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LncRNA KCNQ1OT1 controls cell proliferation, differentiation and apoptosis 
by sponging miR-326 to regulate c-Myc expression in acute myeloid leukemia 
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Long noncoding RNAs (lncRNAs) have been reported to play essential roles in development and treatment of acute 
myeloid leukemia (AML). However, the role of lncRNA potassium voltage-gated channel subfamily Q member 1 overlap-
ping transcript 1 (KCNQ1OT1) in AML progression and its mechanism remain largely unknown. The expressions of 
KCNQ1OT1, microRNA-326 (miR-326) and c-Myc were measured by quantitative real-time polymerase chain reaction and 
western blot, respectively. Phorbol myristate acetate (PMA) was used for cell differentiation. Cell proliferation, apoptosis 
and differentiation were measured by MTT assay, flow cytometry and qRT-PCR, respectively. The interaction between 
miR-326 and KCNQ1OT1 or c-Myc was explored by luciferase activity, RNA immunoprecipitation or RNA pull-down assay. 
We found that the expression of KCNQ1OT1 was enhanced in AML samples compared with control. KCNQ1OT1 knock-
down inhibited cell proliferation but promoted apoptosis and cell differentiation. KCNQ1OT1 was a decoy of miR-326 and 
c-Myc was a target of miR-326. KCNQ1OT1 regulated AML cell proliferation, apoptosis and differentiation by sponging 
miR-326. Moreover, overexpression of miR-326 suppressed proliferation but promoted apoptosis and PMA-induced differ-
entiation by targeting c-Myc in AML cells. Besides, c-Myc protein level was suppressed by KCNQ1OT1 interference and 
rescued by miR-326 abrogation. Our data showed that KCNQ1OT1 regulates proliferation, differentiation and apoptosis in 
AML cells by acting as a competing endogenous RNA (ceRNA) for miR-326 to regulate c-Myc, providing a novel avenue 
for AML treatment. 
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Acute myeloid leukemia (AML) is a bone marrow malig-
nancy with rising incidence worldwide [1]. AML malignancy 
is characterized by uncontrolled proliferation, impaired 
apoptosis and interferes with programmed differentia-
tion in leukemic cells [2]. Hence, it is necessary to explore 
novel avenue for treatment of AML through suppressing cell 
growth and overcoming differentiation arrest.

Long noncoding RNAs (lncRNAs) are confined to 
transcripts lacking significant ORFs with more than 200 
nt in length, which play important roles in tumorigenesis 
in progression of disorders, including AML [3]. Moreover, 
lncRNAs have been reported to be associated with prognosis 
of AML by functioning as competing endogenous RNAs 
(ceRNAs) [4]. Previous studies have reported that lncRNAs 
are implicated in AML progression by regulating cell 
processes, including proliferation, apoptosis, migration, 
invasion and differentiation [5–7]. As for lncRNA potas-

sium voltage-gated channel subfamily Q member 1 overlap-
ping transcript 1 (KCNQ1OT1), it has been reported to act 
as a carcinogenic lncRNA in multiple cancers by promoting 
cancer cell proliferation, migration, invasion and epithelial-
mesenchymal transition [8–10]. Furthermore, former work 
suggested that KCNQ1OT1 could promote osteoblast differ-
entiation [11]. Jia et al. revealed that KCNQ1OT1 is highly 
expressed in AML and might be associated with prognosis and 
therapeutics of AML patients [12]. However, little is known 
about the roles of KCNQ1OT1 and its mechanism in AML.

miRNAs are a class of small noncoding RNAs with 19–22 
nucleotides, which play essential roles in diagnosis, prognosis 
and therapeutics in AML [13]. Accruing reports suggested 
miRNA-326 as a tumor suppressor to inhibit proliferation, 
invasion, cell cycle progression and to promote apoptosis 
in many cancers, such as prostate cancer, osteosarcoma and 
hepatocellular carcinoma [14–16]. Moreover, miR-326 has 



KCNQ1OT1 REGULATES CELL PROCESSES IN AML 239

been suggested to be dysregulated in AML samples [17]. 
c-Myc is regarded as an oncogene and has an important 
role in development of AML [18]. Moreover, c-Myc has 
been reported to be associated with cell growth, differen-
tiation and drug resistance in AML by varying pathways [7, 
19]. Notably, bioinformatics analysis displays the potential 
binding sites of miR-326 and c-Myc or KCNQ1OT1. Thus, 
we hypothesized that KCNQ1OT1 might act as a ceRNA for 
miR-326 to regulate c-Myc in AML. In this study, we investi-
gated the effect of KCNQ1OT1 on cell differentiation, prolif-
eration and apoptosis in vitro and explored the potential 
ceRNA regulatory network of KCNQ1OT1/miR-326/c-Myc.

