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Background: Colon cancer is a prevalent malignancy causing significant global morbidity and mortality.
The RNA methyltransferase Aly/REF export factor (ALYREF), which binds 5-methylcytosine (m5C)-
modified messenger RNA, represents a potential diagnostic and therapeutic target in cancer. However,
its specific role and mechanism in colon cancer progression remain unexplored.
Results: ALYREF expression was significantly elevated in colon cancer tissues and cell lines compared to
normal controls. Depletion of ALYREF suppressed colon cancer cell proliferation, migration, and invasion,
while simultaneously promoting apoptosis and ferroptosis. Analysis revealed proprotein convertase sub-
tilisin/kexin type 9 (PCSK9) is highly expressed in colon cancer and positively regulated by ALYREF.
Mechanistically, ALYREF directly bound to and stabilized PCSK9 messenger RNA in a manner dependent
on m5C modification. Crucially, the anti-tumor effects resulting from ALYREF knockdown were reversed
by overexpressing PCSK9. Consistent with cellular findings, silencing ALYREF significantly inhibited
tumor growth in vivo using xenograft models.
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1. Introduction

Colon cancer represents a prevalent malignant neoplasm within
the digestive tract, primarily arising from themucosal epitheliumof
the colon [1]. As one of the most prevalent global malignancies, it
exhibits remarkably high morbidity and mortality rates, posing a
severe threat to humanhealth and imposing a heavyburden on soci-
ety and families [2,3]. The prognosis of colon cancer hinges upon
diverse elements, encompassing tumor stage, pathological classifi-
cation, and therapeutic approach [4,5,6]. Early-stage patients typi-
cally have a relatively high 5-year survival rate after prompt
treatment, whereas advanced-stage patients face a poorer outcome
[7,8,9]. Thus, in-depth investigations into the various aspects of
colon cancer are of paramount importance in enhancing patient
prognoses and alleviating the disease’s deleterious impacts [10].

5-methylcytosine (m5C) is an important form of RNA modifica-
tion catalyzed by specific methyltransferases. Its chemical modifi-
cation site significantly affects RNA structure and function [11,12].
With the ceaseless progress of technology and intensive research,
m5C is anticipated to act as a crucial target for cancer diagnosis
and treatment [13]. A study has demonstrated that NOP2/Sun
RNA methyltransferase 6 (NSUN6)-mediated m5C modification of
METTL3 and promoted colon adenocarcinoma (COAD) progression
[14]. Researchers found that prognostic features obtained using
m5C-related regulators were valuable in COAD. Moreover, biolog-
ical processes and pathways associated with m5C-related RNA
modifications promoted the malignant development of COAD
[15]. RNA methyltransferase Aly/REF export factor (ALYREF) is an
RNA-binding protein associated with m5C modification [16]. A
recent study has demonstrated that its aberrant expression can
contribute to multiple malignant phenotypes, such as sustaining
proliferation, generating malignant heterogeneity, causing metas-
tasis, and inducing drug resistance and cell death through various
regulatory mechanisms like pre-mRNA processing, mRNA stabi-
lization, and nucleo-cytoplasmic shuttling [17]. Few studies have
shown that ALYREF is of vital importance in different cancers and
diseases [18,19,20]. Nevertheless, whether ALYREF plays a role in
colon cancer progression is unclear.

Proprotein convertases (PCs), a family consisting of nine serine
proteases, are involved in the regulation of homeostasis of protein
substrates in the cell [21]. They give rise to the activation, deacti-
vation or functional alterations of numerous hormones, neuropep-
tides, growth factors and receptors [22,23,24]. As a member of the
PC family, proprotein convertase subtilisin/kexin type 9 (PCSK9), a
protein related to cholesterol, may be of great significance in car-
diovascular disease, liver disease, infectious diseases, neurocogni-
tive disorders and cancer [25,26,27,28]. In addition, it has been
reported that PCSK9 is related to several diseases, such as cardio-
vascular disease and hypercholesterolemia [29,30]. A previous
study has demonstrated that PCSK9 depletion inhibits the growth
of APC/KRAS-mutated colorectal cancer cells in vitro and in vivo,
whereas PCSK9 overexpression induces tumorigenesis [31]. Addi-
tionally, PCSK9 plays a critical role in the progression and metasta-
54
sis of colon cancer by regulating epithelial-mesenchymal transition
(EMT) and PI3K/AKT signaling in tumor cells [32]. Nevertheless, the
regulatory relationship between ALYREF and PCSK9 and their roles
in colon cancer progression remain unclear.

Hence, the present work is dedicated to revealing the underly-
ing molecular mechanism of ALYREF in the development of colon
cancer and providing novel clues for the treatment of colon cancer.

2. Materials and methods

2.1. Materials

2.1.1. Cell lines
NCM460 cells were procured from Suncell (Wuhan, China),

which were cultured in RPMI-1640 medium (BIOSUN, Shanghai,
China) containing 10% fetal bovine serum (FBS) (Gibco, Grand
Island, NY, USA) and 1% penicillin/streptomycin (P/S) (Invitrogen,
Carlsbad, CA, USA). HT29, SW620, HCT116, and SW480 cell lines
were acquired from Pricella (Wuhan, China). HT29 and HCT116
cells were cultured in McCoy’s 5A medium (Pricella) with 10%
FBS (Gibco) and 1% P/S (Invitrogen). SW620 and SW480 cells were
maintained in Dulbecco’s modified Eagle’s medium (DMEM) (Invit-
rogen) supplemented with 10% FBS (Gibco) and 1% P/S (Invitrogen).

2.1.2. Clinical samples
A total of 63 pairs of colon cancer tissues and matched normal

tissues were gathered from patients who underwent resection at
Nantong First People’s Hospital. Written informed consent from
all subjects has been obtained, and the protocol has gained
approval from the Ethics Committee of Nantong First People’s
Hospital.

2.2. Methods

2.2.1. Bioinformatics and database analysis
Differential expression of ALYREF in normal tissue and colon

Adenocarcinoma (COAD) was first examined using the GEPIA data-
base (https://gepia.cancer-pku.cn/detail.php). UALCAN Clinical
Proteomic Tumor Analysis Consortium (CPTAC) (https://ual-
can.path.uab.edu/analysis-prot.html) database was utilized to
show ALYREF protein expression in colon cancer. In addition, the
Linkedomics website was utilized to screen genes associated with
ALYREF in the CPTAC-Colon Adenocarcinoma cohort.

2.2.2. Quantitative real-time polymerase chain reaction (qRT-RCR)
Trizol reagent (Thermo Fisher Scientific, Waltham, MA, USA)

was utilized for the isolation of the total RNA from colon cancer tis-
sues. Then, the cDNA was obtained using Transcriptor First Strand
cDNA Synthesis Kit (Roche, Vilvoord, Brussel, Belgium). Subse-
quently, the FastStart Universal SYBR Green Master (Roche, Ger-
many) was utilized to detect the mRNA expression level. The
sequences of each primer are shown in Table 1, and all primers
were synthesized by Songon (Shanghai, China).
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Table 1
Primers sequences used for PCR.

