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Abstract: Objective: Acute myeloid leukemia (AML) is a hematological malignancy with an aberrant proliferation
of immature myeloid cells. This study aimed at exploring the regulatory function of circMYC in AML progression.
Methods: Expression levels of CircMYC, miR-516a-5p, AKT3 and apoptosis-related proteins were determined by RT-
gPCR and western blot. Cell viability and proliferation were examined by CCK8 assay and EdU assay. Annexin V/PI
staining was used to assess cell apoptosis. Mitochondrial respiration function was confirmed by oxygen consump-
tion rate (OCR). The relationships among circMYC, miR-516a-5p and AKT3 were detected by dual-luciferase reporter
(DLR) assay, RNA-pull down assay and RNA immunoprecipitation (RIP) assay, respectively. Results: CircMYC was
positively correlated with poor prognosis in AML patients (all P<0.05). Knockdown of circMYC decreased cell viabil-
ity and OCR but increased cell apoptosis rates (all P<0.05), and miR-516a-5p overexpression displayed the similar
trend. Mechanistically, the oncogenic effects of circMYC were achieved by sponging miR-516a-5p and increasing
AKT3. Conclusion: Decreased expression of circMYC could suppress AML progression by regulating miR-516a-5p/
AKT3, suggesting a new therapeutic target in AML treatment.
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Introduction

As a malignant hematopoietic disease, acute
myeloid leukemia (AML) is associated with
rapid division and proliferation of immature
myeloid immune cells [1]. According to French-
American-British (FAB) classification, AML were
divided into five subtypes, including M1-M5
[2]. Among those, only AML-M3 has achieved a
high cure rate by the combination treatment of
arsenic trioxide (As,0,) and all-trans retinoic
acid. The therapeutic efficacy of other types of
AML is still unsatisfactory [3]. Currently, the
main treatment approaches for other types of
AML are radiotherapy, chemotherapy and allo-
geneic bone marrow transplantation (allo-BMT)
[4]. However, due to the occurrence of chemo-
therapy resistance and the limited supply of
bone marrow transplantation, the five-year sur-
vival rate is only about 30% [5]. Therefore, it is
of great significance to develop novel targeted
therapeutic drugs for AML.

With the development of bioinformatics, the
vital role of non-coding RNAs (ncRNAs) in tumor
therapy, including microRNAs (miRNAs), circular
RNAs (circRNAs) and long noncoding RNAs
(IncRNAs) has been widely investigated [6].
MiRNAs are endogenous non-coding single
stranded small RNAs with 21-23 bases in
length, and was reported to regulate the pro-
gression of AML [7]. Moreover, specific miRNAs
are also identified as biomarkers of AML, and
used in the diagnosis and prognosis prediction
[8]. In addition, miRNAs play their roles in tumor
cells by acting with its downstream mRNA [9].
For example, miR-212-5p targeted FZD5 and
inhibited the proliferation of AML cells [10].
What's more, circRNAs can regulate mRNA
expression by sponging miRNAs. CircRNA-
miRNA-mRNA network can be a potential thera-
peutic strategy for many kinds of tumors, includ-
ing AML [11]. For example, it is reported that
circMYC was associated with the recurrence
and chemotherapy-resistance in myeloma [12].
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Table 1. The squence of reagents used in cell transfec-

tion type) to miR-516a-5p were estab-
lished. The above sequences are shown

in Table 1. For RNA pull down assay, cell

lysates were incubated with Bio-miR-
516a-5p, Bio-circMYC, and Bio-miR-
520h. The materials were purchased
from Genepharm company (Suzhou,
China).

Quantitative reverse transcription PCR
(RT-qPCR)

tion

Sequence
miR-516a-5p mimics  5-UUCUCGAGGAAAGAAGCACUUUC-3’
miR-NC 5-UCGCUUGGUGCAGGUCGGGAA-3’
miR-516a-5p inhibitor 5-GAAAGTGCTTCTTTCCTCGAGAA-3’
inhibitor NC 5’-UUCUCCGAACGUGUCACGUTT-3’
circMYC-WT 5’-UGGCUCCCCUCCUGCCUCGAGAA-3’
circMYC-MUT 5-UGGCUCCCCUCCUGCGAGCUCUA-3’
AKT3-WT 5’-AUAUCACAUGUGGAUGUCGAGAC-3’
AKT3-MUT 5’-AUAUCACAUGUGGAUGAGCUCUC-3’

CircMYC overexpression promoted cell prolifer-
ation and reduced radiosensitivity in tumor
cells [13]. However, the mechanism of circMYC
function in AML is still unknown. In our re-
search, we examined the effect of circMYC on
regulating the cell functions of peripheral blood
mononuclear cells as well as its underlying
mechanisms, in order to provide new molecular
target for the treatment of AML.