Materials and methods

Samples. The peripheral blood samples from 41 AML 
patients and 20 healthy volunteers were recruited from 
Wuhan No.1 Hospital. The peripheral blood mononuclear 
cells (PBMCs) of each sample were isolated by using Ficol-
Histopaque gradient centrifugation method [20]. All partici-
pants have signed the informed consent and this study was 
approved by the Research Ethics Committee of Wuhan No.1 
Hospital. The 5-year survival was analyzed in AML patients 
according to the expression of KCNQ1OT1.

Cell culture and treatment. The human myeloid 
leukemia cell lines HL-60 and U937 cells were purchased 
from American Tissue Culture Collection (Manassas, VA, 
USA) and cultured in Dulbecco’s Modified Eagle Medium 
(Gibco, Carlsbad, CA, USA) with 10% fetal bovine serum 
(Gibco), 100 U/ml penicillin and 100 μg/ml streptomycin 
(Invitrogen, Carlsbad, CA, USA) at 37oC and 5% CO2. For 
cell differentiation, HL-60 and U937 cells were treated with 
50 ng/ml phorbol myristate acetate (PMA; Sigma, MO, USA) 
dissolved in dimethylsulfoxide (DMSO; Thermo Fisher, DE, 
USA) for 0, 24, 48 or 72 h.

Small interfering RNA (siRNA) against KCNQ1OT1 
(si-KCNQ1OT1), scramble, vector, KCNQ1OT1 overex-
pression vector (KCNQ1OT1), c-Myc overexpression vector 
(c-Myc), miR-326 mimic (miR-326), negative control (NC), 
miR-326 inhibitor (anti-miR-326) and miRNA inhibitor 
NC (anti-NC) were synthesized by Genepharma (Shanghai, 
China). Cell transfection was performed in HL-60 and U937 
cells by using Lipofectamine 2000 (Invitrogen) following the 
manufacturer’s instructions. After 24 h of the transfection, 
cells were collected for further study.

Quantitative real-time polymerase chain reaction 
(qRT-PCR). Total RNA was isolated from cells with TRIzol 
reagent (Invitrogen) and reverse transcribed using Trans-
Script miRNA First stand cDNA Synthesis SuperMix 
(TransGen Biotech, Beijing, China) according to the manufac-
turer’s instructions. qRT-PCR was conducted by using SYBR 
green (Vazyme Biotech, Nanjing, China) and each sample 
was prepared in triplicate. The relative levels of RNAs were 
measured with U6 small RNA or GAPDH as internal control 
using 2–ΔΔCt method [21]. The primers were listed as follows: 

miR-326 (Forward, 5’-CCTCTGGGCCCTTCCTCCAG-3’; 
Reverse, 5’-GCGAGCACAGAATTAATACGAC-3’), U6 
(Forward, 5’-CTCGCTTCGGCAGCACATATACT-3’; Reverse, 
5’-ACGCTTCACGAATTTGCGTGTC-3’), KCNQ1OT1 
(Forward, 5’-GCACTCTGGGTCCTGTTCTC-3’; Reverse, 
5’-CACTTCCCTGCCTCCTACAC-3’), cluster of differen-
tiation 14 (CD14) (Forward, 5’-CTCTGTCCTTAAAGCGGC- 
TTAC-3’; Reverse, 5’-GTTGCGGAGGTTCAAGA TGTT-3’), 
CD11b (Forward, 5’-TCCAAAACACGGGGACCTATC-3’; 
Reverse, 5’-TCCTCGAACACGACCACCT-3’), c-Myc 
(Forward, 5’-GGCTCCTGGCAAAAGGTCA-3’; Reverse, 
5’-CTGCGTAGTTGTGCTGATGT-3’), GAPDH (Forward, 
5’-GGCAGCAGCAAGCATT CCT-3’; Reverse, 5’-GCCCAA-
CACCCCCAGTCA-3’).

