
www.elsevier.com/locate/issn/10434666

Cytokine 34 (2006) 1–8
Study of cytokines involved in the prevention of a murine
experimental breast cancer by kefir

A. de Moreno de LeBlanc a,b,c, C. Matar a, E. Farnworth d, G. Perdigon b,c,*
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Abstract

Previous studies have shown that compounds released during milk fermentation by Lactobacillus helveticus are implicated in the antit-
umour effect of this product. Here the effects of the consumption, during 2 or 7 days, of kefir or kefir cell-free fraction (KF) on the sys-
temic and local immune responses in mammary glands and tumours using a murine hormone-dependent breast cancer model were
studied. In the tumour control group, mice did not receive these products. At the end of the feeding period, mice were injected subcu-
taneously with tumour cells in the mammary gland. Four days post-injection, they received kefir or KF on a cyclical basis. Rate of
tumour development, cytokines in serum; mammary gland tissue, and tumour isolated cells were monitored. Two-day cyclical adminis-
tration of both products delayed tumour growth. Both kefir and KF increased IL-10 in serum and decreased IL-6(+) cells (cytokine
involved in oestrogen synthesis) in mammary glands. Two-day cyclical administration of KF increased IL-10(+) cells in mammary glands
and in tumours and decreased IL-6(+) cells in tumour. This study demonstrated the modulatory capacity of KF on the immune response
in mammary glands and tumours and the importance of the administration period to obtain this effect.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Lactic acid bacteria (LAB) are the most common micro-
organisms used as probiotics to elicit health-promoting bio-
logical functions in the host. LAB and other probiotic
organisms in fermented milks have been shown to be benefi-
cial to the immune system of the consumer and to increase
the resistance to neoplasia and infections [1]. For these and
other reasons, there is a steady increase in the consumption
of fermented dairy products such as yoghurt, kefir, and other
fermented milks, containing viable microorganisms.

Kefir is a fermented milk drink that contains a unique
mixture of beneficial microorganisms. These include the
bacteria Lactobacillus parakefir, Lactobacillus kefir, Lacto-
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bacillus kefiranofaciens subsp. kefiranofaciens, Lactobacillus

kefiranofaciens subsp. kefirgranum, Lactococcus lactis

subsp. lactis, Lactococcus lactis subsp. cremoris, Lactococ-

cus lactis subsp. diacetylactis, Leuconostoc mesenteroides

subsp. cremoris, and yeasts Candida kefyr, Saccharomyces

unisprous, Saccharomyces turicensis [2,3].
Kefir differs from conventional yoghurt and other fer-

mented milks in that kefir grains (small clusters of microor-
ganisms imbedded in a polysaccharide matrix) or mother
cultures from grains are added to milk and cause fermenta-
tion [4]. Previous studies have suggested antibacterial,
immunologic, and antitumour effects of kefir in animals
[5–7]. Kefir and sphingomyelin isolated from the lipids in
kefir have been reported to stimulate the immune system
in both in vitro and in vivo studies [8,9].

There are also studies on the beneficial effects of fer-
mented products in the prevention of different types of can-
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cer such as colon cancer [10,11]. Previous studies in our
laboratory have been carried out with an animal model
for colon cancer showing an inhibition of tumour growth
during cyclical yoghurt feeding. The study of cytokine pro-
files in that model demonstrated that yoghurt modulated
the immune system response and exerted its antitumour
activity through its antiinflammatory capacity [12,13]. This
effect was observed by long-term cyclic yoghurt consump-
tion, which inhibited promotion and progression of the
experimental intestinal tumour [14].

In addition to LAB, fermented milks can possess other
non-bacterial components produced during fermentation
that contribute to immunogenicity and to other properties
such as their antitumour activities. For example, peptidic
fractions liberated during milk fermentation with Lactoba-

cillus helveticus R389 stimulated the immune system and
inhibited the growth of an immuno-dependent fibrosarco-
ma in a mice model [15]. Water-soluble polysaccharides,
isolated from the kefir grains, inhibited 40–59% of the
growth of an Ehrlich carcinoma in mice [16].

It is known that breast cancer is one of the most com-
mon cancers in women and many dietary factors are relat-
ed to this disease either positively or negatively [17]. There
are few reports relating probiotics and breast cancer pre-
vention, but recently we have demonstrated that milk fer-
mented by Lb. helveticus R389 was able to delay tumour
growth in an experimental breast cancer model using
BALB/c mice [18].

