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ABSTRACT Breast cancer represents the highest number of cancer cases in Indonesia, with triple-negative breast cancer
(TNBC) being a common subtype (10-15%). MicroRNAs play a role in cancer epigenetics and contributing as core factors
to the disease. The expression of miR-143-3p have been found to be lower in breast cancer samples from Yogyakarta
and Central Java. It is known that miR-143-3p functions as a tumor suppressor in breast cancer, and its overexpression
corresponds with an increased survival rate. The structure of miRNA is quickly degraded, an enhanced delivery system for
miRNA is required. Exosomes are indeed emerging as natural delivery agent. A new approach represents that exosomes will
be transfected with mimic-hsa-miR-143-3p yield an exo-miR. The research aimed to examine how exo-miR affects viability,
migration, and proliferation using 4T1 cell line. The Exo-Fect-based method was used to transfect mimic-hsa-miR-143-3p
into exosomes. The MTT assay, wound healing assay, and colony formation assay were used as functional assay. The MTT
assay revealed that 7.5 uL/ 250,000 particles exo-miR obtained a lower percentage of cell viability (58%) than the control
(99.7%). The wound healing assay showed that transfection of 37.5 uL/ 1,250,000 particles exo-miR was able to suppress
migration by the percentage of wound closure (67%) compared to the control (100%). Exo-miR also had a significant (p
< 0.001) effect on colony-forming abilities, as shown by fewer colonies (32) compared to the control (132). This findings
demonstrated that exo-miR represents a promising targeted approach in cancer therapy.
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1. Introduction giogenesis, lymphatic invasion, and increased tumor in-
filtrating lymphocyte (TIL) levels might produce a worse
Breast cancer is the leading cause of death for women prognosis than other subtypes (Radosa et al. 2017).
worldwide, and Indonesia has the highest number of pa-
tients. According to the statistic number from the World
Health Organization (WHO) in Global Cancer Observa-
tory (2020), the percentage of breast cancer patients in In-
donesia reaches 16.6% or 65,858 patients out of all cancer
patients. The triple-negative breast cancer (TNBC) sub-
type is the most common type of breast cancer (10-15%)
and the cause of high patient mortality rates (Mehanna

et al. 2019). TNBC is an aggressive type of breast cancer

Long noncoding RNAs (IncRNAs) and small noncod-
ing RNAs (sncRNAs) are epigenetic regulators that play
a role in intracellular and intercellular signaling in can-
cer. MicroRNA (miRNA) is a specific subtype of sncRNA
that able to post-transcriptionally regulate several target
genes via specific targets on the 3' UTR mRNA (Klinge
2018). MiRNAs have an ability to regulate cancer cells
at the molecular level that led to their widespread use as

that has the worst prognosis compared to other subtypes
(Hermansyah et al. 2021). TNBC which lacks estrogen
receptors (ER), progesterone receptors (PR), and human
epidermal growth factor receptor-2 (HER-2) are highly in-
vasive and rapidly metastasizes (Rayson et al. 2018). Most
cases of TNBC had a high degree of seriousness, fast an-

biomarkers and novel therapies.

Previous study successfully analyzed miRNAs from
tumor tissue of TNBC patients in the Yogyakarta and Cen-
tral Java region (Satriyo et al. 2020). The nanostring anal-
ysis revealed a significant dysregulation of miR-143-3p re-
lated to cancer cell progression. High expression of miR-
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143-3p was associated with a good prognosis and survival
rate. This finding showed that treatment using miRNA-
based therapy have opened a new promising perspective
but also has a several challenges. miRNA requires a de-
livery system that can work specifically and has a stable
structural arrangement when delivering molecules to cel-
lular systems (Dasgupta and Chatterjee 2021).

Exosomes are a potential target for delivering
molecules. Exosomes are extracellular vesicles that range
in size from 30-150 nm (Bhome et al. 2018). Exo-
somes can be easily isolated from any body fluid. Exo-
somes are not immunogenic and regulated for delivering
molecules to target cells (Samanta et al. 2018), can ac-
tively or passively carry compounds to cancer cells such
as drug molecules, nucleic acids, and proteins. Exo-
somes are more stable than lipid nanoparticles because
macrophages and the reticuloendothelial system may re-
move lipid nanoparticles. Exosomes generated by cells
are also highly biocompatible, resulting in minimal tox-
icity and immunogenicity (Kim et al. 2021).

