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ABSTRACT

Administration of kefir and a kefir cell-free fraction
(KF) to mice injected with breast tumor cells produced,
locally in the mammary gland, different profiles of cells
secreting cytokines. Here, the immune cell populations
in mammary glands affected by the cyclic consumption
of kefir or KF for 2 or 7 d were evaluated using a breast
tumor model. Apoptosis was also assayed as another
mechanism involved in tumor growth delay. The rate
development of tumor cells, IgA(+) cells, and CD4+ and
CD8+ T lymphocytes was monitored in mammary gland
tissues. The number of Bcl-2(+) cells in the mammary
gland was compared with the apoptosis observed in the
tumor. Two-day cyclical administration of both prod-
ucts delayed tumor growth and increased the number
of IgA(+) cells in the mammary gland. Changes in the
balance between CD4+ and CD8+ cells in the mammary
gland were observed in mice from the group fed KF
cyclically for 2 d, such that the number of CD4+ cells
increased when the number of CD8+ cells remained
constant. Mice that received 2-d cyclic administration
of KF showed significant increases in the number of
apoptotic cells and decreases in Bcl-2(+) cells in the
mammary gland, compared with the tumor control
group. The present study allows a better understanding
of the mechanisms (immune and nonimmune) involved
in the antitumor effect observed in mice administered
kefir or KF. The importance of nonmicrobial compo-
nents released during milk fermentation to obtain the
beneficial antitumor effects is also reported.
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INTRODUCTION

Lactic acid bacteria (LAB) and other probiotic organ-
isms in fermented milks have elicited health-promoting
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biological functions in the host (Drouault and Corthier,
2001). A number of studies have noted the immuno-
modulatory properties of probiotic organisms, espe-
cially lactobacilli. Consumption of LAB and milks fer-
mented by them can increase the systemic immune
response (Perdigén et al., 1999, 2001) as well as local
immune responses in the mucosal tissues [IgA(+) cells
in the intestine, bronchus, and mammary gland; de
Moreno de LeBlanc et al., 2005]. For these and other
reasons, there has been a steady increase in the con-
sumption of fermented dairy products (i.e., yogurt and
other fermented milks) containing viable LAB.

Kefir is a fermented milk that contains a unique mix-
ture of different microorganisms. These include the bac-
teria Lactobacillus parakefir, Lb. kefir, Lb. kefiranofa-
ciens ssp. kefiranofaciens, Lb. kefiranofaciens ssp. ke-
firgranum, Lactococcus lactis ssp. lactis, Le. lactis ssp.
cremoris, Le. lactis ssp. diacetylactis, Leuconostoc mes-
enteroides ssp. cremoris, and the yeasts Candida kefyr,
Saccharomyces unisporus, and Sacc. turicensis (Farn-
worth and Mainville, 2003; Mainville et al., 2006).

In addition to LAB, fermented milks can possess
other nonbacterial components produced during fer-
mentation that contribute to immunogenicity and other
beneficial properties such as antitumor activities
(LeBlanc et al., 2002). 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
(Furukawa et al., 1991; Osada et al., 1994; Vinderola
et al., 2005).

Immunostimulation by fermented milks as a means
of keeping the host immune system in a permanent
state of readiness has been shown to successfully pre-
vent different cancers (Valdéz et al., 1997; Perdigén et
al., 2001). Studies have been done on the beneficial
effects of fermented products, including kefir, in the
prevention of different types of cancers (Furukawa et
al., 1990; de Moreno de LeBlanc and Perdigon, 2004).

Breast cancer is one of the most common cancers in
women, and many dietary factors are related to this
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disease, either positively or negatively. Previous stud-
ies in our laboratory showed that milk fermented by
Lactobacillus helveticus R389 was able to delay tumor
growth in an experimental breast cancer model using
BALB/c mice (de Moreno de LeBlanc et al., 2005a). This
effect was related to the immunoregulatory capacity of
this fermented milk or substances released in the milk
fermented by Lb. helveticus R389, possibly peptides,
because of the high proteolytic activity of this bacterial
strain. Consumption of this fermented milk modulated
the relationship between the immune and endocrine
systems and decreased the levels of IL-6, which is very
important in estrogen-dependent tumors and induced
cellular apoptosis, an inhibitory mechanism limiting
tumor growth.

