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Abstract: Exosomes naturally carry the biomolecules in the body; they perform this task efficiently without compromising
the immune system and by breaking through all the biological barriers, so they can be the best choice for designing and
introducing a drug and gene transfer system. Extraction of the exosomes from the cell culture medium was performed
by precipitation with an Exoquick kit solution. Nanoparticle specificity analysis was performed using scanning electron
microscopy and dynamic light scattering. Trizol reagent (Invitrogen) was used for RNA extraction. Single-strand cDNA
synthesis was performed from the miRNA and RT-PCR. Data were analyzed using a threshold cycle comparative method
and cell cycle analysis using flow cytometry. Exosomes containing miR-144 can dramatically decrease the expression

level of crucial TGF-B pathway genes, SMAD4 and TGF-BR2,

in breast cancer cells. Botulinum toxin A inhibits cancer cell

growth by inhibiting the TGF-f pathway. The simultaneous combination of engineered exosomes containing miR-144 and
bacterial botulinum toxin A has increased effects on inhibiting the TGF-B signaling pathway. It causes cell cycle arrest in
breast cancer cells. The present study's findings showed that overexpression of miR-144 in breast tumor cells results in the
packaging of miRNA in exosomes derived from these cells. As a result, the exosomal platform for nucleic acid transfer to
the cell appears to be an effective transducer for gene transfer to the cell. It could be used as a suitable adjunct to cancer

therapeutic studies.
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|
Introduction

Breast cancer is the second most common malignancy
in the world. Breast cancer is the most common cause of
death in women less than 45 years of age. Statistics show
that cancer is rare in the age group of 20 to 24, but it is more
prevalent in women aged 34 to 39. Modifiable and non-mo-
difiable risk factors in breast cancer predictor models of
body mass index, BRCA1 and BRCA2 mutations, Parity Li
Fraumeni syndrome, high alcohol intake, lifestyle, radiation
exposure in utero, breastfeeding, and smoking have been
noted. Studies in the molecular, histopathological, genetic,
and genomic domains have shown that young women with
breast cancer have an increased incidence of more invasive
subtypes with worse overall prognosis, increased genetic
susceptibility, differential tumor genes, and genomic-speci-
fic signatures’.

The miRNAs are a group of 25 nucleotide-long RNAs.
They are small non-coding RNAs that approximately 18 nor-
mally regulate gene expression at the post-transcriptional
stage by binding to the 3'UTR portion of a target mRNA.
Studies have shown that alterations in miRNA expression
occur in a range of cancers. MiRNAs also control cancer-re-
lated processes such as proliferation, apoptosis, migration,
and invasion. Recent studies have also shown that miR-
NAs play a key role in stem cell differentiation. The role
of miRNAs as new predictive and prognostic markers has
been considered in several studies and has been prominent
as potential therapeutic targets?. MiR-548c-5p, miR-181d,
miR-487b, miR-206, miR-195, miR-30d, miR-149, miR-183,
miR-182 and miR-320, miR-10a, miR-130, miR-127-3p,

miR-143, miR-10b, miR-125b, and miR-195 are used as
molecular signatures early in the onset of breast cancer®.

In this study, we aimed to evaluate the regulation pat-
tern of MiR-144 in response to exosome therapy of breast
cancer cells, as well as evaluate the breast cancer cells mi-
cro-environment.

|
Materials and methods

Cell culture

The cell line of MDA-MB-231 (invasive breast cancer
cell line) was bought from the Pasteur Institute, Iran. The
cells were cultured in a DMEM medium containing 11% fetal
calf serum (FBS), 1mM L-glutamine, 100 unit/ ml penicillin,
and 100pg /ml streptomycin in wet incubation; they were
grown with 5% CO, at 37 °C.

Cell passage of adherent cells was performed by eva-
cuating the cell culture medium, washing twice with PBS,
adding 2ml of trypsin solution, and incubating at 37 °C for
3 to 5 minutes. After transferring to Falcon, the cell sus-
pension was centrifuged at 1500rpm for 5min. The resulting
precipitate was dissolved in 1 ml of a complete medium.
The resulting suspension was divided between 2 to 3 new
flasks. Cell culture flasks were incubated and maintained at
37 °C with 5% carbon dioxide.
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Exosome Isolation from Cell Culture Using
Sedimentation with ExoQuick Kit

The culture medium or cell supernatant collected at di-
fferent passages was used to isolate the exosomes based
on the manufacturer's guidelines*.

