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Abstract: Objectives: To investigate whether LncRNA HLA complex P5 (HCP5) promotes gastric cancer (GC) via the 
miR-526b/Pre-B Cell Leukemia Homeobox 3 (PBX3) pathway. Methods: Thirteen paired GC and adjacent non-tumor-
ous tissues, along with NCI-N87 GC cells, were analyzed. HCP5 expression levels were measured, and its impact on 
cell viability, proliferation, and migration were evaluated. Dual-luciferase reporter assays were performed to confirm 
the direct interactions among HCP5, miR-526b, and PBX3. The effects of HCP5 overexpression or silencing on miR-
526b and PBX3 expression were analyzed. A miR-526b mimic was transfected for functional rescue. Results: HCP5 
was significantly upregulated, while miR-526b was downregulated in GC tissues. Dual-luciferase assays confirmed 
the direct binding of HCP5 to miR-526b and of miR-526b to PBX3. In NCI-N87 cells, HCP5 overexpression downregu-
lated miR-526b and upregulated PBX3 expression, whereas silencing HCP5 showed the opposite effects. Moreover, 
HCP5 overexpression decreased Bax and increased Bcl-2 levels, which was reversed by miR-526b mimic transfec-
tion. Functionally, HCP5 enhanced GC cell viability and migration, both of which were suppressed by miR-526b. 
HCP5 promoted cell proliferation, as evidenced by a reduced proportion of cells in the G0/G1 phase, which was 
reversed by miR-526b. Conclusions: HCP5 acts as an oncogenic lncRNA in GC by promoting cell viability, migration, 
and proliferation via the miR-526b/PBX3 axis. Targeting the HCP5/miR-526b/PBX3 axis may represent a promising 
therapeutic strategy for GC.
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Introduction

Gastric cancer (GC) is one of the most common 
malignancies of the digestive system. In China, 
the annual incidence of GC exceeds 396,000 
cases, with over 288,000 GC-related deaths 
[1]. Globally, over 1 million new cases of GC are 
diagnosed annually, with over 769,000 deaths 
[2]. This highlights the significant global eco-
nomic burden and public health challenge 
imposed by GC. Currently, the primary thera-
peutic approaches for GC include surgery, che-
motherapy, and radiotherapy, all of which have 
provided clinical benefits [3, 4]. However, these 
therapies offer limited efficacy in advanced GC 
patients, with the 5-year survival rate below 
40% [5, 6]. Thus, identifying novel biomarkers 
for early GC diagnosis and treatment, and gain-
ing a deeper understanding of the molecular 
pathological mechanisms of GC, are urgently 
needed.

Long non-coding RNAs (lncRNAs) are RNA tran-
scripts exceeding 200 nt in length that lack 
protein-coding capacity [7, 8]. An increasing 
number of lncRNAs have been identified as 
tumor markers [9-11]. Among these, lncRNA 
HLA complex P5 (HCP5) has garnered particular 
attention for its oncogenic role [12, 13]. HCP5 
is upregulated in colorectal cancer (CRC) tis-
sues and cell lines, and its inhibition suppress-
es CRC cell growth and migration [14]. Similarly, 
elevated HCP5 expression has been observed 
in GC patients compared to healthy controls 
[15]. These findings suggest that HCP5 may 
serve as a promising biomarker and therapeu-
tic target in various cancers.

Similar to HCP5, miR-526b has been identified 
in several studies as a key regulator of tumor 
cell progression and a potential prognostic bio-
marker. Reduced or absent expression of miR-
526b has been observed in breast cancer and 
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other malignancies, where it exerts tumor-sup-
pressive effects by targeting downstream 
genes such as Twist1 [16]. In CRC, upregulation 
of miR-526b inhibits tumor progression [17]. 
Furthermore, previous research has demon-
strated that miR-526b inhibits the epithelial-
mesenchymal transition (EMT) in cervical can-
cer cells by directly targeting PBX homeobox 3 
(PBX3) [18], supporting a functional link 
between miR-526b and PBX3. Interestingly, 
PBX3 is also overexpressed in GC cells and 
plays a pivotal role in promoting tumor cell pro-
liferation [19, 20]. However, studies investigat-
ing whether the miR-526b/PBX3 axis contrib-
utes to GC pathogenesis are scarce, warranting 
further investigation to clarify the potential bio-
logical significance of this regulatory pathway in 
GC.

