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Azurin protein of Pseudomonas aeruginosa is an anti-tumor agent against breast cancer and
mammaglobin-A (MAM-A) protein is a specific antigen on the surface of MCF-7 for induction of cellular
immune. The purpose of the present study was to investigate the effects of simultaneous expression of
azurin and human MAM-A genes on the mRNA expression level of apoptosis-related and cell cycle genes
in MCF-7 breast cancer cell line. The recombinant or empty plasmids were separately transferred into
MCF-7 cells using Lipofectamine reagent. Flow cytometry was done to detect cell death and apoptosis.
The expression of azurin and MAM-A genes were evaluated by IF assay, RT-PCR and western blot methods.
Finally, apoptosis-related and cell cycle genes expression was examined in transformed and non-
transformed MCF-7 cells by qPCR method. The successful expression of azurin and MAM-A genes in the
MCF-7 cell were confirmed by RT-PCR, IF and western blotting. The apoptosis assay was showed a statis-
tically significant (p < 0.05) difference after transfection. The expression of BAK, FAS, and BAX genes in
transformed cells compare with non-transformed and transformed MCF-7 by pBudCE4.1 were increased
statistically significant (p < 0.05) increases. Although, the increase of SURVIVIN and P53 expressions in
transformed cells were not statistically significant (p > 0.05). Co-expression of azurin and MAM-A genes
could induce apoptosis and necrosis in human MCF-7 breast cancer cells by up-regulation of BAK, FAS, and
BAX genes. In future researches, it must be better the immune stimulation of pBudCE4.1-azurin-MAM-A
recombinant vector in animal models and therapeutic approaches will be evaluated.
� 2020 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Many bacteria produce toxins, extracellular enzymes, and pig-
ments. Toxins and bacterial enzymes play important roles in the
pathogenicity of bacteria. These toxins are generally classified into
exotoxin and endotoxin groups (Allison et al., 2014;
Ramachandran, 2014; Ezepchuk, 2014). Endotoxins are
lipopolysaccharide that produced by Gram-negative bacteria,
while exotoxins are usually heat-sensitive proteins that produced
by specific strains of Gram-positive and Gram-negative bacteria
and secreted into the surrounding environment (Lüderitz et al.,
2016; Minasyan, 2017).

Although bacterial toxins inhibit protein synthesis, DNA repli-
cation, and cell wall synthesis in response to unfavorable condi-
tions of growth, but useful applications of them have also been
reported (Mathieu, 2015). For example, toxins of Clostridium and
Bacillus genera have many uses in medicine, agriculture, and indus-
try. Ophthalmologists, dermatologists, and neurologists are widely
used the Clostridium botulinum toxin (Ferreira et al., 2016;
Freedman et al., 2016). One of the important applications of
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botulinum toxin (BTX or Botox) is in Botox and muscle paralysis by
inhibiting the release of neurotransmitters such as acetylcholine
which make the nerves of the infusion site unable to stimulate
the muscle and the relaxation (Shehata et al., 2017). Also, toxic
crystals of Bacillus thuringiensis are used as bioinsecticide against
agricultural pests (Palma et al., 2014). Besides, the role of bacteria
as anticancer agents has been detected about 100 years ago
(Felgner et al., 2016). Bacterial enzymes, toxins, secondary metabo-
lites, proteins or derived peptides could specifically effect on can-
cer cells or have anticancer roles. Bacterial toxins can be used to
degrade tumor cells, or at low concentrations can control cell cycle
processes such as cell proliferation, apoptosis, and differentiation
(Karpiński & Adamczak, 2018). Diphtheria toxin (DT) of Corynebac-
terium diphtheriae, exotoxin A and azurin from Pseudomonas aerug-
inosa (P. aeruginosa) are the most common bacterial toxins that
have been used to produce immunotoxins (Karpiński &
Adamczak, 2018). These toxins cause a decrease in cell growth or
cell cycle, and naturally, can induce apoptosis and cell death. As
a result, they can be used as a supplement to improve the thera-
peutic effects of anticancer drugs (O’Brien-Simpson et al., 2018).

Azurin bacteriocin which is secreted by the P. aeruginosa bac-
terium is a small water-soluble protein that has a cytostatic prop-
erty and can specifically penetrate the human cancer cells, especial
breast cancer and induces apoptosis and has no apparent activity
in normal cells (Yamada et al., 2004; Nguyen and Nguyen, 2016).
P. aeruginosa is a Gram-negative, rod-shaped, asporogenous, and
monoflagellated bacterium that is one of the most important
agents in the development of hospital infections, which can create
a wide range of infections in immunocompromised patients
(Bhasin et al., 2015). The length of the azurin-encoding gene is
1287 bp (Gene Registration Number: M30389) that encodes a 14
kilo-daltons (kDa) protein containing 128 amino acids, which con-
tain an alpha helix and eight beta-shits consisting of a b-motif and
a hydrophobic moiety (Karpiński & Szkaradkiewicz, 2013). This
protein is a member of the oxidation and redox proteins that there
is a copper ion called cupredoxin in its structure (Fialho et al.,
2012; Bernardes et al. 2013). Also, azurin reacts direct and sus-
tained with the p53 tumor inhibitor (Yamada et al. 2004;
Nguyen and Nguyen, 2016).

Breast cancer is the most common malignancy and it is the fifth
significant cause of death in women worldwide (Youlden et al.,
2014; Keyghobadi et al., 2015). The risk of breast cancer increases
with age and depending on sex, family history, biological profile,
genetic mutations, environmental agents, high-fat diet, late preg-
nancy (above age 30), nulliparity, early age of menarche, and late
age of menopause (Asif et al., 2014; Anjum et al., 2017). The preva-
lence of breast cancer in women increases after the age of 35–54
and reaches a constant level after age 80 and although the inci-
dence of breast cancer in men is rare (about 1 in 1000) but it does
happen (Doosti et al., 2011; Edwards et al., 2014; Denny et al.,
2017).