Scanning electron microscopy (SEM)

A small volume of the exosome was purified and was-
hed with glutaraldehyde 2.5% and fixed with PBS. The
sample was then dialyzed with ethanol and dried on a glass
surface with a thin layer of gold. The size and morphology of
the exosomes were assessed by scanning electron micros-
copy (Digital SEM, KYKY-EM3200, China).

Dynamic light scattering (DLS)

The volume of 40uL of extracted exosomes that had
been dissolved in PBS reached 300uL by PBS. Then the
solution was sonicated. Exosome size was measured by the
Zetasizer Nano ZS (Malvern Instruments, UK) apparatus.

Overexpression of microRNA

The tube containing the lyophilized microRNA precur-
sor sequence was briefly centrifuged to collect all material
at the end of the tube. The precursor sequence was dissol-
ved in 331pl of nuclease-free water according to the manu-
facturer's proposed protocol, increasing this amount to give
a 11uM solution. The tube was kept at room temperature
for a few minutes, and then the contents of the tube were
mixed with gentle pipetting. The resulting suspension was
stored at -20 °C.

Total RNA Extraction

In the present study, the Trizol (Invitrogen) reactor was
used for RNA extraction. The manufacturer's guideline was
followed to isolate RNA from the cell or exosome: they were
first centrifuged in a Falcon tube and then added to the pe-
llet containing 1ml of Trizol reagent and incubated at room
temperature for 5min. 200yl chloroform per 1ml Trizol was
added to the mixture. The micro-tube centrifugation was
performed at 12000g at 4 °C for 15min. Isopropanol was
added to the volume of the transferred fluid and incubated
on ice for 20 minutes. The supernatant was discarded, and
1 ml of 75% ethanol was added to the precipitate. The mi-
crotube was vortexed and continued until the sediment was
separated from the bottom of the microtube. The sample
was centrifuged at 75009 for 8 minutes at 4 °C®.

Statistical analysis

The data were presented as the mean and standard
deviation (SD) of two or three independent experiments
and the t-test was used for statistical analysis of data chan-
ges. P values of 1 were considered statistically significantly
less than 0.05. data were analyzed using SPSS 18.0 and
PRISM.

|
Results

Breast tumor cells for transfection and isolation of
engineered exosomes

After breast tumor cells were cultured, the cells were trans-
fected with the miR-144 precursor sequence as described.
The supernatant of transfected cells and the control cell group
was collected at different passages and used for exosome

isolation. The morphology of the MDA-MB-231 breast tumor
cell lines by contrast phase microscopy after transfection of the
miRNA precursor sequence is shown in Figure 1.
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Figure 1. Morphology of MD‘A-MB-231 Breast Tumor Cells
by Contrast Phase microscopy.

Melting curve analysis

In this study, melting curve analysis was used to con-
firm the accuracy of the amplified fragment and to ensure
the absence of nonspecific product, primer-dimer, and con-
tamination. By examining the generated peaks, it can be
concluded that the peaks formed at low temperatures are
directly related to the amount of nonspecific products for-
med at the end of the PCR process. As shown in Figure 2,
the presence of only one peak for each gene at its specific
melting temperature indicates the specificity of the replica-
tion product. This ensures no such thing as nonspecific re-
plication, primer dimers, or contamination.

Regulation pattern of miR-144

Following the transfection of breast cancer cells with
miR-144 precursor sequence, Real-time PCR results in two
transfected, and untransfected cell lines (control group)
showed that miR-144 expression in transfected cells was
compared. There was a significant increase in the control
group. As shown below, after 24h of transfection with the
precursor sequence, miR-144 expression levels were sig-
nificantly increased in transfected cells compared to basal
miRNA expression levels in the control cell group (p <0.001)
evidence of the adequacy of the strategy chosen to increa-
se miR-144 expression. Figure 3 shows the expression of
miR-144 from real-time PCR.

Size and Morphology of Exosomes Isolated from Breast
Cancer Cells by Scanning Electron Microscopy

SEM assessed the size and morphology of exosomal
extracellular vesicles. The results showed that the isolated
exosomes had less than 150 nm spherical appearance. Fi-
gure 4 shows the image taken by this microscope.

