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ARTICLE INFO ABSTRACT

Keywords: Ferroptosis is an apoptosis-independent cell death pathway characterized by heightened lipid peroxidation,
mo6A which shows promise for tumor suppression. Despite extensive research on long non-coding RNAs (LncRNAs) in
RNA binding protein ferroptosis, their role in colorectal cancer (CRC) remains underexplored. We investigated the upregulation of
Ferroptosis L AC145207.5 and HNRNPC expression in CRC tissues through public dataset analysis and in-house validation,
Nrf2/GPX4 signaling pathway identifying them as having significant diagnostic potential. In vitro experiments including MTS assay, transwell
. Y, ,
and colony formation, alongside in vivo studies using xenograft models, elucidated the synergistic carcinogenic
role of the HNRNPC/AC145207.5 axis in promoting the malignant characteristics of CRC. Mechanistically, the
m6A reader HNRNPC stabilized m6A-modified AC145207.5, contributing to its stabilization and upregulation.
Consequently, AC145207.5 activated the Nrf2/GPX4 axis, resulting in increased GPX4 expression, inhibition of
GPX4-mediated ferroptosis, and facilitation of CRC progression. Our findings underscore the clinical relevance of
the HNRNPC/AC145207.5 axis in CRC and illuminate its regulatory role in ferroptosis, suggesting implications

for targeted precision medicine in CRC.

1. Introduction capacity [3]. Growing evidence underscores the involvement of diverse

regulatory mechanisms, including dysregulated expression and muta-

Colorectal cancer (CRC) is a heterogeneous disease characterized by
the uncontrolled growth of abnormal cells in the colon or rectum, pre-
senting a clinical challenge in the realm of tumor prevention and
treatment [1]. In 2023, CRC ranked as the second most frequently
diagnosed cancer and the fifth leading cause of cancer-related deaths
worldwide [2]. Given these findings, it is imperative to investigate novel
biomarkers in CRC to enhance our understanding of molecular subtypes
and facilitate the development of more effective diagnostic and thera-
peutic approaches.

Long non-coding RNAs (LncRNAs) are characterized by extensive
nucleotide sequences exceeding 200 base pairs and lack protein-coding

tions of LncRNAs, in the pathogenesis of CRC [4-6]. Notably, elevated
levels of LncRNA AC145207.5 have been observed in CRC specimens
compared to normal tissue. Prognostic analysis for AC145207.5 suggests
its potential as a discerning biomarker for CRC diagnosis. However, its
precise role in CRC remains unverified, warranting further exploration
of its clinical functions.

N6—methyladenosine (m6A) is the most prevalent internal RNA
modification in mammalian cells, showcasing diverse functional impli-
cations associated with methylated RNAs that are recognized by m6A
readers [7,8]. To investigate the putative RNA-binding proteins (RBPs)
ssociated with AC145207.5, we leveraged public databases and
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identified significant interactions with HNRNPC, which is renowned for
its roles as both m6A methyltransferase and an RBP. As a member of the
HNRNP family, HNRNPC typically operates as an m6A reader, influ-
encing various aspects of target RNA, including stability and degrada-
tion [9,10]. These actions impact the expression of target genes and
modulate biological processes [11,12]. Notably, the precise mechanisms
underlying the m6A reader HNRNPC's facilitation LncRNA stabilization
during CRC tumorigenesis remain incompletely understood.

The accumulation of cytotoxic lipid peroxides on cellular membranes
during ferroptosis plays a pivotal role in the regulation of cell death [13,
14]. Recent studies have increasingly underscored the intimate rela-
tionship between ferroptosis and various facets of cancer, including its
initiation and progression [15]. This burgeoning field of investigation
has shed light on the intricate interplay between ferroptosis and cancer
biology, with LncRNAs emerging as prominent regulators [16,17]. Our
research findings have revealed that the depletion of AC145207.5 mit-
igates ferroptosis-related traits. Nevertheless, the precise mechanism
through which AC145207.5 modulates ferroptosis in CRC remains
inadequately elucidated, necessitating further exploration.

In our study, we unveiled a novel LncRNA, AC145207.5, which ex-
hibits heightened expression levels in CRC tissues, and thus holds
promise as a potential diagnostic marker. The upregulation of
AC145207.5 is attributed to m6A modification and the subsequent
binding by HNRNPC, resulting in the stabilization of AC145207.5. Our
in vitro and in vivo investigations illustrate the role of AC145207.5 in
promoting cell proliferation and invasion in CRC cells. Mechanistic
analysis has uncovered that AC145207.5 activates the Nrf2/GPX4
pathway, a pivotal regulator of ferroptosis. Notably, the AC145207.5-
activated Nrf2/GPX4 axis impedes ferroptosis and fosters the malig-
nant phenotype of CRC. This study offers crucial insights into the
mechanisms by which HNRNPC stabilizes AC145207.5 through m6A
epigenetic modification, governing ferroptosis and its implications in
CRC tumorigenesis.

2. Materials and methods
2.1. Study cohort and design

A total of 54 cases were randomly selected for inclusion in this study,
which involved the collection of CRC specimens and non-tumorous tis-
sues. The cases were selected between October 2020 and February 2023.
All specimens were obtained from patients at Jiangxi Cancer Hospital
who underwent surgical resection for CRC. Prior to use, all samples were
immediately preserved in liquid nitrogen and stored at —80 °C. The
study was approved by the Ethics Committee of Jiangxi Cancer Hospital
(No0.2022ky296). Written informed consent was obtained from all pa-
tients participating in the study.

