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Circular RNA hsa_circ_0006421 inhibits hepatocellular
carcinoma by acting as a ceRNA targeting miR-134-
5p/CELF2 pathway
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Abstract: Background: Hepatocellular carcinoma (HCC), ranking as the sixth most prevalent malignancy globally, exhibits
substantial clinical burden. Emerging evidence underscores the critical involvement of circular RNAs (circRNAs) in the
pathogenesis of various malignancies. While hsa circ 0006421 has been implicated in gastric cancer progression, its functional
significance in HCC remains unexplored. This study investigates the mechanistic role of hsa circ 0006421 in HCC pathogenesis.
Methods: Differentially expressed circRNAs in HCC tissues were identified through integrated bioinformatics analysis of the
GSE97332 dataset and high-throughput sequencing of clinical specimens. Functional characterization of hsa circ_0006421 was
performed using in vitro cellular models (HepG2, MHCC97H) and xenograft experiments. Molecular interactions were validated
via qRT-PCR, Western blot, and dual-luciferase reporter assays. Results: Clinical analyses revealed significant downregulation
of hsa circ_ 0006421 in HCC tissues, particularly in patients with cirrhosis history. Functional studies demonstrated that
hsa_circ_0006421 overexpression suppressed HCC proliferation, migration, and invasion. Mechanistically, hsa_circ 0006421
functioned as a competitive endogenous RNA by sequestering miR-134-5p, thereby alleviating its inhibitory effect on CELF2
expression. A negative regulatory relationship between miR-134-5p and CELF2 was established, with hsa_circ_ 0006421
restoration significantly upregulating CELF2 protein levels in HCC cells. Conclusion: Our findings elucidate a novel
hsa circ_0006421/miR-134-5p/CELF2 regulatory axis that suppresses HCC progression, providing potential therapeutic targets
for HCC management.
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1. Introduction binding protein interactions [15-16]. Our bioinformatic
As evidenced by 2020 GLOBOCAN  statistics, interrogation (Starbase v3.0) revealed potential tripartite

hepatocellular carcinoma (HCC) emerges as the sixth most Interactions among hsa_01rc_0006421, m1R-134—5.p, and

prevalent neoplasm globally and the third principal CELF2, suggesting a .nqvel hsa_01.rc_0006421/ m1R.—134-

contributor to oncological deaths, with its clinical _SP/ CELF2 regulatory axis in HCC. This stu.dy systematlcglly

management complicated by a narrow therapeutic arsenal and investigates the tumor-suppressive mechanisms of hsa_circ_

substantial disease burden. [1-2]. Notably, China bears a 0006421, focusing on its ceRNA-medlateq regulation of miR-

disproportionate disease burden, contributing 47.1% of global 134-5p and downstream CELF2 modulation.

HCC fatalities and 45.6% of incident cases, underscoring the .

urgent need for novel biomarkers to enhance early detection 2. Materials and Methods

Z;Srggﬁﬁigznc Iféﬁtég;?;gn'lfﬁggmé 51\1/11\?/2;6 lir:llphﬁlaéeé 2.1. Identification of Differentially Expressed

pathogenesis, positioning these molecules as promising CircRNAs
diagnostic and predictive candidates. The GSE97332 dataset associated with hepatocellular
Circular RNAs (circRNAs), first identified in eukaryotic  carcinoma (HCC) was acquired from the Gene Expression
systems in 1979, were historically dismissed as splicing Omnibus database (GEO, https://www. ncbi. nlm.nih. gov/
artifacts but are now recognized for their enhanced stability geo/). Paired tissue samples comprising five HCC specimens
conferred by covalently closed structures. Compelling studies and corresponding adjacent normal tissues were collected
reveal aberrant circRNA expression patterns across multiple from surgical patients at Youjiang Medical University for
malignancies, including cervical, breast [9-10], colorectal, Nationalities, with all participants providing signed informed
and gastric cancers, as well as HCC. High-throughput consent forms. This research protocol received ethical
sequencing of clinical specimens and GSE97332 dataset approval from the institution’s Medical Ethics Committee

analysis identified 28 differentially expressed circRNAs in (Approval Number: 2019012601). Clinical specimens were
HCC, including hsa_circ_0006421—a molecule previously subsequently transported to BGI Genomics Co., Ltd. for

associated  with ~ gastric ~ cancer  suppression  but comprehensive high-throughput sequencing. Differential
mechanistically uncharacterized in hepatic carcinogenesis. expression analysis of circular RNAs (DE-circRNAs) was
Current paradigms position circRNAs as critical regulators performed using the limma package in R software, comparing
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transcriptional profiles between malignant and paracancerous
tissues. Bioinformatics analysis integrating both GEO dataset
and sequencing data revealed significant DE-circRNAs
through comparative analysis, with subsequent intersection
analysis conducted using pheatmap and VennDiagram
packages to identify consensus molecular markers.

