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OPTIMIZATION OF EXPERIMENTAL MODEL
SYSTEMS FOR EVALUATING RECIPROCAL
INFLUENCE OF BIFIDOBACTERIUM ANIMALIS
AND HUMAN BREAST CANCER CELLS IN VITRO

Background. The development of human breast cancer (BC) is known to be closely related to disturbances
in the mammary gland microbiota. Bacteria of the genus Bifidobacterium are an important component of nor-
mal breast microbiota and exert antitumor activity. The molecular-biological mechanisms of interaction between
BC cells and microbiota members remain poorly studied yet. The aim of this study was to develop and optimize
an experimental model system for the co-cultivation of BC cells with Bifidobacterium animalis in vitro. Materials
and Methods. Human BC cells of the MCF-7, T47D, and MDA-MB-231 lines, as well as live and heat-inactivated
bacteria of Bifidobacterium animalis subsp. lactis (B. animalis) were used as research objects. The growth kinetics
and viability of B. animalis in the presence of different BC cell lines and without them were determined by both the
turbidimetry method and seeding on an elective nutrient medium. Glucose consumption and lactate production
by bifidobacteria were assessed by biochemical methods. The viability of BC cells was determined by a standard
colorimetric method. Results. The growth kinetics of B. animalis in the complete DMEM nutrient medium showed
standard patterns. The indicators of glucose consumption and lactate production of B. animalis confirm its physio-
logical metabolic activity under the growth conditions. The presence of BC cells in the model system did not affect
the duration of the growth phases of the B. animalis cells’ population but contributed to the increase in their counts.
A significant decrease in the number of live BC cells of all studied lines was observed only after 48 h of co-cultivation
with live B. animalis. To achieve similar suppression of the BC cell viability, 10—30-fold higher counts of heat-
inactivated bacteria were required compared to live ones. Conclusions. The optimal conditions for co-cultivation of
human BC cells and living B. animalis cells in vitro have been identified.
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The current metabolomic and metagenomic
studies evidence that the development of breast
cancer (BC) is closely related to the disturbances
in the microbiota of the breast tissue and intes-
tines [1]. The breast tissue and ducts are colo-
nized by a diverse community of microorga-
nisms originating from the skin of the breast,
nipples, areolae, as well as enteric microbiota.
The mammary gland has own microbiota, the
composition of which differs from the microbio-
ta of other biotopes of the human body. At the
same time, lactic acid anaerobic bacteria of the
genus Bifidobacterium are an important compo-
nent of the breast microbiota, although they are
members of the normal gut microbiota. Howe-
ver, presently it is accepted that non-patho-
genic intestinal bacteria can be transported to
other biotopes. In particular, dendritic cells can
transport intestinal microbiota to human breast
tissue [2]. Also, the translocation of bifidobac-
teria from the intestine to the mammary gland
can occur due to the increased permeability of
the intestinal epithelium caused by the physio-
logical and hormonal changes during preg-
nancy [3, 4].

As known, the antitumor effects of probiotic
strains of bifidobacteria, in particular Bifidobac-
terium animalis, are mediated by their influence
on the host's immunity and/or by the direct effect
on tumor cells. In particular, through the pro-
duction of metabolites such as short-chain fatty
acids, which have powerful immunomodulato-
ry properties and can inhibit the proliferation of
malignant cells [5], induce cytokine production
and apoptosis [6, 7], and inhibit the growth of
experimental tumors in vivo [8].

Despite significant progress in studying the
specifics of the interaction between malignant
cells and the members of the human microbio-
ta at the cellular level, the molecular biological
mechanisms of such interaction have not been
definitively elucidated and require further re-
search. To study such mechanisms, in vitro mo-
dels of the cancer cell cultivation with bacteria

ISSN 1812-9269. Experimental Oncology 45 (4). 2023

are an extremely promising option, as they allow
one to clarify various aspects of their mutual in-
fluence on the biological properties of both types
of cells in a controlled environment [9] and to
separate direct and indirect effects of microbiota
on eukaryotic cells.

Quite often, heat-inactivated microorganisms
are used as elements of such experimental in vit-
ro models, since their number does not change
during the entire experiment and is easily con-
trolled. It is also known that heat-inactivated
bacterial cells preserve the integrity of the cell
wall components, which allows them to par-
tially preserve their antigenic properties when
interacting with eukaryotic cells including the
immune system and tumor cells [10]. The dis-
advantage of such a model system is the impos-
sibility of using it to study the biological effects
of bacterial metabolites.

