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The role of the microbiota in the host’s health and 
diseases, including cancer, is well recognized [1]. 
Nowadays, microbiota is considered both as a tar-
get and as a tool in cancer treatment. The easiest 
way to manipulate with microbiota is through pro-
biotics supplementation. Bifidobacterium animalis 

subsp. lactis BB-12 (BB-12) is one of the most stud-
ied probiotic strains from the Bifidobacterium ge-
nus [2]. It was extensively studied in both preclini-
cal and clinical trials and has been documented in 
over 400 scientific publications [3]. Similarly, Lac-
tobacillus rhamnosus GG (LGG) is considered one 
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Background. The microbiota has a significant impact on the host’s immune system. However, the influence of the mi-
crobiome is heavily dependent on species, strain, and context. The aim of this study was to evaluate the influence of 
Bifidobacterium animalis subsp. lactis BB-12 (BB-12) and Lactobacillus rhamnosus GG (LGG) supplementation on the 
polarization of tumor-associated macrophages (TAMs) in mice with Ehrlich carcinoma. Materials and Methods. Female 
Balb/c mice bearing solid Ehrlich carcinoma were administered via gavage with BB-12, LGG, or 0.9% NaCl. On days 14, 
21, and 28 of tumor growth, macrophages from tumor tissue were isolated and subjected to functional analysis. The nitric 
oxide (NO) production was measured using the standard Griess reaction. The arginase activity was determined based on 
the urea measurements. The reactive oxygen species (ROS) production was checked using flow cytometry. The cytotoxic 
activity was estimated by an MTT assay. Results. The application of different probiotic bacteria elicited different TAM 
polarization states. The TAMs in the group supplemented with LGG demonstrated M1 polarization with low arginase 
activity but high production of NO and ROS, as well as cytotoxic activity toward Ehrlich carcinoma cells. The TAMs of 
BB-12-treated mice exhibited M2 (supposedly M2b) polarization, characterized by high arginase activity alongside the 
preserved cytotoxic activity toward Ehrlich carcinoma cells in vitro. Conclusion. The results indicate that the consump-
tion of two probiotics, BB-12 and LGG, affects the polarization of TAMs in distantly located experimental tumors. 
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of the best clinically assessed and most commer-
cialized probiotic microorganisms, with document-
ed health benefits and immune-modulatory ef-
fects [4]. The immune-modulatory effects of BB-12 
and LGG are well supported by a robust body of 
evidence from in vitro, animal, and clinical studies 
[3]. Both abovementioned strains have been shown 
to activate the maturation of dendritic cells, upreg-
ulating the expression of CD40, CD80, CD86, and 
HLA-DR molecules, as well as the production of 
proinflammatory cytokines [5]. Furthermore, sev-
eral studies have reported increased levels of pro-
inflammatory cytokines, including interleukin 
(IL)-6, IL-1b, and tumor necrosis factor (TNF)-a, 
following BB-12 or LGG stimulation in vitro [5, 6], 
indicating the activation of a Th1-biased immune 
response, which is considered very desirable in the 
context of cancer treatment. However, several oth-
er studies have shown that LGG and especially BB-
12 are more likely to activate T-regulatory cells 
(Treg) and IL-10 release, which calls into question 
their potential impact on cancer development. It is 
well known that the effects of probiotic application 
vary greatly depending on the species and even the 
strain. Furthermore, it appears that the results can 
be disease-specific [7]. Therefore, the practical util-
ity and effects of individual strains in certain con-
ditions should be thoroughly elucidated.

Macrophages are among the immune cells ca-
pable of interacting with bacteria in the intestinal 
lumen through the extension of transepithelial 
dendrites. Moreover, macrophages are a highly di-
verse, multifunctional, and widespread population 
of immune cells. They represent majority of im-
mune cells in the lamina propria of the intestine 
and are able to interact with microbiota, entero-
cytes, and other immune cells. Macrophages are 
also potent immunoregulatory cells that can initi-
ate and terminate immune responses, depending 
on the surrounding signals. Furthermore, signals 
generated by macrophages not only influence the 
activity of other immune cells and the outcome of 
the immune response but also play a key role in 
shaping the tumor microenvironment, predomi-
nantly paving the way for cancer progression and 
dissemination. On the other hand, properly acti-
vated macrophages exhibit potent anticancer activ-
ity. The effect of some bacteria on macrophages in 
vitro has been studied in considerable detail. There 
are data on the local effects of microbiota on the 

intestinal macrophages. However, the data on the 
effect of microbiota on tumor-associated macro-
phages of distant tumors is insufficient. So, the aim 
of this study was to evaluate the influence of Bifi-
dobacterium animalis subsp. lactis BB-12 and Lac-
tobacillus rhamnosus GG supplementation on the 
polarization of tumor-associated macrophages in 
mice bearing solid Ehrlich carcinoma.

