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Background: LncRNAs play an important role in tumorigenesis and development in
tumors, but the function of IncRNA SOCS2-AS in acute myeloid leukemia (AML) is
unknown.

Materials and Methods: In the present study, we used RT-PCR to detect the expression of
SOCS2-AS in FLT3-ITD+, FLT3-ITD- AML patients and different AML cell lines. The colony
formation and CCK-8 assay were performed to analyze the proliferation ability, and the flow
cytometry was performed to analyze the capacity of apoptosis in Molm-13 and MV4-11 cells.
The Western blot was applied to detect the expression of STATS and p-STATS. The RNA pull-
down and luciferase activity were used to investigate the interaction between SOCS2-AS and
miR-221.

Results: The results indicate that SOCS2-AS shows overexpression in FLT3-ITD+ AML
patients compared to FLT3-ITD- AML patients. Si-SOCS2-AS can inhibit the proliferation,
boost the apoptosis and induce the cycle arrest in Molm-13 cells, and SOCS2-AS over-
expression promotes proliferation and colony formation in MV4-11 cells. The miR-221
shows overexpression in FLT3-ITD+ AML patients compared to FLT3-ITD- AML patients.
And the expression level of miR-221 and SOCS2-AS shows negative correlation in FLT3-
ITD+ AML patients. Functionally, SOCS2-AS could be interacted with miR-221 in AML
cells. After SOCS2-AS knockdown, the phosphorylation level of STATS was significantly
decreased. Moreover, miR-221 inhibitor can rescue the viability in cells after si-SOCS2-AS
transfection. And it is stated that SOCS2-AS regulates the STATS signal transduction path-
way with sponging miR-221.

Conclusion: In conclusion, this study confirms the molecular mechanism of SOCS2-AS in
AML by targeting the miR-221/STATS5 signaling pathway. This indicates SOCS2-AS may
serve as a potential therapeutic target for the treatment of AML.
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Introduction

Acute myeloid leukemia (AML) is a malignant hematological disease caused by
uncontrolled proliferation, blocked apoptosis and dysdifferentiation of bone marrow
hematopoietic stem cells." The mutation of FMS-like receptor tyrosine kinase 3
(FLT3) occurs in about 1/3 of patients with acute myeloid leukemia, and its internal
tandem mutation (ITD) often leads to rapid disease progression and poor
prognosis.>> To improve the prognosis of FLT3-ITD+patients, many FLT3 inhibi-
tors have been published, but these drugs have limited efficacy. The recurrence rate
of patients treated with single drug is close to 100%.* Therefore, it is urgent to
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further study the molecular mechanism of FLT3-ITD+
mutant leukemia for the treatment of AML.

Long non-coding RNA (LncRNA) is a type of RNA with
molecular weight greater than 200 b, and cannot be translated
into protein, but can be used as a molecular sponge to
regulate gene expression by binding to miRNAs, thereby
affecting gene expression.”® More and more studies have
found that LncRNA plays an important physiological and
pathological role in tumorigenesis and development.” It is not
only widely involved in promoting tumorigenesis and devel-
opment in solid tumors, but also reported to be of great
significance in hematological tumors.® It is reported that
LINCO00152 regulated the expression of CDK9 by combining
with miR-193a and promoted the occurrence and develop-
ment of AML.’ Inhibiting LncRNA MALATI could pro-
mote DNA damage and apoptosis in multiple myeloma
cells, thereby inhibiting tumor growth.'”

Suppressor of cytokine signaling-2, as one of LncRNAs,
was demonstrated that it is related to AML progression.'!
Laszlo et al reported that higher SOCS2 expression would
have a poor outcome in pediatric acute myeloid leukemia.'*
Therefore, exploring the role of SOCS2 in AML will con-
tribute to reveal the molecular mechanism, and provide
therapeutic targets for AML treatment. In this study, it is
found that the ectopic expression of SOCS2-AS in FLT3-
ITD + leukemia and overexpression SOCS2-AS promote
cell proliferation and colony formation, repress apoptosis in
FLT3-ITD + cell lines. Mechanically, it is demonstrated that
SOCS2-AS promotes cell proliferation by regulating
STATS through miR-221.