Another important finding of this study was the dem-
onstration that orally administered fermented milk
could modify the immune cell populations in distant
mucosal sites and maintain these cells in an alert state.
In addition, this response was not maintained when it
was not necessary; a local stimulus was necessary to
produce an activation of the local immune response (de
Moreno de LeBlanc et al., 2005b).

In another study conducted in our laboratory, we
demonstrated the modulatory capacity of a kefir cell-
free fraction (KF') on the immune response in mammary
glands and tumors, by studying the immune responses,
using a measurement of the cytokines involved in these
sites, of mice that had received KF or whole kefir (de
Moreno de LeBlanc et al., 2006). The previous results
suggested that these products could induce changes in
the immune cell populations in mammary glands re-
lated to differences in the cytokine profiles in these
glands.

The aim of the present study was to analyze different
infiltrative immune cell populations in the mammary
gland that could be involved in the antitumor response
observed in mice fed kefir or KF by using a hormone-
dependent breast cancer model. Activation of the im-
mune cells and the cytokines released play a very im-
portant role in preventing tumor growth. Thus, this
study identified the infiltrative immune cells and also
estimated the state of this activation by measuring Bcl-
2 protein in addition to induction of the apoptosis mech-
anisms that could be involved in the antitumor effect
observed with kefir consumption.

MATERIALS AND METHODS
Animals and Experimental Groups

Female BALB/c mice from Charles River Labora-
tories (Montreal, Quebec, Canada), weighing 19 to 21 g,
were separated into 5 experimental groups: 1) a tumor
control group, in which mice received an injection with
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tumor cells; 2) a 2-d kefir group, in which mice were
fed with whole kefir for 2 consecutive days (basal 2-d),
injected with tumor cells, and then fed kefir cyclically
for 2 consecutive days (5-d break from kefir administra-
tion in between) until d 27; 3) a 2-d KF group, which
was the same as the 2-d kefir group except that mice
were fed KF instead of kefir; 4) a 7-d kefir group, in
which mice were fed whole kefir for 7 consecutive days
(basal 7-d), injected with tumor cells, and then fed kefir
cyclically for 7 d (7-d kefir feeding followed by a 5-d
break); and 5) a 7-d KF group, which was the same as
the 7-d kefir group except that mice were fed KF instead
of kefir.

All groups contained 25 to 30 mice that received a
constant-nutrient formula commercial diet (balanced/
autoclaved Rodent Diet; Charles River Laboratories,
Saint-Constant, QC, Canada) and water ad libitum.
Five mice (n = 5) from each group were killed when
each sample was taken [basal sample (d 0), after 2 or
7 d of kefir or KF feeding (prior to the tumor injection),
and 13, 20, or 27 d after tumor cell injection]. The exper-
iments were repeated 3 times.

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 Labora-
tory Animals of the Canadian Council on Animal Care.

Kefir and Kefir Fraction

Commercial kefir (Liberty Company, Brossard, QC,
Canada), previously described by Mainville et al.
(2006), was centrifuged at 2,750 x g (CS 6R centrifuge,
Beckman, Dallas, TX) for 20 min at 4°C. The cell-free
supernatant (KF) was freeze-dried (Freezone 4.5, Labco
Co., Kansas City, MO) and kept refrigerated (4°C) until
tested. Microbial analysis of the supernatant and com-
plete samples of fresh and freeze-dried and rehydrated
kefir were previously performed by Vinderola et al.
(2006), who found less than 10 cfu/mL of yeast and
bacteria in the supernatant.

Tumor Induction and Feeding Protocol

The American Type Culture Collection tumoral cell
line 4T1 was used to induce breast tumor growth. Each
mouse was challenged by a single subcutaneous injec-
tion (0.5 mL) of tumor cells (1.4 x 10* cells/mL) in the
upper right mammary gland.

The experimental groups 2-d kefir and 7-d kefir were
given a standard mouse chow diet supplemented with
whole kefir diluted 1:100 in sterile water, in Petri
dishes, as a substitute for the drinking water for 2 or
7 consecutive days. Kefir was given diluted in this form
according to the previous results, in which mice admin-
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istered this dilution showed the best intestinal immune
response without microbial translocation to the visceral
organs (Vinderola et al., 2005). The daily intake of kefir
was 3.1 = 0.3 mL/mouse.

