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The Growth of A549 Cell Line is Inhibited by Pemetrexed
Through Up-regulation of hsa-MiR-320a Expression
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Background: Lung cancer deaths are increasing worldwide and the most common form of lung cancer treatment is chemotherapy.
Pemetrexed (PMX) has been shown to be effective as a second-line treatment for advanced patients. Drugs can alter the expression of MicroRNAs,
and MicroRNAs also can either enhance or reduce the drug’s effectiveness and this is a two-way relationship. Hsa-MiR-320a is known to play
a crucial role in the lung cancer. This study aims to investigate the expression of ssa-MiR-320a in lung cancer cells after treatment with PMX.

Materials and Methods: A549 cells were cultured and treated with varying concentrations of PMX. Various parameters were measured,
including cell viability, reactive oxygen species (ROS) production, lactate dehydrogenase (LDH) release, apoptosis assay, caspase 3 and 7
enzyme activity, and scratch assay. Additionally, gene expression profiles of hsa-MiR-320a, VDACI, STAT3, BAX, and BCL2 were evaluated.

Results: PMX reduced the viability and increased apoptosis. After 48 h, ROS production was 3.366-fold higher than in control cells and the
LDH release rate was increased by 39%. PMX also up-regulated the expression of Asa-MiR-320a by about 12-fold change.

Conclusion: Changes in the expression of MicroRNAs occur after chemotherapy, and these changes play a crucial role in regulating the growth
of cancer cells. Identifying these MicroRNAs can be helpful in predicting the efficacy of the chemotherapy or introducing it as combination
therapy. Our research has been shown that Asa-MiR-320a can serve as a biomarker of PMX efficacy and also has the potential to be used in
combination therapy.
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INTRODUCTlON Treatment options, such as radiotherapy, chemotherapy, and

) ) surgery, are available depending on the patient’s condition.
Lung cancer occurs when cells in lung tissue grow

uncontrollably. Lung cancer is one of the most common types ~ Pemetrexed (PMX)) is a highly effective chemotherapy agent
of cancer affecting about 2.2 million people each year, and used to treat non-squamous NSCLC that has metastasized.
resulting in 1.8 million deaths.!"! There are two main types of ~ The US FDA approved its use as an infusion medicine on
lung cancer: small cell lung cancer (SCLC) and non-small cell ~ July 2, 2005.5 PMX is capable of binding strongly with the
lung cancer (NSCLC), with NSCLC being the most common, folate receptor and can enter cells through the reduced folate
accounting for 85-90% of all cases.”) Metastasis, the spread of ~ transporter, just like folic acid. PMX and methotrexate share
cancer from its original location to other parts of the body, is the a similar mechanism of cell entry. Once inside the cells, PMX
primary cause of death among individuals with lung cancer.?!
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is transformed into active pentaglutamate by the action of
polyglutamate synthase (FPGS).[®

MicroRNAs are being considered as potential biomarkers to
predict efficacy of drugs.” MicroRNAs are responsible for
regulating gene expression and translation by binding to the 3°
untranslated region (3° UTR) of messenger RNA (mRNA).
There are two main types of MicroRNAs with significant roles
in cells: tumor suppressors and oncogenes. Chemotherapy
drugs can be effective either by deregulation or modulating
MicroRNAs.?!

According to researches, isa-MiR-320a plays a crucial role in
the development of certain types of tumors. It works as a tumor
suppressor by decreasing the levels of Rablla expression
and enhancing the activity of the AKT signaling pathway.!"
Hsa-MiR-320a inhibits lung cancer cell growth, metastasis and
enhances radiation-induced cell death by directly controlling
STATS3 signaling.'y! Hsa-MiR-320a interacts with the 3" UTR
of IGF-1R, inhibiting NSCLC cell development, proliferation,
and invasion. These findings suggest that hsa-MiR-320a
could be a promising gene therapy strategy for people with
lung cancer.'¥ This study aims to investigate the expression of
hsa-MiR-320a in lung cancer cells after treatment with PMX
and also to investigate the role of PMX as a mediator between
drugs and genes.