The aims of the present work were to study the effects of
the consumption of kefir fermented milk or a kefir cell-free
fraction (KF) on a murine hormone-dependent breast can-
cer model, studying the systemic and local immune
responses in mammary glands and tumours by measure-
ment of the involved cytokines.

2. Materials and methods

2.1. Animals and experimental groups

BALB/c mice from Charles River Laboratories (Mon-
treal, Que., Canada), weighing 19–21 g, were separated
into five experimental groups: (1) Tumour control group
where mice received an injection with tumour cells. (2)
Kefir-2d group where mice were fed with the fermented
milk (kefir) for 2 consecutive days (basal 2 days), injected
with tumour cells, and then fed cyclically with kefir 2 con-
secutive days (eating kefir separated by five days of no
kefir) until day 27. (3) KF-2d group: same as group
kefir-2d except mice were fed kefir cell-free fraction (KF)
instead of kefir. (4) Kefir-7d group: mice were fed with
kefir for 7 consecutive days (basal 7 days), injected with
tumour cells, and then fed cyclically five days with kefir
(5 days kefir feeding separated by 2 days no kefir). (5)
KF-7d group: same as group kefir-7d except mice were
fed KF instead kefir.

All groups contained 25–30 mice, which received a bal-
anced diet and water ad libitum.
All experimental protocols were approved by the Ani-
mal Protection Committee of the Université de Moncton
and followed the Guide for the Care and Use of Laborato-
ry Animals of the Canadian Council on Animal Care.

2.2. Kefir and kefir fraction

Kefir (Liberty Company, Brossard, Que.) was centri-
fuged at 2750g (Beckman CS 6R centrifuge) for 20 min at
4 �C. The supernatant (kefir fraction) was freeze-dried
(Freezone 4.5, Labco Co.) and kept refrigerated (4 �C)
until tested. This is the cell-free fraction used in the present
study (KF).

2.3. Tumour induction and feeding protocol

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 kefir-2d and kefir-7d were
given a diet supplemented with kefir diluted 1/100 in
sterile water in Petri dishes, as previously reported [3], as
a substitution of the drinking water for 2 or 7 consecutive
days.

Kefir cell-free fraction was dissolved in distilled water
to a final protein concentration of 100 lg in 200 ll of
the solution. Each mouse from KF-2d and KF-7d groups
was given 200 ll of kefir cell-free fraction per day of feed-
ing for the length of the feeding period. At the end of
each feeding period, mice were injected with tumour cells
in the same manner as the tumour control animals. Four
days after tumour injection, kefir or KF was again added
to the diet for 2 or 7 consecutive days, followed by a 5
day break (no kefir) and then again kefir or KF feeding
for 2 or 7 days. Feeding was given in this manner cyclical-
ly until the end of the experiment (27 days after tumour
induction).

2.4. Sampling procedures

Tumour growth was evaluated by calliper measurement
of tumour length and width. Tumour volume was deter-
mined using the formula V = 0.4 · d2 · D, where V is the
volume in ml, and d and D are the shortest and longest
diameters, respectively.

Samples were obtained from each group at the following
times: basal sample (day 0), after 2 or 7 days kefir or KF
feeding (prior to the tumour injection) and 13, 20 or 27
days after tumour cell injection. Mice were anaesthetized
intraperitoneally using a mixture of ketamine hydrochlo-
ride (Bioniche Animal Health Canada Inc., Ont., Canada)
100 lg/g body weight and xylasine hydrochloride (Sigma,
St. Louis, USA) 5 lg/g body weight. Blood samples were
obtained by cardiac puncture. For the basal and 13 days
after tumour cell injection samples, mammary glands were
removed. In the subsequent samples, the tumour and the
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breast tissue without tumour (from the same breast where
the tumour cells were injected) were removed.

To obtain serum, blood was incubated at 37 �C for 3 h
and centrifuged at 1000g for 10 min. The serum was stored
at �20 �C until used for cytokine measurements.