One of the important antigens presents in breast cancer cells is
MAM-A which expressed in >80% of breast cancer cases. MAM-A is
a 10.5-kDa secretion glycoprotein with 93 amino acids encoded by
the SCGB2A2 gene (Huo et al., 2013; Kim et al., 2016). This protein
has a unique expression in breast cancer cells and it is a very speci-
fic molecular antigen in these cells; therefore, it is a suitable target
for immunosuppressive therapy in breast cancer patients (Margan
et al., 2016).

The role of some bacterial toxins like azurin bacteriocin in con-
trolling and inhibiting the growth and proliferation of cancer cells
like Michigan Cancer Foundation-7 (MCF-7) and 4 T1 breast cancer
cell lines (derived from the mammary gland tissue of a human and
mouse, respectively) are also significant. It should be noted that
MAM-A protein is a specific antigen on the surface of the breast
cancer cells and stimulates the immune system against cancer
cells. The simultaneous effects of azurin and MAM-A on MCF-7
breast cancer cell have not been yet studied; therefore, the purpose
of the present study was to generate of a pBudCE4.1-azurin-MAM-
A gene construct containing the azurin gene of P. aeruginosa and
human MAM-A gene and evaluation of their effects on cell cycle
genes expression and apoptosis in the MCF-7 breast cancer cell
line.
2. Materials and methods

2.1. Recombinant vector preparation and bacterial culture

The recombinant pBudCE4.1-azurin-MAM-A and empty
pBudCE4.1 plasmids were purchased and provided from Generay
Biotech Co., Ltd. (Shanghai, China). Also, the sequences of target
genes were codon-optimized for better expression in a eukaryotic
host by this company. The accuracy of synthesis genes and produc-
ing of this construct gene were confirmed by this company using
Sanger’s DNA sequencing method and XbaI/PstI enzymatic diges-
tion. In this study, pBudCE4.1 was used for the separate expression
of azurin and MAM-A genes and this vector can express insertional
genes in eukaryotic hosts. The length of inserted azurin andMAM-A
genes in the recombinant plasmid were 1287 and 1309 bp, respec-
tively. pBudCE4.1 vector has a length of 4.6 kb with strong eukary-
otic promoters; including human cytomegalovirus (CMV) and
human elongation factor 1 alpha (EF-1 alpha) promoters and also
has two distinct sites for the simultaneous entry of two genes
(MCS or multiple cloning sites). The lyophilized stock of E. coli
strain Nova Blue (Novagen) was obtained from Cellular and Molec-
ular Research Center of Shahrekord University of Medical Sciences
and cultured in Luria-Bertani (LB) broth (Sigma, St. Louis, Mo.) and
then incubated overnight at 37 �C with 200 rpm shaking.
2.2. Bacterial transformation

The recombinant pBudCE4.1-azurin-MAM-A vector and empty
pBudCE4.1 were separately transformed into E. coli strain Nova
Blue using calcium chloride (CaCl2) heat-shock (for 90 s at 42 �C)
treatment. These bacteria were cultured on the Low Salt LB agar
medium in the presence of 25 lg/mL of zeocin. Colony-PCR screen-
ing using specific primers for azurin and MAM-A genes was per-
formed on 20 randomized colonies for identification of plasmid
transformation accuracy into E. coli. The specific oligonucleotide
primers for azurin and MAM-A genes were designed (Table 1) using
the Gene Runner software version 3.05 and the primer sequences
were analyzed and compared to a query sequence of GenBank data
using the Basic Local Alignment Search Tool (BLAST) at the
National Center for Biotechnology Information (NCBI).

For mini-prep plasmid isolation, colonies contain vectors were
cultured in 5 mL of LB broth containing zeocin and were incubated
overnight at 37 �C. Plasmid DNA was purified from an overnight
bacterial culture using the GeneJET Plasmid Miniprep Kit according
to the recommendations of the manufacturer (Thermo Fisher Sci-
entific, Freiburg, Germany). The extracted plasmid yield and qual-
ity were measured at 260 nm vs. 280 nm optical density using the
NanoDrop spectrophotometer (Thermo ScientificTM NanoDrop
2000, Wilmington, DE, USA) according to the method described
by Sambrook & Russell, 2001. The confirmation of transformation
and presence of target genes in the recombinant pBudCE4.1-
azurin-MAM-A extracted plasmid were examined by PCR and
enzymatic digestion with NcoI, KpnI, ApaI, SmaI, and SacI restriction
enzymes. The PCR products and digested fragments were elec-
trophoresed on a 2% agarose gel at constant voltage (80 V). A
1 kb DNA ladder (CinnaGen, Iran) was used as a molecular size
marker. After staining of a gel by ethidium bromide (2 mg/mL),



Table 1
Detail of primers and their sequences used in this study.

Gene Primers name Sequences Annealing temperature (�C) Product length (bp) Accession number

