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Abstract

Background: Non-small cell lung cancer (NSCLC) is one of the leading causes of cancer-
related deaths. MicroRNAs (miRNAs) are important regulators of tumor biology, and Au-
rora kinases (AURKA, AURKB) play a critical role in the cell cycle and tumor development.
Objective: This study aimed to investigate the association of miR-6757-3p modulation
with Aurora kinase expression and apoptosis-related responses under in vitro conditions.
Methods: A549 and BEAS-2B cells were treated with miR-6757-3p mimic, inhibitor, and the
multi-target kinase inhibitor AT9283. Gene expression levels of BAX, BCL2, CASP3, CASP9,
MTOR, AURKA, and AURKB were determined by qRT-PCR. miR-6757-3p expression was
analyzed separately using a miRNA-specific qRT-PCR assay. Findings: Changes in the
expression of apoptosis-related markers were observed following miR-6757-3p modulation
and AT9283 treatment. These findings reflect treatment-associated molecular responses
and do not, by themselves, establish the occurrence or extent of apoptosis. Changes in
MTOR expression were also observed following treatment. Protein-level analyses showed
partially consistent patterns with the corresponding gene expression findings, although not
all changes reached statistical significance. Time-dependent wound-healing analyses re-
vealed differences in wound closure following miR-6757-3p inhibition, miR-6757-3p mimic
treatment, and AT9283 treatment. Conclusions: miR-6757-3p modulation was associated
with changes in AURKA/AURKB expression and apoptosis-related markers in A549 and
BEAS-2B cells. These findings provide preliminary in vitro evidence for an association be-
tween miR-6757-3p modulation, Aurora kinase expression, and apoptosis-related responses.
Further mechanistic and in vivo studies are required.
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1. Introduction
Lung cancer remains the leading cause of cancer-related mortality worldwide [1,2]. It is

also one of the most commonly diagnosed cancers, with approximately 2 million new cases
and around 1.76 million deaths reported annually [3]. NSCLC accounts for approximately
85% of all lung cancer cases [4]. In past decades, advances in understanding disease
biology, the use of predictive biomarkers, and improvements in therapeutic approaches
have significantly enhanced clinical outcomes and continue to show promise [5]. In this
context, investigating the molecular mechanisms of non-coding RNAs has emerged as a
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promising strategy, as their regulatory functions are believed to facilitate the development
of more effective treatment approaches [6].

The Aurora kinase family comprises Aurora-A, Aurora-B, and Aurora-C. Aurora-
A and Aurora-B are generally considered the principal regulators of mitotic processes,
whereas Aurora-C appears to play a more specialized role during mitosis [7,8]. Alter-
ations in Aurora kinase activity, including overexpression or gene amplification, have
been reported across a range of human cancers, suggesting their potential contribution
to oncogenic processes [7–10]. AURKA has been associated with several key mitotic and
tumor-related functions, including spindle assembly, centrosome regulation, chromosome
alignment and segregation, and cytokinesis [11,12]. In comparison, AURKB, a central
component of the chromosomal passenger complex, is involved in chromatin modification
and spindle assembly checkpoint control. It also supports proper kinetochore–microtubule
interactions and contributes to the completion of cytokinesis [11,12]. The involvement of
both kinases in cancer progression has been documented in various contexts, including
solid tumors and hematologic malignancies. Among these, AURKA has attracted particular
interest as a potential therapeutic target, as reflected by the considerable number of clinical
studies evaluating Aurora kinase inhibitors [13].

AT9283 treatment are designed to limit cancer cell proliferation by targeting the en-
zymes AURKA, AURKB, and AURKC, which play key roles in the regulation of mitosis [14].
These inhibitors are generally thought to exert their effects through two main mechanisms:
ATP-competitive inhibition and allosteric inhibition [14]. ATP-competitive inhibitors bind
to the ATP-binding pocket within the kinase domain, thereby competing with ATP. For
instance, 4-anilinoquinoline derivatives containing a sulfatonamide moiety (5a–d, 9a–d,
11a–d) have been reported to act via this mechanism [15]. These compounds are suggested
to interact through the N1 nitrogen of the quinoline ring with Ala213 in AURKA and
Ala173 in AURKB, as well as through the SO2 oxygen of the sulfatonamide group with
Lys162 in AURKA and Lys122 in AURKB. Such interactions are thought to suppress the
catalytic activity of the kinase. Subsequently, this inhibition may promote ubiquitination,
lead to mitotic arrest, and ultimately result in cell death [14–17].

