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LncRNA-SNHG16 promotes proliferation and migration of acute
myeloid leukemia cells via PTEN/PI3K/AKT axis through
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The silence of lncRNA small nucleolar RNA host gene 16 (SNHG16) suppressed acute lymphoblastic leukemia (ALL) cell proliferation and migration, whereas its role in acute myeloid leukemia (AML) still lacks
clarity. This study showed that SNHG16 was upregulated in AML patients and cells. And SNHG16 overexpression remarkably enhanced the proliferation and migration capacities of HL60 and AML-193 cells, while
SNHG16 knockdown acted the opposite way. Subsequently, we revealed that SNHG16 directly bound to
CELF2 (CUGBP Elav-like family member 2) protein, and caused CELF2 mRNA unstably and proteins
reducing. CELF2 was decreased both in AML patients and cells. CELF2 overexpression or interference
weakened the effect of overexpressing or silencing SNHG16 on proliferation and migration. Moreover, the
transfection of pcDNA-CELF2 elevated PTEN (phosphatase and tensin homolog) activity and hindered the
phosphoinositide 3-kinase (PI3K)/AKT signaling. And SNHG16 reduced PTEN activity and promoted the
PI3K/AKT pathway activation by restraining CELF2. Furthermore, GDC-0941 (a speciﬁc inhibitor of the
PI3K/AKT pathway) impeded the effect of SNHG16 increase, and bpV(pic) (a speciﬁc PTEN inhibitor)
declined the effect of SNHG16 decrease on cell proliferation and migration. Taken together, the present study
indicated that SNHG16 promoted proliferation and migration of AML cells via PTEN/PI3K/AKT axis through
suppressing CELF2 protein.
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1. Introduction
Acute myeloid leukemia (AML) is one of the most common
hematological malignancies. Its main feature is the accumulation of leukemia cells caused by maturation disorders
and differentiation blockage of hematopoietic stem cells
eventually leading to hematopoietic failure and poor prognosis (Bao et al. 2019). It is estimated that the 5-year survival
of AML patients is only 20–40% (De Kouchkovsky and

Abdul-Hay 2016). Both cytogenetic abnormalities and gene
mutations play important roles in the pathogenesis of AML
(Zhuang et al. 2019). Therefore, a deeper understanding of
the molecular mechanisms becomes essential for ﬁnding
novel therapeutic targets against AML.
Long non-coding RNAs (lncRNAs) are a class of
non-coding RNAs [ 200 nucleotides in length (Shen
et al. 2017). Research publications point out the role of
lncRNAs in the initiation, development of tumors, and
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their functions as a tumor suppressor or oncogene (Du
et al. 2013; Liu et al. 2019). Previous studies have
demonstrated that some certain lncRNAs exert potential values as biological hallmarks for AML, and their
expression levels are closely related to the prognosis of
AML (Pan et al. 2017). However, up to date, still
limited lncRNAs are identiﬁed in AML (Yuan et al.
2019). LncRNA small nucleolar RNA host gene 16
(SNHG16), an important member of SNHG, is oncogenic in several malignant tumors, including oral
squamous cell carcinoma esophagus cancer, osteosarcoma, bladder cancer, non-small lung cancer (Feng
et al. 2018; Han et al. 2019; Li et al. 2019; Zhu et al.
2018). Reports show that SNHG16 is upregulated in
acute lymphoblastic leukemia (ALL) cell lines and the
downregulation of it suppresses ALL cell proliferation
and migration (Lu et al. 2019). Yet, the characterization
of SNHG16 in AML still lacks clarity.
RNA binding protein CELF2 (CUGBP, Elav-like
family member 2) is widely expressed in developmental and adult tissues of organisms (Blech-Hermoni
et al. 2013). It could regulate alternative splicing of
pre-mRNA and might play an important role in mRNA
editing, shuttling and translation (Ajith et al. 2016).
Similar to other RBPs, CELF2 has been shown to
regulate cancer-related transcripts, such as the inhibition of the translation of the MCL-1 and COX-2 transcripts (Mukhopadhyay et al. 2003; Subramaniam
et al. 2008). Previous studies have indicated that
CELF2 is negatively associated with cancer cell
migration, invasion, proliferation, apoptosis, cell cycle
arrest et al (Wang et al. 2018). We are aimed at analyzing the effect of CELF2 in AML cells.
In this study, we demonstrated that SNHG16 was
upregulated, while CELF2 was downregulated in
AML patients and cells. SNHG16 directly bound to
CELF2 and further affected the expression of target
genes downstream of CELF2 by suppressing CELF2,
thus promoting cell proliferation and migration of
HL60 and AML-193 cells. SNHG16 might provide
fresh ideas for clinical diagnosis and treatment of
AML.