Materials and Methods

Clinical Samples

The clinical samples were collected from Xi’an Gaoxin
Hospital. The research was approved by Ethics Committee
of Xi’an Gaoxin Hospital and written informed consents
were obtained from the patients (Clinical trial registration
number: CTR20191008). Seventy-one FLT3-ITD+ AML
patients, 287 FLT3-ITD- AML patients and 330 healthy
donors were enrolled and the bone marrow samples were
collected. Obtained samples were quickly frozen at —80°C
for storage. All the patients were newly diagnosed. Initial
AML patients were alleviated by anthracycline plus cytar-
abine, while M3 patients were treated with all-trans reti-
noic acid or arsenic. The clinicopathological features were
list in Table 1.

Table | Association Between FLT3-ITD+ and FLT3-ITD-
Clinicopathological Features of Newly Diagnosed Patients with AML
FLT3-ITD+ | FLT3-ITD- | Normal [P
No. 71 287 330
Sex
Female 38 140 168 0.738
Male 33 147 162
Age, Years
<18 12 43 56 0.732
19—40 34 132 145
41-60 16 66 89
>60 9 46 40
FAB Type
MO 2 Il - 0.805
MI 5 19 -
M2 21 94 -
M3 3 17 -
M4 18 59 -
M5 21 75 -
Mé | 8 -
M7 0 4 -

The Molm-13 (FLT3-ITD+ cell line), MV4-11 (FLT3-ITD
+ cell line), THP-1 (FLT-ITD wild type) and U937 (FLT-ITD
wild type) cell lines were purchased from ATCC and cultured
in Dulbecco’s Modified Eagle Medium (DMEM, Gibco) sup-
plemented with 10% fetal bovine serum (FBS, Gibco) at 37°C
with 5% CO,.

Plasmid Transfection of Molm|3, MV-14,

U937 and THP-I

Si-SOCS2-AS (sequence: 5’-UAGCAUUUCCAUCAAA
UCCUG-3’) was used to silence the expression of SOCS2-
AS in MOLM-13 and THP-1 cells. These oligonucleotides
were chemically synthesized by Sango Biotech. The
pcDNA3.1(+)-SOCS2-AS was transfected into MV4-11
and U937 cells. The transfection was conducted using
RNAIMAX (Thermo  Fisher
Scientific) according to the manufacturer’s instructions.

Lipofectamine reagent

Quantitative Real-Time PCR

Total RNA was isolated using FastKing One-Step RT-PCR
Kit (Tiangen) following the manufacturer’s instructions.
For mRNA, 1 pg of total RNA was used for the cDNA
synthesis using Quant One-Step RT-PCR Kit (Tiangen). For
miRNA, the miRNA specific stem-loop primers (Applied
Biosystems) was used for cDNA conversion. GAPDH and
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U6 were set as the internal reference controls for mRNA
and miRNA, respectively. The PCR reactions consisted of 2
min at 95°C, followed by 30 cycles at 95°C for 20 sec, 60°C
for 15 sec and 68°C for 20 sec. Human primer sequences are
as follows: SOCS2-AS forward: 5’- TTAAAAGAGGCAC
CAGAAGGAAC -3’ and reverse: 5°- AGTCGATCAGAT
GAACCACACT -3’; miR-221 forward: 5’~-AGGGGTGTA
ACATCCTCGACTG-3’ and reverse: 5’-TATTGCGGTC
GTGGAGTCG-3’; GAPDH forward: 5’-AGAAGGCT
GGGGCTCATTTG-3’ and reverse: 5’-AGGGGCCATCC
ACAGTCTTC-3’. U6 forward: 5’-GCTTCGGCAGCAC
ATATACTAAAAT-3’ and reverse: 5’CGCTTCACGAAT
TTGCGTGTCAT-3’. The data analyzed with the compara-
tive Ct method (22"

Colony Formation

Cell suspension was diluted by gradient multiple and
inoculated in 6-well plate containing culture medium for
2 weeks. The supernatant was discarded and fixed with 4%
paraformaldehyde. The GIMSA staining solution was
dyed for 20 min. The clone formation rate was calculated,
and the clone formation rate was equal to (clone number/
inoculated cell number)*100%.

CCK-8 Assay

Prepared cell suspension was inoculated into 96-well plate
and after 0, 1, 2, 3 d cultured with 10 uLL CCK-8 for 2 hrs.
The absorbance was determined at 450 nm.

