
Vol.:(0123456789)1 3

Inflammation Research (2020) 69:607–618 
https://doi.org/10.1007/s00011-020-01345-x

ORIGINAL RESEARCH PAPER

LncRNA SNHG5 regulates SOX4 expression through competitive 
binding to miR‑489‑3p in acute myeloid leukemia

Xiaoyang Ying1,2 · Wanggang Zhang1 · Meiyun Fang2 · Chenchen Wang2 · Li Han2 · Chenmeng Yang2

Received: 11 October 2019 / Revised: 1 March 2020 / Accepted: 30 March 2020 / Published online: 7 April 2020 
© Springer Nature Switzerland AG 2020

Abstract
Objectives Currently, lncRNA plays an important role in the occurrence and development of acute myeloid leukemia (AML), 
including SNHG5. However, the role and mechanism of SNHG5 in AML remains unclear. In this study, we explored the 
regulatory mechanism of SNHG5 in the development of AML.
Methods and results QRT-PCR was used to investigate the expression of SNHG5, miR-489-3p, and SOX. The proliferation 
and apoptosis of AML cells were analyzed by cell transfection, cell counting kit-8 (CCK8), and flow cytometric analysis. 
Moreover, the expression analysis of marker proteins was detected by western blot. Through luciferase activity assay, RNA 
pull-down, and RNA-binding protein immunoprecipitation (RIP), we proved that SNHG5 could bind miR-489-3p and SOX4 
which might be the target gene of miR-489-3p.
Results We first found that SNHG5 was up-regulated in both AML patient bone marrow samples and various AML cell lines. 
Second, we found that knockdown of SNHG5 inhibited proliferation of AML cells and promoted apoptosis. It was found 
that SNHG5 could bind miR-489-3p, and the relative expression of SNHG5 was negatively correlated with miR-489-3p. 
Further results suggested that SOX4 might be the target gene of miR-489-3p. Finally, our experimental data indicated that 
knockdown of SNHG5 could reduce the tumor volume and down-regulated SOX4 levels in vivo.
Conclusions Our results demonstrated that SNHG5 affected the expression of SOX4 through binding miR-489-3p to regu-
late proliferation and apoptosis of AML, which might act as a prospective prognostic biological marker and a promising 
therapeutic target for AML.
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Introduction

Acute myeloid leukemia (AML) is a proliferation of abnor-
mal myeloid blasts in the bone marrow which inhibits nor-
mal hematopoiesis, and has great heterogeneity in cytoge-
netics, morphology, and molecular biology [1, 2]. The 
pathogenesis of AML is very complex, and current research 
indicates that chromosomal abnormalities, reproducible 
genetic abnormalities, and epigenetic abnormalities are the 
main mechanisms of AML patients [1, 3]. Without treat-
ment, AML is often fatal, and historically has been associ-
ated with poor prognosis [4]. Advances in diagnostic and 
therapeutic strategies have improved the clinical outcomes 
of AML patients and approximately 40% of AML patients 
achieve long-term survival [2, 5, 6]. However, the patho-
genesis of AML is still not fully understood, thus hindering 
new treatments for AML. Therefore, there is an urgent need 
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to identify new predictive markers and therapeutic targets 
for AML.

Long non-coding RNAs (lncRNAs) are defined as het-
erogeneous, evolutionarily conserved non-coding transcripts 
that are over 200 nucleotides in length and have extremely 
limited protein-coding capabilities [7]. A growing number 
of studies have shown that frequent abnormal expression of 
lncRNA was observed in all human malignancies, and acted 
as an oncogene or tumor suppressor to regulate tumor pro-
gression [8]. In AML, lncRNAs are an important biomarker 
factors detected by microarray analysis. Its expression dis-
tinguished acute subtypes of leukemia, which may provide 
a more accurate tool for classifying leukemia and stratified 
patients [9, 10]. LncRNA SNHG5 has been reported to be 
up-regulated and served as a potential prognostic biomarker 
for AML. In addition, SNHG5 can regulate imatinib resist-
ance in chronic myeloid leukemia by modulating miR-
205-5p [11]. However, the role and mechanism of SNHG5 
in AML remains unclear.

Through Starbase website prediction and experimental 
verification, our results showed that SNHG5 could target to 
bind to miR-489-3p. A large amount of literature has proved 
that miR489-3p plays an important role in the occurrence 
and development of cancer, and has a significant inhibit-
ing effect on the invasion, migration, and metastasis of 
tumor. Jiang et al. demonstrated that miR-489-3p directly 
regulated the target gene Smad3 in breast cancer, inhibited 
the expression of Smad3, and mediated the drug resistance 
for chemotherapy drug doxorubicin (ADM) via the miR-
489-Smad3-EMT signaling pathway [12]. Xie et al. showed 
that miR-489-3p targeted SUZ12 expression through EMT 
signaling pathway and restrained proliferation, invasion, and 
migration of non-small cell lung cancer (NSCLC) [13].

