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Abstract

Introduction: Breast cancer.is the most common cancer in women worldwide, and the triple-
negative subtype is the most invasive, with limited therapeutic options. Since miRNAs are
involved in many cellular processes, they harbor great value for cancer treatment. Therefore, in
this study, we have investigated the anti-proliferative and anti-invasive roles of miR342 in 4T1
triple-negative cells in vitro and also studied the effect of this miRNA on tumor progression and
the expression of its target genes in vivo. Methods: 4T1 cells were transduced with conditioned
media of miR342-transfected Hek-LentiX cells. MTT and clonogenic assays were used to assess
the viability ‘and colony-forming ability of 4T1 cells. Apoptosis and invasion rates were
respectively evaluated by annexin/7-AAD and wound healing assays. At last, in vivo tumor
progression was evaluated using H&E staining, Real-time PCR, and immunohistochemistry.
Results: The viability of transduced-4T1 cells reduced significantly 48 hours after cell seeding
and colony forming ability of these cells reduced to 50% of the control group. Also, miR342
imposed apoptotic and anti-invasive influence on these cells in vitro. A 30-day follow-up of the
breast tumor in the mice model certified significant growth suppression along with reduced
mitotic index and tumor grade in the treatment group. Moreover, decreased expression of Bcl2l11,

Mcll, and ID4, as miR342 target genes, was observed, accompanied by reduced expression of
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VEGF and Bcl2/Bax ratio at the protein level. Conclusions: To conclude, our data support the
idea that miR342 might be a potential therapeutic target for the treatment of TNBC.
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Introduction

Breast cancer is the most common cancer in women worldwide, generally categorized based on
the expression of estrogen receptor (ER), progesterone receptor (PR), and HER2 receptor. The
ER/PR/HER?2 negative one, the triple-negative subtype, is highly heterogenous and accounts for
the most invasive breast cancer with high metastasis ability and poor prognosis.! Unlike the other
subtypes of breast cancer, including the hormone-responsive and HER2-positive. ones, the
therapy options are minimal for triple-negative breast cancer (TNBC).? Chemotherapy is the only
efficient option for treating TNBC; however, chemoresistance occurs_ “after. initial
chemosensitivity.> Therefore, attention was attracted to targeted treatment and gene therapy as a
new therapeutic approach for TNBC. It is well-accepted that in many types of cancers, the
expression of miRNAs is highly dysregulated. miRNAs are small noncoding RNAs with 19-24
nucleotides that negatively regulate their target gene via attaching. to.the 3’UTR of a
complementary mRNA. Since miRNAs are involved in many  cellular processes, including
proliferation, apoptosis, and metastasis, they harbor great wvalue. in"being used for cancer
diagnosis and treatment. Antagomirs are used to repress aberrantly upregulated miRNAs, and
miRNA mimics, with the name miRNA replacement therapy, are the way to restore the
expression of the ones with loss of function.*

So far, many studies have employed miRNA “mimics to induce apoptosis and reduce cell
proliferation and invasion in TNBCs in vitro or in vivo. For example, a previous study proved the
antitumor activity of miR34a on TNBC “withthe suppressing effect on Bcl2 expression.’
Moreover, the role of miR598 in the repression of TNBC was triggered via targeting JAG1.% It
was demonstrated that intravenous injection of miR206 robustly reduced the mass of xenograft
tumors of TNBC.” In addition, €ight weeks after transplantation of TNBC cells transfected with
miR355 to nude mice, slower. tumor growth compared to the control group was detected.® All of
these studies highlight the importance of miRNAs as the therapeutic targets for treating TNBCs.
In our research, we have focused on the role of miR342 in the growth of mice TNBC cells.
miR342 was demonstrated to induce apoptosis and reduce cell proliferation of hepatocellular
cancer cells by targeting Wnt/p catenin pathway.’ Further, the tumor-suppressive role of miR342
in lung cancer was confirmed with intratumoral injection of miRNA mimics.!°

Highwexpression of miR342 was reported to sensitize human TNBC to chemotherapy.'' Also,
miR342 was shown to inhibit the proliferation and migration of human breast cancer cells in
vitro via the suppression of its target genes, cofilin 1 and MTC1.'>!3 However, these data in
TNBC were just verified in vitro and none of these studies examined the therapeutic effect of
overexpression of miR342 on TNBC in the animal model and in the body condition. Therefore,
in this study, we have investigated the anti-proliferative and anti-invasive roles of miR342 in the
4T1 TNBC mice cell line in vitro and more importantly studied the therapeutic effect of this
miRNA on the tumor progression and the expression of its target genes in the mice model. To



our knowledge, this is the first study investigating the tumor-suppressing effect of this miRNA
on TNBC in the mice model.