2.2. Patients and Sample Collection

Thirty-four pairs of fresh hepatocellular carcinoma (HCC)
specimens and adjacent non-tumor tissues were collected
from surgical resections at the Affiliated Hospital of Youjiang
Medical University for Nationalities. This study received
ethical approval from the institution’s Medical Ethics
Committee (Approval No: YYFY-LL-2022-13) prior to
sample collection. All participants provided written informed
consent, with exclusion criteria applied to patients who had
undergone preoperative chemoradiotherapy. Pathological
confirmation of HCC diagnosis was obtained for all included
cases. Immediately following surgical resection, tissue
samples were snap-frozen in liquid nitrogen and maintained
at -80°C until subsequent experimental analysis.

2.3. Cell Lines and Cultures

The HepG2 hepatocellular carcinoma cell line and
HEK293T human embryonic kidney cells were obtained from
the Chinese Academy of Sciences Cell Bank (Beijing), while
MHCC97H HCC cells were commercially acquired from
Cellcook Biotech (Guangzhou). All cell lines were
maintained in high-glucose DMEM medium (Gibco)
supplemented with 10% fetal bovine serum (Beyotime) under
standard culture conditions (37°C, 5% CO,, humidified
atmosphere). Routine cell authentication and mycoplasma
contamination testing were performed to ensure experimental

validity.

2.4. Cell Transfection

HepG2 and MHCC97H cell lines were transduced with
lentiviral vectors containing shRNA targeting hsa_circ_ 0006
421 (sh-circ) or non-targeting control (sh-NC) at an MOI of
100. Subsequently, lentivirus-stably transformed cells were
selected using 4 pg/mL puromycin in complete medium. For
ectopic expression of hsa_circ_0006421 (over-circ), the full-
length cDNA sequence was synthesized and subcloned into
pcDNA3.1 expression vector. All molecular reagents
including miR-134-5p mimic, hsa circ_0006421-specific
siRNA (si-circ), shRNA (sh-circ), and corresponding negative
controls were procured from GenePharma Co., Ltd. (Suzhou,
China) (Table 1). Transfection procedures were performed
using Lipofectamine 3000 reagent (Invitrogen, Thermo
Fisher Scientific, USA) following manufacturer’s protocols.

2.5. Purification of RNA and Subsequent qRT-
PCR Assessment

Total RNA from HCC tissues and cultured cells was
isolated with TRIzol reagent (Invitrogen) and subsequently
converted to complementary DNA (cDNA) using RevertAid
Master Mix (ThermoFisher). For miRNA analysis, qRT-PCR
was performed using miRNA First Strand cDNA Synthesis kit
(Sangon Biotech, China). The synthesized cDNA was
evaluated by qRT-PCR using SYBR Green (Hieff®, Shanghai,
China). The amplification reaction conditions were as follows:
95°C for 10 s and 60°C for 30 s.Normalization of target gene
expression was achieved using U6 and GAPDH as
endogenous controls. Detailed primer sequences are provided
in Table 1.

Table 1. Oligonucleotide specifications for RNA interference agents (siRNA/shRNA), miRNA-134-5p mimics, and validated PCR primer

pairs

Name

Sequence (5’-3°)

si-circ_0006421:

Sense: 5‘AGAGGAGUGGAAGCAGAACTT3’
Antisense: 5‘GUUCUGCUUCCACUCCUCUTT3’

sh-circ_0006421:

Sense: 5’~-CAGAGGAGUGGAAGCAGAATT-3’
Antisense:

5’-UUCUGCUUCCACUCCUCUGGU-3’

miR-134-5p mimic:

Sense: 5’-UGUGACUGGUUGACCAGAGGGG-3’
Antisense: 5’-CCUCUGGUCAACCAGUCACAUU-3’

hsa_circ_0006421:

Forward: 5’-ACTGGCTTCACGTGGATATGG-3’
Reverse: 5>-CCAGTTCTGCTTCCACTCCTC-3’