Materials and methods
Cell culture and transfection

The experiments were authorized by the hospi-
tal ethics committee. Informed consents had
been obtained before experiment. The periph-
eral blood mononuclear cells (PBMCs) derived
from clinical AML patients or healthy donors
(NC) were extracted from fresh blood by Ficoll
density gradient centrifugation. Human AML
cell lines including HL60O, THP-1, U937 and
KG1, and the normal bone marrow stomal cell
line HS5 were all collected from American Type
Culture Collection (ATCC) and incubated with
DMEM medium (Gibco, Grand Island, USA) con-
taining 12% fetal bovine serum (FBS, Gibco).
The culture conditions of 37°C with 5% CO,
were used for all types of cells. For circMYC
knockdown, lentiviral vectors containing circ-
MYC shRNA were transfected into cells, and
the shRNA negative control (NC) was used in
control group. For overexpression or knock-
down of miRNAs, miR-516a-5p mimics or miR-
516a-5p inhibitor, and miR-NC or inhibitor NC
were used, respectively. For overexpression of
AKT3, the AKT3 pcDNA3.1 plasmid was estab-
lished. For dual-luciferase report (DLR) assay,
the sequences of circMYC or AKT3 containing
the binding sites (including wide type and muta-
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A TRIzol reagent (Invitrogen) was used for
collecting the total RNA from cells. After
that, the reverse transcriptions of RNA into
cDNA were conducted through a reverse tran-
scriptase kit (Invitrogen). The used primers are
shown in Table 2. PCR processes were con-
ducted on ABI 7500 real-time PCR system.
Using the 222t method, the levels of RNA nor-
malized to GAPDH or U6 were calculated.

CCK8 assay

Cell viability was detected by CCK8 assay.
Cells (50,000/mL) were seeded and incubated
in 96 well plate. 15 yL CCK8 solutions (Dojindo,
Shanghai, China) were added. 2 hours later, the
results were assessed by a microtitre plate
reader (BioTek, Winooski, VT, USA) at 450 nm.
Adriamycin purchased from MedChemExpress
(USA) was incubated with cells at different
concentrations.

Edu assay

AML cells were treated with 100 uyL of Edu
solution (20 uM, kFluorb555 Click-iT EdU,
Keygen BioTECH, Nanjing, China) in 96 well
plate for 2 h at 37°C with 5% CO,. After wash-
ing, cells were fixed by 4% paraformaldehyde
and then 1% triton 100 for 45 min. Hoechst
solution (Keygen BioTECH) were used to stain
nuclei. The images were collected by fluores-
cence microscope (Leica, Wetzlar, Germany).

Apoptosis detection

Annexin V-FITC/PI staining assay kit (Vazyme,
Nanjing, China) was used to determine the
apoptosis rates. Cells were diluted in binding
buffer (100 pL) and then cultured with probes
for 10 min. After resuspending with 300 uL of
binding buffer, the fluorescence was examined
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Table 2. The primers sequence

Forward Reverse
GAPDH 5-TCCGTGGTCCACGAGAACT-3’ 5’-GAAGCATTTGCGGTGGACGAT-3’
circMYC 5’-CTCACAGCCCACTGGTCCTC-3’ 5’-TCCAGCAGAAGGTGATCCAG-3’
miR-516a-5p 5’-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGGAAAGTGC-3" 5’-ACACTCCAGCTGGGTTCTCGAGGAAAGAAGC-3’
AKT3 5’-ATGAGCGATGTTACCATTGT-3’ 5’-CAGTCTGTCTGCTACAGCCTGGATA-3’
ue 5’-CTCGCTTCGGCAGCACA-3’ 5’-AACGCTTCACGAATTTGCGT-3’

by a flow cytometry (BD, CA, USA). The results
were analyzed by FlowJo software (version
8.8.6; Tree Star).