2. Materials and methods
2.1 Tissue sample collection
Bone marrow blood samples were collected from 30
AML patients and 30 healthy controls. In brief, the
blood samples were centrifuged and the supernatant
was preserved in an Eppendorf (EP) tube. The isodose

phosphate-buffered saline (PBS) was added in the
remaining precipitate, and then 4 mL of Ficoll-Hypaque was added. Next, the precipitate was centrifuged,
and the intermediate monocyte layer was aspirated for
2 mL. Finally, monocytes were centrifuged and washed
by PBS for twice.
2.2 Cell culture and transfection
The HS-5, HL60, BDCM, AML-193 and Kasumi-6
cell lines were purchased from the Cell Bank of the
Chinese Academy of Sciences (Shanghai, China). They
were cultured in the DMEM (Thermo Fisher Scientiﬁc,
Waltham, MA, USA) medium containing 10% fetal
bovine serum (FBS; Gibco, Rockville, MD, USA) at
37°C in 5% CO2.
The synthesized and puriﬁed SNHG16 and CELF2
gene fragments were inserted into the expression vector
pcDNA3.1 (Invitrogen, Carlsbad, CA, USA) to construct the overexpression vectors. The siRNAs against
SNHG16 and CELF2, and the NC siRNA were synthesized by Gene Pharma (Shanghai, China). All
transfections were performed by using Lipofectamine
Ò 3000 (Thermo, Waltham, MA, USA) according to
the manufacturer’s protocol. The siRNA sequences
were as follows: NC siRNA: 50 -UUCUCCGAACGUGUCACGUTT-30 ; SNHG16 siRNA: 50 -GGAAUGAAGCAAC UGAGAUUU-30 ; CELF2 siRNA: 50 GCAAACCUUACUGAUCCUA-30 .
2.3 Bioinformatics analysis
CELF2 binding motif was provided by the online
bioinformatic database StarBase 2.0 (http://starbase.
sysu.edu.cn/). The motif was aligned with the SNHG16
sequence.

2.4 RNA immunoprecipitation (RIP) assay
RNA immunoprecipitation (RIP) assay was performed
by using a Magna RIP RNA-Binding Protein IP Kit
(Millipore Sigma, Burlington, MA, USA) according
to manufacturer’s protocol. Brieﬂy, cells were washed
with ice-cold PBS and lysed by 100 lL RIP lysis
buffer. The whole cell extract (90 lL) was incubated
with 2 lg CELF2 antibody or negative control
(mouse IgG; Abcam, Cambridge, MA, USA) in RIP
buffer containing protein complexes bound by protein
A/G magnetic beads for 4 h at 4°C. The SNHG16
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mRNA level in the precipitates were determined by
qPCR.
2.5 RNA pull-down assay with biotinylated RNA
probe
50 nM biotinylated SNHG16 RNA probe were transfected into cells for 48 h. Next, the treated cells were
washed with PBS and incubated in a RNA pull-down
lysis buffer (200 lL) on ice for 10 min. Then, 40 lL
(20%) of the cell lysis buffer was separated for input.
The remaining lysates were incubated with M-280
streptavidin magnetic beads at 4°C for 3 h. Finally, the
beads were washed by ice-cold lysis buffer, SDS-Tris
low salt buffer and high salt buffer in turn. The bound
complexes were puriﬁed for the subsequent analysis.
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phosphate levels were measured at an absorbance of
620 nm. The PTEN activity was normalized to the
corresponding parental cells (set as 100%).
2.8 Cell proliferation assay
Cell proliferation was monitored by the Cell Counting
Kit-8 following the manufacturer’s instructions.
Brieﬂy, cell suspension (100 lL) from each subgroup
was placed in a 96-well plate and pre-incubated for 12
h. Next, 10 lL of CCK-8 solution was added into each
well. The number of cells was counted every 24 h for 3
days by measuring the absorbance at a wavelength of
450 nm.
2.9 Western blotting

