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Abstract Cellular components of Lactococcus lactis ssp.
lactis (heat-killed whole cells, cytoplasm, and cell walls) were
tested for their in vivo immunopotentiating activity. Peritoneal
macrophages from mice orally administered with heat-killed
whole cells exhibited significantly greater phagocytic activity
than the groups administered with cell-wall fraction or cytoplasm
fraction. The cytotoxicity of natural-killer cells was the highest
in the group administered with whole cells, and the production
of cytokines (IFN-y, IL-2, and IL-12) in spleen cells was
significantly higher, when cellular components were injected,
and it tended to be higher in the cell-wall and cytoplasm
groups than in the whole-cell group. Interestingly, the cytokine
production of Peyer’s patch cells was high, when cytoplasm
fractions were administered. These results demonstrate that
whole cells and cytoplasm and cell-wall fractions of L. lactis
ssp. lactis have immunopotentiating activities, which are
related to the stimulation of Peyer’s patches.

Key words: Cytokine, immunopotentiating activity, Lactococcus
lactis ssp. lactis, NK cell activity, phagocytic activity

The capacity of certain lactic acid bacteria (LAB) to
function as probiotics, when ingested as a part of fermented
dairy products or dietary adjuncts, is receiving increasing
attention, and an extensive volume of literature on the possible
health benefits associated with the consumption of LAB is
now available [1, 5, 11, 13, 15]. The mechanisms underlying
these favorable effects include changes in viable populations
of microorganisms in the intestinal flora, competition for
adhesion sites and nutrients between ingested bacteria and
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potential pathogens, production of antibacterial substances,
and stimulation of the immune system. With regards immunity,
Perdigon et al. [17] observed enhanced macrophage and
lymphocyte activities in mice after administration of a
mixed culture of Lactobacillus acidophilus and Lb. casei,
and also reported that peritoneal macrophages in mice
were activated by the oral administration of Lb. casei
and Lb. bulgaricus [16, 18]. Similar results have been
found for Streptococcus thermophilus and Lb. acidophilus
orally administered [19], and heat-killed Lb. casei injected
into mice [20]. The oral administration of LAB and fermented
milk has been demonstrated to increase mitogenic responses
[3]. These reports indicate that orally administered LAB
and fermented milk stimulate the host’s immune system.
However, most reports on the immunopotentiating activity
of LAB have focused on whole LAB cells and their
peptidoglycans, with little attention being paid to the
soluble fraction, although the potential in food applications
is different between soluble and insoluble materials. We
have recently described the in vitro immunopotentiating
activity of the cellular component, containing the soluble
fraction of Lactococcus lactis [12]. Those results indicated
that L. lactis cytoplasm and cell-wall fractions as well as
whole cells are capable of stimulating lymphocytes and
macrophages to produce several cytokines. Based on these
observations, we demonstrated the systemic and mucosal
immune responses of mice administered orally with whole
cells and cell-wall and cytoplasm fractions of L. lactis ssp.
lactis.

L. lactis was cultured in M 17 media (Difco, Detroit, MI,
U.S.A)) for 18 h at 30°C. After cultivation, the cells were
harvested in a refrigerated centrifuge (Vision, Seoul, South
Korea), washed three times with distilled water, and
lyophilized for storage. The lyophilized cells were resuspended



at 10 mg/ml in distilled water and sonicated with a cell
disruptor (Sonics and Materials, Danbury, CT, U.S.A.) for
30 min on ice. After the suspension was centrifuged at
800 xg for 30 min at 5°C, the pellet was removed. A cell-
wall fraction of the pellet and a cytoplasm fraction of the
supernatant were obtained from the supernatant using an
ultracentrifuge (Hitachi, Tokyo, Japan) at 70,000 xg for
30 min.

To elucidate the immunopotentiating activity of the cellular
components of L. lactis, whole cells, cell walls, or cytoplasm
of L. lactis were administered to mice, and the phagocytic
function, natural killer (NK) cell activity, and cytokine
production were assayed. Oral administration was performed
as follows. Six-week-old male BALB/c mice (Clea Japan,
Tokyo, Japan) were orally given the desired dose of cellular
components dissolved in phosphate-buffered saline (PBS).
L. lactis cellular components were administered orally for
7 consecutive days at 4 mg/mouse/day, with the solution
delivered to the stomach via a stainless steel needle. PBS
was used for controls. Each mouse was killed the day after
completing administration, and then peritoneal exudate
cells (PEC), spleen, and Peyer’s patch cells were isolated.