Name Primers for PCR (5′-3′)

ALYREF Forward GCAGGCCAAAACAACTTCCC
Reverse AGTTCCTGAATATCGGCGTCT

PCSK9 Forward CCTGGAGCGGATTACCCCT
Reverse CTGTATGCTGGTGTCTAGGAGA

b-actin Forward CTTCGCGGGCGACGAT
Reverse CCACATAGGAATCCTTCTGACC
2.2.3. Western blot analysis
First, the RIPA Lysis and Extraction Buffer (Thermo Fisher

Scientific) was utilized for the extraction of proteins. Then,
the protein samples were isolated through sodium dodecyl sul-
fate–polyacrylamide gel electrophoresis, after which, the pro-
tein bands were transferred onto the PVDF membrane (The b-
actin was used as an internal reference). Next, 5% skimmed milk
was incubated with the membrane at 37°C for 2 h. After incuba-
tion with primary antibodies (ALY Polyclonal antibody (1:600,
Proteintech, Wuhan, China), PCSK9 Polyclonal antibody
(1:1500, Proteintech), Beta Actin Monoclonal antibody
(ab8226, 1:5000, Proteintech)) at 37°C for 1.5 h, the membrane
was incubated with the horseradish peroxidase (HRP)-
conjugated secondary antibodies (Goat Anti-Mouse IgG H&L
(ab205719, 1:5000, Abcam), Goat Anti-Rabbit IgG H&L
(ab6721, 1:5000, Abcam)). Finally, the chemiluminescence
intensity analysis was carried out using the ClarityTM Western
ECL Substrate Kit (Bio-Rad, Shanghai, China).

2.2.4. Cell transfection
Short hairpin RNAs (shRNAs) targeting ALYREF (sh-ALYREF#1:

5′-AACCGACCGGCGCCCTACA-3′ and sh-ALYREF#2: 5′-GTTGACGCA
CAGCGGAGGC-3′) were synthesized by GenePharma (Shanghai,
China). A scrambled shRNA (5′-CAACAAGATGAAGAGCACCA-3′)
with no significant homology to any known mammalian gene
was used as a negative control. For PCSK9 overexpression, the
PCSK9 coding sequence was cloned into the pcDNA3.1 (+) vector
(Invitrogen), with the empty vector (oe-NC) as a control. When
SW620 and HCT116 cells were grown to 60–70% confluency,
shRNAs and overexpression plasmids were transfected using Lipo-
fectamine 2000 (Invitrogen) in accordance with the protocol pro-
vided by the manufacturer.

2.2.5. 5-Ethynyl-2′-deoxyuridine (EdU) assay
Cell proliferation was estimated using the E-Click EdU Cell Pro-

liferation Imaging Assay Kit (Red, Elab Fluor®594) (Elabscience,
Wuhan, China). The reagents needed for this assay were prepared
in advance. At first, cells were incubated with EdU working solu-
tion at 37°C for 2 h. Then, cell fixation and permeabilization were
performed using 4% paraformaldehyde (Beyotime, Shanghai,
China) and 0.3% Triton X-100 (Beyotime). Fluorescent labeling
was performed by adding 500 lL of Click reaction solution. After
incubation in the dark for 30 min, the cells were incubated with
500 lL of DAPI working solution for 5 min. At last, the proper filter
was selected to analyze the results under a fluorescence
microscope.

2.2.6. Colony formation assay
SW620 and HCT116 cells were completely resuspended

in the complete medium after digestion with PerfCellTM

Trypsin-EDTA (0.25%) (Yeasen, Shanghai, China). Then, cells
were accurately counted and inoculated into 6-well plates
(500 cells/well). After 14 d (media changed every 3 d), cells
were fixed with 4% paraformaldehyde, washed with PBS,
stained with crystal violet (Beyotime) for 15 min, and
photographed.
55
2.2.7. Transwell assay
Transwell assay was conducted using Millicell® Standing Cell

Culture Inserts (Millipore, Billerica, MA, USA) to evaluate cell
migration and invasion. For migration, cells were suspended with
200 lL serum-free medium and inoculated into the upper chamber
with a density of 1 × 105 cells/well, while 600 lL of complete
McCoy’s 5A medium was introduced to the bottom chamber. After
48 h of incubation at 37°C, cells were fixed with 4% paraformalde-
hyde (Beyotime), stained with 0.1% crystal violet (Beyotime), and
counted under a microscope. As for the invasion assay, prior to
the start of the experiment, the Matrigel matrix (Corning, Bedford,
MA, USA) was diluted in a ratio of 1:8 with the serum-free cell cul-
ture medium. Subsequently, 60 lL of the Martrigel was added to
the upper chamber and incubated for 3 h in the incubator at
37°C. The remaining steps were identical to those for the migration
assay.

2.2.8. Cell apoptosis measurement
The Annexin V-FITC Apoptosis Detection Kit (Beyotime) was

utilized for cell apoptosis assessment. First, 5 × 104 cells were col-
lected into a centrifuge tube and suspended using 195 lL of bind-
ing buffer. Secondly, 5 lL of Annexin V-FITC and 10 lL of
Propidium Iodide (PI) were successively supplemented to the cell
suspension for 20 min of incubation away from the light. Then, cell
apoptosis was evaluated by flow cytometry.

2.2.9. Ferroptosis assessment
Reactive oxygen species (ROS) level was detected by flow

cytometry using the Reactive Oxygen Species Assay Kit (Beyotime);
in short, the cells were suspended in DCFH-DA at a concentration
of 1 × 107 cells/mL and incubated for 20 min at 37°C in a cell cul-
ture incubator. Then, the samples were tested using flow cytome-
try. Meanwhile, the Malondialdehyde (MDA) levels were
determined using the MDA Content Detection Kit (Solarbio, Beijing,
China). Cells were broken by ultrasonic waves (200 W, 3 s, 10 s
intervals, 30 repetitions) at a rate of 1 mL of extraction solution
per 5 million cells. Then, the MDA detection working solution
was added to the samples, and the final detection was performed
using a Microplate Reader. The MDA contents were calculated
according to the instructions. Besides, the contents of glutathione
(GSH) and Fe2+ were separately examined using Reduced Glu-
tathione (GSH) Colorimetric Assay Kit (Elabscience) and Cell Fer-
rous Iron Colorimetric Assay Kit (Elabscience). These assays were
carried out according to the steps in the manual. The absorbance
values at 405 nm and 593 nm were respectively measured by a
Microplate reader. Finally, the contents of GSH and Fe2+ were
calculated.