This study aims to investigate the roles of HCP5 
and miR-526b in GC cell biology through a 
series of in vitro experiments and to explore 
their potential interactions with the down-
stream target gene PBX3. Specifically, by 
assessing how HCP5 or miR-526 modulation 
affects PBX3 expression and evaluating the 
subsequent impact on GC cell activity, migra-
tion, and proliferation, we seek to uncover the 
functional significance and regulatory mecha-
nism of the HCP5-miR-526b-PBX3 axis in GC.

Methods and materials

Bioinformatics analysis

The stomach adenocarcinoma (STAD) dataset 
from the Cancer Genome Atlas Project (TCGA) 
comprises 375 GC and 32 normal stomach 
(NC) tissue samples. Differentially expressed 
lncRNAs were identified using the limma  
package in R (v4.2.1), with thresholds set at 
|log2FoldChange| > 1 and adjusted P < 0.05. 
Additionally, 60 GC and 8 NC tissue samples 
from the Gene Expression Synthesis (GEO) 
dataset (GSE26595) were analyzed. To correct 
for batch effects between the TCGA and GEO 
datasets, the Combat function from the SVA 
package in R was utilized. Lasso regression 
analysis was implemented using the glmnet 
package in R. The Benjamini-Hochberg (BH) 
method was used to adjust P values for multi-
ple comparisons and control the false discov-
ery rate (FDR), implemented via the p.adjust 
function in R. The interaction between HCP5 
and miR-526b was predicted using the LncTar 

online tool, while the interaction between miR-
526b and PBX3 was predicted using the DIANA-
microT-CDS database.

Tissue sample collection

Between March and May 2021, paired GC and 
adjacent non-tumorous tissues were collected 
from GC patients undergoing surgical resection 
at the First Affiliated Hospital of Guangxi 
Medical University. Inclusion criteria: (1) histo-
pathologically confirmed gastric adenocarcino-
ma; (2) age ≥ 18 years. Exclusion criteria: (1) 
concurrent metastatic GC or synchronous 
malignancy of other organs; (2) receipt of pre-
operative chemotherapy, radiotherapy, or tar-
geted therapy. This study was approved the 
Ethics Committee of the First Affiliated Hospital 
of Guangxi Medical University (NO.2022-
KY-E-(251)) and conducted in accordance with 
the Declaration of Helsinki.

GC tissue cDNA microarray

The GC tissue cDNA microarray (TMA) was 
obtained from Shanghai Autte Biotechnology 
(China), comprising 13 GC tissues and 13 
matched adjacent normal tissues. All samples 
were collected from patients pathologically 
diagnosed with gastric adenocarcinoma follow-
ing surgical resection. Among the 13 patients, 
7 were classified as TNM stage III and 6 as 
stage IV. According to Lauren’s classification, 
10 cases were of the intestinal type and 3 were 
of diffuse type. The expression level of HCP5 
was analyzed by quantitative real-time PCR 
(qRT-PCR).

Cell culture

Human GC cell lines (NCI-N87 and HGC-27) and 
normal human gastric epithelial cell line GES-1 
were purchased from the Chinese Academy of 
Medical Sciences Cell Resource Center. The 
HEK-293 cell line, derived from human embry-
onic kidney cells, was sourced from the 
American Type Culture Collection (ATCC). HGC-
27 and HEK-293 cell lines were cultured in 
Dulbecco’s Modified Eagle Medium (ProCell, 
China), while NCI-N87 and GES-1 cells were 
maintained in PMI-1640 medium (ProCell).

Lentiviral oligonucleotides transfection

Two shRNAs targeting HCP5 (shHCP5) and a 
negative control shRNA (shNC) were designed 
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and inserted into the pLVX-shRNA2-puro vec-
tor. The coding sequence (CDS) of human PBX3 
was synthesized and cloned into the pLVX-
IRES-ZsGreen1 vector. All recombinant con-
structs were verified by DNA sequencing. 
Lentiviral particles were transfected into HEK-
293 cells. hsa-miR-526b mimics and chemi-
cally modified antisense oligonucleotides (hsa-
miR-526 inhibitor) were transfected into tar- 
get cells using Lipofectamine® 2000 reagent 
(Thermo Fisher Scientific, USA), in combination 
with the respective lentiviral vectors or 
oligonucleotides.

