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Lactic acid bacteria are present in many foods such as yoghurt and are frequently used as
probiotics to improve some biological functions of the host. Many researchers have evaluated
the effects of yoghurt and lactic acid bacteria against diseases such as cancer and intestinal
inflammation. The preventive effect of probiotics on intestinal carcinogenesis may be asso-
ciated with changes in the intestinal microbiota, suppressing the growth of bacteria that convert
procarcinogens into carcinogens. Other mechanisms could be related to the immune response
modulation and have been evaluated using milks fermented with lactic acid bacteria in che-
mically induced colon cancer and hormone-dependent breast cancer models. We demonstrated,
using a murine colon cancer model, that yoghurt consumption inhibited tumour growth by
decreasing the inflammatory response by increasing IL-10-secreting cells, cellular apoptosis
and diminishing procarcinogenic enzymes. Milk fermented with Lactobacillus helveticus R389
delayed breast tumour growth by decreasing IL-6 and increasing IL-10 in serum and in the
mammary glands and tumour-infiltrating immune cells. Previous results obtained with yoghurt
administration in a colon cancer model led us to analyse its effect on a trinitrobenzenesulfonic
acid-induced intestinal inflammation model in mice. Yoghurt was able to attenuate the symp-
toms of acute inflammation by reducing inflammatory cytokines, and increasing regulatory
cytokine IL-10-producing cells, leading to desirable changes of the intestinal microbiota. It was
demonstrated, by using murine models, that the consumption of fermented milks can modulate
the immune system and can maintain it in a state of surveillance, which could affront different
pathologies such as cancer and intestinal inflammation.

Probiotic: Fermented milk: Cancer: Intestinal inflammation

Yoghurt and colon cancer

Lactic acid bacteria (LAB) are present in many foods
such as yoghurt and are frequently used as probiotics to
favour some biological functions of the host. Yoghurt has
been defined as a coagulated milk product that results from
the lactic acid fermentation of milk by Lactobacillus (L.)
delbrueckii subsp. bulgaricus and Streptococcus (S.)
thermophilus, according to the Codex Alimentarius(1).

In addition to the yoghurt starter cultures, the peptides and
other substances released during the fermentation process
can also be important. The therapeutic effects of yoghurt
and LAB against diseases such as cancer, infection
and intestinal inflammation have been widely eval-
uated(2,3). The immunomodulating and immunostimulating
properties of yogurt and fermented milks have also been
well documented(4,5). The decrease of cancer occurrence
by LAB and yoghurt consumption has been described in

Abbreviations: DMH, dimethylhydrazine; IBD, inflammatory bowel disease; IFN, interferon; iNOS, inducible nitric oxide synthase; KF, kefir cell-free
fraction; LAB, lactic acid bacteria; LI, large intenstine; TNBS, trinitrobenzenesulfonic acid.

*Corresponding author: Gabriela Perdigón, fax 54 381 4005600, email perdigon@cerela.org.ar

Proceedings of the Nutrition Society (2010), 69, 421–428 doi:10.1017/S002966511000159X
g The Authors 2010 First published online 16 June 2010

https://doi.org/10.1017/S002966511000159X Published online by Cambridge University Press

https://doi.org/10.1017/S002966511000159X


P
ro
ce
ed
in
gs

o
f
th
e
N
u
tr
it
io
n
So

ci
et
y

experimental models. The preventive effect of some pro-
biotics on intestinal carcinogenesis could be associated
with changes in the local microbiota since LAB can sup-
press the bacterial growth that convert procarcinogens into
carcinogens, thereby reducing the amount of carcinogens
in the intestine(6,7).

Long-term yoghurt-fed mice have been shown to main-
tain b-glucuronidase and nitroreductase activities similar to
or lower than the control group mice(8). This outcome found
in intestinal enzyme activities was also shown in a colon
cancer model when the injection of a carcinogen, such as
dimethylhydrazine (DMH), increased the activity of both
enzymes, contributing to its mutagenic power. However,
DMH injection produced lower enzyme activity levels in
cyclically yoghurt-fed mice than in the tumour control
group(8) (Table 1). Nevertheless, this effect was not
observed when the mice received the non-bacterial fraction
of yoghurt (supernatant). These results show that yoghurt
bacteria may be involved in the decrease of procarcinogenic
enzyme activities and in the intestinal microbial changes(8).