Evaluation of relative amounts of miR-144 in engineered
exosomes compared to control exosomes

Real-time PCR was used to demonstrate the production
of engineered exosomes containing miR-144. As shown,
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Figure 2. Characterization (specificity) amplification in Real-time PCR reaction. Each peak for the mir-144, smad4, TGF-

bR2 and GAPDH genes represents the melting temperature of a PCR product.
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Figure 3. Expression of miR-144 from Real-time PCR.
Significant increase in miR-144 expression levels in cells
transfected with the miR-144 precursor sequence compa-
red to its basal expression levels in the control cell group.

engineered exosomes (Exo-miR-144) showed significant-
ly higher expression of miR-144 than control exosomes (p
<0.001). Figure 5 shows the expression levels of miR-144
in the two engineered and control exosomes.

Assessment of SMAD4 gene transcript expression
in breast cancer cells following treatment with the
bacterial toxin, engineered exo-miR-144 exosomes, and
combination treatment of toxin A and exo-miR-144

To identify the effect of engineered exosomes contai-
ning miR-144 (Exo-miR-144) on breast cancer cells, the
cells were treated with the engineered exosomes derived
from both transfected and Non-transfected breast cancer
cells (compared). Real-time PCR results as shown in figu-

Figure 4. Investigation of exosomal extracellular vesicles
isolated by SEM.

re 6 a decrease in Exo-miR-144 at 24 and 48 hours after
treatment with SMAD4 gene expression. The results also
showed that bacterial toxin A-induced reduced the expres-
sion of the SMAD4 gene in breast cancer cells. More im-
portantly, the combination treatment of bacterial toxin A and
Exo-miR-144 was engineered to create a time-dependent
synergism to reduce SMAD4 gene expression.

Assessment of TGF-BR2 gene transcript expression in
breast cancer cells following treatment with bacterial
toxin A engineered exo-miR-144 exosomes and
combination treatment of toxin A and exo-miR-144

To identify the effect of engineered exosomes contai-
ning miR-144 (Exo-miR-144) on breast cancer cells, these
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Figure 5. Determination of expression levels of miR-144
in the two engineered exosomes and control showed sig-
nificant levels of miR-144 in the exo-miR-144 engineered
exosomes. Exosomes are derived from cells transfected
with the miR-144 precursor sequence.

cells were treated with these engineered exosomes and with
cells treated with the control exosomal group), exosomes
derived Non-transfected breast cancer cells (compared).
Real-time PCR results, as shown in Fig. 7 showed that at
24 and 48 h after TGF-BR2 gene expression was decreased
in the Exo-miR-144 treated group. The results also showed
that bacterial toxin A-induced a decrease in the expression
of the SMAD4 gene in breast cancer cells. But more im-
portantly, the combination treatment of bacterial toxin A and
Exo-miR-144 was engineered to produce a time-dependent
synergism to reduce TGF-BR2 gene expression.

Evaluation of cell cycle progression in breast cancer
cells following combination treatment of bacterial toxin
and engineered exosomes (Exo-miR-144)

A strong synergy was observed in the reduction of ex-
pression of SMAD4 and TGF-BR2 genes following the com-
bination treatment of bacterial toxin A and engineered exo-
somes (Exo-miR-144) in MDA-MB-231 breast cancer cells.
As can be seen, the simultaneous treatment of bacterial
toxin A and engineered exosomes (Exo-miR-144) increa-
sed the cell population in the Sub-G1 phase from 1.92% to
35.54%. This combination treatment is remarkable for stop-
ping the cell cycle (Figure 8).

|
Discussion

Some bacterial toxins' role in inhibiting cancer cell proli-
feration has been elucidated. The most well-known function
of Botulinum toxin is its effects on cell integrity and cytos-
keleton. In 2013, Bandala and colleagues demonstrated the
effect of Botulinum toxin on the proliferation and apoptosis
of T47D cancer cells. They determined that Botulinum treat-

ment may be a standard treatment for breast cancer. Howe-
ver, the molecular pathways induced by Botulinum that
affect its cytotoxic activity have not been well identified®.