Materials and Methods

Mice. The study was carried out on female Balb/c 
mice of 2.0—2.5 months old, weighing 19—22 g, 
which were bred at the vivarium of R.E. Kavetsky 
Institute of Experimental Pathology, Oncology and 
Radiobiology (IEPOR) of the National Academy of 
Sciences of Ukraine. The animals were kept in stan-
dard vivarium conditions with natural lighting and 
provided with food and water ad libitum. The mice 
were handled and kept in accordance with the stan-
dard international rules of biological ethics and the 
European Convention for the Protection of Verte-
brate Animals Used for Experimental and Other 
Scientific Purposes [8].

Bacterial strains. Lyophilized B. animalis subsp. 
lactis BB-12 (Lek Pharmaceuticals, Ljubljana, Slo-
venia) or L. rhamnosus GG (Probiotical S.p.A., 
Switzerland) cells were used as probiotic prepara-
tions. The probiotics were administered via gavage 
at a dose of 7 × 10⁵ CFU/mouse per administration, 
daily, for 28 days.

Tumor strain. Ehrlich adenocarcinoma cells 
were obtained from the IEPOR Bank of Cell Lines 
from Human and Animal Tissues. To induce tumor 
growth, 5 × 10⁵ Ehrlich carcinoma cells were in-
jected intramuscularly into the right hind leg of ex-
perimental animals.

Experimental design. Mice (n = 27; 3 mice per 
group per one time point) were randomly divided 
into three groups defined hereinafter as Bifido, 
Lacto, and tumor control. Starting on day 2 after 
tumor transplantation, the groups were adminis-
tered with BB-12, LGG, or 0.9% NaCl, respectively, 
in the dosage described above. On days 14, 21, and 
28 of tumor growth, the mice were sacrificed, the 
tumor nodules were excised, and tumor-associated 
macrophages (TAMs) were isolated and subjected 
to further investigation.

Isolation of TAMs was performed as previously 
described [9]. The tumor nodules were aseptically 
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removed, shredded with scissors, and homogenized 
using a Potter’s homogenizer in 199 medium sup-
plemented with 10% bovine serum. Following two 
consecutive washes with 199 medium at 550 g for 
10 min, the cells were resuspended in 199 medium 
and counted. Then, 1 × 10⁶ cells were placed in 
96‑well flat-bottomed plates and cultured for 2 h at 
37 °C, 5% CO₂, and 100% humidity. The non-ad-
herent cells were removed, and the adherent cells 
were washed twice with 0.9% NaCl solution before 
further investigation.

Cytotoxic activity of TAMs (CTA) was deter-
mined by an MTT assay [10]. Ehrlich carcinoma 
cells were used as targets. In brief, 2 × 10⁴ target cells 
in RPMI-1640 medium supplemented with 10% fe-
tal bovine serum and antibiotics (all reagents from 
Sigma, USA) were placed in flat-bottomed 96-well 
plates containing adhered macrophages (4 ×  
× 10⁵ cells/well) and incubated for 18 h in an atmo-
sphere of 100% humidity, 5% CO₂ at 37 °C. Control 
wells contained either target cells or adherent mac-
rophages. After that, 0.01 mL of МТТ solution/well 
(5 mg/mL, Sigma, USA) was added, and incubation 
continued for 2 h. Then the plates were centrifuged 
(550 g for 15 min) and washed twice with 0.9% 
NaCl solution. Finally, 0.12 mL of KOH (2 mol/L) 
and 0.14 mL of DMSO (50% solution) were added 
to each well. The optical density was measured at 
l = 545 nm vs l = 630 nm with a micro-ELISA 
reader (StatFax-2100, USA). Each sample was ana-
lyzed in triplicate.