Another mechanism involved in this anti-tumour effect
of yoghurt is the modulation of intestinal immune re-
sponse. Thus, yoghurt could exert an anti-inflammatory
effect different from that induced by an anti-inflammatory
drug administration, such as indomethacin. Histological
samples have shown that while indomethacin treatment can
diminish the large intestine (LI)-infiltrating immune cells,
yoghurt feeding induces increased lamina propria-infiltrat-
ing immune cells in mice, both in the presence or absence
of the carcinogen(9). These results led us to study the role
of these immune cells in the LI. The analysis of the cyto-
kines produced by these cells showed that the secretion of
a pro-inflammatory cytokine such as interferon (IFN)-g

increased in the LI cells from the tumour control mice,
yoghurt-fed mice with carcinogen injection (yoghurt–
DMH–yoghurt group) and also yoghurt-fed mice without
carcinogen injection (Table 2). This outcome was different
from that shown with the indomethacin treatment where
LI-infiltrating cells and IFN-g-secreting cells significantly
diminished(9).

According to a histological study, and in order to demon-
strate that an increase of this pro-inflammatory cytokine in
mice fed with yoghurt was not related to an inflammatory
response, the number of inducible nitric oxide synthase
(iNOS) enzyme producing cells was studied. iNOS, which
produces nitric oxide from L-arginin, is induced during the
immune response by microbial products and/or cytokines
and is also involved in the anti-microbial effector mech-
anism of macrophages(10). One of the T-helper 1 effector
mechanisms mediated by IFN-g is iNOS induction, and
IL-4 plays an important role as its regulator(11). High num-
bers of iNOS (+) cells have been shown in tumour-bearing
mice (DMH group), suggesting an increase in nitric oxide
production by these cells. This outcome agrees with the
IFN-g increase observed in mice from this experimental
group where this cytokine could be involved in the iNOS
enzyme induction. In the yoghurt-fed mice with DMH
injection, the number of iNOS (+) cells decreased. The
same effect was observed in the long-term yoghurt-fed
mice without DMH injection. The lack of iNOS enzyme
induction in the yoghurt-fed mice (yoghurt–DMH–yoghurt
and yoghurt control groups) showed that yoghurt would
regulate the immune system by modulating the inflamma-
tory response. In spite of the increased number of IFN-g
(+) cells, neither nitric oxide production was increased nor
was tumour present. In view of these results, we may

Table 1. Effect of yoghurt feeding and dimethylhydrazine (DMH) carcinogen on b-glucuronidase and nitroreductase activity in the large

intestine content of mice*

(Mean values and standard deviations for five animals)

Experimental groups Period of treatment

b-glucoronidase Nitroreductase

Mean SD Mean SD

Control 10 d 1.35 0.69a 0.68 0.26a

2 months 3.05 1.75a 4.17 1.87a

4 months 9.51 2.56a 2.33 0.99a

5 months 8.04 2.58a 3.15 1.01a

Yoghurt 10 d 3.60 1.65a 2.73 1.11b

2 months 3.90 1.61a 11.26 6.15a

4 months 8.56 1.55a 3.52 0.72a

5 months 4.41 0.12b 3.23 0.60a

DMH 2 months 3.37 1.01a 26.27 3.01b

4 months 26.66 3.70b 5.31 2.09a

5 months 8.59 2.06a 17.03 2.81b

Y–DMH–Y 2 months 3.31 1.28a 18.77 2.90c

4 months 18.21 1.9c 0.52 0.35b

5 months 7.35 1.47a 1.17 0.57c

Y, yoghurt.
a,b,cMeans for each value without a common letter differ significantly (P<0.05).
*Specific enzyme activity is expressed for b-glucuronidase as the mg of phenolphthalein released per minute per mg protein. For nitroreductase, specific activity is