Nuclear and cytoplasmic RNA isolation

Total RNA was extracted from HGC-27 cells 
using the Cytoplasmic and Nuclear RNA Puri- 
fication Kit (Norgen Biotek, Canada), following 
the manufacturer’s instructions. The extracted 
RNA samples were stored at -80°C for later 
analysis.

RNA extraction and qRT-PCR

The expression levels of HCP5, miR-526b, 
PBX3, U6, and GAPDH were measured using 
either the resultant cDNA or commercially avail-
able tissue cDNA microarrays. qRT-PCR was 
performed on a qTower 3.2G real-time PCR sys-
tem (Analytik Jena, Germany) using BeyoFast™ 
SYBR Green qPCR mix (Bio-Rad, USA). The qRT-
PCR protocol included 40 cycles of initial dena-
turation at 95°C for 2 minutes, followed by 
denaturation at 95°C for 15 seconds, and 
annealing/extension at 60°C for 30 seconds 
GAPDH and U6 were used as internal controls 
for mRNA and miRNA, respectively. Relative 
gene expression was calculated using the 
2^-ΔΔCT method.

Western blot

Total protein was extracted from cells, and con-
centrations were determined using the BCA 
Protein Assay kit. Equal amounts of protein (30 
μg) were separated by 10% SDS-PAGE and 
transferred onto PVDF membranes. After block-
ing with skimmed milk, membranes were incu-
bated with the following rabbit polyclonal pri-
mary antibodies: PBX3 (1:2000), BCL-2 (1: 
2000), Bax (1:2000), and GAPDH (1:6000). 
Following TBST buffer washes, the membranes 
were incubated with a secondary goat anti-rab-
bit antibody. Protein bands were visualized, and 

densitometric analysis was conducted using 
ImageJ software.

Double luciferase reporter gene assay (Dual-
LUC)

Predicted miR-526b binding sites in HCP5 or 
PBX3 sequences were mutated to generate 
mutant (MUT) constructs. Wild-type (WT) and 
MUT sequences of HCP5 and PBX3 synthesized 
by Sangon Biotech (Shanghai, China) were 
cloned into the psiCHECKTM-2 vector (Promega, 
USA). Subsequently, HEK-293 cells were co-
transfected with the constructed luciferase 
reporter gene plasmids and either miR-526 
mimics or miR-526 inhibitor using Lipofecta- 
mine® 2000 reagent.

Cell viability assay (CCK-8)

Following cell attachment, 10 µL of CCK-8 solu-
tion was introduced to each well at four time 
points (0 h, 24 h, 48 h, and 72 h). The cells 
were incubated for 1 hour at 37°C, and absor-
bance was subsequently measured at 450 nm 
using a microplate reader.

Flow cytometry for cell cycle and apoptosis 
analysis

Cell cycle distribution and apoptosis were ana-
lyzed using the Cell Cycle and Apoptosis 
Detection Kit (C1052; Beyotime Biotechnology, 
China). Briefly, cells were collected into a sin-
gle-cell suspension, fixed in 70% ethanol at 4°C 
overnight, and stained with 0.5 mL propidium 
iodide solution. Red fluorescence was detected 
at an excitation wavelength of 488 nm using a 
flow cytometer. Cell cycle phase distribution 
was analyzed with ModFit LT 5.0 software.

Transwell migration assay

Cell migration ability was assessed using a 
Transwell assay. Briefly, 1,000 µL of cell sus-
pension (containing 100,000 cells) was added 
to the upper chamber of a Transwell insert 
(BL539A, Corning), and 1,500 µL of complete 
medium with 10% FBS (10099-141, GIBCO) 
was added to the lower chamber. After 24 hours 
of incubation, the Transwell inserts were 
removed, and the non-migrated cells were 
washed away with PBS (BL302A, Biosharp). 
The migrated cells were fixed with 4% parafor-
maldehyde (P1110, Solarbio) for 30 minutes, 
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air-dried, and stained with 0.1% crystal violet 
(G1063, Solarbio) for 30 minutes. The inserts 
were washed with PBS, and the number of 
migrated cells was counted under a micro-
scope in three randomly selected fields of view 
at 10× magnification, with ImageJ software 
used for quantification.