NO production was measured by the standard 
Griess reaction [11]. In brief, cell suspensions (2 ×  
×  106 cells/well) were placed in 96-well flat-bottom 
tissue culture plates containing 200 mL of medium 
and cultured for 24 h. At the end of the incubation 
period, supernatants were collected, and NO pro-
duction was quantified by the accumulation of nitrite 
(as a stable metabolite of NO) by the Griess reaction. 
An aliquot of culture supernatant (100 mL) was 
mixed with an equal volume of the Griess reagent 
(Acros Organics, Belgium) and incubated for 1 h at 
room temperature in the dark. The reaction products 
were colorimetrically quantified at l = 550 nm. The 
conversion of absorbance to micromolar concentra-
tions of NO was deduced from a standard curve us-
ing a known concentration of NaNO2 prepared in 
the same medium and treated with Griess reagent 
under the same conditions. Amount of NO was ex-
pressed in mM NO2

– per 106 cells.

Arginase activity was determined by measuring 
the rate of urea formation [11, 12]. Macrophages 
were lysed by double freezing and melting. Then 
50 mL of 50 mM Tris-HCl (рН 7.4) and 10 mL of 
50 mM MnCl2 were added to each sample. The 
samples were then heated at 56 °C for 10 min, and 
100 mL of 0.5 M L-arginine (pH 9.7) was added and 
further incubated for 30 min at 37 °C. The reaction 
was stopped with 800 mL of acid mixture (1:3:7, 
96% H2SO4 : 85% H3PO4 : H2O). Then 40 mL of 
a-isonitrosopropriophenone (Sigma—Aldrich, 
USA) was added to the solution, heated for 30 min 
at 95 °С, and incubated for 30 min at 4 °С. Urea 
concentration was measured spectrophotometri-
cally at l = 550 nm. The values of optical density 
were converted to micrograms based on the cali-
bration curve of standard urea solutions. The data 
were presented in units per 106 cells. One unit of 
arginase activity corresponds to the amount of en-
zyme that hydrolyzes 1 mmol of arginine per 1 min.

Reactive oxygen species production. In brief,  
0.5 × 106 TAMs in 0.5 mL of 15 mM of a 2′,7′-dichlo-
rofluorescein diacetate (Sigma—Aldrich, USA) solu-
tion were placed in microtubes and incubated for 
40 min at 37 °C. After staining, the cells were washed 
in 1.5 mL of phosphate-buffer saline, centrifuged at 
400 g for 5 min, resuspended in 0.5 mL of phos-
phate-buffered saline, and analyzed immediately on 
a flow cytometer (DxFlex, Beckman Coulter, USA) 
using the FITC channel (525/40 nm BP light filter). 
The mean fluorescence value (mean FITC-A) was 
calculated from the fluorescence distribution histo-
grams. The fluorescence of cells not treated with 
2′,7′-dichlorofluorescein diacetate was measured 
and subtracted from the average FITC-A fluores-
cence intensity. At least 10,000 events were analyzed 
in each sample. The obtained data were analyzed us-
ing the CytExpert for DxFlex program [13].

Statistical processing of the results was per-
formed using standard methods of variational sta-
tistics with GraphPad Prism 8.0.1 (Graphpad 
Software Inc., USA). The significance of the dif-
ferences between the groups was assessed using 
Student’s t-test. The difference was considered sig-
nificant at p < 0.05.

Results and Discussion

We have studied TAMs isolated from Ehrlich carci-
noma of mice treated with BB-12 or LGG adminis-
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tered through gavage. The study design is described 
in detail in the Materials and Methods section.

First, the NO production and arginase activity 
in TAMs were studied, since differently polarized 

macrophages utilize different ways to metabolize 
arginine, and these ways are concurrent and com-
petitive [14]. The ratio of NO level to arginase ac-
tivity more clearly depicts which arginine metabo-
lism pathway prevails. As illustrated in Fig. 1, dur-
ing tumor growth in the control group, the NO/
Arg ratio declined due to a slight decrease in NO 
production alongside an increase in arginase activ-
ity (see Table 1), indicating that TAMs in the con-
trol mice had acquired M2 polarization. Predomi-
nant M2 polarization is characteristic of TAMs 
isolated from tumors of different localizations in 
humans and rodents and is often associated with 
poor prognosis [15]. 

