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ABSTRACT

Background: Cancer is amongst the leading causes of death all over the world. Breast cancer
. is responsible for the largest number of deaths among women. Several studies confirm that
Research Article : Bifidobacterium bifidum as a probiotic significantly inhibits breast cancer development. The present
:  study aimed to investigate the effect of B. bifidum supernatant on the cell growth inhibition of the

breast cancer 4T1 cell line in vitro.

Article Type:

Am?le info: Materials and Methods: The present experimental work was conducted at Mazandaran University

Received: 29 Sep 2019 : of Medical Sciences, Sari City, Iran. B. bifidum was cultured in the de Man Rogosa, and Sharpe broth

Revised: 20 Oct 2019 : at 37° C for 72 h anaerobically and the B. bifidum Supernatant (BS) was prepared by the freezing-

Accepted: 31 Oct 2019 : thawing procedure. The cell growth inhibition of the probiotic strain was assessed using the MTT
: assay through breast cancer (4T1) cell line.

:  Results: The results showed that the supernatant extracted from B. bifidum strain had good
Keywords: . antiproliferative effects against 4T1 cancer cell line, compared with the control group. The inhibitory
. effects are enhanced by passing the time.

Breast cancer, :
Bifidobacterium bifidum, ¢ Conclusion: B. bifidum supernatant could be a potential probiotic candidate for the treatment of breast
4T1 cell line, MTT : cancer. However, further in vitro and in vivo studies are required to support our initial findings.

Introduction the second leading cause of cancer deaths in young
women in the world [2]. Judging from population-based
owadays, cancer has one of the highest data in developing countries, the collective contingency
morbidity and mortality rates worldwide for breast cancer occurrence in people aged 15-79 years
[1]. Breast cancer is the most prevalent in IR Tran has risen since the past 30 years. In 2009, the
malignancy. Despite recent progress in its Iranian Cancer Registry Report (ICCR) reported that
management, breast cancer has remained 8616 females were diagnosed with breast cancer [3].
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Chemotherapy can be an effective and significant
method of treating breast cancer [4]. However, it is com-
monly accompanied by many side effects for all the di-
viding cells regardless of the nature of cells (malignant
or non-malignant). Thus, new treatments should be de-
signed for cancer that targets explicitly tumor cells [5, 6].
The use of bacteria in cancer immunotherapy dates back
to more than 150 years ago [7]. Since then, researchers
have tried to understand the bacterial mechanisms that
may influence oncogenesis. Posited mechanisms include
deleterious alterations in physiological host processes
such as inflammation, antigen-driven lymph prolifera-
tion, and induction of hormones that increase epithelial
cell proliferation [8].

Bifidobacteria as the main group of microbiota, has
been demonstrated to exert antitumor effects via various
mechanisms [9]. Several studies showed that bifidobac-
teria had cytotoxic effects on tumor cells. Bifidobacte-
rium increases immune response and inhibits many tu-
mor growths in vivo, such as liver cancer, breast cancer,
etc. [10]. Also, the bacterium is capable of controlling
the overgrowth of pathogens and modulating systemic
inflammation, cell proliferation, and apoptosis. The anti-
tumor activity of these bacteria is attributed to the activa-
tion of an immune response against tumor antigens.

Several research studies have been conducted to iden-
tify pure metabolites and other components of the mi-
crobial cells that might have antitumor activity [11-13].
For example, the identification of secondary metabolites
(epothilones A and B) of the myxobacterium Sorangium
cellulosum, which has cytotoxicity on various cancer
cells both in vitro and in vivo [14]. The present study
aimed to investigate the effect of B. bifidum supernatant
on the cell growth inhibition of the breast cancer 4T1 cell
line in vitro.