The KF was dissolved in distilled water to a final
protein concentration of 100 pg in 200 pL of solution.
Each mouse in the 2-d KF and 7-d KF groups was given
200 pL of KF per day of feeding for the length of the
feeding period. At the end of each feeding period, mice
were injected with tumor cells in the same manner
as the tumor control animals. Four days after tumor
injection, kefir or KF was again added to the diet for 2
or 7 consecutive days, followed by a 5-d break (no kefir
or KF), then were again fed kefir or KF for 2 or 7 d.
Feeding was given cyclically in this manner until the
end of the experiment (27 d after tumor induction).

Sampling Procedures

Tumor growth was evaluated by caliper measure-
ment of the tumor length and width. Tumor volume
was calculated using the formula V = 0.4 x d? x D, where
V is the volume in milliliters, and d and D are the
shortest and longest diameters, respectively, in centi-
meters. Samples were obtained from each group at the
following times: basal sample (d 0), after 2 or 7 d kefir
or KF feeding (prior to tumor cell injection), and at
13, 20, or 27 d after tumor cell injection. Mice were
anesthetized intraperitoneally using a mixture of keta-
mine hydrocholoride (Bioniche Animal Health Canada
Inc., ON, Canada), 100 p.g/g of BW, and xylasine hydro-
chloride (Sigma, St. Louis, MO), 5 ug/g of BW. Blood
samples were obtained by cardiac puncture. For the
basal and 13-d post tumor cell injection samples, the
entire mammary gland was removed. In subsequent
samples, the tumor and mammary gland tissue without
the tumor (from the same breast in which the tumor
cells were injected) were removed. To obtain serum,
blood was incubated at 37°C for 3 h and centrifuged at
1,000 x g for 10 min. The serum was stored at —20°C
until used for cytokine measurements.

Immunofluorescence Assay for IgA-Secreting Cells
and CD4+ and CD8+T Lymphocytes

Mammary gland tissue sections (4 pm) from each
group were used for the immunofluorescence assays.
Tissues were prepared for histological evaluation, fixed
in formaldehyde, dehydrated using a graded series of
ethanol and xylene substitutes, and then embedded
in paraffin.

The numbers of IgA(+) cells and CD4+ and CD8+ T
lymphocytes were determined by direct immunofluo-
rescence assays. To study IgA(+) cells, slides were incu-
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bated with a-chain monospecific antibody conjugated
with fluorescein isothiocyanate (FITC, Sigma). For de-
termination of CD4+ and CD8+ lymphocytes, mono-
clonal antibodies conjugated with FITC were used (Ce-
darlane, Ottawa, Canada). The number of fluorescent
cells was counted in 30 fields of vision, as seen with
1,000x magnification using a fluorescent light micro-
scope. The results were expressed as cells in 10 fields
of vision.

Bcl-2(+) Cell Determination in Histological Sections

Bcl-2(+) cells were detected by indirect immunofluo-
rescence on mammary gland tissue sections following
the technique described by de Moreno de LeBlanc et al.
(2004). Hamster anti-mouse Bcl-2 monoclonal antibody
(PharMingen, Becton Dickinson Co., Ottawa, Canada)
(diluted in saponin-PBS) was applied to the tissue sec-
tions for 75 min at room temperature (21°C). The sec-
tions were then treated with diluted rabbit anti-Syrian
hamster antibody conjugated with FITC (Jackson Im-
muno Research Labs. Inc., West Grove, PA). The num-
ber of fluorescent cells was counted in 30 fields of vision
and the results were expressed as the number of posi-
tive cells in 10 fields of vision, as seen with 1,000x
magnification using a fluorescent light microscope.

Apoptosis Determination

Apoptosis was evaluated for the presence of DNA
breaks detected in the paraffin cuts of breast tumor
tissues using the Apoptosis Detection System, Fluores-
cein kit (Promega, Madison, WI). The fragmented DNA
of apoptotic cells was measured by incorporation of flu-
orescein-12-2’-deoxyuridine 5'-triphosphate (dUTP) at
3’-OH ends of DNA using the enzyme terminal deoxy-
nucleotidyl transferase, which forms a polymeric tail
using the principle of the terminal deoxynucleotidyl
transferase biotin dUTP nick-end labeling (TUNEL)
assay (Gavrieli et al., 1992). The fluorescein-12-dUTP
nick-end-labeled DNA was visualized directly by fluo-
rescence microscopy. Cells were defined as apoptotic if
the entire nuclear area of the cell was stained fluores-
cent. Apoptosis was expressed as the number of apop-
totic cells in 10 fields with 1,000x magnification using
a fluorescence microscope with a standard fluorescent
filter.