2.6 Transwell assay
Transfected cells were harvested for migration assay.
Total of 5 9 104 cells were suspended in 500 lL
serum-free medium and seeded into the upper chamber
for migration assay, and RPMI-1640 medium with 20%
(FBS) were added into the lower chamber. After
incubation for 36 h, cells remaining in the upper
chamber were wiped off, and cells on the lower
chamber were ﬁxed with 4% paraformaldehyde and
stained with crystal violet. Three random ﬁelds were
selected to count the number of migratory cells and
calculate the average value.
2.7 PTEN (phosphatase and tensin homolog) lipid
phosphatase activity measurement
The malachite green phosphatase assay kit (Echelon
Biosciences Inc., Salt Lake City, UT) was used to
measure in vitro PTEN lipid phosphatase activity
according to the manufacturer’s instructions. In brief,
cells were lysed and the lysates were immunoprecipitated with 8 lL of anti-PTEN at 4°C overnight. Then,
the immunocomplex was incubated with 20 lL protein
A/G agarose beads at 4°C for 2 h. Next, the beads were
washed and resuspended in enzyme reaction buffer (60
lL), and distributed in three 96-well plates, 20 lL
each. 30 lL of ERB containing 5 lM dioctanoyl
phosphatidylinositol 3, 4, 5-triphosphate was added to
initiate the reaction, and then 100 lL malachite green
reagent was used to terminate the reaction. After
incubation at room temperature for 15 min, the free

The cells were lysed in RIPA Lysis. Equal amounts of
proteins were separated by 10% SDS polyacrylamide
gels (120 V, 2 h) and transferred onto polyvinylidene
diﬂuoride (PVDF) membranes (Thermo Fisher Scientiﬁc) at 250 mA for 2 h. The membranes were blocked
with 5% skim milk at room temperature for 1.5 h and
incubated overnight at 4°C with primary antibodies
against CELF2 (1:1000; ab186430, Abcam, Cambridge, UK), p-AKT (Thr308; 1:500; ab38449,
Abcam), p-AKT (Ser473; 1:500; ab8932, Abcam), and
b-actin (1:1000; ab8227, Abcam). Next day, the
membranes were incubated with HRP-coupled secondary antibody for 2 h at room temperature. The
enhanced chemiluminescence reagent (Millipore) was
used to observe all proteins. Bio-Rad software was
used to quantify each band.
2.10 Quantitative polymerase chain reaction
(qPCR)
Total RNA was extracted from cells and tissues using
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) following the manufacturer’s instructions. cDNA template
was generated from 1 lg of total RNA using PrimeScriptTM RT reagent Kit with gDNA Eraser (Takara,
Tokyo, Japan). The PCR ampliﬁcations were carried
out using the Fluorescence quantitative PCR reagent kit
(Takara). GAPDH was utilized as the internal reference. QRT-PCR conditions were: Pre-denaturation at
95°C for 5 min; 95 °C for 15 s, 60°C for 30 s, and 72
°C for 30 s, for a total of 35 cycles. The 2-DDCt method
was used to measure the transcript levels of target
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genes. The primers used in this study were as follows:
SNHG16:
F-50 -GCAGAATGCCATGGTTTCCC-30 ,
0
CELF2:
R-5 -GGACAGCTGGCAAGAGACTT-30 ;
0
CCCA-30 ,
F-5 -GATCACTCAGACCAACCAGA
0
R-5 -CCAAATGGAGAGAACATCACCCTG-30 ;
GAPDH: F-50 -AGAA GGCTGGGGCTCATTTG-30 ,
R-50 AGGGGCCATCCACAGTCTTC-30 .