Materials and Methods
Preparation of supernatants from B. bifidum:

The probiotic strain tested in this experimental work
was purchased from the Pasteur Institute of Iran, Tehran,
IR Iran. B. bifidum strain (ATCC: 29521) was grown in
de Man Rogosa and Sharpe (MRS) broth with 0.5% L-
cysteine supplement (Merck; pH 6.5) at 37° C for 2448
h under anaerobic conditions. After 48 h, the suspension
was centrifuged at 2000 g (for 20 min at 4° C) until the
bacterial count reached 2x109 CFU/mL, via the pour
plate technique. The B. bifidum Supernatant (BS) was
filtered through a 0.2 mm membrane filter to remove the
remaining bacteria and debris [15].
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Cell culture:

Mouse breast cancer cell line, 4T1 was purchased from
cellular bank of Pasteur Institute of Iran, and was main-
tained in RPMI 1640 (Gibco, Life Technology, MD)
supplemented with 10% fetal bovine serum (Gibco, Life
Technology, MD), 100 U/mL penicillin, and 100 mg/mL
streptomycin (Sigma), and incubated at 37° C in 5% CO,
with appropriate humidity [16].

MTT test

The cell growth inhibition was measured with the MTT
colorimetric assay (3-[4,5 dimethylthiazol2-yl]-1,5 di-
phenyltetrazolium bromide) kit (Sigma-Aldrich). In
brief, 2x104 cells were seeded in 96-well plates (Sigma-
Aldrich). The cells were then treated at 37° C for 24 h
with the fresh RPMI medium. The culture medium was
removed, and different concentrations of BS (0, 10, 20,
40, and 80 [v/v]) were added. The plates were then in-
cubated for 48 h at 37° C in a humidified incubator with
5% CO,. After incubation, cell viability was determined
using the colorimetric MTT assay. In this regard, 20 uL
of MTT stock was added to each well, and the plates
were incubated for 4 h in the dark. The mixture was then
discarded from the wells and 200 uL. DMSO (dimethyl
sulfoxide) was added to the cells (shook in a dark cham-
ber for 15 minutes at room temperature) [17]. Finally, the
optical density for each well was measured at 595 nm
with ELISA plate reader.

Statistical analysis:

The tests were performed in triplicate. Data analysis
was carried out in SPSS V. 19. The obtained data were
expressed as Mean+SD and analyzed using the paired
sample t test. The P value of 0.05 or less was regarded as
statistically significant.

Results:
Growth of probiotic strain in MRS Medium

According to compration between the optimum time
for the growth of B. bifidum was 48 h. Colonies cultured
under the microscope were observed as Gram-positive
bacilli (Figure 1).

Cell growth inhibition by MTT

The inhibitory effect of probiotic samples BS on the
growth of 4T1 cell line was evaluated by MTT assay. As
shown in Figure 2 (A to E), in comparison with the con-
trol group (not treated with supernatant BS), an increase
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Figure 1. Gram-positive bacilli of B. bifidum in de Man Rogosa and Sharpe broth

in cell growth inhibition with BS started at 10 uL/mL
concentration and reached its highest at 80 uL/mL. Our
study showed that this cell growth inhibition role was
dose-dependent (Table 1).

Discussion

According to our study, BS has cell growth inhibition
effects on the 4T1 cell line. This effect will increase with

higher concentrations of BS. Several studies indicated
the inhibitory and cytotoxicity effects of lactic acid bac-
teria strain on different cell lines [18]. Yuna et al. showed
that B. adolescentis SPM0212 cell-free supernatant in-
hibited the growth of SW480, HT-29, and Caco-2 cells.
The cell viability percentages with different doses of su-
pernatant in 25, 50, 100, and 200 mg/mL were less than
50% in 72 h [19].

Figure 2. The microscopic image of cells treated with B. bifidum supernatant (BS) in different concentrations

A: The microscopic image of the growth of cancer cells in enriched medium (not treated with BS as the control group); B: The
microscopic image of cells treated with BS (concentration: 10 pL); C: The microscopic image of cells treated with BS (concentra-
tion: 20 pL); D: The microscopic image of cells treated with BS (concentration: 40 pL); E: The microscopic image of cells treated

with BS (concentration: 80 pL)
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Table 1. The cell growth inhibition of probiotic samples BS on the 4T1 breast cancer cell line

BS Concentrations (uL/mL) SS MeanxSD P
10 9.29 0.48667+0.09074 0.011
20 10.723 0.9+0.14526 0.009
40 30.41 1.7933+0.05897 0.001
80 45.240 2.582+0.09885 0.000