Flow Cytometry and Cycle Analysis

The cells were centrifugal collected and washed with PBS.
Then, the cells were incubated with FITC Annexin V stain
and propidium iodide stain (1puL, Thermo Fisher Scientific)
at 4°C, 20 min in the dark. And the cells were collected
and washed, finally analyzed with flow cytometry. The
cycle was analyzed by BD cycletest plus DNA reagent kit
(BD Pharmagen) and the apoptosis was measured using
FACS Canto II flow cytometry (BD Biosciences).

Western Blot

The cells lysed with RIPA buffer (Thermo Fisher Scientific)
and the lysates were load on SDS-PAGE at 160 v, 1 h. Then,
the proteins were transferred to nitrocellulose filter mem-
brane. The proteins were incubated with primary antibodies
(GAPDH, 1:1000, Abcam; FLT3, 1:1000, Abcam; p-FLT3;
1:1000, Abcam; STATS, 1:1000, Abcam; p-STATS, 1:1000,
Abcam) and secondary antibodies. The blots were visua-
lized using ChemiDoc MP (BioRad).

RNA Binding Protein

Immunoprecipitation (RIP)

Molm-13 cells were lysed using RIPA buffer, and then the
lysate was incubated with magnetic beads conjugated to
anti-AGO2 antibody (Millipore, USA) or IgG antibody
(Millipore, USA). RIP assay was performed using Magna
RIP kit (Millipore, USA). The SOCS2-AS relative expres-
sion was detected by RT-PCR. The AGO2 expression was
detected by Western blot.

Luciferase Reporter Assay

10° HEK293T cells were cultured in 6-well plates and
grown to 90% confluency before cell transfection. SOCS2-
AS 3’-UTR wild type or mutant type was cloned into the
pGLA4 plasmid (Biofeng). miR-221 (or miR-NC) and PGL4-
SOCS2-AS-3’-UTR-WT (or PGL4-SOCS2-AS-3’-UTR-
MUT) were contransfected to 293T cells using the
Lipofectamine 3000 reagent (Invitrogen). After 48 h, the
luciferase ability was detected by Dual Luciferase Reporter
Assay Kit (Thermo Fisher Scientific). Renilla luciferase
activity was set as normalization.

Statistical Analysis

GraphPad Prism was applied to analyze the data. All the
data were shown as the mean #standard deviation (SD).
Each experiment was carried out at least three times inde-
pendently. One-way ANOVA analysis and two-tailed
Student’s #-test were used for intragroup significance ana-
lysis. * test was used to analyze the calculator's informa-
tion. P-value <0.05 is considered to be statistically
significant.

Results

Expression Levels of SOCS2-AS in
Different Types of AML Patients and Cell
Line

To investigate the expression of SOCS2-AS, the GEPIA
database'® was used to analyze and the result showed that
the expression levels of SOCS2-AS were higher in FLT3-
ITD+ patients compared to FLT3-ITD- patients (Figure 1A).
Then, we performed the RT-PCR to measure the expression
of SOCS2-AS in different cell lines (Figure 1B). It is showed
that the SOCS2-AS expression increased obviously in
Molm-13, MV4-11 cells relative to THP-1 and U937 cells.
Furthermore, the clinical samples were collected and applied
to analyze the levels of SOCS2-AS expression in AML
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Figure | Expression levels of SOCS2-AS in different types of AML patients and cell lines. (A) GEPIA database was used to analyze the expression SOCS2-AS relative
between FLT3-ITD+ (70) and FLT3-ITD- (173) AML patients. (B) RT-PCR was used to detect the relative expression of SOCS2-AS in AML cell lines (Molm-13, MV4-1 1,
THP-1 and U937). U937 was used as normal control. (C) SOCS2-AS relative expression was showed by RT-PCR in FLT3-ITD+ (n=71), FLT3-ITD- (n=287) AML patients and
healthy controls (n=330). Healthy was used as normal control. The error bars represent the mean + SD of three independent experiments. *P<0.05, **P<0.01.

patients (Figure 1C). It is demonstrated that FLT3-ITD +
patients had higher SOCS2-AS level compared with those
FLT3-ITD- patients and healthy controls. From the above
results, our studies provided persuasive evidence that FLT3-
ITD+ patients and cell lines (Molm-13, MV4-11) would have
higher expression of SOCS2-AS.

