Cancer Management and Research Dove

3 ORIGINAL RESEARCH

RETRACTED ARTICLE: Long Non-Coding RNA
ZNF667-AS| Knockdown Curbs Liver Metastasis

in Acute Myeloid Leukemia by Regulating the
microRNA-206/AKAP 13 Axis

This article was published in the following Dove Press journal:
Cancer Management and Research

Nan Wang* Background: Zinc finger protein 667-a
Yanping Feng* RNA (IncRNA), plays important pa
Jinye Xie squamous cell carcinoma, but its fi
Hui Han Our goal here was to probe the

Qian Dong microRNA-206 (miR-2006)/

Weijia Wang Materials and Methods

Laboratory Diagnosis Center, Zhongshan ZNF667-AS1 on
People’s Hospital, Zhongshan, 528403
Guangdong, People’s Republic of China

siRNA against ar fractionation location assay and FISH experiments

were used to dete @S [ localization in cells. Dual-luciferase experiments detect
1ps among ZNF667-AS1, miR-206 and AKAPI3. Finally, tumor

ere evaluated in vivo to determine the relevance of ZNF667-AS1/

*These authors contributed equally to
this work

2 i

he expresSion of ZNF667-4AS1 was upregulated in AML patients, which predicted
psis. Downregulation of ZNF667-4S1 reduced cell proliferation, invasion, tumori-
etastasis. miR-206 inhibitor reversed the repressive role of ZNF667-AS1 knock-
n in cell proliferation, invasion and tumorigenesis, while AKAPI3 silencing flattened the
tive role of miR-206 inhibitor in AML malignant aggressiveness. Mechanistically, we
demonstrated that ZNF667-AS1 functioned as a molecular sponge for miR-206. In addition, we
observed that Wnt/B-catenin pathway was suppressed by ZNF667-AS1 knockdown.
Conclusion: ZNF667-AS1 potentiated AML progression by targeting the miR-206/AKAP13
axis. This indicates ZNF667-AS1 inhibition may act as a prospective therapeutic option for
the treatment of AML.
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Introduction

Acute myeloid leukemia (AML) has the characteristics of clonal expansion of undif-
ferentiated myeloid precursors, contributing to disrupted hematopoiesis and bone
marrow failure." AML diagnosed in older adults (age > 60 years) often have dismal
prognoses, with long-term overall survival rates of only 5-16%.% Treatments for AML
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intensive consolidation therapy as well as maintenance
therapy.3 However, AML is still lethal in about half of
younger patients and in approximately 80% of elderly
patients due to primary refractoriness, relapse, or treatment-
associated mortality.* Moreover, approximately only one
third of patients over the age of 60 are eligible for intensive
chemotherapy.” Because of the limitations of current thera-
pies, effective and individualized treatments are urgently
needed for patients with AML.

Long non-coding RNAs (LncRNAs) differentiate
themselves from short non-coding RNA by longer lengths,
varying from 200 to 100,000 nucleotides, which could
communicate with other RNA transcripts using a language
composed of microRNA (miRNA) response elements.®
For instance, SOCS2-AS promoted AML cell proliferation
by regulating STATS through miR-221.7 Another IncRNA,
zinc finger protein 667-antisense RNA 1 (ZNF667-AS1)
has been reported to act as a tumor suppressor by regulat-
ing ANK2/JAK2 expression or targeting miR-93-3p/PEG3
axis in colorectal cancer and cervical cancer, which were
both solid tumors.*® More relevantly, higher gene expres-
sion of ZNF667-AS1 exceeding the cutoff value has been
found to be associated with unsatisfactory overall surviyg

for patients suffered from B-chronic

leukemia.'® Nevertheless, little information is availabl

206 expression in bone marrow and se

AML sufferers were remarkably d

acteristics and prognosis
Hence, we postulated t

phoid blast crisis oncogene
(LBC), breast
protein gene (BRX

er nuclear receptor binding auxiliary
and catalytic GDP-GTP exchange
factor (GEF), has been validated as a tumor-supporting
gene in colorectal cancer.'?> AKAPI3 increased the resis-
tance of AML patients to tipifarnib by about 5 to 7 folds."
Given the aforementioned evidence, we conjectured that
the poor survival of AML patients may be associated with
ZNF667-AS1 upregulation and the underlying molecular
mechanisms in relation to miR-206-mediated AKAPI3

expression.

