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Background: Long noncoding RNA LINC00265 or miR-4500 is involved in the pathogen-
esis of many cancers. However, their functions in acute lymphoblastic leukemia (ALL) 
remain unknown. In this study, we investigated how LINC00265 and miR-4500 regulate 
the malignant characteristics of ALL.
Methods: Real-time PCR was used in examining the expression of LINC00265 in ALL cell 
lines and blood of patients with ALL. Cell proliferation, cell migration, and xenograft tumor 
assays were performed to verify the function of LINC00265 subjected to overexpressing and 
silencing experiments. The ceRNA mechanism with LINC00265/miR-4500/STAT3 was 
investigated through luciferase and RNA pull-down assays. Finally, the function of the 
LINC00265/miR-4500/STAT3 axis subjected to overexpressing and silencing assays was 
determined through cell proliferation, cell migration, and xenograft tumor assays.
Results: LINC00265 was highly expressed in ALL cell lines and blood of patients with ALL 
and facilitated the proliferation, migration, invasion, and growth of xenograft tumors of ALL 
cells. The silencing of LINC00265 expression with LINC00265 siRNA significantly inhib-
ited the malignancy of the ALL cells. RNA pull-down and luciferase assays demonstrated 
that LINC00265 competitively targeted miR-4500 and enhanced STAT3 expression. 
Furthermore, miR-4500 inhibitors or overexpressed LINC00265 up-regulated STAT3 expres-
sion, and miR-4500 mimics or STAT3 shRNAs eliminated the LINC00265-induced malig-
nancy of the ALL cells.
Conclusion: Mechanistically, LncRNA LINC00265 can competitively interact with miR- 
4500 and thereby up-regulates STAT3 signaling and enhances the malignancy of tumors.
Keywords: acute lymphoblastic leukemia, LINC00265, miR-4500, cell proliferation

Introduction
Acute lymphoblastic leukemia (ALL) is a hematologic malignancy driven by the 
proliferation and accumulation of a group of lymphoid neoplasms that morphologically 
and immunophenotypically resemble B-lineage and T-lineage precursor cells.1,2 The 
incidence of ALL is 1.7 cases per 100,000 individuals per year in the USA.3,4 

Approximately 70% of leukemia cases in children are ALL,5 and ALL accounts for 
20% of leukemia cases in adults.3,6 The etiology and pathogenesis of ALL are not fully 
understood. Thus, elucidating the molecular mechanisms underlying the pathogenesis 
of the disease is important to the formulation of novel therapeutic strategies for ALL.

Widespread evidence demonstrates that long noncoding RNAs (lncRNAs) play 
important roles in diverse biological and pathological processes.7 Many lncRNAs 
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have been identified as the regulators of four main types of 
leukemia, namely, acute lymphoblastic leukemia (ALL), 
acute myeloid leukemia (AML), chronic lymphocytic leu-
kemia, and chronic myeloid leukemia.8 For example, the 
lncRNAs MEG3, Xist, HOTAIR, and LINC002659,10 are 
involved in the pathological processes of AML, and 
CDKN2B-AS, LUNAR1, and LINC00958 are involved 
in the pathological processes of ALL.8 LINC00265 may 
regulate the proliferation, migration, and invasion function 
of AML cells via PI3K/AKT signaling10 and can mediate 
autophagy suppressing the apoptosis of acute myeloid 
leukemia cells by miR-485-5p/IRF2 axis.9 However, the 
regulation of ALL by LINC00265 has not been elucidated.

Another kind of small noncoding RNAs, microRNAs 
(miRNAs), also play an important role in numerous patho-
genesis of cancers.11 miR-708-5p, miR-195-5p, miR-450b- 
5p, and miR-29c-5p act as oncogenes or tumor suppressors 
in T- or B-cell ALL progression by regulating cells pro-
liferation, metastasis, and apoptosis.12 miRNA-326,13 

miRNA-9,14 miR-153-3p,15 miRNA-452,16 and miRNA- 
200c13 are involved in ALL processes and can be used as 
targets for the diagnosis, prognosis, and treatment of ALL. 
miRNA-4500 has been recently found to be a cancer sup-
pressor that can inhibit cell proliferation and migration in 
bladder cancer,17 papillary thyroid cancer,18 and breast 
cancer,19 but its function in ALL remains unknown. 
Aberrant STAT3 activation promotes tumorigenesis 
through oncogenic gene expression in various cancers, 
enhancing tumor malignancy.20 It evolves as an important 
target for potential therapeutic strategies for cancers.