azurin Azu-F 50-ATGCTACGTAAACTCGCTGCC-30 65 292 M30389
Azu-R 50-TGTCGTCGGGCTTCAGGTAATC-30

MAM-A Mam-F 50-CAGCGGCTTCCTTGATCCTTG-30 66 221 NM_002411
Mam-R 50-TGGCATTGTCGTCTATGAACTCTTG-30

BAX Bax-F 50-AGGTCTTTTTCCGAGTGGCAGC-30 65 234 NM_001291431
Bax-R 50-GCGTCCCAAAGTAGGAGAGGAG-30

BAK Bak-F 50-CGTTTTTTACCGCCATCAGCAG-30 65 154 NM_001188
Bak-R 50-ATAGCGTCGGTTGATGTCGTCC-30

FAS Fas-F 50-CAATTCTGCCATAAGCCCTGTC-30 65 163 KM114217
Fas-R 50-GTCCTTCATCACACAATCTACATCTTC-30

GAPDH GAP-F 50-GCCAAAAGGGTCATCATCTCTGC-30 65 183 NM_002046
GAP-R 50-GGTCACGAGTCCTTCCACGATAC-30

SURVIVIN Surv-F 50-AGAACTGGCCCTTCTTGGAGG-30 65 170 Shen et al. 2008
Surv-R 50-CTTTTTATGTTCCTCTATGGGGTC-30

P53 P53-F 50-TGCGTGTGGAGTATTTGGATGAC-30 65 170 KY907146
P53-R 50-CAGTGTGATGATGGTGAGGATGG-30

CyclinD1 CyclinD1-F 50-AAGTTGCAAAGTCCTGGAGCC-30 65 125 Abdian et al. 2015
CyclinD1-R 50-TCGGCTCTCGCTTCTGCTG-30

ERBB2 (HER-2) HER-2-F 50-TAGACAATGGAGACCCGCTGAAC-30 65 217 NC_000017
HER-2-R 50-GAGCGGTTGGTGTCTATCAGTGTG-30
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the image was photographed under the UV light using the UVIDoc
gel documentation system (Uvitec, UK).

2.3. The proliferation of target genes

Polymerase chain reaction (PCR) for amplification was carried
out in a total volume of 25 lL in 0.2 mL tubes, which contained
50 ng of purified recombinant pBudCE4.1-azurin-MAM-A vector,
1 � PCR buffer, 1 mM of each primer, 0.2 mM dNTPs mix, 2 mM
MgCl2, 1 unit of Taq DNA polymerase (all CinnaGen, Iran) per each
reaction. Amplifications were performed on Gene Atlas Thermal
Cycler (ASTEC, Seoul, Korea). The PCR reaction temperature was
included the following cycles: one step of an initial denaturation
at 94 �C for 5 min, 35 cycles of 1 min denaturation at 94 �C, a
primer-annealing step at 65�C (for azurin gene) and 66�C (for
MAM-A gene) for 50 s, and extension step at 72�C for 50 s, and then
a final step at 72 �C for 10 min. The amplification products were
visualized on 1% agarose gel electrophoresis according to the pro-
cedure as mentioned above.

2.4. Cell line culture

MCF-7 human breast cancer was obtained from the Pasture
Institute (Tehran, Iran). MCF-7 cells were cultured in T75 tissue
culture flask (JET BIOFIL, Guangzhou, China) containing RPMI1640
medium (Gibco, Grand Island, NY, USA) that supplemented with
10% fetal bovine serum (FBS), and 100 units of Potassium Penicillin
and 100 mg of Streptomycin Sulfate antibiotics per 1 mL of culture
media (all reagents from Gibco, NY, USA). The flask was incubated
in a humidified atmosphere of 5% CO2 at 37 �C. The culture media
were checked and added every second day to reach the cell conflu-
ence to 70–80%. Cells were passaged via discarding of the media
and flask was washed twice with phosphate-buffered saline (PBS)
and was dissociated by the 0.25% Trypsin-EDTA (Invitrogen) at
37 �C for 3 min. The enzyme activity was quenched with culture
media supplemented by 10% FBS and was centrifuged at
1200 rpm for 5 min.

2.5. Cell cytotoxicity assay

An MTT assay was used to check the cytotoxicity level of zeocin
antibiotic on MCF-7 to evaluate a proper concentration of this
antibiotic for the screening of transformed cells. In brief, 20 lL of
diluted MCF-7 in RPMI1640 medium was mixed by an equal vol-
ume of trypan blue (0.3% in PBS) and incubated for 5 min and cell
counting was performed with a Neubauer hemocytometer under
the microscope. The MCF-7 cells at a concentration of 9000 cells
per each well of the 96-wells plate (SPL Life Sciences) were cul-
tured in media supplemented by 10% FBS and incubated in a
humidified CO2 incubator at 37 �C for 24 h. Yellow tetrazolium
MTT (3-(4, 5-dimethylthiazolyl-2)-2, 5-diphenyltetrazolium bro-
mide powder (Roche Diagnostics, Penzberg, Germany) was pro-
vided in PBS at a concentration of 5 mg/mL and was stored
under dark condition. Zeocin antibiotic was prepared at concentra-
tions of 50–1000 lg/mL in media and was added to the cells of
each well and was repeated triple for each concentration and the
plate was kept in the CO2 incubator at 37 �C. Non-treated MCF-7
(without adding zeocin in culture media) was used as a control
group. The effect of zeocin on cell proliferation and its cytotoxicity
was examined after 24, 48 and 72 h after treatment and were mea-
sured by MTT-colorimetric method (each well of each concentra-
tion was tested). That way, first, the media from the wells were
disposed and each well was washed slowly by 100 lL PBS. Then,
the prepared stock of MTT was diluted in RPMI 1640 (no phenol
red) to the final concentration of 0.5 mg/mL (100 lL) and added
on each well of cultured cell in 96-wells plate. The plate was incu-
bated in a CO2 incubator at 37 �C for 3.5 to 4 h in a dark condition.
Media containing MTT was discarded and 100 lL of dimethylsul-
foxide (DMSO, (C2H6OS) was added to each well and was shacked
well. The resultant Formosan crystals dissolve by DMSO. The plate
was incubated for 30 min and shacked for 5 min and optical den-
sity was measured at a wavelength of 490 to 620 nm by Stat Fax
2100 - ELISA microwell plate reader/mixer.