SNHG16, and was decreased after transfection with
SNHG16 siRNA (ﬁgure 2A). Moreover, the proliferation and migration capacities of the cells transfected
with pcDNA-SNHG16 were evidently enhanced, but
the cells transfected with SNHG16 siRNA had weakened proliferation and migration capacities (ﬁgure 2B
and C).

2.11 CELF2 mRNA half-life detection

3.3 SNHG16 bound to CELF2 protein and downregulated the expression of CELF2

The cells transfected with Vector or pcDNA-SNHG16
were seeded in 6-well plates, and then treated with
actinomycin D. Next, cells were collected and RNA
was extracted at 0 h, 2 h, 6 h, 12 h, 24 h, 48 h and 72 h.
RT-qPCR was used to detect CELF2 mRNA to analyze
the mRNA stability.
2.12 Statistical analysis
Data are presented as the mean ± SEM from at least
three independent experiments. Data analysis was
performed using SPSS 22.0. The Student’s t-test and
One-way ANOVA were used for analyzing the measurement data. P \ 0.05 was considered to be statistically signiﬁcant.

3. Results
3.1 SNHG16 was up-regulated in AML patients
and cells
We analyzed SNHG16 expression in bone marrow
blood samples of 30 AML patients and 30 healthy
controls, and found that AML patients exhibited a
signiﬁcantly higher expression level of SNHG16 than
normal controls (ﬁgure 1A). Similarly, compared with
bone marrow stromal cells (HS-5), SNHG16 expression
was notably increased in HL60, BDCM, AML-193 and
Kasumi-6 cell lines (ﬁgure 1B). HL60 and AML-193
cell lines were chosen for subsequent analysis.
3.2 SNHG16 promoted the cell proliferation
and migration of HL60 and AML-193 cells
To investigate the biofunctions of SNHG16 in AML,
we overexpressed and inhibited SNHG16 in HL-60 and
AML-193 cells, respectively. SNHG16 expression was
observably upregulated after transfection with pcDNA-

It is reported that CELF2 is associated with adult T cell
leukemia/lymphoma (Kataoka et al. 2015), thus there is
reason to doubt that it may be related to AML. To
determine the molecular mechanism by which
SNHG16 regulated AML cell behaviors, we predicted
its target genes or proteins and found CELF2 had a
direct binding site with SNHG16 (ﬁgure 3A and B). A
prominent enrichment of SNHG16 was observed in
CELF2 antibody immunoprecipitated protein-RNA
complexes compared with non-speciﬁc control primers,
but not in that immunoprecipitated by IgG antibody
(ﬁgure 3C). Biotin-labeled RNA pull-down and Western blotting results displayed that the protein level of
CELF2 in SNHG16-protein complexes was notably
increased along with SNHG16 upregulation (ﬁgure 3D). Moreover, CELF2 expression was declined in
SNHG16 overexpression group but increased in
SNHG16 knockdown group (ﬁgure 3E). In addition,
we assessed the rate of degradation of CELF2 mRNA
transcripts, and the decay curves of the CELF2 mRNA
transcript in the SNHG16 overexpression group
exhibited an observably decline trend compared with
the vector group over the time course (ﬁgure 3F).
3.4 SNHG16 enhanced the proliferation
and migration capacities of HL60 and AML-193
cells by suppressing CELF2
It had been demonstrated that CELF2 was decreased in
many tumors and played a crucial role in tumor
development (Wang et al. 2018). We evaluated CELF2
expression in AML sufferers and cells, and the data
suggested that CELF2 was down-regulated in AML
patients and cell lines (HL60, BDCM, AML-193 and
Kasumi-6) compared to healthy controls and HS-5 cell
(ﬁgure 4A and B).
To investigate the effect of CELF2 on AML cell
progression, we ﬁrstly detected the overexpression and
interference efﬁciency of CELF2, and found that
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Figure 1. SNHG16 was up-regulated in AML patients and cells. (A) SNHG16 expression in bone marrow blood samples of
AML patients (N = 30) and healthy controls (N = 30) was detected by qPCR. (B) SNHG16 expression in HS-5, HL60,
BDCM, AML-193 and Kasumi-6 cell lines was detected by qPCR, N = 3. *P \ 0.05, **P \ 0.01.