Statistical analysis

Potential downstream targets of HCP5 and 
miR-526b were predicted using StarBase (ver-
sion 3.0) (http://starbase.sysu.edu.cn/), and a 
competing endogenous RNA (ceRNA) regulato-
ry network was constructed. GraphPad Prism 
(version 8.0.1) and SPSS (version 22.0) were 
utilized for data visualization and statistical 
analysis. Data were expressed as the mean ± 
standard deviation (SD). Differences between 
two groups were assessed using t-tests, while 
one-way ANOVA followed by LSD post hoc tests 
was used for multiple-group comparisons. A 
p-value less than 0.05 was considered statisti-
cally significant.

Results

HCP5 is upregulated in GC

Bioinformatics analysis of lncRNA-seq data 
from the TCGA-STAD database revealed that 
HCP5 expression was significantly increased in 
GC tissues compared to normal gastric tissues 
(Figure 1A). To verify this finding, qRT-PCR was 
conducted to assess HCP5 expression in 13 
pairs of GC and adjacent normal tissues, which 

confirmed elevated HCP5 expression in GC tis-
sues (Figure 1B). Similarly, HCP5 expression 
was markedly higher in two GC cell lines (NCI-
N87, HGC-27) compared with GES-1 cells, as 
shown in Figure 1C.

HCP5 knockdown inhibited proliferation and 
promoted apoptosis in GC cells

HGC-27 cells were transfected with HCP5-
targeting shRNA (shHCP5). qRT-PCR confirmed 
effective knockdown of HCP5 (Figure 2A). 
CCK-8 results showed that HCP5 knockdown 
obviously reduced the proliferative capacity of 
GC cells (Figure 2B). Flow cytometry analysis 
revealed that HCP5 knockdown led to a remark-
able increase in the proportion of GC cells in 
the G0/G1 phase, accompanied by a decrease 
in the proportion of cells in the S and G2/M 
phases (Figure 2C, 2D), suggesting cell cycle 
arrest at G0/G1. Transwell assay further indi-
cated that HCP5 knockdown significantly 
reduced GC cell migration compared to the con-
trol group (Figure 2E, 2F). Western blot analysis 
revealed increased Bax and decreased Bcl-2 
expression following HCP5 knockdown, indicat-
ing enhanced apoptosis (Figure 2G). Collecti- 
vely, these findings suggest that HCP5 silencing 
inhibits GC cell proliferation and migration, 
while promoting apoptosis.

HCP5 suppressed the expression of miR-526b

LncRNAs are known to bind miRNAs in the cyto-
plasm and modulate their function. Studies 
have reported downregulation of miR-526b in 

