations in mice from colon cancer model

Number of cells positive for

Period of
treatment

TNFa IFNg iNOS IL-10 Bcl-2

Eeperimental Group Mean SD Mean SD Mean SD Mean SD Mean SD

DMH 2 months 68 4c 86 15b 23 5b 51 10b,d 31 6a

3 months 97 15d 162 15c 19 6b,c 55* 13b,d 26 2a

4 months 155 22f 140 17c,d 41 5d 87* 11c 23 8a

5 months 123 16e,f 134 3d 22 4b 72* 16b,c 19 3b

6 months 125 10e,f 99 22b 25 5b 67* 15b,c 43 7c

Y-DMH-Y 2 months 64 8c 105 6b 15 5a,b 58* 13b,d 43 4c

3 months 78 11c,d 115 10e 115 16e 60* 7b 56 6c,d

4 months 57 18c 121 27b,d,e 14 4a,b 88* 4c 32 5a,c

5 months 130 21e 144 9c,d 12 3a,c 87* 10c 24 8a

6 months 75 10c,d 86 6b 12 2a,c 40* 7d 37 8a,c

Yoghurt 2 months ND ND ND ND ND
3 months 50 7c 100 10b 19 5b,c 62* 9b 28 3a

4 months 57 8c 112 9b 11 2a,c 57* 12b,d 40 6c

5 months 81 9d 129 14b,e 14 3a,c 55* 6b,d 45 3c

6 months 101 14d,e 86 17b 12 2a,c 62* 12b 56 8c,d

Yoghurt basal 10 days 29 3b 25 3a 8 2a 13 2a 25 2a

Non-treatment control 17 2a 21 2a 10 2a 12 3a 29 2a

Cells were analysed by indirect immunofluorescence on large intestine tissues. Results are expressed as number of positive cells for the corresponding cytokine or protein in
10 fields of vision as seen at 1000 £ magnification using a fluorescence light microscope.

Values for each cytokine, iNOS or Bcl-2 positive cells without a common letter differ significantly (P , 0·05).
Y-DMH-Y ¼ yoghurt-DMH-yoghurt; ND ¼ Not determined.
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However, the P(þ)7d and P(2 )7d groups did not show
increased levels of this cytokine during the study, suggesting
that this IL-6 decrease could be involved in one of the mech-
anisms for tumour growth delay.

Serum IL-10 levels were significantly increased in the
P(þ)7d group in relation to the tumour control group, begin-
ning at day 18 after tumour injection, which could explain the
regulation of the immune response observed for TNF-a and
IL-6 in these animals. This regulatory response was not
observed in the P(-)7d group.

Study of cytokine-positive cells in mammary gland tissues

Systemic cytokine levels were different depending on the
tumour growth. In fact, a regulatory immune response was
observed in the P(þ)7d group, but not in the P(2 )7d group.

The study of cytokine-positive cells in mammary glands
furthered an understanding of the local cell response, after
mice were fed with fermented milk as well as after tumour
injection, in tumour control and different test groups17.

TNF-a secreting cells in mammary glands showed very
similar patterns to those obtained for this cytokine level in
serum (Table 2).

IL-6 secreting cell numbers were constant and similar in all
groups until 18 days after tumour injection. This result can be
explained due to the relationship between this cytokine and
oestrogen synthesis in the mammary gland; oestrogens being

essential to promote proper growth of this tumour cell line.
These cytokine-positive cells increased 18 days after tumour
cell injection, in the control, P(þ)2d and P(2 )2d groups,
whereas IL-6 secreting cell numbers remained unmodified in
both P(þ)7d and P(2 )7d groups and showed significantly
lower levels in relation to the other groups (Table 2).

Mice fed L. helveticus R389 showed increased IL-10 secret-
ing cell numbers throughout the time of the entire study, but
only the P(þ)7d group showed significantly higher numbers
compared to the tumour control on days 18 and 22 (Table 2).
This cytokine can be related to the regulation of the other
cytokines observed in this group, where increases in TNF-a
secreting cell numbers in mammary glands were observed.
This outcome did not seem to occur in the P(2 )7d group,
since IL-10 secreting cell numbers were not higher than
those from the tumour control group (Table 2).