In the study, we explore novel lncRNAs to modulate 
ALL pathogenesis through sponging miRNAs. We first 
found that LINC00265 expression increased in ALL cell 
lines, especially in the blood of patients with ALL, and 
facilitated the proliferation, migration, invasion, and growth 
of the xenograft tumors of ALL cells. Furthermore, it can 
competitively interact with miR-4500, up-regulate down-
stream signaling STAT3, and enhance the malignancy of 
tumors. Hence, it is a potential target molecule for treating 
and diagnosing ALL.

Materials and Methods
Blood Samples of Patients
Fifty patients with acute lymphoblastic leukemia were 
selected from the Department of Hematology at Harbin 
First Hospital from June 2018 to August 2020. Diagnosis 
was confirmed by bone marrow cell morphology and 

immunophenotypic examination. All the enrolled patients 
(30 males and 20 females) were newly treated leukemia 
patients. Of these patients, 12 had T-cell lymphocytic 
leukemia (T-ALL) cases, and 38 had B-cell lymphocytic 
leukemia. The average age was 42.45±6.5 years. The 
inclusion criteria were as follows: diagnostic criteria for 
ALL are met and clinical manifestations are anemia, fever, 
infection, and hemorrhage. The exclusion criteria were as 
follows: pregnancy; mental diseases, unable to cooperate 
with researchers; and chronic myelogenous leukemia with 
acute change. In the control group, 50 volunteers were 
selected from a healthy outpatient physical examination 
group. None of the participants had recent infection, bleed-
ing, or immunosuppressive medication, and differences in 
age and sex between the acute lymphoblastic leukemia 
group and the normal group were nonsignificant. T cells 
were isolated with an EasySep human T cell isolation kit 
(STEMCELL Technologies, Vancouver, BC, Canada), and 
the samples were snap-frozen in liquid nitrogen and stored 
at −80°C. All the studies have been approved by the Ethics 
Committee of Harbin First Hospital, and informed con-
sents were signed by participants.

Cell Culture
Human T-cell acute lymphoblastic leukemia cell lines, 
Molt-3, Molt-4, CCRF-CEM, TALL104, human acute 
lymphoblastic leukemia cell lines, and RS411 were pur-
chased from American Type Culture Collection (ATCC, 
Manassas, VA, USA). The cells were cultured in RPMI- 
1640 media supplemented with 10% FBS and 1% penicil-
lin/streptomycin (complete media) and incubated at 37°C 
and 5% CO2. SUP-B15 human B-cell acute lymphoblastic 
leukemia cell lines were cultured in Iscove’s Modified 
Dulbecco’s Medium with 4 mM L-glutamine adjusted to 
contain 1.5 g/l sodium bicarbonate, supplemented with 
0.05 mM 2-mercaptoethanol and 20% FBS, and incubated 
at 37°C and 5% CO2.

Cell Transfection
LINC00265 siRNA and negative control, miR-4500 mimics 
and inhibitor, STAT3 siRNA and negative control were pur-
chased from Ribobio (Guangzhou, China). LINC00265 or 
STAT3 wild-type (WT) and mutant-type (MT) plasmids and 
corresponding blank plasmids were prepared in our labora-
tory. Molt-3 and SUP-B15 cells were seeded in 12-wells 
plates and cultured for 12 h before transfection. For transient 
transfection, LINC00265 siRNA, miR-4500 mimics, STAT3 
siRNA, and recombinant plasmid were transfected using 

https://doi.org/10.2147/CMAR.S274590                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 8148

Zhao et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Lipofectamine 2000 (Invitrogen). Samples were collected 
after 24 h for the quantification of target gene expression.

