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Abstract: Cervical cancer remains a significant global health challenge, especially in low- and middle-
income countries. The elucidation of the molecular pathways underlying the carcinogenesis of cervical
cancer is vital to develop targeted therapies. Our study investigates the regulatory effects of miR-32-
5p on the choline kinase alpha (chka) gene in HeLa cells, a well-established cervical cancer cell line.
Choline kinase alpha is recognized for its role in phosphatidylcholine biosynthesis, which is crucial
for cell membrane formation, and is implicated in the oncogenic transformation of cells. Utilizing a
combination of in silico prediction, luciferase assays, RT-qPCR, and Western blot analyses, we
demonstrated that miR-32-5p directly targets the 3' untranslated region (3'UTR) of chka mRNA,
leading to a significant downregulation of chka expression. Our results demonstrate that miR-32-5p
significantly downregulates chka at both the mRNA and protein levels, thus leading to decreased
cellular proliferation and increased apoptosis. This was further confirmed by a cell cycle analysis,
which showed a notable arrest in the GO/G1 phase. Additionally, scratch assays indicated a reduced
migratory capacity in miR-32-5p-transfected cells, suggesting the potential anti-metastatic properties
of miR-32-5p. These findings highlight the therapeutic potential of miR-32-5p as a biomarker and a
target in cervical cancer treatment strategies. By modulating chka expression, miR-32-5p could serve
as a novel approach to curb the progression and spread of cervical cancer, thus offering a promising
avenue for future research and clinical applications. This study contributes to the growing
understanding of miRNA-mediated gene regulation in cancer biology and underscores the importance
of targeted genetic research in the development of cancer therapeutics.
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1. Introduction

Cancer remains a leading cause of death globally, significantly impeding efforts to enhance life
expectancy across various nations. The World Health Organization's 2019 data emphasizes the broad
impact of this disease, positioning it as a primary cause of mortality before the age of 70 in over half
of the countries worldwide [1]. Notably, transitioning nations experience notably higher death rates
from female breast and cervical cancers compared to their more developed counterparts, thus
underscoring significant health disparities. Projections indicate a 47% surge in the global cancer
burden by 2040, which is primarily attributed to demographic changes and is potentially magnified by
globalization and economic development [2]. This alarming trend underscores the urgent need for
focused research and efficacious interventions, particularly for cervical cancer, which exhibits
significant incidence and mortality rates, especially in less developed regions. It is the fourth most
prevalent cancer and the fourth leading cause of cancer deaths among women globally, thus imposing
a heavy toll on countries in sub-Saharan Africa, Melanesia, South America, and Southeast Asia [2].

The escalating incidence and mortality rates of cervical cancer underscore the necessity to delve
into its molecular basis to further develop more effective therapeutic strategies. Advances in genetic
research have identified numerous oncogenes implicated in the cancer's pathogenesis, including
choline kinase alpha gene (chka) [3]. Recognized as a potent oncogene, chka plays a vital role in the
biosynthesis of phosphocholine (PCho), a key precursor in phospholipid production, which is essential
for cell membrane synthesis and proliferation. Its aberrant overexpression is associated with the
transformation of non-cancerous cells to cancerous phenotypes, signifying its crucial role in
tumorigenesis [4,5]. Targeting chka through small interfering RNA (siRNA) knockdown has shown
promising results, inducing apoptosis in HeLa cells, a type of cervical cancerous cell line, highlighting
its therapeutic potential against cervical cancer [6]. The significance of chka in cervical cancer's
development and progression positions it as a prime target for research, aiming to unveil targeted anti-
cancer strategies that could mitigate the global health challenge posed by this malignancy.

Moreover, the identification of CHKA and phosphocholine as critical biomarkers for cancer
diagnoses and treatment efficacy evaluations marks a significant advancement in oncology. The
heightened expression of CHKA across various cancer types has pivoted the development of CHKA
inhibitors [7,8], showcasing a novel approach for cancer therapies. Despite these advancements, the
regulation of CHKA gene expression, especially through microRNAs (miRNAs), has been relatively
underexplored. MiRNAs, which are small non-coding RNAs integral to gene regulation, have been
implicated in numerous biological processes and cancer types. Their aberrant expression patterns offer
a promising avenue for cancer diagnoses and prognoses, with several miRNAs currently undergoing
clinical trials for their potential therapeutic applications [9,10].

