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Acute myeloid leukemia (AML) is the most common acute leukemia in adults, which is aggressive cancer.
CircRNAs are abundantly expressed in the hematologic malignancy cells. In this study, we aimed to investigate
the expression profiling of circRNAs in AML. We performed circRNA-sequencing to identify differentially ex-
pressed circRNAs in bone marrow samples from AML patients and iron-deficiency anemia (control).
Furthermore, we found that circ_0009910 was significantly upregulated in AML patients compared with iron-
deficiency anemia patients. High circ_.0009910 expression predicted a poor risk and outcome of AML patients.
Further experiments in vitro and in vivo demonstrated that knockdown of circ_0009910 inhibited AML cell

proliferation and induced apoptosis through sponging miR-20a-5p. Our findings firstly identify that
circ_0009910 is significantly upregulated in AML bone marrow samples and might serve as a novel outcome
biomarker for AML. Both circ_.0009910 and miR-20a-5p may be potential therapeutic targets for future AML

treatment.

1. Introduction

Acute myeloid leukemia (AML) is the most common acute leukemia
in adults, which is aggressive cancer [1]. AML is characterized by high
heterogeneity and rapid proliferation of immature myeloid cells, re-
sulting interference of normal blood cells production [2]. Recent studies
of AML on the genetic characterization has revealed that AML is often
associated with dysregulated non-coding RNA [3,4]. Thousands of un-
annotated coding and noncoding transcripts, including microRNAs,
long noncoding RNAs (IncRNAs) and circular RNAs (circRNAs) by high-
throughput sequencing technologies. Aberrant expression of miRNAs
and IncRNAs has been shown to be associated with many human can-
cers, including AML [5]. More recently, circRNAs have been identified
as biomarkers for acute myeloid leukemia patient prognosis [6].

CircRNAs are initially considered as by-products of mis-spliced
RNAs and drew little attention in the past. However, recent investiga-
tions find that circRNAs play critical role in gene expression and par-
ticipate in the pathogenesis of cancer [7]. By circRNA microarray, a
large number of circRNAs have been identified possibly expressed in a
leukemia specific manner [8]. CircRNAs are abundantly expressed in
the hematologic malignancy cells [9]. For example, circRNA-DLEU2 is
up-regulated in AML tissues and cells. It promotes AML tumor forma-
tion in vivo by suppressing miR-496 and promoting PRKACB expression

[10].

Given the general deregulation in splicing mechanisms in AML, al-
tered circRNAs could contribute to leukemogenesis. In this study, we
aimed to investigate the expression profiling of circRNAs in AML. We
performed circRNA-sequencing to identify differentially expressed
circRNAs in bone marrow samples from 3 AML patients and 3 iron-
deficiency anemia (IDA) control (control group). Furthermore, we
found that circ_0009910 (hsa_circRNA_100053, circBase) was sig-
nificantly upregulated in AML patients compared with IDA. High
circ_0009910 expression predicted a poor outcome of AML patients.
Further experiments in vitro and in vivo demonstrated that knockdown
of circ_0009910 inhibited AML cell proliferation and induced apoptosis
through increasing miR-20a-5p. Our findings provide a novel ther-
apeutic target for AML treatment.

2. Materials and methods
2.1. Patients and samples

Seventy patients with AML and age matched 70 patients diagnosed
with IDA as a control group were enrolled in this study from Hunan

Provincial People's Hospital, Hunan Normal University. The medical
records of AML patients with clinical staging and survival information
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Table 1

Clinical information of human samples used in microarray.
Samples Gender Age Diagnosis of FAB subtypes FLT-ITD3 NPM1 Karyotype Risk status
1 M 53 M3 + + Normal Poor-risk
2 M 46 M4 + - Normal Poor-risk
3 F 32 M5 - + Normal Poor-risk
4 F 41 IDA N/A N/A N/A N/A
5 M 58 IDA N/A N/A N/A N/A
6 M 29 IDA N/A N/A N/A N/A