CELF2 expression was markedly upregulated after
transfection with pcDNA-CELF2, and was decreased
after transfection with CELF2 siRNA (ﬁgure 4C).
Next, the AML cells were transfected with pcDNASNHG16 alone or together with pcDNA-CELF2.
Compared with the SNHG16 overexpression group,
SNHG16 expression was not changed, but CELF2
expression was notably upregulated in co-overexpression group (supplementary ﬁgure 1A). Besides, CELF2
overexpression reversed the increase of cell proliferation and migration induced by SNHG16 (ﬁgure 4D and
E). Moreover, compared with the SNHG16 interference
group, SNHG16 expression was not changed, while
CELF2 expression was observably downregulated in
SNHG16 and CELF2 co-interference group (supplementary ﬁgure 1B). And the knockdown of CELF2
notably suppressed the effect of SNHG16 siRNA on
cell proliferation and migration (ﬁgure 4F and G).
3.5 CELF2 enhanced PTEN activity and inhibited
the AKT signaling
Previous reports suggested that overexpression of
CELF2 increased PTEN activity (Yeung et al. 2019).
The PI3K/Akt pathway is negatively regulated by the
PTEN protein (Salmena et al. 2008). PTEN acts as a
direct antagonist of PI3K by dephosphorylating PIP3
(plasma membrane intrinsic protein 3) (Salmena et al.
2008). We proved that the transfection of pcDNACELF2 observably promoted the PTEN activity and
suppressed the expression of phosphorylated AKT
(Thr308) and phosphorylated AKT (Ser473) both in
HL60 and AML-193 cells (ﬁgure 5A and B, and supplementary ﬁgure 3). While CELF2 knockdown
showed the opposite effect.

3.6 SNHG16 reduced PTEN activity and elevated
the PI3K/AKT signaling through restraining CELF2
Next, we speculated that SNHG16 could regulate
PTEN and p-AKT activities. As expected, SNHG16
overexpression decreased the PTEN activity and upregulated the expression of p-AKT (Thr308) and
p-AKT (Ser473), which was rescued by pcDNACELF2 transfection (ﬁgure 6A and B, and supplementary ﬁgure 4). In addition, the interference of
SNHG16 played the opposite role with the overexpression of SNHG16, and CELF2 knockdown inhibited
the effect of SNHG16 siRNA on PTEN and p-AKT
activities (ﬁgure 6A and B, and supplementary
ﬁgure 4).
3.7 SNHG16 increased cell proliferation
and migration of HL60 and AML-193 cells
by PTEN/PI3K/AKT axis
Based on the above results, SNHG16 was likely to
inﬂuence cell behaviors through the PTEN/PI3K/AKT
axis. As shown in ﬁgure 7A and supplementary ﬁgure 5, GDC-0941 (a speciﬁc inhibitor of the PI3K/
AKT pathway) signiﬁcantly restrained the expression
of p-AKT (Thr308) and p-AKT (Ser473) by more than
60% in HL60 and AML-193 cells. And treatment with
GDC-0941 did not change the increase of SNHG16
expression and the reduction of CELF2 expresion
caused by SNHG16 overexpression (supplementary
ﬁgure 2A). While the treatment of GDC-0941 markedly reduced the upregulation of cell proliferation and
migration caused by SNHG16 overexpression (ﬁgure 7B and C). Moreover, bpV(pic), which was a
speciﬁc inhibitor of PTEN, dramatically declined the
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2. SNHG16 promoted the cell proliferation and
migration of HL60 and AML-193 cells. pcDNA-SNHG16,
SNHG16 siRNA or respective controls were transfected into
HL60 and AML-193 cells, following transfection for 48 h,
(A) the SNHG16 overexpression and inhibition efﬁciencies
were detected by Western blotting, and the cell proliferation
(B) and migration (C) were detected by CCK-8 and
Transwell assay. N = 3, *P \ 0.05, **P \ 0.01.