Materials and methods
Cell culture

Mice 4T1 breast cancer cell line was cultured in RPMI 1640 (Gibco, USA), and human
embryonic kidney 293 T (HEK 293T) was obtained from the Iranian biological resource center
(IBRC, Tehran, Iran) and cultured in Dulbecco's modified eagle's medium (DMEM) (Gibco,
USA). The culture media of both cell lines were supplemented with 10% fetal bovine serum
(FBS) (Gibco, Brazil) and 1% penicillin/streptomycin (Sigma, USA). The cells were grown to
80% confluence in a humidified atmosphere of 5% CO at 37 °C.

Virus production and stable cell line generation

All lentivectors were obtained from the stem cell technology research center (Tehran, Iran).
Lentiviruses were produced by the three-plasmid system and transient cotransfection of HEK
293T cells using polyethyleneimine (PEI MAX 40K, Polysciences):transfection reagent.'* The
mixture of the packaging helper plasmids, psPAX and pMD.2G, with miR342/scrambled
recombinant pCDH-GFP-Puro lentivectors, was prepared in.a total of 15 pg/ml and DNA/PEI at
a 1:2 ratio. 72 hours post-transfection, lentivirus-containing supernatant was collected every 12
hours and centrifuged at 2000 x g/4 °C for 10 min to eliminate packaging cells collected during
harvesting. The seeded 4T1 cells at. a confluency of 60% were transduced with
miR342/scrambled lentiviruses and examined by fluorescent microscope for GFP expression
after 96 hours post-infection. The stable cells were selected using the puromycin (Sigma, USA)
treatment protocol. The control and treatment groups were considered the 4T1-scramble and
4T1-miR342 stable cells.

Flow cytometry analysis

The number of 5 x 10° scramble and treated cells were seeded in a 6-well plate. Apoptosis and
cell cycle alteration assays were performed after 48 hours without changing the medium. The
annexin V-phosphatidylethanolamine (PE) and 7-minoactinomycin D (7-AAD) apoptosis
detection kit (BD:Biosciences) was used for cell apoptosis analysis based on the manufacturer’s
instructions:\Briefly, the cell pellet was suspended in the binding buffer followed by incubation
withy5»uL ‘of ‘annexin-PE for 10 min in the dark. After two washing steps, 5 uL of 7-AAD was
added to 200 pL of suspended cells in the binding buffer. For the cell cycle assay, cells were
fixed with 70% cold ethanol overnight at -20°C. Fixed cells were washed with PBS for 20 min
and subjected to 50 ug/mL propidium iodide (PI; Sigma, USA), 1.0 mg/mL RNase (Thermo
Fisher Scientific), and Tryton X-100 (Sigma, USA). Stained cells were incubated at 37°C in the
dark for 40 min. Apoptosis rate and sub-G1 population were measured by flow cytometry (BD
Biosciences). Data were analyzed using FlowJo 7.6.1 software.



Cell viability assay

The effect of miR342 overexpression on cell viability was measured by 3-(4, 5-dimethylthiazol-
2-yl)-2, 5-diphenyltetrazolium bromide (MTT, Sigma, USA) assay. Transduced 4T1 cells were
seeded into 96-well plates, and then an MTT assay was performed 24, 48, 72, and 96 hours post-
culture. In summary, 10 pL of MTT solution with the 5 mg/mL concentration was added to each
well. After 3 hours of incubation at 37 °C, the cell supernatant was discarded, and.100 pL
DMSO was added to resolve the formazan crystals. At last, the absorbance of the obtained
solution was measured at 490 nm by a microplate Elisa reader (BioTeck EIx800), and the Prism
software analyzed the data.