Exogenous miRNA-based gene therapy approaches
include by exosomes are a novel treatment option for can-
cer. Anti-miRNA oligonucleotides (AMO) and miRNA
mimics (miR mimic) are a few examples of exogenous
miRNAs that can be applied. The miR mimics are used
for enhanced inhibition in cancer cells (tumor suppressor),
whereas AMO is used to inhibit tumor-promoting miRNA
(oncomiR). The mimic-hsa-miR-143-3p is a hsa-miR-
143-3p synthetic miRNA. According to research data,
miR-143-3p functions as a tumor suppressor in the de-
velopment and carcinogenesis of breast cancer (Xia et al.
2018). Transfection exogenous miRNA mimics (mimic-
hsa-miR-143-3p) into exosomes (exo-miR) can influence
pathophysiological changes in breast cancer cells. High
expression of miR-143-3p in cancer cells, reducing viabil-
ity and suppressing proliferation (Zhang et al. 2016).

This study determined the potential of mimic-hsa-
miR-143-3p encapsulated exosome (exo-miR) on 4T1 cell
line. The transfection method was performed according
to the protocol of Exo-FectTM Exosome Transfection Kit
(cat. EXFT20A-1, System Biosciences). We demon-
strated the effects of exo-miR on 4T1 cell line using MTT
assay, scratch wound healing assay, and colony formation
assay as a functional assay. This study presents a sig-
nificance result of a newly complex exosome-mimic miR
(exo-miR) in having a potential to inhibit viability, migra-
tion, and proliferation of breast cancer in vitro.

2. Materials and Methods

2.1. Exosome isolation and characterization

Exosomes were isolated from secretomes of mesenchymal
stem cells (MSC), product of Tristem Medika Indonesia
company. The exosomes characterization resulted quan-
titative data in the form of particles (per millilitre) (/mL).
Exosome samples were found to contain 2.4 x 10® parti-
cles/mL. The average size of exosome samples is 117 nm
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(Agung Nugrahaningsih et al. 2023). In accordance with
the the framework, exosome nanoparticles range in size is
from 30 to 150 nm (Vestad et al. 2017).

2.2. Cell culture

Handling procedure for the 4T1 cell line was the
one according to the protocol from American Type
Culture Collection (https://www.atcc.org/). The 4T1
cell line were cultured in DMEM medium (GibcoTM
11965092) with 10% fetal bovine serum (FBS) (GibcoTM
16000044) supplementation, 1% penicillin-streptomycin
(GibcoTM 15140122) and 0.5% amphotericin-B (Gib-
coTM 15290018). The vial was thawed in a 37 °C water
bath about 2 min, followed by transferring the vial con-
tents (cells) into the conical centrifuge tube containing 5
mL complete medium, then the tube was centrifuged at
2,000 rpm for 5 min. The supernatant was then removed,
and the cell pellet was resuspended using 1 mL complete
medium. The cells (1 mL) were transferred into a culture
dish (100 mm) (iwaki 3020-100) containing 9 mL com-
plete medium and were gently homogenized. The cell cul-
ture was incubated in a humidified incubator (37 °C, CO,
5%). When the cells were 70-80% confluent, the cells
were then sub-cultured. The medium was removed, the
cells were washed with 2 mL of phosphate-buffered saline
(PBS) (GibcoTM 10010023), and slowly homogenized.
After dispensing the PBS, the cells were treated with 1
mL of 0.25% Trypsin-EDTA (GibcoTM 25200056) as a
detaching agent and then incubated for 3 min in the incu-
bator (37 °C, CO, 5%). Cells were added with 4 mL of
complete DMEM and homogenized. The cells were trans-
ferred to the conical tube and centrifuged for 5 min at 2,000
rpm. After dispensing the supernatant and resuspending
the pellet with 1 mL of complete medium, the cells were
count using the Trypan Blue method. Amount of 300,000
cells/100 pL were transferred to a culture dish (100 mm)
(iwaki 3020-100) and slowly homogenized until the cells
were evenly distributed. The cells were incubated at 37°C,
CO; 5% about 48-72 hour (h) and then repeatedly sub-
cultured.