Apoptosis is an important process in maintaining tissue homeostasis. Disruptions in its
regulation may lead to uncontrolled cell proliferation and contribute to cancer development.
In lung cancer, tumor cells can evade apoptosis, which may support tumor progression and
the development of resistance to therapy. Apoptosis can occur through two main signaling
pathways [14–16]. The mitochondria-mediated apoptotic pathway is typically activated
by chemical or stress-related stimuli and is regulated by proteins such as Bax, Bcl-2, and
cytochrome c. This process ultimately contributes to programmed cell death through the
activation of caspase-3 and poly(ADP-ribose) polymerase (PARP) [14–16,18–20].

MicroRNAs (miRNAs) are small, non-coding RNA molecules that regulate gene ex-
pression at the post-transcriptional level [21–23]. They are known to play roles in essential
cellular processes such as proliferation, differentiation, development, and programmed
cell death [17–20,24]. It is also suggested that miRNAs may influence key mitotic regula-
tors, such as Aurora kinases, and thereby potentially affect cancer cell proliferation and
survival [19,20].

Previous studies suggest that silencing of Aurora A may trigger caspase-3-mediated
apoptosis through modulation of NF-κB, Bcl-2, and Bax, and may also have effects on the
cell cycle [25]. In addition, miR-885-3p has been suggested to act as a direct regulator of
Aurora A, and its reduced expression may be associated with docetaxel resistance in LAD
cells. These findings indicate that the miR-885-3p/Aurora A pathway may play a role in
regulating cell proliferation, apoptosis, and chemoresistance, and could potentially serve
as a predictor of response to docetaxel [25].
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Evidence regarding the role of miR-6757-3p in cancer remains limited. Previous
studies have investigated different arms of miR-6757-3p in distinct biological contexts.
For example, miR-6757-3p has been associated with the suppression of fibrosis-related
gene expression, whereas miR-6757-5p has been implicated in the regulation of EPHA2
in breast cancer [26,27]. However, the potential association of miR-6757-3p with Aurora
kinase expression in lung cancer has not been established.

In this in vitro study, the effects of the miR-6757-3p mimic, miR-6757-3p inhibitor, and
AT9283 treatment on BEAS-2B cells were included as a non-tumorigenic lung epithelial
comparator, whereas A549 cells were used as the lung cancer model. The study was primar-
ily designed with a focus on AURKB, while AURKA was also included to allow for a more
comprehensive evaluation. The expression levels of apoptosis- and proliferation-related
genes, including BAX, BCL2, CASP3, CASP9, MTOR, AURKA, and AURKB, were assessed
at both the transcriptional and protein levels using ELISA. Through this approach, the study
aimed to characterize the association of miR-6757-3p modulation with AURKA/AURKB
expression and apoptosis-related molecular responses in A549 and BEAS-2B cells.

2. Materials and Methods
miRNA inhibitor negative control (lot no. 121-N3950401), miRNA mimic negative

control (lot no. 121-M3750401), miR-6757-3p inhibitor (121-IN3950401), miR-6757-3p mimic
(lot no. 121-M3950401), and ID3EALmiRNA qPCR assay were purchased from Bioneer
Corporation (Daejeon, Republic of Korea). miR-6757-3p (cat. no. 339306; GeneGlobe ID:
YP02107562) and RNU6B_13 primers (cat. no. 339306; GeneGlobe ID: YP00203907) were
purchased from Qiagen (Hilden, Germany). The present study specifically evaluated the
miR-6757-3p arm. AT9283 (Selleck Chemicals, Houston, TX, USA; catalog no. S1134) was
used in this study. is a multi-target kinase inhibitor with activity against Aurora A and
Aurora B kinases and was used in the present study as a pharmacological comparator.