2.2.10. RNA immunoprecipitation (RIP) assay
The RIP assay was performed using BeyoRIPTM RIP Assay Kit (Pro-

tein A/G Agarose) (Beyotime) to prove the correlation between
ALYREF protein and PCSK9 mRNA. Concisely, Protein A/G Agarose
was washed and pre-conjugated to the antibodies. The anti-IgG
was used as a negative control in an amount consistent with the
amount of ALYREF-specific antibody. Then, cells were lysed and
incubated with Protein A/G Agarose at 4°C for 4 h. The supernatant
was then discarded after four washes, and the precipitate was then
incubated with 100 lL of Elution Buffer at 55°C for 30 min. The
RNA was purified using RNA isolation kit (Beyotime). Finally,
qRT-PCR was used to quantify RNA.

2.2.11. Detection of RNA stability
To analyze the steadiness of PCSK9 mRNA, SW620 and HCT116

cells received treatment using 5 lg/mL actinomycin D (Yeasen)
and were cultured at 37°C. The RNA was isolated at the specified
time points (0, 2, 4, 6, and 8 h) and quantified by qRT-PCR analysis.
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2.2.12. Xenograft tumor models
To confirm the impacts of ALYREF on colon tumors in vivo, the

animal tumor models were established using female BALB/c nude
mice purchased from Aniphe Biolaboratory Inc. (Jiangsu, China).
The mice were kept in ventilated cages and were provided a stan-
dard specific-pathogen-free (SPF) environment at 24°C, having unre-
stricted access to food and water. Briefly, the mice were sorted into
two groups (5 mice/group), based on the types of cells injected.
Approximately 5 × 106 HCT116 cells treated with sh-NC and sh-
ALYREF were subcutaneously injected into the right lateral abdomen
of the nude mice. Tumor volumes were recorded every 5 d. After 30
d, the mice were sacrificed and the tumor tissues were removed for
further analysis. All animal experiments gained approval from the
Animal Ethics Committee of Nantong First People’s Hospital, and
all procedures were conducted in accordance with the National Insti-
tutes of Health guide for the Care and Use of Laboratory Animals (an-
imal ethics welfare number: P20230218-040).

2.2.13. Immunohistochemistry (IHC)
Tumor tissues were fixed in 4% paraformaldehyde, dehydrated,

paraffin-embedded, and sectioned (4 lm). Sections were then
deparaffinized, rehydrated and antigen retrieved. Subsequently,
the 5% BSA (Yeasen) was used for blocking. 30 min later, the slides
were incubated with ALYREF antibody (1:200, Proteintech) and
PCSK9 antibody (1:500, Proteintech) at room temperature for 2 h.
Then, the HRP-conjugated Goat Anti-Rabbit IgG (H + L) (1:1000,
ab205718, Abcam) was added to the slides for signal amplification.
DAB staining was performed using the DAB Horseradish Peroxidase
Color Development Kit (Beyotime), and slides were counterstained
with hematoxylin, dehydrated, and mounted for microscopy.

2.2.14. Statistical analysis
All data were analyzed with GraphPad Prism 8.0.1 software and

presented as mean ± standard deviation (SD). The difference
Fig. 1. Expression patterns of ALYREF in colon tissues and cells. (A) The GEPIA database
database showed ALYREF expression in colon cancer based on CPTAC samples. (C) qRT-PCR a
tumor tissues and adjacent normal tissues. (D) ALYREF protein level was determined usin
ALYREF protein level in normal colon cells (NCM460) and human colon cancer cell lines (H
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between the two groups was evaluated via Student’s t-test, and
the distinction among multiple groups was gauged by means of
the one-way analysis of variance (ANOVA) test. A two-tailed Pear-
son correlation test was used to examine the correlation between
PCSK9 expression and ALYREF. p < 0.05 was regarded as a statisti-
cally significant difference.\
3. Results

3.1. ALYREF was elevated in colon cancer

The GEPIA database analyzed ALYREF expression in 349 normal
tissues and 275 COAD tissues, showing higher ALYREF levels in
COAD (Fig. 1A). Similarly, UALCAN database results indicated ele-
vated ALYREF protein expression in colon tumor tissues versus nor-
mal tissues (Fig. 1B). qRT-PCR analysis of 63 pairs of clinical samples
confirmed increased ALYREF mRNA in tumor tissues (Fig. 1C), and
western blot validated higher ALYREF protein expression in tumors
(Fig. 1D). In cell lines, ALYREF was upregulated in colon cancer cells
(SW620, HCT116, HT29, SW480) compared to normal NCM460 cells
(Fig. 1E). Collectively, ALYREF mRNA and protein exhibited high-
level expression in colon cancer tissues and cells.

3.2. Knockdown of ALYREF suppressed the malignant behaviors of
colon cancer cells

The roles of ALYREF in SW620 and HCT116 cells were ascer-
tained by loss-function assays. ALYREF protein levels in SW620
and HCT116 cells were decreased (Fig. 2A). Furthermore, EdU
and colony formation assays illustrated that cell proliferation
was restrained by sh-ALYREF (Fig. 2B-C). Interestingly, the tran-
swell assay demonstrated that the migration (Fig. 2D) and invasion
(Fig. 2E) abilities of colon cancer cells were similarly inhibited by
showed ALYREF expression in 349 normal samples and 275 COAD samples. (B) UALCA
ssay was applied to measure the expression level of ALYREFmRNA in 63 pairs of colon
g Western blot in 4 tumor tissues and 4 normal tissues. (E) Western blot analysis of
T29, SW480, SW620 and HCT116). * p < 0.05, ** p < 0.01, *** p < 0.001.
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Fig. 2. Malignant invasion of colon cancer cells can be suppressed by knockdown of ALYREF. SW620 and HCT116 cells were transfected with sh-NC and sh-ALYREF. (A)
Western blot analysis of ALYREF expression in colon cancer cells. (B-C) Cell proliferation detected by EdU assay and colony formation assay in inhibited ALYREF SW620 and
HCT116 cells. (D-E) Transwell assay was used to measure cell migration and invasion capacity of transfected colon cancer cells. (F) Apoptotic cells were measured by flow
cytometry after SW620 and HCT116 cells were treated with sh-NC and ah-ALYREF. * p < 0.05, ** p < 0.01, *** p < 0.001.
sh-ALYREF, while cell apoptosis was promoted (Fig. 2F). In conclu-
sion, ALYREF depletion restrained the proliferation, migration, and
invasion of colon cancer cells and triggered their apoptosis.