2.2. Cell culture and cell line construction

The cell bank of the Chinese Academy of Sciences in Shanghai pro-
vided the SW480 (RRID: CVCL_0546) and HCT116 (RRID: CVCL_0291)
human CRC cell lines. Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco, #11965092) medium was employed for the cultivation of
SW480 cells, while Roswell Park Memorial Institute 1640 (RPMI 1640;
Gibco, # 11875119) medium was supplemented with 10% fetal bovine
serum (FBS; Gibco, #10099-141), 100 U/mL penicillin and 100 pg/mL
streptomycin for HCT116 cells. The cell cultures were maintained at
37°C with 5% CO» in a humidified environment.

The transfection of CRC cells with the target gene was conducted
using an Oligofectamine™ transfection reagent (Thermo Fisher,
#12252011). Subsequently, the transfected cells were harvested 48 h
later. The specific ShRNA sequences used in the transfection process are
detailed in Table S1.
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2.3. Real-time quantitative PCR (RT-qPCR)

Total RNA was extracted from CRC tissues and cell lines using Trizol
reagent (#15596026) following the manufacturer’s instructions.
Reverse transcription was performed using the TB Green real-time PCR
kit (Takara, Japan, #RR820A) to determine mRNA expression levels,
with three replicates per measurement. All primers were obtained from
Guangzhou RibBio Biotechnology Co., Ltd. (RibBio, Guangzhou, China).
Table S2 provides a list of primers for RT-qPCR amplification.

2.4. Western blotting

Following transfection, cell lysates were prepared using RIPA lysis
buffer and PMSF (Thermo Scientific, #36978, 100:1). The total protein
content of the lysates was quantified using the BCA Protein Assay Kit
(Beyotime Biotechnology, #P0012S) and subsequently boiled for 10 min
at 100°C. The protein extracts were then fractionated by 10% SDS-PAGE
(Solarbio, #P1200-50T) and transferred to PVDF membranes (Thermo
Scientific, #88518). After blocking with 5% defatted milk, the mem-
branes were incubated overnight at 4°C with the primary antibodies,
followed by a 2-h incubation at room temperature with the secondary
antibodies. The enhanced chemiluminescence (ECL; Solarbio, #PE0020)
method was used for detection, and the data were analyzed using
ImageJ software.

2.5. Cell proliferation assay

To assess cell viability, the MTS assay (Promega Biotech, #G5421)
was utilized. 6-well plates (Thermo Scientific, #140675) were seeded
with 500 cells per well and transfected with appropriate constructs for
HCT116 and SW480 cells. Following the manufacturer’s instructions,
relative cell viability was determined. For colony formation assays, cells
were plated onto six-well plates containing 10% fetal bovine serum
(FBS). The cells were cultured, and media were replenished every 5
days. After two weeks of growth, the cells were fixed in 4% para-
formaldehyde (Thermo Scientific, #FB002) for 30 min and stained with
0.1% crystal violet (Thermo Scientific, #R40052) before manual
counting.

2.6. Wound healing assay

An in vitro wound healing assay was conducted to evaluate the
migratory capacity of SW480 and HCT116 cells. The cells were seeded in
six-well plates and allowed to form a confluent monolayer. Subse-
quently, a scratch was carefully created using a 20 pL pipettor (Rainin,
USA). The scratch wounds were then imaged at O and 48 h using a mi-
croscope, and ImageJ software was utilized for the quantitative analysis
of the relative wound size at each time point.

2.7. Transwell assay

For the cell invasion assay, a 24-well transwell insert chamber
(Thermo Scientific, #142485) was utilized. Cells were treated, sus-
pended in a serum-free culture medium, and then plated in the upper
chamber at a concentration of 2 x 10* cells per well. After 48 h, the cells
on the upper surface of the membrane were removed, and the chamber
was washed with PBS. Following fixation with 4% paraformaldehyde,
the cells were stained for 30 min with 0.1% crystal violet solution was
performed, followed by rinsing with distilled water. Subsequently, cells
that invaded from five randomly chosen fields were selected and
quantified using ImageJ with the aid of a microscope.

2.8. Reactive oxygen species (ROS) staining assay

The levels of ROS were evaluated using a ROS Fluorometric Assay Kit
(Invitrogen, #EEA019) according to the manufacturer’s guidelines. The
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cells were treated with a final concentration of 10 uM dihydroethidium
(DHE) in a serum-free medium at 37°C for 15 min. Following this, the
fluorescence intensity was quantified to determine the cellular ROS
levels.

2.9. Malondialdehyde (MDA) assay

To quantify the levels of MDA in cellular samples, the Cell MDA
Colorimetric Assay Kit (Invitrogen, #EEA015) was employed. This assay
kit utilizes the reaction between MDA and thiobarbituric acid (TBA).
Following treatment, CRC cells were collected, lysed, and sonicated. The
lysates were then quantified, and the MDA working solution was added.
The MDA content was determined by measuring the absorbance at 532
nm using a microplate reader.

2.10. Iron assay

The concentration of Fe>™ was determined using an iron assay kit
(Biovision, #MA-0103). Following cell lysis and centrifugation, protein
quantification was conducted, and the resulting supernatant was used to
determine the iron ion concentration. Blank control tubes, standard
quality control tubes, and sample tubes were prepared according to the
provided guidelines. The samples were incubated in a water bath at 60°C
for 1 h. Subsequently, the reagent for iron ion detection was thoroughly
mixed and incubated at room temperature for 30 min. Absorbance was
measured at a wavelength of 593 nm.