 On the contrary, in mice receiving LGG, the 
NO/Arg ratio increased during the experiment, 
clearly indicating an M1 polarization state in 
TAMs. In this group of mice, the NO level (which 
belongs to the cytotoxic machinery of macro-
phages) remained high throughout the experi-
ment, exceeding that of the control and Bifido 
groups on day 28 of tumor growth. Conversely, 
arginase activity was lower than in the control and 
Bifido groups (see Table 1).

The NO/Arg ratio in mice receiving BB-12 indi-
cated a state of polarization closely resembling the 
M2 type, characterized by high arginase activity. 
However, the level of NO production remained sta-
ble throughout the experiment. 

The loss of cytotoxic activity by M2 macrophages 
is another feature that allows us to distinguish be-
tween M1- and M2-polarized macrophages [16]. 
As illustrated in Fig. 2, TAMs in control tumor-
bearing mice gradually lost the ability to kill Eh-
rlich carcinoma cells in vitro. In this group, cyto-
toxic activity decreased from 29.2% on day 14 to 
6.0% on day 28 of tumor growth (p ≤ 0.05 com-
pared to both treated groups and the data on day 
14 in the group), which evidenced M2 polarization 
of TAMs. In contrast, the cytotoxic activity of 
TAMs in the treated groups did not change signifi-
cantly throughout the experiment and remained 
higher than in the control group on day 28 of tu-
mor growth. There were no significant differences 
between the Bifido and Lacto groups.

Macrophages can perform cytotoxic activity via 
different mechanisms, and the production of ROS 
is one of them [15]. In our study, ROS production 
exhibited a very similar pattern in all groups 
(Fig. 3) with an increase in the production reach-
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Fig. 1. The NO/Arg ratio in TAMs of mice adminis-
tered with BB-12 or LGG after transplantation with Eh-
rlich carcinoma cells. C p ≤ 0.05 compared to the control 
group; B p ≤ 0.05 compared to the Bifido group; * p ≤ 0.05 
compared to the data on day 14 in the group
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Fig. 2. The cytotoxic activity of TAMs isolated from 
mice administered with BB-12 or LGG after transplan-
tation with Ehrlich carcinoma cells. C p ≤ 0.05 com-
pared to the control group; * p ≤ 0.05 compared to the 
data on day 14 in the group 

Table 1. The level of NO production and arginase  
activity in TAMs after administration of BB-12  
or LGG to mice with transplanted Ehrlich carcinoma

Group  
of animals

Days of tumor growth

14 21 28

NO production
Control 24.9 ± 2.1 24.4 ± 2.8 16.6 ± 2.8*
Bifido 25.1 ± 2.5 19.1 ± 4.1 26.3 ± 1.0 C

Lacto 30.0 ± 1.9 22.6 ± 4.7 31.0 ± 1.1 C, B

Arginase activity
Control 1.13 ± 0.06 1.80 ± 0.40 2.18 ± 0.64
Bifido 2.34 ± 0.55 2.40 ± 0.30 2.50 ± 0.07
Lacto 1.55 ± 0.18 0.80 ± 0.02C, B 0.95 ± 0.07B

Notes: C p ≤ 0.05 compared to the control group; B p ≤ 0.05 
compared to the Bifido group; * p ≤ 0.05 compared to the 
data on day 14 in the group.
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ing its peak on day 21 of tumor growth, followed 
by a sharp decrease on day 28. TAMs in the Lacto 
group demonstrated the highest rates of ROS pro-
duction compared to both the control and Bifido 
groups at the first two observation points (p ≤ 0.05 
for both groups on days 14 and 21 of tumor 
growth). In the Bifido group, ROS production did 
not differ from the control group except on day 14 
of tumor growth. 

Two probiotic bacteria under study elicited 
clearly different polarization states of TAMs. In the 
group supplemented with LGG, TAMs demonstrat-
ed classical M1 polarization with low arginase ac-
tivity and high production of NO, ROS, and high 
cytotoxic activity. These results are consistent with 
literature data, demonstrating that, although LGG 
can stimulate both Th1 and Th2 cytokines, the 
IFN-g/IL-4 ratio indicates a pro-Th1 bias in the ef-
fects of LGG observed in vivo in various immuno-
competent organs [17] and in different macrophage 
models in vitro [18, 19]. 