MaTteriALs AND METHODS

Cell line culture

The Institute Pasteur in Tehran provided the A549
human lung cancer cell line. The cells were cultured in
DMEM (Gibco, USA) with 10% FBS (Bio-idea, Iran) and 1%
penicillin-streptomycin (Bio-idea, Iran) and incubated at 37°C
with 98% humidity and 5% CO2.

MTT assay

Cell viability was assessed in A549 cells using a colorimetric
assay. Twelve doses of PMX (1, 2, 3,..., and 12 uM) were given
for 24 and 48 h. viable cells convert MTT (Sigma-Aldrich,
USA) into purple formazan crystals. After incubation, the
formazan crystals were dissolved and the color intensity
was measured with an ELISA plate reader at 570 nm.!'¥ Cell
viability was measured at 100% with no intervention and at
varying doses using the following formula:

OD of 570 nm of treated cells

cell Viability(%) = x 100
OD of 570 nm of control cells

Lactate dehydrogenase assay (LDH)

To evaluate the cytotoxicity of PMX, the release of LDH into
the culture medium as an indicator of cell death was monitored.
According to manufacturer’s guideline (Kiazist, Iran) 10 cells/
well were seeded into a 96-well plate with 200 ul of volume
per well. After overnight incubation under proper cell growth
conditions, 20 ul of PMX (IC, dose) was added to each well.
Following 24 and 48 h of incubation, 20 ul of Permi solution
was added to the positive control wells and incubated for an

2

additional hour at room temperature. Then 150l of the solution
was centrifuged at 400g for 5 min and 50 pl of the supernatant
to was an equal proportion of buffer and substrate solution.
The mixture was incubated at 37°C for 30 min in the dark and
examined the samples using an ELISA plate reader at 570 nm.
Finally, the cytotoxicity percentage was calculated using the
following equation.['”]

Cytotoxicity( %)
Treated with PMX absorption —

No treated absorption X 100

Treated with permi solution absorption —

No treated absorption

ROS production assay

Cells were cultured in a 96-well black plate at a density of
10* cells per well to measure ROS production. After overnight
incubation, cells were treated with PMX (IC, dose). 100 ul of
2’,7’-dichlorofluorescein diacetate solution was added to each
well and incubated for 45 min. The fluorescence intensity was
measured using a microplate reader at 528/485 nm. Results
were presented as fold change compared to untreated cells.!®

Determination of caspase 3,7 activity

Cell lysis activity was evaluated using the caspase 3, 7 activity
kit (Kiazist, Iran). PMX-treated and negative control cells were
washed with cold PBS, trypsinized, and mixed with lysing
buffer for 20 min at 4°C. After centrifugation at 12000 g for
15 min at 4°C, the caspase buffer, DTT, and substrate mix
were added to 50 pl of the sample in 55.5 ul. Incubation was
done for 2 h at 37°C followed by absorbance measurement at
405 nm using an ELISA plate reader. Results were expressed as
units/mg protein after standardizing with the Bradford assay.['”’

Apoptosis assay by fluorescent dyes

The study investigated the impact of PMX on the
death of A549 cells by using double labeling with AO/
EtBr (Sigma-Aldrich, USA). A 24-well plate containing 10*
uniformly dispersed cells was used for the experiment. The
cells were incubated overnight, followed by exposure to
PMX for 24 or 48 h. The wells were rinsed twice with PBS,
and then a 250 uL solution of AO/EtBr (consisting of 5 pg/
mL AO and 5 ug/mL EtBr in PBS) was added. The cells were
allowed to incubate for 2 min, following which the supernatant
was removed. The next step involved observing cell apoptosis
under a fluorescent microscope to gain a better understanding
of the cellular process.®