Therefore, the informativeness and the value
of the experiments on in vitro models with living
microorganisms are much higher due to their
potent biological effects [11—14]. The interac-
tion of eukaryotic cells with heat-inactivated
bacteria is limited to physical contact, the con-
sequence of which is the antigenic effects of mi-
croorganisms. In the case of living bacteria, the
interaction is realized due to the physical con-
tact between cells, as well as distantly due to the
metabolic effects [15].

However, experimental models of co-culti-
vation of various types of living cells in vitro, in
particular, cultures of human BC cells and bifi-
dobacteria, are extremely complex multicompo-
nent systems that require a robust experiment
design [16]. The situation is complicated by the
fact that the standard nutrient cultivation me-
dium for eukaryotic cells and their growth con-
ditions are not convenient for the culturing of
bifidobacteria, which require specific growth
factors [17].

Hence, the aim of our work was to develop and
optimize an experimental model system for the
co-culturing of human BC cells and B. animalis.
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Materials and Methods

Bacterial strain. We used the lyophilized Bifido-
bacterium animalis subsp. lactis BB-12 strain di-
luted in physiological solution to a final density
of 3 x 108 cells/ml. Bacterial cells were isolated
from the probiotic manufactured by Lek Phar-
maceuticals, Ljubljana, Slovenia.

Cell lines. As a model of BC, we chose three
human BC cell lines with different morphologi-
cal and molecular biological characteristics de-
scribed in [18]. All cell lines were provided by
the Bank of Cell Lines from Human and Animal
Tissues of the R. E. Kavetsky Institute of Experi-
mental Pathology, Oncology, and Radiobiology
of the NAS of Ukraine. The cells were maintained
in complete DMEM medium with 4 mmol/l
L-glutamine (BioWest, France), 10% fetal bovine
serum (FBS) (BioWest, France) without antibiotic
at 37 °C in a humidified atmosphere with 5% CO,.

Co-culturing of bacteria with human BC
cells. The number of B. animalis cells in the pre-
sence of human BC cells and without them was
determined by the kinetics of the cell growth
through measuring the optical density (OD,)
as well as by seeding on elective nutrient me-
dium at certain time points. For this, human BC
cells were plated into the wells of 96-well plates
(SPL, Korea) in the complete DMEM medium
at a density of 0.7 x 10* cells/well and cultured
for 10 h. Then the medium was replaced with
a fresh one, and bifidobacteria were introduced
at the ratio (BC cells to B. animalis cells ratio,
BC/BAC) of 1/400, 1/100, and 1/40, and cultiva-
tion continued under the same conditions. The
initial BC/BAC ratio was used for marking the
corresponding samples throughout the study,
regardless of its change in the growth kinetics.
A DMEM medium without eukaryotic cells
served as a control of the bifidobacteria growth.

The kinetics of the bacterial growth was evalu-
ated by turbidimetry method for 72 h (every 2 h
from 0 h to 28 h and every 3—5 h from 30 h to
72 h) on a Labsystems Multiskan PLUS spectro-
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photometer (Finland) at A = 600 nm, according
to the method [19].

The number of viable cells of B. animalis was
determined by seeding their 10-fold dilutions in
a physiological solution in test tubes with selec-
tive medium for bifidobacteria (Bifidum medi-
um, Farmaktiv, Ukraine) at 0, 6, 12, 24, 48, and
72 h after the introduction of bacterial cells into
the wells. The cultures were incubated for 72 h at
37 °C, then the number of colonies was counted
and recalculated per 1 ml of the original me-
dium. The results were presented as the number
of colony forming units per ml (CFU/ml).

Glucose consumption and lactate production
by B. animalis were determined in the DMEM
medium accounting the initial and final con-
centrations of glucose and lactate. The glucose
content was determined by the colorimetric en-
zymatic method with glucose oxidase, using the
"Diagnostic kit for the determination of glucose
concentration” (CORMAY, Poland), according
to the manufacturer's instructions. The lactate
content was determined by the enzymatic met-
hod with lactate oxidase using the "Diagnostic
kit for determining the concentration of lactate"
(CORMAY, Poland) according to the manufac-
turer's instructions. An automatic biochemical
analyzer GBG ChemWell 2900 (Awareness Tech-
nology, USA) was used to evaluate the results.