Wound-healing and invasion assay

Wound-healing assay was used to analyze the migration ability of the 4T1 cells with stable
expression of miR342-3p compared to scramble cells. 5 x 10> scramble and treated cells were
seeded in a 6-well plate and were grown to 80% confluency. The monolayer was disrupted with
a sterile yellow tip, washed with PBS, and incubated in. 2 mI RPMI media containing 2-4% v/v
FBS to stop cell proliferation. Images were taken«at 0, 24, 48, and 72 hours post-injury using a
phase-contrast microscope (Olympus, Tokyo, Japan). The extent of migration into the wound
area was evaluated qualitatively using Image-J.software (NIH Image, USA). The following
formulae calculated wound closure percentage (AO = Area measured at 0 h, Ai = Area measured
at 24, 48, or 72 hours): Wound closure (%)= A0 - Ai/A0 x 100

Colony formation assay

We have used a colony formation assay to assess the impact of miR342 on the proliferation
ability of every single cell. In.brief, about 50-100 cells were seeded in a 3 cm? cell culture dish.
After 14 days, cells were fixed with glutaraldehyde (0.6% v/v) and stained with crystal violet
(0.5 w/v). Finally, the total number of stained colonies was counted by a stereomicroscope
(SUNNY, China). Also, the colony area was measured using Image J software. Cell plating
efficiency was calculated as: number of colonies/number of seeded cells % 100.

In vivo tumer growth

8-weeks female BALB/c mice were used for the tumor model formation. Animals (6 mice/cage)
were kept at about 22 °C with 12 hours of dark/light exposure with standard free access to food
and water. For tumor formation, the number of 5 x 10° 4T1 cells were suspended in 70 ul RPMI
media and injected subcutaneously. The length and width of visible tumors were recorded daily
for 30 days, and the tumor volumes were calculated as 0.5 x length x width?. Also, animals were
anesthetized for tumor removal using 50 mg/kg ketamine and 5 mg/kg xylazine, followed by
cervical dislocation on day 30.



Hematoxylin and eosin staining

First, tumor tissues were fixed in 4% paraformaldehyde. Fixed tissues were sectioned into 5 pm
slices after paraffin embedding. After deparaffinization and rehydration, tissue sections were
stained with hematoxylin and eosin dyes. At last, slides were pictured using an optical
microscope and were analyzed by an expert pathologist. Total tumor grade was determined based
on scoring three characteristics: nuclear polymorphism, mitotic index, and glandular/tubular
differentiation.

Immunohistochemistry

After deparaffinization, the sections were treated with a retrieval mixture (0-1 M sodium citrate
and 0.1 M citric acid), followed by dH>O» incubation. After treatment with protein block (Dako),
slides were incubated with monoclonal anti-Bax (Biorbyt, USA), VEGF (Biorbyt, USA), and
Bcl2 for 60 min. At last, DAB reagent (1:50, Dako) and hematoxylin dye were applied to the
slides. For scoring the antibody reactivity, the modified all-red scoring system was employed in
which the quick score equaled the summation of proportion score and intensity score (0—1 =
negative, 2-3 = weak, 4-6 = moderate, 7-8 = strong).

Real-time PCR

miRNA and gene expression in cells and tumor tissue were evaluated using Real-time PCR.
According to the manufacturer's protocol, the total RNA was extracted using RNX plus reagent
(Sinacolon, Iran). The single-strand cDNA synthesis was done with an RNA template (3 ug for
the synthesis of total cDNA and 1 pg.for the synthesis of miRNA cDNA), random hexamer (10
uM, for total cDNA), and miRNA RT primer (I pM, for miRNA cDNA), and reverse
transcriptase (ParsTous, Iran) in a final volume of 20 pl according to thermal profiles of
ParsTous cDNA synthesis kit. Expression quantification was performed using the Real-time PCR
method using 2X SYBR Green master mix (Yekta Tajhiz, Iran), 1 pl of each forward and reverse
primer, 1 ul of cDNA, and 4.5 ul of dH20 on a RotorGene 6000 (Corbet Life Science,
Australia): The Real-time program was 94 °C for 3 min, 95 °C for 10 s, 60 °C for 10 s, and 72 °C
for20 s for 40 cycles. U234 and Hprt were internal controls to normalize miR342 and mRNA
levels, respectively. All applied primers are listed in Table 1.