Phagocytic cells are the major effectors of natural immunity,
and there are numerous reports on the relationship between
LAB and natural immunity [4]. The phagocytic activity
of PEC was evaluated in a culture with fluorescent
microparticles [23]. Therefore, PEC was isolated from the
peritoneal cavity of the mice by lavage with 5 ml of HBSS
after the oral injection of the cellular component. After
centrifugation, the cell pellet was washed twice with HBSS
and resuspended in 1 ml of HBSS-HEPES. Twenty ul of
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Fluoresbrite carboxylate microspheres (2.0 um; Polyscience,
Warrington, PA, U.S.A.) diluted 100-fold with HBSS-
HEPES was added to the PEC suspension, which was then
incubated for 1 h at 37°C. After stopping the reaction by
adding 2 ml of cold EDTA-PBS and collecting a cell pellet
by centrifugation, the pellet was resuspended in 300 pl of
EDTA-PBS, and the phagocytic activity was measured
using flow cytometry. Figure 1 shows the phagocytic activity
of peritoneal macrophages as the phagocytic uptake of
fluorescent microparticles by PEC, when orally administered.
The microparticles incorporated into cells were counted with
a flow cytometer (Fig. 1 A), and the results are expressed as
the percentages of cells in which one, two, or more than
two particles were incorporated (Fig. 1B). The phagocytic
activity of peritoneal macrophages was significantly greater
in mice administered with heat-killed whole cells than in
the PBS, cell-wall, and cytoplasm groups (Fig. 1): For
example, the activity was about 1.5 times higher than in
the PBS group.

NK activity, another effector of natural immunity,
of spleen cells was determined using the CytoTox 96
nonradioactive cytotoxicity assay kit (Promega, Madison,
WI, U.S.A.). The CytoTox 96 assay quantitatively measures
lactate dehydrogenase (LDH), a stable cytosolic enzyme
that is released upon cell lysis. Released LDH in culture
supernatants was then measured with an enzymatic assay.
Briefly, the isolated spleen cells were used as effector cells,
and cells from the mouse Moloney leukemia cell line,
Yac-1, were used as the target cells. Yac-1 cells (2x10°* cells/
ml) in RPMI-1640 without phenol red were seeded in
round-bottomed tissue culture plates. Subsequently, 0.1 ml
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Fig. 1. Phagocytic activity of PEC obtained from mice orally injected with whole cell (WC), cell-wall (CW), and cytoplasm (CP)

fractions of L. lactis at 4 mg/mouse for 7 consecutive days.

On day 7, the phagocytic activity was measured using flow cytometry. A. Typical result of flow cytometry. B. Analysis of PEC phagocytic activity based on
flow cytometry (“No” is the number of microparticles taken up by PEC). Data are shown as mean=SD values (#=6, *P<0.05).
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Fig. 2. Percentage cytotoxicity of NK cells in spleen cells
obtained from mice orally administered with whole cell (WC),
cell-wall (CW), and cytoplasm (CP) of L. lactis against Yac-1
cells; effector:target cell ratios were 100:1 and 50:1.

The cytotoxicity was measured using LDH assays. Data are shown as
mean+SD values (#=6, * P<0.05).

of the spleen cells suspension treated with cellular
components was added at appropriate concentrations. The
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assay plates were incubated for 4 h in a humidified chamber
at 37°C and 5% CO, and then centrifuged at 250 xg for
4 min. The supernatants were transferred, and the substrate
mix was added to each well. After incubation for 30 min,
absorbance at 490 nm was measured. The NK-cell activity
was calculated as a percentage of effector-cell-specific lysis.
The percentage of specific LDH release was calculated
according to the following formula: Specific lysis (%)=
(experimental-effector spontaneous-target spontaneous)/
(target maximum-target spontaneous)x100. Enhanced NK
cytotoxicity has been reported to be effective in cancer
prevention. These cells may play an important role in the
regulation of tumor development and metastasis [10]. The
primary target of LAB for their immunostimulatory effect was
shown to be NK cells [6], and NK cell activation by Lb. casei
has also been reported [9, 21]. However, in the present
study, all mice receiving L. lactis cellular fractions showed
NK activities similar to those in control mice (Fig. 2), and
the group treated with heat-killed whole cells tended to
have a slightly higher cytotoxic activity than the controls.
The production of cytokines by spleen and Peyer’s
patch cells in response to Con A (5 pug/ml) or LPS (20 ng/
ml) for 48 h at 37°C was assessed using a sandwich
ELISA: Con A was used for measuring IFN-y, IL-2, and
I1.-4, and LPS was used for IL-12. Thus, cell-free supernatants
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Fig. 3. Production of cytokines by spleen cells from mice orally administered with whole cell (WC), cell-wall (CW) and cytoplasm

(CP) fractions of L. lactis.