M, male; F, female; FAB, French-American-British classification; FLT-ITD3, FMS-like tyrosine kinase-3; NPM1, Nucleophosmin 1; N/A, not applicable.
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Fig. 1. The circRNAs expression in AML. (A) Heatmap for differentially expression circRNAs in bone marrow samples from AML patients and IDA controls (n = 3).
(B) Schematic diagram of circ_0009910 that derived from exon2 and exon3 of MFN2. (C) QPCR was performed to measure the expression of circ_ 0009910 in bone
marrow samples from AML patients (n = 70) and IDA controls (n = 70). (D) QPCR was performed to measure the expression of circ.0009910 in four leukemia cell
lines and normal 1D3 cells. (E) ISH was performed to detect the expression of circ_.0009910 (red) in AMLS5 cells. Blue color indicates nuclear. Bar = 100 um. (F) The
Kaplan-Meier survival cure showed the survival rate in patients with high circ_ 0009910 expression (n = 43) and those with low circ_.0009910 expression (n = 27).
AML, acute myeloid leukemia. *p < 0.05. IDA, iron-deficiency anemia. AML, acute myeloid leukemia. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this article.)

were collected. None of the patients had previously undergone che- RNAs were amplified and transcribed into fluorescent circRNA utilizing
motherapy. All specimens were obtained from bone marrow aspiration, a random priming method (Arraystar Super RNA Labeling Kit; Ar-
and after removal were immediately preserved at —80 °C until re- raystar). The labeled circRNAs were hybridized onto the Arraystar
quired. This project was approved by the Ethic Committee of The Human circRNA Array V2 (8x15K, Arraystar). After having washed the
Hunan Provincial People's Hospital, Hunan Normal University. Written slides, the arrays were scanned by the Agilent Scanner G2505C. Agilent
informed consent were obtained from all subjects. Feature Extraction software (version 11.0.1.1) was used to analyze

acquired array images. Differentially expressed circRNAs were then
identified by analyzing fold change (> 2), as well as the p-value

2.2. CircRNAs microarray analysis (< 0.05).
Bone marrow samples were randomly selected from 3 AML patients
and 3 IDA controls for circRNA microarray (the information of these 2.3. Cell lines
samples was shown in Table 1). Total RNA was extracted with TRIzol®
(Thermo Fisher Scientific, Inc.) from bone marrow samples. CircRNA The human cell line 1D3 and 4 leukemia cell lines (Mono-Mac-6,

microarray was analyzed using Arraystar Human circRNA Array V2 KG-1, AML2 and AML5) were obtained from Cellbank of Chinese
analysis (Arraystar) by Kangchen BioTech Inc. (Shanghai, China). Academy of Sciences. Cells were grown routinely in RPMI-1640
Briefly, total RNAs were digested with Rnase R (Epicentre, Inc.) to re- medium (Invitrogen, CA, USA) supplemented with 10% fetal bovine
move linear RNAs and enrich circular RNAs. Then, the enriched circular serum (Gibco, CA, USA) and cultured in a 37 °C humidified atmosphere
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Table 2
Clinical association between circ_0009910 levels and clinicopathological vari-
ables of patients with AML.
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of 5% CO».