2.1. Cell Culture

A549 and BEAS-2B cell lines, obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA), were maintained in Dulbecco’s modified Eagle’s medium
(DMEM; GIBCO, Grand Island, NY, USA). The culture medium was supplemented with
10% fetal bovine serum (FBS; Invitrogen, Carlsbad, CA, USA) and 1% antibiotic–antimycotic
solution (GIBCO, Grand Island NY, USA) to support cell growth and prevent contamination.
Cells were maintained under humidified conditions at 37 ◦C with 5% CO2 and 95% air. For
the experimental procedures, 5 × 105 cells were plated in each 100 mm culture dish. When
the cultures reached approximately 70% confluency, the cells were lysed using QIAzol
Reagent (Qiagen GmbH, Hilden, Germany). The lysates were then stored at −20 ◦C until
microRNA extraction was performed. Cell line authentication by short tandem repeat (STR)
profiling and mycoplasma testing were not independently performed in the present study.

A549 and BEAS-2B cells were transfected with miR-6757-3p inhibitor or miR-6757-3p
mimic using EcoTRAX transfection reagent in 6-well plates, according to the manufacturer’s
instructions. A total of 25 pmol of the respective miRNA inhibitor or mimic was used per well.
Corresponding negative-control oligonucleotides were included. At 24 h after transfection,
total RNA was isolated, and miR-6757-3p expression levels were measured qRT-PCR.

An independent functional assay to determine transfection efficiency was not per-
formed in the present study. Therefore, the effects of miR-6757-3p inhibitor- and mimic-
mediated transfection were evaluated based on miR-6757-3p expression measurements,
without independent confirmation of functional transfection efficiency.
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2.2. Total RNA Isolation and cDNA Synthesis

Researchers isolated total RNA, including microRNAs, following the protocol pro-
vided with the miRNeasy Mini Kit (Qiagen GmbH, Hilden, Germany). For miR-6757-3p
expression analysis, Complementary DNA (cDNA) was generated from the extracted RNA
using the miScript II RT Kit, following the protocol provided by Qiagen (Hilden, Germany).
All reverse transcription reactions were performed using a Veriti Dx 96-well thermal cycler
(Applied Biosystems, Foster City, CA, USA).

2.3. Quantitative Real-Time PCR (qRT-PCR)

Quantification of gene expression was carried out using a SYBR Green-based quantita-
tive real-time PCR approach on the 7500 Fast Real-Time PCR System (Applied Biosystems).
For the analysis of mRNA expression of BAX, BCL2, CASP3, CASP9, MTOR, AURKA, and
AURKB, cDNA synthesis was conducted using the High-Capacity cDNA Reverse Tran-
scription Kit (Solis BioDyne, DS-06-15 v3; Tartu, Estonia), according to the manufacturer’s
instructions. Gene expression levels were normalized to GAPDH as the reference gene.
The primer sequences are listed in Table 1. All mRNA expression analyses were performed
using three independent biological replicates (n = 3).

Table 1. Primer Sequences Used in qRT-PCR.

Gene Forward (5′ → 3′) Reverse (5′ → 3′)

Bax CGGGGTTATCTCTTGGGC GTGAGAGCCCCGCTGAAC

Bcl-2 TTATCCAGCAGCTTTTCGG GGCGGCAGATGAATTACA

CASP3 CTGAGCTGCCTGTAACTTGA GGCTGGATGCCGTCTAGAGT

GAPDH AGCCACATCGCTCAGACAC GCCCAATACGACCAAATCC

AURKA GGAATATGCACCACTTGGAACA TAAGACAGGGCATTTGCCAAT

AURKB CAGAAGAGCTGCACATTTGACG CCTTGAGCCCTAAGAGCAGATTT

CASP9 CTGTCTACGGCACAGATGGAT GGGACTCGTCTTCAGGGGAA

mTOR GCCGCGCGAATATTAAAGGA CTGGTTTCCTCATTCCGGCT

The expression level of miR-6757-3p was quantified separately using a miRNA-specific
quantitative real-time PCR assay. Specific miScript Primer Assays (QIAGEN, Hilden, Ger-
many) for hsa-miR-6757-3p and the endogenous control RNU6B_13 were utilized. Briefly,
total RNA, including small RNAs, was reverse-transcribed using the miScript II RT Kit
(QIAGEN, Hilden, Germany), according to the manufacturer’s instructions. Real-time PCR
was performed using a LightCycler® 96 system (Roche Diagnostics GmbH, Mannheim, Ger-
many). Relative miR-6757-3p expression levels were calculated using the 2−∆∆Ct method,
with RNU6B_13 used as the endogenous control. miR-6757-3p expression analyses were
performed using three independent biological replicates (n = 3). Amplification efficiencies
were not independently determined in the present study, which represents a methodologi-
cal limitation.