Apoptosis assay by flow cytometry

This study used flow cytometry and Annexin V/FITC/
PI (BD Biosciences, USA) labeling to investigate cellular
apoptosis. Cells were treated with PMX for 24 and 48 h, then
washed, trypsinized, and collected in PBS. After staining
with the Annexin V/FITC/PI apoptosis detection kit, the BD
FACSCalibur flow cytometer was used to analyze the data,
which was processed using FlowJo.!"!
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Scratch assay

To evaluate the two-dimensional cell migration, the Scratch
assay was conducted as follows: 2 x 10° A549 cells were
seeded in a 6-well plate and cultured under optimal cell growth
conditions for 24 h. Next, a scratch line was made in the middle
of the well using the tip of the yellow sampler. The well was
gently washed with PBS to remove any unattached cells. The
cells were then treated with PMX and imaged at 0, 24, and
48 h using an inverted microscope at 100X magnification.
To count moving cells and normalize image fields, ImagelJ
version 1.52 was used.!'8]

RNA extraction

RNA was extracted from 10° cells by adding 1 mL of RNX-plus
™ (Sinaclon, Iran). After incubation, severe shaking was done
with 250 puL of chloroform. The mixture was centrifuged,
and the aqueous phase was transferred to a fresh microtube
and 500 uL isopropanol was added. Following this, the
pellet was dissolved in RNase-free water and RNase-free
DNase I (Sinaclon, Iran) was used to remove any potential
genomic DNA. The resulting RNA was quantified using the
NanoDrop.2"!

cDNA Synthesis

Complementary DNA (cDNA) was syntheses using cDNA
Synthesis Kit (addbio-Korea). For the synthesis of coding
genes cDNA, 1 pg of total RNA was mixed with 1ul of oligo
dT, 2ul of dNTPs, 1ul of RT enzyme, and 10 ul of reaction
buffer. The solution was then diluted with DEPC water to
a final volume of 20 ul. For the synthesis of hsa-miR-320a
and U48 cDNA, 1 ul of specific stem-loop RT primer was
used instead of oligo dT. Reaction was incubated at 25°C for
10 min, 50°C for 60 min, and 80°C for 5 min. Finally, cDNA
was stored at -70°C.[2!)

Real-time PCR

For real-time PCR, a mixture was prepared using Prime
Q-Master Mix with SYBR Green I (Parstous, Iran) along with
forward and reverse primers, and cDNA. U48 and GAPDH
were used as internal housekeeping controls for Asa-MiR-320a
and coding genes, respectively. The coding genes selected
were VDACI, STAT3, BAX, and BCL2. The temperature
protocol used for amplification was a cycle at 95°C for 15 min,
followed by 40 cycles of 15 s at 95°C, 15 s at the annealing
temperature, and 10 s at 72°C. Duplicate PCR was used in all

real-time PCR. NORT and NTC were used as negative control
for genomic DNA and environmental cDNA contamination,
respectively.”? Primer sequences of non-coding and coding
genes are presented in Tables 1 and 2.

Ethics and the approval of the ethics committee of the National
Institute of Genetic Engineering and Biotechnology (NIGEB).

Statistical analysis

This research uses GraphPad Prism program version 8.2.1.(441,
©1992-2019 GraphPad Software, Inc). The data are presented
as mean values and SDs from three testing. Two-Way ANOVA
of variance was used to compare two and multiple groups. The
P-value of 0.05 revealed a statistically significant difference
in analysis outcomes.