Forward: 5’- CCTCTATTCTGTGACTGGTTGACC -3’

LS 71 Reverse: 5°- TATGGTTTTGACGACTGTGTGAT -3’
CELF2: Forward: 5-CTGGCGGGAAACAAACTCTG-3'
Reverse: 5'-TCTAAGCCCTTGGCCTCCTC-3'
GAPDH: Forward: 5-CAGGAGGCATTGCTGATGAT-3’
Reverse: 5’-GAAGGCTGGGGCTCATTT-3
Us: Forward:5-CAGCACATATACTAAAATTGGAACG-3’

Reverse: 5’-ACGAATTTGCGTGTCATCC-3’

2.6. Cell Proliferation Assay

HepG2 and MHCC97H hepatocellular carcinoma cells
were seeded in 96-well plates at a density of 3x10° cells per
well. Peripheral wells were filled with phosphate-buffered
saline (PBS) to minimize edge effects during incubation.
Prior to optical density measurement, 10ul. of CCK-8
solution (MedChemExpress, China) was aliquoted into each
experimental well. Following a 2-hour incubation period at
37°C with 5% CO», the absorbance at 450 nm was quantified
using a microplate reader to assess cellular metabolic activity.
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2.7. Colony Formation Assay

Stably transfected lentiviral cell lines were seeded at a
uniform density of 1.7x10° cells/well in 6-well plates.
Medium replacement was performed every 3 days using
DMEM supplemented with 20% fetal bovine serum (FBS).
After 9 days of culture when distinct colonies had formed, the
experiment was terminated. Cellular fixation was achieved
through 20-minute treatment with 4% paraformaldehyde.
Subsequent staining procedures involved 15-minute exposure
to crystal violet solution followed by thorough rinsing. The



resulting clones were quantified and statistically evaluated
through microscopic examination.

2.8. Cell Migration Assay

Hepatocellular carcinoma cell lines (HepG2 and
MHCC97H) were plated in six-well culture dishes and
subjected to serum starvation for 24 hours. Following this
pretreatment, the cells were maintained under standard
culture conditions (37°C, 5% CO:) until achieving 95%
monolayer confluence. Mechanical wounding was performed
by creating three parallel linear defects in the cellular
monolayer using a sterile 100 pul. micropipette tip. Post-
incubation for 24 hours under normal growth conditions,
cellular migration patterns were quantitatively analyzed
through phase-contrast microscopy (Olympus, Japan). The
wound closure dynamics were evaluated by measuring inter-
scratch distances at predetermined time points, with healing
kinetics calculated using ImageJ analysis software.

2.9. Transwell Invasion Assay

Twenty-four hours post-transfection, HepG2 and
MHCC97H hepatocellular carcinoma cells were harvested for
invasion capacity evaluation using Transwell chambers. Pre-
chilled serum-free DMEM was used to prepare a 10%
Matrigel solution (BD Biosciences), with 100 pL aliquots
applied to upper chamber membranes and allowed to
polymerize for 1 hour at 37°C. Following PBS rinsing, cells
were resuspended in serum-free medium at 2x10"5 cells/mL
density. Each upper compartment received 200 pL cell
suspension, while 600 pL complete growth medium was
added to lower chambers. After 24-hour incubation, non-
migratory cells were mechanically removed from upper
surfaces. Invaded cells on membrane undersides were fixed
with 4% paraformaldehyde (15 min) and subsequently stained
with 0.5% crystal violet solution. Cellular invasion was
quantified using an inverted phase-contrast microscope
(Olympus BX53) with five randomly selected fields analyzed
per membrane.

2.10.Cell Apoptosis Analysis

Following transfection, HepG2 and MHCC97H
hepatocellular carcinoma cells were harvested via
centrifugation at 800 rpm for 3 minutes. After three washes
with ice-cold PBS, cellular apoptosis was evaluated through
dual staining with Annexin V-FITC and propidium iodide
(ThermoFisher Scientific). Apoptotic cell populations were
subsequently quantified on a BD FACSCanto™ II flow
cytometer using standardized acquisition protocols.