2.11. Glutathione (GSH) and glutathione oxidized (GSSG) assays

The GSH and GSSG levels were assessed using the GSH and GSSG
Colorimetric Assay Kit (Invitrogen, #EEA020). This assay kit employs a
colorimetric method in which the formation of a yellow product (5-thio-
2-nitrobenzoic acid) occurs. The GSH content can be indirectly quanti-
fied by measuring the optical density (OD) at 450 nm.

2.12. Fluorescence in situ hybridization (FISH)

The subcellular localization of AC145207.5 was examined using the
FISH Tag™ RNA Multicolor Kit (Invitrogen, #F32956). Following fixa-
tion of the cells with 4% formaldehyde, permeabilization was performed
using pre-chilled permeabilization solutions, and subsequent blocking
was carried out with a pre-hybridization solution provided in the Kkit.
The cells were then subjected to hybridization with the AC145207.5
FISH probe mixture at 37°C overnight. Following three washes, DAPI
was employed for nuclear staining, and the cells were ultimately affixed
to slides using a mounting medium. Subsequently, stained cells were
visualized using a confocal laser scanning microscope (Carl Zeiss
Microimaging) to capture images.

2.13. RNA stability assay

To assess RNA stability, cells were exposed to 5 pg/mL actinomycin
D (Sigma, #A9415). HCT116 or SW480 cells were transfected with
either sh-NC or sh-HNRNPC. Subsequently, total RNA was extracted at 0,
3, and 6 h post-treatment with actinomycin D for qPCR analysis.

2.14. RNA Immunoprecipitation (RIP) and Methylated RNA
Immunoprecipitation (Me-RIP) qPCR assays

Following the aforementioned protocol, RIP experiments were per-
formed. Specifically, cell extracts were co-immunoprecipitated using
HNRNPC (ZEN-BIOSCIENCE, #R381235, 1:50) and m6A (CST,
#56593S, 1:5000) antibodies. The Magna RIP™ RNA-Binding Protein
Immunoprecipitation Kit (Millipore, #17-701) was employed for con-
ducting the RIP experiments. Subsequently, the RNA recovered from the
immunoprecipitation was analyzed using qPCR to quantify specific RNA
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targets.
2.15. Immunohistochemistry (IHC) staining

The tissue slides underwent rehydration in graded alcohol solutions
and were rinsed with distilled water after being deparaffinized in xylene.
Following this, the slides were incubated overnight at 4°C with primary
antibodies specific for HNRNPC (ZEN-BIOSCIENCE, #R381235, 1:200),
Nrf2 (Abcam, #ab137550, 1:500), GPX4 (Abcam, #ab125066, 1:100),
and Ki-67 (Proteintech, #27309-1-AP, 1:5000). Subsequently, second-
ary antibodies, including HRP-conjugated goat anti-rabbit IgG (Pro-
teintech, #PR30011, 1:5000) and HRP-conjugated goat anti-rabbit IgG
(BOSTER, #BA1050, 1:5000), were applied using the conventional
avidin-biotin peroxidase complex method for 1 h at room temperature.
Counterstaining was then performed using hematoxylin, followed by
dehydration and mounting of the slides. Protein expression levels were
further analyzed using an Olympus BX53 microscope.

2.16. Animal in vivo experiments

The CRC cell line HCT116 were cultured in DMEM medium supple-
mented with 10% FBS. After trypsin digestion, the cells were combined
with 50% Matrigel (BD, #354234) to achieve a final concentration of 5
x 10° cells/200 pL. To establish a xenograft mouse model of CRC,
commonly known as a cell-derived xenograft (CDX) model, a cell sus-
pension from HCT116 was subcutaneously injected into the axillary
region of ten five-week-old BALB/c Nude mice. These mice were pro-
cured from SJA Laboratory Animal Co., Ltd. (Hunan, China) and were
acclimated to specific pathogen-free (SPF) conditions for one week prior
to the experiment. The animal experimentation in this study was con-
ducted in compliance with ethical standards and received approval from
the Ethics Committee of Jiangxi Cancer Hospital (No.2023.053),
adhering to institutional guidelines and regulations. Tumor size and
volume were monitored until the conclusion of the experimental tumor
harvesting period, after which the tumors were surgically excised for
subsequent analysis and research purposes.

2.17. Statistical analysis

All values were presented as means + standard deviation (SD), and
statistical analyses and visualization were performed using GraphPad
Prism 7 (GraphPad Prism, RRID: SCR_002798). The significance of dif-
ferences between groups was assessed using one-way ANOVA and Stu-
dent’s paired or unpaired t-tests. The experiments were conducted as
independent biological replicates and repeated at least three times.
Results were labeled as follows: ns indicates not significant.