Materials and Methods

Patients and Clinical Samples

From September 2014 to September 2016, 86 AML
patients in Zhongshan People’s Hospital were enrolled,
including 38 males and 48 females. Bone marrow samples
used for diagnoses were collected for experiments.
Patients were diagnosed with AML on the basis of
French American British (FAB) and World Health
Organization criteria and were classified into M1-M6 sub-
types according to blood and bone marrow patterns. The
. A total of

clinicopathological features are listeg
25 bone marrow samples from g

ing bone marrow examinati

sed Gene Analysis
samples from six AML patients by

m sampling (one for each stage in MI1-

g subjected to IncRNA analysis. Bone marrow
pamples from six age- and sex-matched subjects were set
the control group. GeneChip human Gene 2.0 ST Arrays
Affymetrix, Thermo Fisher Scientific Inc., Waltham, MA,
USA) were used for IncRNA microarray analysis.

Table | Clinical Characteristics Between AML Patients and
Controls

Groups Control (n = 25) AML (n = 86)
Sex (male/female) 14/9 38/48
Age (Year) 43.58 + 7.64 51.26 +9.18
WBC (x10°/L) 521 £ 1.18 80.91 + 69.28
HGB (g%) 16.22 + 4.25 7.15 £ 246
PLT (x10°/L) 250.5 + 23.58 60.21 £ 13.72
LDH (U/L) 211.86 *23.55 407 + 34.79
Present FAB subtype
MI NA Il
M2 NA 24
M3 NA 13
M4 NA 19
M5 NA 14
Mé NA 5

Abbreviations: AML, acute myeloid leukemia; WBC, white blood count; HGB,
hemoglobin; PLT, platelets; LDH, lactate dehydrogenase; FAB, French American
British; NA, not applicable.
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Affymetrix GeneChip Scanner 3000 7G was used to ana-
lyze significant changes of gene expression profiles under
570 nm wavelength excitation, and Partek Genomic Suite
6.6 software was utilized for statistical screening (Partek
Incorporated, St. Louis, MI, USA). Robust multiple-array
average (RMA) algorithm was used to normalize the gene
array files on the core meta-sample set. The gene expres-
sion was analyzed by fold discovery rate, and the heatmap
plotted to IncRNAs with
Foldchange value greater than 2 and p < 0.01. The detailed

was screen upregulated

data are provided in Supplementary Material.

RT-qgPCR
Total RNA was isolated from tissues and cells using Trizol
reagents (Invitrogen Inc., Carlsbad, CA, USA).

Complementary DNA (cDNA) was synthesized using
PrimeScript Real-time Reagent kits with gDNA Eraser
(TaKaRa, Shiga, Japan). Then, SYBR premix (Takara)
was applied to detect ZNF667-AS1 expression and the
mRNA expression of AKAPI3 using glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) as an internal refer-
ence. The expression of miR-206 was detected using
miRNA  RT-qPCR  Detection kits  (Genecopoeia,
Rockville, MD, USA) with U6 as an internal re
PCR reactions were performed on ABI 7500 Rea
PCR System (Applied Biosystems, Inc., Fga
USA), and the gene expression was
2 2% method. The primers used i
sented in Table 2.

Cell Culture and Ti
Human AML cells
bone marrow cell

chased from Be

identified cells were cultivated in
Roswd ial Institute-1640 medium (Solarbio,
Beijing, B4 and HS-5 cells were grown in

Dulbecco’s dified Eagle’s medium (DMEM, Gibco,
Carlsbad, CA, 3®A) added with 10% fetal bovine serum
(FBS, Hyclone, Marlborough, MA, USA) and 2 mM L-
glutamine (Hyclone). Small interfering RNAs (siRNAs)
targeting ZNF667-AS1 (ZNF667-AS1 si) and AKAPI3
(AKAPI13 si), miR-206 inhibitor (miR-206 inh), nonsense
control sequence NC si (control for ZNF667-AS1 si), NC
(nonsense mRNA sequence for miR-206 inh and AKAP13
si) and packaging vector Helper vector-I were from
GenePharma (Shanghai, China). Cells were transfected

Table 2 Sequences of RT-qPCR Primer

Targets Sequences (5'-3')

ZNF667-AS| Forward: GGGAGTGTCCGCCATAAAGT
Reverse: AGATCGTAGCAGGGTCCAGT

miR-206 Forward: AGATCGTAGCAGGGTCCAGT
Reverse: CTGCAGGGTCCGAGGT

AKAPI3 Forward: GAGAGTGTACCTCAAAACAAGGTGT
Reverse: TTAAAATCTGGGAGAGAGACACATC

uUeé Forward: GTCTCC BLCAACAGCG
Reverse: ACCA

GAPDH
Re

Abbreviations: RT
reaction; ZNF66
microRNA-20

uantitative polymerase chain
-antisense  RNA |; miR-206,
protein 13; GAPDH, glyceralde-

r siRNA using Lipofectamine™
ion reagent (Invitrogen). siRNAs and inhi-
used for transfection are shown in Table 3.