Our research investigates the regulation of choline kinase alpha (chka) gene expression by human
miR-32-5p, which is a microRNA cataloged in MiRBase with the accession number MIMAT0000090.
This microRNA is derived from the precursor stem-loop structure pre-miR-32, which itself is
transcribed from a gene registered under the NCBI accession number NR 029506. The gene is
positioned on the long arm of chromosome 9 at the 31.3 locus. The findings from this study not only
underscore miR-32-5p's regulatory impact on cancer cell behavior, but also illuminate the complex
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interplay between miRNAs and oncogene expression, thus offering new insights into potential
therapeutic strategies for cervical cancer. This work contributes to the growing body of research which
seeks to harness the power of molecular biology in the fight against cancer, highlighting the critical
role of targeted genetic research in developing innovative treatments for diseases such as cervical
cancer, which continues to challenge global health.

2. Materials and methods

2.1. Prediction of miRNAs that target the 3’ -untranslated region of the human chka mRNA transcript
using in silico methods

Predictions of microRNAs targeting the 3’ untranslated region of CHKA mRNA were generated
using the CHKA gene as the search term in TargetScan, DIANA Tools microT-CDS, microRNA.org,
and miRDB, all employing their default settings.

2.2. Cell Lines, miRNA mimics, miRNA specific inhibitors, chka-3'-untranslated region (UTR) reporter
plasmid for firefly luciferase assay

The HeLa cervical cancer cell line (ATCC®CCL2™) was of the American Type Culture
Collection and grown in Dulbecco’s Modified Eagle’s Medium from Thermo Fisher Scientific, Inc.,
MA, USA. This medium was supplemented with 10% heat-inactivated fetal bovine serum (Gibco;
Thermo Fisher Scientific, Inc.), 100 U/ml penicillin, and 100 mg/ml streptomycin (Sigma-Aldrich;
Merck KGaA, Darmstadt, Germany). Cultivation occurred at a steady 37 °C in an atmosphere of 5%
COz. For miRNA research, both the miRIDIAN microRNA mimic Housekeeping Positive Control #2
(targeting GAPDH) and the miRIDIAN microRNA mimic Negative Control #1 were procured from
GE Healthcare Dharmacon, Inc., CO, USA. Additionally, the hsa-miR-32-5p miRNA mimic, with the
sequence 5’-UAUUGCACAUUACUAAGUUGCA-3’, and its specific inhibitor were sourced from
Applied Biological Materials in Richmond, Canada. These RNA tools were mixed in 1X siRNA buffer
from GE Healthcare Dharmacon, Inc. Furthermore, a firefly luciferase reporter plasmid which
contained the 3'-UTR of the chka gene (pMirTarget-chka—3'-UTR) was secured from OriGene
Technologies, Inc., MD, USA.

2.3. Oligonucleotide transfection

To investigate miRNA regulation, HeLa cancer cells were prepared for transient transfection
using Lipofectamine 3000 (Invitrogen; Thermo Fisher Scientific, Inc., MA, USA). The transfection
involved a human miR-32-5p mimic, its inhibitor, and a pMirTarget-chka—3'-UTR luciferase reporter.
This was conducted in 96-well plates for target validation and 24-well plates for a more extensive
analysis. The cells were seeded to reach 70-80% confluency about 16—18 hours before the transfection
process.

The transfection mixtures were formulated by diluting the plasmid and miRNA elements to
concentrations of 200 ng and 25 nM, respectively, in Opti-MEM™ (Thermo Fisher Scientific, Inc.,
MA, USA). Then, these were equally mixed with Opti-MEM™ pre-blended with Lipofectamine 3000.
After a 20-minute incubation at room temperature, the resulting complexes were ready for use in the

AIMS Biophysics Volume 11, Issue 3, 281-295.