3. Results

3.1. The HNRNPC/AC145207.5 axis functions synergistically to promote
the adverse progression of CRC

Tumor heterogeneity represents a hallmark feature of malignant
tumors and holds substantial clinical relevance for the efficacy of
treatment [18,19]. To gain insight into the critical regulatory factors
during the malignant progression of CRC, we conducted comprehensive
transcriptomic analyses, comparing samples from normal (n = 51) and
tumor (n = 647) tissues sourced from TCGA. The data revealed that
AC145207.5 was significantly upregulated in CRC tissues (TOP 1, Fold
Change = 4.073, P < 0.0001) (Fig. 1a). To gain a comprehensive un-
derstanding of AC145207.5 expression patterns in CRC, we meticulously
analyzed its post-transcriptional levels using data from TCGA databases.
Our results showed a marked upregulation of AC145207.5 expression in
CRC tissues compared with paraneoplastic tissues (Fig. 1b). To corrob-
orate these observations, we performed RT-qPCR on 47 to 50 post-
operative clinical samples obtained from Jiangxi Cancer Hospital.
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Fig. 1. The HNRNPC/AC145207.5 axis functions synergistically to promote the adverse progression of CRC. (a) Heat map analysis of differentially expressed
genes (DEGs) in CRC tissues compared to normal tissues using the TCGA database. (b) Analysis of AC145207.5 expression in CRC tissues compared with normal
tissues using TCGA database. (¢) RT-qPCR analysis of AC145207.5 expression in CRC tissues compared with adjacent normal tissues. (d) Analysis of HNRNPC-mRNA
expression in CRC tissues compared with normal tissues using TCGA database. (e) RT-qPCR analysis of HNRNPC-mRNA expression in CRC tissues compared with
adjacent normal tissues. (f) Analysis of HNRNPC protein expression in CRC tissues compared with normal tissues using CPTAC database. (g) Feature plots depict the
correlation between AC145207.5 and HNRNPC in the TCGA-CRC RNA-seq (n = 641). (h) Western blotting analysis of HNRNPC protein expression in CRC tissues and
their corresponding normal tissues. p-actin is used as a loading control. (i) Representative images of HNRNPC expression in paired CRC tissue versus normal samples
from the Jingxi Cancer Hospital cohort using IHC staining. (j and k) Kaplan-Meier analysis of overall survival in two groups of CRC patients stratified by high and low
expression of AC145207.5 (i) and HNRNPC (j) using the data from the TCGA database. Each bar represents the mean values + SD. All statistical analyses were
performed using the Mann-Whitney U test.

Consistently, the AC145207.5 expression was significantly elevated in upregulation of AC145207.5 in CRC, we utilized the ENCORI database
CRC tissues compared with their corresponding adjacent normal tissues to predict RBPs associated with AC145207.5. Our analysis uncovered
(Fig. 1c). significant interactions between AC145207.5 and FMRI1, ELAVLI,

To unravel the underlying factors responsible for the significant HNRNPC, and IGFBP2, which function as m6A methyltransferases and
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RBPs (Fig. Sla). Similarly, AC145207.5 was also found to be signifi-
cantly positively correlated with ELAVL1, HNRNPC, and ILF3 expression
at the transcriptional level (Fig. S1b). To validate our findings, we
proceeded to knock down FMR1, ELAVL1, HNRNPC, and IGFBP2, which
resulted in a subsequent decrease in AC145207.5 expression in HCT116

Non-coding RNA Research 13 (2025) 43-56

cells with HNRNPC knocked down (Fig. S1b). However, knockdown of
FMR1, ELAVL1, and IGFBP2 had no significant effect on AC145207.5

expression (Fig. Slc-e).

Based on the above findings, it is plausible to speculate that
HNRNPC, as a reader protein of m6A modifications, potentially exerts
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Fig. 2. AC145207.5 induces tumorigenesis and promotes tumor progression in CRC. (a-d) RT-qPCR analyses of changes in AC145207.5 expression levels in
SW480, and HCT116 following knockdown or overexpression of AC145207.5. (e) Colony formation assay showing the effect of AC145207.5 on survival potential in
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Transwell assays were employed to assess the impact of AC145207.5 knockdown (j) or overexpression (k) on the invasive capabilities of HCT116 and SW480 cells.
Each bar represents the mean values + SD.
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influence on the degradation of AC145207.5, thereby augmenting RNA confirm these findings, RT-qPCR was performed on 54 to 51 post-

abundance and consequently stabilizing its expression. Our results also operative clinical samples obtained from Jiangxi Cancer Hospital,
demonstrated a significant upregulation of HNRNPC expression in CRC showing significantly elevated HNRNPC expression in CRC tissues
tissues compared with paraneoplastic tissues (Fig. 1d). To further compared with their corresponding adjacent normal tissues (Fig. le).
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Fig. 3. HNRNPC mediates malignant behaviors by regulating m6A-modified AC145207.5 in CRC cells. (a and b) The half-life (t1/2) of AC145207.5 decay was
reduced after down-regulating HNRNPC in SW480 (a) and HCT116 (b) cells. (c¢) RNA-RIP followed by qPCR showed binding of HNRNPC with AC145207.5 in SW480
and HCT116 cells. (d) RIP followed by qPCR showed binding of AC145207.5 with anti-m6A in SW480 and HCT116 cells after down-regulating HNRNPC. (e) FISH
assay was performed to observe the localization of AC145207.5 in SW480 and HCT116 cells. (f) The top-ranked 3D docking conformation of AC145207.5
(AlphaFold3 predicts tertiary structure) and HNRNPC (AF-P07910-F1-model_v4) is shown using Pymol 3.0. (g) Rescue experiments assessing colony-forming abilities
treated by co-transfected HNRNPC silencing and AC145207.5 overexpression in SW480 and HCT116 cells. (h) Rescue experiments detecting invasion abilities treated
by co-transfected HNRNPC silencing and AC145207.5 overexpression in SW480 and HCT116 cells, assayed by transwell assays.

48



D. Liu et al.

Additionally, data from the CPTAC database confirmed that HNRNPC
protein expression was significantly upregulated in CRC tissues (Fig. 1f).
Subsequent correlation analysis of transcript levels revealed a signifi-
cant positive correlation between AC145207.5 expression and HNRNPC
expression (Fig. 1g). Furthermore, IHC staining indicated significantly
higher staining intensity and a greater proportion of HNRNPC-positive
cells in paired CRC tissue samples compared with their corresponding
normal tissues (Fig. 1i). This was further confirmed by Western blotting
experiments (Fig. 1h). Moreover, our results suggest that AC145207.5
may hold promise as a clinically relevant tumor marker for the diagnosis
and therapeutic monitoring of CRC, as indicated by survival analysis and
ROC curve analysis (Fig. 1j and k). In light of these observations, we
postulate that the HNRNPC/AC145207.5 axis may act synergistically to
drive the malignant progression of CRC.