Western blotting

The protein extraction (RIPA buffer, Ther-
moFisher Scientific, Waltham, MA, USA), con-
centration determination (BCA protein assay
kit, ThermoFisher Scientific), separation and
transferring to nitrocellulose filter membrane
(Millipore, Boston, USA), incubation with BSA
and antibodies were conducted according to
manufacturer instruction. The primary antibod-
ies for PCNA, Bcl2, caspase 3 (diluted at
1:1500; CST, USA) and B-actin (Santacruz,
USA) were incubated at 4°C for 12 h. The sec-
ondary antibodies were obtained from Pro-
teintech (USA). Protein expression was detect-
ed by ECL system (Amersham Pharmacia,
Piscataway, NJ, USA).

XF cell mito stress test

The mitochondria function was evaluated by
oxygen consumption rate (OCR). Mito Stress
Test Kit (Seahorse, USA) was used to measure
OCR in real-time by Seahorse Analyser (Agilent
Technologies, USA) following manufacturer’s
instruction [14].

Fluorescence in situ hybridization (FISH)

The localization of circMYC was verified by
FISH assay according to the protocol of the
Fluorescent In Situ Hybridization Kit (Gene-
seed, China). DAPI was used to stain cell nuclei,
and images were photographed under a fluo-
rescence microscope (Leica). U6 and GAPDH
were applied as control.

Bioinformation analysis
For interaction prediction, Starbase 2.0

(http://starbase.sysu.edu.cn/starbase2/), cir-
cBank (http://www.circbank.cn/) and circin-
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teractome (https://circinteractome.irp.nia.nih.
gov/) were used.

RNA pull-down assay

Cells were collected and lysed. MiR-516a-5p
was biotinylated and the normal control was
oligo probe. The miR-516a-5p probe (Tsingke,
Wuhan, China) and streptavidin magnetic
beads (Life Technologies, USA) were co-incu-
bated for 2 h, which were then incubated with
cell lysate at 4°C for 12 h. After washing twice,
Trizol reagent (Takara, Otsu, Japan) was used
for collection and the production was analyzed
by RT-gPCR assay.

RNA immunoprecipitation (RIP) assay

In RIP assay, an EZ-Magna RIP kit (Millipore,
USA) was used. The magnetic beads with anti-
body targeting Ago2 or IgG were added into cell
lysis, as well as RIP buffer. Then, cell lysis was
incubated with proteinase K, and the precipi-
tated RNA was verified by PCR.

Dual-luciferase report (DLR) assay

To examine whether miR-516a-5p targeted cir-
cMYC or AKT3 directly, circMYC-WT, circMYC-
MUT, AKT3-WT and AKT3-MUT were estab-
lished in the pmiR-GLO dual-luciferase target
expression vectors, which were obtained from
Promega (Madison, WI, USA). The assays were
described previously [15]. When cell conflu-
ence reached 60-75%, cells were co-transfect-
ed with reporter vectors and miR-NC or miR-
516a-5p mimic using Lipofectamine 2000
(Invitrogen). Then the Dual-Luciferase Reporter
Assay System (Promega) was used to detect
the luciferase activity after 48 h.

Statistical analysis

SPSS 18.0 was used for the statistical analy-
ses, and data were shown as the mean + SD
from at least three independent experiments.
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Figure 1. CircMYC was upregulated in AML. A. CircMYC was determined by RT-gPCR in the clinical specimens of
AML patients (n=50) and healthy donors (NC, n=24). B. The expression of circMYC in different AML cell lines (HL60,
THP-1, U937 and KG1) and normal bone marrow stomal cell line (HS5) were determined by RT-qPCR. C. The overall
survival (0S) rates in AML patients with different levels of circMYC. All data are presented as mean + SD (n=3).
“*P<0.001.