2.3. Transfection mimic-hsa-miR-143-3p into exo-
somes

Synthetic miR (mimic-hsa-miR-143-3p) custom from In-
tegrated DNA Technologies (IDT) was transfected into
exosomes according to the protocol of Exo-FectTM Ex-
osome Transfection Kit (cat. EXFT20A-1, System Bio-
sciences). The following components were added to a 1.5
mL microtube: 10 pL Exo-Fect solution, 2 pL. mimic-
hsa-miR-143-3p (20 pmol) dissolved in 19.8 pL Nuclease
Free Water (NFW), 70 pL sterile PBS, 41.7 pL. exosomes
(107 exosome particles) dissolved in PBS 8.3 pL sterile.
The components were combined to yield a total volume
of 150 pL. The samples were homogenized by inverting
them three times, without vortexing. The samples were
incubated in a 37 °C water bath with a treatment shaker
speed of 150 rpm for 10 min. Samples were immediately
transferred to an ice box and incubated for 10 min. The
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volume of 30 pL of ExoQuick-TC reagent was added into
the sample. The sample was homogenized by inverting
6 times without vortexing. Sample was incubated in ice
box or at 4 °C for 30 min. Samples were centrifuged at
14,000 rpm for 3 min. After dispensing the supernatant,
the pellet was resuspended in 300 pL of sterile PBS. The
exo-miR solution can directly transfected into the cell or
can be stored at -20°C.

2.4. Transfection confirmation test using siRNA la-
belled Texas-Red

The sterile coverslips (cat no. 1101-018, Cosmo Bio-
science Inc.) were added to the centre of the 6-well
plate (iwaki 3810-006N). The DMEM (3 mL/well) was
added. The 4T1 cell line was cultured at a cell count of
100,000 cells/well. Cells were incubated for 24 h at 37°C
(5% CO,). Confirmation of transfection was performed
using siRNA labelled with Texas-Red, according to the
protocol of Exo-FectTM Exosome Transfection Kit (cat.
EXFT20A-1, System Biosciences). Cells were added with
complex exosome + siRNA + Texas-Red as much as 150
pL (5,000,000 particles exo-miR), and incubated for 24
h at 37 °C (5% CO,). To confirm the transfection effec-
tiveness, cells were observed by using a confocal micro-
scope/fluorescent microscope with Standard Red Fluores-
cent Protein (RFP) filter settings. Transfection is consid-
ered effective if the cells emit a red light in accordance
with Texas-Red standards.

2.5. MTT assay

Cell viability assay protocol (MTT assay) was conducted
based on the previous study with modifications to the num-
ber of cells and concentrations (Ysrafil et al. 2020). The
4T1 cell line was cultured in 96-well plates (iwaki 3860-
096) at a cell count of 3,935 cells/well using DMEM, then
incubated overnight at 37 °C (5% CO,). Cells were trans-
fected with exo-miR at various concentrations, i.e. (a)
7.5 pL/250,000 particles exo-miR, (b) 3.75 pL/125,000
particles, (c) 1.875 nL/62,500 particles, as well as a con-
trol treatment (control 4T1 cell line, control exosome +
kit (E*), control mimic-hsa-miR-143-3p, and control ex-
osomes) using volume based on the concentrations using
at point (a). Each sample and control were conducted in
triplicate and incubated for 24 h (37 °C, 5% CO,). Af-
ter 24 h, the medium was removed and then added with
100 pL (0.5 mg/mL) MTT (3-[4,5-dimethylthiazol-2-yl1]-
2,5 diphenyl tetrazolium bromide) solution. The samples
were incubated at 37 °C, 5% CO, for 4 h. To stop the reac-
tion, 100 pL of sodium dodecyl sulfate (SDS) (10% SDS
in 0.01 M HCI) was added to the cells. The plates were in-
cubated at room temperature for overnight in the dark. The
absorbance was read at 595 nm using microplate reader.