Real-Time PCR
Tissue samples or cells were homogenized in Trizol, and total 
RNA extraction and reverse transcription were performed 
according to the manufacturer’s protocol. For the PCR ampli-
fication of the cDNA fragment coding target genes, sense and 
antisense primer sequences for LINC00265, miR-4500, 
STAT3, U6, and β-actin were as follows: β-actin, F: 5ʹ- 
GATCTTGATCTTCATGGTGCTAG-3ʹ, R: 5ʹ-TTGTAACC 
ACCTGGGACGATATGG-3ʹ. U6, F: 5ʹ-CTCGCTTCGGC 
AGCACA-3ʹ, R: 5ʹ-AACGCTTCACGAATTTGCGT-3ʹ. RT- 
qPCR was conducted using the miScript SYBR® Green PCR 
Kit (Thermo, USA). Relative expression levels were calcu-
lated using 2−ΔΔCt method.

Luciferase Assays
The complementary and mutant sequences of LINC00265 
and STAT3 with an miR-4500 binding site were constructed 
into dual-luciferase reporter vectors. HEK 293T cells were 
co-transfected with miR-4500 or control mimics, firefly 
luciferase reporter vector containing WT or mutant (Mut) 
sequences of LINC00265 and STAT3 using Lipofectamine 
2000 reagent (Invitrogen, Carlsbad, CA, USA). Renilla and 
firefly luciferase activities were examined 24 h post- 
transfection with a Dual-Luciferase® reporter assay system.

Cell Counting Kit-8 Assay
MOLT3 or SUP-B15 cells were seeded in a 96-well plate 
(3000/well). Cell proliferation was examined using Cell 
Counting Kit-8 (CCK-8) according to the manufacturer’s 
instructions. Absorbance at 450 nm 48 h after seeding was 
measured with a microplate reader (Bio-Rad, CA).

TUNEL Assays
The TUNEL assay kit used was purchased from Abcam 
corporation. Cells were treated and fixed cells in 4% PFA, 
then permeabilized for 2 min with 0.1% Triton X-100. The 
cells were incubated with a TUNEL reaction mixture in 
the dark for 1 h, then with Hoechst 33,342 for 15 min. The 
cells were mounted with ProLong Gold antifade overnight 
and imaged with a fluorescence microscope.

Cell Migration Assays
MOLT3 or SUP-B15 cells were transfected with 
LINC00265 and control siRNA; LINC00265 recombinant 
and blank plasmid; LINC00265 and miR-4500 mimics; or 

LINC00265 and sh-STAT3 in 12-well plates (10,000 cells/ 
well) for 24 h. Then, 5000 cells per well were seeded in 
the cell culture dish (Corning, USA). After 24 h of incuba-
tion, the inserts were rinsed, fixed in 2% paraformaldehyde 
for 10 min, and stained with crystal violet (Beyotime, 
Jiangsu, China). Migrated cells were counted under 
a microscope (ECLIPSE Ti, Nikon, Japan).

RNA Pull-Down Assay
The LINC00265 and miR-4500 were biotin-labeled into 
biotin-miR-4500 and biotin-LINC00265, and then incu-
bated with cell lysates before streptavidin-coated magnetic 
beads (Life Technologies) were added. Pull-down assay 
was performed in biotin-coupled RNA complex, and the 
quantities of LINC00265, STAT3, and miR-4500 were 
determined through qPCR.

Xenograft Tumor
Ten female nude mice were purchased from Beijing Vital 
River Laboratory Animal Technology Co., Ltd (Beijing, 
China) and inoculated subcutaneously (s.c.) injection with 
5×107 mL−1 (100 μL) Lenti-NC- and Lenti-LINC00265- 
treated cells successively on the right leg. Tumor volumes 
were measured from day 10 to day 24, and the mice 
received an intraperitoneal injection of 0.5% pentobarbital 
sodium and suffocated with carbon dioxide. Subsequently, 
the xenograft tumors were removed surgically and 
weighted. All the animal experiments were approved by 
the animal ethics committee of Harbin First Hospital and 
performed in the Harbin First Hospital. All experiments 
followed the guideline of the ethical review of animal 
welfare (GB T 35,892–2018).

Statistical Analysis
Each experiment was performed in triplicate, and data 
were analyzed with GraphPad Prism 8.0 software. Two- 
tailed test, unpaired Student’s t-test, or one-way ANOVA 
were performed. Differences with P values of less than 
0.05 were considered statistically significant.