The results were analyzed statistically using the proliferation of HL60 and THP-1 cells
the analysis of variance and post hoc Student- (Figure 2C). On the other hand, the cell apopto-
Newman-Keuls test at a significance level of sis rate was increased after circMYC silencing
P<0.05. (Figure 2D). In Figure 2E, sh-circMYC decreas-

ed the levels of PCNA and Bcl2, while upregu-
Results lated the expression of cleaved-caspase 3,

suggesting the anti-apoptotic role of circMYC.
The expression of circMYC was enhanced in Besides, sh-circMYC could increase the sensi-
AML tivity of HL60 and THP-1 cells to adriamycin, a

chemotherapy drug (Figure 2F). All these
results indicated that circMYC promoted cell
proliferation and suppressed cell apoptosis.

First, the expression of circMYC was deter-
mined in clinical specimens of AML patients
(n=50) and healthy donors (NC, n=24).

Compared with PBMCs derived from healthy Silencing circMYC suppressed mitochondrial
donors (NC), the level of circMYC was signifi- respiration of AML cells

cantly up-regulated in PBMCs derived from

AML patients (Figure 1A). The increased Due to the anti-apoptotic role of circMYC, we
expression of circMYC was also observed in then explored its impact on mitochondrial res-
several AML cell lines, including HL60, THP-1, piration. Mitochondrial oxidative phosphoryla-
U937 and KG1, compared to that in HS5 tion was evaluated by OCR in HL60 and THP-1
which is a normal bone marrow stomal cell line cells transfected with sh-circMYC or sh-NC. As
(Figure 1B). Among them, the expression of cir- expected, compared with sh-NC group, OCR
cMYC was highest in HL60 and THP-1 cells, was decreased in sh-circMYC group (Figure
which were selected for further research. 3A). Simultaneously, we observed that sh-circ-
Besides, the overall survival (OS) rates were MYC could significantly decrease the basal res-
decreased in AML patients with higher level of piration and maximal respiration (Figure 3B),
circMYC (Figure 1C). All in all, circMYC was suggesting that circMYC played a role in main-
increased in AML cells, indicating a poor prog- taining mitochondrial respiration in AML cells.

nosis in AML patients.
CircMYC was a direct target of miR-516a-5p

Decreased expression of circMYC suppressed

cell proliferation and promoted cell apoptosis To deeply investigate the role of circMYC, its

downstream effectors were identified. First, we
To verify the function of circMYC, different demonstrated that circMYC was mostly local-
types of sh-circMYC were transfected into cells. ized in the cytoplasm (Figure 4A). Using predic-
The expression of circMYC was examined to tion software including Starbase 2.0, circBank
verify the silence effect (Figure 2A). circMYC and circinteractome, we found that miR-516a-
silencing significantly decreased the viability of 5p and miR-520h may potentially target circ-
HL60 and THP-1 cells (Figure 2B). Also, the EdU MYC (Figure 4B). However, circMYC only inter-
assay indicated that sh-circMYC suppressed acted with miR-516a-5p but not miR-520h
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Figure 2. The effects of circMYC on cell proliferation and apoptosis in AML cells. A. CircMYC was determined by RT-gPCR after sh-circMYC#1, #2, #3 transfected
into cells. B. Cell viability was detected by CCK8 assay at 24 h, 48 h, and 72 h after transfected with sh-circMYC. C. Cell proliferation was determined by EdU assay
after transfected with sh-circMYC. Scale bar: 100 yuM. 100x magnification. D. Cell apoptosis was verified by annexin V-FITC/PI staining assay after transfected with
sh-circMYC. E. PCNA, Bcl-2 and cleaved-caspase 3 were detected by western blot after transfected with sh-circMYC. F. Cell viability after treating sh-circMYC and
Adriamycin was assessed by CCK8 assay. All data are presented as mean + SD (n=3). "P<0.05, ""P<0.01, ""*P<0.001.
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Figure 3. The effects of circMYC on mitochondrial respiration. OCR (A), basal respiration and maximal respiration (B)
were assessed using a Seahorse XFp Cell Mito Stress Test kit. All data are presented as mean + SD (n=3). “"P<0.01,
“*P<0.001.