2.10.1. In Vivo Tumorigenesis Assays
Thirty-five-day-old male BALB/c-nu mice (Charles River
Laboratories, Beijing) were maintained under controlled
environmental conditions with ad libitum access to food and
water. All experimental procedures received ethical approval
from the Medical Ethics Committee of Youjiang Medical
University for Nationalities (Protocol No. 2022092001).
Animals were randomly allocated into two experimental
groups (n=7/group): sh-NC control and sh-circ knockdown
cohorts. MHCC97H cells (1x107) stably expressing sh-circ or
control vectors were suspended in 100 pl physiological saline
and implanted subcutaneously in the right axillary region.
Tumor growth was monitored weekly using caliper
measurements. Following 30 days of observation, when
significant weight loss occurred, animals were humanely
euthanized via pentobarbital sodium administration (120
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mg/kg, intraperitoneal injection). Cessation of vital signs
(respiratory arrest, motor inactivity, and pupillary dilation)
was confirmed prior to tumor resection for subsequent
dimensional analysis (length, width) and mass determination.

2.10.2.  Western Blot

Following a 48-hour transfection period, HCC cells
underwent three PBS rinses with ice-cold solution. Total
cellular proteins were extracted using RIPA buffer (Solarbio,
China) and quantified through Pierce BCA assay (Beyotime,
China). Protein samples (30 pg per lane) underwent
electrophoretic separation on 10% SDS-PAGE gels followed
by electroblotting onto PVDF membranes (Millipore, USA).
Membranes were blocked with 5% non-fat milk in TBST for
2 hours at ambient temperature before overnight incubation at
4°C with primary antibodies: B-actin (1:3000, ab227387) and
CELF2 (1:3000, ab179447) from Abcam. Subsequent
hybridization with HRP-conjugated secondary antibodies
(1:5000, Invitrogen) proceeded for 60 minutes prior to
chemiluminescent detection.

2.10.3. Luciferase Reporter Assay

The dual-luciferase reporter plasmids were commercially
acquired from GenePharma Co., Ltd (Suzhou, China). The
full-length sequences of hsa circ_ 0006421 and the CELF2
3’-untranslated region (UTR) containing predicted miR-134-
5p binding motifs were cloned into the pmirGLO dual-
luciferase reporter vector. HEK293T cells were seeded in 24-
well plates and cultured overnight to 70-80% confluence prior
to transfection. Cells were subsequently transfected with 1 pg
of either WT or MUT reporter plasmids along with 1.5 uL of
miR-134-5p  mimic/negative  control (NC)  using
Lipofectamine 3000-mediated transfection. Following 48-
hour incubation, firefly and Renilla luciferase activities were
measured using the Dual-Luciferase Reporter Assay System
(Promega) according to manufacturer protocols.

2.10.4.  Statistical Analysis

All experiments were conducted in triplicate. Data are
presented as mean values + standard deviation (SD).
Statistical analyses were carried out using R software (version
4.0.2). Comparative analysis of hsa_circ_0006421 expression
levels between liver cancer tissues and adjacent normal
tissues was performed using the Wilcoxon signed-rank test.
Parametric comparisons were evaluated through Student’s t-
test and one-way ANOVA, while categorical variables were
assessed with Fisher’s exact test. A significance threshold of
p<0.05 was applied for all statistical tests.

3. Results

3.1. Differential Expression of CircRNAs in
HCC

To identify DEcircRNAs in HCC, the limma R software
package was used to analyze the circRNA expression profiles
from HCC-related datasets GSE97332 and high-throughput
sequencing datasets. CircRNAs with thresholds of adj.P.Val
<0.05 and |logfold change (FC)| >1 were considered
DEcircRNAs. A total of 841 and 2449 DEcircRNAs were
identified in the GSE97332 and high-throughput sequencing
datasets, respectively. Using the pheatmap and Venn diagram
packages, 28 overlapping DEcircRNAs were identified in
these two datasets (Fig. 1A, 1B, 1C). We found that the
biological function of hsa_circ_ 0006421 in HCC has not yet
been reported. Thus, hsa circ_ 0006421 was chosen for
further experiments.
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compared adjacent tissues in GSE97332 dataset. (B) The heatmaps of the DEcircRNA profiles in HCC and compared adjacent tissues in
high-throughput sequencing. (C) Venn diagram of overlapping DEcircRNAs from intersection of GSE97332 and high-throughput sequencing
datasets

3.2. Hsa_circ_0006421 is Abnormally Low
Expressed in HCC Tissues

Analysis of 34 paired HCC and paracancerous tissues
revealed significant downregulation of hsa circ 0006421 in
tumor specimens (22/34 cases, Fig. 2). Clinicopathological
analysis demonstrated a significant correlation between
hsa_circ_0006421 expression and cirrhosis history (p=0.042,
Table 2). These findings suggest hsa circ_0006421
dysregulation in HCC progression and its potential tumor-
suppressive role, particularly in patients with pre-existing
cirrhosis.