It is predicted by Targetscan that miR-489-3p can target 
SOX4. SOX4 is a key tumorigenic target for C/EBPa mutant 
AML [14]. In addition, overexpression of SOX4 is associ-
ated with poor prognosis of AML and promotes the progres-
sion [15, 16]. However, whether miR-489-3p can regulate 
the role of SOX4 in AML has not been reported.

This study was designed to investigate the role of SNHG5 
in the regulation of SOX4 expression in AML by com-
petitive binding to miR-489-3p, thereby promoting AML 
progression.

Materials and methods

Clinical samples

Eighty AML patients were enrolled in this study from 
Zhongshan Hospital and Affiliated No. 2 Hospital of 
Xi’an Jiaotong University, which were diagnosed by bone 
marrow routine, immune phenotyping, fusion gene, and 

chromosome detection. The clinical samples were obtained 
with the patient’s informed consent. Forty healthy volun-
teers were from bone marrow transplantation donors with 
a normal health check-up, and all specimens were obtained 
with informed consent. The marrow fluid was obtained as 
follows: the most common site for bone marrow puncture 
is the ilium (or pelvic bone). And the patient can be supine 
from the anterior superior spine of the ilium, or the poste-
rior superior spine of the ilium, and if necessary also from 
the sternum or the protrusion of the spine. The procedure 
is sterilized, a sterile surgical towel is laid out, and there is 
a hole in the surgical towel that exposes the puncture site. 
After local anesthesia with about 1–2 mL 2% procaine, 
0.1–0.2 mL marrow fluid was extracted by suction of the 
syringe with a special bone marrow puncture needle. Then, 
pull out the needle, cover with a sterile gauze, and finish. At 
the moment of extraction, there may be a brief sensation of 
pain, which is a sign of successful puncture. In this study, 
we isolated and collected CD34+ stem/progenitors from the 
bone marrow samples of AML patients and healthy patients. 
This study was done in accordance with a protocol approved 
by Zhongshan Hospital and Affiliated No. 2 Hospital of 
Xi’an Jiaotong University.

Experimental ethics policy

All experimental procedures for clinical samples studies 
were approved by Zhongshan Hospital and Affiliated No. 2 
Hospital of Xi’an Jiaotong University, and were performed 
on the basis of World Medical Association Declaration 
of Helsinki [17]. All experimental procedures for animal 
research were approved by Zhongshan Hospital and Affili-
ated No. 2 Hospital of Xi’an Jiaotong University, and were 
conducted according to Guide for the Care and Use of Lab-
oratory Animals, and were approved by the local animal 
research council [18].

Cell culture

The human bone marrow stromal cell line HS-5 cells and 
adult acute myeloid leukemia cell lines HL-60, KG-1a, 
Kasumi-1, ME-1, and MOLM-14 cells were purchased from 
Nanjing Key Gen Biotech Co., Ltd. (Nanjing, China). All 
cells were fostered in Dulbecco’s modified Eagle’s medium 
(Thermo Fisher Scientific, Waltham, MA, USA) with 10% 
fetal bovine serum (FBS) (GE Healthcare, Logan, UT, USA) 
and anti-biotics (Sigma-Aldrich, St. Louis, MO, USA) in a 
humidified chamber at 37˚C with 5%  CO2.

Animals

Sixteen 6–8-week-old male nude mice (Nanjing Medi-
cal University Experimental Animal Center, Nanjing) 
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were selected. Animals are adapted to housing conditions 
for 10 days, light/dark cycle for 12 h, relative humidity of 
45–65%, temperature of 18–23 ℃, diet, and water could be 
used at will. Animals were randomly divided into control 
group and experimental group, with eight rats in each group. 
All experiments in this project were ratified through the ani-
mal ethics committees of Affiliated No. 2 Hospital School 
of Medicine, Xi’an Jiaotong University. The experimental 
procedures of animal were carried out by conforming to the 
handbook of the Care and Use of Laboratory Animals from 
the National Institute of Health, China.

RNA extraction and quantitative real‑time PCR 
(qRT‑PCR)

Total RNA was extracted by using TRIzol-Reagent (Life 
Technologies) in accordance with the manufacturer’s pro-
tocols. High Capacity cDNA Archive kit (Applied Bio-
systems, Foster City, CA) was used to reverse transcribed 
mRNA into complementary DNA (cDNA). qPCR was per-
formed Using an The ABI PRISM 7700 System and Taq-
Man reagents (Applied Biosystems). GAPDH was used as 
an internal reference gene. The expression of miR-489-3p 
was performed by the Taq-Man stem-loop reverse transcrip-
tion–PCR described in the study [19], and the levels was 
detected using the PrimeScript1 miRNA RT-PCR kit (Life 
Technologies, Carlsbad, CA) in accordance with the manu-
facturer’s protocols. U6 was selected as the reference gene. 
The primer of miR-489-3p was purchased from RiboBio 
Co., Ltd (Guangzhou, China). The relative expression level 
was calculated using the 2−ΔΔCt method. Sequences of the 
applied biosystems primers are as in Table 1.