Effect of SCOS2-AS Expression on AML

Cell Proliferation

Next, we transfected the overexpression SOCS2-AS plas-
mid and si-SOCS2-AS into MV4-11 and U937, Molm-13
and THP-1 cells, respectively. RT-PCR was used to validate
the high transfection efficiency of SOCS2-AS (Figure 2A).
Furthermore, the effect of SCOS2-AS expression on cell
viability was carried out in AML cell lines. As shown in
Figure 2B, the overexpression of SCOS2-AS would
increase the cell viability in MV4-11 cells, and after silen-
cing SOCS2-AS in Molm-13 cells, the cell viability would
reduce significantly (P<0.01). But cell activity did not
change in THP-1 and U937 cells either the knock-down or
overexpression of SCOS2-AS. These results indicated that
the abnormal expression of SCOS2-AS in FLT3-ITD+ cell
lines caused the change of cell proliferation activity.

The Effect of SOCS2-AS Knockdown on
Molm-3 Cell Apoptosis, Cell Cycle

Moreover, the flow cytometry was performed to investi-
gate the apoptosis ability and the results showed that the

knockdown of SOCS2-AS would significantly promote the
apoptosis of Molm-3 cells (P<0.001) (Figure 3A). And, it
is found that si-SOCS2-AS transfection could limit the cell
progression from GO to Gl phase and the cycle arrest
occurred in GO/G1 phase (Figure 3B). The colony forma-
tion assay was made and it is stated that the proliferation
efficiency was reduced after si-SOCS2-AS in Molm-3
cells (Figure 3C). Based on those results, we could reach
the following conclusion that si-SOCS2-AS transfection
could accelerate the apoptosis and cause the cycle arrest in
Molm-13 cells.

The Effect of SOCS2-AS Overexpression

on MV4-1| Cell Apoptosis, Cell Cycle

To further the role of SOCS2-AS in FLT3-ITD+ progres-
sion, the SOCS2-AS overexpression on MV4-11 cell apop-
tosis was executed. As shown in Figure 4A, SOCS2-AS
overexpression had no effect on MV4-11 cell apoptosis
compared with the control group. And, the flow cytometry
was used to detect the change of cell cycle, the results
showed upregulation of SOCS2-AS would cause more
cells in S phase compared to control (Figure 4B) (P<0.01).
This result indicated that overexpression SOCS2-AS was
beneficial to MV4-11 proliferation. Similarly, the colony
formation assay was performed and it is demonstrated that
SOCS2-AS overexpression would obviously increase the
number of MV4-11 colony (Figure 4C). From these results,
it is indicated that SOCS2-AS overexpression accelerates
the proliferation and colony formation of MV4-11 cells.
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Figure 2 The effect of SOCS2-AS expression on AML cells proliferation. (A) The transfection efficiency of AML cells (MV4-11, Molm-13, U937 and THP-I cells) with
p-SOCS2-AS or si-SOCS2-AS transfection was determined by RT-PCR. (B) The proliferative ability of AML cells (MV4-1 1, Molm-13, U937 and THP-1 cells) with si-SOCS2-
AS or p-SOCS2-AS transfection was determined by CCK-8 at 450 nm. The error bars represent the mean  SD of three independent experiments. **P<0.01.
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Figure 3 The effect of SOCS2-AS knockdown on Molm-3 cell apoptosis (A), cell cycle (B) and colony formation (C). The error bars represent the mean * SD of three

independent experiments. ***P<0.01.

SOCS2-AS Played Functional Role in AML
Cells by Sponging miR-221

Research had shown that miR-221 regulated the leukemia cell
growth through STATS signaling pathway. Thus, the miR-221
expression was detected by RT-PCR and it is demonstrated
the lower levels exist in FLT3-ITD+ patients compared to
FLT3-ITD- patients and healthy controls (Figure 5A). And
Pearson correlation analyzation reveals that the miR-221
expression level and SOCS2-AS had negatively correlated
(=—-0.6527, P<0.0001) (Figure 5B). To further explore the
interaction between SOCS2-AS and miR-221, we performed