expressed as mg of m-aminobenzoic acid formed per h per mg protein. Significant differences were calculated for each period of treatment by comparing the four
experimental groups. Y–DMH–Y is the group of mice that received yoghurt continuously for 10 d before DMH injection and they were fed again with yoghurt in a
cyclic basis (10 d of yoghurt with 1 week break) after tumour promotion (2 months) and until the end of the experiment (6 months). The Control group did not
receive special feeding or treatment. The yoghurt control group received yoghurt cyclically, as well as Y-DMH-Y. The DMH group is the control of the tumour,
injected with DMH weekly during 10 weeks but without special feeding.
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suggest that the large number of IFN-g (+) cells in yoghurt-
fed mice could be related to the increased number of
intestine immune cells and could be regulated by other
cytokines such as IL-10.

Moreover, IL-10-secreting cells were analysed in the
colon cancer model in order to find out more deeply about
the possible regulatory mechanisms induced by yoghurt(12).
The number of IL-10 (+) cells increased significantly in all
samples from the experimental groups: tumour control,
mice injected with DMH and fed with yoghurt and yoghurt
control group(12). It is important to highlight that yoghurt
feeding produced by itself the highest number of IL-10 (+)
cells, which shows that the administration of this fer-
mented milk contributed to maintain a regulated immune
response in the intestine of yoghurt-fed mice (Table 2).

These results suggest that yoghurt feeding modulates the
immune response as follows: (1) by stimulating cytokine
production when required (as was observed in the tumour
model where yoghurt feeding increased the number of
positive cells for different cytokines) and (2) by regulating
this production in order to prevent an exacerbation of the
inflammatory immune response. This effect occurs mainly
through IL-10, which increased in the LI tissue during all
the periods assayed (2, 4 and 6 months, and 10 d).

Yoghurt and inflammatory bowel diseases

Inflammatory bowel disease (IBD), a chronic immune-
mediated disease, which includes Crohn’s disease and
ulcerative colitis, has been associated with increased colon
cancer risk(13,14). The complete aetiology of both diseases
is still unknown but genetic, environmental and immuno-
logical factors might be involved. However, there is a

growing body of evidence that supports the role of intest-
inal microbiota in IBD initiation and progression(15).

The regulation of the inflammatory immune response
is one of the mechanisms by which yoghurt could prevent
the risk of colon cancer in experimental models, as
described above. That result led us to analyse the effect of
this fermented milk in an intestinal inflammation model
induced with trinitrobenzenesulfonic acid (TNBS).

An important reduction of the colonic damage caused
by TNBS was observed in mice fed yoghurt during 10 d
before TNBS and continued yoghurt administration after
TNBS inoculation (before and after inflammation)(16).
Although some mucosa and submucosa infiltrates were
present, most of the tissues of the LI were similar to those
observed in the control animals that were inoculated with
alcohol 50% (TNBS vehicle).

Enzyme activities in the LI of yoghurt-fed mice injected
with DMH were reduced. Therefore, we hypothesised that
intestinal bacteria composition could have been modified
by yoghurt consumption, and we analysed the gut micro-
biota in the TNBS-induced intestinal inflammation model.

Most of the models in which animals develop colitis are
influenced by the microbiota present in the intestinal
lumen. This fact is supported by the reduction or absence
of intestinal inflammation in TNBS or dextran sulfate
sodium models of colitis using antibiotic-treated and germ-
free animals(17–19).