Cell proliferation. 3-(4,5-dimethyl-2-thiazolyl)-2,5-
diphenyl-2-H-tetrazolium bromide (MTT) assay was 
conducted to analyze cell proliferation. HL-60 and U937 
cells were seeded into 96-well plates at a density of 5,000 
cells per well and each sample was prepared in triplicate. 
After the culture for 24, 48 or 72 h, cells were incubated with 
0.5 mg/ml MTT solution (Thermo Fisher) for another 4 h. 
Subsequently, 100 μl of DMSO was added to each well for 
10 min and the absorbance was measured at 490 nm using a 
microplate reader (Bio-Rad, CA, USA).

Cell apoptosis. Cell apoptosis was analyzed by using 
Annexin V-fluorescein isothiocyanate (FITC)/propidium 
iodide (PI) apoptosis detection kit (Yeasen, Shanghai, China) 
via flow cytometry. After the culture for 72 h, HL-60 and 
U937 cells were washed with PBS and resuspended in binding 
buffer, followed by stained with 5 μl Annexin V-FITC and 
10 μl PI for 10 min in the dark at room temperature. The 
stained cells were analyzed by using a flow cytometer (Becton 
Dickinson, Franklin Lakes, NJ, USA).

Luciferase activity assay. The putative binding sites 
of miR-326 and KCNQ1OT1 or c-Myc were predicted by 
starBase or TargetScan online. The 3’ untranslated regions 
(3’-UTR) sequences of KCNQ1OT1 or c-Myc containing 
wild-type (wt) or mutant (mut) binding sites of miR-326 
were inserted into the pGL3 vectors (Promega, Madison, WI, 
USA) to synthesize luciferase reporter vectors (KCNQ1OT1-
wt, KCNQ1OT1-mut, c-Myc-wt or c-Myc-mut). HL-60 and 
U937 cells were co-transfected with 20 ng luciferase reporter 
vector, 10 ng control vector and 40 nM miR-326 or miR-NC 
using Lipofectamine™ 2000 according to the manufacturer’s 
protocols. After the transfection for 48 h, luciferase activity 
assay was measured using luciferase assay kit (Promega) 
according to the manufacturer’s instructions.

RNA immunoprecipitation (RIP). RIP assay was 
performed by using RNA-binding protein immunoprecipi-
tation kit (Millipore, Billerica, MA, USA) according to the 
manufacturer’s protocols. In brief, HL-60 and U937 cells 
transfected with miR-326 or miR-NC were lysed in RIP buffer 
containing magnetic beads bound with antibody against 
Ago2 or IgG. The enrichment of KCNQ1OT1 or c-Myc 
immunoprecipitated on beads were detected by qRT-PCR.
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RNA pull-down assay. RNA pull-down analysis was 
performed in HL-60 and U937 cells by using RNA-Protein 
Pull-Down Kit (Thermo Fisher). In brief, NC or miR-326 was 
labeled with biotin and transfected into cells. The cell lysates 
were incubated with streptavidin agarose beads (Invit-
rogen) for 2 h, and then eluted with biotin elution buffer. The 
complex was used for measurement of KCNQ1OT1 level by 
qRT–PCR.

Western blot. After washed with PBS, HL-60 and U937 
cells were lysed by using RIPA lysis buffer (Beyotime 
Biotech, Shanghai, China). Total proteins were quantified 
by BCA protein assay kit (Beyotime Biotech) following the 
centrifugation and then denatured at 100 °C for 10 min. 
Equal amounts of proteins were separated on SDS-PAGE gel 
and then transferred to polyvinylidene difluoride (PVDF) 
membranes (Millipore). The membranes were treated with 
1% bovine serum albumin (Sigma) for 1 h at room tempera-
ture, and then incubated with primary antibodies overnight 
at 4 °C and secondary antibody for 2 h at room temperature. 
The antibodies against c-Myc (ab32072, 1:1000 dilution) 
or GAPDH (ab181602, 1:10000 dilution) and horse-
radish peroxidase (HRP)-conjugated secondary antibody 
(ab205718, 1:10000 dilution) were purchased from Abcam 
(Cambridge, UK). GAPDH was used as loading control and 
the protein blots were visualized using enhanced chemilumi-
nescence (ECL) chromogenic substrate (Beyotime Biotech).