The supernatant extracted from the probiotic bacteria
could significantly inhibit the growth of cancer cells.
For example, in our study, the inhibitory effect of the
BS against the 4T1 cell line was enhanced, with vol-
ume increasing. The findings in the present study are an
agreement with the results of Bonyadi et al. [20]. The
researchers proved that cytoplasmic extraction of the
recovered lactobacilli had a significant anti-proliferative
role on in vitro K562 cell lines. Also, in line with our
findings, a study conducted by Ghoneum et al. in Tai-
wan showed supernatants made from microorganisms
could inhibit the growth of most cancer cell lines such as
breast, tongue, intestine, and blood [21]. In contrast with
our findings, Thanomsub et al. reported that the chemical
structure and biological activities of rhamnolipids pro-
duced by Pseudomonas aeruginosa had an anti-survival
effect on human breast cancer cell lines [22].

Other studies revealed that B. bifidum supernatant in-
hibited the proliferation of Caco-2 cells. In this study,
cell viability percentages with different doses of BS (10,
20, and 30 pL/mL) were less than 50% in 24, 48, and 72
h after treatment. Also, cytoplasmic extraction doses of
10 and 20 pL survived cells were less than 50% in 24
and 48 h. Zhao et al. reported that biosurfactants pre-
pared from Pseudomonas aeruginosa had anti-prolifer-
ative activity against human breast cancer cells in mini-
mal volume and concentration [23]. While in our study,
this minimum inhibitory volume was found to have
less inhibitory effect compared with the high volumes.
Hence, especially at the early stages, BS may inhibit the
growth of primary breast cancer cells. It is possible to
speculate that bifidobacteria or other genera of probiotics
could be used as an adjuvant treatment during anticancer
chemotherapy. Our study indicates that BS inhibits cell
growth of the 4T1 cell line. However, further in vitro and
in vivo studies are needed to confirm this inhibitory or
cytotoxicity effects.

Ethical Considerations
Compliance with ethical guidelines

The Ethics Committee of Mazandaran University of
Medical Sciences, Sari Iran, approved the experiment
(IR-MAZUMS.REC.1397.380).

Funding

This study was financially supported by the Immunoge-
netics Research Center, Mazandaran University of Medi-
cal Sciences, Sari, Iran. This paper was extracted from
a Master’s degree thesis of Parisima Karami, Depart-
ment Microbiology, School of Medicine, of Mazandaran
University of Medical Sciences and Immunogenetics
Research Center of Mazandaran University of Medical
Sciences, Sari, Iran.

Authors contribution's

Advise, conceptualization, study design: Mohammad Ah-
anjan, Saeid Abediankenari, Hamid Reza Goli; Experimental
tests: Parisima Karami. Data analysis, preparing manuscript
draft: Mehrdad Gholami, Parisima Karami.

Conflict of interest
The authors declared no conflict of interest.
Acknowledgements

Thanks to Department of Microbiology, School of
Medicine, Mazandaran University of Medical Sciences
and Immunogenetics Research Center of Mazandaran
University of Medical Sciences for their valuable contri-
bution to this research.

Res Mol Med, 2019; 7(4):1-6



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en

Anti-Proliferative Effects of B. bifidum

References

[1] Malik SS, Saeed A, Baig M, Asif N, Masood N, Yasmin A. An-
ticarcinogenecity of microbiota and probiotics in breast cancer.
Int ] Food Prop. 2018; 21(1):655-66. [DOI:10.1080/10942912.201
8.1448994]

[2] Siegel RL, Miller KD, Jemal A. Cancer statistics, 2015. CA Cancer
] Clin. 2015; 65(1):5-29. [DOI:10.3322/ caac.21254] [PMID]

[3] Nafissi N, Khayamzadeh M, Zeinali Z, Pazooki D, Hosseini M,
Akbari ME. Epidemiology and histopathology of breast cancer
in Iran versus other Middle Eastern countries. Middle East J
Cancer. 2018; 9(3):243-51.