-Dimethylthiazal-2-Y1)-2,5-
Diphenyl-Tetrazolium Bromide (MTT)
Assay

Cells at logarithmic growth phase were seeded into 96-
well plates at 1 x 10 cells/100 pL and cultured for 24, 48,
72 h, respectively, at 37°C. At indicated time points, 20 uL
MTT solution (5 g/L, Sigma-Aldrich Chemical Company,
St Louis, MO, USA) was added. After incubation for

another 4 h, 150 pL dimethylsulfoxide was then

Table 3 Sequence for Cell Transfection

Targets Sequence (5'-3’)

ZNF667-AS| si-1 TGTGACAAGTTCTTCAGGCG

ZNF667-AS| si-2 CTCTTTAACCAAACCCAACTA
miR-206inhibitor CCACACACUUCCUUACAUUC
NC (for ZNF667-AS! si, miR- CAGUACUUUUGUGUAGUACA
206 inhibitor and AKAP si)

AKAP si-1 GAGAAUGCAGAACGUUUPAA
AKAP si-2 GGAGAAGGAGAAAGATTCTTT

Abbreviations: ZNF667-AS|, zinc finger protein 667-antisense RNA |; miR-206,
microRNA-206; AKAP13, A-kinase anchoring protein |3; si, small interfering RNA.
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supplemented to each well for a 15-min shaking in the
dark. The optical density (OD) value of each well was read
at 4990 nm on a microplate reader (Multiskan MK3,
Thermo).

5-Ethynyl-2'-Deoxyuridine (EdU) Staining
EdU assay kits (KeyGene, Rockville, MD, USA) were also
adopted for cell proliferation assessment. Cells were seeded
into 96-well plates at 5 x 10° cells/well, incubated with 10
puM EdU for 2 h, fixed with 4% formaldehyde for 20 min and
cultured in 100 pL 0.5% TritonX-100 for 20 min. The cells
were finally stained with Hoechst 33,342 (Beyotime,
Shanghai, China) for 15 min and observed under a fluores-
cence microscopy (x 400, Olympus, Tokyo, Japan). The EQU
activity of cells was assessed by counting EdU-positive cells.

Flow Cytometry
The cells in logarithmic growth phase were seeded in a 24-
well plate (1 x 10° cells/well) for a 48-h culture. The cells
were then suspended in 100 puL binding buffer from
Annexin V-fluorescein isothiocyanate (FITC)/propidium
iodide (PI) cell apoptosis kits (Sigma-Aldrich) and stained
with 5 pL. Annexin V-FITC and 5 pL PI for 10 min in
darkness. The mixture was loaded onto a FACScan f{I@&
cytometer (BD Biosciences, San Jose, CA, USA).

Hoechst Staining
The transfected THP-1 and HL-60 cells
4% paraformaldehyde for a period
with 0.5 mL Hoechst 33,258 so

cell suspension was supple-
mented to apicalRamber of the Transwell (8§ um pore
diameter, Corning G¥ss Works, Corning, N.Y., USA), and
10% FBS-supplemented 300 u. DMEM to basolateral
chamber for culturing in a 37°C incubator with 5% CO,.
After 48 h, the chambers were immersed in 4% parafor-
maldehyde for 30 min, 0.2% Triton X-100 (Sigma-
Aldrich) for 15 min and 0.5% crystal violet for 5 min.
Five randomly selected fields were observed with an
(XDS-800D, Shanghai Caikon

Optical Instrument, China) to assess cell invasion ability.

inverted microscope

Xenograft Tumor in Nude Mice

Thirty-six 6-week-old female SD nude mice (weight 18 g
+ 2 g) purchased from Shanghai SLAC Laboratory Animal
(Shanghai, China) were allowed standard chow pellets and
water ad libitum. A 12-12 h lights on-off cycle was
maintained in a temperature-controlled room (22°C).
Mice were randomly divided into 12 groups (n = 3 in
each group) by weight after 1 week of acclimation through
the injection of THP-1 or HL-60 cells transfected with
siRNAs targeting ZNF667-AS1 (ZNF667-AS1 si) or nega-
tive control (NC-si), or cells co-trangh

of pentobarbital sodium at 150 mg/kg
issues. All animal experiments were
the approval of the Ethics Committee
eople’s Hospital. The report of animal
gts is in accordance with the ARRIVE guidelines.