ResuLts

Cytotoxicity assay

The MTT test was used to measure the cytotoxic effect of PMX
on the A549 cells after 24 and 48 h of exposure. Figure la
indicates that the A549 cell line responds significantly to
PMX, with the strength of this response depending on the
concentration of the drug. The IC_, which is the concentration
of PMX required to cause a 50% decrease in cell viability,
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Figure 1: The effectiveness of PMX in inhibiting cell growth was evaluated
using MTT assays. After 24 h of treatment, the concentration of PMX
that resulted in 50 percent cell survival was found to be 4.653 (a). The
morphology of A549 cell lines was imaged after 72 h of exposure to
PMX in comparison with the control group, using microscopy with 400X
magnification (b)

Table 1: Primer sequences of hsa-MiR-320a and U48

miRNA Sequence Primer sequence
hsa-MiR-320a-3p AAAAGCUGGGUUGAGAGGGCGA Stem-loop primer:
(MIMAT0000510) GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACTCGCCCT
Forward primer: ACGCCGAAAAGCTGGGTTG
Reverse primer: GTCGTATCCAGTGCAGGGT
U48 AGTGATGATGACCCC Stem-loop primer:
(NR_002745.1) AGGTAACTCTTGAGTGT GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGTCAG
GTCGCTGATGCCA Forward primer: CTCTGAGTGTGTCGCTGATGCC
TCACCGCAGCGCTCTGACC

Reverse primer: CCAGTGCAGGGTCCGAGGTA
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was found to be 4.653 uM and 1.861 uM after 24 and 48 h
of treatment, respectively. After exposing the A549 cells
to PMX for 72 h, we observed changes in their shape and
proliferation [Figure 1b]. The cellular atrophy occurred due
to changes in the shape of A549 cells.

LDH assay

There has been a significant increase in LDH activity
observed after PMX treatment. In the A549 cell line, LDH
activity rose by 14.33% (P = 0.0002) after 24 h of treatment,
and by 39% (P < 0.0001) after 48 h of treatment. It is worth
noting that the increase in LDH activity between the 24
and 48 h marks was statistically significant, with a rise of
24.67% (P =0.0001) [Figure 2a].

ROS production

According to the results, PMX-treated cells produced
significantly more ROS than the control cells. Specifically,
after being exposed to PMX, the cells in A549 showed a
significant increase in the production of ROS. After 24 h
of treatment, the ROS production was 1.43 times higher
than in control cells (P = 0.0337). Furthermore, after 48 h
of treatment, the ROS production was 3.366-fold higher
than in control cells (P < 0.0001). It is important to note
that after 48 h of treatment, the ROS produced was found
to be 2.342 times higher than after 24 h of treatment with
PMX (P <0.0001) [Figure 2b].

Effect of PMX on caspase 3, 7 activity

Caspase 3 and 7 activities in A549 cells increased significantly
when exposed to PMX at the IC,, dose compared to the
control group. After 24 h, caspase 3 and 7 activity was
3.284 times higher (P < 0.0001), and after 48 h, it increased
6.927-fold (P <0.0001) compared to the control group. The 48 h
PMX treatment also showed a 2.108-fold increase in caspase 3 and
7 activity compared to the 24 h treatment (P < 0.0001) [Figure 2c].

Apoptosis

To explore the role of PMX in apoptosis and necrosis, Annexin
V-PE/PI staining was employed. Experiment A549 revealed
that the use of PMX treatment led to a higher percentage of
apoptotic cells compared to the control group. In the A549 cell
line, after 24 h of treatment, the percentage of late apoptotic
cells was found to be 14.4%, which remained constant at 48 h.

The percentage of necrosis cells was found to be 1.24%, and
28.5% after 24 and 48 h, respectively. Additionally, after 48 h of
treatment with PMX, the percentage of living cells was almost
60% of the control cells (as shown in Figure 3a). The number of
living cells almost doubled from the number in the control group.
To observe apoptosis in PMX-treated cells, Acridine orange (AO)
and ethidium bromide staining were used, which revealed clear
differences in cellular morphology between the live cells and dead
cells (as displayed in Figure 3b). Green cells with a normal nucleus
shape indicated that AO dye the living cells. It is also noteworthy
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Figure 2: The effect of PMX treatment on LDH (a), ROS production (b), and caspase 3, 7 activity (c) of the A549 cell line. (indicates Significance at

the P < 0.05 level. " indicates Significance at the P < 0.01 level. " indicates Significance at the P < 0.001 level.