2.5. ELISAs of serum samples

To determine the concentration of the different cyto-
kines (TNFa, IFNc, IL-10, IL-4, and IL-6) in serum, BD
OptEIA� mouse cytokine ELISA kits from BD Bioscience
(San Diego, USA) were used. The results are expressed as
concentration of each cytokine in serum (pg/ml).

2.6. Cytokine producing cell determination in histological

sections

Mammary gland tissue sections (4 lm) from each group
were used for immunofluorescence assays. Tissues were
prepared for histological evaluation, fixed in formaldehyde,
dehydrated using a graded series of ethanol and xylene sub-
stitute, and then included in paraffin.

Cytokines and Bcl-2 positive cells were detected by indi-
rect immunofluorescence following the technique described
by de Moreno de LeBlanc et al. [13,14]. Rabbit anti-mouse
TNFa, IFNc, IL-10, IL-6, and IL-4 (Peprotech, Inc. Rocky
Hill, NJ, USA) polyclonal antibodies (diluted in saponin-
PBS) were applied to the tissue sections for 75 min at room
temperature (RT, 21 �C). The sections were then treated
with diluted goat anti-rabbit antibody conjugated with
fluorescein isothiocyanate (FITC, Jackson Immuno
Research, Labs. Inc. West Grove USA).

The number of fluorescent cells was counted in 30 fields
of vision and the results were expressed as the number of
positive cells in 10 fields of vision as seen with 1000· mag-
nification using a fluorescent light microscope.

2.7. Isolation of mononuclear cells from the breast tumours

Tumours of three mice from each group were removed
20 and 27 days after tumour inoculation and washed with
HBSS (Hanks’ balanced saline solution, Sigma, St. Louis,
USA) with 4% FBS (fetal bovine serum). The cells were
separated by mechanical dissociation using a steel mesh
grid and then they were incubated in 0.05% protease/colla-
genase (Sigma, St. Louis, USA) solution in RPMI 1640
medium (Sigma, St. Louis, USA) with added FBS 10% at
37 �C and agitated with a magnetic bar for 40 min. The
cells collected from supernatant were washed with RPMI
1640 medium. The immune cells were concentrated using
a percoll gradient (100–55–30%), centrifuged at 800g for
30 min, and recovered from the layer between 100 and
55%. Cells were adjusted to 4–5 · 106 cells/ml in RPMI
1640 medium. Cell suspensions (20 ll) were placed in each
well of an immunofluorescence slide and were fixed with
formalin (ICC fixation buffer, PharMingen, B-D Biosci-
ences, Canada).
2.8. Cytokine determination in isolated cells

TNFa, IL-4, IL-10, IL-6 or IFNc were determined in
the fixed cells. They were incubated with a 1% blocking
solution of BSA/PBS, washed with PBS, and incubated
with normal goat serum (Sigma, St. Louis, USA) diluted
1/10. The activity of the endogenous peroxidase was
blocked with a peroxidase blocking reagent (DakoCytoma-
tion, Inc., California, USA). The cells were then incubated
with avidin and biotin blocking solutions (Avidin/biotin
blocking kit, Vector laboratories, Inc., Burlingame, USA)
to block endogenous avidin and biotin. The cells were incu-
bated with rat anti-mouse TNFa, IFNc, IL-10 or IL-4
polyclonal antibodies (diluted in ICC cytokine buffer,
PharMingen, B-D Biosciences, Canada), washed with
PBS, and incubated with biotin-conjugated goat anti-rat
Ig specific polyclonal antibody (PharMingen, B-D Biosci-
ences, Canada). Biotinylated anti-mouse IL-6 polyclonal
antibody (PharMingen, B-D Biosciences, Canada) was
used to determine IL-6 positive cells. Vectastain Elite

ABC solution (Vector Labs, Burlingame, USA) was added
to cells and incubated with a DAB kit (Vector Laborato-
ries, Inc., Burlingame, USA). The results were expressed
as percentage (number of positive cells in 100 cells counted
at 1000· magnification).

2.9. Statistic analysis

For each trial, the test and control groups contained 25–
30 animals. Five mice for each group were sacrificed in
each sample taken (N = 5). The experiments were repeated
3 times.

Statistical analyses were performed using MINITAB 14
software. A factorial experimental design (replicates · die-
tary regimen · timepoint) was used. For serum and mam-
mary gland tissues, the design was 3 · 5 · 4 and to study
the effect of kefir and KF in the isolated from the tumour,
the design was 3 · 5 · 2.