Statistical analysis. Data were presented as the mean ± 
standard deviation (S.D.) from three independent experi-
ments. The statistical differences between groups were 
analyzed by Student’s t-test or one-way analysis of variance 
(ANOVA) using GraphPad Prism 5 (GraphPad Inc., La Jolla, 
CA, USA). The overall survival curve of patients was gener-
ated by Kaplan-Meier method and analyzed by Log-rank test. 
A p-value <0.05 was regarded as statistically significant.

Results

KCNQ1OT1 expression is enhanced in AML samples. 
To explore the potential role of KCNQ1OT1 in AML progres-

sion, its expression was measured in AML samples. As shown 
in Figure 1A, the expression of KCNQ1OT1 was abnormally 
increased in PBMCs from AML patients compared with 
that in normal group. Moreover, the patients were classi-
fied as low expression (n=26) and high expression (n=15) 
groups according to the mean value of KCNQ1OT1 expres-
sion in AML samples. After the follow-up, high expression of 
KCNQ1OT1 group displayed lower survival rate of patients 
(p=0.005) (Figure 1B).

KCNQ1OT1 regulates differentiation, proliferation 
and apoptosis in AML cells. To investigate the role of 
KCNQ1OT1 in cell differentiation, AML cells were stimu-
lated with PMA. As shown in Figure 2A and 2B, the expres-
sion levels of CD14 and CD11b mRNA were significantly 
elevated in HL-60 and U937 cells at 24, 48 and 72 h after 
the treatment of PMA compared with those in control and 
DMSO groups, suggesting that PMA effectively induced the 
cell differentiation. Moreover, the abundance of KCNQ1OT1 
was progressively decreased in PMA-treated HL-60 and 
U937 cells (Figure 2C), indicating that KCNQ1OT1 might 
be associated with cell differentiation. To explore the effect of 
KCNQ1OT1 on AML progression, its abundance was effec-
tively knocked down in the two cell lines by using siRNA, 
which was revealed by qRT-PCR (Figure 2D). The analysis of 
MTT revealed that knockdown of KCNQ1OT1 significantly 
reduced proliferation of HL-60 and U937 cells compared 
with scramble group at 72 h (Figure 2E). Besides the 72 h 
time point, cell apoptosis was notably induced by silencing 
KCNQ1OT1 in HL-60 and U937 cells compared with that 
in scramble group (Figure 2F). Meanwhile, the data of 
qRT-PCR displayed that cell differentiation was promoted by 
silencing KCNQ1OT1 in the PMA-challenged cells, revealed 
by the increased CD14 and CD11b mRNA levels at 72 h 
(Figures 2G and 2H).

KCNQ1OT1 regulates AML cell differentiation, prolif-
eration and apoptosis by sponging miR-326. Seeing 
that functional lncRNA was known as ceRNA or miRNA 
sponge, the miRNAs bound to KCNQ1OT1 were explored 
by starBase. As described in Figure 3A, the potential 

Figure 1. KCNQ1OT1 expression is enhanced in AML patient samples. A) The expression of KCNQ1OT1 was measured in PBMCs cells from AML 
patients (n=41) or normal controls (n=20) by qRT-PCR. B) The survival of AML patients was analyzed according to the expression of KCNQ1OT1. 
*p<0.05.
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of HL-60 and U937 cells transfected with KCNQ1OT1-wt, 
while its efficacy was lost with respect to KCNQ1OT1-mut 
group (Figure 3B). Moreover, the enrichment of KCNQ1OT1 
by Ago2 RIP was obviously enhanced in HL-60 and U937 
cells transfected with miR-326 compared with that in NC 
group (Figure 3C). In addition, biotin-labeled miR-326 

binding sites of miR-326 and 3’-UTR of KCNQ1OT1 were 
provided, suggesting that KCNQ1OT1 might be a decoy of 
miR-326. Moreover, the interaction between miR-326 and 
KCNQ1OT1 was explored by luciferase activity, RIP and 
RNA pull-down assays. Results showed that overexpres-
sion of miR-326 significantly reduced the luciferase activity 