PCR Conditions:
Initial denaturation at 95 ◦C for 10 min, followed by 45 cycles of 95 ◦C for 15 s and

60 ◦C for 60 s.

2.4. ELISA Assays

Following treatment, cells were lysed and centrifuged at 3000 rpm for 15 min. Super-
natants were collected and stored at −80 ◦C until analysis. ELISA kits (FineTest, Wuhan
Fine Biotech Co., Ltd., Wuhan, China) were used to quantify AURKA, AURKB, BAX, BCL-2,
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and CASPASE-3 protein levels according to the manufacturer’s protocols. Absorbance
was measured at the appropriate wavelengths using a MULTISCAN GO microplate reader
(Thermo Fisher Scientific, Vantaa, Finland).

2.5. Scratch-Induced Migration Assay

BEAS-2B and A549 cells were plated in 24-well plates to achieve 70–80% confluence
after 24 h of incubation. A sterile pipette tip was used to create a linear scratch in the cell
monolayer to form a wound area. The cells were then gently rinsed to remove detached
and damaged cells and provided with fresh medium. Following scratching, the cells were
maintained under their respective treatment conditions. For the AT9283 treatment group,
AT9283 was applied at a concentration of 10 µg/mL. Wound closure was monitored using
a phase-contrast microscope (Leica, Wetzlar, Germany) at 0, 4, 8, 24, and 48 h. The extent of
wound closure was quantitatively measured using ImageJ software (version 1.54; National
Institutes of Health, Bethesda, MD, USA).

2.6. Statistical Analysis

All experiments were performed in biological triplicates. Gene expression levels
were calculated using the 2−∆Ct method for individual samples. Relative fold changes
were determined using the 2−∆∆Ct method to compare experimental groups with controls.
Statistical analyses were performed using GraphPad Prism software (version 8.0). Dif-
ferences between groups were analyzed using one-way or two-way analysis of variance
(ANOVA), as appropriate, followed by suitable post hoc tests. All data are presented as
mean ± standard deviation (SD) from three independent biological replicates (n = 3). A
p-value < 0.05 was considered statistically significant.

3. Results
3.1. Effects of miR-6757-3p Modulation and Aurora Kinase Inhibition on AURKA and
AURKB Expression

To investigate the potential role of miR-6757-3p in mitotic regulation, BEAS-2B and
A549 cells were transfected with a miR-6757-3p inhibitor (miR-6757i) or mimic (miR-6757m),
or treated with an AT9283 treatment. As shown in Figure 1, compared to the negative
control (NC), an increase in AURKA and AURKB mRNA levels was observed following
miR-6757-3p inhibition in both cell lines, with the change reaching statistical significance
(* p < 0.05, p < 0.01). In contrast, transfection with the miR-6757-3p mimic tended to reduce
AURKA and AURKB expression, while AT9283 treatment also led to a decrease in these
levels. AT9283 treatment was associated with decreased AURKA and AURKB expression
at the mRNA level. Overall, the results suggest miR-6757-3p inhibition was associated with
increased AURKA and AURKB mRNA expression.