Total protein extraction and western blot

The cells were collected and washed twice with pre-cooled 
PBS in a 1.5 mL EP tube and the precipitate was retained. 
Lysis buffer is used to lyse cells and collect supernatant 
as total protein in a new EP tube. Proteins were sepa-
rated through 12.5% SDS-PAGE and transferred onto NC 

membranes (Millipore, Bedford, MA). The membrane was 
blocked at 5% BSA for 1 h at 37 °C, and then incubated 
at 37 °C with primary antibodies against anti-cyclin D1, 
CDK4/CDK6, cyclin E1, p-Rb, Rb, Bcl-2, BAX, cleaved 
Caspase 3, cleaved Caspase 9, cleaved-PARP, PARP, 
E-cadherin, N-cadherin, and GAPDH (1:500, Cell Signal-
ing, MA). Subsequently, after washed by PBS buffers, Goat 
anti-rabbit secondary antibody (1:3000, Bio-Rad, USA) 
labeled with horseradish peroxidase (HRP) was incubated 
with membranes at 37 °C for 1 h. The protein signals were 
exposed with a storage phosphor screen. GAPDH was used 
as an internal reference. The density of each band was ana-
lyzed by Image J software. All the experiments were per-
formed in triplicate.

Cloning formation experiment

In brief, HL-60 and KG-1a cells (2 × 104) transfected with 
si-NC, si-SNHG5#1, and si-SNHG5#2 were respectively 
plated into three-well plates and cultured for 2 weeks. The 
colonies were fixed with 10% formaldehyde for 20 min and 
then stained with 0.1% crystal violet for 10 min. The num-
ber of colonies including ≥ 50 cells was counted through a 
microscope. All experiments were conducted three times.

Cell proliferation assay

Cell proliferation assay was conducted by Cell Counting 
Kit-8 (CCK8) (Dojindo Lab, Japan). Briefly, 3000 cells/well 
were cultured in 96-well plate at 37 °C after each well was 
added with 10 μL CCK-8 solution. Then, the spectropho-
tometric absorbance was measured at 450 nm every day by 
Thermo Scientific Varioskan Flash machine for each sam-
ple. All the experiments were performed in triplicate and 
repeated three times, and the mean value was calculated.

Cell transfection

SNHG5 small interfering (si-SNHG5) and control (si-
NC) were purchased from Guangzhou RiboBio Co., Ltd. 
(Guangzhou, China). The miRNA-489-3p inhibitors/mimics 
(Thermo Fisher Scientific) were transfected into the HL-60 
and KG-1a cells. The siRNA sequences were as follows: 
si-SNHG5#1, Sense: 5′-GAG GCC AGA UUG UCU UGG 
A-3′, Antisense: 5′-UCC AAG ACA AUC UGG CCU CTT-3′, 
si-SNHG5#2: Sense: GCA ACG AUU UCU GGC UAG UTT, 
Antisense: ACU AGC CAG AAA UCG UUG CTT.

NC siRNA: 5′-CAA CAA GAT GAA GAG CAC CAA-
3′. The HL-60 and KG-1a cells were transfected with si-
SNHG5 or NC siRNA using Lipofectamine® 2000 (Invit-
rogen; Thermo Fisher Scientific, Inc.). The negative control 
empty vector (NC) and the pcDNA3.1-SNHG5 plasmid 
(SNHG5) were also transfected into KG-1a and HL-60 cells 

Table 1  Primer

ID Sequence (5′-3′)

GAPDH F ACC ACA GTC CAT GCC ATC AC
GAPDH R TCC ACC ACC CTG TTG CTG TA
SNHG5 F CAC AGT GGA GCA GCT CTG AA
SNHG5 R CTC GTG GCA CTA GCC AGA AA
SOX4 F GTG AGC GAG ATG ATC TCG GG
SOX4 R CAG GTT GGA GAT GCT GGA CTC 
U6 F CTC GCT TCG GCA GCACA 
U6 R AAC GCT TCA CGA ATT TGC GT
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using Lipofectamine® 2000, in accordance with the manu-
facturer’s protocol.

Flow cytometric analysis

KG-1a and HL-60 cells transfected with si-SNHG5 or si-NC 
were enriched after transfection. The propidium iodide (PI) 
and FITC-Annexin V double dyes were used to stain the 
KG-1a and HL-60 cells using the FITC-Annexin V Apopto-
sis Detection Kit (BD Biosciences) according to the manu-
facturer’s directions. After double staining, the cells were 
analyzed by flow cytometry (FACScan®; BD Biosciences). 
To investigate cell cycle, the HL-60 and KG-1a cells were 
stained with PI using the CycleTEST™ Plus DNA Reagent 
Kit (BD Biosciences) following the protocol, and analyzed 
by FACScan. The percentage of cells in G0/G1, S, and G2/M 
phase were calculated.