In the yoghurt-fed mice group, the basal sample (after
10 d), on the same day of TNBS inoculation, was com-
pared with the sample obtained from a control group.
Changes in the intestinal microbiota were observed; bifi-
dobacteria and total lactobacilli counts were higher in
yoghurt-fed mice than in the control group (Table 3).
These increases were also maintained in yoghurt-fed mice

Table 2. Study of pro-inflammatory and regulatory cytokines in the colon cancer model and the inflammatory bowel disease (IBD) model*

(Mean values and standard deviations)

Experimental

group

Colon cancer model

Experimental

group

IBD model

Period of

treatment

IFN-g IL-10
Period of

treatment

IFN-g IL-10

Mean SD Mean SD Mean SD Mean SD

DMH 2 months 86 15b 51 10b TNBS 3 d 22 4a,b 19 5a

4 months 140 17c 87 11c 7 d 29 8b 18 4a

6 months 99 22b 67 15b,c 14 d 24 3b 15 4a

Y–DMH–Y 2 months 105 6b 58 13b Y-TNBS-Y 3 d 22 4a,b 24 4a,b

4 months 121 27b,c 88 4c 7 d 22 5a,b 22 6a,b

6 months 86 6b 40 7b 14 d 23 3a,b 28 3b

Yoghurt 2 months ND ND Yoghurt 3 d 20 5a,b 18 6a

4 months 112 9c 57 12b 7 d 21 3a,b 19 4a

6 months 86 17b 62 2b,c 14 d 22 4a,b 20 5a,b

Yoghurt basal 10 d 25 3a 13 2a Yoghurt basal 10 d 20 5a,b 21 3a

Non-treatment

control

21 2a 12 3a Non-treatment

control

14 6a 18 3a

DMH, dimethylhydrazine; IFN, interferon; ND, not determined; TNBS, trinitrobenzenesulfonic acid; Y, yoghurt.
abcValues for each cytokine-positive cells without a common letter differ significantly (P<0.05).
*The producer cells for IFN-g and IL-10 were studied in the large intestine tissues by indirect immunofluorescence technique. The results are expressed as the

number of positive cells for the correspondent cytokine in 10 fields of vision as seen at 1000 · magnification using a fluorescence light microscope. Y–DMH–Y is
the group of mice that received yoghurt continuously for 10 d before DMH injection and they were fed again with yoghurt in a cyclic basis (10 d of yoghurt with 1
week break) after tumour promotion (2 months) and until the end of the experiment (6 months). The Control group did not receive special feeding or treatment.
The yoghurt control group received yoghurt cyclically, as well as Y–DMH–Y. The DMH group is the control of the tumour, injected with DMH weekly during 10
weeks but without special feeding.
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inoculated with TNBS; however, this result was not found
in those mice in which yoghurt administration was stopped
after the inflammatory drug inoculation. Thus, there might
be a preventive role of yoghurt against this type of in-
flammation(16). Indeed, bifidobacteria and lactobacilli are
known to be desirable inhabitants of the intestine and are
related to beneficial effects in the gastrointestinal tract,
such as the prevention of inflammation. Those changes
observed in the intestinal microbiota could explain some of
the mechanisms by which yoghurt feeding exerts its anti-
inflammatory effect in our IBD model. The TNBS model is
associated with the absence of lactobacilli together with an
increase in other aerobic isolates such as Escherichia coli
and Staphylococcus spp(20). Similarly, decreased levels of
faecal lactobacilli and bifidobacteria have also been
reported in Crohn’s disease in human subjects(21).

Another characteristic of intestinal inflammation is an
increased permeability of the colonic mucosa barrier. All
these features contribute to bacterial translocation towards
distant organs such as liver and spleen. The bacterial trans-
location towards the liver has been shown to be lower in
mice that received yoghurt and were inoculated with TNBS
than in those mice that received only TNBS inoculation(16).

This outcome may confirm that yoghurt feeding is cap-
able of diminishing the severity of inflammation in mice,
and changes in the intestinal microbiota could be a con-
tributing factor to this beneficial effect.

Considering, on the other hand, that decreased IgA
levels could be related to intestinal inflammation and that
IgA enhancement has been reported as one of the bene-
ficial effects associated with probiotic consumption, we
analysed IgA-secreting cells in the LI of those yoghurt-fed
mice with TNBS inoculation. Yoghurt feeding increased
the number of IgA (+) cells in those mice inoculated with
TNBS in comparison with the TNBS control group(16).