‘ Tumor tissue $ Adjacent tissue

circ_0006421

Relative expression of hsa

Figure 2. Downregulation of hsa_circ_0006421 is observed in
HCC tissues. Comparative analysis revealed differential expression
patterns of hsa_circ_0006421 across 34 paired HCC and adjacent
normal tissue specimens. *p < 0.05, **p <0.01 and ***p < 0.001.

Table 2. Hsa circ_ 0006421 dysregulation demonstrates significant associations with advanced clinicopathological features in HCC

Expression of hsa_circ_0006421
Characteristics N=34 Low(n=22) High(n=12) V4
Age 0.462
=50y 13 7 6
<50y 21 15 6
Gender 1.00
Female 5 3 2
Male 29 19 10
HBsAg 0.225
Positive 29 20 9
Negative 5 2 3
Cirrhosis history 0.042
Positive 29 21 8
Negative 5 1 4
Tumor size 0.128
=5cm 20 15 5
<Scm 14 7
AFP 0.315
=20ng/mL 23 16
<20ng/mL 11 6 5
T classification 0.08
T3-T4 21 16 5
T1-T2 13 6 7
Tumor number 0.610
=2 11 7 4
1 23 15 8
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3.3. Hsa_circ_0006421 Exerts tumor-
suppressive Effects in HCC through
Significant Inhibition of Malignant
Proliferation and Metastatic Potential in
Cellular Models.

To investigate hsa_circ_0006421’s functional role in HCC,
we employed siRNA (si-circ) and lentiviral vectors (sh-circ)
to knock down its expression in HepG2 and MHCC97H cells,
while constructing an overexpression plasmid (over-circ).
gRT-PCR  confirmed  successful knockdown and
overexpression in both cell lines (Fig. 3A). Functional
analyses revealed that hsa circ 0006421 overexpression
significantly inhibited viability (Fig. 3B-C), migration (Fig.
3D), and invasion (Fig. 3E) while enhancing apoptotic
activity (Fig. 3F). Conversely, hsa circ_0006421 suppression

produced opposing cellular effects. These findings
demonstrate that hsa circ 0006421 acts as a tumor
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suppressor in HCC by regulating multiple malignant
phenotypes.

3.4. Hsa_circ_0006421 Inhibits HCC Tumors
Growth in Vivo

To investigate hsa circ 0006421’s role in HCC
tumorigenesis, we developed a xenograft model using nude
mice implanted with MHCC97H cells stably transfected with
sh-circ or sh-NC. Subcutaneous tumors formed by day 9, with
tumor dimensions monitored weekly. After 30 days,
hsa circ 0006421 knockdown demonstrated significant
suppression of tumor progression, showing marked
reductions in both volume and mass compared to controls
(n=7) (Fig. 4A-D).

3.5. Hsa_circ_0006421 Suppresses HCC
Progression by Targeting the miR-134-
S5p/CELF2 Signaling Axis
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Figure 3. Functional characterization of hsa_circ_0006421 in hepatocellular carcinoma progression. qRT-PCR analysis confirmed successful
modulation of hsa_circ 0006421 expression in engineered HCC cell lines (A). Functional analysis revealed that hsa_circ_ 0006421
knockdown significantly enhanced cellular proliferation, as evidenced by CCK-8 viability assays (B) and colony formation capacity (C).
Conversely, hsa_circ_ 0006421 overexpression exerted tumor-suppressive effects, markedly inhibiting HCC cell migration (D) and invasion
potential in transwell assays (E). Flow cytometric analysis with Annexin V/PI dual staining demonstrated that hsa_circ_0006421 depletion
attenuated apoptosis, while its ectopic expression promoted programmed cell death (F). All quantitative data represent mean + SD from
triplicate experiments (scale bars = 100 um).
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Recent research has demonstrated that hsa circ_ 0006421
exerts tumor-suppressive effects in gastric cancer by
modulating the miR-134-5p/CELF2 axis [17]. To explore its
potential regulatory mechanism in hepatocellular carcinoma
(HCC), we performed hsa_circ_0006421 overexpression in
HepG2 and MHCC97H cell lines. Subsequent analysis
revealed marked downregulation of miR-134-5p (Fig. 5A),
suggesting inverse regulatory relationship. Through
luciferase reporter assays with constructed wild-type (WT)
and mutant (MUT) vectors, we confirmed direct binding
between hsa circ 0006421 and miR-134-5p (Fig. 5B).
Significant reduction in luciferase activity was observed in
HEK293T cells co-transfected with miR-134-5p mimics and
WT-hsa circ 0006421, while MUT-hsa circ 0006421
maintained stable luminescence (Fig. 5C), establishing their
functional interaction.