vivo Metastasis Experiments

hirty-six 6-week-old female SD nude mice (weight 18 g
+ 2 g) purchased from Shanghai SLAC Laboratory Animal
were habituated to the housing conditions for one week. A
total of 4 x 10° stably transfected AML cells were injected
intravenously into the tail. After 45 d, mice were eutha-
nized by intraperitoneal injection of sodium pentobarbital
at 150 mg/kg. Liver tissues were removed and fixed in 4%
paraformaldehyde, dehydrated with alcohol, embedded in
paraffin and cut into 5-pm thick liver sections. After con-
ventional dewaxing, the sections were treated with hema-
toxylin (Wuhan Boster Biological Technology, Wuhan,
Hubei, China) for 3 min and stained with eosin for 3
min. Histopathological changes of liver tissues of mice
were observed under microscope (XDS-800D, Shanghai
Caikon Optical Instrument).

Immunohistochemistry

Mouse tumor tissues and liver nodules were routinely
dewaxed after routinely embedding. The sections were
allowed to stand with 3% H,0, and with normal goat
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serum blocking solution (for 15 min at room tempera-
ture). Sections were incubated with the primary antibody
against CD45 (1:200, ab10558, Abcam, Cambridge,
USA) overnight at 4°C, followed by incubation with the
secondary antibody (1:2000, ab205718, Abcam) for 2 h at
37°C. Horseradish-labeled
working solution was added for 15-min color develop-

streptomyces ovalbumin
ment at 37°C. The sections were then counterstained with
hematoxylin for 30 s, dehydrated and sealed. The number
of CD45-positive cells was observed under a microscope
(XDS-800D, Shanghai Caikon Optical Instrument).

Subcellular Fractionation Location Assay

Cytoplasmic & Nuclear RNA Purification Kits (Norgen
Biotek, Canada) were used to detect ZNF667-AS1 locali-
zation in cells. The RNA of nucleus and cytoplasm was
extracted, and cells were lysed using lysis buffer J and
centrifuged. The precipitated pellets were added into
adsorption columns. RNA was incubated at room tempera-
ture for 3 h with buffer and ethanol, and washed with
hypotonic buffer to remove impurities. Then the RNA
was isolated using Elution Buffer E by a 30-min incuba-
tion and centrifuged for 30 min at 15,000 xg to sgaarate
nucleus and cytoplasm (both at 4°C). U6 was applic
reference for nuclear RNA detection, and GAPDH w3
a reference for cytoplasmic RNA detecti

and HL-60 cells
Ribo™ IncRNA

sampl @ 5
4% paral8 dehyde afld treated with protease K (2 pg/

ad ethyl phthalide reagent. Afterwards, the
bridized with 250 pL pre-hybridization
solution at 42°C for a period of 1 h and hybridized with
250 uL hybridization solution containing probe (300 ng/
mL) at 42°C overnight. The nucleus was then stained with
phosphate-buffered saline/Tween-diluted 4',6-diamidino-2-
phenylindole (1:800) for 5 min. Finally, cells were sealed
with anti-fluorescent quencher. Focus was placed on five
distinct areas, and the cells were counted under a fluores-
cence microscope (Olympus, Tokyo, Japan).

Luciferase Activity Detection
RNA22 (http://www.mybiosoftware.com/rna22-v2-micro

rna-target-detection.html) was used to predict the targeting
miRNA of ZNF667-AS1. TargetScan (http://www.targets
can.org/vert 72/) was applied to predict the targeting
mRNA of miR-206. Wild-type (WT) or mutated-type
(MT) sequences of ZNF667-AS1 or AKAPI3 containing
predicted miR-206 binding position were separately cloned
into pMIRREPORT luciferase reporter vectors (Ambion,
Austin, TX, USA). The transfection reagent lipofecta-
hose vectors with

mine™ 2000 was used to co-trag

buffer
nghai, China). Protein samples were subjected

ecipitation  assay  lysis

protein signaling using 5% skim milk, the membrane was
incubated for 1 h under 4°C overnight with antibodies against
B-catenin (ab16051, 1:500), cyclin D1 (ab16663,1:1000) and
B-actin (ab8226,1:700) (all from Abcam, Cambridge, MA,
USA) and with horseradish peroxidase-labeled secondary anti-
body (ab205719, 1:3000) at room temperature. Blots were
detected using enhanced chemiluminescence detection kits
(Pierce Biotechnology, Rockford, IL, USA). Data were ana-
lyzed using Image Quant LAS-4000 image acquisition system
(FUJIFILM VisualSonics, Inc., Toronto, ON, Canada).