3.3. Silencing ALYREF promoted ferroptosis of colon cancer cells

It is reported that inhibiting ferroptosis is an important cause of
malignant progression of various tumors, including colon cancer
[33]. Ferroptosis, a controlled cell death dependent on iron, is
caused by fatty acid peroxidation damage resulting from polyun-
saturated fatty acids [34]. Next, in colon cancer, the relationship
between ALYREF and ferroptosis was analyzed. The ROS level
was measured using a commercial kit. Fig. 3A illustrated that the
ROS levels were elevated in colon cancer cells after transfection
with sh-ALYREF#1/#2. MDA and Fe2+ levels were elevated,
whereas GSH levels were decreased upon ALYREF knockdown
(Fig. 3B-D). Furthermore, knocking down ALYREF significantly
downregulated the protein level of glutathione peroxidase 4
(GPX4) and upregulated the protein level of acyl-CoA synthetase
long-chain family member 4 (ACSL4) (Fig. 3E), suggesting that
ALYREF knockdown affected ferroptosis-related pathways. The
57
results above illustrated that the knockdown of ALYREF effectively
facilitated ferroptosis in colon cancer cells.
3.4. PCSK9 was positively related with ALYREF in colon cancer

Accordingly, the Linkedomics website was utilized to screen
ALYREF-related genes in the CPTAC-COAD cohort (Fig. 4A). Venn
diagram intersection of 2069 positively correlated genes (Linke-
domics), 100 upregulated genes (GEPIA), 12,467 ALYREF-binding
genes (ENCORI), and 772 ferroptosis-related genes (GeneCards)
identified PCSK9 (Fig. 4B). Moreover, the GEPIA database showed
that PCSK9 mRNA was upregulated in 275 COAD samples
(Fig. 4C). Additionally, the Linkedomics website indicated a posi-
tive correlation existed between PCSK9 and ALYREF mRNA in
CPTAC-COAD (Fig. 4D). PCSK9 mRNA expression was downregu-
lated in 13 samples and upregulated in the remaining 50 samples
(Fig. 4E). Fig. 4F demonstrated that PCSK9 mRNA level followed the
same trend as ALYREF. Next, western blot analysis demonstrated
that the PCSK9 protein was highly expressed in tumor tissues
and colon cancer cells, whereas its expression was scarce in normal

move_f0015
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Fig. 3. Downregulation of ALYREF promotes ferroptosis. (A) The ROS levels in colon cancer cells were detected by flow cytometry. (B-D) The levels of MDA, GSH and Fe2+

were measured using corresponding kits. (E) Western blot analysis of GPX4 and ACSL4 expression levels. * p < 0.05, ** p < 0.01, *** p < 0.001.
tissues and colon cells (Fig. 4G–H). Consequently, a significant pos-
itive correlation between PCSK9 expression and ALYREF expression
in colon cancer was noted. Moreover, PCSK9 exhibited a high
expression level in colon cancer tissues.
58
3.5. ALYREF bound to PCSK9 to enhance the stability of PCSK9 mRNA

The interaction between ALYREF and PCSK9 in colon cancer was
further confirmed. Knockdown of ALYREF hindered PCSK9 mRNA
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Fig. 4. PCSK9 is positively related to ALYREF in colon cancer. (A) The volcano figure of genes significantly positively or negatively related to ALYREF in colon cancer. (B)
Intersecting genes from the Linkedomics, GEPIA, ENCORI and GeneCard databases were shown in a Venn diagram. (C) GEPIA displayed the PCSK9 expression level in 349
normal samples and 275 COAD samples. (D) Linkedomics website showed the correlation between PCSK9 and ALYREF mRNA in CPTAC − Colon Adenocarcinoma (Pearson
correlation: 0.3779, N = 106). (E) PCSK9 mRNA levels in colon cancer samples and control samples were determined using qRT-PCR assays. (F) Co-expression relationship
between ALYREF mRNA and PCSK9 mRNA in colon cancer. (G) PCSK9 protein expression levels in 4 normal tissues and 4 tumor tissues were detected by Western blot. (H)
Western blot analysis of PCSK9 protein expression in normal colon cells (NCM460) and colon cancer cells (HT29, SW480, SW620 and HCT116). ** p < 0.01, *** p < 0.001.
and protein expression (Fig. 5A–B). Subsequently, the RIP assay
was utilized to determine the binding activity between ALYREF
protein and PCSK9 mRNA. It was found that the ALYREF protein
had a binding ability to PCSK9 mRNA (Fig. 5C). Actinomycin D
treatment showed reduced PCSK9 mRNA stability upon ALYREF
depletion (Fig. 5D–E). These findings indicate that ALYREF pro-
motes PCSK9 expression by stabilizing its mRNA.

3.6. Overexpression of PCSK9 undermined the potency of ALYREF
knockdown on the aggressiveness of colon cancer

As per the foregoing, whether ALYREF fulfilled its function in
colon cancer by targeting PCSK9 was further investigated. The
transfection efficiency of PCSK9 overexpression was validated by
Western blot (Fig. 6A–B). The suppression of cell proliferation,
migration, and invasion caused by ALYREF knockdown was
reversed due to PCSK9 upregulation (Fig. 6C–F). In the same way,
the effect of decreased apoptosis resulting from ALYREF knock-
down was also alleviated by PCSK9 overexpression (Fig. 6G). More-
59
over, the impacts of sh-ALYREF on ROS, MDA, GSH, and Fe2+ levels
in colon cancer cells were reversed by PCSK9 overexpression
(Fig. 6H–K). Overall, ALYREF facilitated cell proliferation, migra-
tion, and invasion, and suppressed apoptosis and ferroptosis of
colon cancer cells by modulating PCSK9.
3.7. Downregulation of ALYREF restrained tumor growth in vivo

The tumor models were constructed to elucidate the functional
role of ALYREF in tumor growth of colon cancer in vivo. The neo-
plasm in the sh-NC group was evidently larger than that in the
sh-ALYREF group (Fig. 7A). The tumor growth curves showed a sig-
nificant reduction in the sh-ALYREF group (Fig. 7B). Additionally,
the suppression of ALYREF led to a significant reduction in tumor
weight (Fig. 7C). Besides, western blot and IHC confirmed
decreased ALYREF and PCSK9 expression in sh-ALYREF tumors
(Fig. 7D–E). Collectively, ALYREF promoted tumor growth by regu-
lating PCSK9 expression in vivo.
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Fig. 5. ALYREF methylates PCSK9 to promote the stability of PCSK9. (A-B) qRT-PCR assay and western blot analysis were conducted to determine the expression of PCSK9
mRNA and protein in transfected SW620 and HCT116 cells. (C) The binding between ALYREF protein and PCSK9 mRNA was verified in SW620 and HCT116 cells using RIP
assay. (D-E) The role of ALYREF in PCSK9 mRNA stability was assessed by using actinomycin D and qRT-PCR. * p < 0.05, ** p < 0.01, *** p < 0.001.
4. Discussion

Over 1.9 million new instances of colorectal cancer were iden-
tified in 2020, thus rendering it the second leading cause of cancer
deaths [2]. Globally, colorectal cancer accounts for 11% of all cancer
diagnoses [35]. Due to the high morbidity and lethality of colon
cancer, exploring the molecular mechanisms underlying disease
pathogenesis and identifying novel therapeutic and diagnostic tar-
gets hold substantial significance for the prevention and treatment
of the disease.