2.6. Transfection of vectors into MCF-7

In this study, 3 � 105 MCF-7 cells were cultured in each well of
6-wells plate (SPL Life Sciences) and then recombinant pBudCE4.1-
azurin-MAM-A or pBudCE4.1 (empty vector as a control) were
transfected into the MCF-7 cell line, separately using Lipofec-
tamine 2000 (Invitrogen Corporation, Inc.) according to the recom-
mendations of the manufacturer with some modification. For this
purpose, 7.5 lL of Lipofectamine 2000 reagent was added in
150 lL of RPMI1640 medium without serum and antibiotics and
also 2.5 lg/lL of DNA plasmid was prepared in 150 lL of serum
and antibiotic-free media. Both diluted plasmid DNA and diluted
Lipofectamine reagent were mixed (1:1 ratio) and was incubated
for 5 min at room temperature (RT). Then, the normal media of
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culture cells were discarded from each well of the 6-wells plate
and washed with PBS one time to remove FBS and was replaced
by media containing plasmid DNA and diluted Lipofectamine com-
pound. 24 h later, the media was replaced by RPMI containing 20%
FBS and 400 lg/mL of zeocin antibiotic (the appropriate dose
obtained from the MTT test) for the screening of the transformed
cells. The transfected MCF-7 cells by recombinant pBudCE4.1-
azurin-MAM-A, pBudCE4.1 (empty vector) as well as treated cells
by only Lipofectamine reagent (without DNA plasmid) were incu-
bated for 3 days at 37 �C in the CO2 incubator. The follow-up of
cells and the screening of transformed cells from non-
transformed were done in this mentioned time. Finally, after
72 h, the cells were detached from the bottom of each well of a
plate using a 0.25% Trypsin-EDTA enzyme as a previously
described method and were used for the next experiments.

2.7. Total RNA extraction and cDNA synthesis

Seventy-two hours after transfection, the total RNA isolation
was performed on transformed and non-transformed MCF-7 (con-
trol group) using RNX plus (RNX plusTM Kit Cinnagen, Tehran, Iran)
according to the manufacturer’s protocol. The quality and quantity
of each extracted RNA specimen were measured using NanoDrop
ND-2000 spectrophotometer at a wavelength of 260/280 nm as
described above. Each cDNA sample was synthesized from 1 lg
of total RNA according to the instruction protocol of the cDNA syn-
thesis kit (Yekta Tajhiz Azma, Tehran, Iran).

2.8. RT-PCR and quantitative real-time PCR (q-RT-PCR)

The reverse transcriptase PCR (RT-PCR) was done to determine
the expression of target genes including azurin and MAM-A genes
in transformed MCF-7 by pBudCE4.1-azurin-MAM-A recombinant
vector. The amplification conditions it was the same as stated
above except the cDNA sample was used instead of template
DNA plasmid. PCR products were analyzed on a 1.0% agarose gel
electrophoresis.

Also, the quantitative real-time PCR (q-PCR) was used for inves-
tigating the proapoptotic (BAK, FAS, BAX, and SURVIVIN) and cell
cycle regulatory genes (Cyclin D1 and P53) expression in trans-
formed and non-transformed MCF-7 (normal cells), as well as
transformed MCF-7 by the entire vector (pBudCE4.1; control
group). The gene’s name and primers are shown in Table 1. Besides,
the expression of HER-2 (human epidermal growth factor receptor
2) also known as the ERBB2 gene in transformed and non-
transformed MCF-7 was evaluated. All primers except SURVIVIN
and CyclinD1 genes (that obtained from Shen et al., 2008; Abdian
et al., 2015, respectively) were designed using Gene Runner soft-
ware version 3.05 and as well as the identification of authentic of
their sequences binding to the target gene site were analyzed by
basic local alignment search tool (BLAST) of GenBank data. In this
study, the cell cycle genes expression levels were compared to a
GAPDH gene expression (as an internal control) and the standard
curve analysis was done for this gene. Real-time PCR was per-
formed in a Corbett Rotor-Gene 6000 rotary analyzer (Corbett, Aus-
tralia). Each cDNA sample was diluted at a concentration of 1:5 and
serial dilutions of 2:25, 3:125, 1:625, and 1:3125 were prepared.
The q-PCR reaction mixture was performed in a triple at a final vol-
ume of 13 lL per each reaction in a 0.2 micro-tube. A 50 ng of
cDNA sample (1 lL) was added into 6.5 lL 1 � SYBR Green real-
time PCR master mix (Yekta Tajhiz Azma, Tehran, Iran), 0.5 lL of
each forward and reverse primer (2 lM), and 4.5 lL distilled water.
The following conditions were used for q-PCR: an initial heat
denaturation step (hold) at 95 �C for 3 min, followed by 40 cycles
of denaturation at 94 �C for 30 s, annealing at 65 �C for 30 s, and
extension at 72 �C for 30 s. Finally, the melting curve was gener-
ated at the end of the PCR amplification by increasing temperature
from 72 �C to 95 �C (1 �C/s). The standard curve method was used
to evaluate the relative changes in mRNAs expression. The gene
expression analysis report and cycles of threshold (CTs) were gen-
erated by Rotor-Gene Real-time analysis software version 6.0 (Qia-
gen, Inc., Valencia, CA, USA) for calculation. The comparative CT
method (2�DDCt or Livak method) was used to analyze the expres-
sion of target genes and normalized to the reference gene.

2.9. Flow cytometry analysis

In this study, the effects of recombinant vector transformation,
empty vector (pBudCE4.1), and as well as treated cells by only zeo-
cin antibiotic on apoptosis and cells death were evaluated by FITC
Annexin V Apoptosis Detection Kit I 556,547 (BD Biosciences, San
Jose, CA, USA) in flow cytometric analysis. First, 3� 105 MCF-7 cells
were cultured in each well of the 6-wells plate according to the
procedure as mentioned above. Then, each group in duplicate
was included: transformed cells by pBudCE4.1-azurin-MAM-A
recombinant vector, treated cells by zeocin antibiotic alone and
transformed cells by pBudCE4.1 (empty plasmid as a control).
Afterward, 100 � 103 MCF-7 cells were washed twice with cold
PBS and were resuspended the cells in a 1X binding buffer provided
in the kit. Then, 100 lL of cells solution was transferred into Partec
flow cytometry micro-tube. After that 5 lL of FITC Annexin V and
5 lL PI were added on the cells by gently vortex mixing and was
incubated for 15 min at RT (25 �C) in the dark condition and finally
was analyzed by flow cytometry.