Luciferase activity assay

The KG-1a and HL-60 cells were cultured at 60–80% conflu-
ence for 12 h, and then transfected with different plasmids 
including (1) pmiRGLO with + NC mimic or miR-489-3p-
mimic; (2) pmiRGLO-WT (SNHG5 or SOX4) with NC 
mimic or miR-489-3p-mimic; (3) pmiRGLO-MUT (SNHG5 
or SOX4) with NC mimic or miR-489-3p-mimic.

After cultured for 48 h, the cells were washed using PBS 
for two times and added 100 μL PLB (Passive Lysis Buffer) 
in each well. After shaking for 15 min at RT, the cell lysate 
was collected. 20 μL cell lysate was added into luminous 
plate and was read the background value using GloMax 
bioluminescence detection instrument for 2 s. 100 μL LAR 
II working solution was added into each sample. After the 
results were detected for 2 s, and each well was treated by 
100 μL Stop&Glo® Reagent and obtain the result using Glo-
MAx for 2 s.

RNA pull‑down

According to the Pierce Magnetic RNA–Protein Pull-Down 
Kit instructions (Life Technologies, Baltimore, MD, USA), 
the specific steps are as follows: (1) In vitro transcription 
and biotin random labeling using pcDNA3.1-SNHG5 plas-
mid as a template; biotin RNA was obtained. (2) Strepta-
vidin beads’ pretreatment: washing two equal amounts of 
streptavidin beads with binding buffer. One of them was 
used to bind biotin RNA and incubated with 200 μL of bind-
ing buffer containing 0.5% BSA and 100 μg/mL tRNA for 
15 min at room temperature. (3) Cell lysate pretreatment: 
the cell lysate was mixed with one of the above-mentioned 
non-BSA and tRNA-blocked beads, and incubated at room 
temperature for 15 min. Leave it clear and discard beads. (4) 
RNA pretreatment: take 51 μg of biotin RNA and fill it to 

100 μL with binding buffer. Incubate at 56 °C for 5 min and 
incubate at 37° C for 10 min. (5) Incubation of RNA with 
cell lysate: the pretreated protein lysate was incubated with 
biotin RNA in 200 μL binding buffer for 30 min at room 
temperature. (6) Pre-blocked streptavidin beads were added 
to the above mixture, and incubated at room temperature for 
15 min. Discard the supernatant, wash the beads five times 
with the binding buffer, and elute the protein of interest in 
the beads. Western blot analyzed the expression of the target 
protein.

RNA‑binding protein immunoprecipitation (RIP)

According to the RIP RNA-Binding Protein Immunopre-
cipitation Kit (Millipore, Billerica, MA, USA) instructions, 
the specific steps are as follows: (1) cells in the culture dish 
were collected, and RIP lysate was added in an equal volume 
to obtain a cell lysate. (2) Resuspend the magnetic beads 
in RIP wash buffer, add protein antibody, and incubate for 
30 min at room temperature to obtain magnetic beads of con-
nexin antibody. (3) RIP immunoprecipitation buffer contain-
ing antibody-magnetic beads was added to the cell lysate, 
and incubated overnight at 4 °C; discarded the supernatant 
and obtained the RNA–protein complex. (4) The RNA–pro-
tein complex was resuspended in proteinase K buffer and 
incubated at 55 °C for 30 min; retained the supernatant 
and added RIP wash buffer, and then extracted the RNA by 
chloroform–isoamyl alcohol method. The RNA was reverse 
transcribed to detect the level of SNHG5.

Statistical analysis

All experiments were repeated for at least three times. All 
results were statistically expressed as mean soil standard 
deviation (xS). Data were processed using SPSS 10.0 sta-
tistical software (SPSS, Chicago). The overall survival (OS) 
was evaluated by the Kaplan–Meier analysis and log-rank 
test. Student data were analyzed by Student’s t test. One-way 
ANOVA was used to analyze the data between the e groups 
above. p value < 0.05 was considered statistically significant.

Results

LncRNA SNHG5 is up‑regulated in AML patients 
and cells

To explore whether the levels of SNHG5 change during the 
development of AML, we detected the expression levels of 
SNHG5 in 40 normal people and 80 AML patients. The 
results showed that the expression of SNHG5 was dramati-
cally increased in the bone marrow tissues of AML patients 
compared with the normal people (Fig. 1a). To illuminate 
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the relationship between SNHG5 accumulation levels and 
the survival of AML patients, the Kaplan–Meier analysis 
and log-rank test were used to evaluate the OS (overall 
survival) (Fig. 1b). The results of survival analysis indi-
cated that overexpression of SNHG5 significantly reduced 
survival (p < 0.0486), which suggested that up-regulation 
of SNHG5 might contribute to the development of AML. 
Furthermore, we detected the expression levels of SNHG5 
in HS-5, HL-60, KG-1a, Kasumi-1, ME-1, and MOLM-14 
cells. Results showed that compared with HS-5 cells (bone 
marrow stromal cells of normal people), the expression of 
SNHG5 were also markedly increased in AML cell lines 
(Fig. 1c).