Further investigation of miR-134-5p/CELF2 interplay in
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HCC demonstrated that miR-134-5p overexpression
substantially decreased CELF2 mRNA levels through qRT-
PCR analysis (Fig. 5D). Bioinformatics prediction and
subsequent experimental validation identified specific
binding sites between these molecules (Fig. SE). Dual-
luciferase assays confirmed reduced activity in WT CELF2
3’-UTR groups following miR-134-5p mimic transfection,
with no alteration in MUT groups (Fig. 5F), confirming their
direct regulatory relationship.

To elucidate the hsa_circ_0006421/CELF?2 regulatory axis,
we performed genetic manipulation using siRNA knockdown
and plasmid overexpression in HCC cell models. Western blot
analysis revealed that hsa circ_ 0006421 expression levels
directly correlated with CELF2 protein abundance (Fig. 5G).
These collective findings substantiate our hypothesis that
hsa circ 0006421 impedes HCC progression through miR-
134-5p-mediated regulation of CELF2 expression.
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Figure 4. Knockdown of hsa_circ_0006421 promoted tumorigenesis of MHCC97H cells in vivo. (A, B) The xenograft tumor mode showed
that tumors grown from the sh-circ group were bigger than those grown from the sh-NC group (n=7). (C, D) Compared with the sh-NC
group, the sh-circ group had tumors with significantly increased volume and weight.

4. Discussion

Hepatocellular carcinoma (HCC) has emerged as a globally
prevalent refractory malignancy due to its intricate
pathogenesis and elevated recurrence rates [18]. The
substantial disease burden in China necessitates urgent
identification of specific biomarkers and therapeutic
strategies for early-stage HCC management to enhance
patient  survival and  clinical  outcomes [19].
Hepatocarcinogenesis fundamentally stems from genetic
alterations in hepatic cells, leading to dysregulated
proliferation-apoptosis homeostasis [20].

Circular RNAs (circRNAs), a subclass of non-coding
RNAs, have garnered significant research interest for their
multifaceted roles in oncogenesis and tumor progression [21].
Advanced computational biology frameworks coupled with
high-resolution sequencing technologies provide actionable
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insights into gene regulation dynamics, revolutionizing HCC
diagnosis through liquid biopsy biomarkers and enabling
personalized treatment regimens targeting oncogenic
signaling pathways. Mounting clinical studies reveal that
circRNA expression aberrations serve as molecular
determinants for intractable diseases, particularly therapy-
resistant cancers. For instance, hsa circ 0002232 exhibits
tumor-suppressive effects in colorectal cancer through TGF-
B/Smad pathway modulation[22]. The circKDM4B/miR-
675/NEDDA4L axis constitutes a novel therapeutic target for
metastatic breast cancer, where circRNA-directed miRNA
sponging combined with enhanced proteasomal degradation
of malignancy drivers significantly attenuates cancer cell
motility and matrix invasion capacity[23]. The circROBO1-
KLF5-FUS autoregulatory axis drives breast oncogenesis
through coordinated potentiation of transcriptional programs
governing hepatic tropism and metastatic niche formation