Table 1. Primers used for Real-time PCR of miRNAs and genes

miR342-3p RT primer GTC GTA TGC AGA GCA GGG TCC GAG GTA TTC
GCA CTG CAT ACG AC ACGGGT
Forward primer GGG TCT CAC ACA GAA ATCG
snoRNA234 RT primer 'CGT ATG CAG AGC AGG GTC CGA GGT ATC CAT

' ACG CAT CGC ACT GCA TAC GACCTCTCA G
Forward primer AGATTTAACAAAAATTCGTCAC

Common Reverse primer GAG CAG GGT CCG AGG T

ID4 Forward primer ATGGATGGCCAGGTGTGC
Reverse primer CGTACGGTGAATGCTCGTGA
Bel2l1 Forward primer CTTCTGAGCTGCCTACCAGG
Reverse primer TCCAAAGCCAAGATAAGGTTATTCA
Mell Forward primer GGGGCAGGATTGTGACTCTTA
Reverse primer GAACTCCACAAACCCATCCCAG
Hprt Forward primer CTGGTGAAAAGGACCTCTCGAAG
Reverse primer CCAGTTTCACTAATGACACAAACG

Statistical analysis

All results are presented as the mean + SD (*p<0.05, ** p<0.01, and *** p<0.001). For in vitro
and in vivo experiments, the student’s T-test was employed with GraphPad Prism 6.0 software,
and Real-time PCR data were analyzed statistically using REST 2009 software.



Results
Chemical transfection of Hek-LentiX cells with PEI

Based on the GEO database, the expression of miR342-3p showed a significant reduction in the
4T1 cell line compared to non-metastatic breast cancer cells (GSE43483, Fig. 1A). The target
scan database and KEGG signaling pathway demonstrated that this miRNA is conserved among
animals and is involved in the growth, cell cycle, and apoptosis processes.

In this study, we have used the Hek-LentiX cell to package lentivirus particles, the best cell line
for the expression of recombinant genes. Hek-LentiX cells were directly “transfected with
miR342 plasmid to optimize the purified miR342 plasmid and to reach the suitable PEI: DNA
ratio for virus production. These cells were transfected at the 80% confluency and with 2:1 ratio
of PEI: DNA. About 18 hours after transfection, the medium was.changed to the complete
medium, and 48 hours after transfection, the GFP-positive cells could be detected using a
fluorescent microscope (Fig. 1B up); however, 96 hours of incubation led to cell apoptosis
because of miR342 expression.

Transfection of Hek-LentiX cells with pMD2G, psPAX;\wCDH, and pCDH-miR342 plasmids
for virus production

Hek-LentiX cells were divided into control .and. treatment groups. Virus packaging was
performed with pMD2G, psPAX, and scramble.plasmids in the control group, and with pMD2G,
psPAX, and miR342 plasmids in the-treatment group. 72 hours after transfection, the GFP-
positive cell population could be detected .in both groups, indicative of transferring pCDH and
pCDH-miR342 (Fig. 1C). Conditioned media containing the virus was collected every 12 hours
for 3-5 days. Next, Hek-LentiX and 4T1 cells were seeded in 96-well plates to determine the
quality and quantity of produced. viruses. High GFP expression in Hek-LentiX after 96 hours
indicated the high quality of produced viruses (Fig. 1B down); however, low transduction of 4T1
cells determined that these cells needed a virus booster (data not shown).

Antibiotic selectionef 4T1 cells after transduction

Since we needed a stable population of miR342-expressing cells, antibiotic selection with
puromyein was used to eliminate the antibiotic-sensitive cells (Fig. 1D). Flow cytometry analysis
showed 95% GFP-positive cells after the selection (Fig. 1E). To ensure the miRNA expression,
Real-time PCR was performed on 4T1 cells before and after transduction with miR342. Our
results confirmed the overexpression of this miRNA in the miR342-transduced cells compared to
scramble-transduced cells (Data not shown).
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Effect of miR342 on the viability and colony-forming ability of 4T1 cells