Knockdown of SNHG5 inhibits proliferation of AML 
cells

To investigate the biological function of SNHG5 in AML 
cells, negative controls (si-NC) and si-SNHG5 were, respec-
tively, transfected into KG-1a and HL-60 cells. qRT-PCR 
results showed that the expression of SNHG5 was signifi-
cantly down-regulated in HL-60 and KG-1a cells transfected 
with si-SNHG5 (Fig. 2a). Furthermore, the effect of SNHG5 
on cell proliferation was confirmed by CCK-8 assay. The 
results revealed that down-regulation of SNHG5 with si-
SNHG5 significantly suppressed the cell growth of KG-1a 
and HL-60 cells (Fig. 2b), suggesting that knockdown of 
SNHG5 inhibited AML cells proliferation.

Subsequently, we carried out cell cycle analysis and the 
result demonstrated that HL-60 and KG-1a cells transfected 
with si-SNHG5 were arrested in G1 phase (Figure S1). 
Next, we detected the expression of cell cycle-related genes, 
including Cyclin D1, Cyclin-dependent kinases-4 (CDK4), 
Cyclin-dependent kinases-6 (CDK6), Cyclin E1, p-Rb, and 
Rb. Results showed that the expression levels of Cyclin 
D1, CDK4, CDK6, Cyclin E1, and p-Rb were significantly 

decreased in HL-60 and KG-1a cells transfected with si-
SNHG5 (Fig. 2d). These results indicated that SNHG5 could 
promote the cell proliferation and the knockdown of SNHG5 
restrained the AML cell proliferation.

Knockdown of SNHG5 promotes apoptosis of AML 
cells

To investigate the function of SNHG5 on the apoptosis of 
AML cells, we performed cell apoptosis assay through the 
flow cytometry analysis. The experimental results showed 
that the apoptotic rate of HL-60 and KG-1a cells transfected 
with si-SNHG5 was obviously increased, compared with the 
control (Fig. 3a). In addition, we detected the accumula-
tion level of apoptosis-related proteins, including B-cell 
lymphoma/leukernia-2(Bcl-2), bcl-2-associated x-protein 
(BAX), C-caspase 3, C-caspase 9, Cleaved-Poly (ADP-
ribose) polymerases (C-PARP), and PARP. Western blot 
results showed that compared with the control group, the 
accumulation levels of Bcl-2 and PARP were decreased, 
while the accumulation levels of BAX, C-caspase 3, C-cas-
pase 9, and C-PARP were increased in HL-60 and KG-1a 
cells transfected with si-SNHG5 (Fig. 3b). Taken together, 
these results suggested that knockdown of SNHG5 promoted 
the apoptosis of AML cells.

The expression of SNHG5 was negatively correlated 
with miR‑489‑3p

According to the prediction of starbase website, the 
sequence of SNHG5 was highly matched with miR-489-3p 
(Fig. 4a). Luciferase reporter assays were performed using 
the wild-type SNHG5 and mutant SNHG5 with or with-
out miR-489-3p. The mutant SNHG5 sequence was una-
ble to bind the miR-489-3p. Transfection of miR-489-3p 
obviously decreased the levels of the wild-type SNHG5 

Fig. 1  SNHG5 was up-regulation in AML tissues and cell lines. a 
qRT-PCR detected the expression level of SNHG5 in AML tissues 
and normal tissues. b Kaplan–Meier survival analysis of overall prog-
nosis in AML cases with high or low SNHG5 expression. c Relative 

expression of SNHG5 in AML cell lines HL-60, KG-1a, Kasumi-1, 
ME-1, MOLM-14, and normal cells HS-5. *p < 0.05; **p < 0.01; 
***p < 0.001
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(Fig. 4b), which indicated that miR-489-3p could reduce 
the luciferase activity by binding to SNHG5, and miR-
489-3p might be the target of SNHG5. Furthermore, RIP 
assay showed that SNHG5 enriched the miRNA ribonu-
cleoprotein complex containing Ago2 compared to the 
control IgG (Fig. 4c).

To further explore the relationship between  SNHG5 
and miR-489-3p expression. We transferred pcDNA3.1-
SNHG5 into HL-60 and KG-1a cells for the overexpres-
sion of SNHG5, and the qRT-PCR results suggested that 
the expression level of SNHG5 was significantly increased 
(Fig. 4d). Then, we detected the expression levels of miR-
489-3p in HL-60 and KG-1a cells transfected with si-NC, 
si-SNHG5, NC, or pcDNA3.1-SNHG5, respectively. Results 
showed that knockdown of SNHG5 promoted miR-489-3p 
expression, while overexpression of SNHG5 reduced the 
accumulation of miR-489-3p (Fig. 4d). Finally, we evalu-
ated the level of miR-489-3p between AML patients and 
healthy controls. The results suggested that miR-489-3p was 
down-regulated in AML patients (Fig. 4e), and correlation 
analysis suggested that the relative expression of SNHG5 

was negatively correlated with the expression of miR-489-3p 
(Fig. 4e).