b Figure

PTEN activity by more than 65% in the two AML cells
(ﬁgure 7D). And treatment with bpV(pic) did not
change the decrease of SNHG16 expression and the
upregulation of CELF2 expresion caused by SNHG16
interference (supplementary ﬁgure 2B). Moreover, the
decrease of cell proliferation and migration induced by
SNHG16 knockdown observably reversed by bpV(pic)
addition (ﬁgure 7E and F).
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4. Discussion
Currently, some lncRNAs have been concerned as
diagnostic and therapeutic targets of AML. LncRNA
HOTAIR plays an oncogenic role in AML by adsorbing miR-193a (Xing et al. 2015). Knockdown of
lncRNA SBF2-AS1 inhibits cell proliferation and
induces apoptosis in AML cells (Tian et al. 2019).
SNHG16 is reported to be upregulated and function as
an oncogene that promotes tumorgenesis and tumor
progression in multiple cancers (Wen et al. 2019).
SNHG16 holds the capacity to regulate cancer cell
growth and metastasis. In colorectal cancer, the
SNHG16 overexpression leads to enhanced proliferation, increased migration and reduced apoptosis of
cancer cells (Wang et al. 2019). SNHG16 promotes the
proliferation of OS cells by targeting miR-205/ZEB1
axis (Zhu et al. 2018). Moreover, SNHG16 downregulation suppressed ALL cell proliferation and

Figure 3. SNHG16 bound to CELF2 protein and down-regulated the CELF2 protein level. (A) The CELF2 binding motif
was shown. (B) Schema of CELF2 binding site in SNHG16 sequence. Red fonts indicated the binding motif. (C) Binding of
SNHG16 and CELF2 was validated by CELF2-antibody based RNA-IP assay. (D) Binding of SNHG16 and CELF2 was
validated by SNHG16-probe based biotin-labeled RNA pull down assay. (E) The protein level of CELF2 was detected after
the overexpression or interference of SNHG16 in HL60 cells. (F) CELF2 mRNA decay curve in HL60 cells. N = 3,
*P \ 0.05, **P \ 0.01.
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Figure 4. SNHG16 enhanced the proliferation and migration capacities of HL60 and AML-193 cells by suppressing
CELF2. (A) CELF2 expression in bone marrow blood samples of AML patients (N = 30) and healthy controls (N = 30) was
detected by qPCR. (B) CELF2 expression in HS-5, HL60, BDCM, AML-193 and Kasumi-6 cell lines was detected by qPCR.
(C) The CELF2 overexpression and inhibition efﬁciencies were detected by Western blotting. The pcDNA-SNHG16 was
transfected into HL60 and AML-193 cells alone or together with pcDNA-CELF2, following transfection for 48 h, the cell
proliferation (D) and migration (E) were detected by CCK-8 and Transwell assay. The SNHG16 siRNA was transfected into
HL60 and AML-193 cells alone or together with CELF2 siRNA, following transfection for 48 h, the cell proliferation (F) and
migration (G) were detected by CCK-8 and Transwell assay. N = 3, *P \ 0.05.

