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LINC00324 suppresses abnormal proliferation and promotes apoptosis of 
leukemia cells through the miR-10b-5p/PTEN pathway 
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Long non-coding RNAs (lncRNAs) are known to participate in leukemia development, but the molecular mechanisms 
of many remain unclear. The expression of LINC00324 was examined in peripheral blood samples from leukemia patients 
and in leukemia cell lines by RT-qPCR. Functional studies were performed to evaluate how LINC00324 overexpression or 
knockdown affected cell proliferation and apoptosis. Flow cytometry was used to detect apoptosis. Western blotting was 
applied to measure Ki-67, BAX, Bcl-2, and PTEN protein levels. Dual-luciferase reporter assays were used to confirm the 
interaction among LINC00324, miR-10b-5p, and PTEN. LINC00324 expression was markedly reduced in leukemia samples 
and cell lines. Upregulation of LINC00324 inhibited the proliferation of Jurkat and HL-60 cells and increased apoptosis, 
while its silencing produced the opposite trend. Western blotting showed that LINC00324 overexpression decreased Ki-67 
and Bcl-2 but increased BAX expression. Rescue experiments demonstrated that miR-10b-5p mimics reversed, whereas 
inhibitors restored, the effects of LINC00324. Bioinformatics prediction and luciferase validation identified PTEN as a 
direct target of miR-10b-5p, and LINC00324 enhanced PTEN expression by sponging miR-10b-5p. LINC00324 regulates 
the proliferation and apoptosis of leukemia cells through the miR-10b-5p/PTEN axis. These findings add to the under-
standing of lncRNA-mediated regulatory mechanisms in leukemia. 
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Leukemia, a highly heterogeneous and malignant 
disease, is characterized by the uncontrolled proliferation 
of abnormal white blood cells (WBCs) in the bone marrow 
and other hematopoietic tissues, causing function loss of 
normal hematopoietic cells and severe disorder symptoms, 
including thrombocytopenia, anemia, and immunodefi-
ciency [1]. Although chemotherapy and hematopoietic stem 
cell transplantation have improved the prognosis, more 
than two-thirds of adult leukemia patients fail to achieve 
complete remission, highlighting the necessity of the study 
on the pathology of leukemia and the development of effec-
tive drugs.

Long non-coding RNAs (lncRNAs) are defined as RNA 
molecules with more than 200 nucleotides, without protein-
coding capacity [2]. LncRNAs are involved in multi-cellular 
processes at both transcriptional and post-transcriptional 
levels [3, 4]. The expression patterns of lncRNAs are highly 

cell-type specific, and emerging evidence suggests that they 
could act as potential biomarkers for diagnosis and prognosis 
in cancers [5–8]. Recent findings have also shown that 
metabolism-related lncRNA signatures can predict tumor 
prognosis and therapeutic response in various cancers [9, 
10], further emphasizing their translational potential.

In leukemia, lncRNAs have been implicated in critical 
pathophysiological processes, including modulation of gene 
expression networks, regulation of apoptotic pathways, and 
development of chemoresistance [11–13]. For instance, 
ANRIL was recently reported to influence the prolifera-
tion and apoptosis of acute myeloid leukemia (AML) cells 
through GRK2-mediated signaling [14], supporting the 
essential roles of lncRNAs in leukemic progression. It was 
reported that highly expressed lncRNA PVT1 affected the 
proliferation of NB4 cells, showing a potential therapeutic 
target in acute promyelocytic leukemia [15]. Moreover, 
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lncRNA HOTAIR was proven to indicate a poor outcome in 
leukemia patients [16, 17].