MTT assay was used to determine the effect of miR342 expression on the viability of 4T1 cells.
Our data demonstrated no difference between the viability of the control and treatment groups
within 24 hours. However, after 48 to 96 hours, cell viability was reduced by about 30-50%
(p<0.01) in the treatment group compared to the control group (Fig 2A). This data shows that
miR342 reduces cell viability, but the practical expression of miR342 starts after.48 hours.
Colony formation assay outlines the ability of single cells to proliferate and make a colony. For
this, about 100 cells were seeded in each well of the 6-well plate, and after 10 days, the number
of colonies was counted, and their surface area was measured. Our data showed that the number
of colonies in the treatment group was reduced by 50% compared to the control group (Fig. 2B,
D). Also, Image J software measured the colony surface area in both groups. It.was shown that
(Fig. 2C, E) the colony size in the treatment group was reduced significantly compared to the
control group.
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Apoptotic effect of miR342 on 4T1 cells

Apoptotic cells reveal phosphatidylserine on their surface, which can react with the annexin
protein, so annexin positivity indicates the apoptotic cell population. Therefore, to determine the
apoptosis-inducing effects of miR342, the 4T1 cells with the stable expression of miR342 were
cultured in 6-well plates, and after 72 hours, they were analyzed with annexin/7-AAD and cell
cycle assays. Flow cytometry analysis revealed that in the treatment group, the apoptosis rate
was increased 1.6 times compared to the control group (Fig. 3A). This data was confirmed with
6.3 times increment of the sub-G1 population in the cell cycle of the treatmént group, which
defines the apoptosis rate (Fig. 3A).

Effect of miR342 on the migration behavior of 4T1 cells

A wound-healing assay was employed to evaluate the effect of ‘miR342 on the migration
behavior of 4T1 cells. The gap area was measured using Image J software between 0-72 hours
after scratch formation. The percentage of wound healing in the treatment group after 24, 48, and
72 hours demonstrated a significant reduction compared to the control group (Fig. 3B, C). This
confirms that miR342 can reduce the invasion characteristic of the 4T1 line as a robust
metastatic cell line.
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Effect of miR342 on the tumor growth in the mice model

In the last step, we evaluated the ability of miR342-transduced cells for tumor formation in an
animal model. Therefore, miR342-transduced and scrambled cells were transplanted
subcutaneously into Balb-C mice, and tumor growth was monitored daily for 30 days. The tumor
growth in the treatment group showed a decreasing trend during these 30 days in a way that on
the last day average tumor volume in this group reduced to 30% of the control group (Fig. 4A,
B). On the last day, tumors were removed and weighed, with 2 times reduced tumor weight in
the treatment group compared to the control group (Fig. 4C). It should be noted that no reduction
in body weight was observed in the treatment group. Real-time PCR confirmed the continuous
overexpression of miR342 in the treatment group 30 days after cell transplantation (Fig. 4D).
The H&E staining and pathology scoring of tumor slides proved that the mitetic count from
15/10HPF in the control tumor was reduced to 8/10HPF in the treatment group (Fig. 4E). Also,
the nuclear polymorphism of grade III in the control tumor was reduced to grade II in the treated
tumor. The overall grade of the treatment tumor was diagnosed near I compared to grade III of
the control tumor. These data prove that miR342 effectively suppresses tumor growth and
reduces tumor grade.
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Effect of miR342 on the expression of target genes and proteins of tumor tissue

For the last step, the expression of some direct and indirect target genes and proteins of miR342
was assessed in the tumor tissues. The expression of two direct target genes, Bcl211 and Mcll, as
pro-apoptotic factors were significantly reduced in the tumors of the treatment group (Fig. 5A).
Based on the target scan analysis, ID4 is one of the target genes of miR342, whose expression
was reduced significantly in the treatment group (Fig. 5A). VEGF is a protein involved in
angiogenesis. The immunostaining assay showed that expression of this protein was reduced in
the treatment group compared to the control group. Also, the expression of Bax protein as an
apoptotic factor increased in the treatment group, accompanied by a slight' decrease in the
expression of Bcl2 as an anti-apoptotic factor (Fig. 5B). These data prove the apoptotic and anti-
angiogenic effect of miR342 on TNBC in vivo.
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Discussion