On the contrary, TAMs from mice treated with 
BB-12 exhibited M2 polarization, albeit distinct 
from the typical M2 polarization observed in TAMs 
from the control group. The main difference lies in 
the Bifido group TAMs’ ability to eliminate Ehrlich 
carcinoma cells in vitro. Since TAMs’ cytotoxic ac-
tivity in this group did not correlate with NO or 
ROS production (unpublished results), it may be 
mediated via TNF-a production. Although the 
TNF-a level was not analyzed in this experiment, 
the ability of BB-12 to induce its production has 
been well demonstrated by other researchers. For 
instance, the faecal precipitates obtained during the 
consumption of BB-12-enriched yoghurt induced 
the high TNF-a response in J774.1 cells without 
affecting IL-1a and IL-10 production [20]. Similar 
results were obtained in another study, where in 
vitro stimulation of dendritic cells derived from 
human monocytes with BB‑12 resulted in the in-
duction of IL-12 and TNF-a to a high degree and 
IL-10 to a low degree. In the same settings, periph-
eral blood mononuclear cells responded with high 
levels of IL-10, IFN-g, and TNF-a [21]. BB-12 was 
found to be one of the most potent inducers of 
TNFa and IFN-g production compared to the oth-
er 18 tested bacteria [22]. Moreover, BB-12 was 
found to induce the production of both pro- and 
anti-inflammatory cytokines (TNF-a, IL-1b, IL-6, 
IL-10, IL-12, and IFN-g) by monocyte-derived 

dendritic cells [5]. In this study, LGG emerged as 
a poor stimulator of monocyte-derived dendritic 
cells, failing to increase cytokine production com-
pared to unstimulated cells. This corresponds to 
our results obtained on intact mice administered 
with LGG [23], pointing to the dependence of 
probiotic’s effects on the state of the host’s im-
mune system before stimulation. Thus, it appears 
that BB-12 is capable of eliciting TNF-a produc-
tion, at least in vitro. Since a high arginase activ-
ity and TNF-a production are characteristic of 
M2b polarized macrophages [15], this allows us 
to speculate that supplementation with BB-12 
leads to TAMs polarization to the M2b subtype in 
this group of mice.

The most prominent characteristic of the M2b 
polarization is the production of both immunosup-
pressive (IL-10) and immunostimulating (TNF-a, 
IL-1b, IL-6, CXCL1, CXCL2, and CXCL3) cyto-
kines [15]. Furthermore, unlike M2a macrophages, 
M2b macrophages rely more on anaerobic glycoly-
sis than on the TCA cycle and OXPHOS for ATP 
production [15], thus resembling the metabolic 
pattern of M1 polarized cells. At first glance, M2b 
macrophages appear to be less pro-tumorigenic 
than the other types of M2 macrophages. Their 
functional state looks like intermediate between the 
anticancer M1 type and the pro-cancerous M2 
type. From this point of view, M2b polarization in-
duced by BB-12 can be treated in at least two dif-
ferent ways. On the one hand, BB-12 supplementa-
tion appears to protect TAMs from early M2 polar-
ization, enabling them to maintain their cytotoxic 
and anticancer activity for a longer period. On the 
other hand, the substances they produce may be 
involved in cancer progression. At least, TNF-a can 
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Fig. 3. The production of ROS by TAMs isolated from mice 
administered with BB-12 or LGG after transplantation with 
Ehrlich carcinoma cells. C p ≤ 0.05 compared to the control 
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possess both immunostimulating and cytotoxic as 
well as immunosuppressive and proangiogenic ac-
tivities [24]. Moreover, a “primary marker” of M2b 
macrophages is considered IL-10 [24], a potent an-
ti-inflammatory and immunosuppressive cytokine. 
Therefore, the effects of BB-12 on TAMs require 
thorough elucidation.

Supposedly, the difference in TAM polarization 
observed in our experiment is due to the disparity 
in metabolic signals produced by BB-12 and LGG. 
It appears that the products of tryptophan metabo-
lism and short-chain fatty acids (SCFAs) are the 
main signals produced by these probiotics that 
could influence the activity of TAMs [25]. The 
mechanisms of interaction of tryptophan metabo-
lites with macrophages have been studied using dif-
ferent experimental models [26—28], as well as 
pro-inflammatory and anti-inflammatory influ-
ence of metabolites and components of bifidobac-
teria and lactobacilli [29—32]. However, it remains 

unclear yet, which probiotic components play a 
leading role in TAM polarization.