284

transfection process.
2.4. Firefly luciferase assay

After transfecting HeLa cells with the pMirTarget-chka-3'-UTR plasmid that contained the 3'-
UTR of the <chka gene, and either the miR-32-5p mimic (sequence 5'-
UAUUGCACAUUACUAAGUUGCA -3') or its specific inhibitor (Applied Biological Materials,
Richmond, Canada), along with the microRNA Negative Control #1 from GE Healthcare Dharmacon,
CO, USA, the following assay protocol was applied: 25 pl of medium was removed from each well of
a 96-well plate, replaced with 75 ul of the Dual-Glo luciferase reagent from Promega, WI, USA, and
incubated for 10 minutes at room temperature. Then, the firefly luciferase activity was measured in
relative light units using a GloMax 20/20 luminometer (Promega, WI, USA). These measurements
were conducted in triplicate and the entire procedure was repeated at least twice. Luminescence data
from the miR-32-5p mimic and inhibitor were normalized against the baseline from the miRNA
Negative Control.

2.5. RNA isolation and reverse transcription-quantitative polymerase chain reaction (RT-gPCR)

The total RNA was extracted from HeLa cells post-transfection using various agents including
the miR-32-5p mimic, its specific inhibitor, their combination, the miRIDIAN negative control, and
the miR-GAPDH positive control. This was performed using the Total RNA Isolation Kit (Thermo
Fisher Scientific, Inc., MA, USA) following the manufacturer’s instructions. Genomic DNA was
removed using the RNase-Free DNase Set (Qiagen, Hilden, Germany). RNA concentrations were
measured with a NanoDrop ND-1000 spectrophotometer (Thermo Fisher Scientific, Inc., MA, USA).
For cDNA synthesis, 1 pg of RNA was reverse transcribed at 42 °C for 1 hour using the RevertAid™
H Minus First Strand cDNA Synthesis Kit in a 20 ul reaction volume.

A quantitative PCR (qPCR) was performed on the ABI Prism 7500 Sequence Detection System
using 13 pl reaction volumes which included 6.25 pl of Power SYBR™ Green PCR Master Mix, 0.5
ul of both forward and reverse primers, 1 pul of cDNA, and 4.75 ul of double-distilled water. The PCR
cycle consisted of an initial denaturation at 95 °C for 10 minutes, followed by 40 cycles of 95 °C for 10
seconds, and 60 °C for 1 minute. Primers targeted genes including YWHAZ, RPS18, GAPDH, and
CHKA. The gene expression levels were normalized against the geometric mean of the Cq values for
YWHAZ and RPS18 and calculated using the 2249 method.

2.6. Western blot

Cell lysates were prepared from HeLa cells that were transfected with miRNA for 72 hours using
the ProteoJET™ Mammalian Cell Lysis Reagent from Thermo Fisher Scientific, Inc., MA, USA,
following the manufacturer’s instructions. Protein concentrations of the lysates were determined using
the Bradford assay (Bio-Rad, CA, USA). For electrophoresis, 30 ug of the protein samples were loaded
onto a 12% SDS-PAGE gel. Then, the proteins were transferred from the gel to a nitrocellulose
membrane for a further analysis.

The membrane was blocked with 5% (w/v) non-fat milk in a TBS buffer at room temperature for
one hour. Subsequently, the membranes were incubated at 4 °C using primary antibodies against 3-
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actin (1: 5000 dilution; Abcam, Cambridge, UK) and CHKA (1:1000 dilution; Abcam, Cambridge,
UK). Then, the membrane was washed at least three times with TBST (0.1% (v/v) Tween-20 in TBS)
before a one-hour room temperature incubation with an HRP-conjugated goat anti-rabbit I1gG
secondary antibody (1: 5,000 dilution; Sigma-Aldrich, Merck KGaA, Darmstadt, Germany). After
three additional washes, protein detection was carried out using the SuperSignal™ West Femto
Maximum Sensitivity Substrate (Thermo Fisher Scientific, Inc., MA, USA). The protein bands were
visualized using the FUSION FX chemiluminescence imaging system (Vilber Lourmat), and the band
intensities were quantitatively analyzed using the ImageJ software, version 1.49b (https://imagej.net/ij/).