Long intergenic non-protein coding RNA 324 
(LINC00324), located at 17p13.1, has been reported to 
regulate tumor behavior through several miRNA-related 
pathways, such as the miR-139-5p/IGF1R and miR-195-5p/
TRIM29 axes [18, 19]. Our previous work indicated that 
LINC00324 might act as a tumor suppressor in breast 
cancer, although its regulatory mechanism remained unclear 
[20]. In this study, we examined LINC00324 expression in 
leukemia patients and cell lines and further investigated its 
effects on cell proliferation and apoptosis. Based on bioin-
formatic prediction and experimental validation, including 
rescue assays and protein-level detection, we identified the 
LINC00324/miR-10b-5p/PTEN pathway as a key regulatory 
axis in leukemia cells. These findings may provide a basis for 
understanding the biological function of LINC00324 and its 
potential therapeutic value in leukemia.

Patients and methods

Patient characteristics and sample collection. This 
study enrolled 47 AML patients diagnosed and treated 
at the Affiliated Hospital of Guangxi Medical University 
(Nanning, China) from September 2020 to January 2021. 
The cohort comprised 9 de novo AML cases, 27 patients in 
complete remission (CR), and 11 patients in partial remis-
sion (PR). Additionally, 39 age-matched healthy individ-
uals were recruited as controls. All participants provided 
written informed consent prior to biological sample collec-
tion. The study protocol was approved by the Medical 
Ethics Committee of Guangxi Medical University (Approval 
Number: 20150306-1).

Quantitative real-time PCR (qRT-PCR) assay. Total 
RNA was isolated from peripheral WBCs (PWBCs) or cell 
lines using TRIzol reagent. Peripheral blood samples were 
used because they are easily accessible and have been widely 
applied in AML biomarker studies. The RNA concentra-
tion was determined by ultraviolet spectrophotometry. 
Subsequent reverse transcription reactions were carried out 
with the PrimeScript™ RT Reagent Kit (Takara Bio, Dalian, 
China)  following the manufacturer’s protocols. PCR assay 
was performed in triplicate using the Eppendorf PCR Detec-
tion System. Primer sequences of LINC00324 were as follows: 
forward 5’-GACGAGCCCTCCTTTACCTT-3’ and reverse 
5’-CTGGGATTGAGATGCTTTCT-3’. The primer sequences 
of GAPDH were as follows: forward 5’-CATGAGAAGTAT-
GACAACAGCCT-3’ and reverse 5’-AGTCCTTCCAC-
GATACCAAAGT-3’. The reaction system contained SYBR 
Green Premix Ex Taq™ (Takara Bio) as a double-stranded 
DNA-specific fluorescent dye. Relative expression level of 
LINC00324 was calculated using the 2–ΔΔCt method.

Cell culture. The human leukemia cell lines HL60, 
K562, Jurkat, and normal PWBC cells were obtained from 
the Shanghai Institute of Biosciences Cell Resource Center, 

Chinese Academy of Sciences (Shanghai, China). All cells 
were maintained in RPMI-1640 medium (Hyclone, USA) 
supplemented with 10% fetal bovine serum (FBS; Gibco, 
USA) at 37 °C in an atmosphere humidified with 5% CO2.

siRNA transfection. For loss-of-function analysis, 
specific small interfering RNA (siRNA) targeting 
LINC00324 (si-LINC00324: 5’-UUGGUUACCGACUUG-
GUGCTT-3’) along with scrambled negative control siRNA 
(si-NC: 5’-UUCUCCGAACGUGUCACGUTT-3’) were 
commercially synthesized by Wuhan GeneCreate Biolog-
ical Engineering Co., Ltd. (China). siRNA transfection was 
performed according to the manufacturer’s instructions with 
the RNAiMAX Transfection Reagent (Invitrogen, USA). 
Following a 72 h post-transfection incubation period under 
standard culture conditions (37 °C, 5% CO₂), transfected 
cells were harvested for subsequent functional analyses.

miRNA mimic and inhibitor transfection. For functional 
rescue experiments, miR-10b-5p mimics, inhibitors, and 
their corresponding negative controls were purchased from 
RiboBio (Guangzhou, China). HL-60 and Jurkat cells were 
transfected using Lipofectamine RNAiMAX (Invitrogen, 
USA) following the manufacturer’s protocol. The final 
concentration of each oligonucleotide was 50 nM. After 
48 h of incubation under standard culture conditions (37 °C, 
5% CO₂), cells were collected for subsequent proliferation, 
apoptosis, and protein expression assays.