These results are in agreement with the IgA increase
reported after Lactobacillus rhamnosus GG administration
in Crohn’s disease(22) and with previous results where
yoghurt administration increased the number of IgA (+)
cells in a colon cancer model in mice(12). This result could
limit the inflammatory response, since IgA is considered an
important barrier in colonic neoplasia(23).

According to previous results where yoghurt feeding
showed anti-inflammatory properties by modulating the
immune response, the study of cytokine-secreting cells
was the logical next step. Cytokines are known to be cap-
able of regulating T-cell proliferation and differentiation
and determining the course of an inflammatory process by
releasing pro- and anti-inflammatory cytokines. TNBS is
an animal model for Crohn’s disease with an increased
T-helper1:T-helper2 ratio. The suppression or regulation of
an exacerbated T-helper1 response could be an alternative
for IBD therapy both in animal models and human subjects.
Pro-inflammatory cytokines such as IL-12 and IFN-g are
thought to promote the development of these diseases(24).

Yoghurt feeding maintained a high number of IFN-g (+)
cells (Table 2); however, compared to the inflammation
control, the fermented milk administration decreased the
number of IFN-g (+) and IL-12 (+) cells, leading to a
regulated inflammatory response, which was related to a
positive effect of yoghurt against colitis(16).

In addition, the recently described IL-17-expressing
T-helper cells may play a central role in T-cell-mediated
diseases including IBD(25,26). It is now a generally accepted
concept that IL-17 stimulates the production of inflam-
matory mediators and it is a key element in the inflammatory
cascade in a variety of pathological conditions.

The lower levels of IL-17-secreting cells in the LI of
yoghurt-fed mice confirmed the anti-inflammatory effect of
yoghurt in the TNBS-induced inflammation model(16).
However, it is also important to highlight that contrary to
TNF-a and IFN-g increases found after yoghurt feeding,
none altered IL-17 production triggered by yoghurt
administration.

In addition, IL-10 was studied in the intestinal inflam-
mation model as a regulatory cytokine, considering the
critical role of IL-10 as an anti-inflammatory cytokine at
the intestinal level(27) and the previous results obtained
with the pro-inflammatory cytokines where yoghurt admin-
istration induced a down-regulated inflammatory response
in the colon cancer model.

An increased IL-10-secreting cell number was found in
yoghurt-fed mice in comparison with the inflammation
control group. This increase was more evident in those
mice that received continuous yoghurt administration, even
after TNBS inoculation (Table 2). IL-10 secretion could be
one of the mechanisms by which yoghurt can exert its anti-
inflammatory effect. It has been interestingly reported
that the induction of colitis is prevented by co-transfer of
syngenic CD4+CD45RBlow T-cells that exert their anti-
inflammatory effect via production of IL-10 and trans-
forming growth factor-b(28).

The results obtained suggest that yoghurt can modulate
the immune response inducing down-regulation of the
immune cells involved in the inflammatory process. This
effect would occur mainly through IL-10 and by declining
IL-17 and IL-12 secretion.

In addition, another mechanism by which yoghurt could
exert its anti-inflammatory activity would be through ben-
eficial changes in the intestinal microbiota (increases in
bifidobacteria and lactobacilli populations). These changes
in the intestinal microbiota could also be considered as one
of the possible causes to reduce intestinal inflammation.

Table 3. Effect of yoghurt feeding on the microbiota of the large

intestine (LI)*

(Mean values and standard deviations)

Culture media

Control Yoghurt

Mean SD Mean SD

MacConkey 4.7 1.5a 4.5 2.0a

MRS 7.0 0.1a 8.1 0.3b

RCA-pH 5 3.1 0.2a 6.5 1.0b

RCA 6.4 0.5a 8.0 0.4b

abMean values for each medium without a common letter differ significantly
(P<0.05).