MiR‑489‑3p targets the SOX4 gene

To determine the target gene of miR-489-3p, we used Tar-
getScan to predict the potential target genes. It revealed that 
the 3′-UTR of SOX4 contained a potential binding site of 
miR-489-3p (Fig. 5a). Luciferase reporter assays of the wild-
type and mutant 3′-UTRs of SOX4 were performed in the 
presence or absence of miR-489-3p overexpression. The 
mutant 3′-UTR sequence prevented miR-489-3p binding. 
Transfection of miR-489-3p apparently decreased the lucif-
erase activity by binding to the 3′-UTR of SOX4 (Fig. 5b), 
which suggested that SOX4 was a target for miR-489-3p. 
The results of western blot and qRT-PCR suggested that the 
mRNA expression levels and protein accumulation of SOX4 
were decreased when the miR-489-3p was up-regulated, 
whereas increased when down-regulation of miR-489-3p 
(Fig. 5c, d). Next, we detected the mRNA and protein accu-
mulation of SOX4 in AML patients and healthy controls, 

Fig. 2  Knockdown of SNHG5 inhibited the proliferation of AML 
cells. a qRT-PCR detected the expression level of SNHG5 in HL-60 
and KG-1a cells transfected with si-NC or si-SNHG5. b Effect of 
SNHG5 knockdown on cell proliferation was assessed by CCK-8 
assay in HL-60 and KG-1a cells. c Analysis of statistical results 

detected by flow cytometry for the effects of SNHG5 knockdown 
on cells cycle in KG-1a and HL-60 cells. d Western blot detected 
the expression of cell cycle-related protein in HL-60 and KG-1a 
cells transfected with si-NC or si-SNHG5. *p < 0.05; **p < 0.01; 
***p < 0.001
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and the results showed that the mRNA and protein expres-
sion of SOX4 were increased in AML patients (Fig. 5e, f), 
and correlation analysis suggested that the relative expres-
sion of SOX4 was negatively correlated with miR-489-3p 
(Fig. 5g). Taken together, these results verified that the 
SOX4 could be targeted by the miR-489-3p.

SNHG5 regulates SOX4 by miR‑489‑3p to regulate 
proliferation and apoptosis

To further analyze the underlying mechanism of SNHG5, 
we knocked down of SNHG5 and inhibited miR-489-3p in 
HL-60 cells. CCK-8 assay showed that HL-60 cells pro-
liferation was inhibited when knockdown of SNHG5, but 
rescued to normal level when inhibited miR-489-3p expres-
sion (Fig. 6a). Next, we conducted flow cytometry to analyze 
the cell cycle and apoptosis of HL-60 cells. Downregula-
tion of SNHG5 arrested the cell in G1 phase and promoted 

apoptosis. However, the cell cycle and apoptosis recovered 
to the normal levels when inhibited the miR-489-3p expres-
sion (Figure S2 and Fig. 6c). Finally, we detected the expres-
sion of cell cycle-related, and apoptosis-related proteins, and 
the results were consistent with the above results (Fig. 6d). 
Taken together, these data suggested that SNHG5 adjusted 
the expression of SOX4 through binding the miR-489-3p to 
regulate cell proliferation and apoptosis.

Knockdown of SNHG5 reduces tumor volume 
and down‑regulates SOX4 levels in vivo

To further explore the effect of SNHG5 on the tumori-
genicity in mice, we injected  107 HL-60 cells transfected 
with siSNHG5 or siNC into nude mice. First, we detected 
the expression level of SNHG5 in HL-60 cells transfected 
with siSNHG5 or siNC by qRT-PCR, and the results sug-
gested that expression level of SNHG5 was significantly 

Fig. 3  Knockdown of SNHG5 promoted AML cells apoptosis. a 
Flow cytometry detects the effects of SNHG5 knockdown on cells 
apoptosis in KG-1a and HL-60 cells. b Western blot detected the 

expression of cell apoptosis-related protein in HL-60 and KG-1a 
cells transfected with si-NC or si-SNHG5. *p < 0.05; **p < 0.01; 
***p < 0.001
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decreased in si-SNHG5 transfected HL-60 cell compared 
with si-NC (Fig. 7a). We measured the change in tumor 
volume and weight within 5 weeks, and we found that the 
knockdown of SNHG5 in HL-60 inhibited tumorigenesis 
of HL-60 cells in nude mice (Fig. 7b), including reducing 
the weight and volume of AML tumors (Fig. 7c). Moreo-
ver, our results indicated that knockdown of SNHG5 also 
down-regulated the expression of SOX4 in vivo (Fig. 7d). 
In summary, the above results showed that knockdown of 
SNHG5 reduced tumor growth and down-regulated SOX4 
levels in vivo.