Cell proliferation assay. Cell proliferation assay was 
conducted using a Cell Counting Kit-8 (CCK-8; Dojindo, 
Shanghai, China). Briefly, 200 μl of cell suspension (5×104/
well) was added to 96-well plates (6 wells/sample) and 
incubated at 37 °C in an atmosphere of 5% CO2 for 24, 48, or 
72 h. Next, cells were further incubated for 4 h with 10 μl of 
the CCK-8 reagent. Finally, the optical density (OD) values 
were quantified using a microplate reader with absorbance 
measurement at 450 nm.

Apoptosis analysis. Cell apoptosis was quantita-
tively analyzed using the Annexin V Apoptosis Assay Kit 
(Beyotime, Shanghai, China). Briefly, cells (1×105/sample) 
were harvested and subsequently washed twice with ice-cold 
phosphate-buffered saline (PBS, pH 7.4), stained with 5 μl 
Annexin V-FITC according to the manufacturer’s instruc-
tions, and incubated for 30 min at room temperature in the 
dark. After incubation, flow cytometry was performed using 
the BD FACS Calibur flow cytometer.

Plasmid construction. For lentivirus-mediated overex-
pression of LINC00324, the human full-length DNA 
of LINC00324 was cloned into the pCDH-CMV-MCS-
EF1-GFP lentiviral expression vector. Lentiviral particles 
were generated through transient transfection of 293T cells 
using Lipofectamine-mediated delivery of the recombinant 
plasmid along with packaging vectors psPAX2 and pMD2.G. 
Viral supernatant was harvested 48 h post-transfection. 
Then, Jurkat cells and HL-60 cells were seeded in 6-well or 
12-well plates at 50–60% confluency and infected with lenti-
viral particles before subsequent experiments.
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Western blot analysis. Total proteins were extracted 
from leukemia cells using RIPA lysis buffer containing 
protease inhibitors (Beyotime, Shanghai, China). The 
protein concentration of each sample was quantified by 
the BCA method. Equal amounts of protein were resolved 
on 10% SDS-polyacrylamide gels and then transferred 
to PVDF membranes (Millipore, USA). The membranes 
were blocked with 5% skimmed milk for 1 h and subse-
quently incubated overnight at 4 °C with primary antibodies 
against Ki-67(ab16667, Abcam, UK; 1:1000), BAX(5023T, 
Cell Signaling Technology, USA; 1:1000), Bcl-2(3498T, Cell 
Signaling Technology, USA; 1:1000), PTEN(9559T, Cell 
Signaling Technology, USA; 1:1000), and GAPDH (2118T, 
Cell Signaling Technology, USA; 1:1000). After washing with 
TBST buffer, the membranes were exposed to HRP-conju-
gated secondary antibodies for 1 h at room temperature. 
Protein signals were developed using an enhanced chemilu-
minescence reagent (Thermo Fisher, USA) and analyzed by 
ImageJ software for relative intensity measurement.

Bioinformatic prediction. The potential binding sites 
between miR-10b-5p and its target genes were predicted using 
TargetScan, miRDB, and miRTarBase databases. Candidate 
genes with consistent predictions across all databases were 
selected for experimental validation. PTEN, E2F7, and NFAT 
were identified as potential targets, and their expression 
levels were subsequently evaluated by qRT-PCR and western 
blotting after miR-10b-5p mimic transfection.

Dual-luciferase reporter assay. Wild-type (WT) and 
mutant (MUT) fragments of LINC00324 or the PTEN 
3’-UTR containing the predicted miR-10b-5p binding sites 
were cloned into the pmirGLO reporter vector (Promega, 
USA). 293T cells were co-transfected with the reporter 
plasmid and miR-10b-5p mimics or negative control using 
Lipofectamine 3000 (Invitrogen, USA). After 48 h, luciferase 
activity was determined using the Dual-Luciferase Reporter 
Assay System (Promega, USA). Firefly luciferase activity was 
normalized to Renilla luciferase activity.