2.6. Wound healing assay

The 4T1 cell line was cultured on 24-well plates (iwaki
3820-024) at a cell count of 200,000 cells/well in DMEM
with 0.5% FBS. Cells were incubated at 37 °C, 5% CO,
for 24 h. A gap or cell free area was created by man-
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ually scratch using pipette tip (yellow/white tip) verti-
cally (Jonkman et al. 2014). The medium was removed,
cells then washed with medium before being transfected
with different concentrations of exo-miR, i.e. (a) 37.5
pL/1,250,000 particles exo-miR, (b) 18.75 pL/625,000
particles, (c) 9.375 pl./312,500 particles, as well as a con-
trol treatment (control 4T1 cell line, control exosome +
kit (E*), control mimic-hsa-miR-143-3p, and control exo-
somes) using volume based on concentration using at point
(a). Each sample and control were tested in triplicate and
incubated for 24 h (37 °C, 5% CO,). Cell migration was
observed at 0, 12, and 24 h after treatment using OptiL.ab
camera.

2.7. Colony formation assay

The 4T1 cell line was cultured in 6-well plates (iwaki
3810-006N) at a cell count of 100 cells/well in DMEM
medium containing 3% FBS. Cells were incubated at 37
°C, 5% CO,, for 24 h. After washing, the cells were trans-
fected with 150 pL exo-miR (5.000.000 particles exo-miR,
as mentioned in the Exo-Fect Kit Protocol), as well as con-
trol treatment (control exosome + kit (E*), control mimic-
hsa-miR-143-3p, and control exosomes). Each sample and
control were tested in triplicate and incubated for 10 d at
37 °C, 5% CO;. Every 72 h, the medium was changed and
re-transfected with an exo-miR. Cells were stained with
methylene blue 1% in methanol (Pro Analysis grade) af-
ter 10 d of incubation. The medium was dispensed and
washed with PBS 3 mL/well, PBS was dispensed and then
add with methanol 3 mL/well. Incubate the sample in -
20°C about 15 min. The methanol was dispensed and then
add with methylene blue (1% in methanol) 3 mL/well. In-
cubate the sample in room temperature about 3—4 h. Dis-
pense the methylene blue until it is completely clean and
then wash gently with PBS once. The data obtained was
the number of colonies stained using methylene blue. Im-
ages of 6-well plates were then analysed using ImageJ soft-
ware to count the number of colonies.

2.8. Statistical analysis

Statistical analysis was performed using the Graph Pad
Prism by Dotmatics Software (https://www.graphpad.c
om). Numerical data are presented in the form of mean
+ standard deviation (DS). Numerical data were tested for
normality using the Shapiro-Wilk test (a = 0.05). Compar-
ative analysis of treatment and control using the unpaired
t-test. The Pearson’s correlation analysis with standard p
< 0.05, indicated that there were significant differences in
the statistical data.

3. Results and Discussion

3.1. Transfection mimic-hsa-miR-143-3p into exosome

Previous research showed that the Exo-Fect method was
the most effective when compared to other methods such
as electrophoresis, heat shock, saponin and cholesterol-
based (de Abreu et al. 2021). The Exo-Fect method can
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interact with exosomes via an interaction mechanism on
the exosome surface membrane. This surface interaction
exposes the exosome’s surface membrane, allowing com-
ponents such as miRNA to enter the lumen via a diffusion
process. As a result, exosomes can be simply utilized as
carrier agents in gene therapy/targeted therapy. Exo-Fect
might improve exosome internalization into the cells.

A siRNA labelled with Texas Red (Texas Red-labelled
siRNA) was used in the transfection confirmation test to
confirm the availability of Exo-Fect that could transfected
mimic-miR into exosome and internalized into the cells.
To confirm effective transfection, cells were observed un-
der a confocal microscope/fluorescent microscope with
standard RFP filter settings. Transfection was successful
when the cells emit a red light in accordance with Texas-
Red standards (Figure 1).

The observation using confocal microscope showed
that the 4T1 cell line transfected with a positive control in
the form of siRNA-labelled Texas Red had a fluorescence
intensity of 1.073. The intensity was higher than the nega-
tive control, which was 0.182. This fluorescenct indicates
that the Texas-Red labelled siRNA was successfully trans-
fected into the exosome and can be internalized into the
cells. Previous research has revealed that exosomes that
introduced into the cells were recognized as a single vesi-
cle, no accumulation at the cells surface, and detected to
have cell contact leading to internalization. These findings
suggest that exosome uptake is highly efficient. Newly
describe showed that exosomes enter the cell by filopo-
dia. Exosome form endosomal trafficking and scanning
the endoplasmic reticulum (ER) for potential cargo release
(Heusermann et al. 2016). As a result, the exosome-based
Exo-Fect method is preferable for regulating cargo inter-
nalization.