3.2. AC145207.5 potentiates proliferation and invasion of the malignant
phenotype of CRC cells in vitro

To investigate the functional implications of AC145207.5 in CRC
cells, we designed three specific sShRNAs (shRNA#1, shRNA#2, and
shRNA#3, abbreviated as sh-AC) and an overexpression plasmid (oe-
AC145207.5, abbreviated as oe-AC) targeting AC145207.5. These mo-
lecular constructs were transfected into HCT116 and SW480 cells to
modulate the expression levels of AC145207.5. The results obtained
from RT-qPCR analysis demonstrated statistically significant alterations
in AC145207.5 expression upon transfection with either the sh-AC or oe-
AC constructs (Fig. 2a—d). Notably, shRNA#2 exhibited a comparatively
diminished effect. Therefore, sSaRNA#1 and shRNA#3 were prioritized
for subsequent experiments to suppress AC145207.5 expression.

Firstly, the colony formation assay revealed that the downregulation
of AC145207.5 significantly impaired the ability of CRC cells to form
colonies (Fig. 2e). Subsequent evaluation using the MTS assay at various
time points (0, 24, 48, 72, and 96 h) demonstrated a marked decrease in
cell viability following the knockdown of AC145207.5 in both HCT116
and SW480 cells (Fig. 2f and h). Conversely, overexpression of
AC145207.5 led to enhanced cell viability (Fig. 2g and i). Furthermore,
assessment of the invasive capabilities of CRC cells via transwell assays
revealed a reduction in invasiveness upon interference with
AC145207.5, contrasting with the augmented invasion observed upon
overexpression of AC145207.5, as depicted in Fig. 2j and k. To sum-
marize, our findings provide compelling evidence that heightened
expression of AC145207.5 fosters the progression of a malignant
phenotype in CRC cells.

3.3. HNRNPC facilitates the cancer cell biological phenotype by
stabilizing the expression of m6A-modified AC145207.5

Drawing upon the enlightening results of our bioinformatics anal-
ysis, we uncovered a substantial correlation between HNRNPC and
AC145207.5. Intrigued by this association, we embarked on a meticu-
lous exploration to unravel the intricate interplay between HNRNPC,
AC145207.5, and m6A methylation stability in the context of CRC
progression. To this end, we conducted RNA stability assays to shed light
on the dynamics of AC145207.5 in response to HNRNPC knockdown and
treatment with actinomycin D at various time points. The captivating
findings of these assays unveiled a striking reduction in the half-life of
AC145207.5 within CRC cells upon HNRNPC knockdown (Fig. 3a).
Furthermore, when treated with actinomycin D, a potent transcriptional
inhibitor, the degradation of AC145207.5 was accelerated over a range
of time points (Fig. 3b). These compelling results provide valuable in-
sights into the intricate regulatory mechanisms governing the stability of
AC145207.5, mediated by the interplay between HNRNPC and m6A
methylation, thus contributing to a deeper understanding of CRC
pathogenesis.

To establish the potential link between HNRNPC and AC145207.5,
we initiated our investigation with RIP-qPCR assays. Remarkably,
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compared to the input control, we observed a significant enrichment of
AC145207.5 in association with HNRNPC expression in HCT116 cells
(Fig. 3c). Moreover, employing the Cuilab tool, we identified an m6A
binding-qualified AGACU motif within AC145207.5, further strength-
ening the potential interaction between HNRNPC and AC145207.5
(Fig. S2a). Similarly, CLIP-seq analysis revealed AC145207.5 binding
peaks on HNRNPC in several CRC cell lines, including HCT116, GP5D,
and LoVo (Fig. S2b). Additionally, using Me-RIP assays, we successfully
demonstrated that the m6A antibody was capable of effectively pulling
down AC145207.5, while the depletion of HNRNPC significantly hin-
dered the enrichment of AC145207.5 (Fig. 3d).

Considering the well-established nuclear localization of HNRNPC
[20], we sought to determine the cellular distribution of AC145207.5
through fluorescence in situ hybridization. Strikingly, our results
confirmed the presence of AC145207.5 in both the nucleus and cyto-
plasm of HCT116 and SW480 cells (Fig. 3e), suggesting a potential
interaction between AC145207.5 and HNRNPC within the nucleus.
Furthermore, molecular docking analysis of protein three-dimensional
structures, revealed a stable interaction between AC145207.5 and
HNRNPC protein (Fig. 3f).

To shed light on the regulatory mechanisms governed by HNRNPC
and AC145207.5 in CRC cell characteristics, we conducted MTS assays
(Fig. S3a and b) and Wound healing assays (Fig. S3c) to analyze the
impact of HNRNPC downregulation on cell proliferation and invasion in
HCT116 and SW480 cells. As anticipated, the downregulation of
HNRNPC expression exerted a pronounced inhibitory effect on the
proliferative and migratory capabilities of both cell lines. Additionally,
transwell assays were employed to assess their invasive capabilities,
revealing a significant reduction in the invasive potential of HCT116 and
SW480 CRC cells upon downregulation of HNRNPC (Fig. S3d).