Analysis of pH. pH of the culture medium was
determined at time points 0, 6, 12, 24, 48, and 72
h after the introduction of B. animalis in the wells
using a pH meter PHS-3C (Kelilong Electron, Chi-
na) according to the manufacturer's instructions.

Inactivation of bacteria. Lyophilized bacteria
B. animalis were added to the DMEM medium
to a final density of 1 x 10° CFU/ml and incu-
bated at 37 °C in a humidified atmosphere with
5% CO,. After 24 h, the bacteria were washed
twice with a phosphate-buffered saline (BioWest,
France) and diluted in a physiological solution
(Lekhim, Ukraine). A sample of the bacterial
suspension was taken to determine the number
of bifidobacteria by the microbiological method,
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as described above. The rest of the bacterial cells
were subjected to heat inactivation by heating in
a water bath at 72 °C for 30 min [20]. The ab-
sence of viable bacteria after inactivation was
confirmed by seeding of a sample of inactivated
bacteria in elective Bifidum medium.

Cell viability. To assess the effect of live B. ani-
malis on the survival of human BC cells, the cells
were plated in the wells of a 96-well plate, and
live bacterial cells were introduced as indicated
above. After 6, 12, 24, 48, and 72 h of co-cultiva-
tion, the viability of cancer cells was determined
by the colorimetric method and staining with
crystal violet (Sigma, USA).

To assess the effect of heat-inactivated bifi-
dobacteria on the viability of BC cells, the cells
were plated in the wells of a 96-well plate with
the complete DMEM medium at a density of
0.7 x 10* cells/well and incubated at 37 °C in
a humidified atmosphere with 5% CO, for 10 h.
Then the medium was replaced by a fresh one,
and heat-killed bifidobacteria were introduced
at BC/BAC ratios of 1/300—1/12000. The cells
were incubated for another 48 h at the same con-
ditions. The absorbance was measured using the
Labsystems Multiskan PLUS spectrophotom-
eter at 540 nm. All experiments were performed
in triplicate and the results were expressed as
a number of viable cells in the experimental
group relative to control (%) [21]:

A540 (experiment)
X = x 100%
A540 (control)

Statistical analysis. The means (M) and stan-
dard deviations (SD) were calculated. The signi-
ficance of the differences in means was analyzed
by an unpaired ¢-test with Welch's correction.
The growth kinetics of B. animalis was analyzed
using the Weibull mathematical model:

Nt = Nmax - (N

max

- N,) *exp (-(k * t)d)

where N, is the number of B. animalis cells at
time t; N___is the maximum number of B. ani-
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malis cells during observation; N is the num-
ber of B. animalis cells at the initial time point;
t is the observation time (hours); k characterizes
the rate of cell division in the exponential phase;
d characterizes the effect of spatial heterogeneity
in cell growth on the rate of division in the expo-
nential phase. The model parameters were deter-
mined by a nonlinear regression from the best
approximation of the model to the experimental
data. The differences were considered significant
at p < 0.05.

Results

Growth kinetics of B. animalis in complete
DMEM medium. The growth kinetics of B. ani-
malis in DMEM medium with different initial
bacterial counts in inoculums, which further on
corresponded to the BC/BAC of 1/400, 1/100,
and 1/40, followed the classical mode (Fig. 1).
The duration of the lag phase depended inversely
on the initial inoculum counts taking from 2 h
to 4—6 h and was less dependent on the initial
counts of bifidobacteria.

So, after 24 h of incubation, bacteria of all
studied variants entered the stationary phase of
growth. The final count of bifidobacteria also
depended on the count in the initial inoculums.
The maximum count of live bacterial cells ob-
served after 24 h of inoculation of B. animalis was
(100.0) x 10°> CFU/ml (1/400), (55.0 + 2.7) x 10°
CFU/ml (1/100), and (7.8 + 0.6) x 10° CFU/ml
(1/40). After 72 h of incubation, the viability of
the bacterial cells decreased by 10%—15%.