Figure 2. KCNQ1OT1 regulates differentiation, proliferation and apoptosis in AML cells. A and B) The expression levels of CD14 and CD11b mRNA 
were measured in HL-60 and U937 cells at 0, 24, 48 or 72 h after treatment of PMA by qRT-PCR. DMSO: negative control group; Control: non-treated 
group. C) The level of KCNQ1OT1 was detected in HL-60 and U937 cells at 0, 24, 48 or 72 h after treatment of PMA by qRT-PCR. D) The abundance 
of KCNQ1OT1 was examined in HL-60 and U937 cells transfected with siKCNQ1OT1 or scramble by qRT-PCR. Control: non-transfected group. E) 
Cell proliferation was measured in HL-60 and U937 cells transfected with siKCNQ1OT1 or scramble at 24, 48 or 72 h by MTT assay. F) Cell apoptosis 
was analyzed in HL-60 and U937 cells transfected with siKCNQ1OT1 or scramble at 72 h by flow cytometry. G and H) The expression levels of CD14 
and CD11b mRNA were measured in HL-60 and U937 cells at 72 h after transfection of siKCNQ1OT1 or scramble and treatment of PMA by qRT-PCR. 
*p<0.05.
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group displayed higher abundance of KCNQ1OT1 in HL-60 
and U937 cells than bio-NC group (Figure 3D). Besides, the 
expression of miR-326 was evidently decreased by overex-
pression of KCNQ1OT1 and increased by interference of 
KCNQ1OT1 in HL-60 and U937 cells (Figure 3E). These 
findings indicated miR-326 as a target of KCNQ1OT1. As a 
result, the expression of miR-326 was greatly downregulated 
in AML samples compared with that in normal (Figure 4A). 
Furthermore, its level was progressively increased in HL-60 
and U937 cells after the treatment of PMA in a time depen-
dent manner, suggesting that miR-326 was involved in cell 
differentiation (Figure 4B). To investigate the role of miR-326 
in AML progression, cells were transfected with miR-326 
or NC. After the transfection, miR-326 abundance was 
significantly elevated in HL-60 and U937 cells transfected 
with miR-326 compared with that in NC and control group 
(Figure 4C). In addition, overexpression of miR-326 signifi-

cantly limited proliferation but promoted cell apoptosis 
and PMA-induced differentiation in HL-60 and U937 cells 
compared with NC group (Figures 4D–4G).

To investigate whether miR-326 was required for 
KCNQ1OT1-mediated AML progression, AML cells were 
transfected with scramble, siKCNQ1OT1, siKCNQ1OT1 
and anti-NC or anti-miR-326. As a result, the abundance of 
miR-326 was markedly increased by KCNQ1OT1 knock-
down in HL-60 and U937 cells, which was weakened by 
miR-326 deficiency (Figure 5A). Moreover, downregulation 
of miR-326 reversed the effect of KCNQ1OT1 silence on 
proliferation, apoptosis and PMA-induced differentiation in 
HL-60 and U937 cells at 72 h (Figures 5B–5E).

miR-326 regulates AML cell differentiation, prolifera-
tion and apoptosis by targeting c-Myc. To further explore 
the mechanism in AML progression, potential target of 
miR-326 was explored by TargetScan. The putative binding 