Statistical Analyses

Statistical analyses were performed using the soft-
ware package Minitab 14 (Minitab, Inc., State College,
PA) by ANOVA GLM followed by a Tukey’s posthoc
test, and P < 0.05 was considered significant. Unless
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otherwise indicated, all values (n = 15) were the means
of 3 independent trials (no significant differences were
observed between individual replicates) + standard de-
viation.

RESULTS AND DISCUSSION

Different cytokine profiles were reported for mice in-
jected with the breast tumor cells that received 2 or 7
d of cyclical administration of kefir or KF. This result
suggests that oral administration of this fermented
product or its cell-free fraction induced the activation
of different cells in mammary glands compared with
those activated only for tumor injection (de Moreno de
LeBlanc et al., 2006).

Both B and T cells can migrate from Peyer’s patches
found in the small intestine to the respiratory, gastroin-
testinal, and genitourinary tract, as well as to exocrine
glands such as the lacrimal, salivary, mammary, and
prostatic glands (Brandtzaeg and Pabst, 2004). Orally
administered LAB can increase the number of IgA(+)
cells not only in the intestine, but also in other distant
mucosal sites such as the bronchus and mammary
gland. Immunoglobulin A(+) cells in the mammary
gland from mice that received milk fermented with Lb.
helveticus R389 were studied because this product was
previously shown to delay breast tumor growth in mice
(de Moreno de LeBlanc et al., 2005b). Lactobacillus
helveticus-fermented milk increased the levels of IgA(+)
in mammary glands only when a local stimulus (tumor
cell injection) was presented. In the present work,
IgA(+) cells and T lymphocytes were studied in the
mammary gland of mice that had been injected with
the tumor cells and that received kefir or KF.

IgA(+) Cells in the Mammary Gland

Immunoglobulin A(+) cell numbers did not vary in
mice injected with the tumor cell line (tumor control
group) during the study (Figure 1). Throughout the
study, mice receiving 7-d cyclical kefir or KF main-
tained the number of IgA(+) cells, similar to the tumor
control group. Mice from the 2-d KF and 2-d kefir groups
showed significant increases in the number of IgA(+)
cells in the sample taken 20 d after tumor injection (22
+ 5 and 19 * 4 for the 2-d kefir and 2-d KF group,
respectively) compared with the tumor control group
(12 £ 3).

Two days of cyclical administration of kefir or KF
produced increases in the number of IgA(+) cells in
the mammary gland after tumor injection; however, an
increase was not observed in animals fed fermented
milk that did not receive tumor injection (data not
shown), demonstrating that the enhancement of IgA(+)
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cells in the mammary gland requires a stronger stimu-
lus such as that induced by tumor cells. The biological
role of IgA(+) cells in response to mammary tumor de-
velopment is not well understood. It could be suggested
that these cells might be able to bind toxic metabolites
produced during tumor development.

CD4+ and CD8+ T Lymphocytes in Mammary
Glands Injected with Tumor Cells

Study of the T lymphocyte population is important,
because tumor antigens recognized by T cells are the
principal targets for protective antitumor immunity,
especially in solid tumors. CD8+ cytotoxic T lympho-
cytes can carry out a surveillance function, recognizing
and killing potentially malignant cells. Although T
helper CD4+ cells are not generally cytotoxic, in the
presence of tumors they can play an important role in
cytokine release (such as release of IFN~), thus regulat-
ing the immune response (Read and Powrie, 2001; Be-
lardelli and Ferrantini, 2002; Curotto de Lafaille and
Lafaille, 2002).