(Figure 4C). We further confirmed the binding 516a-5p and tumor malignancy. Then miR-
site between miR-516a-5p and circMYC by cir- 516a-5p mimics were used to increase miR-
cinteractome (Figure 4D). MiR-516a-5p over- 516a-5p level (Figure 5B). In Figure 5C, miR-
expression inhibited the luciferase activity of 516a-5p overexpression suppressed cell
circMYC-WT, while the inhibitory effect was viability, proliferation (Figure 5D), and induced
blocked by the mutated circMYC binding sites apoptosis (Figure 5E) in HL60 and THP-1 cells.
(Figure 4E). What’s more, RIP assay proved the Also, miR-516a-5p mimics increased cleave-
relationship between miR-516a-5p and circ- caspase 3, and reduced the expression of
MYC (Figure 4F). After silencing circMYC, miR- PCNA and Bcl2 (Figure 5F). In addition, miR-
516a-5p was dramatically increased in both 516a-5p mimics increased the sensitivity of
cells (Figure 4G). All in all, circMYC was the tar- HL60 and THP-1 cells to adriamycin (Figure
get of miR-516a-5p and negatively associated 5G). Furthermore, OCR, basal respiration and
with miR-516a-5p. maximal respiration were decreased both in
HL60 and THP-1 cells transfected with miR-
Overexpression of miR-516a-5p exerted an 516a-5p mimic (Figure 5H, 5I). These results
antitumor effect in AML cells confirmed the antitumor effects of miR-516a-
We further verified the mechanism of miR- °p-
516a-5p. Compared with HS-5 cells, miR-516a- AKT3 was targeted by miR-516a-5p
5p was reduced in AML cell lines, including
HL60, THP-1, U937 and KG1 (Figure 5A), indi- Next, the downstream target of miR-516a-5p
cating a negative correlation between miR- was investigated by searching Starbase 2.0
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Figure 4. miR-516a-5p targeted circMYC. A. The subcellular localization of circMYC in HL60 and THP-1 cells was determined by FISH assay. B. Venn diagram of the
targeting miRNAs of circMYC after predication. C. The interaction between circMYC and miR-516a-5p or miR-520h was determined by RNA-pull down. D. The bind-
ing sites were predicted by circinteractome database. E. The binding site between circMYC and miR-516a-5p was verified by dual-luciferase reporter assay. F. The
relationship between circMYC and miR-516a-5p was assessed by RIP assay. G. MiR-516a-5p was detected by RT-qPCR after sh-circMYC transfection. All data are
presented as mean * SD (n=3). "*P<0.001.
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Figure 5. The effects of miR-516a-5p on cell proliferation and apoptosis in AML cells. (A) MiR-516a-5p was detected
by RT-gPCR in different AML cell lines (HL60, THP-1, U937 and KG1) and normal bone marrow stomal cell line (HS5).
(B) MiR-516a-5p was detected by RT-gPCR after miR-516a-5p mimics transfection. (C) Cell viability was determined
by CCK8 assay at 24 h, 48 h, and 72 h after miR-516a-5p mimics transfection. (D) Cell proliferation was detected by
EdU assay after miR-516a-5p mimics transfection. Scale bar: 100 uM. 100x maghnification. (E) Cell apoptosis was
verified by annexin V-FITC/PI staining assay after miR-516a-5p mimics transfection. (F) PCNA, Bcl-2 and cleaved-
caspase 3 were detected by western blot after miR-516a-5p mimics transfection. (G) Cell viability after treating
miR-516a-5p mimics and Adriamycin was assessed by CCK8 assay. (H, |) OCR (H), basal respiration and maximal
respiration (l) were assessed using a Seahorse XFp Cell Mito Stress Test kit. All data are presented as mean + SD

(n=3). "P<0.05, ""P<0.01, """P<0.001.

and it was found that miR-516a-5p could
target AKT3 (Figure 6A). MiR-516a-5p mimics
inhibited the luciferase activity in cells contain-
ing AKT3-WT, but not AKT3-MUT (Figure 6B). In
addition, miR-516a-5p overexpression sup-
pressed the protein level of AKT3 (Figure 6C).
To investigate whether AKT3 was the down-
stream effector of circMYC/miR-516a-5p, a mi-
516a-5p inhibitor was transfected into cells to
silence mi-516a-5p (Figure 6D). Figure GE
showed that sh-circMYC inhibited the protein
expression of AKT3. However, co-transfection
with sh-circMYC and miR-516a-5p inhibitor
reversed the protein level of AKT3 (Figure 6E).
In conclusion, AKT3 was targeted by miR-516a-
5p negatively and regulated by circMYC/miR-
516a-5p axis.