2.10. Immunofluorescence (IF) assay

To assess the transfection efficiency and the expression of
azurin and MAM-A, the transformed MCF-7 by pBudCE4.1-
azurin-MAM-A and entire (empty pBudCE4.1) vectors and as well
as un-transformed MCF-7 cells (normal group) were fixed in 4%
paraformaldehyde in PBS (pH: 7.2–7.8) at RT for 10 min and were
washed three times with washing buffer (0.05% Tween 20 (Sigma,
Missouri) in PBS). Also, fixation buffer 4% (2 gr Paraformaldehyde
was dissolved in up to 50 mL PBS), permeabilization buffer 0.1%
(10 lL Triton-X-100 was added into 9.9 mL PBS), and blocking buf-
fer 1% (0.1 gr BSA was dissolved in 10 mL PBS) were prepared. One
day before the IF assay, 10,000 cells for each group (including
transformed MCF-7 by pBudCE4.1-azurin-MAM-A and empty vec-
tors and as well as non-transformed cells as a negative control)
were counted and seeded on the coverslip. The next day, the cul-
ture media were removed from the cells and was washed twice
with 0.05% washing buffer. The cells were placed in a suitable vol-
ume of 4% fixation buffer for 10 min and then were rinsed three
times with a wash buffer. The permeabilization buffer was placed
on the cells for 15 to 20 min and then was washed three times.
Blocking buffer was placed on cells for 45 min and then the cells
were exposed to the primary antibodies including goat anti-
azurin polyclonal antibody (STJ140126) and rabbit anti-
Mammaglobin A polyclonal antibody (STJ93996) (both from St
John’s Labs) at a final concentration of 1:1000 for overnight at
4 �C. After three wash steps, the secondary antibodies including
donkey anti-mouse IgG (NorthernLightsTM) NL493-conjugated anti-
body (NL003, R&D Systems, Canada) and Goat Anti-Rabbit IgG H&L
(Cy3 �) preadsorbed (ab6939, Abcam, Cambridge, U.K.) were
applied at a 1:200 and 1:1000 dilution rate in PBS supplemented
with 1% BSA for 45 min in RT. In all steps, the technical negative
controls excluded the primary antibody were applied. Also, a solu-
tion contains secondary antibody was removed and the cell nuclei
were stained with DAPI (1 lg/mL). Finally, the coverslips
were removed from the chamber and washed well in distilled
water. The cells were observed at desired wavelengths using a
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fluorescence Nikon AZ100 Multizoom microscope (Nikon Instru-
ments, Inc., Japan).
1500
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Fig. 1. The digestion patterns of purified pBudCE4.1-azurin-MAM-A recombinant
vector using restriction enzymes on 1% agarose gel electrophoresis (M: 1-kb DNA
size marker (CinnaGen, Iran), lane 1: digested vector by NcoI: 220 bp, 1471 bp
(containing azurin gene), and 3657 bp, lane 2: digested plasmid by KpnI and ApaI
including 590 bp, 19 bp, 368 bp (containing MAM-A gene), and 4371 bp, lane 3:
restriction fragments by SmaI and SacI: 187 bp, 551 bp, 132 bp, 492 bp (containing
azurin gene), and 3986 bp, line 4: uncut pBudCE4.1-azurin-MAM-A (5348 bp)
recombinant vector, respectively).
2.11. Western blotting

The expression proteins of azurin and MAM-A target genes in
transformed MCF-7 cells by pBudCE4.1-azurin-MAM-A recombi-
nant vector compared to the control cells (normal MCF-7 or non–
transformed) were assessed by western blotting. Urea protein
extraction was done by 8 M urea lysis buffer. This lysis buffer
was added to a cell culture plate (1 � 106 cells) and was incubated
on ice for 45 min and gently vortex. Then, the suspension was cen-
trifuged at 13000 rpm for 10 min at 4 �C. The protein concentration
in the supernatant was determined using Bradford assay at a wave-
length of 595 nm according to the manufacturer’s instructions. The
proteins (40 lg) of each sample were separated by 10% sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE)
and electro-transferred to a polyvinylidene fluoride (PVDF) mem-
brane (Pall Corporation, Dreieich, Germany) by the semidry-
blotting method. Tris-Buffered Saline (TBS) contains 5% BSA with
0.01% Tween 20 (TBST buffer) at RT for 30 min was used for block-
ing of the membranes. Then, the membranes were incubated over-
night at 4 �C by primary antibodies (goat anti-azurin polyclonal
antibody (STJ140126) and rabbit anti-MAM-A polyclonal antibody
(STJ93996) were used separately) that diluted in TBST buffer con-
tains 2% BSA. Afterward, the blots membrane was washed with
TBST three times and were incubated with secondary antibodies
including goat anti-rabbit HRP (IgG H&L) (ab97051, Abcam, USA)
and donkey anti-goat IgG-HRP (sc-2020, Santa Cruz Biotechnology
Inc.) for azurin and MAM-A, respectively in 2 h. In both trans-
formed and non-transformed-cells the primary anti-GAPDH anti-
body (ab9483, Abcam, USA) was used as an internal control of
western blot and detects a band of approximately 37 kDa. Also,
for GAPDH the secondary antibody was goat anti-rabbit HRP (IgG
H&L) (ab97051, Abcam, USA). The blots were washed by TBST buf-
fer 3 times for 10 min and were developed on a Western Blotting
Luminol Reagent (Thermo Fisher Scientific, USA). The bands were
visualized by the Licor Odyssey Scanner system and finally, the
band’s density was quantified using Licor Odyssey Software ver-
sion 5.5 (LI-COR Biosciences).
2.12. Statistical analysis