Statistical analyses. Statistical analysis was performed 
with SPSS version 17.0 (SPSS Inc., USA). The differences 
between the two groups were analyzed using Student’s t-test, 
while one-way ANOVA was used for comparing more than 
two groups. Correlation analysis was performed using the 
Spearman coefficient. Receiver operating characteristic 
curves (ROC curves) were drawn for evaluating diagnostic 
performance. Data are expressed as mean ± standard devia-
tion (SD). A p-value <0.05 was considered statistically signif-
icant.

Results

Decreased levels of LINC00324 in leukemia. We first 
detected the expression levels of LINC00324 in leukemia 
and found a significant decrease in PWBCs from both AML 
and ALL patients (Figures 1A, 1B; p<0.0001 and p<0.001). 
Comparative analysis across leukemia subtypes (M2, M3, M4, 

M5) showed that the expression profile of LINC00324 was 
also significantly reduced (Figure 1C, Table 2; p<0.001). To 
evaluate the potential of LINC00324 in therapeutic efficacy 
and diagnosis, we analyzed the difference in LINC00324 
levels between de novo, CR, and PR patients. As shown in 
Figure 1D and Table 2, de novo AML patients (p<0.0001) and 
those with PR (p<0.001) exhibited persistently suppressed 
LINC00324 levels compared to healthy participants. 
Diagnostic performance evaluation through ROC curve 
analysis yielded an area under the curve (AUC) of 0.8456 
(p<0.0001; 95% CI: 0.7472–0.9439), with optimal diagnostic 
accuracy achieved at a cutoff value of 0.65 (sensitivity: 87.2%; 
specificity: 61.7%) (Figure 1E). We then further analyzed the 
clinical relevance of LINC00324 in relation to several factors. 
As shown in Table 1, the expression level of LINC00324 was 
positively correlated with platelet count (p<0.05), but no 
correlation with other characteristics, including gender, age, 
AML subtype, hemoglobin, and bone marrow blast count. In 

Table 1. Relationship between LINC00324 and clinical characteristics of 
AML patients.
Characteristics X ± s p-value
Age (years)   0.612

<40 0.65 ± 0.49  
≥40 0.56 ± 0.5  

Gender   0.110
Man 0.70 ± 0.56  
Female 0.45 ± 0.27  

AML subtype   0.980
M2 0.41 ± 0.28  
M3 0.41 ± 0.32  
M4 0.47 ± 0.36  
M5 0.41 ± 0.29  

Hemoglobin (g/l)   0.467
<60 0.43 ± 0.31  
≥60 0.47 ± 0.35  

Platelets (×109/l)   0.023
<30 0.39 ± 0.28  
≥30 0.87 ± 0.52  

Bone marrow blasts (%)   0.427
<60 0.42 ± 0.29  
≥60 0.48 ± 0.31  

Table 2. Clinical pathological parameters of patients with AML.
Feature n %
FAB classification

M2 5 10.6
M3 13 27.7
M4 19 40.3
M5 10 21.3

Response Criteria
de novo 9 19.1
CR 27 57.4
PR 11 23.4
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LINC00324 regulates the proliferation of leukemia 
cells by acting as the sponge of miR-10b-5p. Our previous 
study suggested that LINC00324 can function as a molecular 
sponge for miR-10b-5p [20]. To determine whether this 
mechanism also exists in leukemia cells, we conducted a dual-
luciferase reporter assay. As shown in Figure 3A, miR-10b-5p 
mimics significantly reduced the luciferase activity of the 
LINC00324 wild-type vector, but not the mutant construct, 
confirming the direct interaction between LINC00324 and 
miR-10b-5p. We next examined whether miR-10b-5p affects 
the biological function of LINC00324 in leukemia cells. 
Overexpression of LINC00324 in HL-60 cells inhibited cell 
proliferation, while co-transfection with miR-10b-5p mimics 
reversed this effect (Figure 3B). In contrast, the enhanced 
proliferation caused by LINC00324 silencing in Jurkat cells 
was attenuated by miR-10b-5p inhibitors (Figure 3C). Flow-
cytometric analysis showed that LINC00324 overexpres-
sion increased the apoptotic rate, whereas this effect was 
weakened by miR-10b-5p mimics; conversely, miR-10b-5p 
inhibitors restored apoptosis in LINC00324-silenced cells 
(Figure 3D). Western blot analysis revealed that LINC00324 
overexpression decreased Ki-67 and Bcl-2 and increased 
BAX levels, while miR-10b-5p mimics reversed these protein 
changes. Similarly, miR-10b-5p inhibitors counteracted the 
effects of LINC00324 knockdown (Figure 3E). These results 
indicate that LINC00324 suppresses abnormal proliferation 