migration in vitro, and suppressed ALL transplantation
in vivo (Lu et al. 2019). Our data displayed that AML
patients and cell lines exhibited a signiﬁcantly higher
SNHG16 level than respective controls. Besides, the
cell proliferation and migration of the HL60 and AML193 cells transfected with pcDNA-SNHG16 were
observably increased, but the cells transfected with
SNHG16 siRNA had weakened proliferation and

migration capacities, indicating that SNHG16 was a
potential cancer-promoting gene in AML.
Accumulating evidence suggests that lncRNAs play
important roles in transcriptional regulation. LncRNAs
typically function through RBPs, including the polycomb-group proteins, heterochromatin protein 1 and
DNA methyltransferases, whose expression ﬂuctuates
in tumor samples and therefore may provide prognostic
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Figure 5. CELF2 enhanced PTEN activity and inhibited the PI3K/AKT signaling. pcDNA-CELF2, CELF2 siRNA or
respective controls were transfected into HL60 and AML-193 cells, following transfection for 48 h, (A) the PTEN activity
was detected by using malachite green phosphatase assay kit, (B) and the expression of p-AKT (Thr308) and p-AKT
(Ser473) was detected by Western blotting. N = 3, *P \ 0.05, **P \ 0.01.

clues (Yu et al. 2019). We predicted the binding site
between SNHG16 and CELF2 using StarBase software,
and demonstrated through RIP and RNA pull down
assays that SNHG16 directly bound to CELF2 protein.
Recent studies report that some lncRNAs directly
interact with functional domains of signalling proteins
to suppress cancer metastasis (Gao et al. 2020).
LncRNA-OIP5-AS1 is found to serve as a sponge for
HuR (one kind of RBP), restricting its availability to
target mRNAs and thereby repressing HuR-elicited
proliferative phenotypes (Kim et al. 2016). What’s
more, there is also evidence that lncRNAs has inhibitory effects on RBPs. LncRNA-SCRG1 negatively
regulates TTP (one kind of RBP) and plays the opposite role with TTP in liver ﬁbrosis (Wu et al. 2019).

Similarly, we found that the effect of SNHG16 and
CELF2 on cell proliferation and migration showed
opposite trend in HL60 and AML-193 cells. And the
SNHG16 overexpression caused CELF2 mRNA
unstably and proteins reducing. Ayala et al. proved that
TAR DNA-binding protein binding to its mRNA 30
UTR to promote RNA instability (Ayala et al. 2011).
Eran et al. indicated that the overexpression of
Poly(A)-binding protein (PABP) in mouse NIH 3T3
ﬁbroblasts restrains the translation of the endogenous
PABP mRNA, but this regulation mode is exerted in a
cell type-speciﬁc manner (Hornstein et al. 1999).
Based on our results, it could be speculated that the
binding of SNHG16 to CELF2 protein might affect the
stability of CELF2 mRNA by affecting the regulation
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Figure 6. SNHG16 reduced PTEN activity and elevated the PI3K/AKT signaling through restraining CELF2. The pcDNASNHG16/SNHG16 siRNA was transfected into HL60 and AML-193 cells alone or together with pcDNA-CELF2/CELF2
siRNA, following transfection for 48 h, (A) the PTEN activity was detected by using malachite green phosphatase assay kit,
(B) and the expression of p-AKT (Thr308) and p-AKT (Ser473) was detected by Western blotting. N = 3, *P \ 0.05.