All data were transferred into Statistics programs for the Social
Sciences software (SPSS, Inc., Chicago, IL, USA) version 20 and
Microsoft Excell version 7.0 (Microsoft Corporation, Redmond,
WA, USA) and processed for mean and standard deviation. The
variance between groups was calculated by a non-parametric test
(Kruskal-Wallis). All graphs were made using GraphPad Prism Soft-
ware version 7 (GraphPad, San Diego, California). The differences
with a p-value<0.05 were considered as the statistical significance
level.
3. Results

3.1. Accuracy of transformation

The confirmation of the insertion of target genes (azurin and
MAM-A) in pBudCE4.1-azurin-MAM-A recombinant vector for
transformation examined by Generay Biotech company using
enzymatic digestions (XbaI and PstI restriction enzymes) and
DNA sequencing (Fig. 1 and Fig. 2). Also, the accuracy of transfor-
mation was done on extracted vectors by PCR and restriction
enzyme digestions. These methods showed the successful transfor-
mation of the vector into the host and the recombinant vector
intended (Fig. 3).
3.2. MCF-7 cells culture

The normal shape of cultured MCF-7 cells in RPMI media to
obtain proper cell density for the experiments is shown in Fig. 4A.
3.3. MTT assay findings

The MTT assay was done for investigation of the zeocin resis-
tance curve on transformed- and non-transformed MCF-7. The
MTT results were showed that the cytotoxicity of zeocin antibiotic
at a concentration of 400 lg/mL (minimum lethal dose or LDmin)
was the proper and effective concentration for the screening of
the transformed MCF-7 from non-transformed cells. In this con-
centration, all normal MCF-7 cells were dead while most of the
transformed MCF-7 alive (Fig. 5).
3.4. Transformation findings

The shapes of transformed cells by plasmid DNA after 72 h were
shown in Fig. 4B. Moreover, the effects of Lipofectamine and zeocin
antibiotic on cytotoxicity of the exposed cells were investigated for
72 h, separately (Fig. 4C and Fig. 4D).
3.5. RT-PCR analysis

The products of gene amplification after separation on agarose
gel electrophoresis revealed the fragments with the length size of
292 and 221 bp for azurin and MAM-A genes, respectively in trans-
formed MCF-7 by pBudCE4.1-azurin-MAM-A recombinant vector
(Fig. 6). These fragments in transformed cells by empty vector
and non-transformed MCF-7 were not observed. The RT-PCR
results confirmed the transformation accuracy and expression of
the recombinant vector in transformed MCF-7 cells.
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Fig. 2. A: The normal MCF-7 cells (non-transformed cells), B: transformed MCF-7 cells by pBudCE4.1-azurin-MAM-A recombinant vector using Lipofectamine 2000 reagent,
C: treated cells by Lipofectamine compound only, and D: treated MCF-7 s by zeocin antibiotic.
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Fig. 3. Quantifying the cytotoxicity of zeocin antibiotic (zeocin resistance curve) on
transformed- and non-transformed MCF-7 cells using MTT assay.
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Fig. 4. The RT-PCR products in transformed MCF-7 by pBudCE4.1-azurin-MAM-A
recombinant vector and non-transformed MCF-7 (control cells) for evaluating the
expression of azurin and MAM-A genes on 1% agarose gel electrophoresis (lane M:
100 bp DNA molecular marker (GIBCO-BRL), lane M1: 1 kb DNA molecular ladder
(Promega), lane 1: the amplified fragments of azurin (292 bp) in transformed MCF-
7, lane 2: non-presence of azurin in normal MCF-7, lanes 3 and 6: negative controls,
lane 4: proliferation the fragment of MAM-A gene (221 bp) in transformed MCF-7,
lane 5: lack of expression of MAM-A in normal MCFs, respectively).

P. Ghasemi-Dehkordi et al. / Saudi Journal of Biological Sciences 27 (2020) 2308–2317 2313
3.6. Results of apoptosis and necrosis assay

As shown in Fig. 7 the findings of the flow cytometry method
showed the apoptosis and necrosis in transformed MCF-7 cells by
pBudCE4.1-azurin-MAM-A recombinant vector compare to the
transformed cells by empty pBudCE4.1 plasmid were increased
statistically significant (p < 0.05). Although, in treated MCF-7 cells
by a zeocin antibiotic, the apoptosis and necrosis were seen, but
compared to the transfected cells by pBudCE4.1 vector not
increased statistically significantly (p > 0.05). Also, apoptosis range
in transformed cells compared to the treated cells by only zeocin
was increased statistically significantly (p < 0.05). The mortality
percentage (apoptosis and necrosis) in treated groups, including
transformed MCF-7 by pBudCE4.1-azurin-MAM-A recombinant
vector and empty pBudCE4.1 vector (without target genes), and
as well as treated MCf-7 by a zeocin antibiotic that was measured
by flow cytometry are shown in Fig. 8. The results of flow cytome-
try were that 24.11% of transformed MCF-7 by this recombinant
vector death (necrosis and apoptosis percentages), while in the
transformed cells by transfected cells by pBudCE4.1 vector 5.3%
of cell death occurred and this mortality was statistically signifi-
cant (p < 0.05). In treated normal MCF-7 by an only zeocin antibi-
otic (non-transformed) 15.16% of the mortality observed and
compared to the transformed cells by recombinant construct was
not statistically significant (p > 0.05).