Thus, the obtained results indicated that con-
sumption of two probiotics, BB-12 and LGG, af-
fected polarization of TAMs in distantly located ex-
perimental tumors. In general, these data are co-
herent with the effects of these bacteria studied in 
different macrophage models described so far. The 
mechanisms of such effects revealed in our experi-
ment require further investigation. 

Acknowledgment

This study is part of the project “Study of the Influ-
ence of Representatives of Lactobacilli, Bifidobac-
teria and Opportunistic Pathogenic Representa-
tives of the Human Microbiota on the Peculiarities 
of the Implementation of the Mechanisms of Meta-
bolic Disorders in the Tumor Process” (State regis-
tration No. 0121U113840).

REFERENCES
1.	 Chekhun VF, Lukianova N, Shvets YV. Effects of microbiotes on the development of human tumor pathologies 

Oncology. 2020;22(1-2):11-13. (in Ukrainian). https://doi.org/10.32471/oncology.2663-7928.t-22-1-2020-g.8759 
2.	 Jungersen M, Wind A, Johansen E, et al. The science behind the probiotic strain Bifidobacterium animalis subsp. 

lactis BB-12®. Microorganisms. 2014;2:92-110. https://doi.org/10.3390/microorganisms2020092
3.	 Collins FWJ, Vera-Jiménez NI, Wellejus A. Understanding the probiotic health benefits of Bifidobacterium animalis 

subsp. lactis, BB-12TM. Front Microbiol. 2025;16:1605044. https://doi.org/10.3389/fmicb.2025.1605044
4.	 Lebeer S, Bron PA, Marco ML, et al. Identification of probiotic effector molecules: present state and future perspec-

tives. Curr Opin Biotechnol. 2018;49:217-223. https://doi.org/10.1016/j.copbio.2017.10.007
5.	 Latvala S, Pietilä TE, Veckman V, et al. Potentially probiotic bacteria induce efficient maturation but differential 

cytokine production in human monocyte-derived dendritic cells. World J Gastroenterol. 2008;14:5570. https://doi.
org/10.3748/wjg.14.5570

6.	 Verbeek R, Bsibsi M, Plomp A, et al. Late rather than early responses of human dendritic cells highlight selective in-
duction of cytokines, chemokines and growth factors by probiotic bacteria. Benef Microbes. 2010;1:109-119. https://
doi.org/10.3920/BM2009.0026

7.	 McFarland LV, Evans CT, Goldstein EJC. Strain-specificity and disease-specificity of probiotic efficacy: a systematic 
review and meta-analysis. Front Med. 2018;5:124. https://doi.org/10.3389/fmed.2018.00124

8.	 Council of Europe. European convention for the protection of vertebrate animals used for experimental and other 
scientific purposes [Internet]. Strasbourg; 18.03.1986. https://norecopa.no/media/2iydns5h/ets-123-original.pdf

9.	 Symchych TV, Fedosova NI, Chumak AV, et al. Functions of tumor-associated macrophages and macrophages 
residing in remote anatomical niches in Ehrlich carcinoma bearing mice. Exp Oncol. 2023;42:197-203. https://doi.
org/10.32471/exp-oncology.2312-8852.vol-42-no-3.14928

10.	 Van De Loosdrecht AA, Beelen RHJ, Ossenkoppele GJ, et al. A tetrazolium-based colorimetric MTT assay to quan-
titate human monocyte mediated cytotoxicity against leukemic cells from cell lines and patients with acute myeloid 
leukemia. J Immunol Methods. 1994;174:311-320. https://doi.org/10.1016/0022-1759(94)90034-5

11.	 Macrophages and Dendritic Cells. Reiner NE, ed. Humana Totowa: NJ. 2009. https://doi.org/10.1007/978-1-59745-
396-7

12.	 Corraliza IM, Campo ML, Soler G, Modolell M. Determination of arginase activity in macrophages: a micrometh-
od. J Immunol Methods. 1994;174:231-235. https://doi.org/10.1016/0022-1759(94)90027-2