2.7. Apoptotic and dead cell count

The Muse™ Annexin V & Dead Cell Assay Kit (Merck Millipore, C) and the Muse™ Cell
Analyzer (EMD Millipore) were used to evaluate and quantify apoptosis in the transfected HeLa cells,
in accordance with the manufacturer's instructions. Following transfection, the cells were trypsinized,
washed with PBS, and resuspended in DMEM enriched with 10% FBS (Gibco; Thermo Fisher
Scientific, Inc., MA, USA) to a minimum concentration of 1x10° cells/ml. Then, 100 pl of this cell
suspension was mixed with 100 ul of the Muse™ Annexin V & Dead Cell reagent, briefly vortexed,

and incubated for 30 minutes at room temperature in the dark, before the stained cells were counted
by the Muse™ Cell Analyzer.

2.8. Cell cycle assay

The Muse® Cell Cycle Kit (Merck Millipore, Darmstadt, Germany) and the Muse™ Cell
Analyzer (EMD Millipore) were used to assess the cell cycle distribution (G0/G1, S, and G2/M phases)
of the transfected HeL a cells, following the manufacturer’s protocols. The cells were trypsinized after
transfection and washed with 1X PBS, before being resuspended in DMEM enriched with 10% FBS
(Gibco; Thermo Fisher Scientific, Inc., MA, USA) to achieve a minimal density of 1x10° cells/ml. The
cells were then fixed in ice-cold 70% ethanol and stored at —20°C according to the kit’s guidelines.
For analysis, 5 x 10° fixed cells were washed with PBS, stained with 200 pl of Muse™ Cell Cycle
Reagent, briefly vortexed, and incubated for 30 minutes at room temperature in the dark. Then, the
Muse™ Cell Analyzer was used to count the stained cells.

2.9. Scratch wound healing assay

To create a scratch wound, a consistent wound was carefully made across the nearly confluent
HeLa cell monolayers in 6-well plates using a P20 pipette tip. Following the scratch, the medium and
any dislodged cells were removed, and the cells were then rinsed twice with 1X PBS. Each well was
subsequently replenished with 2 ml of fresh serum-free medium. Images of the wound were captured
at specified intervals using a DINO EYE eyepiece camera (AnMo Electronics Corporation, New Taipei
City, Taiwan). The width of the gap between the wound edges was measured using the ImageJ software,
version 1.49b (https://imagej.net/ij/).
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2.10.  Statistical analysis

All experiments were carried out in triplicates. The data were analyzed using either a Student's t-
test or a one-way analysis of variance (ANOVA), followed by post hoc comparisons via Tukey's
Honestly Significant Difference (HSD) test. A p-value of less than 0.05 was considered to indicate
statistical significance. All statistical analyses were performed using the SPSS software, version 22.0.
The results are presented as the mean + standard error of the mean (SEM) based on three independent
experiments.

3. Results
3.1. Validating miR-32-5p: chka mRNA interaction using firefly luciferase assay

In silico analyses utilizing prediction tools such as TargetScan, DIANA Tools microT-CDS,
microRNA.org, and miRDB have demonstrated that miR-32-5p binds to the 3’ untranslated region (3’UTR)
of chka mRNA. This interaction between miR-32-5p and chka was further confirmed through a firefly
luciferase assay, which provided an empirical validation of the computational predictions.
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Figure 1. Validation of miR-32-5p targeting. HeLa cells were transfected with pMirTarget-
chka-3’-UTR and subsequently treated with specified miRNAs and miRNA inhibitors, either
individually or in combination. Error bars represent the standard error of the mean (SEM)
from triplicate experiments. An asterisk denotes a significant difference (One-way ANOVA
with post-hoc Tukey HSD, * p < 0.05, ** p <0.01) compared to untreated cells and those
treated with miRIDIAN-negative control.