Results
LINC00265 Was Up-Regulated in ALL 
Patients and Cell Lines
To evaluate the expression of LINC00265 in ALL patients and 
cell lines, we tested the expression of LINC00265 in the blood 
and ALL cell lines. We first collected 35 paired blood samples 
from patients with ALL and healthy people and then examined 
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the expression of LINC00265 through quantitative PCR 
(qPCR). Real-time PCR data showed that LINC00265 was 
remarkably increased in the blood of patients with ALL com-
pared with that in the blood of healthy people (Figure 1A). 
Furthermore, we found that LINC00265 was highly expressed 
in the ALL cell lines compared with that in peripheral blood 
mononuclear cells (PBMCs) and bone marrow mononuclear 
cells (BMMCs) from healthy people (Figure 1B). These 
results suggested that LINC00265 is highly expressed in the 
blood of the patients with ALL and ALL cell lines.

Linc00265 Facilitates the Proliferation, 
Migration, and Invasion of ALL Cell Lines 
MOLT3 and SUP-B15
To uncover the function of LINC00265 in ALL progression, 
we treated MOLT3 or SUP-B15 cells with LINC00265 
siRNA. We found that the treatment significantly down- 
regulated the expression of LINC00265 (Figure 2A and B) 
and cell viability remarkably decreased (Figure 2C and D). 
After the expression of LINC00265 was enhanced with 
LINC00265-overexpressing plasmid in the MOLT3 or SUP- 
B15 cells (Figure 2A and B), cell viability considerably 
increased (Figure 2C and D). Cell proliferation capacity 
was examined using the BrdU assay. The positive cells of 
BrdU in MOLT3 or SUP-B15 cells increased in the 
LINC00265 siRNA-treated group compared with those in 
the siRNA negative control group (Figure 2E and F). The 
number of positive cells of BrdU in MOLT3 or SUP-B15 
cells treated with LINC00265-overexpressing plasmid 
showed a higher increase than that of the same cells treated 
with siRNA negative control (Figure 2E and F). In addition, 
we determined the effect of LINC00265 on cell invasion 
through Transwell assay. We found that the number of 

MOLT3 or SUP-B15 cells in the LINC00265 siRNA- 
treated group was lower than that in the siRNA negative 
control group (Figure 2G and H). By contrast, the number of 
MOLT3 or SUP-B15 cells in the LINC00265 recombinant 
plasmid-treated group exhibited an increase compared with 
that in the blank plasmid-treated group (Figure 2G and H). 
These data indicated that LINC00265 facilitates the prolif-
eration, migration, and invasion of ALL cells.

LINC00265 Promotes the Growth of 
MOLT3 Xenograft Tumor
To investigate the role of LINC00265 in tumor growth, we 
packaged LINC00265 overexpression lentivirus to infect 
MOLT3 cells and injected 1×106 infected cells subcuta-
neously into 8-week-old nude mice. The MOLT3 xeno-
graft tumor treated with lenti-LINC00265 was remarkably 
large compared with that treated with lenti-negative con-
trol (Figure 3A). We then measured the volumes of the 
xenograft tumors from day 10 to day 24 after injection and 
found that tumor volume in the lenti-LINC00265 group 
was substantially larger than that in the lenti-negative 
control group (Figure 3B). In addition, we found that the 
tumor mass of the lenti-LINC00265 group was consider-
ably higher than that of the lenti-negative control group 
(Figure 3C). These results suggested that LINC00265 can 
promote the growth of MOLT3 xenograft tumors.

LINC00265 Interacts with miR-4500
As is well known, competing endogenous RNAs (ceRNAs) 
can regulate target genes by interacting with lncRNAs and 
miRNAs. We performed alignment assays to determine 
whether LINC00265 has a function of sponging miRNAs 
similar to ceRNAs. The results showed that miR-4500 

Figure 1 Expression of LINC00265 in patients with ALL and ALL cell lines. (A) Real-time PCR tested the expression of LINC00265 in the blood of patients with ALL and 
healthy people. (B) Real-time PCR analyzed the expression of LINC00265 in PBMC, BMMC and ALL cell lines. *P<0.05, **P<0.01.
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targeted LINC00265 (Figure 4A). To further confirm the 
interaction between LINC00265 and miR-4500, we con-
structed a luciferase reporter with LINC00265 WT and Mut 
sequences for miR-4500. The co-transfection of 
LINC00265-WT and miR-4500 in HEK 293T cells sup-
pressed luciferase activity, whereas the co-transfection of 