[24]. CircVAMP3 impedes hepatocellular carcinoma
development through translational inhibition of c-Myc[25].
Our investigation identified hsa circ 0006421  as
differentially expressed in HCC through integrated genomic
analyses, suggesting its potential regulatory significance in
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hepatocarcinogenesis. Quantitative reverse transcription-
polymerase chain reaction (QRT-PCR) validation confirmed
marked hsa circ 0006421 downregulation in HCC
specimens, particularly in cirrhotic patients, indicating its
putative tumor-suppressive function.
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Figure 5. Hsa_circ_0006421 suppresses hepatocellular carcinoma progression through the miR-134-5p/CELF2 regulatory axis. qRT-PCR
analysis demonstrated that hsa_circ_0006421 overexpression significantly downregulated miR-134-5p expression in both HepG2 and
MHCC97H cell lines(A). Bioinformatics prediction and dual-luciferase reporter assays confirmed direct binding between hsa_circ_ 0006421
and miR-134-5p, with miR-134-5p mimics specifically reducing wild-type (WT) hsa_circ_ 0006421 3°’UTR luciferase activity(B-C). miR-
134-5p exhibited negative regulatory effects on CELF2 expression, as evidenced by qRT-PCR quantification(D). Subsequent dual-luciferase
assays identified CELF2 as a direct target of miR-134-5p through binding site verification in the WT CELF2 3’UTR(E-F). Western blot
analysis confirmed that hsa_circ_0006421 upregulation enhances CELF2 protein expression in HCC cells, establishing a complete ceRNA
regulatory mechanism(G).

Mechanistically, miR-134-5p’s oncogenic potential in
early LUAD progression may stem from its targeting of tumor
suppressor genes, creating a permissive microenvironment
for micrometastatic niche formation[26]. Emerging evidence
demonstrates that miR-134-5p attenuates acute myeloid
leukemia (AML) progression by inhibiting leukemic cell
proliferation and malignant potential through modulation of
key oncogenic pathways[27].The functional significance and
molecular mechanisms of miR-134-5p in hepatocellular
carcinoma pathogenesis require rigorous investigation,
particularly its regulatory role in tumor microenvironment
remodeling and metastatic cascade activation. Our study
demonstrates that the tumor-suppressive circular RNA
hsa_circ_ 0006421 functions as a competing endogenous
RNA (ceRNA) for miR-134-5p in HCC. qRT-PCR analysis
revealed that hsa_circ_0006421 overexpression significantly
reduced miR-134-5p levels in HCC cells. Direct interaction
was confirmed through dual-luciferase reporter assays. These
findings establish miR-134-5p as a key regulatory target of
hsa_circ_0006421 in HCC pathogenesis.
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After bioinformatic analysis using Starbase v3.0 platform
(https://starbase.sysu.edu.cn/index.php). We found that miR-
134-5p may have targeted binding with CELF2. As a member
of the CUGBP Elav-like family, CELF2 functions as an RNA-
binding protein (RBP) [28]. Elevated CELF2 expression
correlates with favorable clinical outcomes across multiple
malignancies[29]. Experimental evidence demonstrated that
CELF2 attenuates breast cancer progression by suppressing
NFATcl expression[30].CELF2 suppresses ovarian cancer
cell invasion through stabilization of FAM198B [31]. The
oncogenic IncRNA CRNDE promotes HCC by inducing
epigenetic downregulation of CELF2 and LATS2 [32]. The
STYXL1-PI3K/Akt signaling axis drives HCC cell invasion

by transcriptional repression of CELF2[33]. qRT-PCR
analysis  revealed that miR-134-5p  significantly
downregulated CELF2 expression in hepatocellular

carcinoma (HCC). Dual-luciferase reporter assays further
demonstrated decreased luciferase activity in the wild-type
CELF2 3’-UTR group following miR-134-5p mimic
transfection, confirming their direct targeting interaction. To



investigate hsa circ 0006421’s role in modulating this
regulatory axis, we performed gain- and loss-of-function
experiments using plasmid overexpression and siRNA-
mediated knockdown in HCC-derived HepG2 and
MHCC97H cell lines. Western blot analysis showed
corresponding dose-dependent changes in CELF2 protein
levels, establishing hsa_circ_0006421 as a positive regulator
of CELF2 expression through miR-134-5p sequestration.
Our findings indicate that hsa_circ_0006421 functions as a
tumor suppressor in HCC pathogenesis, with its reduced
expression potentially elevating hepatocarcinogenesis risk in
cirrhotic patients. Mechanistically, hsa_circ_0006421 exerts
anti-tumor effects by competitively binding miR-134-5p to
enhance CELF2 expression, thereby inhibiting malignant
progression. This circRNA-mediated regulatory network
presents novel therapeutic opportunities for HCC intervention.

5. Conclusion

Collectively, our  findings demonstrate that
hsa_circ_ 0006421 suppresses hepatocellular carcinoma
progression by functioning as a ceRNA through competitive
binding to miR-134-5p to upregulate CELF2, suggesting a
potential therapeutic strategy against HCC proliferation.
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