Comparisons were accomplished by an ANOVA general
linear model followed by a Tukey’s post hoc test and
p < 0.05 was considered significant.

No significant differences were observed between the
three independent replicates; results from three replicates
were combined and the comparisons (dietary regi-
men · timepoint) were obtained from 15 animals (N = 15).

3. Results

3.1. Tumour growth

The tumours became visible and palpable after approx-
imately 12 days.

Mice receiving a seven-day cyclical feeding did not
show significant differences in tumour volume compared
to the tumour control group. This observation was inde-
pendent of the product being fed to the mice (kefir or
KF) (Fig. 1).



Fig. 1. Rate of tumour growth. Results are expressed as means of the
volume (cm3) of the tumour ± SD for each group (tumour control, black
diamond; kefir-2d, black circles; kefir-7d, gray circles; KF-2d, gray
squares; and KF-7d, white triangle) during the period of the experiment.
Statistical analysis was performed for the last sample (27 days); means for
each value without a common letter differ significantly (p < 0.05).
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Two-day cyclical administration of whole kefir delayed
tumour development as shown in Fig. 1, compared to the
control group. The same cyclical feeding with the cell-free
fraction (KF) showed a significant decrease in tumour vol-
ume compared to all the other groups.
Fig. 2. Effect of tumour injection, kefir and kefir cell-free fraction on the serum
(pg/ml) ± SD for each group (tumour control (black bars), kefir-2d (white bars
lined bars)) and period of experiment. Means for each cytokine without a com
3.2. Cytokine levels in blood serum

TNFa levels increased in serum as a function of time,
when the tumour grew in the control group (Fig. 2A). In
mice receiving 2 days of cyclical feeding of KF, TNFa
increased significantly in the basal sample (116 ± 35 pg/
ml) compared to the tumour control group (60 ± 2 pg/
ml). Afterwards, this group decreased and maintained
TNFa concentrations near the levels of the other groups.

IFNc levels were variable in the different test groups
(kefir, KF) and at different sampling times; however, they
were lower (sometimes significantly lower) than in the
tumour control animals (Fig. 2B).

Mice that had their diet supplemented with kefir or KF
cyclically 2 or 7 days showed increases of IL-10 concentra-
tion in serum compared to the tumour control animals.
The highest concentration for the KF-2d group was
obtained in the last sample (576 ± 28 pg/ml, 27 days after
tumour cell injection). Mice from the kefir-2d group had
significant increases of this cytokine in their serum, com-
pared to the other test groups 13 days after tumour injec-
tion (753 ± 160 pg/ml; Fig. 2E), after which, IL-10
concentration was similar to the KF-2d group.

IL-4 increased in the KF-2d and the kefir 2 and 7 day
groups in the basal sample, compared to the control
(27 ± 8 pg/ml). Mice fed with kefir showed significant
cytokines. Results are expressed as mean concentrations of each cytokine
), kefir-7d (diagonal lined bars), KF-2d (gray bars), and KF-7d (horizontal

mon letter differ significantly (p < 0.05).
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increases of this cytokine compared to the other groups, 20
days after tumour cell injection (109 ± 52 pg/ml and
88 ± 39 pg/ml for kefir 7d and 2d, respectively) (Fig. 2D).

IL-6 levels increased in the tumour control group and in
the groups of mice fed cyclically 7 days with kefir or 2 and 7
days cyclic feeding with KF, on the two last sample days
(20d, 27d). Mice receiving 2-day cyclical feeding with kefir
showed significant decreases of IL-6 compared to the other
test groups and the tumour control, 27 days after tumour
cell injection (46 ± 16 pg/ml for kefir-2d group and
122 ± 7 pg/ml for tumour control group) (Fig. 2C).

3.3. Study of cytokine positive cells in mammary gland

tissues

TNFa(+) cells increased in the tumour control group
during tumour growth. The same observation was seen in
the kefir and KF-7d groups (Fig. 3A). This cytokine
decreased in KF and kefir-2d groups compared to the
tumour control and the other test groups, throughout the
experiment.