Discussion

In this study, we found that SNHG5 was up-regulated in 
the bone marrow tissues of AML patients and various 
AML cell lines, and its expression was negatively cor-
related with the overall survival of AML patients. Fur-
thermore, knockdown of SNHG5 inhibited the prolifera-
tion of AML cells, and promoted the apoptosis of AML 
cells. In addition, our results first illuminated that SHNG5 
could affect the expression of SOX4 through binding the 

Fig. 4  Expression of SNHG5 was negatively correlated with miR-
489-3p. a The matched sequence of wild-type or mutant-type 
SNHG5 with miR-489-3p. b The luciferase activity assay of HL-60 
and KG-1a cells after transfected with empty vector (pmiRGLO), 
wild-type SNHG5, or mutant SNHG5 with miR-489-3p mimic or 
NC mimic, respectively. c RIP assay showed that SNHG5 enriched 
the miRNA ribonucleoprotein complex containing Ago2 compared 
to the control IgG from KG-1a and HL-60 cells lysates. d QRT-PCR 

examined the expression of SNHG5 in KG-1a and HL-60 cells trans-
fected with NC or SNHG5 (left), and the expression of miR-489-3p 
in KG-1a and HL-60 cells transfected with si-NC, si-SNHG5, NC, 
or SNHG5 (right). e qRT-PCR detected the expression level of miR-
489-3p in AML tissues and normal tissues (left). Correlation analy-
sis indicated that relative SNHG5 level was negative correlated with 
miR-489-3p expression. ***p < 0.001



615LncRNA SNHG5 regulates SOX4 expression through competitive binding to miR‑489‑3p in acute…

1 3

miR-489-3p to regulate the proliferation and apoptosis of 
AML cells.

Studies have shown that the aberrant of miRNAs expres-
sion level played an important role in the occurrence, devel-
opment, diagnosis, and prognosis of AML [20]. For exam-
ple, high expressions of miR-155, miR-125b, and miR-100 
play a role in the progression of disease in AML patients, 
whereas the expressions of miR-29a, miR-142-3p, and miR-
223 are reduced in AML patients, act as the tumor suppres-
sor gene [21, 22]. MiR-489-3p plays a vital role in inhibiting 
the development and progression of various cancers. For 
instance, studies have shown that miR-489-3p participates in 
the regulation of osteosarcoma (OS) metastasis, and targets 
the paired box gene 3 (PAX3) gene to reduce the expression 
of PAX3 to inhibit OS (osteosarcoma) metastasis [23]. In 
our study, our results first showed that miR-489-3p, which 
was positively related to the development of AML, regu-
lated the proliferation and apoptosis, of AML cells through 

targeting SOX4 and reducing its expression. However, recent 
studies have confirmed that miR-489-3p also played a role 
in promoting cancer by promoting tumor cell proliferation, 
inhibiting apoptosis. MiR-489-3p is overexpressed in renal 
clear cell carcinoma and renal clear cell papillary carcinoma 
[24, 25]. These studies indicate that the expression profile 
of miR-489-3p is clearly cell-specific and tissue-specific.

Current research indicates that SNHG5 has an impor-
tant function in different cancers. SNHG5 can regulate the 
expression of miR-155 to promote the proliferation of mela-
noma and induce apoptosis, and SNHG5 also promotes the 
cell proliferation of bladder cancer through targeting p27 
[26–28]. In addition, SNHG5 is significantly down-regu-
lated in gastric cancer (GC) and inhibited the proliferation 
of GC cells, which plays a role in the development of GC 
by interacting with metastasis-associated gene 2 (MTA2) 
[29]. The SNHG5/miR-32 axis can target the KLF4 to regu-
late the proliferation and migration of gastric cancer cell. In 

Fig. 5  SOX4 is the target gene of miR-489-3p. a The wt or mutant 
type of SOX4 3′ UTR for miR-489-3p. b The luciferase activity of 
wild-type or mutant SOX4 3′ UTR in HL-60 and KG-1a cells trans-
fected with miR-489-3p mimic or NC mimic. c qRT-PCR detected 
the expression of miR-489-3p (left) and SOX4 (right) in HL-60 
and KG-1a cells transfected with miR-NC, miR-489-3p, NC inh, or 
miR-489-3p inh. d Western blot evaluated the expression of SOX4 

protein in HL-60 and KG-1a cells transfected with miR-NC, miR-
489-3p, NC inh or miR-489-3p inh. e, f, qRT-PCR (E) and western 
blot (F) detected the expression of SOX4 in AML tissues and nor-
mal tissues. g Correlation analysis showed that relative SOX4 expres-
sion was negative correlated with miR-489-3p expression. *p < 0.05; 
**p < 0.01; ***p < 0.001
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Fig. 6  SNHG5 regulates SOX4 by miR-489-3p to regulate prolifera-
tion and apoptosis. a CCK-8 assay assessed the cell proliferation in 
HL-60 and KG-1a cells transfected with inh NC and si-NC, inh NC 
and si-SNHG5, or si-SNHG5 and miR-489-3p inh. b, c, Analysis of 
statistical results of cells cycle (b) and apoptosis (c) in KG-1a and 
HL-60 cells transfected with inh NC and si-NC, inh NC and si-