RNA immunoprecipitation analysis with antibodies against
AGO2 using extracts from Molm-13 cells and found that
SOCS2-AS was elevated in AGO2-containing miRNAs com-
pared with control IgG immunoprecipitants (Figure 5C). We
confirmed that SOCS2- AS could functionally interact with
miRNAs in Molm-13 cells. Moreover, it is found that the
expression of miR-221 increased significantly when the cells
were transfected with si-SOCS2-AS and decreased in over-
expression SOCS2-AS MV4-11 cells (Figure 5D). Further,
bioinformatics prediction analysis and luciferase reporter
assay were used to validate the molecular binding within
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Figure 4 The effect of SOCS2-AS overexpression on MV4-11 cell apoptosis (A), cell cycle (B) and colony formation (C). The error bars represent the mean + SD of three

independent experiments. *¥P<0.01, **P<0.001.

miR-221 and SOCS2-AS (Figure 5E), showing the function
of miRNA sponge. It is speculated that SOCS2-AS played
a functional role in AML cells by sponging miR-221.

SOCS2-AS Regulated the Expression of
STATS Through miR-221 in Molm-13

Cells

Besides, the expression of STATS/p-STATS, not FLT3/
p-FLT3, was reduced significantly in si-SOCS2-AS cells
relative to controls (Figure 6A). To further uncover the

correlation between SOCS2-AS and miR-221, the RT-PCR
was carried out and the results showed that compared to si-
NC cells, the relative expression level of STATS was
reduced significantly in si-SOCS2-AS cells, but barely
changed in si-SOCS2-AS and miR-221 inhibitor cotrans-
fection cells (Figure 6B). The results indicated that miR-
221 inhibitor could rescue the expression of STATS when
the knockdown of SOCS2-AS and miR-221 inhibitor
would increase the expression of STATS (Figure 6B). To
further prove the idea, the CCK-8 assay was applied and it
is showed that the cell viability would increase in si-
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Figure 5 The interaction between SOCS2-AS and miR-221 in FLT3-ITD+ patients and cell lines (Molm-13 and MV4-11). (A) The relative expression of miR-221 was
determined by RT-PCR in FLT3-ITD+ (n=71) and FLT3-ITD- (n=287) patients compared to healthy controls (n=330) (normal). (B) Pearson correlation analysis was applied
to examine the correlation between miR-221 and SOCS2-AS in FLT3-ITD+ (n=71) patients. (C) Immunoprecipitation using anti-AGO2 antibody or IgG followed by Western
blot analysis using a mouse monoclonal anti-AGO?2. Co-IP with rabbit anti-AGO2 antibody or preimmunized IgG from extracts of Molm-13 cells. The level of SOCS2-AS in
immunoprecipitants was analyzed by RT-PCR. (D) The relative expression of miR-221 in Molm-13 and MV4-1 1| cells were determined by RT-PCR. (E) Luciferase reporter
assay determined the interaction SOCS2-AS and miR-221. The error bars represent the mean * SD of three independent experiments. *P<0.01, **P<0.001.

SOCS2-AS and miR-221 inhibitor cotransfection cells
compared to si-SOCS2-AS cells, and miR-221 inhibitor
alone treatment markedly increased the cell viability
(Figure 6C). These results revealed that SOCS2-AS regu-
lated the expression of STATS through miR-221 in FLT3-
ITD+ cells.

Discussion

FLT3, a proto-oncogene, is reported that it is involved with
hematopoiesis progression and survival.'* Particularly, the
mutations of FLT3 affect the clinical prognosis, treatment
and survival of patients. Internal tandem duplication (ITD),
one of FLT3 mutation, is found that it accelerates ligand-
independent auto-phosphorylation and receptor constitutive
activation.'> FLT3-ITD type of AML patients have poor
prognosis, vulnerability to relapse and shorter survival and
FLT3-ITD affecting 28% of AML patients.'® Thus, to
improve the life quality of FLT3-ITD+ patients, the molecu-
lar mechanism is urgent to reveal.