13.	 Konopelnuk VI, Kompanets IV, Svyatetska VM, et al. Functional polarization of macrophages of rats with pro-
gesterone-induced obesity treated with melanin from the antarctic yeast Nadsoniella nigra. Regul Mech Biosyst. 
2019;10:538-543. https://doi.org/10.15421/021979



ISSN 1812-9269. Experimental Oncology 47 (4). 2025 457

Influence of Bifidobacterium animalis subsp. lactis BB-12 and Lactobacillus rhamnosus GG

14.	 Rath M, Müller I, Kropf P, et al. Metabolism via arginase or nitric oxide synthase: two competing arginine pathways 
in macrophages. Front Immunol. 2014;5:532. https://doi.org/10.3389/fimmu.2014.00532

15.	 Sezginer O, Unver N. Dissection of pro-tumoral macrophage subtypes and immunosuppressive cells participating 
in M2 polarization. Inflamm Res. 2024;73:1411-1423. https://doi.org/10.1007/s00011-024-01907-3

16.	 Biswas SK, Mantovani A. Macrophage plasticity and interaction with lymphocyte subsets: cancer as a paradigm. 
Nat Immunol. 2010;11:889-896. https://doi.org/10.1038/ni.1937

17.	 Shi W, Cheng M, Yang X, et al. Probiotic Lactobacillus rhamnosus GG promotes mouse gut microbiota diversity and 
T cell differentiation. Front Microbiol. 2020;11:607735. https://doi.org/ 10.3389/fmicb.2020.607735

18.	 Fong FLY, Kirjavainen PV, El-Nezami H. Immunomodulation of Lactobacillus rhamnosus GG (LGG)-derived so
luble factors on antigen-presenting cells of healthy blood donors. Sci Rep. 2016;6:22845. https://doi.org/10.1038/
srep22845

19.	 Wang B, Wu Y, Liu R, et al. Lactobacillus rhamnosus GG promotes M1 polarization in murine bone marrow‐de-
rived macrophages by activating TLR2/MyD88/MAPK signaling pathway. Anim Sci J. 2020;91:e13439. https://doi.
org/10.1111/asj.13439

20.	 Matsumoto M, Hara K, Benno Y. The influence of the immunostimulation by bacterial cell components derived 
from altered large intestinal microbiota on probiotic anti-inflammatory benefits. FEMS Immunol Med Microbiol. 
2007;49:387-390. https://doi.org/10.1111/j.1574-695X.2007.00215.x

21.	 López P, Gueimonde M, Margolles A, Suárez A. Distinct Bifidobacterium strains drive different immune responses 
in vitro. Int J Food Microbiol. 2010;138:157-165. https://doi.org/10.1016/j.ijfoodmicro.2009.12.023

22.	 López P, González-Rodríguez I, Gueimonde M, et al. Immune response to Bifidobacterium bifidum strains support 
Treg/Th17 plasticity. PLoS ONE. 2011;6:e24776. https://doi.org/10.1371/journal.pone.0024776

23.	 Gogol S, Virych P, Fedosova N, et al. Immunomodulating effect of probiotics B. animalis subsp. lactis BB-12 and L. 
rhamnosus GG during tumor growth. Oncology. 2025;27:129-138. https://doi.org/10.15407/oncology.2025.02.129 
(in Ukrainian).

24.	 Wang L, Zhang S, Wu H, et al. M2b macrophage polarization and its roles in diseases. J Leukoc Biol. Oxford Uni-
versity Press (OUP); 2019;106:345–358. https://doi.org/10.1002/jlb.3ru1018-378rr

25.	 Du H, Cai Y, Shen L, et al. Bifidobacterium animalis subsp. lactis modulates early-life immune response and gut 
metabolism. Animal Model Exp Med. 2025;8(6):965-976. https://doi.org/10.1002/ame2.70034 

26.	 Laursen MF, Sakanaka M, Von Burg N, et al. Bifidobacterium species associated with breastfeeding produce aro-
matic lactic acids in the infant gut. Nat Microbiol. 2021;6:1367-1382. https://doi.org/10.1038/s41564-021-00970-4

27.	 Ye X, Li H, Anjum K, et al. Dual role of indoles derived from intestinal microbiota on human health. Front Immu-
nol. 2022;13:903526. https://doi.org/10.3389/fimmu.2022.903526