*Results are expressed as means with their standard deviation of the log10

CFU/g LI for control mice and mice fed for 10 d with yoghurt (yoghurt group).
The content of the LI from each mouse was placed in different agarized
media: reinforced clostridial agar, for total anaerobic bacteria; RCA
containing 0.2% LiCl, colistin 4 mg/l, 1% aniline blue and after sterilization
adjusted to pH 5 with acetic acid (RCA-pH 5) for isolation of bifidobacteria;
Mann–Rogosa–Sharp Agar for total lactobacilli and MacConkey for
Enterobacteriaceae.
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Fermented milks and breast cancer

The intestine is the first site to assay different properties of
probiotics that enter orally into the host. However, it is
important to consider that the host contains the ‘common’
mucosal immune system, which ensures that all mucous
membranes are furnished with a wide spectrum of secretory
antibodies(29). Both B-cells and T-cells can migrate from
Peyer’s patches, found in the small intestine, to mucosal
membranes of the respiratory, gastrointestinal and geni-
tourinary tracts, as well as to the exocrine lacrimal, salivary
and prostatic glands(30). Thus, Lactobacillus casei CRL 431
orally administered has been able to stimulate the IgA cycle,
increasing IgA (+ ) cells, not only in the intestine but also in
the bronchus and mammary gland tissues(31).

The oral administration of milk fermented with L. hel-
veticus R389 (bacteria with high protease and peptidase
activity) also increased the number of IgA-secreting cells
in the small intestine as well as in the bronchus of mice(32).

Peptide fractions released during milk fermentation with
L. helveticus R389 have been reported to stimulate the
immune system and inhibit the growth of an immuno-
dependent fibrosarcoma in a mouse model, suggesting the
importance of the bacteria as well as the products released
during milk fermentation(32).

These previous works led us to study the effect of milk
fermented with L. helveticus R389 on the growth of
breast cancer in the animal model. The effect of kefir and

its cell-free fraction (kefir cell-free fraction (KF)) admin-
istrations were also determined in this type of cancer
model since both kefir and its products possess several
substances that can exert beneficial effects on the immune
system and prevent certain types of cancer(33–35).

The independent administration of these three products
(L. helveticus R389, kefir and KF) has been shown to exert
beneficial effects against breast cancer. However, the
administration period that required to have the desirable
effect was different for each of them, probably due to the
complexity and microbial charge of kefir compared with
the fermented milk used in this study. Seven days of
cyclical administration of milk fermented with L. helveti-
cus R389 delayed or stopped tumour development. Tumour
growth also diminished in mice after receiving 2 d of
cyclical feeding with whole kefir, and the same cyclical
feeding with KF showed the most significant delay of the
tumour growth(36).

The influence of the immune cells on breast cancer has
been reported by using different models(37,38). A sub-
stantial proportion (up to 50%) of breast tumours is made
up of tumour-infiltrating immune cells(39), which produce
different biological messengers, such as cytokines, in-
volved in an anti-tumour response. Therefore, different
cytokines were analysed in several samples to have a
spectrum at a systemic level, and to measure the local
response in mammary glands or tumours in order to study
the effect of fermented milks on the immune response.

Table 4. Study of cytokine-secreting cells in mammary glands and the cytokine concentrations in blood serum*

Experimental

group Time (d)

Mammary gland tissues† Blood serum‡

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

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Tumour control Basal 9 SD 9 3a 6 3a 42 2a 15 2a,e 121 43a