Determination of cytokines in tumour-infiltrative cells

Breast tumour tissue contains malignant epithelial cells, stro-
mal cells, adipocytes, lymphocytes and macrophages. The
role of tumour-infiltrating immune cells in anti-tumour immu-
nity, as well as their potential for cancer immunotherapy, has
been investigated extensively20,21.

TNF-a showed differences in the isolated cells compared to
the other samples (serum and mammary glands). Cytokines
produced by tumour-infiltrating immune cells have previously

Table 2. Cytokine positive cells in mammary glands or breast tumour

*Mammary gland tissues **Tumour inflitrating cells

TNF-a IL-6 IL-10 TNF-a IL-6 IL-10

Groups Time (days) Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Tumour Basal 9 3a 9 3a 6 3ae ND ND ND
control 12 9 4a 15 4b 11 3b ND ND ND

18 21 6c 13 6ab 14 4bc 24 2ae 29 2a 18 2ae

22 18 5bc 22 6bc 11 3b 12 4bcd 25 3a 6 2b

27 21 6c 28 8cd 16 5b 13 1bcd 23 4abd 8 2b

P(þ)2d Basal 8 3ad 9 3a 7 2a ND ND ND
12 8 2ad 7 2a 9 2ab ND ND ND
18 17 6b 15 4b 12 3b 21 3ce 12 3d 19 4a

22 19 5bc 24 8cd 19 5cd 9 1d 8 1cd 7 3bc

27 24 6c 33 10d 22 7d 11 3bd 17 3d 9 2bc

P(2 )2d Basal 8 3ad 8 3a 4 1e ND ND ND
12 9 4a 12 3ab 12 4b ND ND ND
18 17 6b 14 4ab 13 4bc 14 6bcd 10 3c 9 4bc

22 21 6bc 28 8cd 22 7d 19 4bce 16 1bd 18 6ae

27 20 5bc 18 4bc 15 4bc 12 2bd 17 2bd 8 2bd

P(þ)7d Basal 7 2d 6 1a 7 2a ND ND ND
12 13 4b 11 3ab 15 4bc ND ND ND
18 12 4b 13 4ab 25 5d 22 7ac 4 2c 14 3ace

22 13 3b 13 4ab 22 3c 31 4a 9 2c 29 7
27 13 2b 14 4b 21 5cd 13 1bcd 4 1c 12 2eb

P(2 )7d Basal 5 1d 7 2a 6 1a ND ND ND
12 18 4b 15 5b 14 4bc ND ND ND
18 16 3b 14 3b 17 2bc 12 2bcd 4 1c 13 6acde

22 16 3b 12 4ab 12 3b 53 15 17 3bd 16 4ace

27 15 2b 13 3ab 12 3ab 14 3bc 13 4d 9 3bcd

* For mammary gland tissues, cytokine-positive cells were analysed using indirect immunofluorescence. Results are expressed as means and SD of cytokine-positive cells
counted in 10 fields of vision at 1000 £ of magnification.

** For cells isolated from tumour, cytokine-positive cells were analysed by immunoperoxidase technique and results are expressed as means and SD of cytokine-positive cells
each 100 counted cells (cells/100). Means for each cytokine and for tissue or isolated cells without a common letter differ significantly (P , 0·05).

ND ¼ Not determined.
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been reported to play an important role in the anti-tumour
response22. The TNF-a secreting cells increased in the
groups fed with fermented milk where the tumour growth
was delayed (P(þ)7d and P(2 )7d), leading to an induction
of the cytokine production by fermented milk, which may
play a biological role in the induction of cellular apoptosis17