To further elucidate the tumor-promoting function of HNRNPC,
rescue experiments were conducted, wherein the overexpression of
AC1452075 successfully reversed the inhibition of tumor cell migration
and invasion caused by HNRNPC knockdown (Fig. 3g and h). These
compelling findings provide robust support for the hypothesis that
HNRNPC promotes CRC cell proliferation and invasion by stabilizing
AC145207.5 expression, unraveling a novel regulatory axis with sig-
nificant implications in CRC pathogenesis.

3.4. AC145207.5 facilitates CRC progression by suppressing ferroptosis

To unravel the intricate web of downstream molecular targets
influenced by AC145207.5 in CRC, we conducted a comprehensive RNA-
seq analysis on HCT116 cells engineered with lentiviral vectors carrying
sh-AC. This approach unveiled a noteworthy differential expression in
5705 genes, highlighting the profound impact of AC145207.5 on
cellular processes. Subsequent GO analysis unmasked their involvement
in a myriad of biological regulatory pathways, including cholesterol and
fatty acid metabolism, as well as carbohydrate metabolism, among
others (Fig. 4a). Moreover, KEGG analysis identified a striking enrich-
ment in diverse signaling pathways, with a particular emphasis on the
pivotal role of Ferroptosis (Fig. 4b). These enrichments underscore the
significance of ferroptosis in orchestrating the biological functions
modulated by AC145207.5, offering a deeper understanding of its mo-
lecular mechanisms in CRC.

To validate the intriguing hypothesis, our initial investigations un-
veiled compelling evidence indicating that the decline in AC145207.5
expression led to a remarkable surge in ROS production. Conversely, the
overexpression of AC145207.5 exhibited a potent inhibitory effect on
ROS production within CRC cells (Fig. 4c). Intriguingly, knockdown of
AC145207.5 expression resulted in a significant elevation in cellular
Fe* concentration, while overexpression led to a notable reduction in
cellular Fe*"* concentration (Fig. 4d). To further substantiate our find-
ings, we administered the ferroptosis inhibitor Fer-1 and observed its
remarkable efficacy in abolishing the CRC cell death induced by
AC145207.5 downregulation, consequently enhancing cell viability
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Fig. 4. AC145207.5 enhances CRC cell proliferation through ferroptosis activation. (a) GO enrichment analysis performed for AC145207.5 knockdown in
HCT116 cells. (b) KEGG pathway enrichment analysis conducted for AC145207.5 knockdown in HCT116 cells. (c¢) Levels of ROS detected after AC145207.5

knockdown or overexpression in HCT116 and SW480 cells. (d) Intracellular Fe

2+ concentration assayed after AC145207.5 knockdown or overexpression in HCT116

and SW480 cells. (e and f) Fer-1 (5 pM) reversed the decreased cell viability induced by AC145207.5 knockdown in HCT116 and SW480 cells. (g) MDA levels
analyzed after AC145207.5 knockdown or overexpression in HCT116 and SW480 cells. (h and i) Total GSH levels and the ratio of reduced GSH/GSSG determined
after AC145207.5 knockdown or overexpression in HCT116 and SW480 cells. Statistical analyses were performed using the one-way ANOVA.

(Fig. 4e-f). Collectively, these captivating findings provide compelling
evidence that AC145207.5 suppresses ferroptosis in CRC cells, thereby

promoting the malignant phenotype.

Ferroptosis, characterized by redox-active iron overload, reactive

accumulation, lipid peroxidation, and GSH depletion, was meticulously
examined through the measurement of intracellular chelate iron, ROS,
MDA, GSH, and GSH/GSSG ratio. As anticipated, downregulation of
AC145207.5 significantly amplified Fe?*, ROS, and MDA levels, while
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concurrently depleting total GSH and diminishing the GSH/GSSG ratio.
Conversely, upregulation of AC145207.5 strikingly diminished Fe?",
ROS, and MDA levels, while eliciting pronounced increases in total GSH
and the GSH/GSSG ratio (Fig. 4g-i). These compelling findings un-
equivocally indicate that ferroptosis is the predominant mechanism by
which the downregulation of AC145207.5 instigates cell death in CRC
cells, unveiling a novel avenue for potential therapeutic interventions.

3.5. AC145207.5 attenuates ferroptosis via the Nrf2/GPX4 signaling
pathway

To delve deeper into the specific mechanism by which AC145207.5
inhibits ferroptosis, we conducted transcriptome sequencing. The RNA-
seq analysis revealed that downregulation of AC145207.5 in HCT116
resulted in the upregulation of 4176 genes and the downregulation of
1529 genes (Fig. 5a). Notably, the gene GPX4 emerged as a prominent
candidate warranting closer examination, given its pivotal role as a key
regulator of ferroptosis (Fig. 5b). Nrf2, recognized as the master tran-
scriptional regulator of antioxidant gene expression, holds significant
importance in this context, with GPX4 being one of its downstream
antioxidant enzymes. Building upon this intricate network, we hypoth-
esized that the functional mechanism of AC145207.5 may be intricately
intertwined with the Nrf2/GPX4 signaling axis.