SNHG5, or si-SNHG5 and miR-489-3p inh. d Western blot detected 
the accumulation of proteins related to cell cycle, apoptosis, in HL-60 
and KG-1a cells transfected with inh NC and si-NC, inh NC and si-
SNHG5, or si-SNHG5 and miR-489-3p inh. *p < 0.05; **p < 0.01; 
***p < 0.001

Fig. 7  Knockdown of SNHG5 
reduces tumor volume and 
down-regulates SOX4 levels 
in vivo. a qRT-PCR detected 
the expression of SNHG5 in 
HL-60 transfected with siNC or 
siSNHG5. b, c The picture of 
tumor size (b), tumor weight, 
and tumor volume (c) in mice 
injected HL-60 cell with shNC 
or shSNHG5. d Western blot 
detected the expression of 
SOX4 in mice injected HL-60 
cell with shNC or shSNHG5. 
*p < 0.05; ***p < 0.001
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colorectal cancer (CRC), it has reported that SNHG5 is up-
regulated and knockdown of lncRNA SNHG5 could inhibit 
the proliferation of colorectal cancer cells and promote the 
apoptosis [30]. In this study, we first found that the expres-
sion of SNHG5 was negatively correlated with the AML and 
it could increase the expression of SOX4 by competitively 
binding miR-489-3p. At the same time, our study proved 
for the first time that miR-489-3p could target SOX4 and 
reduced its expression.

Recent studies have shown that the SOX4 gene, as a 
member of the human sex-determining HMG domain family, 
is involved in tumorigenesis, including AML [31, 32]. Stud-
ies have shown that retroviruses carrying the SOX4 gene 
could synergize with myocyte enhancer factor 2 (Mef2c) 
and cause myeloid leukemia. The latest study showed that 
during the development of AML, miR-339-5p exerts its anti-
proliferative effect in AML by directly targeting SOX4 [33]. 
The study found that AML patients with low SOX4 expres-
sion had higher remission rates and longer overall survival 
than AML patients with high SOX4 expression. In addi-
tion, other studies have shown that CASC15 regulated cell 
survival, proliferation, and expression of its chromosomal 
neighboring gene SOX4, and played an important role in 
RUNX1/AML translocation leukemia [16]. Here, our results 
indicated that miR-489-3p could target SOX4 and reduced 
its expression, which could directly regulate the proliferation 
and apoptosis of AML. In summary, our research revealed 
the clinical significance of SOX4 in AML and its role in the 
development of leukemia.

Cyclin and CDK are important proteins in the cell cycle 
regulatory system [34]. Overexpression of Cyclin D1 acti-
vated the activity of CDK4 and CDK6, shorten the G1 
phase, dysregulated cell cycle regulation and abnormal cell 
proliferation, leading to tumorigenesis [35, 36]. In our study, 
the expressions of CylinD1, CDK4, and CDK6 were sig-
nificantly reduced in SNHG5 knockdown cell lines, which 
restored normal cell cycle and inhibited the proliferation of 
the cells. Studies have demonstrated that the level of Bcl-2 
and Bax protein formed a positive and negative regulation 
of apoptosis. When Bcl-2 was highly expressed and the 
Bcl-2/Bax ratio was up-regulated, the two proteins formed 
heterodimers and inhibited apoptosis [37]. When Bax was 
highly expressed and the Bcl-2/Bax ratio was down-regu-
lated, the two proteins formed homodimers and promoted 
apoptosis [37, 38]. In this study, the expression of Bcl-2 was 
significantly reduced and the levels of Bax were increased 
in SNHG5 knockdown cell lines, which indicated that the 
Bcl-2/Bax might form the homodimer and promote apopto-
sis. We also detected the effect of SNHG5 in vivo. HL-60 
cells transfected with shSNHG5 or shNC were injected into 
nude mice, and it was found that knockdown of SNHG5 
reduced the tumor volume and down-regulated the SOX4 
level. SCID-AML model is a common model used to study 

the proliferation, differentiation, and regulatory mecha-
nism of leukemia [41]. The mouse acute leukemia model of 
immunodeficiency is one of the important methods to study 
the biological characteristics, treatment, and prognosis of 
AML [42]. In our further studies, the SCID-AML models 
will be employed to verify the regulatory effect of SNHG5 
on the proliferation and metastasis of AML.

Conclusion

In summary, these results proved that SNHG5 could regu-
late the expression of SOX4 in AML by competitively bind-
ing mir-489-3p, which further affected the proliferation, 
and apoptosis of AML. Our research implied that SNHG5 
might act as a prospective prognostic biological marker and 
a promising therapeutic target for AML.
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