Metabolic activity of B. animalis. The meta-
bolic activity of B. animalis in DMEM medium
was determined by measuring the glucose con-
sumption and the production of lactate. As
shown in Fig. 2, bifidobacteria most intensively
consumed glucose during the first 6—24 h of
cultivation in DMEM, and at later terms, the
intensity of glucose metabolism did not change
significantly. The lactate production by B. ani-
malis cultured in DMEM increased significantly
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Fig. 1. Growth kinetics of B. animalis cultured in complete DMEM medium for 72 h at different initial inoculum counts:
1 —(28.0 £ 1.7) x 10° CFU/ml (2 — (6.5 + 0.9) x 10° CFU/ml; 3 — (2.5 + 0.3) x 10° CFU/ml. The data presented in the
graph (OD600) were obtained by a turbidimetry method. At the same time, the number of viable bacterial cells (CFU/ml)
in the wells at the initial time point and in the course of bacterial growth was also determined by a microbiological method

for 6—48 h of cultivation. Fig. 2 shows the meta-
bolic activity of bacteria inoculated at the largest
count (28.0 + 1.7) x 10° CFU/ml (corresponds
to 1/400 BC/BAC). The patterns of the metabo-
lic activity of bacteria inoculated at other initial
counts were similar.

pH of the culture medium in the growth
kinetics of B. animalis inoculated at (28.0 =+
+ 1.7) x 10° CFU/ml (1/400) decreased signifi-
cantly (p < 0.05) from 7.60 to 7.36 and 7.33 after
48 h and 72 h of cultivation, respectively. Bac-
teria grown at other inoculation doses did not
affect pH of the culture medium.

Growth of B. animalis co-cultivated with hu-
man BC cells. When comparing the growth kine-
tics of B. animalis under the conditions of co-cul-
tivation with different BC cell lines, we found that
at the 1/400 and 1/100 BC/BAC ratios, there was
a tendency to increase in bacterial counts in com-
parison with bifidobacteria grown in DMEM only
(Fig. 3). Such changes were especially pronounced
in the case of co-cultivation with MDA-MB-231
cells at an initial BC/BAC ratio of 1/400 (Fig. 3, a).

A statistical analysis of the comparative as-
sessment of the B. animalis growth kinetics with
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Fig. 2. Glucose consumption and lactate production
by B. animalis in DMEM medium

or without BC cells was carried out using the
Weibull mathematical model. Table 1 presents
the results of such an analysis. The parameter
A increased after co-cultivation of bacterial and
cancer cells (BC/BAC ratio 1/400) mainly due to
the acceleration of the division of B. animalis in
the exponential growth phase.

After exposure of BC cells with B. animalis at
the 1/100 ratio, statistically significant differen-
ces in the number of B. animalis cells in the sta-
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Fig. 3. Growth kinetics of B. animalis co-cultured with human BC cells at the initial BC/BAC ratio of 1/400 (a)
and 1/100 (b): 1 — B. animalis only; 2 — co-cultivation with MCF-7/T47D; 3 — co-cultivation with MDA-MB-231.
The symbols represent the experimental data. The lines are the best approximation of the Weibull mathematical

model to the experimental data

tionary phase of growth were noted when they
were co-cultivated with MDA-MB-231 cells.

A significant decrease in the number of li-
ving BC cells of all studied lines in comparison
with the control was observed only after 48 h
of co-culturing with bacteria at the initial BC/
BAC ratios of 1/400 and 1/100 (p < 0.05). The
MCEF-7 and T47D cell lines were the most sensi-
tive to bifidobacteria: a decrease in the number
of live MCEF-7 cells by 25%—65% and T47D cells
by 20%—35% was observed compared to the
control (Fig. 4). After 72 h of co-cultivation of

BC cells with bifidobacteria at an initial ratio of
1/400, the death of 95% of all BC cells was ob-
served (data not presented).

To assess the possible changes in the BC/BAC
ratio after 48 h of co-cultivation, we analyzed the
number of bacterial cells by spectrophotometry
and by the method of serial dilutions (Table 2).
The different speed and density of growth of eu-
karyotic and bacterial cells led to the noticeable
changes in the BC/BAC ratio compared to the
initial ones. This is an important index because it
can help explain the described biological effects.