ALYREF is highly expressed in major cancer types, and its upreg-
ulation correlates with poor prognosis in various malignancies
[36,37,38]. In our current work, it was confirmed that ALYRERF
showed high expression in colon cancer and it manifested onco-
genic features during the advancement of colon cancer. Ferropto-
sis, a form of iron-dependent cell death, plays a critical role in
tumor biology and therapy [39,40,41]. Notably, ferroptosis is not
only triggered by classical cancer therapies but also intersects with
multiple cancer signaling pathways [42,43,44,45]. The main fea-
tures of ferroptosis are disruption of iron homeostasis and accumu-
lation of lipid ROS, which can additionally be measured by MDA
detection [46,47]. GSH, as a potent reducing agent, effectively scav-
enges ROS in collaboration with GPX4, thus preventing the onset of
ferroptosis [48]. By evaluating the changes in ROS, MDA, GSH and
Fe2+ levels in different groups of colon cancer cells, it could be con-
cluded that ALYREF knockdown effectively promoted the ferropto-
sis process of colon cancer cells.

The m5C modification is required for the invasion and metasta-
sis of cancer cells [49]. A prior study has shown that the m6A and
m5C modifications of GPX4 might be a potential target for cancer
immunotherapy by activating the cGAS-STING signaling pathway
in COAD [50]. ALYREF acts as a reading protein for m5C modifica-
tion and recognizes and binds mRNAs containing m5C modifica-
tions, thereby facilitating nuclear export and translation of these
mRNAs [16]. Therefore, whether ALYREF can promote the expres-
sion of related genes through m5C modification and thus promote
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the progression of colon cancer is the question we next explore.
Bioinformatics databases were utilized to screen for genes with
potential binding sites for ALYREF in colon cancer, resulting in
the screening of PCSK9. The roles of PCSK9 in cancers have been
reported in several studies [31,51,52]. A recent study has
expounded the function of PCSK9 in colon cancer, which validates
that PCSK9 enhances the advancement and metastasis of colon
cancer cells via modulating EMT and PI3K/AKT signaling pathways
within tumor cells and the phenotypic polarization of macro-
phages [32]. Consistent with previous reports, PCSK9 was overex-
pressed in colon cancer relative to normal tissues and cells.
However, unlike the canonical transcriptional regulation (EMT/
PI3K/AKT axis) or indirect cellular interaction mechanisms (macro-
phage polarization) previously implicated in PCSK9-mediated
oncogenesis, our study uncovered a novel epitranscriptomic mech-
anism: ALYREF, acting as an m5C reader protein, directly binds to
m5C-modified sites in PCSK9 mRNA, thereby stabilizing its tran-
script and upregulating its protein expression. Functional experi-
ments demonstrated that downregulation of ALYREF retarded the
proliferation, migration and invasion of colon cancer cells. The
inhibitory effects were reversed by overexpression of PCSK9. Nota-
bly, our findings also intersect with ferroptosis regulation. As fer-
roptosis is characterized by iron dyshomeostasis and lipid ROS
accumulation (key features measurable via MDA, GSH, and Fe2+

assays), we observed that ALYREF knockdown (by destabilizing
PCSK9) promoted ferroptosis in colon cancer cells. Conversely,
PCSK9 overexpression reversed these effects, positioning the
ALYREF-PCSK9 axis as a novel bridge between epitranscriptomic
control and ferroptotic susceptibility in colon cancer. In vivo,
ALYREF silencing suppresses tumor growth, accompanied by
reduced PCSK9 expression.

Overall, ALYREF promotes colon cancer malignancy by stabiliz-
ing PCSK9 mRNA via m5C modification. This study provides theo-
retical support for the understanding of colon cancer
pathogenesis, as well as offers a novel concept for formulating effi-
cacious molecular therapies for patients with colon cancer.
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Fig. 6. Overexpression of PCSK9 mitigated the potency of ALYREF knockdown on aggressiveness of colon cancer cells. SW620 and HCT116 cells were transfected with
sh-NC + oe-NC, sh-ALYREF #1 + oe-NC, and sh-ALYREF#1 + oe-PCSK9. (A-B) PCSK9 protein levels were measured using Western blot. (C-D) Cell proliferation ability was
monitored by EdU assay and colony formation assay. (E-F) Transwell was performed to analyze the migration and invasion of SW620 and HCT116 cells. (G) Cell apoptosis was
determined by flow cytometry. (I-K) Levels of MDA, ROS, GSH, and Fe2+ were measured using corresponding kits. * p < 0.05, ** p < 0.01, *** p < 0.001.

61



L. Cao, Y. Chen, J. Yu et al. Electronic Journal of Biotechnology 78 (2025) 53–63

Fig. 7. Knockdown of ALYREF suppressed tumor growth of colon cancer in vivo. (A) The photographs, (B) tumor volume, and (C) tumor weight of xenograft tumors from
control, knockdown of ALYREF groups. (D) The expression levels of ALYREF and PCSK9 in tumor tissues were examined by Western blot. (E) IHC images of tumor tissues
obtained from xenograft mice. *** p < 0.001.
CRediT authorship contribution statement

Lili Cao: Writing – original draft, Validation, Supervision,
Resources, Project administration. Ying Chen: Methodology, Data
curation. Jing Yu: Software, Formal analysis. Dian Yin: Writing –
review & editing, Visualization, Investigation, Conceptualization.

Financial support

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Declaration of competing interest

The authors declare that they have no known competing finan-

[1] Menon G, Recio-Boiles A, Lotfollahzadeh S, et al. Colon Cancer. StatPearls.

[2]

cial interests or personal relationships that could have appeared
to influence the work reported in this paper.

Supplementary material

https://doi.org/10.1016/j.ejbt.2025.07.003.

Data availability

Data will be made available on request.

References

Treasure Island (FL) ineligible companies. StatPearls Publishing LLC; 2024.
Morgan E, Arnold M, Gini A, et al. Global burden of colorectal cancer in 2020
and 2040: Incidence and mortality estimates from GLOBOCAN. Gut 2023;72
(2):338–44. https://doi.org/10.1136/gutjnl-2022-327736

[3]
. PMid: 36604116.

Xi Y, Xu P. Global colorectal cancer burden in 2020 and projections to 2040.
Transl Oncol 2021;14(10):101174. https://doi.org/10.1016/
j.tranon.2021.101174. PMid: 34243011.
62
[4] Tong D, Tian Y, Ye Q, et al. Improving the prognosis of colon cancer through
knowledge-based clinical-molecular integrated analysis. Biomed Res Int
2021;2021:9987819. https://doi.org/10.1155/2021/9987819. PMid:
33928165.

