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Abstract
The aim of the study is to investigate the anti-tumor effect of Bifidobacterium infantis 35624 in a xenograft model in BALB/c 
mice injected with 4T1 cells as a support for chemotherapeutic treatments of doxorubicin in vivo. The MTT assay was used 
to determine the cytotoxicity of doxorubicin against cancer cells, and apoptosis was analyzed by using flow cytometry. 4T1 
cells (2 ×  104 cells/mouse) were injected to BALB/c mice, and mice were fed with/without gavage B. infantis milk  (108 CFU/
mL) for 14 days and treated with doxorubicin on 5th and 10th days. The weights of the mice were recorded during the study, 
and the tumor sizes were measured by caliper at the 14th day. CD8 + T cell response was analyzed by using flow cytometer, 
and the results were compared to control and tumor control groups. The  IC50 value for doxorubicin on 4T1 cell lines was 
determined as 0.053 ± 0.012 µg/mL. The apoptotic effect of doxorubicin at  IC50 concentration was determined as 82.3% of 
cells to late apoptosis, 3.6% of cells to pro-apoptosis, and 6.2% of cells to necrosis. The treatment of doxorubicin, B. infantis 
milk, and the combination of them inhibited the tumor volumes by 55.50%, 40.69%, and 75.95%, respectively. B. infantis 
administration significantly enhanced the PHA-induced splenocyte proliferation (P < 0.05). It was shown that IFN-γ was 
effective in tumor growth and regression of metastasis. Consequently, the combination of B. infantis milk and doxorubicin 
showed the best anti-tumor effect.
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Introduction

Cancer cells are formed as a result of the change of normal 
cells over time, and the cells are constantly divided in the 
processes of growth and development. During these peri-
ods, various mutations could be accumulated in DNA. As 
a result of these mutations, cells gradually turn into cancer 
cells which have a genotype quite different from the original 
form [1, 2]. Approximately 85% of cancer formations are 
observed in epithelial cells and called as carcinoma. Those 

originating from mesoderm cells (such as bone, muscle) are 
sarcoma, and glandular tissue cancers (breast cancer) are 
defined as adenocarcinomas [3–5]. Extrinsic factors such 
as smoking and excessive weight and intrinsic factors such 
as genetic mutations, hormones, and immune system could 
increase the risk of cancer development [3, 6]. Ten million 
deaths due to cancer were reported in 2020, and 2.26 mil-
lion of breast cancer, 2.21 million of lung cancer, and 1.93 
million colon and rectum cancer were declared as the most 
common cancer cases [7]. Additionally, deaths because of 
the breast cancer were stated to increase by 14% from 2008 
to 2020 [8].

Medication, radiotherapy, chemotherapy, and surgical 
operations are primarily and widely methods used in can-
cer treatments. As an alternatively to this clinical methods, 
a novel treatment method might be developed to stimulate 
specifically the patients’ immune cells that destroy the tumor 
cells [9]. A lot of various supportive treatments have a big 
potential to activate the immune system, to treat cancer, 
to alleviate the symptoms associated with side effects of 
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current cancer treatments, and to increase the quality of life 
and perception in breast cancer patients. Immunotherapeu-
tic applications could be classified as immune checkpoint 
inhibitors, T-cell transfer therapy, monoclonal antibodies, 
treatment vaccines, and immune system modulators [10].

The Food and Agriculture Organization defined the term 
of probiotics as “live microorganisms which when admin-
istered in adequate amounts confer a health benefit on the 
host” [11]. Probiotics have a lot of functional characteris-
tics, but some of them have directly effect on human health 
such as modulation effect on intestinal microflora, produc-
tion of antimicrobials, antagonistic effect, and competition 
to pathogens for nutrients and/or other growth factors [12]. 
It was clearly shown in many studies that probiotics could 
reduce the tumor growth and inhibit the cancer related to 
their immunomodulatory effect, anti-pathogenic, and anti-
inflammatory activities [13]. Bifidobacteria, which is Gram-
positive, anaerobic and naturally present in the dominant 
colonic microbiota, represent up to 25% of the cultivable 
fecal bacteria in adults and 80% in infants [14, 15]. Bifi-
dobacterium infantis 35624 used in this study was isolated 
and identified from a gastrointestinal tissue about 20 years 
ago [16].