3.2. miR-6757-3p Modulation Alters Apoptosis-Related Gene Expression

The effects of miR-6757-3p inhibitor and mimic treatment and AT9283 exposure on
apoptosis-related gene expression were examined by qRT-PCR. As shown in Figure 2,
treatment with the miR-6757-3p inhibitor was associated with increased expression of
the pro-apoptotic genes BAX, CASP3, and CASP9 and decreased expression of the anti-
apoptotic gene BCL2 in both BEAS-2B and A549 cells (p < 0.05). In contrast, miR-6757-3p
mimic treatment was associated with a tendency toward the opposite expression pattern,
including lower BAX, CASP3, and CASP9 expression and higher BCL2 expression. Changes
in MTOR expression were also observed following the different treatments.
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Figure 1. Relative mRNA expression levels of AURKA (A) and AURKB (B) in BEAS-2B and A549 cells
following transfection with miR-6757-3p inhibitor (miR-6757i), miR-6757-3p mimic (miR-6757m), or
treatment with Aurora kinase inhibitor (AT9283). Negative control (NC) was used as reference. Data
are presented as fold change relative to NC. Statistical significance was determined using one-way
ANOVA followed by post-hoc tests (* p < 0.05, ** p < 0.01, *** p < 0.001). Data are presented as
mean ± standard deviation (SD). Error bars represent SD. three independent biological replicates.

Figure 2. Relative expression levels of miR-6757-3p (A), BAX (B), BCL2 (C), CASP3 (D), CASP9 (E),
and MTOR (F) in BEAS-2B and A549 cells following treatment with miR-6757-3p inhibitor (miR-
6757i), miR-6757-3p mimic (miR-6757m), or AT9283. Negative control (NC) cells were used as the
calibrator group. Gene expression levels were determined by quantitative real-time PCR (qRT-PCR)
and calculated using the 2−∆∆Ct method. Results are presented as fold change relative to NC and
expressed as mean ± SD from three independent biological replicates (n = 3). Statistical analyses
were performed using one-way ANOVA followed by Tukey’s multiple comparison test. Statistical
significance is indicated as * p < 0.05, and *** p < 0.001 compared with the corresponding NC group.
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Expression data were normalized to GAPDH (for mRNA) and RNU6B_13 (for miRNA)
expression levels. Data are presented as mean ± standard deviation (SD). Error bars
represent SD.

Importantly, as shown in Figure 2A, miR-6757-3p expression did not consistently
change in the expected direction following inhibitor or mimic treatment. In particular,
inhibitor treatment did not result in a clear reduction in miR-6757-3p expression, whereas
AT9283 treatment was associated with an unexpected increase in miR-6757-3p expression.
Therefore, these expression data do not independently confirm successful miR-6757-3p
knockdown or overexpression.

3.3. Protein-Level Analysis by ELISA

To evaluate whether the transcriptional changes were reflected at the protein level,
ELISA analyses were performed. As shown in Figures 3 and 4, at the protein level, some
treatment-associated changes in AURKA, AURKB, BAX, CASP3, and BCL2 were observed;
however, the magnitude and statistical significance of these changes varied among the
treatment groups. In particular, not all AURKB and BAX comparisons reached statistical
significance. Therefore, the ELISA findings should be interpreted as partially concordant
with the transcriptional data rather than as uniform confirmation of the mRNA results,
showing an increasing trend with miR-6757-3p inhibition and a decreasing trend following
miR-6757-3p mimic or AT9283 treatment (p < 0.01). Similarly, the apoptosis-related proteins
BAX and CASP3 tended to increase after miR-6757-3p inhibition, while a decreasing trend
was observed in the anti-apoptotic protein BCL2. miR-6757-3p mimic treatment was
associated with lower levels of BAX and CASP3 and higher levels of BCL2 compared with
miR-6757-3p inhibition. Overall, these findings indicate that the protein-level changes were
partially consistent with the transcriptional findings, although not all observed changes
reached statistical significance.

Figure 3. Protein levels of Aurora Kinase A (A) and Aurora Kinase B (B) in BEAS-2B and A549 cells
following treatment with miR-6757-3p inhibitor (miR-6757i), miR-6757-3p mimic (miR-6757m), or Aurora
kinase inhibitor (AT9283). Negative control (NC) was used as reference. Protein concentrations were
determined by ELISA and expressed as ng/mL. Statistical analysis was performed using one-way
ANOVA with post-hoc tests (** p < 0.01; ns: not significant). Data are presented as mean ± standard
deviation (SD). Error bars represent SD of three independent biological replicates.
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Figure 4. Protein levels of BAX, BCL-2, and CASP3 in BEAS-2B and A549 cells following miR-6757-3p
modulation and AT9283 treatment. (A) BAX protein levels, (B) BCL-2 protein levels, and (C) CASP3
protein levels in BEAS-2B and A549 cells in the negative control (NC), miR-6757-3p inhibitor (miR-
6757i), miR-6757-3p mimic (miR-6757m), and AT9283 treatment groups. Protein levels are expressed
as ng/mL for BAX and CASP3 and pg/mL for BCL-2. Bars represent the measured protein levels,
and error bars indicate variability as presented in the graph. Statistical significance is indicated as
follows: ns, not significant; * p < 0.05; ** p < 0.01; *** p < 0.001. Data are presented as mean ± standard
deviation (SD). Error bars represent SD.