IFNc(+) cells increased in the tumour control group as
a function of time. Kefir and KF-7d groups had similar
numbers of IFNc(+) cells at the end of the experiment
(17 ± 4 cells/10 fields and 16 ± 1 cells/10 fields, respective-
Fig. 3. Cytokine positive cells in mammary gland tissues. Positive cells for eac
tumour control (black bars), kefir-2d (white bars), kefir-7d (diagonal lined b
expressed as number of positive cells counted in 10 fields of vision (1000·). Valu
letter differ significantly (p < 0.05).
ly; 27 days), but lower than the control (26 ± 5 cells/10
fields). Two days of cyclical feeding with KF reduced (sig-
nificantly) the number of positive cells for this cytokine
compared to the control, kefir, and KF-7d groups, 20
and 27 days after the tumour cell injection.

The number of IL-10(+) cells (Fig. 3E) increased in the
tumour control group, 20 and 27 days after tumour injec-
tion (13 ± 3 cells/10 fields and 16 ± 3 cells/10 fields) com-
pared to the basal sample number (6 ± 2 cells/10 fields).
Mice that received 2 days cyclical feeding with KF had
increased numbers of IL-10(+) cells in the last sample
(23 ± 2 cells/10 fields), compared to all the other groups.
The pattern of the number of cells producing this cytokine
was not the same as that observed by the ELISA test.

The numbers of IL-4(+) cells (Fig. 3D) showed a similar
pattern (over time) to IL-10(+) cells in the tumour control
group. Mice fed with kefir or KF cyclically 2 or 7 days did
not increase this cytokine, compared to the control group.

IL-6(+) cell numbers increased during the tumour
growth in the tumour control group. All test groups
showed decreased numbers of positive cells for this cyto-
kine in the last sample (27d), compared to the tumour con-
trol group. The lowest IL-6(+) cell numbers were found in
the KF-2d group (Fig. 3C at day 27). The pattern for this
cytokine was similar to the pattern obtained by ELISA test.
h cytokine were counted in histological sections from mammary glands of
ars), KF-2d (gray bars), and KF-7d (horizontal lined bars). Results are
es are means for N = 5 ± SD. Means for each cytokine without a common



Table 1
Cytokine positive cells isolated from tumours taken from experimental mice

Experimental group Sample (days) Cytokine

TNFa IFNc IL-6 IL-4 IL-10

Tumour control 20 22 ± 5d 19 ± 5c 16 ± 5b,c 20 ± 5d 18 ± 2d

27 14 ± 1c 13 ± 4a,b,c 23 ± 3c 10 ± 3b,c 7 ± 2b

Kefir-2d 20 4 ± 1a 7 ± 2a 5 ± 1a 3 ± 1a 3 ± 1a

27 13 ± 2b,c 12 ± 3a,b,c 6 ± 2a,b 6 ± 2a,b 5 ± 2a,b

Kefir-7d 20 7 ± 1a 8 ± 1a 15 ± 1c 4 ± 1a 7 ± 1b

27 8 ± 3a,b 14 ± 2b,c 18 ± 2c 4 ± 2a 4 ± 2a,b

KF-2d 20 9 ± 1a,b 8 ± 1a 3 ± 1a 11 ± 2c 11 ± 1c

27 9 ± 2a,b 9 ± 2a 4 ± 2a 13 ± 3c,d 12 ± 3c

KF-7d 20 17 ± 2c,d 9 ± 3a 6 ± 1a 5 ± 1a 6 ± 1b

27 16 ± 1c,d 11 ± 2a,b 11 ± 3b 6 ± 2a,b 6 ± 2b

Results are expressed as means ± SD of the number of cytokine positive cells per 100 counted cells (cells/100). Each mean represents data from five animals.
a–dMeans for each cytokine without a common letter differ significantly (p < 0.05).
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3.4. Determination of cytokines in tumour infiltrative cells

TNFa(+) cells decreased significantly in the KF-2d
group in both samples (9 ± 1 cells/100, 9 ± 2 cells/100; 20
and 27 days, respectively), compared to the tumour control
(22 ± 5 cells/100 and 14 ± 1 cells/100; 20 and 27 days,
respectively). Mice in the kefir-2d group showed decreased
numbers of TNFa(+) cells, 20 days after tumour injection
(4 ± 1 cells/100), and then the positive cells for this cyto-
kine increased again (13 ± 2 cells/100). The same observa-
tion was seen for the IFNc(+) cells. IL-10(+) cells
maintained the number in KF-2d group; they were signifi-
cantly higher than the other groups in the last sample
(12 ± 3 cells/100, 27 days). IL-4(+) cells varied in the same
manner as IL-10(+) cells; maintaining the number of posi-
tive cells in the KF-2d group, in both samples (20 and 27
days). Mice fed either kefir or KF showed decreases in
the number of IL-6(+) cells compared to the tumour con-
trol group. The most significant decreases were observed
for the kefir and KF-2d groups. These results are shown
in Table 1.