When T cells were studied in our model, it was possi-
ble to observe changes in the balance between CD4+
and CD8+ cells in the mammary gland of mice fed cycli-
cally with KF for 2 d and injected with tumor cells. The
mice showed increases in the number of CD4+ cells,
whereas the CD8+ cell number remained constant (Fig-
ure 2A and 2B). This was different from the tumor
control group, which maintained a balance of these cells
in the mammary glands toward CD8+ cells rather than
CD4+ cells. An increase of CD8+ T lymphocytes was
observed after tumor cell injection (tumor control
group), compared with the basal data (14 + 2) but the
number of CD4+ T lymphocytes remained constant
throughout the experimental period. Mice that received
whole kefir showed increases only in IgA(+) cells, but
the number of CD4+ cells did not show the same in-
creases as observed in mice that received the KF. This
last observation confirms the importance of the immu-
nomodulating properties of the nonmicrobial sub-
stances contained in the fermented product (de Moreno
de LeBlanc et al., 2005b).

The results obtained for CD4+ and CD8+ T cell popu-
lations agree with a colon cancer model in which mice
injected with 1,2-dimethylhydrazine and fed yogurt had
inhibited tumor development. In mice fed yogurt, the
balance of CD4+ and CD8+ cells favored the first popu-
lation and differed from that of the 1,2-dimethylhydra-
zine control animals, which had increased cytotoxic
cells (Perdigon et al., 2002). In the same model in mice
given yogurt without carcinogen, the number of CD4+
or CD8+ T lymphocytes did not increase, compared with
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Figure 1. Effect of tumor injection, kefir, and kefir cell-free fraction (KF) on IgA(+) cells in the mammary gland. Positive cells were
counted in histological sections from mammary glands of the tumor control, 2-d kefir, 7-d kefir, 2-d KF, and 7-d KF groups. Data correspond
to the average + SD of the results of 15 animals from 3 separate experiments. *Means for each bar without a common letter differ

significantly (P < 0.05).

nontreatment controls (de Moreno de LeBlanc et al.,
2004; de Moreno de LeBlanc and Perdigén, 2005).

Tumor Growth and Apoptosis Determination

The tumors became visible and palpable after approx-
imately 12 d. de Moreno de LeBlanc et al. (2006) re-
ported previously that 2-d cyclical administration of
whole kefir delayed tumor development, compared with
the control group. The same cyclical feeding with KF
showed a significant decrease in tumor volume com-
pared with all the other groups. Mice receiving a 7-
d cyclical feeding of either kefir or KF did not show
significant differences in tumor volume, compared with
the tumor control group.

The mechanisms of apoptosis (or programmed cell
death) in the inhibition of tumor progression are well
documented (Butler et al., 1999). Apoptosis is a complex
and active cellular process in which individual cells are
triggered to undergo self-destruction in a manner that
will neither injure neighboring cells nor elicit an in-
flammatory reaction. The balance between cell prolifer-
ation and cell death is important to maintain the equi-
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librium in different tissues, and a disturbance in this
balance may lead to tumor development (Hao et al.,
1998). Many pathways have been reported by which it
is possible to induce cell death by apoptosis, and one
mechanism used for tumor cells is to avoid these path-
ways, causing uncontrolled growth (Sellers and
Fisher, 1999).

Considering that cytokines such as tumor necrosis
factor-a could be involved in certain apoptotic pathways
(Sellers and Fisher, 1999) and an enhancement of this
cytokine was observed in the basal sample obtained
from mice that received 2-d cyclic KF' (the group in
which the tumor volume was significantly lower than
the other groups; de Moreno de LeBlanc et al., 2006),
apoptosis induction was studied in relation to tumor
growth (Table 1). Mice that received 2-d cyclic adminis-
tration of KF showed significant increases in the num-
ber of apoptotic cells in the 3 samples assayed, com-
pared with those in the tumor control group. Mice given
a 2-d cyclic diet supplemented with whole kefir showed
increased cellular apoptosis in the tumor 20 d after
tumor injection. Afterward, the number of apoptotic
cells presented by this group was statistically similar
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Figure 2. CD4+ and CD8+ T lymphocytes in mammary glands from mice injected with tumor cells and administered kefir or kefir cell-
free fraction (KF). CD4+ (A) or CD8+ (B) cells were counted in histological sections from mammary glands of the tumor control, 2-d kefir,
7-d kefir, 2-d KF, and 7-d KF groups. Data correspond to the average + SD of the results of 15 animals from 3 separate experiments.
a-d)\eans for each bar without a common letter differ significantly (P < 0.05).
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Table 1. Study of the cellular apoptosis in the tumor tissue’