CircMYC regulated cell proliferation, apoptosis
and mitochondrial respiration by miR-516a-
5p/AKT3 axis

After being transfected with AKT3 pcDNA3.1
plasmid, an increased expression of AKT3 was
observed in HL60 and THP-1 cells, as displayed
in Figure 7A. HL60 and THP-1 cells were co-
transfected with sh-circMYC and miR-516a-5p
inhibitor or AKT3 pcDNA3.1 plasmid, and the
functions of circMYC/miR-516a-5p/AKT3 axis
were verified. As shown in Figure 7B-D, the
reduced cell viability and proliferation, and the
enhanced cell apoptosis induced by sh-
circMYC were reversed by miR-516a-5p knock-
down or AKT3 overexpression. Consistently, sh-
circMYC downregulated PCNA and Bcl2, and
upregulated cleave-caspase 3, which could be
rescued by miR-516a-5p knockdown or AKT3
overexpression (Figure 7E). Furthermore, sh-
circMYC increased cell sensitivity to adriamy-
cin, which could be abrogated by the transfec-
tion of miR-516a-5p inhibitor or AKT3 pc-
DNA3.1 plasmid (Figure 7F). The decreased
basal respiration and maximal respiration were
blocked after knockdown of miR-516a-5p or
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overexpression of AKT3 (Figure 7G). The sche-
matic diagram of our research summarized in
Figure 8 demonstrates that miR-516a-5p
could negatively target circMYC to inhibit the
progression of AML by influencing cell viability,
proliferation, apoptosis and mitochondrial res-
piration, which was negatively associated with
AKT3. In summary, circMYC regulated the func-
tions of AML cells by modulating miR-516a-5p/
AKT3 axis.

Discussion

AML is a malignant neoplastic disease, show-
ing unrestricted proliferation of immature
myeloid cells in bone marrow and peripheral
blood [16]. The vital roles of ncRNAs in AML
have been emphasized [17, 18]. In this study,
we found that circMYC was upregulated in
AML cells and served as an oncogenic gene.
What’s more, circMYC was associated with
poor prognosis and chemotherapy-resistance
of AML. Knockdown of circMYC suppressed
cell proliferation, induced apoptosis and re-
duced mitochondrial respiration in AML cells.
Mechanistically, circMYC upregulated the ex-
pression of AKT3 by functioning as a sponge of
miR-516a-5p. Thus, the regulated function of
circMYC was achieved through miR-516a-5p/
AKT3 axis.

In melanoma cells, circMYC was upregulated
significantly and modulated cell proliferation
[19]. In nasopharyngeal carcinoma (NPC),
increased expression of circMYC was related to
tumor size, migration and invasion, clinical
stage and survival time. Briefly, overexpression
of circMYC not only promoted cell prolifera-
tion, but also increased tumor radiotherapy
resistance [13]. Although the role of circMYC
has not been reported in AML, it is indicated
that in multiple myeloma, circMYC promoted
tumor recurrence and facilitated drug resis-
tance [12]. Consistently, the oncogenic role of
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Figure 6. AKT3 targeted to miR-516a-5p. A. The predicted binding sites were obtained from Starbase 2.0. B. The binding relationship between miR-516a-5p and
AKT3 was verified by dual-luciferase reporter assay. C. The protein expression of AKT3 was determined by western blot after miR-516a-5p mimics transfection. D.
MiR-516a-5p was detected by RT-gPCR after miR-516a-5p inhibitor transfection. E. AKT3 was determined by western blot after sh-circMYC and/or miR-516a-5p
inhibitor transfection. All data are presented as mean * SD (n=3). "P<0.05, ***P<0.001.
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Figure 7. CircMYC regulated cell proliferation, apoptosis and mitochondrial respiration via miR-516a-5p/AKT3 axis. A. AKT3 was determined by western blot after
AKT3 pcDNA3.1 plasmid transfection. B. Cell viability was detected by CCK8 assay at 24 h, 48 h, and 72 h after sh-circMYC and miR-516a-5p inhibitor or AKT3
pcDNA3.1 plasmid co-transfection. C. Cell proliferation was determined by EdU assay after sh-circMYC and miR-516a-5p inhibitor or AKT3 pcDNA3.1 plasmid co-
transfection. Scale bar: 100 uM. 100x magnification. D. Cell apoptosis was verified by annexin V-FITC/PI staining assay after sh-circMYC and miR-516a-5p inhibi-
tor or AKT3 pcDNA3.1 plasmid co-transfection. E. PCNA, Bcl-2 and cleaved-caspase 3 were detected by western blot after sh-circMYC and miR-516a-5p inhibitor
or AKT3 pcDNA3.1 plasmid co-transfection. F. Cell viability was assessed by CCK8 assay after sh-circMYC and miR-516a-5p inhibitor or AKT3 pcDNA3.1 plasmid
co-transfection. G. Basal respiration and maximal respiration were assessed using a Seahorse XFp Cell Mito Stress Test kit. All data are presented as mean + SD