Doxorubicin, commercially called as Adriamycin, is com-
monly used in breast cancer treatments, and it has a complex 
antineoplastic activity mechanism such as directly affecting 
cell membrane, causing DNA damage by interacting with 
DNA, apoptosis by topoisomerase-II inactivation [17]. The 
maximum tolerable dose of doxorubicin was determined as 
75 mg/m2, and it has some undesirable side effects, which 
limited the use of doxorubicin, such as cardiac toxicity, bone 
marrow, and immune system suppression [18–20]. There-
fore, doxorubicin therapy is used in various combinations, 
and new compounds, such as ICRF-187 and quercetin, that 
could block cardiac toxicity are investigated [3].

The aim of the present study is to investigate the potential 
use of the combination of doxorubicin and Bifidobacterium 
infantis milk as a supportive treatment of breast cancer using 
mouse xenograft breast cancer model.

Material and Methods

Probiotic Bacteria

Bifidobacterium infantis 35624 was isolated from Align 
Probiotic Supplement (Procter & Gamble, Cincinnati, OH, 
USA). Briefly, 10 g of Align was diluted in 90 mL of 0.1% 
sterile peptone water (Merck, Darmstadt, Germany) and 
homogenized. Ten-fold serial dilutions were performed 
until a dilution of  10−7 was obtained. Appropriate dilu-
tions were spread plated on De Man, Rogosa, and Sharpe 
(MRS: Merck, Darmstadt, Germany, pH 5.7 ± 0.2) agar 

supplemented with 0.05% L-cysteine (Sigma-Aldrich, Mis-
souri, USA) and incubated in an anaerobic jar at 37 °C for 
48 h. After incubation, Gram staining was performed to the 
colonies, and the probiotic B. infantis 35624 was observed 
under microscope [21, 22].

Cell Culture

The 4T1 (murine breast cancer cells) cells were kindly pro-
vided by Prof. Michael Kershaw (Cancer Immunology Pro-
gram, Peter MacCallum Cancer Center, Victoria, Australia) 
[23] and cultured in Dulbecco’s Modified Eagle Medium 
F-12 Nutrient Mixture (Gibco, Waltham, MA, USA) includ-
ing 10% heat-inactivated fetal bovine serum (FBS, Gibco, 
Waltham, MA, USA), supplemented with 100 U/mL penicil-
lin and 1 µg/mL streptomycin. The cells were incubated in 
a 95% humidified atmosphere with 5%  CO2 at 37 °C. Cells 
that actively grow in the logarithmic phase were used in the 
studies.

BALB/c Mice

Xenograft tumor mouse model was developed with 25 
female BALB/c mice which were purchased from Uludag 
University, Faculty of Medicine Experimental Animal 
Breeding Application and Research Center, Bursa, Turkey. 
The Local Ethics Review Committee for Animal Experimen-
tation of Ege University (number 2017–021) approved the 
experimental protocol.

Production of B. infantis Milk

In order to obtain the working culture, 1 mL of B. infantis 
35624 was inoculated to 9 mL of 10% skimmed milk powder 
(Pınar Süt Mamulleri Sanayi A.Ş., Izmir, Turkey) sterilized 
at 115 °C for 10 min and incubated at 37 °C for 48 h. One 
milliliter of B. infantis 35624 culture was then incubated 
with 9 mL of sterilized 10% skimmed milk powder again at 
37 °C for 48 h. Ten milliliter of working culture was inocu-
lated to 90 mL of UHT milk (1.5% fat; Arkadaşım Süt, Kipa, 
Izmir, Turkey), homogenized, and 3 mL volumes of it was 
dispensed into sterile vials. The vials were then incubated 
at 37 °C for 48 h, and B. infantis milk was stored at 4 °C for 
future use [24].