[5] Wang X, Yuwen T-J, Zhong Y, et al. A new method for predicting
the prognosis of colorectal cancer patients through a combination of
multiple tumor-associated macrophage markers at the invasive front.
Heliyon 2023;9(2):e13211. https://doi.org/10.1016/j.heliyon.2023.e13211.
PMid: 36798759.

[6] Vasile L, Olaru A, Munteanu M, et al. Prognosis of colorectal cancer: Clinical,
pathological and therapeutic correlation. Rom J Morphol Embryol 2012;53
(2):383–91.

[7] Renfro LA, Grothey A, Kerr D, et al. Survival following early-stage colon cancer:
An ACCENT-based comparison of patients versus a matched international
general population. Ann Oncol 2015;26(5):950–8. https://doi.org/10.1093/
annonc/mdv073. PMid: 25697217.

[8] Mo S, Dai W, Wang H, et al. Early detection and prognosis prediction for
colorectal cancer by circulating tumour DNA methylation haplotypes: A
multicentre cohort study. eClinicalMedicine 2023;55:101717. https://doi.org/
10.1016/j.eclinm.2022.101717. PMid: 36386039.

[9] Donnelly C, Hart N, McCrorie AD, et al. Predictors of an early death in patients
diagnosed with colon cancer: A retrospective case-control study in the UK. BMJ
Open 2019;9(6):e026057. https://doi.org/10.1136/bmjopen-2018-026057.
PMid: 31221871.

[10] Malki A, ElRuz RA, Gupta I, et al. Molecular mechanisms of colon cancer
progression and metastasis: Recent insights and advancements. Int
J Mol Sci 2020;22(1):130. https://doi.org/10.3390/ijms22010130. PMid:
33374459.

[11] Lu Y, Yang L, Feng Q, et al. RNA 5-methylcytosine modification: Regulatory
molecules, biological functions, and human diseases. genomics, proteomics.
Bioinformatics 2024;22(5):qzae063. https://doi.org/10.1093/gpbjnl/qzae063.
PMid: 39340806.

[12] Zhang Y, Zhang LS, Dai Q, et al. 5-methylcytosine (m5C) RNA modification
controls the innate immune response to virus infection by regulating type I
interferons. Proc Natl Acad Sci USA 2022;119(42):e2123338119. https://doi.
org/10.1073/pnas.2123338119. PMid: 36240321.

[13] Chen Z, Li Q, Lin Y, et al. m5C regulator-mediated methylation modification
phenotypes characterized by distinct tumor microenvironment immune
heterogenicity in colorectal cancer. Sci Rep 2023;13(1):11950. https://doi.
org/10.1038/s41598-023-37300-z. PMid: 37488178.

[14] Cui Y, Lv P, Zhang C. NSUN6 mediates 5-methylcytosine modification of
METTL3 and promotes colon adenocarcinoma progression. J Biochem Mol
Toxicol 2024;38(6):e23749. https://doi.org/10.1002/jbt.23749. PMid:
38800929.

[15] Huang Y, Huang C, Jiang X, et al. Exploration of potential roles of m5C-related
regulators in colon adenocarcinoma prognosis. Front Genet 2022;13:816173.
https://doi.org/10.3389/fgene.2022.816173. PMid: 35281843.

https://doi.org/10.1016/j.ejbt.2025.07.003
http://refhub.elsevier.com/S0717-3458(25)00033-8/h0005
http://refhub.elsevier.com/S0717-3458(25)00033-8/h0005
https://doi.org/10.1136/gutjnl-2022-327736
https://doi.org/10.1016/j.tranon.2021.101174
https://doi.org/10.1016/j.tranon.2021.101174
https://doi.org/10.1155/2021/9987819
https://doi.org/10.1016/j.heliyon.2023.e13211
http://refhub.elsevier.com/S0717-3458(25)00033-8/h0030
http://refhub.elsevier.com/S0717-3458(25)00033-8/h0030
http://refhub.elsevier.com/S0717-3458(25)00033-8/h0030
https://doi.org/10.1093/annonc/mdv073
https://doi.org/10.1093/annonc/mdv073
https://doi.org/10.1016/j.eclinm.2022.101717
https://doi.org/10.1016/j.eclinm.2022.101717
https://doi.org/10.1136/bmjopen-2018-026057
https://doi.org/10.3390/ijms22010130
https://doi.org/10.1093/gpbjnl/qzae063
https://doi.org/10.1073/pnas.2123338119
https://doi.org/10.1073/pnas.2123338119
https://doi.org/10.1038/s41598-023-37300-z
https://doi.org/10.1038/s41598-023-37300-z
https://doi.org/10.1002/jbt.23749
https://doi.org/10.3389/fgene.2022.816173


L. Cao, Y. Chen, J. Yu et al. Electronic Journal of Biotechnology 78 (2025) 53–63
[16] Xue C, Gu X, Zheng Q, et al. ALYREF mediates RNA m5C modification to
promote hepatocellular carcinoma progression. Signal Transduct Target Ther
2023;8(1):130. https://doi.org/10.1038/s41392-023-01395-7. PMid:
36934090.

[17] Zhao Y, Xing C, Peng H. ALYREF (Aly/REF export factor): A potential biomarker
for predicting cancer occurrence and therapeutic efficacy. Life Sci
2024;338:122372. https://doi.org/10.1016/j.lfs.2023.122372. PMid:
38135116.

[18] Wang JZ, Zhu W, Han J, et al. The role of the HIF-1a/ALYREF/PKM2 axis in
glycolysis and tumorigenesis of bladder cancer. Cancer Commun 2021;41
(7):560–75. https://doi.org/10.1002/cac2.12158. PMid: 33991457.

[19] Yang Q, Wang M, Xu J, et al. LINC02159 promotes non-small cell lung cancer
progression via ALYREF/YAP1 signaling. Mol Cancer 2023;22(1):122. https://
doi.org/10.1186/s12943-023-01814-x. PMid: 37537569.

[20] Wang N, Chen RX, Deng MH, et al. m5C-dependent cross-regulation between
nuclear reader ALYREF and writer NSUN2 promotes urothelial bladder cancer
malignancy through facilitating RABL6/TK1 mRNAs splicing and stabilization.
Cell Death Dis 2023;14(2):139. https://doi.org/10.1038/s41419-023-05661-y.
PMid: 36806253.

[21] Seidah NG, Prat A. The biology and therapeutic targeting of the proprotein
convertases. Nat Rev Drug Discov 2012;11(5):367–83. https://doi.org/
10.1038/nrd3699. PMid: 22679642.