28.	 Wang J, Zhu N, Su X, et al. Gut-microbiota-derived mtabolites maintain gut and systemic immune homeostasis. 
Cells. 2023;12:793. https://doi.org/10.3390/cells12050793

29.	 Zhang Q, Zhao Q, Li T, et al. Lactobacillus plantarum-derived indole-3-lactic acid ameliorates colorectal tumori-
genesis via epigenetic regulation of CD8+ T cell immunity. Cell Metab. 2023;35:943-960.e9. https://doi.org/10.1016/ 
j.cmet.2023.04.015

30.	 Zhang Z, Zheng K, Zhang Z, et al. Lactobacillus gasseri LGV03-derived indole-3-lactic acid ameliorates immune re-
sponse by activating aryl hydrocarbon receptor. Microb Cell Factories. 2025;24:34. https://doi.org/10.1186/s12934-
025-02662-8

31.	 Bender MJ, McPherson AC, Phelps CM, et al. Dietary tryptophan metabolite released by intratumoral Lactobacillus 
reuteri facilitates immune checkpoint inhibitor treatment. Cell. 2023;186:1846-1862.e26. https://doi.org/10.1016/j.
cell.2023.03.011

32.	 Leser T, Baker A. Molecular mechanisms of Lacticaseibacillus rhamnosus, LGG® probiotic function. Microorga
nisms. 2024;12:794. https://doi.org/10.3390/microorganisms12040794

Submitted: September 23, 2025



458 ISSN 1812-9269. Experimental Oncology 47 (4). 2025

N. Fedosova, T. Symchych, S. Gogol, N. Cheremshenko, P. Virych, I. Voyeykova, V. Chekhun

Н. Федосова, Т. Симчич, С. Гоголь, Н. Черемшенко,  
П. Вірич, І. Воєйкова, В. Чехун
Інститут експериментальної патології, онкології і радіобіології  
ім. Р.Є. Кавецького НАН України, Київ Україна

ВПЛИВ BIFIDOBACTERIUM ANIMALIS SUBSP. LACTIS BB-12  
ТА LACTOBACILLUS RHAMNOSUS GG НА ПОЛЯРИЗАЦІЮ  
ПУХЛИНОАСОЦІЙОВАНИХ МАКРОФАГІВ

Мікробіота має значний вплив на імунну систему організму господаря. Однак вплив мікробіому суттєво за-
лежить від виду та штаму мікроорганізму та контексту застосування. Метою дослідження є оцінка впливу 
Bifidobacterium animalis subsp. lactis BB-12 (BB-12) та Lactobacillus rhamnosus GG (LGG) на поляризацію пухлино-
асоційованих макрофагів у мишей з солідною карциномою Ерліха. Матеріали та методи. Самкам мишей Balb/c 
з перещепленою солідною карциномою Ерліха вводили через зонд BB-12, LGG або 0,9% NaCl. На 14, 21 і 28 день 
росту з пухлинної тканини виділяли макрофаги та досліджували їхній функціональний стан. Утворення окси-
ду азоту (NO) вимірювали за допомогою стандартної реакції Грісса. Активність аргінази визначали на основі 
вимірювань кількості сечовини. Вироблення активних форм кисню (ROS) перевіряли за допомогою проточної 
цитометрії. Цитотоксичну активність оцінювали за допомогою МТТ-тесту. Результати. Застосування різних 
бактерій викликало різні стани поляризації пухлиноасоційованих макрофагів. У групі мишей, що отримували 
LGG, макрофаги були поляризовані за M1 типом, що характеризувався низькою аргіназною активністю, але 
високим виробленням NO і ROS, а також цитотоксичною активністю щодо клітин карциноми Ерліха. Пух-
линоасоційовані макрофаги мишей, які отримували BB-12, демонстрували поляризацію M2 (ймовірно, M2b), 
що характеризувалася високою аргіназною активністю поряд із збереженою цитотоксичною активністю щодо 
клітин карциноми Ерліха in vitro. Висновок. Пероральне застосування пробіотиків впливає на поляризацію 
пухлиноасоційованих макрофагів. Імовірно, що BB-12 і LGG мають різний терапевтичний потенціал.
Ключові слова: Bifidobacterium animalis subsp. lactis BB-12; Lactobacillus rhamnosus GG, карцинома Ерліха, пухли-
ноасоційовані макрофаги, поляризація