The enumeration of viable B. infantis 35624 cells was 
determined on 2nd and 12th days of storage at 4 °C. Briefly, 
1 mL of B. infantis milk was homogenized with 9 mL of 
0.1% peptone water, and ten-fold serial dilutions were pre-
pared. One milliliter of appropriate dilutions was inoculated 
in MRS agar supplemented with 0.05% of L-cysteine by 
pour plate method and incubated in an anaerobic jar at 37 °C 
for 48 h. After incubation, the colony counts were performed 
[25].
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The Cytotoxicity of Doxorubicin on 4T1 Cells

The cytotoxic effect of doxorubicin was determined by 
using MTT [3-(4,5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-
2H-tetrazolium bromide)] (2.5 mg/mL; Acros Organics, NJ, 
USA) [26]. Briefly, 4T1 cells were cultivated for 24 h in 
96-well microplates with an initial concentration of 5 ×  105 
cells/well in a 95% humidified atmosphere with 5%  CO2 at 
37℃. Then, the cells were treated with different concentra-
tions of doxorubicin prepared in serum-free DMEM/F-12 
(10, 1, 0.1, and 0.01 µg/mL), followed by incubation for 
48 h at 37℃. A UV–visible spectrophotometer (Thermo 
Multiskan Spectrum) was used to measure the optical 
density of the dissolved material in dimethyl sulfoxide at 
λ = 570 nm (reference filter, λ = 620 nm). The viability (%) 
was determined by the following formula:

Apoptosis Assay

Analysis of apoptosis was performed according to the modi-
fied method by Du et al. [18]. 5 ×  105 cells/mL of cells were 
seeded into 6-well plate and cultivated at 37 °C for 24 h. 
Doxorubicin treatment was performed to the cells at the con-
centrations of  IC50 except control groups. After incubation at 
37 °C for 48 h, the trypsinization was performed, and cells 
were washed with phosphate-buffered saline (PBS; Gibco, 
Waltham, MA, USA, pH 7.4) for 3 times. Cells were resus-
pended with 100 µL of binding buffer (BD, NJ, USA), and 
5 µL Annexin V conjugated with FITC (BD, NJ, USA) and 
5 µL of propidium iodide (PI) (BD, NJ, USA) were added 
into the tube for incubation at room temperature for 15 min 
in the dark. The cells were detected by using flow cytometry 
(Accuri C5 model, BD, NJ, USA).

In Vivo Studies

Formation of Xenograft Tumor Model by Using 4T1 Cells

4T1 cells were cultured in DMEM/F12 (10% FBS, 100 U/
mL penicillin/streptomycin, 2 mM L-glutamine). A final con-
centration of 2 ×  104 4T1 tumor cells (mixed with Matrigel 
in 1:1 dilution) were injected intraperitoneally (IP) into the 
left flank of each mouse on 0th day of the experiment in a 
total volume of 100 µL [27]. Tumor growth was measured 
in mm by using a caliper and recorded as mean volumes 
(width × height × length). The measurement of tumor volume 
was performed only after sacrificing of mice. The average vol-
ume of tumor was calculated by using the following equation:

%Viable cells =
[

(absorbance of treated)∕(absorbance of control)
]

× 100

where V is the volume of tumor  (mm3), a is width (mm), and 
b is length (mm).

Administration by Gavage

Three different formulations were performed for administra-
tion of mice. Group 1 (K1) was a control group, no tumor 
and no administration; group 2 (K2) was a tumor control 
group (untreated group), no administration; group 3 (D), 
doxorubicin injected intraperitoneally at the concentration of 
2.5 mg/kg mouse; group 4 (B), administered with 100 µL of 
B. infantis milk by gavage; and group 5 (D + B), doxorubicin 
injected intraperitoneally at the concentration of 2.5 mg/kg 
mouse and administered with 100 µL of B. infantis milk. 
Administration was performed once a day during 14 days 
with 100 µL of B. infantis milk, and doxorubicin treatments 
were performed on 5th and 10th days. Experimental groups 
consisted of 5 mice each, and all mice were weighed on 
0, 5, and 15th days. The study was terminated on day 15, 
and mice were sacrificed by cervical dislocation. Tumor and 
spleen samples were collected for performing further assays.