3.2. Cell viability assay using MTT assay

The exo-miR nanocomplex was further examined for the
effect on the 4T1 cell line viability, by using the MTT
assay technique. MTT reagent (3-(4,5-dimethylthiazol-2-
y1)-2,5-diphenyl-2H-tetrazolium bromide) is a positively
charged mono-tetrazolium with four core tetrazole rings

4T1 cell line

negative control

positive control

surrounded by three aromatic rings, two phenyl groups,
and one thiazolyl ring. MTT reagents can pass cell mem-
branes and mitochondrial membranes of living cells be-
fore being reduced to formazan by cell metabolic activity.
The reduction of the MTT reagent promotes damage to the
core of the tetrazole ring, resulting in the formation of for-
mazan, a water-insoluble violet-blue molecule (Stockert
et al. 2018).

The experiment was conducted using a triplicate de-
sign to examine the viability of 4T1 cells after the trans-
fection of exo-miR nanocomplexes. The exo-miR concen-
trations was calculated using the area of the volume pro-
vided on the multi-well plate utilized and the number of
cells grown in each well. The E* control is an exosome
control included with the Exo-Fect kit that does not in-
clude miR mimic. The controls are designed to assess the
efficacy of mimic-hsa-miR-143-3p on 4T1 cells. The via-
bility of 4T1 cells showed the lowest percentage compared
to controls using exo-miR concentrations 7.5 pL/ 250,000
particles exo-miR (a) (Figure 2). The control used was an
E* control (Exosome + Exo Fect), which aimed to deter-
mine the functional of mimic-hsa-miR-143-3p on 4T1 cell
viability.

The lower percentage in cell viability indicated that
there was an inhibitory regulation of 4T1 cell growth
caused by the addition of exo-miR. The function of mimic-
hsa-miR-143-3p towards inhibition of 4T1 cells can be
seen based on the percentage of viability compared to con-
trol E* (exosome + kit), mimic-hsa-miR-143-3p, and exo-
somes (Figure 3). Significant effects on cell viability were
observed in 4T1 cells that had been transfected with exo-
miR. This data was compared with the controls, includ-
ing the control E*, exosomes, and mimic-hsa-miR-143-
3p, in order to assess the functional effects of the miRNA
independently. Concentrations of 7.5 pL/ 250.000 parti-
cles exo-miR (a) was significantly (p < 0.001) reduced the
viability of 4T1 cells.

The exo-miR nanocomplex is capable of keeping
mimic-hsa-miR-143-3p stable, allowing it to be trans-
ported to target cells and control inter-cellular signalling.
The exosome lipid double layer structure protects the

4T1 cell line transfected with
exosome + siRNA labelled Texas Red

FIGURE 1 4T1 cell line transfected with Texas-Red labelled siRNA to confirm the transfection process.
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FIGURE 2 Cell viability percentage of 4T1 cells after adding exo-
miR nanocomplex with a volume of 1.875 uL (62,500 particles),
3.75 ulL (125,000 particles) and 7.5 ulL (250,000 particles). The
viability of 4T1 cell line was lower than control (E*) (0.000 uL).
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FIGURE 3 MTT assay resulted that cells transfected with exo-miR
with a volume of 1.875 pL (62,500 particles), 3.75 uL (125,000 par-
ticles)and 7.5 pL (250,000 particles) showed lower viability (58.6%)
compared to control (99.7%).ns = not significant; * = p < 0.05; ***
=p < 0.001.

mimic-hsa-miR-143-3p from degradation (Guo et al.
2021). Exosomes are particularly effective delivery ve-
hicles when compared to other synthetic cargo. Through
filopodia, the exosome enters the target cell, travels
through the endosomal pathway to the endoplasmic retic-
ulum, and ultimately releases miRNA into the cytosol.
miRNA will be induced by RNA-induced silencing com-
plex (RISC). The target mRNA will bind to RISC, which
allows the target mRNA to degrade in the rough endoplas-
mic reticulum (Heusermann et al. 2016).