2.4. Plasmids construction and transfection

Variable Circ_0009910 x2 test p
Hizh exoression Low exbression value MiR-20a-5p mimics, miR-20a-5p inhibitor and their control were
(ng: 435 = 271; purchased from RiboBio (Guangzhou, China). SiRNA aimed at
circ_0009910 (siRNA-1, siRNA-2) was synthesized by Gene-Pharma
Age 0.740 (Shanghai, China). Lipofectamine 3000 (Life Technologies) was used
:4‘:)0 ig ig for plasmid transfection following the manufacturer's instructions.
Gender 0.743
Male 19 14 2.5. Quantitative PCR analysis
Female 24 13
FAB subtypes 0.438 . A
Ml 8 4 Trizol reagent (Invitrogen, CA, USA) was used to extract total RNA
M2 7 5 from cells or bone marrow samples. ABScript II ¢cDNA First-Strand
M3 17 10 Synthesis Kit (ABclonal Biotechnology Co., Ltd., Wuhan, China) was
x; g 2 used to reverse transcript cDNA from 500 ng of RNA according to the
Risk status 0.029 manufacturer's protocol. The expression of circRNAs was measured by
Better-risk 8 10 SsoFast EvaGreen supermix (Bio-Rad Laboratories (Shanghai) Co., Ltd.
Intermediate 10 10 Shanghai, China) according to manufacturers' instructions. Expression
Poor-risk 25 7 of B-actin was used as an endogenous control. MiR-20a-5p-specific
stem-loop primer was used to perform reverse transcription and quan-
tification of miR-20a-5p was performed using MiRcute miRNA qRT-PCR
Kit (SYBR Green) (TIANGEN, catalog number FP304, and U6 was used
as an endogenous reference). QPCR was performed at the condition:
95.0 °C for 3 min, and 39 circles of 95.0 °C for 10s and 60 °C for 30s.
The primers were used as following: divergent primers for
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Fig. 2. Knockdown of circ_0009910 inhibits AMLS5 cell proliferation, arrests cell cycle and induces apoptosis. (A) QPCR was performed to measure the expression of
circ_.0009910 in AMLS5 cells after siRNA treatment. (B) AML5 cell proliferation rates were measured using CCK-8. (C) AML5 cell cycle was measured by flow
cytometric analysis. (D) AMLS5 cell apoptosis was measured by flow cytometric analysis. *p < 0.05, **p < 0.01.
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Fig. 3. Circ_0009910 interacts with miR-20a-5p. (A) The binding sites of miR-20a-5p and circ_0009910. (B) The relative luciferase activities were inhibited in the
AMLS5 cells co-transfected with circ_ 0009910 and miR-20a-5p mimic. Firefly luciferase activity was normalized to Renilla luciferase. (C) Level of circ. 0009910 in the
sample pulled down by biotinylated miR-20a-5p was measured using real-time PCR. (D) Level of miR-20a-5p in the sample pulled down by biotinylated circ_0009910
was measured using real-time PCR. (E) The expression of miR-20a-5p in AMLS5 cells after circ_0009910 siRNA treatment. (F) QPCR was performed to measure the
expression of miR-20a-5p in bone marrow samples from AML patients (n = 70) and IDA controls (n = 70). (G) Correlation of circ.0009910 and miR-20a-5p in AML
patients. *p < 0.05. Error bars stand for the mean + SD of at least triplicate experiments. IDA, iron-deficiency anemia. AML, acute myeloid leukemia.

circ_0009910, forward, 5-CAGAACTGGACCCCGTTACC-3’, reverse, 2.6. RNA-FISH

5’-ATGCATTCACCTCAGCCATG-3". B-actin, forward, 5-TTGTTACAGG

AAGTCCCTTGCC-3’, reverse, 5-ATGCTATCACCTCCCCTGTGTG-3'. Cy3-labeled circ_0009910 probes were purchased from RiboBio

27 44C method was used to calculate the relative expression of targets. (Guangzhou, China). The images were obtained using Fluorescent in
Situ Hybridization kit (RiboBio) following the manufacturer's instruc-
tions. Briefly, following 3 h incubation with prehybridization solution
at 37 °C, slides were incubated with Cy3-labeled circ. 0009910 probe
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Fig. 4. Knockdown of circ_0009910 inhibits AMLS5 cell growth through miR-20a-5p. (A) QPCR was performed to measure the expression of miR-20a-5p in AML5 cells
after circ_ 0009910 siRNA and miR-20a-5p inhibitor treatment. (B) CCK-8 assay was used to determine cell viability of AMLS5 cells. (C) AML5 cell cycle was measured
by flow cytometric analysis. (D) AMLS5 cell apoptosis was measured by flow cytometric analysis. (E) Mice were sacrificed and the tumors were obtained from mice on
day 28 post-injections. (F) The tumor volumes were measured every week. *p < 0.05.

overnight at 55 °C. The slices were washed with PBS for three times and
counterstained with 4’,6-diamidino-2-phenylindole (DAPI) for 90s.
Images of slides were captured with an Olympus BX51 microscope
(Tokyo, Japan).