AIMS Biophysics Volume 11, Issue 3, 281-295.



287

Normalized firefly luciferase activity was utilized to evaluate the binding efficiency of miR-32-
5p to the 3' untranslated region (3'UTR) of the chka gene within the fusion construct (pMirTarget-
chka-3’UTR). Our findings revealed a substantial 50% reduction in the luciferase activity following
co-transfection with miR-32-5p as compared to the negative control (Figure 1). This significant
decrease indicates that miR-32-5p directly suppresses chka expression. Additionally, transfection with
miR-32-5p inhibitor shows a reduction in the luciferase activity compared to the control, though the
difference was not significant. When cells were transfected with both miR-32-5p and its inhibitor, the
luciferase activity slightly recovered compared to cells solely treated with miR-32-5p. This indicates
that the inhibitor was partially effective at blocking the action of miR-32-5p, thus leading to a decrease
in its suppressive effect on CHKA expression.

3.2. miR-32-5p downregulates the expression of chka in HelLa cell line

The mimic of miR-32-5p was subsequently transfected into HeLa cells to assess the potential of
this miRNA to downregulate the expression of the chka gene.
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Figure 2. Impact of miR-32-5p mimic on chka mRNA and protein levels in HeLa cells.
(A) HeLa cells were transfected with 25 nM of miR-32-5p microRNA mimic for 48 hours,
and the relative expression levels of chka mRNA were assessed using reverse
transcription—quantitative polymerase chain reaction. (B) Following a 72-hour incubation
of HeLa cells transfected with either miRIDIAN-negative control or miR-32-5p, CHKA
protein levels were quantified and normalized to beta actin using Western blot assay. Error
bars represent the standard error of the mean (SEM) from triplicate experiments. An
asterisk indicates a significant difference (One-way ANOVA with post-hoc Tukey HSD, *
p <0.05 and ** p < 0.01) compared to cells transfected with miRIDIAN-negative control.
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In HeLa cells, the introduction of miR-32-5p was shown to significantly reduce chka expression
by 0.64-fold, thus underscoring the suppressive role on the gene (Figure 2A). However, this
downregulation was partially reversed when a miR-32-5p-specific inhibitor was applied, this
decreasing chka expression by only 0.27-fold. A more nuanced regulatory effect was observed when
miR-32-5p and its specific inhibitor were used together, thus leading to a 0.58-fold reduction in chka
at the mRNA level. This combined approach not only mitigated the suppressive effect of miR-32-5p,
but also highlighted the complex interplay in regulating gene expression, thus bringing it closer to the
baseline levels.

These findings provide compelling evidence of the direct inhibitory action of miR-32-5p on the
expression of its target gene. Additionally, the observed effect of the miR-32-5p inhibitor underscores
the specificity and potential reversibility of miRNA-mediated gene regulation. This study contributes
to our understanding of miRNA function in gene expression regulation, thus offering insights that
could guide the development of therapeutic strategies that target miRNA pathways in disease contexts.

In HeLa cells, transfection with miR-32-5p not only reduced chka mRNA expression, but also led
to a significant decrease in the CHKA protein levels, as evidenced by the Western blot analysis.
Compared to the negative control, CHKA protein expression in cells transfected with miR-32-5p was
markedly lower and quantitatively measured at 0.45-fold of the control levels (Figure 2B). These
findings are consistent with the regulatory role of miR-32-5p, thus indicating its efficacy in modulating
gene expression through targeting and downregulating the chka mRNA transcript. This regulatory
effect underscores miR-32-5p's potential in influencing cellular processes by adjusting the expression
of specific genes, as reflected in the scaled comparison with the negative control set at 1.0, thus
highlighting the miRNA's significant impact on CHKA protein expression.