The results of the unpaired t-test on cells transfected
with mimic-hsa-miR-143-3p and exosome showed in-
significant results (P > 0.05) when compared to controls.
These data indicated that treatment using mimic-hsa-miR-
143-3p and exosome had lower significant effect on 4T1
cell viability. The structure of mimic-hsa-miR-143-3p
which is unstable in the circulation system can be degraded
by RNAse (Lu et al. 2023) so it has lower effect on 4T1
cells.

The exosome control showed an increase in cell via-
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bility compared to the control. This increase in cell via-
bility is caused by components in exosomes that can sup-
port cancer progression such as proteins, endogenous miR-
NAs, lipids and several growth factors. Previous research
demonstrated that exosomes isolated from MSCs could
increase the viability of MCF7 cells because they con-
tain several tumour supporting components (Vallabhaneni
et al. 2014). Other studies also support these results that
exosomes from MSCs can induce cell viability through the
hippo signalling pathway which has implications for tu-
mour progression. Hippo signalling pathway plays a role
in the regulation of tumorigenesis (Wang et al. 2016).

3.3. Migration assay using wound healing assay

Cell migration is one of the processes that cancer cells go
through on their way to metastasis. Changes in the regula-
tion of cytoskeleton dynamics and focal adhesion, which
are connected to cell migratory signals, are involved in the
mechanism. Wound healing assay is a common in vitro
approach for determining cell migration activity in two
dimensions. To create a cell-free space, monolayer cells
were treated with physical exclusion. The area without
cells will induce cells to migrate to the gap area formed.

The wound closure was observed at 0, 12, and 24 h.
The areas were examined with an inverted microscope
combined to the OptiLab (Miconos) device. ImageJ soft-
ware (https://fiji.sc/) was used to analyse the results of ob-
servations in the form of pictures to determine the area clo-
sure at each hour of observation. Exo-miR influences the
migratory rate of 4T1 cells, as determined by the percent-
age of wound closure (Figure 4). The transfection of exo-
miR concentrations of 37.5 pL/1,250,000 particles exo-
miR (a) resulted in a significant inhibitory effect on 4T1
cell migration.

The independent t-test statistical analysis revealed that
at 12 h after transfection into 4T1 cells, all exo-miR quan-
tities could affect 4T1 cell migration (Figure 5). However,
at 24 hours the inhibitory effect of the exo-miR nanocom-
plex on 4T1 cell migration was only present at the high-
est concentration of exo-miR at 37.5 pL/1,250,000 par-
ticles exo-miR. This indicated that the functional mimic-
hsa-miR-143-3p in the exo-miR formulation was more sta-
ble and was able to significantly mediate the inhibition of
4T1 cell migration with an appropriate minimum number
of particles (p < 0.01).

3.4. Proliferation assay using Colony Formation Assay

Colony formation assay (CFA) or clonogenic assay is an
in vitro test to determine the ability of cells to survive and
form a colony. This parameter can also be used to de-
termine the level of cell viability and proliferation. This
test is simple and appropriate for determining proliferation
ability since it is non-colorimetric and non-fluorescent, re-
sulting in minimum interference. The CFA can be used
to quantify adherent cell types (Rundén-Pran et al. 2022).
The CFA test will provide data on a cell capacity to control
proliferation over time. This metric can be used to predict
cell growth and survival in a colony. This test, however,
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FIGURE 4 The migration of 4T1 cells was observed at 0, 12, and 24 h. Representative images from 1 of 3 replications are depicted. Cell migra-

tion was inhibited by the presence of exo-miR. The strongest inhibitory impact was observed when the concentration (a) (37.5 uL/1,250,000
particles exo-miR) of exo-miR was used for 24 h.
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FIGURE 5 Exo-miR nanocomplex-transfected 4T1 cells showed a
result on 4T1 cell migration upon wound closure. At the 12 and 24
h, the highest concentration (37.5 uL/1.250.000 particles exo-miR)
had a significant effect on 4T1 cell migration compared to control.
ns = not significant; * = p < 0.05; ** = p < 0.01.

cannot be used to establish whether cells are alive or dead
since certain cells that are alive but not growing typically
have a biological role.