Spleen cells were cultured with mitogen (Con A for IFN-v, IL-2, and IL-4; or LPS for IL-12) for 48 h. The concentrations of cytokines in culture supernatant
were measured using ELISA, and the data are shown as mean+SD values (#=6, *P<0.05).



were harvested and stored at ~20°C until assayed. Briefly,
microtiter plates were coated overnight at 4°C with
purified rat anti-mouse cytokine-capture antibody at 50 pl/
well (Pharmingen, San Diego, CA, U.S.A) in 0.1 M
sodium bicarbonate buffer (pH 8.2). The plates were
washed three times with PBS containing 0.2% Tween-20
(PBS-T). Plates were blocked with 100 ul of 1% (w/v)
bovine serum albumin (BSA) in PBS for 30 min at 37°C
and washed three times with PBS-T. Standard murine
cytokines or samples were diluted in PBS-T solution
containing 1% BSA, and 50-pl aliquots were added to the
appropriate wells. The plates were incubated overnight at
4°C, washed four times with PBS-T, and then 50 ul of
biotinylated rat anti-mouse cytokine-capture monoclonal
antibody diluted in BSA-PBS was added to each well.
Plates were incubated at room temperature for 60 min
and washed six times with PBS-T. Fifty ul of streptavidin-
alkaline-phosphatase conjugate diluted in BSA-PBS was
added to each well, and plates were incubated for 30 min at
room temperature. The plates were then washed with PBS-
T, and 50 pl of substrate (p-nitrophenylphosphate) was added
to each well. The absorbance was read at 405 nm on a
microplate reader (Bio-Rad, Hercules, CA, U.S.A.), and
cytokine concentrations were quantified using a standard
curve. As seen in Fig. 3, the production of IL-2, IL-12, and
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IFN-y was higher in spleen cells when orally administered
with either cytoplasm or cell-wall fractions than with whole
cells. The production of cytokines in Peyer’s patches was
also studied. Interestingly, in Peyer’s patch cells, the
cytoplasm fraction was more effective than whole cells
and the cell-wall fraction: The production of IL-2, IL-12,
and IFN-y by Peyer’s patch cells was significantly higher in
mice orally administered with cytoplasm fractions than in the
other groups (Fig. 4). Macrophages are the main producers
of IL-12, IL-6, and TNF-a., and they are important target
cells for the antitumor or immunomodulating effects of
some microorganisms. In particular, IL-12 potently stimulates
cytotoxic T cells and NK cells and enhances the production
of several cytokines, such as IFN-y, IL-2, and TNF-a. In
the present study, the administration of cellular components
of L. lactis augmented mainly the production of IFN-y, IL-
2, and IL-12, which is consistent with earlier studies [2, 7,
8,14, 22]. The results demonstrate that L. lactis whole
cells as well as their cytoplasm and cell-wall fractions have
immunostimulating activities, and that this mechanism is
related to the stimulation of Peyer’s patches. The reason why
the cytoplasm fraction was so effective in stimulating Peyer’s
patch cells is not clear, but it might have been due to the
fact that this fraction is effectively incorporated into the
Peyer’s patch follicles.
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Fig. 4. Production of cytokines by Peyer’s patch cells from mice orally administered with whole cell (WC), cell-wall (CW) and

cytoplasm (CP) fractions of L. lactis.

Peyer’s patch cells were cultured with mitogen (Con A for IFN-y, IL-2, and [L-4; or LPS for IL-12) for 48 h. The concentrations of cytokines in the culture
supernatant were measured using ELISA, and the data are shown as meantSD values (#=6, * P<0.05).
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In conclusion, the present results suggest that L. lactis

whole cells as- well as their cytoplasm and cell-wall
fractions are capable of stimulating splenocytes, Peyer’s
patches, and macrophages to produce several cytokines.
Elevated cytokine production (particularly of IFN-y and
IL-12) was correlated with NK cell activity, which is important
in the understanding of the mechanisms underlying the
immunoregulatory function of L. lactis and its potential
applications. ‘
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