Figure 3. miR-326 is bound to KCNQ1OT1. A) The potential binding sites of miR-326 and KCNQ1OT1 were predicted by starBase. B) Luciferase activ-
ity assay was conducted in HL-60 and U937 cells co-transfected with KCNQ1OT1-wt or KCNQ1OT1-mut and miR-326 or NC. C and D) The enrich-
ment of KCNQ1OT1 was measured in HL-60 and U937 cells after Ago2 RIP or RNA pull-down assays. (E) The abundance of miR-326 was detected in 
HL-60 and U937 cells transfected with vector, KCNQ1OT1, scramble or siKCNQ1OT1 by qRT-PCR. Control: non-transfected group. *p<0.05.
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sites of miR-326 and c-Myc were shown in Figure 6A, and we 
constructed the wt or mut luciferase reporter vector. Overex-
pression of miR-326 resulted in obvious loss of luciferase 
activity in HL-60 and U937 cells transfected with c-Myc-
wt, whereas it failed to show efficacy in c-Myc-mut group 
(Figure 6B). Moreover, accumulation of miR-326 led to great 
increase of enrichment of c-Myc in HL-60 and U937 cells, 
while IgG showed little efficacy of enrichment (Figure 6C). 
Additionally, the expression of c-Myc protein was effectively 
decreased by overexpression of miR-326 and increased by 
knockdown of miR-326 in HL-60 and U937 cells (Figure 6D). 
These data uncovered that c-Myc is a target of miR-326 in 
AML cells.

As a result, the mRNA level of c-Myc was exceptionally 
elevated in AML samples compared with that in normal 
group (Figure 7A). To evaluate whether miR-326-addressed 
AML progression was mediated by c-Myc, AML cells were 
transfected with NC, miR-326, miR-326 and vector or 
c-Myc. After the transfection, western blot assay demon-
strated that miR-326 overexpression reduced c-Myc protein 
level in HL-60 and U937 cells and this event was restored 
by introduction of c-Myc overexpression vector (Figure 7B). 
Moreover, restoration of c-Myc weakened miR-326-medi-
ated proliferation suppression and promotion of apoptosis 
production and PMA-induced differentiation in HL-60 and 
U937 cells (Figures 7C–7F).

Figure 4. miR-326 regulates differentiation, proliferation and apoptosis in AML cells. A) The expression of miR-326 was measured in PBMCs cells from 
AML patients or normal controls by qRT-PCR. B) The level of miR-326 was detected in HL-60 and U937 cells at 0, 24, 48 or 72 h after treatment of PMA 
by qRT-PCR. C) The abundance of miR-326 was examined in HL-60 and U937 cells transfected with miR-326 or NC by qRT-PCR. Cell proliferation 
(D), apoptosis (E), CD14 and CD11b levels (F and G) were measured in HL-60 and U937 cells transfected with miR-326 or NC at 72 h by MTT assay, 
flow cytometry or qRT-PCR, respectively. Control: non-treated or non-transfected group. *p<0.05.
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Figure 5. Inhibition of miR-326 reverses the regulatory effect of KCNQ1OT1 knockdown on proliferation, apoptosis and differentiation in AML cells. 
A) The expression of miR-326 was measured in HL-60 and U937 cells transfected with scramble, siKCNQ1OT1, siKCNQ1OT1 and anti-miR-326 or an-
ti-NC by qRT-PCR. Cell proliferation (B), apoptosis (C), CD14 and CD11b mRNA levels (D and E) were analyzed in HL-60 and U937 cells transfected 
with scramble, siKCNQ1OT1, siKCNQ1OT1 and anti-miR-326 or anti-NC at 72 h by MTT assay, flow cytometry or qRT-PCR, respectively. *p<0.05.

Figure 6. c-Myc is a target of miR-326. A) The putative binding sites of miR-326 and c-Myc was explored by TargetScan. B) Luciferase activity assay 
was performed in HL-60 and U937 cells co-transfected with c-Myc-wt or c-Myc-mut and miR-326 or NC. C) The enrichment of c-Myc was measured in 
HL-60 and U937 cells transfected with miR-326 or NC after Ago2 RIP assay. D) The expression of c-Myc protein was detected in HL-60 and U937 cells 
transfected with miR-326, NC, anti-miR-326 or anti-NC by western blot. *p<0.05.
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Figure 7. Restoration of c-Myc attenuates miR-326-mediated progression in AML cells. A) The 
expression of c-Myc mRNA was measured in PBMCs cells from AML patients or normal con-
trols by qRT-PCR. B) The protein level of c-Myc was detected in HL-60 and U937 cells trans-
fected with NC, miR-326, miR-326 and vector or c-Myc by western blot. Cell proliferation (C), 
apoptosis (D), CD14 and CD11b mRNA levels (E and F) were examined in HL-60 and U937 
cells transfected with NC, miR-326, miR-326 and vector or c-Myc at 72 h by MTT assay, flow 
cytometry or qRT-PCR, respectively. *p<0.05.