3.3. miR-32-5p downregulation of CHKA expression induces cell death

The effect of the miR-32-5p mimic on cancer cellular apoptosis was investigated in the present
study. Based on the results, statistically significant differences were observed in the percentages of live
cells and total apoptotic cells between the cells transfected with the negative control miRNA and the
miR-32-5p-transfected cells. These results suggested that miR-32-5p induced cell death.

Moreover, the current study evaluated the apoptotic effect of miR-32-5p on HeLa cells using
Annexin V staining to distinguish between live, early apoptotic, and late apoptotic/dead cells. The
apoptosis profile was meticulously quantified across different treatments: untransfected HeLa cells,
miRIDIAN-negative control, and cells treated with miR-32-5p.

Our findings revealed a significant modulation of apoptosis in HeLa cells upon treatment with
miR-32-5p. Specifically, the percentage of live cells markedly decreased from 73.64% in the
untransfected HeLa cells to 44.65% upon miR-32-5p treatment, thus indicating a potent induction of
apoptosis by miR-32-5p. Conversely, the miRIDIAN-negative control exhibited a viability profile
similar to that of the untransfected cells, thus underscoring the specificity of miR-32-5p's apoptotic
effect (Figure 3).

Moreover, the proportion of cells in early apoptosis slightly increased with the miR-32-5p
treatment compared to both the untransfected and the negative control cells. However, a more
pronounced effect was observed in the late apoptotic/dead cell population, which surged from 0.08%
in the untransfected cells to 7.72% in the cells treated with miR-32-5p, further corroborating the pro-
apoptotic role of this microRNA.
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These results underscore the critical role of miR-32-5p in regulating cell death pathways in HeLa
cells. The ability of miR-32-5p to significantly increase the apoptotic cell population highlights its
potential as a therapeutic agent to induce apoptosis in cancer cells. Future studies should focus on
unraveling the molecular mechanisms which underlie miR-32-5p-mediated apoptosis, which could
pave the way for novel cancer treatments.
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Figure 3. miR-32-5p's influence on HeLa cell survival. miR-32-5p induces enhanced
apoptosis in HeLa cells. Cells were transfected with 25 nM of each miRNA mimic for 48
hours, subsequently stained with Muse™ Annexin V and Dead Cell Reagent and analyzed
using a Muse™ Cell Analyzer. An asterisk denotes a significant difference as determined
by one-way ANOVA with post-hoc Tukey HSD (p < 0.05).

3.4. miR-32-5p downregulation of CHKA expression induces cell cycle arrest

Additionally, the study examined the impact of miR-32-5p on the cell cycle distribution of HeLa
cells, and particularly focused on transitions through the GO/G1, S, and G2/M phases. The present
findings demonstrated that transfection of HeLa cells with miR-32-5p not only suppressed CHKA
expression, but also affected their cell cycle distribution (Figure 4). There appeared to be an increase
in the percentage of HeLa cells in the G0/G1 phase following transfection with miR-32-5p compared
to the untransfected HeLa cells, the miRIDIAN-negative control, and miR-GAPDH. This indicates
that miR-32-5p transfection may either induce cell cycle arrest or delay in the GO/G1 phase.

The percentage of cells in the S phase (synthesis phase, where DNA replication occurs) seemed
to decrease following miR-32-5p transfection. This reduction suggests that miR-32-5p may interfere
with the progression of cells from the G1 phase to the S phase, further supporting the notion of either
cell cycle arrest or delay at the GO/G1 phase.
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Similar to the S phase, there was a decrease in the percentage of cells in the G2/M phase (where
cells prepare for mitosis) following miR-32-5p transfection. This decrease complements the findings
for the GO/G1 and S phases, and reinforces the impact of miR-32-5p on cell cycle progression,
particularly in either delaying or arresting the cell cycle before cell division.