AK087124-Mut and miR-4500 abolished the repression of 
luciferase activity (Figure 4B). To further determine the 
expression of miR-4500 in cells treated with LINC00265 
siRNA or recombinant plasmid, we found that LINC00265 
siRNA can increase miR-4500 expression level, whereas 
LINC00265 overexpression in the plasmid-treated groups 

Figure 2 Linc00265 enhances the malignant characteristics of ALL cell lines MOLT3 and SUP-B15. (A) Real-time PCR detected the expression of LINC00265 in MOLT3 
cells with LINC00265 siRNA or its overexpression recombinant plasmid. (B) Real-time PCR detected the expression of LINC00265 in MOLT3 cells with LINC00265 siRNA 
or its overexpression recombinant plasmid. (C) Cell survival assay for MOLT3 cells with LINC00265 siRNA or its overexpression recombinant plasmid by CCK-8 test. (D) 
Cell survival assay for SUP-B15 cells with LINC00265 siRNA or its overexpression recombinant plasmid by CCK-8 test. (E) Cell proliferation assay for MOLT3 cells with 
LINC00265 siRNA or its overexpression recombinant plasmid by BrdU test. (F) Cell proliferation assay for SUP-B15 cells with LINC00265 siRNA or its overexpression 
recombinant plasmid by BrdU test. (G) Typical crystal violet-staining images (left) and statistical analysis (right) of cell invasion assay in MOLT3 cells with LINC00265 siRNA 
or its overexpression recombinant plasmid by transwell test. (H) Typical crystal violet-staining images (left) and statistical analysis (right) of cell invasion assay in SUP-B15 
cells with LINC00265 siRNA or its overexpression recombinant plasmid by transwell test. *P<0.05, **P<0.01.
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remarkably decreased the miR-4500 expression level 
(Figure 4C). We also performed the RNA pull-down assay 
to detect the interaction between LINC00265 and miR-4500. 
As shown in Figure 4D and E, the LINC00265 and miR-4500 

biotin probe remarkably enriched more counterparts than 
their negative control probes. These findings demonstrated 
that LINC00265 is involved in ALL progression particularly 
by targeting miR-4500 and negatively interacting with it.

Figure 3 LINC00265 promotes the growth of MOLT3 xenograft tumor. (A) Photographs of MOLT3 xenograft tumors retrieved from experimental animals treated with 
lenti-LINC00265 or lenti-negative control. (B) Measurements of the growth rates of the MOLT3 tumors in lenti-LINC00265- or lenti-negative control-treated groups. (C) 
Measurements of the MOLT3 tumors mass in lenti-LINC00265 or lenti-Negative control treated groups. *P<0.05, **P<0.01.

Figure 4 LINC00265 interacts with miR-4500. (A) Sequences of miR-4500 in orange and interacting LINC00265 in blue. (B) Luciferase assays to confirm the direct 
targeting of LINC00265 to miR-4500. (C) Expression of miR-4500 with LINC00265 siRNA or its recombinant overexpressed-plasmid was examined through qPCR. (D) 
RNA pull-down assay to detect the binding of miR-4500 and LncRNA INC00265 by LINC00265 biotin probe. (E) RNA pull-down assay to test the interacting of miR-4500 
and LncRNA INC00265 by miR-4500 biotin probe. *P<0.05, **P<0.01, ***P<0.001.
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miR-4500 Targets STAT3 to Silence Its 
Expression
To identify the target gene of miR-4500, we performed 
bioinformatic analysis via alignment and found that STAT3 
is a molecular target for miR-4500 because STAT3 3′UTR is 
complementary to the sequences of miR-4500 (Figure 5A). 
Furthermore, STAT3 WT and Mut 3ʹUTR were constructed 
into a dual-luciferase reporter system and used in determin-
ing whether miR-4500 directly targets STAT3 3′UTR. We 
found that the co-transfection of miR-4500 and STAT3 3′ 
UTR WT in 293T cells significantly down-regulated lucifer-
ase activity compared with miRNA negative control. The 
co-transfection of STAT3 3ʹUTR Mut and miR-4500 was 
unable to decrease luciferase activity (Figure 5B). The inter-
action between miR-4500 and STAT3 was characterized 
using RNA pull-down assays. As shown in Figure 5C, the 
miR-4500 biotin probe substantially enriched more STAT3 
compared with the negative control probe. We then treated 
the cells with miR-4500 mimics and inhibitors. The qPCR 
results showed that miR-4500 mimics were effectively trans-
fected into the cells and significantly silenced the expression 
of STAT3 and miR-4500 inhibitors effectively inhibited 
miR-4500 mimics and considerably increased the expression 

of STAT3 (Figure 5D and E). Moreover, LINC00265 siRNA 
obviously inhibited the expression of STAT3, and overex-
pressed LINC00265 substantially promoted the expression 
of STAT3 (Figure 5F). These data suggested that miR-4500 
participates in the regulation of ALL progress by targeting 
STAT3.