[4] Azim Jr H, De Azambuja E, Colozza M, Bines J, Piccart M.
Long-term toxic effects of adjuvant chemotherapy in breast
cancer. Ann Oncol. 2011; 22(9):1939-47. [DOI:10.1093 / annonc/
mdq683] [PMID]

[5] Howard-Anderson ], Ganz PA, Bower JE, Stanton AL. Quality
of life, fertility concerns, and behavioral health outcomes in
younger breast cancer survivors: A systematic review. ] Natl
Cancer Inst. 2012; 104(5):386-405. [DOI:10.1093/inci/ djr541]
[PMID]

[6] Vineis P, Wild CP. Global cancer patterns: Causes and pre-
vention. Lancet. 2014; 383(9916):549-57. [DOI:10.1016/S0140-
6736(13)62224-2]

[7] Meng C, Bai C, Brown TD, Hood LE, Tian Q. Human gut micro-
biota and gastrointestinal cancer. Genomics, Proteomics & Bio-
informatics. 2018; 16(1):33-49. [DOI:10.1016/j.gpb.2017.06.002]
[PMID] [PMCID]

[8] Brown JM, Wilson WR. Exploiting tumour hypoxia in cancer
treatment. Nat Rev Cancer. 2004; 4(6):437-47. [DOI:10.1038/
nrel367] [PMID]

[9] Rhee YK, Bae EA, Kim SY, Han MJ, Choi EC, Kim DH. Anti-
tumor activity of Bifidobacterium SPP isolated from a healthy
Korean. Arch Pharm Res. 2000; 23(5):482-7. [DOI:10.1007/
BF02976577] [PMID]

[10] Li X, Fu GF, Fan YR, Liu WH, Liu X], Wang JJ, et al. Bifido-
bacterium adolescentis as a delivery system of endostatin for
cancer gene therapy: Selective inhibitor of angiogenesis and
hypoxic tumor growth. Cancer Gene Ther. 2003; 10(2):105-11.
[DOI:10.1038/sj.cgt.7700530] [PMID]

[11] Park HB, Kwon HC, Lee CH, Yang HO. Glionitrin A: An
antibiotic-antitumor metabolite derived from competitive in-
teraction between abandoned mine microbes. ] Nat Prod. 2009;
72(2):248-52. [DOI:10.1021/np800606¢] [PMID]

[12] Min BS, Meselhy MR, Hattori M, Kim HM, Kim YH. Cytotox-
icity of shikonin metabolites with biotransformation of human
intestinal bacteria. ] Microbiol Biotechn. 2000; 10(4):514-7.

[13] Tsukimoto M, Nagaoka M, Shishido Y, Fujimoto J, Nishisaka F,
Matsumoto S, et al. Bacterial production of the tunicate-derived
antitumor cyclic depsipeptide didemnin B. ] Nat Prod. 2011;
74(11):2329-31. [DOI:10.1021/np200543z] [PMID]

[14] Gerth K, Bedorf N, HOFLE G, Irschik H, Reichenbach H.
Epothilons A and B: Antifungal and cytotoxic compounds
from Sorangium cellulosum (Myxobacteria). ] Antibiot. 1996;
49(6):560-3. [DOI:10.7164/ antibiotics.49.560] [PMID]

Res Mol Med, 2019; 7(4):1-6

Research in Molecular Medicine

[15] Brown M], Lester ]N. Comparison of bacterial extracellular
polymer extraction methods. Appl Environ Microbiol. 1980;
40(2):179-85. [DOI:10.1128/ AEM.40.2.179-185.1980]

[16] Pulaski BA, Ostrand-Rosenberg S. Mouse 4T1 breast tu-
mor model. Curr Protoc immunology. 2000; 39(1):20-2.
[DOL:10.1002/0471142735.im2002539] [PMID]

[17] Lopez P, Monteserin DC, Gueimonde M, Clara G, Margolles A,
Suarez A, et al. Exopolysaccharide-producing bifidobacterium
strains elicit different in vitro responses upon interaction with
human cells. Food Res Int. 2012; 46(1):99-107. [DOI:10.1016/j.
foodres.2011.11.020]

[18] Nikzad S, Hashemi B, Hassan ZM, Mozdarani H. The cell sur-
vival of F10B16 melanoma and 4T1 breast adenocarcinoma ir-
radiated to gamma radiation using the MTT assay based on two
different calculation methods. ] Biomed Phys Eng. 2013; 3(2):29-
36. [PMID] [PMCID]