Splenocyte Proliferation Assay

Splenocyte proliferation assays were performed according to 
the modified method by Nalbantsoy et al. [28]. Briefly, single 
splenocyte suspensions were obtained by gently mincing and 
grinding spleen fragments through steel mesh in complete 
RPMI-1640 medium (10% FBS, 100 U/mL penicillin/strep-
tomycin, 2 mM L-glutamine, 0.005 mM β-mercaptoethanol). 
After centrifugation (450 × g at 4 °C for 7 min), the pelleted 
cells were washed three times. At last, the cells were resus-
pended in 2 mL RPMI-1640 complete medium, and cell num-
bers were recorded with a hemocytometer by trypan blue dye 
exclusion technique. Cell viability exceeded 95%. An aliquot 
of 100 µL of splenocytes at 5 ×  106 cells/mL was seeded into 
each well of a 96-well flat bottom microtiter plate. After that, 
splenocytes were treated with 100 µL of inactivated B. infan-
tis 35624 cell suspension (final concentration  107 CFU/mL) 
and phytohemagglutinin (PHA; Sigma-Aldrich, Darmstadt, 
Germany; final concentration 5 µg/mL). After preincubation 
for 68 h at 37 °C in a humidified 5% CO2 incubator, 50.0 
µL of MTT solution (2.5 mg/mL) was added into each well. 
The plate was incubated at 37 °C for 4 h and centrifuged 
(1400 × g, 5 min) to remove the untransformed MTT care-
fully by pipetting. Then to each well, a total of 200 µL DMSO 
was added to fully dissolve the colored material. The absorb-
ance at 570 nm with a 630 nm reference was measured on a 
ELISA reader (Versa Max, Molecular Devices, USA). The 
stimulation index (SI) was calculated based on the following 

V = a ×
(

b
2∕2

)

,
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formula: SI = the absorbance value for mitogen-stimulated 
cultures/the absorbance value for non-stimulated culture. 
Each experiment was performed in triplicate.

In order to obtain the inactivated B. infantis 35624, the 
washed and resuspended cell suspension  (107 CFU/mL) 
was homogenized with RPMI-1640 and filled to sterile 
petri dishes. Then, petri dishes were kept twice under UV-C 
(15 W, Philips, Amsterdam, Netherland), and an aliquot of 
suspension was plated on MRS agar to confirm that there 
was no live B. infantis 35624 [29].

Measurement of Total T Cells and IFN‑ɣ Secreting 
CD8 + T Cells in Spleen Cell Culture

Splenocytes of sacrificed mice were isolated, and cells 
from each individual mouse belonging to same group 
were collected in a pool. An aliquot of 5 ×  105 cells/mL 
from each group was treated with inactivated B. infantis 
35624 suspension and incubated at 37 °C for 72 h. Cells 
were collected and centrifuged at 1200 rpm for 5 min 
and 50 µL (1:1000) FIT-C labeled anti-mouse CD3 anti-
body (BD, NJ, USA) was added. Samples were incubated 
at 4 °C for 30 min in dark. After incubation, cells were 
centrifuged and washed with 250 µL PBS containing 3% 
FBS. PerCP-labeled anti-mouse CD8 antibody was added 
to cells and further incubated for 30 min at 4 °C in dark. 
Cells were then washed; 100 µL fixation/permeabilization 
solution (BD, New Jersey, USA) was added to the cells 
and incubated for 30 min at 4 °C at dark. After incuba-
tion, cells were washed, and PE-labeled anti-mouse IFN-ɣ 
antibody (BD, NJ, USA) was added to cells followed by 
incubation at 4 °C for 30 min in dark. An aliquot of 20 µL 
perm wash (1:10) was added to the cells, and cells were 

washed twice. After washing steps, cells were analyzed 
by flow cytometry (Accuri C5 model, BD, NJ, USA) [30].