Table 1. Parameters of the mathematical model of the B. animalis kinetic growth
during co-cultivation with BC cells at a BC/BAC ratio of 1/400

Model B. animali B. animalis + B. animalis + B. animalis +
parameters - anmas MDA-MB-231 MCEF-7 T47D
A (OD,,) 205219 254.6 + 2.5* 222.0 £2.9%# 219.7 + 1.6%#
B (OD,,) 87.4+3.5 88.8 £4.5 84.9+49 88.5+3.0
1.93£0.2 19+0.2 2002 23+0.2

k (h-1) 0.06 = 0.002 0.06 + 0.002 0.07 = 0.003* 0.075 + 0.002*
Notes: A (OD,) is the optical density reflects the number of B. animalis cells in the stationary phase of growth;
B (ODy,) is the optical density reflects the number of B. animalis cells at the initial point (0 h); * p < 0.05 as compared

to the counts of B. animalis only; # p < 0.05 as compared to the counts of B. animalis + MDA-MB-231 cells.
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Fig. 4. Viability of BC cells after exposure to B. animalis
for 48 h. * p < 0.05 as compared to the untreated cells

PpH changes during co-cultivation of B. ani-
malis with human BC cells were analyzed for 72
h. Already after 12 h of incubation, a significant
decrease in pH (p < 0.05) was observed in co-
cultivation of MCF-7 and MDA-MB-231 cells
with bifidobacteria at a ratio of 1/400 (15% and
35% decrease in pH for both BC cell lines after
48 and 72 h, respectively). pH values were 7.2—
7.3 after 24 h of co-cultivation, 6.4—6.8 after 48
h, and 4.5—5.7 after 72 h.

Viability of human BC cells exposed to heat-
inactivated B. animalis. Exposure of MCF-7 cells
to heat-inactivated B. animalis led to a significant
decrease in the number of live cells by 25%—75%

Table 2. Changes in the BC/BAC ratio
after 48 h of co-cultivation

BC/BAC ratio
BC cells
0h 48 h
MCE-7 1/400 1/935
1/100 1/136
1/40 1/3
T47D 1/400 1/735
1/100 1/200
1/40 1/6
MDA-MB-231 1/400 1/200
1/100 1/70
1/40 1/2
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at BC/BAC ratios of 1/3000—1/12000 (p < 0.05).
Treatment of T47D cells with bifidobacteria was
accompanied by a significant decrease in the
number of live BC cells by 10%—20% at BC/
BAC ratios 0of 1/1200—1/12000 (p < 0.05). MDA-
MB-231 cells were the least sensitive to B. ani-
malis: a significant decrease in the cell viability
was noted only after their exposure to bacteria at
a BC/BAC ratio of 1/12000 (p < 0.05).

Discussion

The studies of the components of the microenvi-
ronment of malignant neoplasms of the human
mammary gland testify to the important role of
the microbiota in the formation of the unique
tumor phenotype [22, 23]. Lactic acid bacteria of
the genus Bifidobacterium with their antitumor,
anti-inflammatory, and immunomodulatory ac-
tivities are among the most studied microbiota
members of both the human intestine and mam-
mary gland [24, 25].

To study the features and consequences of
the interaction between microbiota members,
in particular bifidobacteria, and malignant cells,
various experimental in vitro models are wide-
ly and successfully used today [26, 27]. In such
studies, inactivated forms of bacterial cells are of-
ten used. The only significant advantage of such
models is a constant number of bacteria during
the entire time of cell incubation. However, un-
der such experimental conditions, it is impos-
sible to study the effect of secreted metabolites of
microbiota members on eukaryotic cells, which
is an extremely important aspect of their interac-
tion in vivo. After all, it has been proven that the
human microbiome is in close interaction with
the metabolic processes of the body, and the mi-
crobiota members and their metabolites exert
many independent and diverse effects on the tu-
mor and the body as a whole [22].

That is why, we gave preference to the study
of the influence of live bacteria on breast cancer
cells. However, under such cultivation condi-
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tions, the question of validation of the experi-
mental model arises. It is also important to take
into account that bifidobacteria are anaerobic
sucrolytic lactic acid bacteria dependent on the
physical and chemical conditions of the environ-
ment and the composition of the nutrient me-
dium [28].

The growth kinetics of B. animalis in the com-
plete DMEM medium showed standard patterns
possibly due to the presence of free amino acids
and vitamins, which bifidobacteria use during
the first 24 h of incubation [29]. At the later sta-
ges of growth, bifidobacteria can use peptides as
a source of nutrients only if they possess a cer-
tain proteolytic activity [30]. According to the
literature, some strains of bifidobacteria, in par-
ticular Bifidobacterium animalis subsp. lactis, do
not possess proteolytic activity [31]. Therefore,
they are not able to independently metabolize
peptides, which can explain only one and short-
term log-phase of bacterial growth under the
specified conditions.