Here we have studied the role of miR342 on mice triple-negative breast cancer in vitro and in
vivo. It is known that expression of this miRNA is reduced in ovary cancer'’, glioblastoma',
liver®, and lung cancers!'?, indicative of its essential role in tumorigenesis. Also, it was found that
the expression of this miRNA is reduced by 10-fold in human breast cancer cell lines, including
MDA-MB-231, MDA-MB-436, SK-BR-3, and CAMA-1'2. The GEO database reported the
reduced expression of miR342 in metastatic 4T1 cells compared to non-metastatic cells
(GSE43483). Viral and non-viral transfection systems are used to deliver the interest miRNA
into the cells. Virus-based methods mostly employ retro and lentiviruses with a high transfection
efficacy, although accompanied by high immunogenicity; however, the 'safety. of non-viral
vectors is higher but with lower efficiency.!® Chemical delivery systems mostly use polymeric
lipid carriers. High molecular polyethyleneimine (PEI) as a protonated polymer exert low cell
toxicity and seem to be a proper candidate for the delivery of miRNAs. Previously, miR33a and
miR 145 were successfully delivered to colon cancer cells via the PEI-based system in the mice
model.!” We first tried different PEI:DNA ratios to transfect 4T cells in the present study.
However, this method could not efficiently deliver miR342 to'these cells. Therefore, we have
used lentiviral vectors for plasmid transfection. Evaluation of GFP expression via fluorescent
microscope and flow cytometry validated the high rate of cell transfection with this method.
Also, the overexpression of this miRNA in the transduced-4T1 cells was proved with Real-time
PCR.

For the first step, the effect of miR342 .on 4T1 cell viability was assessed. There was no
significant decrease in the percentage of viable cells in 24 hours; however, 48 hours after cell
seeding, a significant viability reduction was detected in the miR342-transduced cells. In line
with our result, a study in 2020.showed that overexpression of miR342 in MDA-MB-436 and
CAMA-1 breast cancer cell lines reduced viability in a time-dependent manner.'? Also, excess
miRNA expression in'the hepatocellular carcinoma cells induced viability reduction 72 and 96
hours after cell seeding.” Next, the colony formation assay proved that miR342 overexpression in
4T1 cells alleviates the clonogenic ability of single cells. This assay determines the unlimited
proliferation of a'single cell to make a colony of at least 50 cells. Previous data also showed that
this miRNA reduces the colony-forming capacity of MDA-MB-436 and CAMA-1 cell lines in a
significant manner.'” The reduced cell viability in the miR342 transduced-4T1 cells could result
from apoptosis induction or cell cycle arrest. Our data showed the augmentation of the annexin-
positive cells and an increase in the sub-G1 population in the treatment group, both indicative of
apoptosis induction. In agreement with this, the apoptotic effect of miR342 on breast cancer,
non-small cell lung cancer (NSCLC), and chronic myeloid leukemia (CML) was proved
formerly.'% 12 18 Next, we assessed the effect of this miRNA on cancer cell migration, and our
data confirmed that miR342 could prohibit the migration ability of 4T1 cells in vitro. In line with
this data, the transwell assay detected the inhibitory effect of this miRNA on the invasive
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behavior of ovarian cancer cells.!* Downregulation of FOXQI as a target of miR342 appears to
result in reduced invasiveness because this protein plays a decisive role in the EMT (epithelial to
mesenchymal transition) property of different cancers. Moreover, miR342 could inhibit the
migration of melanoma cancer cells via direct suppression of ZEB1, a zinc finger family member
whose upregulation is reported in many types of cancers.'’

Here we have also evaluated the tumorigenic properties of miR342-transduced 4T1 cells in a
mouse model. Our data showed that during the 30 days follow-up after tumor induction, a
significant reduction trend in tumor volumes between the treatment and control groups was
detectable. Also, the tumor weight of the treatment group on the last day of follow-up showed a
significant reduction compared to the control group. In line with our results, the inhibitory effect
of miR342 on the tumor growth of mice bearing chronic myeloid leukemia model after 14 days
was reported, confirming that this miRNA might be a critical target for the treatment of this
cancer.'® In addition, slower tumor growth of NSCLC in Balb/c imodels.was detected after 42
days in mice injected with the miR342 mimics every 7 days.'®Moreover, a four-week track of
tumor growth in a xenograft ovary cancer model also revealed the prohibitory effect of miR342
on this cancer.'’