Overexpressed miR-4500 or Knockdown 
STAT3 Could Reverse ALL Progression 
by LINC00265
To understand the biological function of the LINC00265/ 
miR-4500/STAT3 axis in ALL progression, we first deter-
mined the relationship among LINC00265, miR-4500, and 
STAT3. LINC00265 can enhance the expression of STAT3, 
whereas miR-4500 mimics and LINC00265 can significantly 
down-regulate the expression of STAT3 in MOLT3 or SUP- 
B15 cells compared with miR-4500 control and LINC00265 
(Figure 6A and B). When MOLT3 or SUP-B15 cells were 
treated with STAT3 siRNA and LINC00265 STAT3 expres-
sion remarkably decreased compared with that in STAT3 
siRNA negative control or LINC00265-treated group 
(Figure 6A and B). CKK-8 assays revealed that cell survival 
capacity in MOLT3 or SUP-B15 cells treated with miR-4500 

Figure 5 MiR-4500 targets STAT3. (A) Sequences of miR-4500 and STAT3; Seed sequence and the complementary binding sites are linked in vertical line. (B) Regulation of 
STAT3 by miR-4500 was confirmed by luciferase reporter and mutagenesis assays. (C) RNA pull-down assay for the binding of miR-4500 and STAT3 by miR-4500 biotin 
probe. (D) Expression of miR-4500 in the treated-group with miR-4500 mimics and inhibitor was examined through qPCR. (E) Expression of STAT3 in the treated-group 
with miR-4500 mimics and inhibitor was examined through qPCR. (F) Expression of STAT3 in the treated-group with LINC00265 siRNA or its overexpressed-plasmid was 
examined through qPCR. *P<0.05, **P<0.01.
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mimics and LINC00265 were down-regulated compared 
with that in miR-4500 control and LINC00265-treated 
groups (Figure 6C and D). When MOLT3 or SUP-B15 
cells were treated with STAT3 siRNA and LINC00265, cell 
survival capacity decreased compared with that in the STAT3 
shRNA negative control and LINC00265-treated groups 
(Figure 6C and D). In addition, we examined the effect of 
LINC00265/miR-4500/STAT3 axis on cell invasion through 
Transwell assay. The results showed that compared with 

LINC00265 + miR-nc-treated group, the LINC00265 + 
miR-4500-treated group showed a decrease in the number 
of invasion cells (Figure 6E and F). When MOLT3 or SUP- 
B15 cells were treated with STAT3 shRNA and LINC00265, 
invasion cell number decreased compared with that in the 
STAT3 siRNA negative control and LINC00265-treated 
groups (Figure 6E and F). These findings indicated that 
LINC00265 facilitates the proliferation, migration, and inva-
sion of ALL cells.

Figure 6 Overexpressed miR-4500 or knockdown STAT3 could reverse ALL progression by LINC00265. (A) qPCR examined the expression of STAT3 in MOLT3 cells after 
different treatment. (B) qPCR examined the expression of STAT3 in SUP-B15 cells after different treatment. (C) Cell survival assay for MOLT3 cells after different treatment 
by CCK-8 test. (D) Cell survival assay for SUP-B15 cells after different treatment by CCK-8 test. (E). Typical crystal violet-staining images (left) and statistical analysis (right) 
of cell invasion assay in MOLT3 cells after different treatment by transwell test. (F) Typical crystal violet-staining images (left) and statistical analysis (right) of cell invasion 
assay in SUP-B15 cells after different treatment by transwell test. *P<0.05, **P<0.01, ***P<0.001.
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Discussion
Our study first demonstrated that LINC00265 can act as 
a competing endogenous RNA on miR-4500 and enhance 
the malignant characteristics of ALL, such as cancer cell 
proliferation, migration, and invasion and xenograft tumor 
growth, by increasing STAT3 expression. LINC00265 was 
highly expressed in the blood of patients with ALL and ALL 
cell lines, and the silencing of LINC00265 expression with 
LINC00265 siRNA significantly inhibited the malignancy of 
tumor cells. The miR-4500 mimics silenced the expression of 
STAT3 and promoted the progression of ALL.