Statistical Analysis

The study was organized in triplicates and presented as 
mean ± standard error of mean (SEM) of samples. Graph-
Pad Prism 7.0 software (San Diego, USA) was used to 
calculate the  IC50 values and analyze variance (standard 
deviation calculation). The data were statistically analyzed 
using one-way ANOVA, followed by Bonferroni’s multiple 
comparison test. The significance level was set to 0.05 for 
one-way ANOVA and 0.001 for Tukey’s multiple compari-
son test.

Results

Enumeration of Bifidobacterium infantis 35624

The enumeration of B. infantis 35624 was found as 
7 ×  108 CFU/mL on the 2nd day and 2.8 ×  108 CFU/mL on 
12th day of storage at + 4 °C.

The Cytotoxic Effect of Doxorubicin on 4T1 Cells

MTT method was used to calculate the cytotoxicity of doxo-
rubicin. The  IC50 value for 4T1 cells was also measured as 
0.053 ± 0.012 µg/mL according to percentage of 4T1 cell 
viability (Fig. 1).

Fig. 1  The cytotoxic effect of 
doxorubicin on 4T1 cell line
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Apoptotic Effect of Doxorubicin on 4T1 Cells

0.053 ± 0.012 µg/mL  (IC50 value) of doxorubicin was treated 
to 4T1 cells for determination of the apoptosis. The flow 
cytometer was used to analyze the apoptotic effect of doxo-
rubicin on 4T1 cells. The late apoptotic (82.3%), pro apop-
totic (3.6%), and necrotic (6.2%) 4T1 cells are shown as 
percentages in Fig. 2.

In Vivo Studies

The average weight of mice groups (K1, K2, D, B, and 
D + B) and the ratio of the average tumor volumes to it were 
shown in Table 1 and Fig. 3, respectively. No death was 
observed because of the toxic effect as given in Table 1. Any 
metastases was not observed during study; however, tumor 
formations were determined only at the sites where 4T1 
cells were injected. The highest average weight loss (2.72 g) 
was observed in K2 group, while 0.58 g of average weight 
gain was observed in D + B group. The tumor formation was 
thought to be effective in weight loss. On the other hand, 
doxorubicin treatments and apoptotic effect of doxorubicin 
on 4T1 cells might increase the average weight.

The average tumor volumes were determined as 182.9, 
81.39, 108.5, and 58  mm3 in K2, D, B, and D + B groups, 
respectively. The average tumor volumes were statistically 
significant in all experiment groups (P < 0.001). D + B 
group showed the best tumor suppression (P < 0.01) based 
on the ratio of the tumor volumes to weight of mice. The 
D (P < 0.05) and B (P < 0.05) groups also showed a sta-
tistically significant suppressive effect on tumor growth 
following D + B.

Splenocyte Proliferation Assay

The effects of B. infantis milk and doxorubicin on PHA- 
and inactive B. infantis 35624-stimulated splenocyte pro-
liferation are shown in Fig. 4. The stimulation index (SI) 
was used to state the degree of proliferation. The highest 
SI values were observed in group B and D + B for PHA-
stimulated and inactivated B. infantis-stimulated cells, 
respectively (P < 0.001). On the other hand, the lowest 
SI values were observed in K1 group for both stimulated 
cells.