12 9 3a 15 4b 11 3b 207 24b 12 1a 409 113b,g

18 21 4a 13 6a,b 14 4b,c 226 39b 40 6b 943 87c

22 18 6c 22 6b,c 11 3b 265 72b 76 4c 181 37a

27 21 5b,c 28 8c,d 16 4b,c 522 71c 93 4d 50 15d

L. helveticus Basal 7 6c 6 1a 7 2a 207 43b,d 17 2e 552 69b,g

12 13 2d 11 3a,b 15 4b,c 176 2d 20 4e 974 48c

18 12 4b 13 4a,b 25 5d 248 11b 14 4a,e 3338 689e

22 13 4b 13 4a,b 22 3c,d 183 7d 22 5e 10 490 923f

27 13 3b 14 4b 21 5c,d 28� 35b 15 2a,e 4796 859e

Kefir Basal 8 2b 8 2a 4 2a 60 20a,e 25 5e 234 65b

12 9 2a 12 3a 12 3b 81 32e 36b 8b 402 106b,g

18 17 3a 14 3b 13 4b,c 151 45d 32 6b 630 126g

22 21 4b,c 28 7c,d 22 4c,d ND ND ND

27 20 5c 18 4b,c,d 15 4b,c 300 130b,d 68 6c 1021 321c

KF Basal 7 4c 6 3a 7 2a 115 20e 20 6e 295 57b

12 13 2a 11 3a,b 15 3b,c 69 12e 34 12b,e 546 112g

18 12 3b 13 3a,b 25 3c,d 206 53b,d 37 7b 1002 289c

22 13 3b 13 4a,b 22 3c,c ND ND ND

27 13 3b 14 3a,b 21 2c,d 340 67b 64 5c 1563 305c

abcdefghMean values for each cytokine in tissue or serum without a common letter differ significantly (P<0.05).
*The basal samples were taken on the day of the tumour injection (after 7 d of L. helveticus R389 fermented milk administration or 2 d after kefir or kefir cell-free

fraction (KF) administration) and the other samples 12, 18, 22 or 27 d post tumour cell injection. The tumour controls are mice injected with the breast tumour cells
(4T1 cell line) without special feeding. Means for each cytokine in tissue or serum without a common letter differ significantly (P<0.05).

†For mammary gland tissues, cytokine-positive cells were analysed using indirect immunofluorescence. The results are expressed as means with their standard
deviations of cytokine-positive cells counted in 10 fields of vision at 1000 · of magnification.

‡For blood serum, cytokine concentrations were measured by ELISA. The results are expressed as mean concentration of each cytokine (pg/ml) with their standard
deviations.
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The pattern of cytokines was similar for the three pro-
ducts in relation to the delay of the tumour development.

Serum TNF-a levels showed a time-dependent increase,
as did the tumour volume in the control group(36,40).
A significant TNF-a increase was shown in those mice
cyclically fed with milk fermented with L. helveticus
R389, kefir or its KF, compared to the tumour control
group. TNF-a-secreting cells in mammary glands showed
similar patterns to those levels obtained for this cytokine in
serum (Table 4). This increase prior to tumour induction
could be related to the decrease in tumour growth; how-
ever, it is important to note that TNF-a concentration was
maintained or decreased after tumour injection in those
mice that received the fermented products. Indeed, this
cytokine can be related to oestrogen synthesis in the
mammary gland, and thus to the tumour growth(39).

IL-6 was also determined since it is one of the most
important cytokines involved in oestrogen synthesis, a hor-
mone that is essential for tumour growth. The tumour grew
at a faster rate in the control group, which showed elevated
serum IL-6 levels. However, a decrease of IL-6 was shown
in those groups of mice fed with the fermented milks or KF,
suggesting an involvement of IL-6 in the tumour growth
delay(36,40) (Table 4). Although the knowledge of the sys-
temic immune responses is important, the study of local
cytokine responses could be more useful since there is a
local oestrogen synthesis in mammary glands, which could
be involved in tumour growth. Thus, IL-6 (+) cells sig-
nificantly increased in mammary glands in the tumour con-
trol group throughout the experiment (Table 4). The mice
fed with the fermented milk, kefir or its KF maintained low
numbers of IL-6 (+) cells over the course of this experiment,
which were lower than in the tumour control group(36,40).

IL-10 was also analysed. Both IL-10 serum levels and
IL-10-secreting cells in mammary glands were sig-
nificantly increased in the group of mice where the tumour
growth was delayed, which could explain the regulation of
the immune response (TNF-a and IL-6). However, this
regulatory response was not observed in the tumour control
group (Table 4).