2.7. Luciferase reporter assay

The wild-type miR-20a-5p binding site of circ_. 0009910 was de-
signed and subcloned into pGL3 Basic vector (Promega, Madison, WI).
MiR-20a-5p mimics were co-transfected with an internal control
plasmid, pRL-TK (Renilla luciferase reporter plasmid, Promega), into
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AMLS5 cells, followed by transfection with circ_0009910. The luciferase
activity was determined with the Dual Luciferase Reporter Assay Kit
(Promega) according to the manufacturer's instruction.

2.8. RNA pull-down assay

Purified RNAs were labeled using biotin with Pierce RNA 3’End
Desthiobiotinylation Kit (Thermo Fisher Scientific, Waltham, MA).
Positive control (biotin-labeled miR-20a-5p, Bio-miR-20a-5p; biotin-
labeled circ_0009910, Bio-circ_.0009910) and biotinylated RNAs (NC-
Bio) were indicated with cell lysates. Magnetic beads were used for
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each binding reaction and the eluted RNA was measured by qRT-PCR.
2.9. CCK-8 cell proliferation assay

AMLS cell proliferation rates were measured using Cell Counting
Kit-8 (CCK-8) (Beyotime, Hangzhou, China). 0.5 X 10* cells were
seeded in each 96-well plate for 24 h. After treatment, the cells were
further incubated for 24 h, 48 h, 72 h and 96 h, respectively. 10 ul CCK-
8 reagents were added to each well at 1h before the endpoint of in-
cubation. OD 570 nm value in each well was determined by a micro-
plate reader.

2.10. Cell cycle and apoptosis analysis

Annexin V apoptosis detection kit (Life technologies, Grand Island,
NY) was used for analysis of apoptosis. After treatment, AML5 cells
were trypsinized, collected, and resuspended. About 2 x 10° cells were
harvested and washed twice with cold phosphate buffer saline (PBS),
then resuspended in 500 pl binding buffer. 10 ul Annexin V-FITC and
10 pl Propidium Iodide were added to the solution and mixed well. For
cell cycle analysis, the cells were only stained with Propidium Iodide.
After 15 min incubation, the cells were analyzed using flow cytometric
analysis (BD Biosciences, San Jose, CA).

2.11. Tumor xenograft in nude mice

Animal experiments were approved by the Ethical Committee for
Animal Research of Hunan Provincial People's Hospital, Hunan Normal
University. The AML5 cells were treated with circ_0009910 siRNA-2
with or without miR-20a-5p inhibitor. The cells untreated were used as
control. After treatment, the cells (1 x 10° cells/100 ul) were sub-
cutaneously injected into nude mice (n = 6 per group). The tumor sizes
were measured regularly and calculated using the formula:
0.5 x L x W? where L and W are the long and short diameter of the
tumor, respectively.

2.12. Statistical analysis

All data from 3 independent experiments were expressed as
mean * SD and processed using SPSS17.0 statistical software. The
overall survival rate estimates over time were calculated using the
Kaplan-Meier method with log-rank test. The correlation between
circ_0009910 expression and miR-20a-5p in AML patients was eval-
uated by Pearson correlation analysis. When the patients had
circ_0009910 expression that was higher than the average, they were
defined as high circ_.0009910 group, otherwise they were low
circ_0009910 group. The association of circ_0009910 expression with
clinicopathological variables of patients with AML was analyzed by >
test. The difference among the groups was estimated by Student's t-test
or one-way ANOVA with Tukey post hoc test. p < 0.05 was statisti-
cally significant.