The CFA test was performed by culturing cells for 10
days and adding exo-miR (150 pL/5,000,000 exo-miR,
mentioned in kit’s protocol) each 72 h. The CFA was
stained using methylene blue. Methylene blue staining
proceeds for at least 3 hours, which corresponds to the ca-
pacity of the maximal saturation process to occur at that

exo-miR

Control mimic-
hsa-miR-143-3p

Control E* Control
Exosome

FIGURE 6 Methylene blue staining results in the colony formation
assay. Representative images from 1 of 3 replications are depicted.
The exo-miR nanocomplexes inhibited the growth of 4T1 cells.

exo-miR
(37.5 L)

exo-miR
(18.75 L)

exo-miR
(9.375 L)

time (Felice et al. 2009). The staining results were then
analysed using a microscope and optiLab to generate pic-
tures (Figure 6). ImageJ was used to count the number of
colonies.

The exo-miR nanocomplex effect significantly sup-
pressed 4T1 cell proliferation (p <0.001) (Figure 7). The
mimic-hsa-miR-143-3p control and the exosome control
did not show any proliferation suppression effect. These
data indicate that exo-miR has regulation to suppress cell
proliferation compared to the administration of exosome
and mimic-hsa-miR-143-3p.

According to the Hallmarks of Cancer hypothesis, can-
cer regulates uncontrollable growth, also known as ”sus-
taining proliferative signaling” (Hanahan 2022). Homeo-
static principles allow normal cells to govern and release
signals associated to growth and division. Cancer cells are
able to change this signalling, allowing them to be con-
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FIGURE 7 The effect of the exo-miR (150 uL/5,000,000 particle)
in suppresings the proliferation of the 4T1 cell line compared to
control exosomes and mimic-hsa-miR-143-3p. ns = not significant;
** p < 0.01.
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trolled for continuously growth and proliferation. Several
cancer cell strategies for controlling continuous prolifera-
tion include the synthesis of growth factor ligands, which
are mediated through their receptors, modifying prolifer-
ation stimulation. miR-143-3p modulation at this epige-
netic level can target genes involved in cancer cell growth.

miRNA-based therapy has shown clinical potential for
cancer treatment. Additionally, Kadriyan et al. (2021)
reported that exosomes from nasopharyngeal carcinoma
carry both wild type and mutant P53, indicating the po-
tency of exosome as a biomarker and/or therapy approach.

In summary, our study shows the potential of mimic-
miR encapsulated exosome to suppress the viability, mi-
gration and proliferation in 4T1 cell line. The 4T1 mouse
mammary tumor cell line is an animal model for stage IV
human breast cancer that is highly invasive and metasta-
size efficiently. Although this study has shown the sig-
nificant effect of exo-miR, more research is required to
gather more validating data by using human breast cancer
cell line and its implication in normal cells. Additionally,
the molecular mechanisms and signaling pathway of exo-
miR in tumor microenvironment are warranted for further
investigation.

4. Conclusions

The exosome has a 177 nm diameter, a particle concen-
tration of 2.4 x 10® particles/mL, and a spherical particle
shape. The concentrations of exo-miR 7.5 pL/ 250,000
particles exo-miR significantly affected for 4T1 cell vi-
ability (P < 0.001) by up to 58% compared to the con-
trol (99.7%). The Wound Closure percentage of 67% at
24 hours suggested that an exo-miR at concentrations of
37.5 L/ 1,250,000 particles exo-miR significantly inhibit
the migratory rate of 4T1 cells (P < 0.01). Exo-miR vol-
ume of 150 pL (5,000,000 particles exo-miR) significantly
inhibit 4T1 cell proliferation and ability to form colonies
(P < 0.001), as seen by the low number of colonies (32
colonies) compared to controls (185 colonies). This find-
ing showed that the miR-mimic nanocomplex and exo-
somes have the potential to be applied as targeted therapies
in cancer cases. Moreover, the exosomes must be studied
and identified beforehand to ensure that the endogenous
components of exosomes are not interfering in target cells.
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