The role of tumour-infiltrating immune cells in this anti-
tumour response has also been reported in the same mice
model(36,40). TNF-a (+) cell numbers showed differences in
the isolated cells compared with the other samples (serum
and mammary glands). These cells increased in the groups
fed with fermented products and KF where the tumour
growth was delayed, leading to an induction of TNF-a
production by fermented milk, which may play a biological
role in the induction of cellular apoptosis, also increased in
these animals(40). IL-10 is a regulatory cytokine that can
be released by tumour-infiltrating immune cells such as
macrophages and lymphocytes. IL-10 (+) cell numbers
decreased in the tumour control group throughout the time
of the study. These cells increased significantly in those
mice fed with fermented products or KF. This outcome
could occur in order to regulate the pro-inflammatory
cytokine (TNF-a and IL-6) productions. Decreased num-
ber of IL-6 (+) cells was shown in those mice fed with
fermented milks compared to the tumour control group.
This outcome shows a protective effect of LAB or other
products released during the milk fermentation in this

oestrogen-dependent tumour, mainly due to the decrease in
IL-6 (Table 5).

In view of these results, we can conclude that in
the breast cancer model assayed, mucosal sites, even
those distant to the intestine, can be stimulated by admin-
istrating fermented products. Both probiotic strains and
whole fermented products could play an important role
in the mucosal activation. A short period of cyclical
administration of kefir and KF was sufficient to have the
same protective effect as the one observed by using a
longer period of cyclical feeding with the milk fermented
with L. helveticus R389. This effect seemed to be mainly
related to IL-6 decreases. KF and the milk fermented with
L. helveticus R 389 induced not only IL-6 decrease but also
exerted a regulatory response by increasing IL-10 levels.

The results obtained have shown that the effect in this
tumour model could be not only due to micro-organisms
but also due to substances released during milk fermenta-
tion. This outcome was observed when kefir was compared
to KF(36) and when the milk fermented with L. helveticus
R389 was compared to a milk fermented with a non-
proteolytic mutant strain of L. helveticus(40).

The adequate balance between systemic and local
immune responses to delay the tumour growth in mam-
mary glands was also shown.

We have demonstrated that the consumption of fer-
mented milks can modulate the mucosal immune system in
murine models. The administration of fermented products

Table 5. Production of cytokines by the tumour-infiltrating

immune cells*

Experimental

group

Time

(d)

Cytokines

TNF-a IL-6 IL-10

Mean SD Mean SD Mean SD

Tumour

control

18 24 2a 29 2a 18 2a

22 12 4b,c 25 3a 6 2b

27 13 1c 23 4a 8 2b,c

L. helveticus 18 22 7a,b,d 4 2b 14 3a,c

22 31 4d ND 29 7

27 13 1c 9 2b 12 2c

Kefir 18 4 1e 5 1b 3 1b

22 ND ND ND

27 13 2c 6 2b 5 2b

KF 18 9 1b,c 3 1b 11 1c

22 ND ND ND

27 9 2b,c 4 2b 12 3c

ND, not determined
abcdMeans for each cytokine without a common letter differ significantly

(P<0.05).
*Cytokine-positive cells were analysed by using the immunoperoxidase

technique in the immune cells isolated from the breast tumour. The results
are expressed as means with their standard deviation of cytokine-positive
cells per 100 counted cells (cells/100). The samples were taken 18, 22 and
27 d after tumour cell injection. The tumour controls are mice injected with
the breast tumour cells (4T1 cell line) without special feeding. L. helveticus,
kefir and kefir cell-free fraction (KF) groups are mice that received 7 d of
L. helveticus R389 fermented milk administration or 2 d of kefir or KF
administration, respectively; after these periods they were injected with the
tumour cells and continued to receive the administration of the
correspondent product for each group in a cyclical basis with 1 week of
break.
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may exert an influence on the intestinal microbiota, sti-
mulate the intestine-associated immune cells and maintain
a regulated immune response that is useful against the
intestinal inflammation and also against colon cancer. The
oral administration of fermented products can also be
beneficial to combat other pathologies in tissues distant
from the intestine, as it was already observed for the breast
cancer model. Unlike the intestinal immune stimulation,
the effect in the mammary glands was observed only when
a local stimulus, such as tumour cells, was present.

It is important to remark that fermented milk consump-
tion can stimulate the immune system and can maintain it
in a state of surveillance, which could be useful to affront
different pathologies such as cancer and intestinal inflam-
mation.
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