In conclusion, the transfection of HeLa cells with miR-32-5p has a noticeable impact on the cell
cycle, primarily characterized by an increase in cells at the GO/G1 phase and a corresponding decrease
in the S and G2/M phases. These effects suggest that miR-32-5p may play a role in cell cycle regulation,
potentially by either inducing cell cycle arrest or delaying progression through the cell cycle,
particularly at the G1 to S transition.
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Figure 4. Impact of miR-32-5p on HeLa cell cycle progression. miR-32-5p promotes
GO0/G1 arrest, leading to a reduction in the number of HeLa cells progressing to the S-
phase and G2/M phase. Cells were transfected with 25 nM of each miRNA mimic for 48
hours, fixed in ethanol for a minimum of 4 hours, then analyzed with Muse™ Cell Cycle
Reagent and counted using a Muse™ Cell Analyzer. An asterisk indicates a significant
difference as determined by one-way ANOVA with post-hoc Tukey HSD (* p < 0.05 and
**p<0.01).

3.5. Effect of reduced CHKA expression on cell signaling pathway for wound repair

The current study explores the effect of miR-32-5p on the wound healing capacity of HeLa cells,
which is a crucial aspect of cellular behavior that has implications for understanding cancer
progression and metastasis. The assay quantitatively assessed the % wound healing in three different
conditions: untransfected HeLa cells, cells transfected with miRIDIAN-negative control, and cells
transfected with miR-32-5p.
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Figure 5. Inhibition of cell migration by miR-32-5p in HeLa cells. (A) Comparison of
untreated HeLa cells, HeLa cells transfected with miRIDIAN-negative control, and HeLa
cells transfected with miR-32-5p over 72 hours. Representative images depict wound
healing at 0-, 24-, 48-, and 72-hours post-scratch. (B) The panel below displays the relative
percentage of wound closure. An asterisk marks significant differences in healing rates
between untransfected cells, cells transfected with negative control miRNA, and cells
transfected with miR-32-5p at the indicated time points, determined by one-way ANOVA
with post-hoc Tukey HSD (* p <0.05, ** p <0.01).

Our results indicated that HeLa cells transfected with miR-32-5p displayed a markedly
diminished ability to heal wounds compared to both untransfected cells and those treated with the
miRIDIAN-negative control (Figure 5). Specifically, miR-32-5p-transfected cells achieved an
approximately 35% scratch closure, while untreated and negative control cells showed complete
wound healing within 72 hours. This pronounced decrease underscores the potential of miR-32-5p to
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inhibit the wound healing process, thus proposing a novel regulatory pathway through which miR-32-
S5p may impact cancer cell metastasis.

These findings contribute to the growing body of literature on the functional roles of microRNAs
in cancer biology. Specifically, the observed decrease in wound healing in miR-32-5p transfected HeLLa
cells underscores the potential of miR-32-5p as a target for therapeutic strategies aimed at limiting
cancer cell migration and metastasis. Further investigation into the molecular pathways mediated by
miR-32-5p could provide deeper insights into its role in cancer progression and offer new avenues for
the development of anti-metastatic therapies.

4, Discussion

The exploration of choline kinase (CHK) and its isoforms illuminates a significant aspect of
cancer biology, focusing on its fundamental role in the biosynthesis of phosphatidylcholine (PC), which
is a key phospholipid in eukaryotic cell membranes [11,12]. CHK's activity in phosphorylating choline
to phosphocholine underscores the critical early steps in the CDP-choline pathway, and is differentiated
by the isoforms CHKA and CHKB, which are produced from chka and chkb genes, respectively.

Increased levels of expression and activity of CHKA have been linked to the progression and
heightened aggressiveness of various cancers, such as breast, lung, and colorectal cancers, among
others [4,13]. CHKA's pivotal role in promoting cancer cell aggressiveness and resistance to treatment
highlights its significance in the survival, proliferation, and activation of critical Ras signaling
pathways, including MAPK and PI3K/AKT [5]. These pathways are integral to a wide range of
essential cellular functions, encompassing cell growth and survival, differentiation, apoptosis,
cytoskeletal dynamics, and protein trafficking and secretion. CHKA is essential to generate
phosphatidic acid, which is crucial for the activation of several Ras signaling pathways, thereby
underlining the importance of CHKA'’s activity in cancer biology [14]. As such, the expression levels
of CHKA are increasingly recognized as valuable biomarkers for cancer detection and to assess
prognostic outcomes, thereby providing insights into the disease's progression and potential
therapeutic targets [11,15].