3.4. Time-Dependent Effects on Cellular Response

In the time-course analysis performed in A549 cells (Figure 5), wound closure was
evaluated at 0, 4, 8, 24, and 48 h following treatment. Differences in wound closure patterns
were observed among the control, miR-6757-3p inhibitor, miR-6757-3p mimic, and Aurora
kinase inhibitor groups over the observation period. miR-6757-3p inhibition was associated
with a distinct wound-closure pattern compared with the control group, whereas miR-6757-3p
mimic treatment produced a different temporal response. Similarly, treatment with the Aurora
kinase inhibitor resulted in time-dependent changes in wound closure. Overall, these findings
suggest that modulation of miR-6757-3p and Aurora kinase inhibition may influence the
wound-healing response of A549 cells in a time-dependent manner. The assay was used
to assess wound closure over time. Because wound closure can be influenced by both cell
migration and cell proliferation, the assay does not independently distinguish these processes.

Figure 5. Time-dependent effects of miR-6757-3p inhibitor (miR-6757i), miR-6757-3p mimic (miR-6757m),
and Aurora kinase inhibitor (AT9283) on wound closure in A549 cells. (A) Representative images and
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quantitative assessment of wound closure at 0, 4, 8, 24, and 48 h in the control, miR-6757i, and
miR-6757m groups. (B) Representative schematic summary of the experimental groups. Data are
presented as mean ± standard deviation (SD). Error bars represent SD.

4. Discussion
This study aimed to investigate the association of miR-6757-3p inhibitor or mimic

treatment with AURKA and AURKB expression and apoptosis-related molecular responses
in BEAS-2B and A549 cells. The findings suggest that miR-6757-3p inhibitor or mimic
treatment is associated with changes in cell-cycle- and apoptosis-related molecular re-
sponses, although the functional and mechanistic significance of these changes remains to
be established [28–30].

In the literature, overexpression or dysregulated expression of AURKB has been re-
ported in breast, lung, hematologic, and gastrointestinal cancers, as well as in bladder
cancer, uveal melanoma, and neuroblastoma, and may be associated with tumor invasion,
metastasis, and drug resistance [10,31]. The efficiency of miR-6757-3p mimic and inhibitor
transfection was not independently validated using a dedicated transfection-efficiency
assay. Although miR-6757-3p expression was assessed by miRNA-specific qRT-PCR, the
observed expression patterns did not consistently demonstrate the expected direction of
modulation [31,32]. Therefore, successful functional overexpression or inhibition could
not be conclusively established from the available data. In addition, the pronounced
changes observed in certain apoptosis-related genes should be interpreted cautiously, as
their magnitude cannot be attributed specifically to miR-6757-3p modulation without inde-
pendent confirmation of transfection efficiency. The observed molecular differences may
reflect treatment-associated cellular responses, but their specific relationship to miR-6757-
3p remains uncertain. Future studies incorporating validated transfection conditions and
independent assessment of miRNA modulation are needed to clarify these relationships.
However, the functional significance of this association remains to be established [27].
Notably, the expression profile of miR-6757-3p following inhibitor and mimic treatment did
not consistently correspond to the expected direction of change. Therefore, these expression
data should be interpreted cautiously and should not be considered definitive evidence
of successful functional knockdown or overexpression. The efficiency of miR-6757-3p
inhibitor and mimic treatment was not independently verified using a dedicated functional
transfection-efficiency assay, which limits the extent to which the observed molecular
responses can be specifically attributed to altered miR-6757-3p activity. Additionally, the
observed changes in apoptosis-related gene expression indicate that miR-6757-3p inhibitor
or mimic treatment was associated with molecular responses involving apoptosis-related
markers. However, these findings should not be interpreted as direct evidence of apoptotic
cell death in the absence of functional apoptosis assays [27]. These findings indicate that
miR-6757-3p inhibitor or mimic treatment is associated with changes in cell-cycle- and
cellular-response-related molecular markers; however, the underlying mechanisms remain
to be determined. The protein-level results obtained by ELISA were generally consistent
with the gene expression findings for AURKA and AURKB, suggesting that some of the ob-
served transcriptional changes were also reflected at the protein-expression level. However,
the absence of marked cellular changes may also indicate that the effects of miR-6757-3p
are relatively modest or context-dependent.