3. Results
3.1. Differentially expressed circRNAs in AML patients

CircRNA microarray was performed to screen differentially ex-
pressed circRNAs. Numerous differentially expressed circRNAs were
analyzed in AML patients compared with the IDA controls (Fig. 1A).
The results of the present study revealed that circ_.0009910 expression
was significantly upregulated in AML patients compared with in IDA
controls. Circ_0009910 was derived from exon2 and exon 3 of Mito-
fusin-2 (MFN2) and located on chr1:12049221-12052747 + (Fig. 1B).
We also confirmed circ_0009910 expression by qPCR in bone marrow
from 70 AML patients and 70 IDA controls and found that circ_.0009910
expression was increased in AML patients compared with in IDA

46

Blood Cells, Molecules and Diseases 75 (2019) 41-47

controls (Fig. 1C). We also found that circ. 0009910 was significantly
increased in leukemia cell lines, especially in AML5 cells, compared
with control cells (Fig. 1D). ISH results showed that circ_0009910 ex-
pressed in cytoplasm (Fig. 1D). In addition, we analyzed the clinical
association between circ_0009910 levels and clinicopathological vari-
ables of patients with AML. There were no significant association be-
tween circ_0009910 levels and age, gender and FAB subtypes; whereas
more AML patients with poor-risk were found high circ_0009910 group
(Table 2). We further analyzed the relationship between circ_0009910
levels and survival time in AML patients. The Kaplan-Meier survival
cure showed that the patients with high circ_0009910 expression had
shorter overall survival rate than those with low circ_0009910 expres-
sion (Fig. 1F).

3.2. Knockdown of circ_ 0009910 inhibits AML5 cells growth

We investigated the biological role of circ_0009910 in AMLS5 cells.
We treated AMLS5 cells with circ_0009910 siRNA (si-1 and si-2) and
found that the expression of circ_ 0009910 was significantly decreased
in AML5 cells (Fig. 2A). circ.0009910 downregulation significantly
inhibited AML5 cell viability (Fig. 2B). In addition, circ_.0009910
downregulation arrested cell cycle G1-S phase (Fig. 2C). The apoptosis
rate in AML5 cells with reduced circ_ 0009910 was also significantly
increased compared with in the control cells (Fig. 2D).

3.3. MiR-20a-5p was a target microRNA of circ.0009910

We screened the possible targets of circ 0009910 by using bioin-
formatic tools, and found that miR-20a-5p was a potential target of
circ_0009910. Their target sequences were shown in Fig. 3A. We further
confirmed their interaction in AML5 cells. As shown in Fig. 3B, co-
transfection of miR-20a-5p mimics and the luciferase vector containing
circ_0009910 resulted in a significant decrease of relative luciferase
activity in AMLS5 cells. Subsequently, to test whether circ_0009910 can
serve as a sponge RNA for miR-20a-5p, RNA pull-down assay with
biotinylated circ_0009910 (Bio-circ_0009910) probe increased the level
of miR-20a-5p than control (Bio-NC), and vice versa (Fig. 3C, D). In
addition, we observed that knockdown of circ_ 0009910 significantly
upregulated miR-20a-5p expression (Fig. 3E). Furthermore, we also
confirmed that miR-20a-5p expression was reduced in AML patients
compared with IDA controls (Fig. 3F), which was negatively associated
with circ_0009910 expression (Fig. 3G). These results indicate that miR-
20a-5p can serve as a direct microRNA target of circ_0009910.

3.4. Circ.0009910 control AMLS5 cells growth through miR-20a-5p

To investigate whether circ_ 0009910 regulated AML5 cells growth
through miR-20a-5p, circ_. 0009910 siRNA (si-2) and miR-20a-5p in-
hibitor was transfected into AML5 cells. We observed that miR-20a-5p
expression was increased by circ_.0009910 siRNA and decreased by its
inhibitor (Fig. 4A). We found that miR-20a-5p inhibitors reversed
circ_0009910 siRNA-mediated cell proliferation inhibition, cell cycle
arrest and cell apoptosis (Fig. 4B, C and D). Moreover, we confirmed
these results in animal model. We observed that circ_.0009910 siRNA
inhibited tumor growth, which was restored by miR-20a-5p inhibitor
(Fig. 4D). These results revealed that circ_.0009910 promotes AML5
cells growth through inhibiting miR-20a-5p.