. Tumor volume, cm?® Number of apoptotic cells
Experimental
group? 13d 20d 27d 13d 20d 27d
TC 0.02 + 0.01 0.08 + 0.022 0.56 + 0.15% 8 + 22 15 + 7 12 + 8
Kefir
2-d 0.01 + 0.01 0.03 + 0.02° 0.25 + 0.06" 22 + 3b¢ 31 + 8¢ 22 + 4P
7-d 0.01 + 0.01 0.07 + 0.032 0.47 + 0.152 10 + 32 19 + 3P 20 + 6°
KF
2-d 0.01 + 0.01 0.02 + 0.01° 0.15 + 0.02° 31 + 8¢ 42 + 8¢ 58 + 3°
7-d 0.02 + 0.01 0.20 + 0.09° 0.52 + 0.162 24 + 8¢ 19 + 6% 23 + 92b

a*¢Means for each value (volume or apoptotic cell number) without a common letter differ significantly
(P < 0.05).

ITumor volume results are expressed as means of the volume (cm?®) of the tumor + SD for each group.
Apoptotic cells were counted in tumor tissue sections and are expressed as average + SD of the number of
apoptotic cells counted in 10 fields at 1,000x magnification (cells/10 fields).

2T'C = tumor control; KF = kefir cell-free fraction.

to that of other groups (7-d kefir and 7-d KF groups) Level of Bcl-2 protein is a measure of cell survival
in which the tumor grew similar to the control. This because ofits antiapoptotic activity (Sellers and Fisher,
last observation could be related to the significant dif- 1999), which can be used to stimulate the growth of
ference (P < 0.05) in tumor volume observed between tumor cells. The increase in cellular apoptosis in mice
the 2-d KF group and 2-d kefir group in the last sample, from the groups fed kefir or KF led us to study the Bcl-
which was not observed in the other samples (Table 1). 2 protein. Significant differences between the groups
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Figure 3. Bcl-2(+) cells in mammary gland tissues from mice injected with tumor cells and administered kefir or kefir cell-free fraction
(KF). Positive cells for Bel-2 protein were counted in histological sections from mammary glands of the tumor control, 2-d kefir, 7-d kefir,
2-d KF, and 7-d KF groups. Data correspond to the average + SD of the results of 15 animals from 3 separate experiments. **Means for
each bar without a common letter differ significantly (P < 0.05).
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were not observed when Bcl-2(+) cells were studied in
tumor tissues (data not shown), but differences were
seen when this protein was studied in the mammary
gland in which tumor cells were injected and the tumor
grew. Bcl-2(+) cells increased significantly (P < 0.05) in
the last sample for the tumor control group, compared
with the basal sample for the same group (33 £ 5 and
22 + 4 at d 27 and in the basal sample, respectively;
Figure 3). Mice from the 7-d KF group showed numbers
of Bcl-2(+) cells similar to the tumor control group
throughout the experiment. Mice given KF cyclically
for 2 d had significantly (P < 0.05) decreased numbers
of Bel-2(+) cells in the mammary gland compared with
the tumor control group in all samples assayed (Figure
3). The results presented above show a correlation be-
tween increased apoptosis of the tumor tissues and de-
creases in the Bcl-2 protein in cells in the respective
mammary glands. The Bcl-2 pathway was one of the
mechanisms involved in the survival of cells in the
mammary gland in which the tumor grew fastest, and
the induction of this antiapoptotic pathway was avoided
with the 2-d cyclic administration of KF. This adminis-
tration induced the activation of apoptotic mechanisms
in the tumor, which resulted in a tumor volume lower
than in the other groups.

CONCLUSIONS

The present study allows a better understanding of
the mechanisms involved in the antitumor effect ob-
served in mice administered kefir or KF. The impor-
tance of an adequately balanced local immune response
in the mammary glands to avoid tumor growth was
shown. The importance of nonmicrobial components re-
leased during milk fermentation and the period of ad-
ministration needed to obtain beneficial antitumor ef-
fects was also reported. Other mechanisms related to
estrogen synthesis in the mammary gland could also
be involved in the effect observed with kefir adminis-
tration.
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