Statistical Analysis

Statistical analysis was conducted using GraphPad Prism 6.0
(GraphPad, San Diego, CA, USA) and SPSS 22.0 (IBM Corp,
Armonk, NY, USA). Measurement data were displayed in the
form of mean + standard deviation (SD). Unpaired #-test was
applied for analyses between two groups, and the comparison
among multiple groups was analyzed by one-way or two-way
analysis of variance (ANOVA), followed by Tukey’s post hoc
test. Survival curves were plotted using the Kaplan-Meier
method and analyzed using the Log rank test. The effect of
genes on the determination of AML progression in patients
was determined by relative operating characteristic (ROC)
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curves, and correlations between genes were performed by  ZNF667-AS1 in AML, we found that area under curve
Person’s test. Cox regression model univariate and multivariate ~ (AUC) was 0.75, indicating that ZNF667-AS1 had good diag-
analysis was used for survival evaluation. Differences were  nostic efficiency for AML (Figure 1E). The expression of
considered significant if the p-value was less than 0.05. The = ZNF667-4S1 in AML cell lines U937, THP-1, HL-60 and
results shown were representative of at least three independent ~ NB4 was detected with normal cells HS-5 as a control, and it
experiments. was found that ZNF667-4S1 was also significantly increased in

AML cells (Figure 1F). Collectively, these results indicated

Results that ZNF667-AS1 may be a biomarker in AML.
Upregulation of ZNF667-AS| is ldentified
in AML Patients Downregulation of ZNF667-AS|

Bone marrow from AML patients in Zhongshan People’s Decreases AML Cell Acg
Hospital and donated bone marrow from healthy controls ~ Since THP-1 and HL-60 cells shovi@g ive Yh expres-

(CON) were used for microarray analysis. The expression of ~ sion of ZNF667-AS1, we cg W with ZB¥667-4S1
ZNF667-AS1 in bone marrow of AML patients increased sig-  poor expression in THP- » e 2A). The
nificantly (Figure 1A), which was in consistence with results of ~ proliferation ability of experiments,

RT-gPCR (Figure 1B). Since AML could be divided into M1-  and the growth ¢ i alues recorded on
M6 subtypes according to the FAB classification, we tested the  the 1st, 2nd an e OD values of AML
expression of ZNF667-AS1 in the bone marrow of each sub-  cells after 7-AS1 si plasmid were
type with the normal bone marrow as controls. RT-qPCR also ggesting
validated that AML in each subtype was also increased relative ~ Simjtly, we also assessed the DNA replication activity of
to CON (Figure 1C). Through the survival analysis of the cell . The EdU-positive cells observed under a
patients, the survival rate of patients with ZNF667-AS1 high
expression was observed to be lower (Figure 1D). ROC
used for the specificity of mRNAs in patients with AML
assess the efficiency of mRNA expression for the dagermina-
tion of AML. By ROC curve to detect th

uced proliferation (Figure 2B).

cope were significantly reduced as well,

y flow cytometry. Late apoptotic cells were showed
the upper right quadrant, and cells were counted to assess
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Figure | ZNF667-AS| is elevated in AML patients and cells. (A) Differentially expressed IncRNAs between CON and AML patients screened out by microarray analysis; (B)
RT-qPCR detection of ZNF667-AS| expression in AML patients and CON (*p < 0.05 according to the unpaired t-test); (C) RT-qPCR detection of ZNF667-AS| expression in
AML patients of each subtype (*p < 0.05 according to one-way ANOVA); (D) survival analysis of patients with high or low expression of ZNF667-AS| (cut-off value = 5.13);
(E) ROC curve analysis for diagnostic efficiency of ZNF667-AS1; (F) RT-qPCR detection of ZNF667-AS| expression in AML cells and HS-5 cells (*p < 0.05 according to one-
way ANOVA). Values are shown as the means + SD of three separate experiments.
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2E). In a word, these data suggested that
gockdown suppressed proliferation and

increased apoptosts in AML.

Downregulation of ZNF667-AS| Reduces

Invasiveness of AML Cells

Transwell assays were employed to evaluate cell inva-
sion ability in vitro. After 24 h of culture, the invasive
cells were observed. Downregulation of ZNF667-AS1
led to a decline in cell invasion number (Figure 3A).

Ml NCsi
B ZNF667-AS1 si
15+ * *
9
2
810
(]
=
.‘ﬁ
g 5
‘ﬁ
<
[5}
ZNF667-AS1 si 3
I

THP-1 HL-60

NC si or ZNF667-AS| si was administrated into AML cells. (A) RT-qPCR detection of ZNF667-AS|
-way ANOVA); (B) MTT evaluation of cell OD value (*p < 0.05 according to one-way ANOVA); (C)
one-way ANOVA); (D) Flow cytometry of cell apoptosis ability (*p < 0.05 according to one-way ANOVA); (E)
ccording to one-way ANOVA). Values are shown as the means + SD of three separate experiments.