Figure 1. Relationship between LncRNA HLA complex P5 (HCP5) overexpression and the occurrence of gastric can-
cer (GC). A. Based on the samples from the Cancer Genome Atlas Stomach Adenocarcinoma (TCGA-STAD) database, 
HCP5 expression in GC tissues was compared with that in normal stomach tissues. B. Expression of HCP5 in GC 
tissue microarray (TMA) examined by qRT-PCR in GC and normal gastric tissues. C. Relative expression of HCP5 in 
GC and normal gastric epithelial cell lines. *P < 0.05, **P < 0.01, ***P < 0.001.
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Figure 2. Knockdown of LncRNA HLA complex P5 (HCP5) inhibited proliferation of HGC-27 cells. A. The knockdown 
efficiency of HCP5 in HGC-27 cells was detected using qRT-PCR. B. The proliferation of HGC-27 cells after HCP5 
knockdown was evaluated using CCK-8 assay. C, D. Cell cycle of HGC-27 cells after HCP5 knockdown was evaluated 
using Flow cytometry. E, F. The migration of HGC-27 cells after HCP5 knockdown was detected using Transwell as-
say. G. Western blot was used to detect the expression levels of apoptosis-related proteins. Magnification: 100×; *P 
< 0.05, **P < 0.01, ***P < 0.001.
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various tumor tissues [16]. Analysis of the 
GSE26595 database showed that miR-526b 
expression in GC tissue was much lower than 
that in normal gastric tissues (Figure 3A). 
Moreover, an inverse correlation between HCP5 
and miR-526b expression levels was noted in 
the STAD database (Figure 3B). To investigate 
whether HCP5 directly interacts with miR-526b, 
we utilized StarBase v3.0 to predict regulatory 
targets of HCP5 and miR-526b and construct-
ed a ceRNA network. The analysis revealed 
possible interactions among HCP5, miR-526b, 
and PBX3 (Supplementary Figure 1A). Further 
computational analysis predicted conserved 
miR-526b-binding motifs (Supplementary Fig- 
ure 1B) in the HCP5 sequence, suggesting  
that HCP5 may act as a molecular sponge for 
miR-526b, thereby modulating PBX3 expres-
sion and contributing to GC progression. To vali-
date this hypothesis, a dual-luciferase reporter 
assay was performed. Co-transfection of HEK-
293 cells with miR-526b mimics and wild-type 
HCP5 (HCP5-WT) significantly reduced lucifer-

diminished the migratory enhancement in- 
duced by HCP5 silencing in HGC-27 cells (Figure 
4D). Similarly, the WB results showed that the 
miR-526b inhibitor partially reversed the pro-
moting effect of HCP5 silencing on cell apopto-
sis in HGC-27 cells. (The expression of Bax, an 
apoptosis-promoting protein, decreased), as 
shown in Figure 4E. These outcomes demon-
strate that HCP5 regulates GC cell growth and 
apoptosis via miR-526b.

MiR-526b inhibited GC cell proliferation and 
enhanced its death by directly targeting PBX3

Earlier studies have highlighted PBX3 as a cru-
cial oncogene in GC [19]. STAD data analysis 
demonstrated a substantial rise in PBX3 
expression in GC tissues (Figure 5A). In addi-
tion, based on the STAD database, miR-526b 
was negatively correlated with PBX3 (Figure 
5B). To determine whether miR-526b directly 
targets PBX3, the miRanda database was used 
to predict a potential binding region between 

Figure 3. HLA complex P5 (HCP5) mimics suppressed miR-526b expression. 
A. The GSE26595 dataset showed that the expression of miR-526b in GC tis-
sues was significantly lower than that in normal gastric tissue. B. Correlation 
analysis of expression of HCP5 and miR-526b in GC tissues based on the 
Cancer Genome Atlas Stomach Adenocarcinoma (TCGA-STAD). C. Luciferase 
reporter gene assay showed that miR-526b negatively regulated luciferase 
activity in the HCP5-WT group, but not in the HCP5-MUT group. D. miR-526b 
levels in HGC-27 cells with HCP5 knockdown were detected using qRT-qPCR. 
Ns, no significance; **P < 0.01, ***P < 0.001.

ase activity compared to the 
control, while no significant 
change was observed in the 
HCP5-MUT group (Figure 3C). 
In addition, HCP5 in HGC-27 
cells led to a significant up- 
regulation of miR-526b levels 
(Figure 3D). These findings 
imply that HCP5 serves as  
a ceRNA and effectively  
downregulates miR-526b ex- 
pression.

Inhibition of miR-526b re-
versed the effect of HCP5 
knockdown on GC cell prolif-
eration

To further elucidate the func-
tional relationship between 
HCP5 and miR-526b, rescue 
experiments were conducted 
in HGC-27 cells. Cells were co-
transfected with shHCP5 and 
a miR-526b inhibitor. CCK-8 
and flow cytometry showed 
that miR-526b inhibition par- 
tly reversed the inhibitory 
effects of HCP5 silencing on 
cell proliferation in HGC-27 
cells (Figure 4A-C). Conver- 
sely, the miR-526b inhibitor 
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PBX3 and miR-526b (Figure 5C). Dual-luci- 
ferase reporter assays showed that, relative to 
the control group, miR-526b mimics decreased 
luciferase activity in the PBX3-WT group but 

had no effect on the PBX3-MUT group (Figure 
5D). Additionally, miR-526b mimics markedly 
decreased the levels of PBX3 mRNA and pro-
tein in HGC-27 cells (Figure 5E, 5F).