4. Discussion

In this study, we found that circ_ 0009910 was significantly in-
creased in AML compared with IDA controls. Further analysis showed
that higher circ_0009910 predicted a poor risk and worse prognosis for
AML patients. CircRNAs have been proved to be ubiquitous and critical
in regulating cellular processes and diseases, especially in cancers [11].
Emerging evidence reveals the function of circRNAs in cancer and may
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potentially serve as a required novel biomarker and therapeutic target
for cancer treatment [12,13]. For example, circRNA-101368 is sig-
nificantly upregulated in hepatocellular carcinoma (HCC) tissue and is
correlated with poorer prognosis in patients with HCC [14].

RNA-sequencing reveal thousands of circRNAs in leukemia [15]. A
novel circular RNA (circRNA), circBA9.3, is derived from BCR-ABL1.
CircBA9.3 can promote the proliferation and inhibit apoptosis of cancer
cells by enhancing c-ABL1 and BCR-ABL1 oncoprotein expression,
which is associated with TKI therapy resistance [16]. Circ-rANAPC7 is
significantly upregulated in AML and might participate in AML patho-
genesis by sponging miR-181 family [8]. Here, we identified that
circ_.0009910 was an exonic circRNA that located at chrome 1
(12049221 to 12052747), which was host in mitofusin 2. High
circ_0009910 was associated with poor risk and outcome of AML pa-
tients.

Further investigation revealed that circ_ 0009910 knockdown in-
hibited AML cell proliferation, arrested cell cycle and induced cell
apoptosis. We also explored the potential mechanism by which
circ_.0009910 knockdown inhibits AML cell growth. Our results de-
monstrated that circ_ 0009910 expression was expressed in cytoplasm,
suggesting that it may exhibit its function by sponging miRNAs.
Bioinformation screening shown that circ_ 0009910 interacted with
miR-20a-5p. Dual-luciferase and RIP experiments confirmed that
circ_0009910 interacted with miR-20a-5p. In vitro and in vivo experi-
ments elucidated that circ 0009910 knockdown inhibited AML cell
growth by increasing miR-20a-5p. MiR-20a-5p has been found to be a
double faces gene. MiR-20a-5p is upregulated in triple-negative breast
cancer, nasopharyngeal cancer, hepatocellular carcinoma, colorectal
cancer. It can promote proliferation, invasion and metastasis as well as
radio-resistance by targeting multiple genes, including runt-related
transcription factor 3 (RUNX3), Rab27B and Smad4 [17-20]. However,
miR-20a-5p is downregulated in osteosarcoma and neuroblastoma.
MiR-20a-5p inhibits cell proliferation and promoted apoptosis through
negative regulation of autophagy-related gene 7 (ATG7) and thus au-
tophagy suppression in SH-SY5Y cells [21]. Forced expression of miR-
20a-5p counteracts osteosarcoma cell chemoresistance in vitro and in
vivo through targeting kinesin family member 26B (KIF26B) by mod-
ulating the activities of the MAPK/ERK and cAMP/PKA signaling
pathways [22]. In recent study, we showed that miR-20a-5p was
downregulated in AML and negatively associated with circ_.0009910
expression. Circ_0009910 knockdown could induce miR-20a-5p ex-
pression to suppress cancer cell growth, suggesting that miR-20a-5p
acts as a tumor suppressor in AML. These results clarify that
circ_0009910 inhibits cell proliferation and promotes apoptosis through
negative regulation of miR-20a-5p in AML cells.

5. Conclusion

Our study firstly identifies that circ_ 0009910 is significantly upre-
gulated in AML bone marrow samples and might serve as a novel
outcome biomarker for AML. Both circ_0009910 and miR-20a-5p may
be potential therapeutic targets for future AML treatment.
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