3.7. Genes expression findings

The analysis of proapoptotic and cell cycle regulatory genes
expression showed that the fold changes of BAK, FAS, BAX, SURVI-
VIN, and P53 expressions in transformed MCF-7 by recombinant
plasmid compare to the transformed MCF-7 by empty plasmid
(pBudCE4.1) were 35.5, 12.7, 10.7, 5.4, and 3.1, respectively. Also,
the expressions of BAK, FAS, and BAX genes in transformed cells
by recombinant vector compared with other groups increased sta-
tistically significant (p < 0.05). The expression of cyclin D1 trans-
fected cells with a recombinant vector was showed the
significantly down-regulation on this gene compare to transfected
MCF-7 by empty plasmid and normal MCF-7 cells (p < 0.05) (Fig. 9).
HER-2 or ERBB2 gene can influence the development of breast can-
cer and therefore its expression was evaluated in MCF-7 breast
cancer cell line in this study. Also, the expression of HER-2 gene
in transformed MCF-7 by recombinant vector was higher (2.9
times) than transformed MCF-7 by pBudCE4.1 and non-
transformed MCF-7 groups but was not statistically significant
(p > 0.05) (Fig. 9).
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Fig. 5. The results of apoptosis assay by detection FITC Annexin V apoptosis on transformed MCF-7 by the recombinant vector (A), treated cells by zeocin antibiotic alone (B),
and transformed cells by the empty vector (pBudCE4.1) (C) using flow cytometry assay.
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Fig. 6. The percentage of death (apoptosis and necrosis) in treated groups after
detection by flow cytometry assay.
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3.8. IF results

The immunofluorescence (IF) test was performed for the detec-
tion of azurin and MAM-A antibodies in the transformed MCF-7 by
pBudCE4.1-azurin-MAM-A. Also, the transformed MCF-7 by
pBudCE4.1 vector and un-transformed cells (normal MCF-7) were
used as controls. The azurin and MAM-A expressive cells were con-
jugated by goat anti-azurin and rabbit anti-MAM-A polyclonal
antibodies and were seen in green and red colors under the fluores-
cent microscope, respectively and while stained cells with DAPI
solution for nuclei staining in all groups were seen in blue color
(Fig. 10).
3.9. Proteins expression analysis

The proteins measurement were showed that Azurin (14 kDa)
and MAM-A (10.5 kDa) proteins in transformed cells were
expressed, successfully. Also, the expression of GAPDH was
checked out as an internal control (approximately 37 kDa)
(Fig. 11).

4. Discussion

Today, due to the lack of effective treatments against any kind
of cancer and the disadvantages of existing therapies, it is very
important to find new strategies to prevent and inhibition of can-
cer cells’ propagation. According to the anti-breast cancer effect of
Azurin protein from P. aeruginosa and stimulation of cellular immune
system by MAM-A against breast cancer, the present work was
performed to generate a pBudCE4.1-azurin-MAM-A recombinant
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Fig. 8. The IF results (bright field and fluorescence imaging) for the detection of azurin and MAM-A genes expression in transformed MCF-7 (positive cells). A: azurin positive
MCF-7 cells, B: MAM-A expressed cells, and C: empty vector (pBudCE4.1). Blue was stained cells by DAPI, green and red were positive expressed MCF-7 for azurin and MAM-
A, respectively.

Fig. 9. The SDS-PAGE for confirmation of the expression of Azurin and MAM-A
proteins in transformed MCF-7 by recombinant pBudCE4.1-azurin-MAM-A vector
compares to the non-transformed MCF-7 (negative control) using western blotting.
The GAPDH protein expression (internal control) was observed in both groups.
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construct and investigate its effects in the MCF-7 cells. The pre-
pared pBudCE4.1-azurin-MAM-A recombinant vector was trans-
ferred into MCF-7 using Lipofectamine reagent and after the
screening of transformed cells by treatment of zeocin antibiotic;
the effects of zeocin antibiotic and vectors transformation on
necrosis, apoptosis, and cells death were evaluated by flow cytom-
etry. The expression of target genes was evaluated by RT-PCR, IF
assay and western blot method. Besides, the expressions of cell
cycle genes were assessed by q-real-time PCR technique. The RT-
PCR results were showed the successful expression of azurin and
MAM-A genes in transformed MCF-7. The results of flow cytometry
indicated that 24.11% of transformed cells by recombinant vector
had apoptosis and necrosis (death) and compare to the trans-
formedMCF-7 by pBudCE4.1 (5.3% death) this mortality was statis-
tically significant (p < 0.05). But in treated cells by the only zeocin
antibiotic (non-transformed) 15.16% of death observed and com-
pared to the transformed MCF-7 by recombinant vector were not
statistically significant (p > 0.05). These findings showed the
proper effects of the recombinant pBudCE4.1-azurin-MAM-A vec-
tor on the mortality of MCF-7. Also, the expression of these genes
was approved by IF and western blotting. The bands of Azurin and
MAM-A proteins in the transformed group indicated the successful
expression of these proteins on SDS-PAGE. The findings of q-real-
time PCR for investigation of cell cycle genes showed that the
expression of BAK, FAS, and BAX genes in transformed cells com-
pared with non-transformed cells and transformed MCF-7 by
empty vector increased statistically significant (p < 0.05). BAK,
FAS, and BAX are pro-apoptotic genes and increasing the expression
of these genes in transformed MCF-7 indicates the proper effects of
pBudCE4.1-azurin-MAM-A recombinant vector on apoptosis and
death in breast cancer cells. Although, the expression of SURVIVIN
(as an inhibitor of apoptosis) and P53 (pro-apoptotic gene) were
increased in transformed cells compared to the non– transformed
and transformed MCF-7 by pBudCE4.1 but these variations were
not statistically significant (p > 0.05). The Cyclin-D1 expression in
transformed cells by recombinant vector compare to normal and
transfected MCF-7 by empty vector was decreased statistically sig-
nificant (p < 0.05). Furthermore, the minimal increase in expression
of HER-2 gene in transformed MCF-7 compared to the other two
groups was observed and this increase indicated that expressions
of azurin and MAM-A genes can affect the amount of expression
of this molecular biomarker in breast cancer cells. In one study,
the researchers showed that cytokeratin 19, MAM-A, and HER-2
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are the multi-markers of early breast cancer cells using RT-PCR
assay (Ignatiadis et al., 2008). Although in our study, the low
increase of HER-2 gene expression in transformed MCF-7 was
observed, but this enhancement was not significant and demon-
strated the usefulness of the engineered vector in breast cancer
cells. MAM-A is overexpressed in 40% to 80% of primary breast can-
cers and can capable of eliciting MAM-A-specific CD8 T-cell
responses (Tiriveedhi et al., 2014). In this study, we transformed
MCF-7 breast cancer cells by MAM-A and Azurin expressing vector
for inducing of the immune system in these cells and overexpres-
sion of cell cycle genes (BAK, FAS, and BAX) were observed. These
findings support that MAM-A is an important biomarker for stim-
ulation of the immune system and together Azurin protein of P.
aeruginosa can prevent the expansion and growth of breast cancer
cells.