Measurement of Total T Cells and IFN‑ɣ Secreting 
CD8 + T Cells in Spleen Cell Culture

The percentage of total T cells and the percentage of IFN-ɣ 
secreting CD8 + T cells were given in Figs. S1 and S2, 
respectively. The percentages of T cells and CD8 + T cells 
were also measured by analyzing in flow cytometry by CD3 
staining and given in Table 2. The highest and the lowest 
percentages of total T cells were observed in the K1 and B 
groups, respectively. On the other hand, the percentage of 
total CD8 + T cells secreting IFN-ɣ was the lowest in K1 

Fig. 2  The apoptotic effect of 
doxorubicin on 4T1 cell line
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Table 1  The average weight of Balb/c mice

Group Average weight (g) Number of death 
due to toxic effect

Day 0 5th day 15th day

K1 21.60 20.50 22.10 0
K2 26.26 24.54 23.54 0
D 23.33 23.35 23.55 0
B 23.08 24.57 25.40 0
D + B 25.22 25.78 24.64 0
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group, while it was the highest in group D + B. The obtained 
data showed that the other cellular mechanism might be 
inferred to stimulate in the last phase of the treatment for 
suppressing the tumor growth.

Discussions

It is specified that most commercial probiotic products con-
sist of Lactobacillus and Bifidobacterium species [31]. The 
probiotic bacteria content of milk was declared as  107 CFU/
mL in the Fermented Milks and Lactic Acid Beverages 
Association in Japan, while the Swiss Food Regulation as 
well as the Standard FIL/IDF requires that such products 

contain more than  106 CFU/mL [32]. Jaworska et al. [24] 
stated that the viable bacteria counts in probiotic products 
should be  106–108 CFU/mL during storage periods. It was 
also reported that  107 CFU/mL of B. infantis was clinically 
effective in probiotic products [33]. The viable probiotic 
counts of B. infantis milk used in the study during stor-
age was clearly observed to be similar to the studies in the 
literature.

The cytotoxic effect of doxorubicin was found as 
0.17 µmol/L [26], 2.65 µM [34], and 0.2 µM [35] in differ-
ent studies. McCarthy et al. [35] stated that the 4T1 cells 
might gain a resistance against doxorubicin over time. How-
ever doxorubicin, which is an anthracycline antibiotic, is 
used successfully in various cancer treatments [18]. Guo 

Fig. 3  The ratio of the average 
tumor volumes to average 
weight of the mice groups was 
compared with the data of the 
K2 (n = 5) (*P < 0.5)
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et al. [19] investigated the apoptotic effect of doxorubicin 
on 4T1 cells, and they found that 10 µg/mL of doxorubicin 
resulted 40.2% of 4T1 cells to late apoptosis. Gill et al. 
[36] investigated the average weight of mice administered 
with  108 CFU/mL of probiotic bacteria (Lact. acidophilus 
HN017, Lact. rhamnosus HN001, and B. lactis HN019) by 
gavage, and they reported that any changes in average weight 
could not observed. The average weight results in the study 
are similar to the studies in the literature.

duPre et al. [37] characterized the 4T1 tumor-infiltrating 
hematopoietic cells, particularly with respect to the cellu-
lar source or sources of IFN-ɣ in the tumor microenviron-
ment, and they used C.129S7(B6)-IfngtmIT/J (IFN-ɣ−/−) and 
BALB/cJ (IFN-ɣ+/+) mice. The researchers reported that 
the tumor volumes were higher in IFN-ɣ-free mice. Maroof 
and Hasan [27] investigated the use of Lact. acidophilus as 
food supplement, and they administered the BALB/c mice 
with 2 ×  108 CFU/mL of Lact. acidophilus for 15 days. They 
found that the secretion of IL-4 decreased while the secre-
tion of IFN-ɣ increased. Similarly, Gill et al. [36] found an 
increase in the rate of CD4 T lymphocytes (40%) and CD8 T 
lymphocytes (14%). The secretion of IFN-ɣ also increased in 
mice administered with Lact. acidophilus HN017 and Lact. 
rhamnosus HN001, but there was no changes in mice admin-
istered with B. lactis HN019.