P < 0.0001 level)

Kk

indicates Significance at the

Table 2: Primer sequences of coding genes, annealing temperatures, and PCR product size

Accession number and Gene Forward or Primer sequences (5°-3") Length Annealing Product
names Reverse (bp) temp (°C) size (bp)
NM_002046.7 GAPDH F GACAACTTTGGTATCGTGGAAGG 23 60 133
R AGGCAGGGATGATGTTCTGG 20
NM_001291428.2 BAX F TTTCTGACGGCAACTTCAACTG 22 59 127
R TCCAATGTCCAGCCCATGA 19
NM_000633.3 BCL2 F TCATGTGTGTGGAGAGCGTC 20 59 257
R ACTTCACTTGTGGCCCAGAT 20
NM_139276.3 STAT3 F ATGCGGAGAAGCATCGTGAG 20 60 125
R CCTCCAATGCAGGCAATCTG 20
NM._001401008.1 VDACI F GTTTGGCGGCTCCATTTACC 20 59 161
R TCAGGCTGGAGTTGTTCACTT 21
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that apoptotic cells change color from yellow to light orange in
the early stages of the process and then to a deeper orange to red
in the late stages.

Scratch assay

We used a scratch assay to test the effect of PMX on cell
migration on a 2D substrate (refer to Figure 3c). Results
showed a significant difference (P < 0.05) in the number of
migratory cells within the scratch gaps of tested cells.

Hsa-MiR-320a has a potential binding site on VDAC1 mRNA
It was analyzed whether miRNA molecules can bind to the
3’-UTRs of VDACI and STAT3 genes using TargetScan (Www.
targets.org) and RNA hybrid (https://bibiserv.cebitec.uni-
bielefeld.de/rnahybrid) tools. This was done to identify
possible miRNA targets on VDAC! and STAT3. The results,
illustrated in Figure 4, indicate that sa-MiR-320a can bind to

a conserved site in the 3’-UTR of both the 8-mer (VDACI) and
the 7-mer (STAT3) of the human genome [Figure 4].

Real-time PCR

PMX increased the expression of isa-MiR-320a by +12.338-fold
change (P < 0.05) after 48 h of treatment. The RNA expression
levels of STAT3 and VDACI, direct targets of hsa-MiR-320a, were
lower in the PMX-treated A549 cells compared to the control.
The RNA expression levels of BAX and Bcl2, indirect targets of
hsa-MiR-320a, showed that treatment with PMX up-regulated BAX
and down-regulated Bcl2 (P < 0.05). [See Table 3, Figure 5a-d].

Discussion

In recent times, PMX has gained popularity as a
chemotherapeutic drug for treating advanced NSCLC, and
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Figure 3: The study was evaluated cell death induction using an apoptosis assay with Annexin V-PE/PI and flow cytometry. Results were presented in
graphs, quarters of Q1, Q2, Q3, and Q4 that represent dead cells, late apoptosis/necrosis, early apoptosis, and live cells, respectively (a). The study
also performed Acridine orange (AQ) and ethidium bromide staining on the A549 cell line, capturing images with fluorescent microscopy. The results
were analyzed and represented using arrows, with blue indicating living cells, and red indicating apoptosis cells (b). To assess the effect of PMX on
the mobility of the A549 cell line, a scratch assay was used. Images of scratched control cells and PMX-treated cells were taken at 0, 24, and 48 h
after scratch creation with an objective magnification of 40X. The results were represented in graphs as the means + SD (P < 0.0001) (c)
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Figure 5: RNA extraction electrophoresis gel (1%) from A549 with and without PMX-treated after DNase | treatment (a). Relative expression of
hsa-MiR-320a in PMX-treated A549 vs Control A549 that normalized to RNU48. Expression of hsa-MiR-320a was significantly up-regulated in
PMX-treated A549 vs Control A549 (b). Electrophoresis gel (2%) for hsa-MiR-320a and to RNU48 (c). Relative expression of BAX, BCL2, STAT3, and
VDAC in PMX-treated A549 vs. Control A549 that normalized to GAPDH. Expression of BAX was significantly up-regulated in PMX-treated A549 vs.
Control A549. Expression of BCL2, STAT3 and VDACT were significantly down-regulated in PMX-treated A549 vs Control A549 (d)