summary, these data suggest that LINC00324 may serve as a 
promising biomarker for therapeutic efficacy and diagnosis 
in AML.

LINC00324 inhibits the proliferation of leukemia cells. 
Although the role of LINC00324 in several solid tumors has 
been studied, its function in leukemia cells remains unclear. 
We first examined LINC00324 expression in leukemia cell 
lines (HL-60, K562, and Jurkat) and PWBCs. As shown in 
Figure 2A, LINC00324 was markedly downregulated in 
leukemia cells compared with PWBCs. To explore its biolog-
ical role, we conducted knockdown experiments on Jurkat 
cells and overexpression experiments on HL-60 cells. The 
efficiency of siRNA-mediated silencing and lentiviral overex-
pression was confirmed (Figures 2B, 2C). CCK-8 assays 
showed that LINC00324 overexpression suppressed cell 
proliferation, whereas LINC00324 knockdown enhanced it 
(Figures 2D, 2E). Flow-cytometric analysis further revealed 
that the apoptotic rate increased in LINC00324-overex-
pressing cells but decreased after LINC00324 silencing 
(Figure 2F). Consistent with these findings, western blot 
analysis demonstrated reduced Ki-67 and Bcl-2 levels and 
elevated BAX expression after LINC00324 overexpression, 
while the opposite trend was observed in LINC00324-
silenced cells (Figure 2G). These results indicate that 
LINC00324 suppresses abnormal proliferation and promotes 
apoptosis in leukemia cells.

Figure 1. Decreased expression of LINC00324 in leukemia patients. A) Comparative analysis of LINC00324 expression levels in WBCs from AML pa-
tients. B) Differential expression of LINC00324 in WBCs from ALL patients. C) Subtype-specific expression profiling of LINC00324 in AML patients. 
D) LINC00324 levels in samples from de novo, CR, and PR patients. (E) Diagnostic performance evaluation of LINC00324 using ROC curve analysis. 
Data are expressed as mean ± SD; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
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and promotes apoptosis in leukemia cells partly by sponging 
miR-10b-5p.

PTEN is the direct target of miR-10b-5p. To identify 
downstream targets of the LINC00324/miR-10b-5p axis, 
bioinformatic prediction was first carried out. PTEN, E2F7, 
and NFAT were predicted as potential targets (Figure 4A). 
After miR-10b-5p mimic transfection, PTEN mRNA and 
protein levels were markedly reduced, while E2F7 and NFAT 
showed no obvious change (Figures 4B, 4C). Luciferase 
reporter assays confirmed that miR-10b-5p directly binds 
to the 3’-UTR of PTEN (Figure 4D). In addition, PTEN 
expression was increased by LINC00324 overexpression and 

decreased after LINC00324 silencing (Figures 4E, 4F). These 
results indicate that PTEN is a direct target of miR-10b-5p 
and that LINC00324 upregulates PTEN by sequestering 
miR-10b-5p in leukemia cells.