To validate this hypothesis, Western blotting analysis was conduct-
ed, revealing that changes in AC145207.5 expression at the RNA level
correspondingly influenced the levels of Nrf2 and GPX4 proteins
(Fig. 5¢). Additionally, IHC analysis unveiled heightened levels of Nrf2
and GPX4 expression in tumors characterized by elevated AC145207.5
expression (Fig. 5f). To explore the potential regulatory role of
AC145207.5 in the Nrf2/GPX4 pathway and its implications for fer-
roptosis, we conducted rescue assays using specific activators (TBHQ)
and inhibitors (ML385) of Nrf2 in cells with modulated AC145207.5
expression levels. Notably, alterations in AC145207.5 expression led to
corresponding changes in GPX4 expression, with upregulation of
AC145207.5 resulting in increased GPX4 expression, and down-
regulation leading to decreased GPX4 expression. However, the impact
of AC145207.5 on GPX4 expression was partially reversed by the
administration of TBHQ or ML385 (Fig. 5d and e). These results suggest
that GPX4 could potentially function as a downstream target in the
AC145207.5/Nrf2 signaling pathway. Additionally, the pro-ferroptotic
effect of downregulating AC145207.5 in CRC cells was counteracted
by TBHQ, as evidenced by the elevated levels of MDA, total glutathione,
and the GSH/GSSG ratio (Fig. 5g, i and k). Conversely, ML385 reversed
the inhibitory effect on ferroptosis induced by AC145207.5 over-
expression (Fig. 5h, j and k).

To further investigate whether GPX4 is a critical downstream gene of
AC145207.5 in CRC, we designed GPX4 siRNAs and transfected them
into CRC cells with elevated expression of AC145207.5. Our results
demonstrated that AC145207.5 overexpression significantly increased
MDA levels, total glutathione content, and the GSH/GSSG ratio. How-
ever, co-transfection of si-GPX4 reversed these effects (Fig. 5m-o0). These
findings collectively provide compelling evidence suggesting that the
Nrf2/GPX4 pathway mediates the regulatory effect of AC145207.5 on
ferroptosis.

3.6. AC145207.5 knockdown suppressed tumorigenesis in CRC xenograft
model

To elucidate the nuanced functions of AC145207.5 in CRC tumori-
genesis in vivo, HCT116 cells with AC145207.5 knockdown were sub-
cutaneously implanted into BALB/c nude mice and allowed to grow for
approximately five weeks. Upon reaching the eighth day post-
transplantation, discernible xenograft tumors had effectively formed.
Remarkably, tumors originating from mice subjected to AC145207.5
knockdown exhibited substantially diminished size (Fig. 6a), reduced
weight (Fig. 6¢), and attenuated volume (Fig. 6d) compared to those in

51

Non-coding RNA Research 13 (2025) 43-56

the sh-NC group. This disparity in tumor morphology was further vali-
dated through histological examination using H&E staining (Fig. 6b).
IHC analysis of the xenograft tumors disclosed a conspicuous decrease in
the expression levels of Ki-67, Nrf2, and GPX4 in the AC145207.5
knockdown cohort compared to the sh-NC group (Fig. 6e and f).
Collectively, our in vivo investigations in mice underscored the pivotal
role of AC145207.5 inhibition in impeding the proliferation of xenograft
tumors, implicating its potential regulatory function in CRC progression.
Moreover, our findings suggest that AC145207.5 may exert its regula-
tory influence on CRC development through modulation of ferroptosis
via the Nrf2/GPX4 signaling pathway.

4. Discussion

The burgeoning body of recent research has brought into sharp focus
the pivotal significance of LncRNAs in cellular development and the
pathogenesis of various human diseases, particularly cancer [21,22].
Perturbations in LncRNA expression have been implicated in driving the
unchecked proliferation and metastasis of malignant tumors [23].
Employing a multifaceted analytical approach encompassing biochem-
ical, and cell biology methodologies, our study elucidates the oncogenic
influence of AC145207.5 in CRC, impacting tumorigenesis and ferrop-
tosis pathways. Through a series of meticulous experiments conducted
both in vitro and in vivo, we consistently observe that the downregulation
of AC145207.5 significantly impedes tumor cell proliferation and in-
vasion by fostering ferroptosis in CRC. These compelling findings un-
derscore the critical role of heightened AC145207.5 expression in
orchestrating the malignant progression of CRC.

HNRNPC serves as an m6A reader, a prevalent RNA modification
that significantly influences the abundance, stability, splicing, and
transport of target RNAs [9]. Previous research has implicated HNRNPC
in the malignant progression of various tumors [20,24]. However, the
precise regulatory mechanisms through which m6A modification and its
reader modulators contribute to tumorigenesis, particularly in the
context of CRC, remain incompletely understood. Our study has un-
veiled a pivotal regulatory interplay between the m6A reader HNRNPC
and modified AC145207.5 through m6A modulation patterns, playing a
crucial role in GPX4-mediated ferroptosis during CRC tumorigenesis.
Our findings demonstrate that heightened HNRNPC expression corre-
lates with increased levels of AC145207.5, culminating in augmented
cell proliferation via the stabilization of m6A-modified AC145207.5.
Furthermore, elevated expression of HNRNPC and AC145207.5 in
human CRC tissues was associated with a poorer prognosis.

Notably, our study has uncovered a significant association between
AC145207.5 and HNRNPC, a key oncogenic m6A modulator, in terms of
their impact on cellular characteristics in CRC [25]. This novel corre-
lation holds substantial implications for the development of biomarkers
and therapeutic targets for the diagnosis and monitoring of CRC treat-
ment efficacy. While the functional role of HNRNPC in various cancers is
well-established [26,27], the specific epigenetic regulatory network and
functional role of AC145207.5 in CRC have yet to be fully elucidated.
Our study provides groundbreaking evidence demonstrating that
AC145207.5 functions as a novel target of HNRNPC, an m6A reader that
stabilizes the expression of AC145207.5. The collaborative promotion of
CRC cell proliferation and pathogenesis by AC145207.5 and HNRNPC
offers valuable insights into the biology of CRC.