4. Discussion

Orally administered probiotic bacteria besides acting at
the intestinal level can also exert influence on distant muco-
sal sites [19]. Both B and T cells can migrate from Peyer’s
patches, found in the small intestine, to the respiratory,
gastrointestinal, and genitourinary tract, as well as to exo-
crine glands such as the lachrymal, salivary, mammary,
and prostatic glands [20].

Previous studies performed in our laboratory using a
model of breast cancer in mice demonstrated that seven
days of cyclical feeding with milk fermented by the proteo-
lytic strain Lb. helveticus R389 or its proteolytic deficient
variant (Lb. helveticus L89) delayed tumour development.
The greatest response was obtained with the milk ferment-
ed using the proteolytic strain [18]. The study of the cyto-
kines in that model showed different profiles depending
on the bacterial strain used and the results obtained
showed the capacity of the fermented milk to modulate
the relationship between the immune and endocrine sys-
tems. It was suggested that Lb. helveticus R389 could be
used for future studies because of its capacity to modulate
the immune response in this tumour model. This fermented
milk induced not only a decrease of IL-6 (similar to Lb.

helveticus L89), but also an increase of regulatory cyto-
kines, mainly IL-10, and induced cellular apoptosis with
decrease of Bcl-2(+) cells in mammary glands [18]. This
observation suggested that substances released into the
milk fermented by Lb. helveticus R389, possibly peptides
due to the high proteolytic activity of this bacterial strain,
could be related with the delay of the tumour growth
observed in mice consuming this fermented milk.

Kefir is a complex fermented milk and its cell-free frac-
tion (KF) possesses several substances that can exert bene-
ficial effects on the immune system and prevent certain
types of cancer [5,7,16,21]. It was observed that mice
receiving 2 days cyclical feeding with whole kefir dimin-
ished tumour growth and the same cyclical feeding with
kefir cell-free fraction showed the most significant delay
of the tumour growth. Animals receiving 7 days of cyclical
feeding did not show delayed tumour growth.

The influence of the immune cells on breast cancer was
reported using different models [22,23]. A substantial pro-
portion (up to 50%) of breast tumours is comprised of cells
from the immune system that infiltrate the tumours [24].
These cells produce different biological messengers such
as cytokines, which are implicated in an antitumour
response. The important role of cytokines in regulating
breast tumour oestrogen synthesis stimulated research on
these cells and the role of the different molecules produced
by them. There are many cytokines implicated in oestrogen
synthesis in both normal and tumour invaded breast tissue
[25,26]. One of the cytokines most studied in this area is IL-
6; IL-6 is also a pro-angiogenic factor [27]. We found that
in serum, the concentration of these cytokine was variable
compared to the tumour growth. Only at the last sample
(27 days) of the two groups (kefir and KF-2 days) was there
a significant decrease of IL-6 levels, compared to the
tumour control group. Systemic responses are sometimes
important, but in our model it is more useful to study the
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local cytokine response because there is a local oestrogen
synthesis in mammary glands and this could be implicated
in tumour growth. In mammary glands IL-6(+) cells
increased significantly in the tumour control over the time
course of the experiment. The KF-2d group maintained the
low numbers of this cytokine(+) cells over the course of
this experiment which were lower than in the other groups.
Similar results were obtained for cells isolated from the
tumours. However, mice fed 2 days cyclically with kefir
also had decreased IL-6(+) tumour infiltrative cells.
Decreases of IL-6 can explain the results observed for kefir
and KF-2 day groups, showing a relation with the tumour
growth, but there are other cytokines that are also impor-
tant to understand the mechanisms involved in the effects
observed.