Secondly, when apoptosis-related genes were evaluated, inhibition of miR-6757-3p
was associated with an increase in pro-apoptotic genes (BAX, CASP3, CASP9) and a de-
crease in BCL2 levels, whereas miR-6757-3p mimic treatment tended to show the opposite
pattern. These findings suggest that miR-6757-3p may be associated not only with cell cycle
regulation but also with cell death processes. In the literature, activation of BAX and cas-
pases is reported to support cell death, while BCL2 may contribute to cell survival [33–35].
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Although some molecular responses were directionally similar between A549 and BEAS-2B
cells, differences in the magnitude and, in some cases, the direction of treatment-associated
changes were also observed. These differences suggest that the molecular responses as-
sociated with miR-6757-3p inhibitor or mimic treatment may depend on cellular context.
Because some responses were also observed in BEAS-2B cells, the present findings do
not establish a cancer-cell-specific effect and may instead indicate cell-context-dependent
responses. In this context, the present findings suggest that miR-6757-3p inhibitor or mimic
treatment may be associated with changes in molecular markers related to apoptosis and
cell-survival processes.

Additionally, the observed alterations in mTOR gene expression suggest a potential
association between miR-6757-3p modulation and MTOR expression [36]. This pathway plays
a critical role in regulating fundamental cellular processes, including cell growth, energy
homeostasis, and cell survival. Previous studies have reported that hyperactivation of the
mTOR signaling pathway is associated with increased cell proliferation and resistance to
therapy in various cancer types [36–39]. In this context, the present findings suggest that
miR-6757-3p may play a role in modulating the balance between apoptosis and cell survival
processes. Although changes in AURKA, AURKB, BAX, BCL2, CASP3, CASP9, and MTOR
were observed, these findings do not establish a direct regulatory mechanism. This study
does not confirm direct targeting of AURKA/AURKB by miR-6757-3p or the involvement of
the PI3K/AKT/mTOR pathway. Furthermore, changes in apoptosis-related gene expression
alone do not confirm apoptosis. Further studies involving direct target validation, rescue
experiments, and functional apoptosis assays are needed to clarify these relationships.

Third, protein-level analyses performed by ELISA revealed some changes in AURKA,
AURKB, BAX, CASP3, and BCL2 levels, which appeared to be partially consistent with the
gene expression findings. These observations suggest that the transcriptional alterations
may, to some extent, be reflected at the protein level. However, further studies are needed
to clarify the potential contribution of miR-6757-3p to cellular responses.

In this study, the potential association of miR-6757-3p treatment with apoptosis-related
and cell-survival-related molecular responses, as well as its relationship with Aurora kinase
expression, was investigated. The functions of Aurora kinases in mitosis, chromosomal
stability, and cell proliferation were considered in relation to the observed changes in BAX,
BCL2, CASP3, CASP9, and MTOR expression. Accordingly, BAX, BCL2, CASP3, CASP9,
and MTOR were included as exploratory molecular endpoints to characterize apoptosis-
and cell-survival-related responses. Changes in AURKA and AURKB mRNA expression
suggest an association with miR-6757-3p modulation; however, direct targeting has not
been confirmed and requires further validation.

However, although Annexin V/PI analysis and other functional assays would provide
more direct evidence of apoptosis, such assays were not included in the experimental design
of the present study. Therefore, the analyses were limited to gene- and protein-expression
measurements. The inability to perform Western blot analyses at the protein level also
represents an important limitation. The lack of luciferase reporter assays to directly evaluate
the interaction between miR-6757-3p and the 3′UTRs of AURKA and AURKB limits the
ability to determine whether these genes are direct targets of miR-6757-3p.