In the quest for effective cancer therapies, CHKA inhibitors have emerged as promising agents,
with the initial inhibitors demonstrating potent antitumor activities. The first CHKA inhibitor was a
dicationic choline-mimetic hemicholinium-3 (HC-3) that was able to inhibit growth factor-induced
DNA synthesis in vitro [16]. Inspired by the structure of hemicholinium-3 (HC-3), the development of
subsequent inhibitors [7,8,17] marks a significant advance in targeting CHKA's oncogenic function.
Furthermore, the application of RNA interference (RNAi) techniques for the downregulation of CHKA
alpha expression presents an alternative therapeutic strategy, showcasing the potential to induce
apoptosis and inhibit cancer cell proliferation and migration without harming normal cells [18,19]. A
study by Falcon et. al [6] showed that an siRNA knockdown of the CHKA protein in HeLa cells
resulted in significant cell death through apoptosis.

Our study extends this investigative frontier by examining the regulatory effects of miR-32-5p
on chka gene, thus proposing a sophisticated layer of gene expression control mediated by
microRNA (miRNA) interactions. Our findings suggest that miR-32-5p targets the 3' untranslated
region of chka, thus offering a novel mechanism to post-transcriptionally suppress chka expression.
The introduction of miR-32-5p into cancer cells notably decreased chka expression, thus leading to
enhanced apoptosis and reduced wound healing. This underscores the significant therapeutic potential
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of targeting miR-32-5p in cancers characterized by aberrant CHKA expression, particularly
considering CHKA's necessity to activate crucial cell survival and proliferation pathways [5].

However, the function of miR-32-5p in cancer biology is complex and varies depending on the
context, thereby acting as an oncogene in some cancers while serving as a tumor suppressor in others.
For instance, in oral squamous cell carcinoma, miR-32-5p enhances cell proliferation, migration,
invasion, and the transition from epithelial to mesenchymal states, thus underscoring its role in cancer
progression [20]. Likewise, it is significantly overexpressed in ovarian cancer, where it boosts cancer
cell proliferation and movement [21]. Conversely, in non-small cell lung cancer, miR-32-5p takes on
a protective role by curbing migration and invasion. It achieves this by targeting SMAD3, which is a
key player in the transforming growth factor-beta signaling pathway that transmits signals from the
cell surface to the nucleus, thereby affecting gene activity and cell growth [22]. Furthermore, in
cervical cancer, miR-32-5p deters cancerous behaviors by influencing HOXBS, which is a gene
regulator crucial for development [23]. This dual nature of miR-32-5p underscores the intricate roles
microRNAs play in oncology, thus emphasizing the need for a more profound comprehension of their
actions to fine-tune miRNA-based therapeutic approaches.

5. Conclusions

In conclusion, the oncogenic role of the chka gene and the regulatory potential of miRNAs such
as miR-32-5p revealed intricate pathways for potential cancer therapies. By leveraging the detailed
interplay between gene expression regulation and oncogenic signaling, our study contributed to the
broader effort to develop more effective and targeted treatments for cancer. This research not only
highlighted the therapeutic implications of inhibiting CHKA, but also opened avenues to utilize
miRNAs as innovative tools in cancer therapy, thus promising advancements in the fight against cancer.

Building on these insights, we recommend the further exploration of miR-32-5p as a potential
therapeutic agent for cervical cancer. Its proven effectiveness in downregulating chka expression,
which leads to decreased cell proliferation and increased apoptosis, along with its potential anti-
metastatic properties, makes miR-32-5p a promising biomarker and therapeutic target. Future research
should focus on conducting animal studies and clinical trials to evaluate the efficacy and safety of
miR-32-5p-based therapies, with the goal of developing a novel and robust approach to curb the
progression and spread of cervical cancer in affected populations.
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