Cells transfected with plasmids containing ZNF667-AS1
silencing fragment were injected into nude mice to
observe tumor formation in vivo. The animal modeling
was determined to be successful by detection of
ZNF667-AS1 expression. After confirming that the cell
injection was effective (Figure 3B), tumor volume was
assessed to evaluate the tumorigenic capacity of trans-
fected cells. It was found that the tumor volume and
weight of nude mice injected with cells transfected with
ZNF667-AS1 si plasmids were significantly smaller than
that of the NC si group on the 28th days post-injection
(Figure 3C). Immunohistochemical staining of a leuko-
cyte marker CD45 in mouse tumor tissues revealed that
the ZNF667-AS1 reduced the CD45 expression and
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metastatic nodW@s, to assess the metastatic ability of

mice, and the nur¥ger of liver metastatic nodules was
also significantly reduced (Figure 3E). The expression of
the marker CD45 was also detected by immunohisto-
chemistry in liver metastatic tissues, and ZNF667-AS1 si
was found to inhibit the formation of AML cells-derived
liver metastatic nodules (Figure 3F). This series of
results showed that ZNF667-AS1 significantly reduced
the invasive, tumorigenic and metastatic capacities of

the AML cells.

miR-206 is Downregulated in AML

Patients and Cells

The expression of miR-206 was much lower in the bone
marrow of AML patients than that in CON (Figure 4A).
After typing the patients, the miR-206 expression in all
the patients were lower than that of the CON (Figure
4B). The correlation analysis of miR-206 and ZNF667-
AS1 expression in patients showed that their expression
in AML was
Prognostic analysis of patients with different expression

negatively correlated (Figure 4C).

of miR-206 revealed that the survival rate of patients
with high expression of miR-206 was higher, while that
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miR-206 [MQibitor Reverses the
Repressive Role of ZNF667-AS|
Inhibition in AML Cells

With simultaneous knockdown of ZNF667-AS1 and

miR-206, we detected cell proliferation by MTT, and
found that OD

(Figure 5A), suggesting a partial recovery of cell pro-

values at 490 nm were increased

liferation activity. We then used flow cytometry to detect
the level of apoptosis, and observed that the number of

< 0.05 according to the unpaired t-
orrelation analysis of ZNF667-AS| and
%¥1); (E) ROC curve analysis for diagnostic
to one-way ANOVA); (G) RT-qPCR detection of miR-
A). Values are shown as the means * SD of three

ells decreased significantly after
667-AS1 si + miR-206 inh treatment compared
ZNF667-AS1 si alone (Figure 5B). miR-206 inh
also partially restored the invasive activity in the pre-
sence of ZNF667-AS1 si (Figure 5C). To test the effect
of miR-206 on in vivo tumor growth and metastasis, we
injected cells stably expressing ZNF667-AS1 si + miR-
206 inh or ZNF667-AS1 si + NC into nude mice. Poor
expression of miR-206 accelerated tumor growth (Figure

was

wit

5D) and increased tumor weight (Figure 5E) in mice.
Similarly, staining of CD45-positive cells revealed that
leukocytes were significantly elevated after downregula-
tion of miR-206 (Figure 5F). HE staining of liver meta-
showed that
formation was significantly enhanced (Figure 5G). The

static nodules the metastatic nodule
levels of the leukocyte marker CD45 were also signifi-
cantly enhanced in liver metastatic nodules (Figure 5H).
Downregulation of miR-206 inhibited the effects of
ZNF667-AS1 si, resulting in increased cell activity and
enhanced tumorigenic capacity.

Upregulation of AKAPI3 is ldentified in

AML Patients and Cells

AKAPI3expression was upregulated in all AML patients
(Figure 6A) and in each subtype of AML patients (Figure
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Figure 5 miR-20 idPPTONTO AML cell aggressiveness in the presence of ZNF667-AS| silencing. (A) MTT evaluation of cell OD value (*p < 0.05 according to
two-way ANOVA); Sw cytometry of cell apoptosis ability (*p < 0.05 according to two-way ANOVA); (C) Transwell assay of cell invasion (*p < 0.05 according to two-
way ANOVA); (D) RT-WlR, detection of miR-206 expression in mouse tumor tissues in the response to ZNF667-AS| si + miR-206 inh (*p < 0.05 according to two-way
ANOVA); (E) Tumor volu d tumor weight in mice (*p < 0.05 according to two-way ANOVA); (F) Immunohistochemical staining of CD45 protein in mouse tumor
tissues; (G) HE staining of liveP metastatic nodules in mice (*p < 0.05 according to two-way ANOVA); (H) Immunohistochemical staining of CD45 protein in liver metastatic
nodules. Values are shown as the means + SD of three separate experiments (n = 3).