Discussion

An increasing number of molecular biomarkers have been 
tried to make a prognosis of leukemia, including non-coding 
RNAs, proteins, and metabolites [1, 12, 21]. Among them, 
lncRNAs have demonstrated critical regulatory roles in 

Figure 2. LINC00324 inhibits the proliferation and promotes apoptosis of leukemia cells. A) Relative LINC00324 expression in PWBCs and leukemia 
cell lines (HL-60, K562, and Jurkat). B) Knockdown efficiency of si-LINC00324 in Jurkat cells. C) Overexpression efficiency of LINC00324 in HL-60 
cells. D, E) The CCK-8 assay results showed that after knocking down the LINC00324 gene in Jurkat cells or overexpressing LINC00324 in HL-60 
cells, the proliferation of the cells was affected. F) Apoptosis analysis by Annexin V/PI staining showing an increased apoptotic rate in LINC00324-
overexpressing cells and a decreased rate after LINC00324 silencing. G) Western blot detection of Ki-67, BAX, and Bcl-2 expression after LINC00324 
overexpression or knockdown. Data are presented as mean ± SD; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
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regulating leukemia cell proliferation and apoptosis by 
modulating cellular processes, including survival, differenti-
ation, proliferation, and metastatic potential [11, 13, 22, 23]. 
Notably, accumulating clinical evidence correlates lncRNA 
dysregulation with leukemia characteristics and outcomes 
[11, 24]. HOTAIRM1 and NEAT1 are reported to act as vital 
regulators in the differentiation of leukemia cells [25–27]. 
In addition, high levels of TUG1, MALAT-1, HOTAIR, and 
lnc-SOX6-1 have been associated with poor prognosis in 
leukemia [28–31].

Although LINC00324 has been implicated in the devel-
opment of tumors, including gastric cancer, glioma, and 
colorectal cancer [32–35], it demonstrates tumor-suppres-
sive functions in the tumorigenesis of breast cancer [20]. 
An elevated level of LINC00324 is associated with the long-
term survival of breast cancer patients [36]. Our preliminary 
investigation further identified a potential tumor-suppressive 
role of LINC00324 in leukemia, despite its unclear molecular 
mechanism [27]. These conflicting observations underscore 
the need to systematically investigate the context-depen-

Figure 3. LINC00324 regulates leukemia-cell proliferation and apoptosis through miR-10b-5p. A) Dual-luciferase reporter assay confirming the bind-
ing of miR-10b-5p to LINC00324. B, C) The CCK-8 assay results showed that the miR-10b-5p mimics were able to reverse the cell proliferation effect 
mediated by the overexpression of LINC00324 in HL-60 cells, while the miR-10b-5p inhibitors were able to rescue the proliferation effect mediated 
by the knockdown of LINC00324 in Jurkat cells. D) Annexin V/PI flow-cytometric analysis showing changes in apoptosis under different treatment 
conditions. E) Western blot analysis of Ki-67, BAX, and Bcl-2 expression after miR-10b-5p mimic or inhibitor treatment in LINC00324-modified cells. 
Data are presented as mean ± SD; *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
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dent functionality of LINC00324 in hematologic malignan-
cies. In this study, we identified significant downregulation 
of LINC00324 in leukemia patients, especially in de novo 
and PR subgroups. This expression pattern was recapitu-
lated in leukemia cell lines, suggesting a potential associa-
tion between LINC00324 deficiency and abnormal prolif-
eration of leukemia cells. The experimental data suggest that 
decreased LINC00324 expression levels may correlate with 
leukemia pathogenesis.

Functional studies employing siRNA-mediated knock-
down demonstrated an enhanced proliferative capacity in 
Jurkat cells, whereas overexpression of LINC00324 signifi-

cantly attenuated HL-60 cell proliferation. This tumor-
suppressive activity contrasts with previously reported 
oncogenic functions of LINC00324 in cancers [35, 37, 38]. 
The reason for this contradiction might arise from the fact 
that LINC00324 exhibits different expression patterns and 
functions in different tissues or cancer types [32], as well 
as the tumor microenvironment and cellular context [33]. 
These mechanistic hypotheses warrant systematic validation 
through subsequent investigations.