(Table 2). IL-10 is a regulatory cytokine that can be released
by tumour-infiltrating immune cells such as macrophages and
lymphocytes. IL-10þ cell numbers decreased in both the con-
trol and the P(þ)2d groups throughout the time of the entire
study. P(þ)7d showed the highest number of IL-10þ cells
(29 ^ 7) at 22 days in comparison with the rest of the
groups. In addition, increases of IL-10þ cells in mice from
P(þ)7d group were observed in the other samples tested
(serum and mammary gland tissues) (Table 2). These could
occur in order to regulate the proinflammatory cytokines
(TNF-a and IL-6) produced. All mice fed with fermented
milk showed decreases in the number of IL-6þ cells compared
to the tumour control group (Table 2). This outcome shows a
protective effect of LAB in this oestrogen-dependent tumour,
due mainly to the decrease in IL-6. IL-6þ secreting cell num-
bers remained significantly lower only in the P(þ)7d group in
comparison to the rest of the groups tested in all the samples,
which shows once again the best anti-tumour response.

IgAþ cells and CD4þ and CD8þT lymphocytes in mammary
glands of mice fed fermented milk and injected with tumour
cells or not

The existence of the common mucosal immune system per-
mits the study of the influence of antigens orally administered
on mucosal sites different to the intestine. Both B and T cells
can migrate from Peyer’s patches, found in the small intestine,
to the respiratory, gastrointestinal and genitourinary tracts, as
well as to exocrine glands such as lacrimal, salivary, mam-
mary and prostate glands22.

Previous observations led us to study the immune response in
mammary glands induced by fermented milk. It is important to
highlight the cells which are involved in the local immune
response observed in the mice fed cyclically (7 d) with
one of both fermented milksand not injectedwith the tumourcells.

It was demonstrated that milk fermented by L. helveticus
R389 again showed different responses compared with the
other groups (control and milk fermented using the deficient
proteolytic variant strain)17. This fermented milk produced
increases in the IgAþ cells in mammary glands after tumour
injection. However, this increase was not observed when a
tumour was not induced, which could mean that enhancement
of IgAþ cells in mammary glands needs a stronger stimulation
such as that induced by tumour cells23.

T cell population studies are of great interest, since tumour
antigens are recognised by T cells as the principal target,
especially in the solid tumours by the protective anti-tumour
immune response. CD8þ cytotoxic T lymphocytes can carry
out a surveillance function by recognising and killing potentially
malignant cells. Although CD4þT-helper cells are not generally
cytotoxic, they can play an important role in preventing tumour
development by releasing cytokines, such as IFN-g in order to
regulate the immune response. When T cells were studied in
our model, it was possible to observe changes in the balance
between CD4þ and CD8þ cells in mammary glands in mice

from the group fed with milk fermented by L. helveticus R389
and injected with tumour cells23. CD4þ cell numbers increased
whereas CD8þ cell numbers remained unmodified. This out-
come was different in the tumour control group, which main-
tained the balance of these cells in mammary glands towards
CD8þ cells more than towards CD4þ cells23.

These results agree with the colon cancer model in mice
injected with DMH and fed with yoghurt, where the tumour
development was inhibited with a balance between CD4þ/
CD8þ cells favouring the first population, different from the
DMH control group which showed increased cytotoxic
cells10, as already explained.

When the effect of the administration of both fermented
milks on the immune cell populations of mammary glands
without tumour cells stimulus was analysed, neither IgAþ

nor T cells were found to increase23. These findings are in
agreement with previous works where L. casei CRL 431 admi-
nistered orally was able to stimulate the IgA cycle, increasing
IgAþ cells in intestine, bronchus and mammary glands tissues
in short periods of time (5 d)24. These results are important to
take into account since fermented milks are only confirmed as
changing immune cell balances in mammary glands when
immune cells have to act against a target like tumour cells,
avoiding any exacerbated immune response.

We can conclude that it is possible in this breast cancer
model to obtain an immune stimulation in distant mucosal
sites with the oral administration of fermented products.
The probiotic strain would play an important role in the
mucosal activation observed. Seven days of cyclical feeding
with milk fermented by L. helveticus R389 or L89 delayed
tumour development and consequently decreased IL-6
secreting cells. However, milk fermented by L. helveticus
R389 induced not only a decrease of IL-6, but also an
increase of regulatory cytokine IL-10 and cell apoptosis in
the tumour. These effects were observed when a local
stimulus such as tumour cells was present.
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