Accordingly, the observed changes in AURKA and AURKB expression should be in-
terpreted as an association with miR-6757-3p treatment rather than evidence of direct post-
transcriptional regulation. Bioinformatic prediction and luciferase reporter assays will be
required to determine whether this relationship involves direct post-transcriptional regu-
lation. Furthermore, the relatively low standard deviations observed in some groups may
be attributed to the limited number of replicates, and increasing the number of replicates
could enhance the robustness of the findings. Additionally, the effects of miR-6757-3p mimic
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and inhibitor treatments on wound healing and cell migration, as well as cell line-specific
responses presented in Figure 5, should be interpreted within the context of these experimen-
tal constraints. Overall, these limitations necessitate cautious interpretation of the findings.
Time-dependent wound-healing analyses revealed differences in wound closure among the
treatment groups over the 48-h observation period. These findings indicate that miR-6757-3p
modulation and Aurora kinase inhibition may influence the wound-healing response in A549
cells; however, the scratch assay does not allow direct conclusions regarding cellular damage,
protection, or apoptosis. The molecular changes observed following AT9283 treatment were
compatible with alterations in apoptosis-related responses; however, given the multi-target
nature of AT9283 and the absence of a direct apoptosis assay, these findings should not be
interpreted as evidence of a specific Aurora kinase-mediated apoptotic mechanism. These
dynamic changes suggest that miR-6757-3p may serve different functions in short-term and
long-term cellular responses. AT9283 treatment and miR-6757-3p mimic transfection showed
different expression patterns in Aurora kinase and apoptosis-related genes. These differences
do not support a single, unified anticancer mechanism. Gene expression changes alone cannot
confirm apoptosis or establish a causal relationship. Therefore, the findings are interpreted
as treatment-associated molecular changes, and further studies are needed to clarify the
underlying mechanisms.

Overall, the findings suggest an association between miR-6757-3p inhibitor or mimic
treatment, Aurora kinase expression, and apoptosis-related molecular responses. It has
been reported in the literature that increased Aurora kinase activity may be associated with
tumor progression, chromosomal instability, and poor prognosis [38,39]. In this context,
taken together, the present findings do not allow miR-6757-3p to be classified as either
a tumor-suppressive or oncogenic miRNA. Rather, the observed molecular and wound-
closure responses suggest that its functional effects may be context-dependent and require
further investigation. Furthermore, the relatively low standard deviations observed in
some groups may be attributed to limited replicate numbers, and increasing the number of
replicates could enhance the robustness of the findings. Another limitation of the present
study is that independent STR-based cell line authentication and mycoplasma testing were
not performed. Additionally, the effects of miR-6757-3p mimic and inhibitor treatments
on wound healing and cell migration, as well as cell line-specific responses presented in
Figure 5, should be interpreted within the context of these experimental constraints. The
wound closure assay cannot distinguish between cell migration and cell proliferation. This
is particularly important for AT9283, which may affect cell division. Therefore, changes in
wound closure cannot be attributed solely to altered cell migration. Since cell proliferation
was not independently assessed, the results should be interpreted as changes in wound
closure rather than direct evidence of migration inhibition.

5. Conclusions
In conclusion, miR-6757-3p modulation and AT9283 treatment were associated with

changes in Aurora kinase expression and apoptosis-related molecular markers in A549
cells. These findings provide evidence of treatment-associated molecular responses but
do not establish apoptosis induction. Further functional studies are required to clarify
the biological significance of these changes. Further functional studies are required to
clarify the biological significance of these results. The observed molecular changes indicate
treatment-associated differences in AURKA, AURKB, and apoptosis-related markers in
A549 and BEAS-2B cells. However, because the efficiency of miR-6757-3p modulation was
not independently validated, these findings cannot be conclusively attributed to successful
miRNA overexpression or inhibition. Therefore, the results should be interpreted as
preliminary observations that require further validation. However, the present study does
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not establish direct molecular targeting or a causal signaling mechanism. Further studies
using direct target-validation approaches, functional apoptosis assays, selective gene-
silencing strategies, and in vivo models are required to clarify the biological significance of
these findings.
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