TNFa is known to be a proinflammatory cytokine and
to possess tumour necrosis effects [28]. This cytokine is also
related to the activation of apoptosis pathways [29]. We
found animals fed with kefir cell-free fractions had
increased serum TNFa levels in the basal sample, before
tumour cell injection. The KF-2d group had decreased
TNFa concentrations and maintained this cytokine level
throughout the trial, showing a regulation of the immune
system. In contrast, the KF-7d group had increased TNFa
similar to levels seen in the tumour control group. High
numbers of TNFa(+) cells were observed in the tumour
control group and in the test groups in which tumours grew
fastest (kefir-7d and KF-7d group). Increases of TNFa at
the beginning of the experiment could be important
because this observation was reported previously for other
fermented milk which produced a delay in tumour growth
[18]. It is also important that the concentration of this cyto-
kine is maintained or diminished after tumour injection
because it is related to oestrogen synthesis [30], like was
observed for KF-2d group.

IFNc is a cytokine related with the inflammatory
response, but it also has been reported to be an effector
molecule in the immune response against solid cancers
[31,32]. Tumour infiltrating lymphocytes from ovarian
tumours released this cytokine upon challenge with
MICA+ tumour cells [33]. In our study, IFNc levels varied
in the different test groups as a function of time and in dif-
ferent samples (serum, mammary glands, and tumour). In
mammary gland IFNc(+) cells decreased in the groups
where tumour delay was observed.

The increases of cytokines such as TNFa or IFNc
observed in some groups at the beginning of this experi-
ment and then, the leveling of their values below those of
groups in which tumours grew fastest, suggest that a regu-
latory response could be functioning. It is also important to
know if there is a modulation of cytokines which could be
non-beneficial. de Moreno de LeBlanc and others reported
that IL-10 is a regulatory cytokine implicated in the mod-
ulation of the immune response observed in the inhibition
of a colon cancer by yoghurt [13].

IL-10 and IL-4 are known to be regulatory cytokines,
associated with the activated Th-2 lymphocytes [28]. IL-4
plays a significant role in controlling both cell growth
and modulation of the immune response [34]. This cytokine
has antagonist functions to IFNc and appears to possess
certain antiinflammatory properties. IL-4 can inhibit the
production of several proinflammatory cytokines such as
IL-1, IL-6, IL-8, and TNFa [28]. Here, IL-4 concentrations
increased in serum of mice fed with kefir in the basal sam-
ple (for 2 days) and 20 days after tumour injection. In other
samples, there were no significant differences between the
tumour control and kefir test groups. These results support
the idea that IL-4 has a role both in the regulatory immune
response and the induction of oestrogen synthesis [30].

IL-10 can be produced by Th-2 cells and also by other
cell populations such as macrophages and dendritic cells.
In different experimental models, TNFa and IL-10 were
demonstrated to have opposite effects [35]. The balance
between TNFa and IL-10 could modulate the effector func-
tion of macrophages and cell apoptosis. We observed that
IL-10 increased in serum in all of the test groups compared
to the tumour control. In mammary glands and tumour
isolated cells, IL-10(+) cells increased significantly in the
KF-2d group at the last sample time. This finding implies
that the infiltrative immune cells in the tumour are stimu-
lated and it was kefir or compounds in the cell-free fraction
that induced this activation.

Our studies using the model of breast cancer in mice
demonstrated that two days of cyclical feeding with kefir
or kefir cell-free fraction delayed tumour development.
This effect appeared to be related principally to a decrease
in IL-6. KF induced not only a decrease of this cytokine
but also a regulatory response with increased levels of IL-
10 in all the samples studied.

The dose of kefir used is also an important factor in
immunomodulation studies, as reported [5]. In our study
both kefir cell-free fraction and kefir showed an effect
dependent on the administration period. The results of
the present paper demonstrated that the most important
effect in our tumour model was due to substances released
during milk fermentation to produce this product (and not
the bacteria themselves).

This study has demonstrated the immunoregulatory
capacity of kefir cell-free fraction on the immune response
in mammary glands and tumours as well as the correlations
with the cytokines found at systemic level. Kefir and KF
were both able to delay tumour growth by their immuno-
regulatory capacities. Consumption of bio-active ingredi-
ents of this fermented milk was able to modulate the
relationship between immune and endocrine systems (by
IL-6 diminution) which is very important in oestrogen-de-
pendent tumours.
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