Table 3: Hsa-MiR-320a and genes expression profile

miRNA or genes Fold change
hsa-MiR-320a-3p (MIMAT0000510) (+) 12.338
BAX (+)7.972
BCL2 (-)2.252
STAT3 (-)3.289
VDACI (-)3.353

it has been approved for use in the first, second, and third
lines of treatment for NSCLC.?¥ In recent years, MicroRNAs
have been the focus of numerous studies because of their
potential role in cancer, diagnosis, prognosis, and gene therapy.
These post-transcriptional gene regulators can affect several
biological activities, including drug resistance. Recent research
has linked the deregulation of specific MicroRNAs to the
development of treatment resistance in different cancers. By

6

using miRNA mimics or antagomiRs, it has been demonstrated
that these MicroRNAs can be controlled to modify regulatory
networks and signaling cascades. This modification may
serve as a therapeutic alternative to make cancer cells more
responsive to chemotherapy.%

MicroRNAs can be used as biomarkers to predict the
effectiveness of chemotherapy drugs. Koturbash, ez al. (2015)23
have identified several MicroRNAs, such as hsa-MiR-200b
and hsa-MiR-21, which can indicate drug efficacy in lung
cancer patients. Shi et al. (2016)?% proposed hsa-MiR-25,
hsa-MiR-146, and hsa-MiR-210 as biomarkers for predicting
PMX efficacy in lung adenocarcinoma. In addition, we
introduce a new MicroRNA, called isa-MiR-320a, which may
be a potential gene therapy candidate with drugs.

It is currently uncertain which targets and processes are
responsible for the anticancer properties of a certain chemical.
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Mitochondria play a vital role in regulating cell growth and
death, energy production, and the ROS production.?” As aresult,
we investigated whether PMX induces apoptosis in cancerous
mesothelioma and lung cells by increasing the production of ROS.
Buqué et al. (2012)?8 discovered that PMX causes the production
of ROS to increase by nearly two times in human melanoma
cells. In lung cancer cells treated with PMX, increased levels of
intracellular ROS and the accumulation of ROS production are
major characteristics of DNA damage that triggers apoptosis. The
highest caspase 3 activity was observed 72 h after PMX treatment.

Hwang et al. (2014)?° evaluated the impact of PMX
and simvastatin on the production of ROS in malignant
mesothelioma and lung cancer cells. The results indicated that
both drugs when used alone and in combination, increased
the amount of ROS production. Additionally, PMX had the
strongest effect on malignant mesothelioma cells. Furthermore,
the combination of these drugs resulted in even greater
production of ROS.

According to a study by Hwang et al. (2015),% PMX can
trigger apoptosis in malignant mesothelioma and lung cancer
cells by activating ROS production and inhibiting sirtuin 1.
PMX causes ROS production, down-regulation of SIRTI,
mitochondrial dysfunction, and cytochrome c release. This
triggers caspase 9, which activates caspase 3 and cleaves
PARP. Moreover, caspase 3, caspase 8, caspase 9, and VDAC1
proteins increase in A549 cells treated with PMX.

LDH is found in the cytoplasm and is released into the
extracellular medium when cells are damaged or dead, indicating
cell membrane damage.®!! Ahamed (2013) investigated the
leakage of LDH by inducing silica nanoparticles on the
A549 cells. The results showed that the amount of LDH leakage
in the culture medium of cells treated with nanoparticles at a
concentration of 200 pg/ml was almost twice as much as in
the culture medium of untreated cells. With cell membrane
damage, LDH increased significantly in the cell culture
medium.B? Tang et al. (2015)3% induced several concentrations
of gold nanoparticles with the A549 cells. They showed that
LDH leakage increases with increasing concentration. At a
dose of 15 ug/ml, LDH concentration increased by 60% and
cell viability decreased below 10%.