lncRNAs are the most widespread and important noncod-
ing RNAs that have been extensively investigated in various 
cancers,21 including ALL.22 LINC00265 and SPRY4-IT1 are 
highly expressed as oncogenes, whereas TRIM52-AS1 and 
BX357664 have low expression levels as tumor suppressors 
involved in tumorigenesis.18,23,24 The lncRNA uc.112 is 
highly expressed in ALL as an oncogene,25 and TCL6 as 
a tumor suppressor in ALL can significantly increase disease- 
free survival in “TCL6 high” patients compared with “TCL6 
low” patients.26 As far as we know, LINC00265 has not been 
explored in ALL. Our study first demonstrated that 
LINC00265 is highly expressed as an oncogene in ALL. 
When artificially overexpressed in renal cancer cell lines, 
LINC00265 enhances the proliferation, migration, invasion, 
and growth of xenograft tumors of ALL cells.

miRNAs have been extensively investigated in various 
cancers.11 MiRNA-25 as an oncogene is highly expressed,27 

and miRNA-4500 as a tumor suppressor involved in tumor-
igenesis has a low expression level.19 miR-4500 can inhibit 
the STAT3/CCR7 pathway and thereby suppresses cell pro-
liferation and migration in bladder cancer.17 miR-4500 can 
directly target and repress PLXNC1 and inhibit the malignant 
transformation of papillary thyroid cancer cells.18 In addi-
tion, miR-4500 can decrease RRM2 level and inhibit the 
MAPK signaling pathway, thereby attenuating breast cancer 
cell proliferation, invasion, and migration and promote breast 
cancer cell apoptosis.19 Currently, the function of miR-4500 
is unclear. Our investigation first found that miR-4500 can 
target STAT3 3′UTR to inhibit the malignancy of ALL.

As a ceRNA, LINC00265 can competitively interact with 
other miRNAs and regulate tumorigenesis. LINC00265 pro-
motes the progression of colorectal cancer by regulating the 
miR-216b-5p/TRIM44 Axis28 and is overexpressed in AML 
cells. It suppresses the proliferation, migration, and invasion 
of AML cell lines by activating PI3K/AKT signaling.10 

Furthermore, LINC00265 functions as a ceRNA for miR- 

485-5p and facilitates IRF2 expression, thereby suppressing 
apoptosis in acute myeloid leukemia cells.9 We demonstrated 
that LINC00265 can competitively sponge miR-4500 and 
accelerate ALL progression by enhancing STAT3 signals. 
In addition, LINC00511 exacerbates T-ALL progression via 
the miR-195-5p/LRRK1 axis, provides a potential therapeu-
tic target for patients with T-ALL.29 LINC00221 regulates 
ATP2A2 expression by sponging miR-152-3p, exhibiting 
anti-proliferation and pro-apoptosis effects in ALL cells.30

In the study, we found that miR-4500 inhibitors or over-
expressed LINC00265 can up-regulate STAT3 expression, 
whereas miR-4500 mimics or STAT3 shRNAs eliminate the 
LINC00265-induced malignancy of ALL cells, specifically 
suppressing ALL cell proliferation and invasion. These 
results are consistent with the function of STAT3 in breast 
cancer31 and head and neck cancer,32 although they should 
be further examined in clinical samples.

The limitations of this study include the absence of 
further discussion of the effects of the LINC00265/miR- 
4500/STAT3 axis on downstream signaling pathways, and 
whether LINC00265 can be used as a marker for clinical 
diagnosis needs to be further studied. A large sample size 
should be used.

Conclusions
We demonstrated for the first time that LINC00265 can com-
petitively interact with miR-4500 and facilitates the prolifera-
tion, invasion, and growth of the xenograft tumors of ALL 
cells by enhancing STAT3 signaling. Thus, they are potential 
diagnostic biomarkers and therapeutic targets for ALL.
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