[22] Rose M, Duhamel M, Rodet F, et al. The role of proprotein convertases in the
regulation of the function of immune cells in the oncoimmune response. Front
Immunol 2021;12:667850. https://doi.org/10.3389/fimmu.2021.667850.
PMid: 33995401.

[23] Artenstein AW, Opal SM. Proprotein convertases in health and disease. N Engl J
Med 2011;365(26):2507–18. https://doi.org/10.1056/NEJMra1106700. PMid:
22204726.

[24] Turpeinen H, Ortutay Z, Pesu M. Genetics of the first seven proprotein
convertase enzymes in health and disease. Curr Genomics 2013;14(7):453–67.
https://doi.org/10.2174/1389202911314050010. PMid: 24396277.

[25] Cammisotto V, Baratta F, Simeone PG, et al. Proprotein convertase subtilisin
kexin type 9 (PCSK9) beyond lipids: The role in oxidative stress and
thrombosis. Antioxidants 2022;11(3):569. https://doi.org/10.3390/
antiox11030569. PMid: 35326219.

[26] Bhattacharya A, Chowdhury A, Chaudhury K, et al. Proprotein convertase
subtilisin/kexin type 9 (PCSK9): A potential multifaceted player in cancer.
Biochim Biophys Acta - Rev Cancer 2021;1876(1):188581. https://doi.org/
10.1016/j.bbcan.2021.188581. PMid: 34144130.

[27] Qin J, Liu L, Su XD, et al. The effect of PCSK9 inhibitors on brain stroke
prevention: A systematic review and meta-analysis. Nutr Metab Cardiovasc
Dis 2021;31(8):2234–43. https://doi.org/10.1016/j.numecd.2021.03.026.
PMid: 34052073.

[28] Magnasco L, Sepulcri C, Antonello RM, et al. The role of PCSK9 in infectious
diseases. Curr Med Chem 2022;29(6):1000–15. https://doi.org/10.2174/
0929867328666210714160343. PMid: 34269657.

[29] Hummelgaard S, Vilstrup JP, Gustafsen C, et al. Targeting PCSK9 to tackle
cardiovascular disease. Pharmacol Ther 2023;249:108480. https://doi.org/
10.1016/j.pharmthera.2023.108480. PMid: 37331523.

[30] Melendez QM, Krishnaji ST, Wooten CJ, et al. Hypercholesterolemia: The role
of PCSK9. Arch Biochem Biophys 2017;625–626:39–53. https://doi.org/
10.1016/j.abb.2017.06.001. PMid: 28587771.

[31] Wong CC, Wu JL, Ji F, et al. The cholesterol uptake regulator PCSK9 promotes
and is a therapeutic target in APC/KRAS-mutant colorectal cancer. Nat
Commun 2022;13(1):3971. https://doi.org/10.1038/s41467-022-31663-z.
PMid: 35803966.

[32] Wang L, Li S, Luo H, et al. PCSK9 promotes the progression and metastasis of
colon cancer cells through regulation of EMT and PI3K/AKT signaling in tumor
cells and phenotypic polarization of macrophages. J Exp Clin Cancer Res
2022;41(1):303. https://doi.org/10.1186/s13046-022-02477-0. PMid:
36242053.

[33] Yang L, Xu Y, Han J, et al. SALL4/ABCB6 axis suppresses ferroptosis in colon
cancer by mediating mitophagy. J Biochem Mol Toxicol 2025;39(3):e70183.
https://doi.org/10.1002/jbt.70183. PMid: 40052371.
63
[34] Zefrei FJ, Shormij M, Dastranj L, et al. Ferroptosis inducers as promising
radiosensitizer agents in cancer radiotherapy. Curr Radiopharm 2024;17
(1):14–29. https://doi.org/10.2174/0118744710262369231110065230. PMid:
37974441.

[35] Rawla P, Sunkara T, Barsouk A. Epidemiology of colorectal cancer: Incidence,
mortality, survival, and risk factors. Gastroenterol Rev 2019;14(2):89–103.
https://doi.org/10.5114/pg.2018.81072. PMid: 31616522.

[36] Yuan Y, Fan Y, Tang W, et al. Identification of ALYREF in pan cancer as a novel
cancer prognostic biomarker and potential regulatory mechanism in gastric
cancer. Sci Rep 2024;14(1):6270. https://doi.org/10.1038/s41598-024-56895-
5. PMid: 38491127.

[37] Nulali J, Zhang K, Long M, et al. ALYREF-mediated RNA 5-Methylcytosine
modification promotes hepatocellular carcinoma progression via stabilizing
EGFR mRNA and pSTAT3 activation. Int J Biol Sci 2024;20(1):331–46. https://
doi.org/10.7150/ijbs.82316. PMid: 38164181.

[38] Zhong L, Wu J, Zhou B, et al. ALYREF recruits ELAVL1 to promote colorectal
tumorigenesis via facilitating RNA m5C recognition and nuclear export. npj
Precis Oncol 2024;8(1):243. https://doi.org/10.1038/s41698-024-00737-0.
PMid: 39455812.

[39] Luo Y, Bai XY, Zhang L, et al. Ferroptosis in cancer therapy: Mechanisms, small
molecule inducers, and novel approaches. Drug Des Devel Ther
2024;18:2485–529. https://doi.org/10.2147/DDDT.S472178. PMid: 38919962.

[40] Ma W, Hu N, Xu W, et al. Ferroptosis inducers: A new frontier in cancer
therapy. Bioorg Chem 2024;146:107331. https://doi.org/10.1016/j.
bioorg.2024.107331. PMid: 38579614.

[41] Wang H, Cheng Y, Mao C, et al. Emerging mechanisms and targeted therapy of
ferroptosis in cancer. Mol Ther 2021;29(7):2185–208. https://doi.org/10.1016/
j.ymthe.2021.03.022. PMid: 33794363.

[42] Zhou Q, Meng Y, Li D, et al. Ferroptosis in cancer: From molecular mechanisms
to therapeutic strategies. Signal Transduct Target Ther 2024;9(1):55. https://
doi.org/10.1038/s41392-024-01769-5. PMid: 38453898.

[43] Lei G, Zhuang L, Gan B. Targeting ferroptosis as a vulnerability in cancer. Nat
Rev Cancer 2022;22(7):381–96. https://doi.org/10.1038/s41568-022-00459-0.
PMid: 35338310.

[44] Zheng Y, Sun L, Guo J, et al. The crosstalk between ferroptosis and anti-tumor
immunity in the tumor microenvironment: Molecular mechanisms and
therapeutic controversy. Cancer Commun 2023;43(10):1071–96. https://doi.
org/10.1002/cac2.12487. PMid: 37718480.

[45] Rabitha R, Shivani S, Showket Y, et al. Ferroptosis regulates key signaling
pathways in gastrointestinal tumors: Underlying mechanisms and therapeutic
strategies. World J Gastroenterol 2023;29(16):2433–51. https://doi.org/
10.3748/wjg.v29.i16.2433. PMid: 37179581.