We acknowledge that the cellular composition of periph-
eral blood differs between AML patients and healthy controls, 
which may partly influence gene expression patterns. Never-

Figure 4. LINC00324 regulates PTEN expression through miR-10b-5p. A) Bioinformatic prediction showing the potential binding of miR-10b-5p to 
PTEN, E2F7, and NFAT. B) qRT-PCR analysis of PTEN, E2F7, and NFAT expression after miR-10b-5p mimic transfection. C) Western blot validation 
of PTEN, E2F7, and NFAT protein levels following miR-10b-5p mimic treatment. D) Dual-luciferase assay confirming direct interaction between 
miR-10b-5p and the 3’-UTR of PTEN. E) Western blot was used to detect the expression of PTEN protein after overexpression or knockdown of 
LINC00324. F) qRT-PCR results showing PTEN expression changes after LINC00324 overexpression or knockdown. Data are shown as mean ± SD; 
*p<0.05, **p<0.01, ***p<0.001, ****p<0.0001
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theless, peripheral blood-based analyses have been widely 
used in AML research because of their accessibility and repro-
ducibility. Similar approaches have been reported in previous 
biomarker studies [39, 40]. Future studies using CD34+ bone 
marrow cells will help further validate the current findings.

Emerging evidence has elucidated the pivotal regulatory 
roles of lncRNAs through acting as molecular sponges for 
miRNAs [41]. Several miRNAs, including miR-3164 [42], 
miR-769-5p [43], and miR-615-5p [44], were identified as the 
downstream factors of LINC00324 in cancers. Our previous 
investigations have also confirmed that LINC00324 binds to 
cytoplasmic miR-10b-5p and suppresses its activity in breast 
cancer [20]. Therefore, we sought to investigate whether 
this miRNA sponging mechanism extends to hematopoi-
etic malignancies, and it was validated with a dual-luciferase 
reporter assay system in leukemia cell models.

To elucidate the molecular target of miR-10b-5p, we 
conducted bioinformatics-based screening of potential 
candidate genes and subsequently profiled their expression 
levels in miR-10b-5p-overexpressing cell models. Among 
the predicted targets, PTEN exhibited the most signifi-
cant downregulation. This inverse correlation was further 
validated through dual-luciferase reporter assays, confirming 
direct targeting of PTEN by miR-10b-5p. PTEN is a critical 
tumor suppressor gene that plays a central role in regulating 
tumor cell apoptosis by modulating the PI3K/AKT/mTOR 
signaling pathway, activating pro-apoptotic proteins such 
as BAD and caspase-9, and inhibiting anti-apoptotic factors 
like Bcl-2[40]. The observed miR-10b-5p-mediated PTEN 
suppression suggests a novel epigenetic mechanism under-
lying tumor cell survival and apoptosis resistance. Consistent 
with this, LINC00324 overexpression upregulated PTEN 
and shifted the balance of BAX, Bcl-2, and Ki-67 expression, 
supporting its regulatory role in leukemia cell proliferation 
and apoptosis.

Collectively, our findings demonstrate that LINC00324 
exhibits significant downregulation in leukemic malignan-
cies. Through functional characterization, we established 
that enforced LINC00324 expression substantially suppresses 
leukemia cell proliferation via modulating the miR-10b-5p/
PTEN signaling axis. Mechanistic investigations revealed 
that this tumor-suppressive effect is mediated through 
competitive binding of miR-10b-5p, thereby restoring PTEN 
expression. The identification of the LINC00324-mediated 
pathway provides both diagnostic biomarkers and potential 
targeted therapeutic approaches for leukemia management, 
advancing our understanding of non-coding RNA biology in 
hematological malignancies. Although these findings were 
based on cellular models, they provide mechanistic insight 
into the LINC00324/miR-10b-5p/PTEN axis in leukemia. 
Further studies using patient-derived bone marrow cells and 
animal models will help to clarify its biological and clinical 
relevance.

In conclusion, LINC00324 may act as a regulator of 
leukemia cell proliferation and apoptosis through the 

miR-10b-5p/PTEN signaling axis, providing a basis for 
further functional and in vivo investigations.
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