In our study, assessment of miR342 expression after. tumor removal at day 30 confirmed the
prolonged expression of this miRNA in vive.~Tumor grades are determined based on the
microscopic appearance of tumor cells. Our study's pathology diagnosis based on H&E staining
of tumor slides demonstrated the reduced.mitotic index, lower nuclear polymorphism, and
overall reduced tumor grade in the treated tumor.

Furthermore, gene expression.analysis”of miR342-treated tumor tissues demonstrated the
reduced expression of Bel2ll, Mcll, and ID4 compared to the control tumor. Bel211 is a member
of the Bcl2 family with anti-apoptotic properties, which can also lead to the anchorage-
independent growth of cancer cells,?’ and inhibition of this gene in triple-negative breast cancer
has resulted in the“suppression of metastasis.?! Formerly, a strong correlation between the
overexpression of Bcl2l1 and higher grades of breast cancer and metastasis was reported.?? In
agreement “with our.results, it was demonstrated previously that miR342 directly targets the
3'UTR of Bcl2ll mRNA in glioblastoma cancer.'*

Also, Mecll;7a survival factor from the Bcl2 family, might be a direct or indirect target of
miR342."* Mcl1 inhibitors can boost the efficacy of conventional treatments since this molecule
is highly expressed in breast cancer,? especially the triple-negative type is highly dependent on
this protein.?* Interestingly, Mcll overexpression in breast cancer is more common than that of
Bel2 and Bcel211.% Therefore, targeted treatments leading to reduced expression of this gene
could be highly important in reducing TNBC tumor growth. ID4 (inhibitor of DNA binding) is a
transcription factor whose over-expression is reported in many types of cancer, including breast,
lung, and hepatocellular cancers. It was demonstrated that ID4, as the direct target of miR342, is
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one of the essential players regulating cell proliferation and invasion.?®?’” Moreover, it was
reported that miR342 could affect BRCAT1 expression indirectly via direct inhibition of ID4 in
MDA-MB-231 triple-negative breast cancer cells.?® In fact, ID4 is an oncogene whose inhibitory
role on the regulation of BRCA1 tumor suppressor factor was detected before.?

We have also assessed the expression of some direct and indirect targets of miR342 on protein
levels. The immunohistochemistry of tumor tissue indicated the decreasing expression of Bcl2
protein concomitant with the increased expression of Bax in the miR342-overexpressed. group.
Bcl2 and Bax proteins belong to the Bcl2 family, in which Bcl2 is an anti-apoptotic and Bax is a
pro-apoptotic factor. Most of the time, induction of apoptosis would lead to the deereased ratio
of Bcl2/Bax. In line with our result, it was shown with luciferase assay that Bcl2 is.a direct target
of miR342 in the NSCLC cells, and the miR342-transfected tumor tissues demonstrated
decreased expression of Bcl2 protein.!® Also, the decreased ratio of Bcl2/Bax in breast cancer
and hepatocellular cells transfected with miR342 mimics was reported, indicating the tumor
suppressor role for this miRNA.% 12

Additionally, the IHC result showed the decreased expression.of VEGF in miR342-transfected
tumors compared to the control group. VEGF is a pro-angiogenic factor which is essential for the
formation of new vessels in the tumor tissue. A previous study reported the inductive effect of
ID4 on VEGF production in breast cancer cells. Therefore, it seemed that miR342 indirectly
suppressed the expression of VEGF due to the negative regulation of 1ID4.3°

Conclusion

To conclude, our in vitro results showed that'miR342 could reduce cell viability and invasive
behavior of TNBC 4T1 cells. Also, this miRNA could prohibit tumor progression and
angiogenesis by suppressing the expression of anti-apoptotic and angiogenic factors, including
Bcl2, Mcll, and VEGF. Our data support the idea that this miRNA might be a potential
therapeutic target to_be used alone or in combination with chemotherapy to treat TNBC with
limited therapeutic options. In this way, the tumor cells are attacked in a multipurpose approach
through the intervention of different signaling pathways, which can synergically lead to the
eradication of breast cancer. However, it should be noted that for clinical applications, miRNA
transfer to the tumor site would be accomplished via systemic administration using a proper
delivery..system. This could open the way for miRNA mimics to be used along with
chemotherapy as an adjuvant therapy to stop the progression of TNBC.
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Research Highlights

What is the current knowledge?