of CELF2 protein on its own mRNA, so as to regulate
CELF2 protein expression. But this regulation mode
remains to be further explored.
RBPs post-transcriptionally regulate mRNAs by
binding the AREs in the 30 -UTR of mRNAs and
thereby induce decay or stabilization of the transcript
(Wu et al. 2019). CELF2 encodes various functions at
the posttranscriptional level including alternative
splicing (troponin T), RNA editing (apolipoprotein B)
and mRNA translation (cyclooxygenase-2) (Fan et al.
2015). Previous studies suggested that CELF2 was a
potential tumor suppressor and played a crucial role in
tumor initiation (Liu et al. 2018). Fan et al. reported
that miR-95-3p inhibition promoted apoptosis by targeting CELF2 in glioma cells (Fan et al. 2015). CELF2
has been found to be a tumor suppressor in colon
cancer (Wang et al. 2018). It is reported that the
overexpression of CELF2 enhances PTEN activity and
decreases PI3-K/Akt signaling in non-small cell lung
carcinoma (Yeung et al. 2019). Our results revealed
that CELF2 was down-regulated in AML patients and

cell lines compared to respective controls. CELF2
overexpression rescued the increase, while CELF2
knockdown reversed the decrease of cell proliferation
and migration induced by SNHG16 overexpression or
interference in HL60 and AML-193 cells. In addition,
the transfection of pcDNA-CELF2 observably promoted the PTEN activity and suppressed the activation
of PI3K/AKT pathway, while CELF2 knockdown
showed the opposite effect.
The PI3-K/Akt signaling pathway is an important
signal transduction pathway that regulates cell proliferation, growth, survival, apoptosis and motility (Vivanco and Sawyers 2002). The PTEN protein is a dualspeciﬁcity phosphatase of which the primary function
is to negatively regulate PI3-K/Akt signaling by
dephosphorylating PIP3 to PIP2 (Salmena et al. 2008).
Inactive PTEN leads to accumulation of PIP3 and,
consequently, increases PI-3K/Akt signaling, which
promotes carcinogenesis (Zhang and Yu 2010). Recent
studies showed that PI3K/Akt signaling is frequently
activated in AML patient blasts and strongly

SNHG16 promotes proliferation and migration of AML cells
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Figure 7. SNHG16 increased cell proliferation and migration of HL60 and AML-193 cells by PTEN/PI3K/AKT axis. HL60
and AML-193 cells were treated by pcDNA-SNHG16 alone or co-treated by pcDNA-SNHG16 and GDC-0941 (1 lM).
(A) The GDC-0941 inhibition efﬁciency was detected. The cell proliferation (B) and migration (C) were detected by CCK-8
and Transwell assay. HL60 and AML-193 cells were treated with SNHG16 siRNA alone or co-treated with SNHG16 siRNA
and bpV(pic) (50 nM). (D) The bpV(pic) inhibition efﬁciency was detected. And the cell proliferation (E) and migration
(F) were detected by CCK-8 and Transwell assay. N = 3, *P \ 0.05, **P \ 0.01.

contributes to proliferation, survival and drug resistance of these cells (Martelli et al. 2006). LncRNA
SNHG16 promotes glioma tumorigenicity through
miR-373/EGFR axis by activating PI3K/AKT pathway
(Zhou et al. 2020). The results in this study indicated

that SNHG16 overexpression decreased the PTEN
activity and increased PI3K/AKT signaling, which was
rescued by pcDNA-CELF2 transfection. Furthermore,
the treatment of GDC-0941 markedly reduced the
upregulation of cell proliferation and migration caused
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by SNHG16 overexpression. And the decline of cell
proliferation and migration induced by SNHG16
knockdown observably reversed by bpV(pic) addition.
These data suggested that SNHG16 affect cell behaviors might be through PTEN/PI3K/AKT axis.
In summary, our study unraveled an important role of
SNHG16 in promoting AML progression via elevating
cell proliferation and migration. Mainly by inhibiting
CELF2, SNHG16 further reduced PTEN activity and
promoted PI3K/AKT signaling, thus playing a procancer role. This study may provide a new theoretical
basis for the role of lncRNAs in AML.
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