Many studies based on various combinations have been 
conducted over the years to increase the effectiveness 
of doxorubicin and reduce its side effects. Du et al. [18] 
studied the use of luteolin to increase the effectiveness of 
doxorubicin in breast cancer cells. Researchers found that 
luteolin did not have any effect alone on tumor growth 
delay, but the effectiveness and lesser toxicity of doxo-
rubicin might be based on 4T1 and MCF-7 bearing mice. 
In another study, quercetin and doxorubicin combination 
was investigated [18]. It was found that the tumor growth 
and prolonged survival were suppressed by quercetin in 
BALB/c mice bearing 4T1 breast cancer, and quercetin 
importantly enhanced therapeutic effectiveness of doxo-
rubicin and simultaneously reduced doxorubicin-induced 
toxic side effects. Putri et al. [34] reported that the com-
bination of potassium pentagamavunon-0 (K PGV-0) and 
doxorubicin showed synergistic effect and decreased the 
viability of the breast cancer cells. The combination was 
also found to cause cell accumulation in G2/M phase, 
induction of apoptosis, and inhibition of the activity of 

MMP-9 which has an important role in extracellular matrix 
degradation.

Probiotics and probiotic food supplements are also stud-
ied in cancer treatments. It was reported by many studies 
that diets enriched with dairy products could inhibit the 
tumor growth in various cancer including breast cancer [38]. 
Some researchers argued that the anti-tumor effect of milk 
consumption was related to multimeric α-lactalbumin, but 
Biffi et al. [39] reported the efficacy of raw milk, and milk 
which sterilized at high temperature was different on tumor 
growth. They also declared that the fermented milk prod-
ucts contained non-bacterial substances which had immuno-
supportive and anti-tumor effect. Wang et al. [40] studied to 
evaluate the growth inhibitory and apoptosis-inducing activi-
ties of the cyclic lipopeptide (CLP) purified from Bacillus 
subtilis natto T-2 in human leukemia K562 cells with special 
emphasis on its mode of action. It was found that 32 µg/mL 
of CLP resulted 20.6% of K562 cells to apoptosis. Surfactin 
(27.3 µM), produced by B. subtilis natto, was also reported 
to cause 13.7% of MCF-7 cells [41].

The anti-tumor effect of substances produced by probiotic 
microorganisms was studied in many studies; however, the 
viable cells have also a significant role on tumor growth as 
shown in this study. Maroof et al. [42] reported that admin-
istration of Lact. acidophilus isolated from home-made 
yoghurt induced a significant decrease in tumor growth pat-
tern (P = 0.00). The researchers also indicated that the oral 
administration of Lact. acidophilus was able to alter the 
cytokine production in tumor bearing mice into a Th1 pro-
tective pattern, favorable to anti-tumor immunity. Yazdi et al. 
[43] declared that administration of Lact. plantarum ATCC 
8014 enriched with selenium nanoparticles increased the pro-
duction of the pro-inflammatory cytokines IFN-ɣ, TNF-α, and 
IL-2 in spleen cell cultures. The significant increase was also 
observed in NK cell activity. Aragon et al. [44] analyzed the 
effect of milk fermented by the probiotic Lact. casei CRL 
431 on a murine breast cancer model, and it was reported that 
probiotic administration delayed or blocked the tumor growth.

Conclusion

The administration of B. infantis 35624 was clearly shown 
to be effective on tumor growth on murine breast cancer 
model, and the combination of doxorubicin and B. infan-
tis 35624 treatments showed the higher anti-tumor effect. 
Although the study was conducted on murine breast cancer 
models, it may also apply to different experimental animals 
and various cancer types. In vivo results of the present study 
could be developed comprehensively with additional analy-
ses such as taking tumor sections and immunohistochemical 

Table 2  The percentages of total T and CD8 + T cells in spleen cell

K1 K2 D B D + B

% T cells 20.9 14.9 17.9 14.6 15.1
% CD8 + T cells 2.8 8.6 5.6 9.2 10.1
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investigation and cytokine measurements by ELISA from the 
blood samples in further researches.
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