Figure 4. miR-526b inhibitor partially reversed the antitumor effect of HLA complex P5 (HCP5) knockdown in GC 
cells. miR-526b inhibitor partially reversed the effects of HCP5 knockdown on HGC-27 cell proliferation (A), cell cycle 
distribution (B, C), and cell migration (D). (E) Effects of HCP5 knockdown on apoptosis-related protein expression in 
HGC-27 cells. Magnification: 100×; *P < 0.05, ***P < 0.001.
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To further investigate the functional relevance 
of the miR-526b-PBX3 axis, rescue experi-
ments were performed. CCK-8 and cell cycle 
assays revealed that PBX3 overexpression  
significantly mitigated the growth-inhibitory 
effects of miR-526b mimics in HGC-27 cells 
(Figure 6A-C). Similarly, upregulation of PBX3 
reduced the suppressive effect of miR-526b on 
cell migration (Figure 6D). Conversely, elevated 
PBX3 expression lessened the apoptosis trig-
gered by miR-526b mimics in HGC-27 cells 

axis [30]. Recent studies have also highlighted 
the role of HCP5 in GC. Liang et al. [31] report-
ed that HCP5 is overexpressed in GC and pro-
motes cisplatin resistance via the miR-128/
HMGA2 axis. Yin et al. [28] found that HCP5 
regulates apoptosis in GC cells via the miR-
299-3p/SMAD5 axis. Our study found that 
HCP5 promoted GC cell viability, migration, and 
proliferation, consistent with previous reports 
[28, 31, 32]. Importantly, we identified a novel 
regulatory mechanism whereby HCP5 downreg-

Figure 5. MiR-526b suppressed the malignant behaviors of GC cells by in-
hibiting the expression of Pre-B Cell Leukemia Homeobox 3 (PBX3). A. The 
data from the Cancer Genome Atlas Stomach Adenocarcinoma (TCGA-STAD) 
showed that PBX3 expression was significantly upregulated in GC tissues. B. 
Correlation analysis of miR-526b and PBX3 expression in GC tissues based 
on TCGA-STAD. C. Putative binding sites between miR-526b and PBX3 were 
predicted using Bioinformatics analysis. D. Luciferase reporter gene assay 
showed that miR-526b mimic significantly decreased luciferase activity in 
PBX3-WT group, but not in the PBX3-MUT group. E, F. Protein and mRNA ex-
pression of PBX3 in HGC-27 cells after transfection with miR-526b mimics/
inhibitors. *P < 0.05, ***P < 0.001. RPM: Reads per million mapped reads; 
TPM: Transcript per Kilobase per Million mapped reads.

(Figure 6E). These results in- 
dicate that miR-526b exerts 
tumor-suppressive effects in 
GC by directly targeting PBX3.

Discussion

HCP5 is an important onco-
genic factor in multiple can-
cers [21]. Prior research has 
demonstrated its tumor-pro-
moting roles in lung adenocar-
cinoma, CRC, triple-negative 
breast cancer, cervical can-
cer, prostate cancer, and oral 
squamous cell carcinoma [15, 
17, 22-25]. Yang et al. [26] 
revealed that HCP5 contribut-
ed to CRC progression by aid-
ing EMT. Xu et al. [27] illustrat-
ed that HCP5 enhanced the 
activity of esophageal squa-
mous cell carcinoma via the 
PI3K/AKT/mTOR signaling pa- 
thway. Collectively, these find-
ings propose that HCP5 may 
serve as a potential therapeu-
tic biomarker for various 
tumors.