De-Ugarte et al. (2020)B4 transfected hsa-MiR-320a into
human osteosarcoma cell lines using Lipofectamine to evaluate
ROS production. They found that isa-MiR-320a increased
ROS production by 25%. The discovery of tumor biomarkers
and therapeutic targets has led to new insights into the clinical
treatment of lung cancer. Recent studies have shown that the
expression of Asa-MiR-320a has a negative relationship with
cancer cell growth, migration, and proliferation in call-3 and
A549 cells.?) Khandelwal A et al. (2021)B¢ demonstrated that
an increase in the expression of isa-MiR-320a inhibited cell
viability, cell proliferation, migration, and invasion. Their western
blot result also indicated that the caspase 3 activity of A549 cells
increased after sisa-MiR-320a transfection, which led to apoptosis.
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Lv et al. (2017)"Y used Lipofectamine to transfer ssa-MiR-320a
into A549/34R cells. Their study showed that Asa-MiR-320a
significantly inhibits the growth of lung cancer cells compared
to scram and negative control. This suppression is due to the
down-regulation of ST473 expression, which in turn reduces the
activity of downstream anti-apoptosis molecules like Bcl2 and
increases the activity of downstream apoptosis molecules like
CASPS, CASPY, CASP3, and BAX. The study also found that
overexpression of hsa-MiR-320a reduces migration. VDACI
is a key regulator of the exchange of ATP/ADP and respiratory
control in the outer mitochondrial membrane. It controls the
metabolic cross-talk between the mitochondria and the rest of the
cell by mediating the flux of ions, nucleotides, Ca (2+), and other
metabolites across the membrane. This is crucial for maintaining cell
energy and metabolic homeostasis. Decreased VDAC! expression
can suppress cell energy and metabolism.’” Research by Zhang
et al. (2016)P® showed that suppressing isa-MiR-320a expression
increased NSCLC cells’ proliferation and invasion due to the higher
expression of VDAC1. VDAC!I regulates mitochondrial apoptosis
and controls the release and interaction of apoptosis-related proteins.

Our study showed there was a statistically significant rise in the
percentage of apoptosis, ROS production, and LDH release,
caspase 3, 7 activities after PMX treatment, and there was a marked
drop in survival rate, and migration compared to the control group.
These findings were consistent with the Buqué ez al. (2012)81,

As mentioned above Hsa-MiR-320a regulates both direct
and indirect target genes to achieve its biological effects,
which include inducing apoptosis, blocking metastasis, and
decreasing proliferation. Several direct and indirect target
genes’ expression levels were analyzed in this research. Our
bioinformatics analysis showed that by up-regulation of
hsa-MiR-320a, the gene expression of VDAC1 and STAT3
decreases, and in vitro experiment results proved this.

Asmentioned by Lv et al. (2017)" by down-regulation STAT3,
the expression of BAX and BCL2 up and down-regulated
respectively. Our results were consistent with the results of
Zhang et al. (2016)*¥ and the up-regulation of isa-MiR-320a had
inversely related to the expression of VDAC!. Down-regulation
of VDAC1 may deregulate the flux of ions, Ca (2+), and other
metabolites across the outer mitochondrial membrane and
cause inhibition of cell proliferation.

ConcLusioN

The results of our experiment showed that when lung cancer
cells treatment with PMX, Asa-MiR320a up-regulated. This
up-regulation can be introduced it as biomarker to predict the
effectiveness of treatment with PMX. Our findings also showed
that hsa-MiR-320a acts as a tumor suppressor in lung cancer by
regulating another genes such as VDACI and STAT3 and can
potentially effective therapy option in combination with PMX.
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