6B). We observed a negative correlation between AKAPI3  survival (Figure 6E), while the positive rate of AKAPI3
and miR-206 expression (Figure 6C) and a positive corre- was higher and the diagnosis was better (Figure 6F).
lation between ZNF667-AS1 and AKAPI3 expression AKAPI3 expression was found to be significantly upregu-
(Figure 6D). The survival analysis of patients displayed lated (Figure 6G) in AML cells, so we considered AKAP13
that patients with high 4AKAPI3 expression had a poorer to be an important biomarker in AML.
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AKAP|3 expression in AML patients; (D) correlation analysis of ZNF667-AS| and AKAPI3 expres,
expression of AKAP[3 (cut-off value = 5.84); (F) ROC curve analysis for diagnostic efficiency of A
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the Role of miR-206 Inhibitor in A

Cells
To detect the effect of AKAPI13 on the
tion of AML cells, we first construc

assays we observed an 4
invaded cells after
(Figure 7B). The

(Figure 7D ells after co-transfection were injected

into mice, and@e results demonstrated the tumor for-
mation rate in mice slowed down (Figure 7E), occur-
ring concomitant with reduced tumor weight (Figure
7F). CD45 positivity in mouse tumor tissues revealed
a significant reduction in AML cells after simultaneous
downregulation of miR-206 and AKAPI13 (Figure 7G).
Poor AKPAP13 expression reversed the effect of miR-
206 inhibitor to decrease the number of metastatic liver

nodules (Figure 7H) and to reduce activity of CD45-

P13 silencing inhibited invasive ability caused by
regulation of miR-206.

ZNF667-as Exerts Pro-Tumorigenic

Effects in AML by Sponging miR-206

ZNF667-AS1 has been indicated to competitively bind
to miR-93-3p, which directly targeted PEG3 to involve
in cervical cancer development.® Therefore, we postu-
lated that ZNF667-AS1 modulated the progression of
AML in a similar manner. As predicted by IncATLAS
(http://Incatlas.crg.eu/), ZNF667-AS1 was mainly dis-
tributed in the cytoplasm in most cells (Figure 8A).
We found ZNF667-AS1 was principally localized in the
cytoplasm of AML cells (Figure 8B) through subcellu-
lar fractionation location assay, and we further verified
ZNF667-AS1
through the FISH experiment (Figure 8C). So, we pre-
dicted the possible binding miRNAs of ZNF667-4S1
by RNA22. A total of four miRNAs were screened out
and pCR quantification of candidate target miRNAs

localization results in the cytoplasm

revealed that only miR-206 showed high expression in
THP-1 cells with poor expression of ZNF667-ASI
(Figure 8D). We then verified the targeting relationship
between ZNF667-AS1 and miR-206 in cells by dual-
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. Re@o Encyclopedia of Genes
and Genomes (S@GG) analysis of the target genes of
miR-206 revealed Wgut all genes were enriched in the
Wnt/B-catenin pathway (Figure 8F). While AKAPI3
was identified by dual-luciferase assays as a target
gene of miR-206 and also enriched in the Wnt/B-cate-
nin pathway (Figure 8G). Detection of AKAPI3 expres-
sion in cells with miR-206 inhibitor revealed that
downregulation of miR-206 significantly increased
AKAPI3 expression in the cells (Figure 8H). These
findings illustrated that the binding of ZNF667-4AS1 to

~

El miR-206 inh

A

5 TRt B
NC

¢t e
miR-206 inh +

miR-206 could modulate the 4AKAPI3 expression in
AML cells.

ZNF667-AS| Mediates the Wnt/j3-

Catenin Pathway

The Wnt/B-catenin pathway activities were finally detected
in cells. Through Western blot detection of B-catenin and
cyclin D1 expression, we observed that ZNF667-AS1
downregulation impaired the Wnt/pB-catenin pathway in
cells, while miR-206 inhibitor partially restored pathway
activity. While silencing of AKAP13 flattened the promo-
tive role of miR-206 inhibitor on the Wnt/B-catenin path-
way induction (Figure 9). By examining Wnt/B-catenin
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Figure 9 ZNF667-AS| promotes the Wnt/B-catenin signaling induction in AML cells via the m|
cells after transfection (*p < 0.05 according to two-way ANOVA). Values are shown as the

pathway-related proteins, we found that ZNF667-4S1 re
ulates AML cell activity through miR-206 regagmsion o

Discussion
AML is the most common acute

mechanism 0 Been well characterized yet.'