Ferroptosis, an emerging form of regulated cell death triggered by
oxidative stress, has garnered attention for its potential contribution to
tumor development, offering significant implications for cancer pre-
vention and treatment [28,29]. Our study represents the first to explore
the upregulation of AC145207.5 in CRC, elucidating its role in sup-
pressing ferroptosis and promoting tumor growth. Through RNA-seq, we
identified GPX4 as a downstream target gene of AC145207.5,
well-known for its involvement in ferroptosis [13,30]. Previous research
has demonstrated that specific medications can reduce GPX4 protein
levels by targeting the mTORC1 pathway, sensitizing cancer cells to
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Fig. 5. AC145207.5 impedes CRC cell ferroptosis through the Nrf2/GPX4 signaling pathway. (a) Heatmap of RNA-Seq data illustrating the differentially
expressed genes (DEGs) in HCT116 cells following AC145207.5 knockdown. (b) Volcano plot displaying the DEGs between three paired negative control and sh-AC
groups in HCT116 cells, with a significant decrease in GPX4 expression observed in AC145207.5-knockdown cells. (¢) Western blotting analysis of Nrf2 and GPX4
protein levels after AC145207.5 interference in both HCT116 and SW480 cells. (f) IHC analysis of Nrf2 and GPX4 expression in paired CRC and adjacent normal
tissues. (d and e) Rescue experiments assessing GPX4 expression in HCT116 and SW480 cells treated with AC145207.5 overexpression and ML385 (10 pM; pretreate
for 1 h) or AC145207.5 knockdown and TBHQ (20 pM; pretreate for 12 h) by Western blotting. (g and h) Rescue experiments measuring MDA levels in HCT116 and
SW480 cells treated with AC145207.5 overexpression and ML385 or AC145207.5 knockdown and TBHQ. (i-1) Rescue experiments determining total glutathione
levels and the GSH/GSSG ratio in HCT116 and SW480 cells treated with AC145207.5 overexpression and ML385 or AC145207.5 knockdown and TBHQ. (m) Rescue
experiments quantifying MDA levels in HCT116 and SW480 cells treated with AC145207.5 overexpression and GPX4 knockdown. (n and o) Rescue experiments
evaluating total GSH levels and the GSH/GSSG ratio in HCT116 and SW480 cells treated with AC145207.5 overexpression and GPX4 knockdown. Statistical analyses
were performed using the one-way ANOVA.
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Fig. 6. AC145207.5 promotes CRC tumorigenesis in vivo. (a) Images of subcutaneous tumors in BALB/c nude mice injected with HCT116 cells treated with sh-NC
and sh-AC. (b) H&E staining was applied to identify the subcutaneous tumors. (¢) Tumor weights of the subcutaneous xenografts. Statistical analyses were performed
using the Student’s t-test. (d) Tumor growth curves are shown after subcutaneous injection of HCT116 cells containing stably silenced AC145207.5 or negative
control. Statistical analyses were performed using the two-way ANOVA. (e and f) Representative IHC images of CRC showing Ki-67, GPX4, and Nrf2 staining, along
with corresponding quantification of Ki-67, GPX4, and Nrf2 levels in CRC. Statistical analyses were performed using the Student’s t-test.

ferroptosis [31]. Additionally, activation of the Wnt/f-catenin/TCF4
pathway has been associated with the upregulation of GPX4 expression,
subsequently impeding ferroptosis in gastric cancer cells [32]. Vali-
dating the role of GPX4 in AC145207.5-mediated ferroptosis regulation,
gPCR and Western blotting analyses confirmed the positive regulation of
GPX4 expression by AC145207.5.

Moreover, depletion of GPX4 levels in CRC cells exhibiting high
AC145207.5 expression led to a reversal of the AC145207.5-induced
tumor proliferation and ferroptosis phenotype, suggesting that
AC145207.5 inhibits ferroptosis by upregulating GPX4. The Nrf2 gene,
known to modulate GPX4 expression and regulate ferroptosis [33,34],
was found to influence the increased GPX4 expression induced by
AC145207.5 upregulation. This was demonstrated by the attenuation of
GPX4 expression with the Nrf2 inhibitor ML385 and its restoration with
the Nrf2 activator TBHQ. Our study posits that Nrf2 serves as a crucial
modulator of oxidative stress, significantly influencing ferroptotic
pathways. Initial data suggest that AC145207.5 may enhance Nrf2 ac-
tivity, thereby augmenting the cellular antioxidant response and
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potentially offering protection against ferroptosis. However, if oxidative
stress levels exceed the compensatory capacity of Nrf2, ferroptosis may
occur. This duality highlights the complexity of Nrf2’s role in ferrop-
tosis, and we intend to further elucidate this relationship in our ongoing
research. These findings establish a novel link between AC145207.5 and
the upregulation of GPX4 through the activation of Nrf2 during the
occurrence and progression of CRC.

5. Conclusion

Our groundbreaking investigation unveils, for the first time, the
notable elevation of AC145207.5 within CRC tissues, highlighting its
pivotal role in driving tumor proliferation and progression. Our obser-
vations reveal a novel interaction between HNRNPC and AC145207.5,
facilitated by m6A modification, leading to the heightened expression of
AC145207.5. This surge in AC145207.5 levels instigates and propels the
onset of CRC progression through a ferroptosis-dependent mechanism.
Furthermore, silencing AC145207.5 significantly diminishes GPX4
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expression by orchestrating Nrf2 activity, triggering a cascade of fer-
roptotic events characterized by redox dysregulation and peroxidative
injury, ultimately dictating the fate of CRC cells (Fig. 7). These revela-
tory findings underscore the potential of HNRNPC/AC145207.5/Nrf2/
GPX4 axis as valuable diagnostic markers and therapeutic targets in CRC
management.
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