Delivery of efficient and functional miRNA mimics and/
or antagonists to tumor cells is a major challenge in miR-
NA-based cancer therapy. The current standard approach
for gene-based and RNAi-based treatments uses viral or
non-viral vector systems. Methods that directly utilize viral
vectors lead to efficient gene transfer, although in some
cases, they also have inefficiencies’. Cationic liposomes
are composed of two positively charged lipid layers. They
can form with negative DNA, which has a negative char-
ge, through the simple mixing of lipid and complex DNA so
that the resulting complex (lipoplex) has a generally positive
control. The lipoplex is readily attached to the cell and trans-
fected efficiently to a large extent®. Currently, numerous cli-
nical trials are underway using cationic liposomes to deliver
genes. Liposomes for delivery of chemotherapeutic agents
such as Doxorubicin have also been previously available for
chemotherapy of breast cancer®. An essential drawback of
using cationic liposomes is that they lack specificity for the
tumor and have relatively low transfection efficiency compa-
red to viral vectors. However, the tumor specificity of lipo-
plexes can be dramatically enhanced by carrying a ligand
identified by the cell surface receptor. Endocytosis media-
ted by the cellular entry pathway receptor is highly efficient
in eukaryotic cells. Ligand placement on the lipoplex facili-
tates the entry of DNA into cells by the initial binding of the
ligand to the cell surface receptor and subsequent entry of
the lipoplex into the cell. Upon entry into the cell, DNA exits
the endocytosis pathway to express it in the cell nucleus™.
To efficiently deliver DNA to the cell, tumor-specific nano-
particle-specific lipopolysaccharides have been developed
with ligand-targeting and self-assembling capabilities for
cancer gene therapy'. Exosomes are one of these biologi-
cal nanostructures that efficiently transfer macromolecules
and nucleic acids between cells. These natural nanofluids
in the human body transfer proteins, types of RNAs, and in
some cases, DNA from DNA. Cell by cell is responsible'2.

In 2013, Katakowski et al. used exosomes secreted by
mesenchymal stem cells to load miR-146b, showing that
miRNA treatment using exosomes can effectively inhibit
tumor growth. In addition to siRNAs and miRNAs, mRNAs
can also be transported by exosomes as a product’®. Exo-
somes can also load other types of medicine. For example,
in 2015, Zhang et al. found that curcumin, loaded in murine
lymph node cell exosomes, could successfully transfer to
brain tissue and improve the apoptosis of microglial cells in
the brain. The results of their work show that this strategy
may provide a new non-invasive and therapeutic approach
to treating inflammatory brain diseases. There are also
other studies on the effect of the genetic content of exoso-
mes in cancer treatment, all of which confirm the efficacy of
exosomes in gene transfer'.

|
Conclusions

As shown in the results section, exosomes secreted
from tumor cells did not affect the expression levels of
TGF-B pathway genes in breast cancer cells. However,
when miR-144 was overexpressed in tumor cells, this ove-
rexpression caused miR-144 to be packaged in tumor-deri-
ved exosomes. Interestingly, exosomes derived from these
engineered cells that contained significant amounts of miR-
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Figure 6. Assessment of SMAD4 Transcript Expression in Breast Cancer Cells Following Treatment with Exosomal Con-
trol, Bacterial Toxin A, Exo-miR-144 Engineered Exosomes and Toxin A + Combined Treatment Exo-miR-144. Treatment
of engineered exosomes containing miR-144 resulted in a significant decrease in the expression level of the SMAD4
gene. In this regard, the synergistic effect of the bacterial toxin A + Exo-miR-144 significantly reduced the expression
of SMADA4 transcripts in a time-dependent manner. The results were normalized to GAPDH reference gene expression.
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Figure 7. Evaluation of TGF-BR2 Transcript Expression in Breast Cancer Cells Following Treatment with Exosomal Control,
Bacterial Toxin A, Exo-miR-144 Engineered Exosomes and Toxin A + Combined Treatment Exo-miR-144. Treatment of en-
gineered exosomes containing miR-144 resulted in a significant decrease in the expression level of the TGF-BR2 gene. The
synergistic effect of Exo-miR-144 + bacterial A toxin was important in this regard, which significantly reduced the expression
of TGF-BR2 transcripts in a time-dependent manner. The results were normalized to GAPDH reference gene expression.
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