[19] Kim Y, Lee D, Kim D, Cho J, Yang J, Chung M, et al. Inhibi-
tion of proliferation in colon cancer cell lines and harmful en-
zyme activity of colon bacteria by Bifidobacterium adolescentis
SPM0212. Arch Pharm Res. 2008; 31(4):468-73. [DOI:10.1007/
s12272-001-1180-y] [PMID]

[20] Bonyadi F, Nejati V, Tukmechi A, Hasanzadeh S, Mokariza-
deh A. An investigation of the complex effects of a Saccharo-
myces cerevisiae cytoplasmic extract on apoptosis in K562 cells.
Iran Red Crescent Med ]. 2017; 19(1):e28773. [DOI:10.5812/
ircm;j.28773]

[21] Ghoneum M, El-Din NK, Ali DA, EL-DEIN MA. Modified
arabinoxylan from rice bran, MGN-3/biobran, sensitizes meta-
static breast cancer cells to paclitaxel in vitro. Anticancer Res.
2014; 34(1):81-7.

[22] Thanomsub B, Pumeechockchai W, Limtrakul A, Arunratti-
yakorn P, Petchleelaha W, Nitoda T, et al. Chemical structures
and biological activities of rhamnolipids produced by Pseu-
domonas aeruginosa B189 isolated from milk factory waste.
Bioresour Technol. 2006; 97(18):2457-61. [DOI:10.1016/j.bi-
ortech.2005.10.029] [PMID]

[23] Zhou W, Wang X, Chen C, Zhu L. Enhanced soil washing of
phenanthrene by a plant-derived natural biosurfactant, Sapin-
dus saponin. Colloid Surface A: Physicochem Eng Asp. 2013;
425:122-8. [DOI:10.1016/j.colsurfa.2013.02.055]



http://rmm.mazums.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.1080/10942912.2018.1448994
https://doi.org/10.1080/10942912.2018.1448994
https://doi.org/10.3322/caac.21254
https://www.ncbi.nlm.nih.gov/pubmed/25559415
https://doi.org/10.1093/annonc/mdq683
https://doi.org/10.1093/annonc/mdq683
https://www.ncbi.nlm.nih.gov/pubmed/21289366
https://doi.org/10.1093/jnci/djr541
https://www.ncbi.nlm.nih.gov/pubmed/22271773
https://doi.org/10.1016/S0140-6736(13)62224-2
https://doi.org/10.1016/S0140-6736(13)62224-2
https://doi.org/10.1016/j.gpb.2017.06.002
https://www.ncbi.nlm.nih.gov/pubmed/29474889
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6000254
https://doi.org/10.1038/nrc1367
https://doi.org/10.1038/nrc1367
https://www.ncbi.nlm.nih.gov/pubmed/15170446
https://doi.org/10.1007/BF02976577
https://doi.org/10.1007/BF02976577
https://www.ncbi.nlm.nih.gov/pubmed/11059828
https://doi.org/10.1038/sj.cgt.7700530
https://www.ncbi.nlm.nih.gov/pubmed/12536198
https://doi.org/10.1021/np800606e
https://www.ncbi.nlm.nih.gov/pubmed/19159274
https://doi.org/10.1021/np200543z
https://www.ncbi.nlm.nih.gov/pubmed/22035372
https://doi.org/10.7164/antibiotics.49.560
https://www.ncbi.nlm.nih.gov/pubmed/8698639
https://doi.org/10.1128/AEM.40.2.179-185.1980
https://doi.org/10.1002/0471142735.im2002s39
https://www.ncbi.nlm.nih.gov/pubmed/18432775
https://doi.org/10.1016/j.foodres.2011.11.020
https://doi.org/10.1016/j.foodres.2011.11.020
https://www.ncbi.nlm.nih.gov/pubmed/25505745
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4204493/
https://doi.org/10.1007/s12272-001-1180-y
https://doi.org/10.1007/s12272-001-1180-y
https://www.ncbi.nlm.nih.gov/pubmed/18449504
https://doi.org/10.5812/ircmj.28773
https://doi.org/10.5812/ircmj.28773
https://doi.org/10.1016/j.biortech.2005.10.029
https://doi.org/10.1016/j.biortech.2005.10.029
https://www.ncbi.nlm.nih.gov/pubmed/16697639
https://doi.org/10.1016/j.colsurfa.2013.02.055

This Page Intentionally Left Blank