In recent years, reports have found that IncRNAs play an
important role in cancer Iinitiation, development and
progression.'” For example, the low expression of IncRNA
RP11-6918.3 in acute lymphoblastic leukemia and the over-
expression of SNHG5 in AML patients are found.'® And,

IncRNA ANRIL is verified to be upregulated in AML
and downregulated after AML remission.'” The expression
of suppressor of cytokine signaling 2 (SOCS2), one of
IncRNAs, would promote leukemogenesis and AML
aggressiveness.'' Moreover, it’s reported that SOCS2 can
inhibit the carcinogenesis of multiple cancers, such as hepa-
toma carcinoma, lung cancer, breast carcinoma, and prostate
cancer.”” In this study, we explore the role of SOCS2-AS in
FLT3-ITD+ patients. And first, it’s found that SOCS2-AS
expression had a higher level in FLT3-ITD+ patients and cell
lines (Molm-13, MV4-11), but not FLT3-ITD- patients and
cell lines. And si-SOCS2-AS-transfected cells would repress
the cell proliferation and promote the cell apoptosis, over-
expression of SOCS2-AS would accelerate cell proliferation
and colony formation. Thus, we deduce that SOCS2-AS was
related to FLT3-ITD+ patients’ progression. Previous study
has shown that SOCS2-AS expression is higher in castration-
resistant prostate cancer cells and the SOCS2-AS represses
prostate cancer apoptosis by regulating the epigenetic control
for androgen receptor target genes. And, we prove that
SOCS2-AS regulate the expression of STATS through miR-
221 in FLT3-ITD+ progression.

STATS, a transcription factor, is an important mediator
of the JAK/STAT cancer pathway in AML. Activated by
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Figure 6 SOCS2-AS regulated the expression of STAT5 through miR221 in Molm-1

3 cells. (A) The phosphorylation level of FLT3 and STATS5 in Molm-13 cells with si-

SOCS2-AS transfection was determined by Western blot. (B) The relative expression of STAT5 was determined by RT-PCR in si-NC, si-SOCS2-AS, and miR-221 inhibitor
co-transfection Molm-13 cells. (C) The proliferative ability was determined by CCK-8 at 450 nm in si-NC, si-SOCS2-AS, si-SOCS2-AS+ and miR-221 inhibitor co-
transfection Molm-13 cells. The error bars represent the mean * SD of three independent experiments. **P<0.01.

FLT3-ITD, STATS drives a wide spectrum of the pathogenesis
of AML. High pY-STATS levels are found to be involved with
prognosis in myeloid malignancies and TKI-resistance.”'
Several STATS inhibitors with encouraging activities have
been discovered, such as Pimozide, AC-4-130.2** Thus,
exploring STATS function in FLT3-ITD+ AML of treatment
is reasonable and well-founded. In this study, after the knock-
down of SOCS2-AS, the expression of STATS/p-STATS
reduces obviously, this indicates that SOCS2-AS can regulate
the STATS signaling pathway. Then, we find that the prolif-
eration capacity significantly increases in si-SOCS2-AS and
miR-221 cotransfection cells than si-SOCS2-AS transfection
cells. And, miR-221 inhibitor can make up the loss caused by
si-SOCS2-AS. The results reveal SOCS2-AS regulates the
STATS5 by sponging miR-221. Previous study has proved
that SOCSI1 is an effective suppressor of NF-xB signaling
pathway and a direct target of miR-221, and overexpression
of SOCSI can rescue the miR-221 inhibition-mediated inhi-
bitory effects on inflammation and apoptosis in RAW264.7
cells.** In addition, the miR-221 dysregulated expression has
been implicated in chronic myeloid leukemia progression, and
miR-221 can improve the sensitivity of CML to IM by target-
ing STATS5 and regulating downstream apoptosis signals.

Furthermore, it is confirmed that miR-221 can modulate breast
carcinoma cell proliferation through STATS signaling
pathway.®> This result is similar to ours that SOCS2-AS
regulated the expression of STATS through miR-221.

In the present study, we conformed that the IncRNA
SOCS2-AS, as a proto-oncogene, could promote FLT3-
ITD+ AML progression by regulating the STATS
signal transduction pathway with sponging miR-221.
Subsequently, the function of SOCS2-AS should be
examined in an animal model of AML and the
STATS/miR-221 signaling pathway should be further
confirmed. This discovery suggests that SOCS2-AS
may serve as a potential therapeutic target for the
treatment of FLT3-ITD+ AML.

Abbreviations
AML, acute myeloid leukemia; FLT3-ITD, FMS-like tyr-
osine kinase 3-internal tandem duplication.
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