HCP5 modulates cancer pro-
gression by regulating a range 
of miRNAs. In CRC, HCP5  
promotes disease progres-
sion through the miR-299-3p/
PFN1/AKT axis [28]. In ovari-
an cancer, suppression of 
HCP5 expression inhibits cell 
growth, invasion, and migra-
tion via the miRNA-525-5p/
PRC1 axis [29]. In cervical 
cancer, HCP5 enhances cellu-
lar proliferation and migration 
via the miR-216a-5p/CDC42 
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ulates miR-526b, leading to upregulation of 
PBX3, a known oncogene. This axis contributes 

to reduced apoptosis and enhanced cell viabil-
ity, migration, and proliferation in GC cells. To 

Figure 6. Overexpression of PBX4 partially offset the malignant behavior of miR-526b mimics on HGC-27 cells. 
A. Cell proliferation; B, C. Cell cycle progression; D. Cell migration; Magnification: 100×; E. Cell apoptosis. a rep-
resents the mimic-NC+OE-NC group, b represents the miR-526b mimic+OE-NC group, c represents the miR-526b 
mimic+OE-PBX3 group, and d represents the mimic-NC+OE-PBX3 group. NC is negative control, OE is Overexpres-
sion, *P < 0.05, ***P < 0.001.
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our knowledge, the relationship between HCP5 
and miR-526b has not been previously report-
ed, underscoring the novelty of this discovery.

Similar to HCP5, miR-526b also exerts signifi-
cant regulatory effects in tumors by modulating 
various downstream target genes. Chen et al. 
reported that miR-526b inhibited GC cell prolif-
eration and invasion and promoted apoptosis 
by targeting the KDM4A/YAP1 signaling path-
way [33]. Our research validated the tumor-
inhibitory function of miR-526b in GC. However, 
unlike the findings of Chen et al. [33]. We identi-
fied PBX3 as a novel downstream target of miR-
526b in GC. Specifically, decreased miR-526b 
expression in GC cells led to GC progression by 
increasing PBX3 expression. Prior research has 
highlighted the critical roles of miR-526b and 
PBX3 in tumor progression. PBX3 is overex-
pressed in GC cells and is involved in GC cell 
proliferation. Additionally, in cervical cancer 
cells, miR-526b inhibits EMT by directly target-
ing PBX3, thus reducing cancer cell metastasis 
[18-20]. Our study demonstrated that the regu-
latory effect of miR-526b on PBX3 is also evi-
dent in GC. Specifically, downregulation of miR-
526b promotes PBX3 upregulation, subse-
quently increasing GC cell viability and inhibit-
ing apoptosis, thereby contributing to tumor 
progression.

PBX3 is a transcription factor belonging to the 
pre-B-cell leukemia (PBX) family and is closely 
associated with early human development. 
Increasing evidence has highlighted its onco-
genic potential, particularly in sustaining can-
cer progression. In terms of GC, PBX3 has been 
reported to promote EMT [34-36], a process 
that reduces cell adhesion and enhances cell 
migration, both of which favor GC cell invasion 
and metastasis [34, 37, 38]. The findings of our 
research underscore the critical role of the 
HCP5/miR-526b/PBX3 axis in GC progression. 
Combined with the findings of previous studies, 
promoting EMT may represent one of the mech-
anisms by which this axis enhances GC devel-
opment by inhibiting cancer cell apoptosis and 
promoting proliferation and migration. In addi-
tion to promoting EMT, PBX3 may also affect 
other biological processes influencing tumor 
progression. For instance, elevated PBX3 ex- 
pression can increase the activity of MMP9, a 
key protease involved in metastasis [36, 39], 
thereby increasing pro-angiogenic signaling 

and favoring tumor cell growth [36]. Although 
our findings demonstrate that lncRNA HCP5 
may exert oncogenic effects in GC by sponging 
miR-526b to upregulate PBX3 expression, 
whether the HCP5/miR-526b/PBX3 ceRNA net-
work promotes GC progression by affecting 
other biological processes needs further 
exploration.

Conclusion

HCP5 serves as a potential therapeutic bio-
marker for GC. This lncRNA promotes GC cell 
viability, migration, and proliferation by modu-
lating the miR-526b/PBX3 axis. The findings 
shed light on the molecular mechanisms under-
lying HCP5-mediated tumor progression and 
offer a potential therapeutic target for lncRNA-
based interventions in GC.
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Supplementary Figure 1. A. Using StarBase v3.0 to predict regulatory targets of HCP5 and miR-526b and con-
structed a ceRNA network. B. Computational analysis predicted conserved miR-526b-binding motifs.