(n=3). "P<0.05, ""P<0.01, """P<0.001.
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Figure 8. The schematic diagram of circMYC/miR-516a-5p/AKT3 axis.

circMYC was verified in our research. After
knockdown of circMYC, cell viability and prolif-
eration were reduced. Also, the decreased
expression of circMYC was found to increase
cell apoptosis, including regulating the expres-
sion of apoptosis related proteins and blocking
mitochondrial respiration function. Therefore,
our results showed that circMYC might be a
novel biomarker and therapeutic target for
AML.

CircRNA could regulate the expression of miR-
NAs by functioning as their sponge [20]. We
found that circMYC was targeted by miR-516a-
5p, and the expression of miR-516a-5p could
be enhanced after circMYC knockdown.
Importantly, the antitumor effect induced by
circMYC knockdown was blocked by miR-516a-
5p inhibitor, showing that miR-516a-5p was a
tumor suppressor in AML. The antitumor effect
of miR-516a-5p has been reported in many
studies. For example, in non-small cell lung
cancer, miR-516a-5p suppressed cell prolifera-
tion [21]. After sponging miR-516a-5p in hepa-
tocellular carcinoma by circRNA_0001955, the
tumorigenesis was enhanced [22]. Similarly,
circRNA_103809 and circNCOR2 accelerated
cancer progression by targeting miR-516a-5p
and suppressing its expression in papillary thy-
roid cancer [23]. In these studies, the expres-
sion of miR-516a-5p was reduced in tumor
cells and tissues, suggesting the relationship
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between the decreased miR-516a-5p level and
poor prognosis. However, some studies have
also found the opposite effect of miR-516a-5p,
demonstrating that miR-516a-5p accelerated
the progression of bladder cancer (BC) [24]. In
BC cells, the increased miR-516a-5p was relat-
ed to a phenotype with higher invasion ability,
and the suppression of miR-516a-5p reduced
the invasion and migration of BC cells both in
vivo and in vitro [24]. Therefore, the specific
role of miR-516a-5p needs to be analyzed for
specific tumors in depth. Unfortunately, the
limitation of this research is that we only proved
the anti-tumor effect of miR-516a-5p in vitro.
Further in vivo studies would be performed to
deeply excavate the effect of miR-516a-5p on
AML.

Many studies have found out that PI3BK/AKT
pathway was vital in tumor genesis and devel-
opment, including the regulation of cell prolif-
eration, apoptosis, metabolism, invasion and
metastasis [25]. There are three subtypes of
AKT, including AKT1, AKT2, and AKT3. AKT3
was discovered a few years ago and verified
as an oncogene [26]. Previous studies showed
that knockdown of AKT3 attenuated the prolif-
eration of breast cancer cells [27]. In AML cells,
it was also shown that AKT3 played an onco-
genic role by increasing cell proliferation, pro-
moting cell cycle and suppressing apoptosis
[28]. In this research, miR-516a-5p could tar-
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get AKT3 and decrease the expression of AKT3.
As the downstream of circMYC, the function of
sh-circMYC could be blocked by AKT3 overex-
pression, suggesting that the effects of circ-
MYC was mediated by AKT3.

In conclusion, circMYC can be used as a poten-
tial biomarker for AML. Decreased expression
of circMYC could suppress the progression of
AML by regulating miR-516a-5p/AKT3 axis.
In this study, we not only suggested the regula-
tory effect among circMYC, miR-516a-5p and
AKT3, but also provided a new therapeutic
direction for AML treatment, which are the
prospects of this study.
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