In a study by Bernardes et al., 2011 an Azurin protein of P.
aeruginosa was introduced as a candidate for treating non-
treatable breast cancer. In their study, the association rate of
Azurin protein and its interaction with cell adhesion molecules
(CAMs), especially P-cadherin, in breast cancer cells was evaluated.
In another study the effects of Azurin by ROS measurement,
immunocytochemistry, gelatine zymography to evaluate MMP-2
activity and invasion capacity evaluated in breast and lung cancer
cell lines and showed that Azurin decreased integrin subunits (a6,
b1, and b4) and this protein it can introduce as a new candidate
anti-cancer drug by decreasing cell adhesion through integrins
(Abreu, 2013). In the present study, the co-effects of Azurin and
MAM-A proteins on cell apoptosis and MCF-7 cell growth by FITC
Annexin V apoptosis were evaluated and growth inhibition of
breast cancer cells and increase in expression patterns of pro-
apoptotic genes like BAK, FAS, and BAX were observed.

In a study of Punj and co-workers, the mechanisms of the action
of azurin bacteriocin in the regression of breast cancer expressed
and they showed that Azurin can act as an anticancer chemother-
apeutic. Their findings indicated that azurin enters into the cytosol
of MCF-7 cells and migrates to the nucleus and increased the intra-
cellular levels of P53 and BAX, thereby triggering the release of
mitochondrial cytochrome c into the cytosol and finally by activat-
ing the caspase-9 and caspase-7 lead to apoptotic process (Punj
et al., 2004). Also, in our study, the significant enhancement of
BAK, FAS, and BAX in transformedMCF-7 by the recombinant vector
that expressed azurin and MAM-A genes were observed. Moreover,
P53 was increased in transformed MCF-7 by pBudCE4.1-azurin-
MAM-A vector compare to the non-transformed cells and trans-
formed cells by pBudCE4.1 vector but this enhancement was not
statistically significant (p > 0.05). Another study demonstrated that
azurin internalizes in J774 or cancer cells in a temperature-
dependent manner and this protein entry into cancer cells com-
pared with normal cells preferentially (Yamada et al., 2005). Taylor
and colleagues indicated that amino acids 50 to 67 (P18 and P28)
of Azurin protein are responsible for cellular penetration, and
antiproliferative and proapoptotic activity against several solid
tumors and human cancer cells (Taylor et al., 2009). Van Mellaert
et al. 2006 demonstrated that Azurin is not entering into the nor-
mal cells and it is safe for cancer cell treatment. In the present
study, the performance of Azurin protein on inhibition of MCF-7
cancer cells growth in the transformed cell by pBudCE4.1-azurin-
MAM-A recombinant vector was observed. Likewise, in this
research, the over-expression of BAK, FAS, and BAX genes in trans-
formed cells (azurin-expressed MCF-7 cells) were showed. In a
study of Yang et al., 2005 in treated osteosarcoma U2OS cells by
bacterial redox protein Azurin the down-regulation of Bcl-2 (an
inhibitor of apoptosis) was detected, while BAX and CASPASE-3
were significantly up-regulated. Whereas, in our study, the up-
regulation of BAK, FAS, and BAX genes in transformed MCF-7 by
Azurin-MAM-A expression vector were seen, but the increasing
of SURVIVIN (anti-apoptosis) and P53 (pro-apoptotic gene) in trans-
formed cells by genetically manipulated vector compare to the
non-transformed and transformed MCF-7 by pBudCE4.1 were not
statistically significant (p > 0.05). In both studies, the over-
expression of BAX in treated cancer cells by azurin was viewed.
These results refer that Azurin protein from P. aeruginosa inhibits
the uncontrolled cell cycle progression and activates apoptotic
events by enhancement of pro-apoptotic genes.

In conclusion, the pBudCE4.1-azurin-MAM-A recombinant vec-
tor prevents the growth and proliferation of MCF-7 breast cancer
cells via controlling cell cycle genes and up-regulation of pro-
apoptotic genes (BAK, FAS, and BAX) Cyclin-D1 (cell cycle regula-
tory) compare with non-transformed cells and transformed cells
by the empty vector. It was suggested that the effects of
pBudCE4.1-azurin-MAM-A recombinant vector on stimulation of
the immune system and immunization in animal models are fol-
lowed up in further studies. These findings will provide hope for
therapeutic approaches to prevent the expansion of breast cancer
cells and the treatment of this malignancy in the foreseeable
future.
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