Another important indicator of the viabil-
ity of B. animalis cells, which describes their
growth characteristics, is their metabolic acti-
vity, in particular, glucose consumption and
lactate production. It is known that in bifidobac-
teria, monosaccharides are metabolized by the
so-called fructose-6-phosphate or bifid shunt
[32]. Fructose-6-phosphate phosphoketolase is
a characteristic enzyme of this pathway, one of
the final products of which is lactate [33]. At the
same time, if the nutrient medium contains a
significant amount of glucose, the main product
of the carbohydrate metabolism will be lactate. If
the survival of the bacterial cell is threatened due
to the deficiency of monosaccharides, the level
of lactate production will be low [34]. The data
on glucose consumption and lactate production
confirmed the physiological metabolic activity
of B. animalis under the growth conditions in
our study. It is important to note that B. animalis
after 48—72 h of incubation at the highest ratios
used in our study metabolize only 16%—17%
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of the total amount of glucose in DMEM. This
proved that the number of bacteria used in the
experiment did not cause glucose depletion in
the culture medium.

The absence of changes in pH of the culture
medium during the growth of bifidobacteria was
probably due to the buffer capacity of the CO,/
HCO, system, which is provided by the chemical
composition of DMEM and the incubation con-
ditions of the cell culture (5% CO,). In addition,
10% FBS included in the complete nutrient me-
dium can also increase its buffer capacity [35].
Therefore, according to our data, the most op-
timal conditions for evaluating the effect of live
B. animalis cells on human BC cells in vitro are
an incubation time of 48 h and a BC/BAC ratio
of > 1/40 and < 1/400.

Our data indicate that the presence of BC
cells does not affect the duration of the growth
phases of the bacteria, but contributes to an in-
crease in their counts, which can be associated
with both the change in pH and the component
composition of the nutrient medium due to the
vital activity of BC cells [36]. It is known that
most probiotic strains of bifidobacteria are cha-
racterized by relationships between the growth
rate, metabolic activity, and acid formation[37],
with a narrow pH optimum (from 6.5 to 7) re-
quired for growth [38]. Besides, tumor cells of-
ten use a glycolytic pathway of glucose metabo-
lism and, consequently, produce lactate actively
[39]. The lactate, in its turn, also affects pH of
the medium creating more favorable conditions
for the growth of bifidobacteria. This suggestion
is confirmed by our previous results. Namely,
MDA-MB-231 cells produce the largest amount
of lactate to the medium (unpublished data),
which results in the most significant increase in
the growth activity of B. animalis in the presence
of BC cells of this line.

Analyzing the effect of B. animalis on the
number of living BC cells, one should also take
into account possible changes in the ratio of eu-
karyotic/bacterial cells after 48 h of co-cultiva-
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tion. The obtained results can explain the higher
sensitivity of MCF-7 and T47D cells to the inf-
luence of B. animalis, since in the experiment
with these cells, the BC/BAC ratios shifted to-
ward nearly 2-fold increase in the bacterial cell
counts in contrast to MDA-MB-231 cells, cha-
racterized by high proliferative activity and the
largest growth density.

In the case of co-cultivation of BC cells with
living bacteria, eukaryotic cells are affected by
both the bacterial metabolites and the direct
contact. We have studied the effect of heat-inac-
tivated B. animalis on the BC cell viability and
revealed that MCEF-7 cells were the most sensi-
tive to the influence of inactivated bifidobacte-
ria, and MDA-MB-231 cells were the least sensi-
tive. At the same time, to achieve a similar effect
for inhibiting the viability of tumor cells, a 10-
30-fold higher counts of heat-inactivated bacte-
ria were required in comparison with live ones.
This suggests that an important component of
the negative effect of bifidobacteria on the viabi-
lity of the studied BC cell lines is their antigenic
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activity, which depends on the expression of the
appropriate pattern recognition receptors on tu-
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T. Kosax !, O. JTuxosa »*, T. Cepeiiiuyk?, H. besOenencrux !, B. Yexyn !