[46] Dong W, Xu H, Wei W, et al. Advances in the study of ferroptosis and its
relationship to autoimmune diseases. Int Immunopharmacol
2024;140:112819. https://doi.org/10.1016/j.intimp.2024.112819. PMid:
39096870.

[47] Li D, Li Y. The interaction between ferroptosis and lipid metabolism in cancer.
Signal Transduct Target Ther 2020;5(1):108. https://doi.org/10.1038/s41392-
020-00216-5. PMid: 32606298.

[48] Ma T, Du J, Zhang Y, et al. GPX4-independent ferroptosis—A new strategy in
disease’s therapy. Cell Death Discov 2022;8(1):434. https://doi.org/10.1038/
s41420-022-01212-0. PMid: 36309489.

[49] Li F, Liu T, Dong Y, et al. 5-Methylcytosine RNA modification and its roles in
cancer and cancer chemotherapy resistance. J Transl Med 2025;23(1):390.
https://doi.org/10.1186/s12967-025-06217-8. PMid: 40181461.

[50] Chen B, Hong Y, Zhai X, et al. m6A and m5C modification of GPX4 facilitates
anticancer immunity via STING activation. Cell Death Dis 2023;14(12):809.
https://doi.org/10.1038/s41419-023-06241-w. PMid: 38065948.

[51] Liu X, Bao X, Hu M, et al. Inhibition of PCSK9 potentiates immune checkpoint
therapy for cancer. Nature 2020;588(7839):693–8. https://doi.org/10.1038/
s41586-020-2911-7. PMid: 33177715.

[52] Fang S, Yarmolinsky J, Gill D, et al. Association between genetically proxied
PCSK9 inhibition and prostate cancer risk: A Mendelian randomisation study.
PLoS Med 2023;20(1):e1003988. https://doi.org/10.1371/journal.
pmed.1003988. PMid: 36595504.

https://doi.org/10.1038/s41392-023-01395-7
https://doi.org/10.1016/j.lfs.2023.122372
https://doi.org/10.1002/cac2.12158
https://doi.org/10.1186/s12943-023-01814-x
https://doi.org/10.1186/s12943-023-01814-x
https://doi.org/10.1038/s41419-023-05661-y
https://doi.org/10.1038/nrd3699
https://doi.org/10.1038/nrd3699
https://doi.org/10.3389/fimmu.2021.667850
https://doi.org/10.1056/NEJMra1106700
https://doi.org/10.2174/1389202911314050010
https://doi.org/10.3390/antiox11030569
https://doi.org/10.3390/antiox11030569
https://doi.org/10.1016/j.bbcan.2021.188581
https://doi.org/10.1016/j.bbcan.2021.188581
https://doi.org/10.1016/j.numecd.2021.03.026
https://doi.org/10.2174/0929867328666210714160343
https://doi.org/10.2174/0929867328666210714160343
https://doi.org/10.1016/j.pharmthera.2023.108480
https://doi.org/10.1016/j.pharmthera.2023.108480
https://doi.org/10.1016/j.abb.2017.06.001
https://doi.org/10.1016/j.abb.2017.06.001
https://doi.org/10.1038/s41467-022-31663-z
https://doi.org/10.1186/s13046-022-02477-0
https://doi.org/10.1002/jbt.70183
https://doi.org/10.2174/0118744710262369231110065230
https://doi.org/10.5114/pg.2018.81072
https://doi.org/10.1038/s41598-024-56895-5
https://doi.org/10.1038/s41598-024-56895-5
https://doi.org/10.7150/ijbs.82316
https://doi.org/10.7150/ijbs.82316
https://doi.org/10.1038/s41698-024-00737-0
https://doi.org/10.2147/DDDT.S472178
https://doi.org/10.1016/j.bioorg.2024.107331
https://doi.org/10.1016/j.bioorg.2024.107331
https://doi.org/10.1016/j.ymthe.2021.03.022
https://doi.org/10.1016/j.ymthe.2021.03.022
https://doi.org/10.1038/s41392-024-01769-5
https://doi.org/10.1038/s41392-024-01769-5
https://doi.org/10.1038/s41568-022-00459-0
https://doi.org/10.1002/cac2.12487
https://doi.org/10.1002/cac2.12487
https://doi.org/10.3748/wjg.v29.i16.2433
https://doi.org/10.3748/wjg.v29.i16.2433
https://doi.org/10.1016/j.intimp.2024.112819
https://doi.org/10.1038/s41392-020-00216-5
https://doi.org/10.1038/s41392-020-00216-5
https://doi.org/10.1038/s41420-022-01212-0
https://doi.org/10.1038/s41420-022-01212-0
https://doi.org/10.1186/s12967-025-06217-8
https://doi.org/10.1038/s41419-023-06241-w
https://doi.org/10.1038/s41586-020-2911-7
https://doi.org/10.1038/s41586-020-2911-7
https://doi.org/10.1371/journal.pmed.1003988
https://doi.org/10.1371/journal.pmed.1003988

	ALYREF promotes malignant behaviors and inhibits ferroptosis in colon cancer cells by stabilizing PCSK9 mRNA
	1 Introduction
	2 Materials and methods
	2.1 Materials
	2.1.1 Cell lines
	2.1.2 Clinical samples

	2.2 Methods
	2.2.1 Bioinformatics and database analysis
	2.2.2 Quantitative real-time polymerase chain reaction (qRT-RCR)
	2.2.3 Western blot analysis
	2.2.4 Cell transfection
	2.2.5 5-Ethynyl-2'-deoxyuridine (EdU) assay
	2.2.6 Colony formation assay
	2.2.7 Transwell assay
	2.2.8 Cell apoptosis measurement
	2.2.9 Ferroptosis assessment
	2.2.10 RNA immunoprecipitation (RIP) assay
	2.2.11 Detection of RNA stability
	2.2.12 Xenograft tumor models
	2.2.13 Immunohistochemistry (IHC)
	2.2.14 Statistical analysis


	3 Results
	3.1 ALYREF was elevated in colon cancer
	3.2 Knockdown of ALYREF suppressed the malignant behaviors of colon cancer cells
	3.3 Silencing ALYREF promoted ferroptosis of colon cancer cells
	3.4 PCSK9 was positively related with ALYREF in colon cancer
	3.5 ALYREF bound to PCSK9 to enhance the stability of PCSK9 mRNA
	3.6 Overexpression of PCSK9 undermined the potency of ALYREF knockdown on the aggressiveness of colon cancer
	3.7 Downregulation of ALYREF restrained tumor growth in&blank;vivo

	4 Discussion
	CRediT authorship contribution statement
	Financial support
	Declaration of competing interest
	Supplementary material
	References