In this study, alidate the possible prognostic role of
Initially, we observed that ZNF667-
AS1 expression was distinctly overexpressed in bone marrow
of AML patients. Furthermore, ZNF667-AS1 expression dis-
played a high accuracy for diagnosing AML from healthy
controls by a ROC curve. More importantly, the results of
Kaplan-Meier analyses revealed that AML patients with high
ZNF667-AS1 expression demonstrated a shorter overall sur-
vival. As a consequence, our findings preliminarily indicated

ZNF667-AS1 as a prognostic factor for AML. However,

B-catenin

B-catenin

THP-1
Hl NCsi
Bl ZNF667-AS1 si
7 Hl ZNF667-AS1 si+ NC
* * B ZNF667-AS1 si + miR-206 inh
. * mm miR-206 inh + NC

miR-206 inh + AKAP13 si

Cyclin D1

HL-60

06 inh + AKAP13 si

he protein expression of B-catenin and cyclin DI in AML
eparate experiments.

arches on greater number of patients are required
etter verify of our findings.

In the current work, we herein excavated the possible
ects of ZNF667-AS1 on the proliferation and invasiveness
of THP-1 and HL-60 cells and nude mice. The data from
functional experiments including MTT, EdU, flow cytometry,
Transwell and in vivo assays established that ZNF667-4S1
knockdown suppressed the cell proliferation and invasiveness
and tumor growth and liver metastases, suggesting that
ZNF667-AS1 functioned as a tumor-initiating IncRNA in
AML. Investigation involving competing endogenous RNA
(ceRNA), which are endogenous transcripts that share the
same miRNA response elements and mediate each other by
diminishing miRNA availability via competing for shared
miRNAs, has been outlined in carcinogenesis.'® When
mRNA competes to miRNA:s, its stability decreases, the trans-
lation process is impaired, and gene expression is altered, by
which various IncRNAs participate in the modulation of
mRNA coding function.'” The ceRNA network plays an
important role in a wide range of physiological and patholo-
gical processes, including AML." To figure out whether
ZNF667-AS1 participated in AML through ceRNA mechan-
ism, subcellular fractionation location assay and FISH assays
were carried out, illustrating that ZNF667-AS! mainly
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Figure 10 Schematic diagram of the relevance of ZNF667-AS| in AML. ZNF667-AS| positively regulated AKAP

cell proliferation and invasion.

distributed in the cytoplasm. The results of RNA22 prediction
and dual-luciferase reporter assays showed that ZNF667-4S1

different IncRNAS in various
neuroblastoma,'® head and n

pressed in AML
AML in our study. Functional assays revealed that silencing
of AKAPI3 could flatten the stimulative role of miR-206
inhibitor in cell proliferation and invasion as well as tumor

patients, showed good diagnostic effects in

growth and liver metastasis. Lastly, ZNF667-AS1 sliencing
was observed to block the Wnt/B-catenin signaling induction
in AML cells, as evidenced by lowered expression of [3-
catenin and cyclin D1 at protein level. A previous review
highlighted that the connections between IncRNAs, with

Inhibit
miR-206

~woon e
mow Yo

Inhibit

VWWWWWWW\

ZNF 7-AS1

pression by interacting with miR-206, thereby leading to

ion patterns in different cancer tissues, and
in signaling, showing potentials as new bio-
therapeutic targets.”> While inhibition of miR-
_ artially restored the activity of the pathway. Cyclin D1
has been substantiated as a downstream target of miR-206 in
various cancers, including ovarian cancer,”* melanoma,” in
addition to clear-cell renal cell carcinoma.”® Further Western
blot assays also corroborated that AKAPI3 silencing
impaired the Wnt/B-catenin signaling induction in the pre-
sence of miR-206 inhibitor. In line with our study, miR-206
was observed to attenuate glioma cell proliferation, migra-
tion and invasion through disrupting the Wnt/B-catenin sig-
naling by targeting Frizzled 7 mRNA.?’

Overall, this study found that ZNF667-AS1 may be an
onco-IncRNA in AML. The results of subsequent mechan-
istic studies displayed ZNF667-AS1 enhanced the activation
of the AKAP13/Wnt/B-catenin signaling by interacting with
miR-206 (Figure 10). The interaction between ZNF667-4S1
and miR-206 plays an important part in the proliferation and
invasiveness of AML. In addition, we showed that ZNF667-
AS1, miR-206 and AKAP13 may become attractive prognos-
tic biomolecules for AML, which may offer new avenues for

the research on molecular mechanisms of AML.
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