! THCTHTYT eKCriepMMeHTaNIbHOI TATONOTii, OHKONOTIi i paio6ionorii
im. P.€. KaBennbkoro HAH VYkpainn, Knis, Ykpaina
2 KuiBcpkuit HanjioHanpHuMit yHiBepcntet imMeni Tapaca llleBuenxa, Kuis, Ykpaina

OITUMI3ZALIA EKCITEPUMEHTAJIBHMX MOJJEJIbHUX CMCTEM
JUI OLIHKM B3BAEMOBIUIMBY BIFIDOBACTERIUM ANIMALIS
TA KJIITUH PAKY MOJIOYHOI 3ATTO3U JIIOOVHI IN VITRO

CraH nuranH:. BigoMo, 1110 po3BuTOK paky Mono4Hoi 3ano3u (PM3) mognHu TiCHO OB’ I13aHNIT 3 TOPYIIEHHAMY
HOPMa/IbHOTO BUOBOTO CK/Iafy MiKpo6ioTy MonouHoi 3amosu. bakrepii pony Bifidobacterium € BaXXnuBUM KOM-
HIOHEHTOM HOPMaJIbHOI MiKpOOiOTY IpyZelt i BOMOAIIOTh IPOTUIYX/IMHHOI0 aKTUBHICTI0. MoeKynisapHo-6ionoriyni
MeXaHi3MM B3aeMOBIUIMBY KIiTuH PM3 i mpepcTaBHUKIB MiKpo6i0TH Ije OCTaTOYHO He 3’sicoBaHi. MeTol 1[bOro
TOCTiIKeHH: Oy/I0 po3poOUTI Ta ONTHUMI3yBaTU eKCIIepMMEHTA/IbHY MOLEIbHY CUCTEMY KY/IbTUBYBAHHA KIITUH
PM3 3 Bifidobacterium animalis in vitro. Marepianu ta MeTogu. O6'exramn gocmimxenHs 6y PM3 kmiTiHM io-
puuy miniit MCF-7, T47D ta MDA-MB-231, a TakoX >XUBi Ta IHAKTMBOBAaHI BUCOKOIO TeMIIepaTypoio OGakrepil
Bupy Bifidobacterium animalis subsp. lactis (B. animalis). KineTuxy pocty Ta >KuTTe€3gaTHicTb B. animalis y npucyt-
HOCTI pisHuX niHiit kit PM3 mopuan Ta 6es HuX BusHadamm MetonoM Typbigumerpii (OD ) Ta mapanenbHum
BUCIBOM Ha eleKTMBHe MOXXMBHe cepernoBuine. CIIOXXMBAHHSA IIIOKO3Y 1 MPOAYKIIi0 MakTaTy 6idimobdaxTepiamu
oniHoBanu 6ioxiMivaymy Metomamu. JKutresgaricts KniTviH PM3 Br3Havamu cCTaHAAPTHUM KOMOPUMETPUYHNM
MetonoM. Pesynbraru. Kinetuka pocry B. animalis y moBHOMY no>kuBHOMY cepenosuini DMEM Bifnosinana ctas-
TapTHYM IapaMeTpaM KpuBoi pocTy 6axrepiit. [TokasHMKM CHOXKVMBaHHA IIIOKO3U 1 mponyKuil akraty B. animalis
HiATBepPKYIOTh iXHIO isiomoriuny MeTabomiyHy aKTMBHICTD 3a JOCTIPKeHNX YMOB pocTy. [IpuCyTHICTD KTiTHH
PM3 B MopenbHill CricTeMi He BIUIMBA/IA Ha TPUBAICTb a3 pocty momy/siuii kit B. animalis, ane cupusina
361/bIIeHHIO iX KibKOCTi. CTaTUCTUYHO JOCTOBIpPHE 3MEHIIEHHsI KITbKOCTI >KMBUX KIiTHH PM3 ycix gocnimpxennx
MiHi ciocTepirany nuite Yepes 48 roayH CHiBKY/IbTUBYBaHHSA 3 )KUBUMH B. animalis. [Ins gocsirHeHHs ORiGHOTO
edeKTy MpUrHiYeHHs )XUTTE3LATHOCTI MYyX/IMHHNX KIiTHH HeobxinHe 10—30 KpaTHe 361/IbLiIeHH KiMbKOCT] iHaK-
TUBOBAHMX BJICOKOIO TeMIIepaTypoio 6aKTepilt y NOPiBHAHHI 3 XUBUMU. BucHoBKu. IneHTNdikoBaHO Hai6imbLI
ONTUMANbHI YMOBU CIIiBKYIBTMBYBaHHA KMiTHH PM3 mofunm Ta )XMBYX KITHH B. animalis in vitro.

Kirouogi croBa: pak Mosounoi 3amo3n, Bifidobacterium, mikpo6iora, Kpusa pocry, pH cpegoBuiia, KyIbTypa KIiTHH.
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