* Human triple negative breast cancer cellsswith higher expression of miR342 demonstrated more
sensitivity to the chemotherapy

* miR342 inhibited the proliferation of humamn‘breast cancer cells in vitro

* The therapeutic effect of miR342 overexpression on the triple negative breast tumor in the
animal model was not investigated

What is new here?

* miR342 inhibited the proliferation and migration of mice triple negative breast cancer cells in
Vitro

* miR342 reduced the progression rate and mitotic index of triple negative breast tumors in the
mice model

» The exptession, of anti-apoptotic target genes of miR342, including Bcl211, Mcll, 1D4, and
VEGF was déereased in the tumor tissue due to the miR342 overexpression
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» The expression of pro-apoptotic Bax protein was increased in the tumor tissue due to the
miR342 overexpression
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Figure Legends

Fig. 1. (A) Expression analysis of miR342 in 4T1 cells compared to none-metastatic cells based
on GSE43483 data set. (B) Fluorescent image of Hek-LentiX cells 96 hours after direct
transfection with miR342 using PEI in order to reach the suitable PEI:DNA ratio for virus
production (Up). Fluorescent image of miR342-transduced Hek-LentiX cells 96 hours after
transduction to validate virus authenticity (Down). (C) Fluorescent images of scramble (control)
and miR342-transfected (Treat) Hek cells for lentivirus production. (D) Fluorescent images of
scramble and miR342 transduced 4T1 cells after antibiotic selection (Scale bars equals 100 pm).
(E) Flow cytometry histograms of 4T1 cells before and after transduction.with. miR342 to
demonstrate GFP-positive cells

Fig. 2. (A) Viability diagram of scramble and miR342-transduced 4T1 cells, 24, 48, 72, and 96
hours after cell seeding, assessed with MTT assay. (B) Colony images. of control and miR342-
transduced 4T1 cells after 10 days. (C) Microscopic images of colonies of control and miR342-
transduced 4T1 cells after 6 days (Scale bars equals 100 pm). (D). Plaiting efficiency of control
and miR342-transduced 4T1 cells after 10 days. E Relative colony area of control and miR342-
transduced 4T1 cells after 6 days (data are presented assmean + SD, N=3, ** p<0.01 and ***
p<0.001)

Fig. 3. (A) Detection of apoptosis using annexin/7AAD assay (Up) and cell cycle assay (Down)
in control and miR342-transduced 4T1 cells. (B) Microscopic images of wound healing assay in
control and miR342-transduced 4T1 cells. Photos are taken 24, 48, and 72 hours after scratch
formation (Scale bars equals 200 _pm). (C) Diagram of wound healing control and miR342-
transduced 4T1 cells during 72 hours after scratch formation (data are presented as mean + SD,
*H% p<0.001)

Fig. 4. In vivo effect of miR342 on tumor progression. (A) Tumor volume of control and
miR342-transduced 4Tl cells during a 30-day follow-up in which a significant decrease in the
tumor volume of the miR342 group compared to the control tumor can be observed. (B) Tumor
size of control and.miR342-transduced 4T1 cells at day 30. (C) Tumor weight of control and
miR342-transduced 4T1 cells at day 30 (data are presented as mean + SD, N=5, *** p<0.001).
(D).Expression of miR342 at day 30 in the tumor tissue of control and miR342-transduced 4T1
cells. (E). The H & E staining of tumor sections of control and miR342-transduced 4T1 cells at
day 30 (Scale bars equals 50 pm)

Fig. 5. (A) Real-time analysis of Bcl2ll1, Mcll, and ID4 genes from control and miR342-
transduced tumor tissues (data are presented as mean + SD and analyzed with REST, N=3, ***
p<0.001). (B) Immunostaining for VEGF, Bcl2, and Bax proteins in the control and miR342-
transduced tumor tissues (Scale bars equals 20 um)
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