KCNQ1OT1 regulates c-Myc expression by competi-
tively sponging miR-326 in AML cells. To further eluci-
date the ceRNA-based mechanism in AML progression, the 
interaction between c-Myc and KCNQ1OT1 was explored 
in HL-60 and U937 cells by transfection of scramble, 
siKCNQ1OT1, siKCNQ1OT1 and anti-NC or anti-miR-
326. After the transfection of 24 h, western blot results 
exhibited that knockdown of KCNQ1OT1 significantly 
decreased c-Myc protein expression in HL-60 and U937 
cells (Figure  8). Moreover, deficiency of miR-326 reversed 

knockdown of KCNQ1OT1-mediated limited capacity for 
c-Myc abundance in HL-60 and U937 cells (Figure 8). These 
findings revealed that KCNQ1OT1 functioned as a ceRNA 
for miR-326 to de-repress c-Myc expression in AML cells.

Discussion

LncRNAs have been indicated as important biomarkers 
for development, prognosis and treatment of AML [22]. 
In this study, we showed that KCNQ1OT1 expression was 
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enhanced in AML samples compared with that in normal, 
which is also in agreement with previous study [12]. 
Moreover, high expression of KCNQ1OT1 was associated 
with lower survival in AML patients. These indicated that 
KCNQ1OT1 might predict poor outcomes of AML patients. 
However, the exact roles of KCNQ1OT1 in AML progression 
and its potential mechanism remain elusive. Here we first 
showed that KCNQ1OT1 regulated differentiation, prolif-
eration and apoptosis by acting as a ceRNA for miR-326 to 
mediate c-Myc in AML.

PMA has been widely used to stimulate differentiation of 
human myeloid leukemia cell [7, 23]. In this study, we also 
used PMA to induce differentiation of AML cells, which was 
confirmed by increase of CD14 and CD11b levels. Moreover, 
treatment with PMA decreased the expression of KCNQ1OT1 
and silencing KCNQ1OT1 contributed to AML cell differen-
tiation, which might be associated with cellular oxidant stress 
[24]. KCNQ1OT1 was reported as an oncogene by promoting 
tumor progression in human cancers [8–10, 25]. Similarly, 
our results also indicated the promoting role of KCNQ1OT1 
in AML progression, revealed by which KCNQ1OT1 silence 
decreased proliferation by promoting apoptosis of AML 
cells, which is also in agreement with previous study [9]. In 
addition, the anti-proliferative effect of KCNQ1OT1 knock-
down might be also caused by G2 cell cycle arrest [10], which 
needs to be further validated in future. These findings uncov-
ered that KCNQ1OT1 silence might be a promising thera-
peutic target for AML through proliferation suppression and 
stimulating differentiation.

This study focused on the molecular mechanism that 
allows KCNQ1OT1 participating in AML process. Former 
works have indicated that KCNQ1OT1 could serve as impor-
tant sponge of many miRNAs, including miR-145, miR-7-5p 

and miR-214 [10, 26, 27]. Here we first demonstrated the 
interaction between KCNQ1OT1 and miR-326 in AML 
cells, which was confirmed by luciferase activity, RIP and 
RNA pull-down assays. miR-326 expression was downregu-
lated in AML samples, suggesting that miR-326 might be a 
suppressor in AML progression, which is also consistent with 
former work [17]. In this study, the expression of miR-326 
was elevated in differentiated AML cells and its overexpres-
sion promoted cell differentiation, which is also in agreement 
with previous study suggesting that miR-326 promoted cell 
differentiation in pathogenesis of systemic lupus erythe-
matosus by regulating Ets-1 [28]. Ets-1 is regarded as an 
important regulator of reactive oxygen species (ROS) [29], 
which further stimulated us to hypothesize that KNCQ1OT1 
regulated cell differentiation by mediating oxidant stress. 
Moreover, miR-326 has been reported as a tumor suppressor 
by suppressing proliferation, invasion and activating 
apoptosis in hepatocellular carcinoma [16]. Our data revealed 
that miR-326 inhibited proliferation by promoting apoptosis 
in AML cells. Meanwhile, it might also be associated with G2 
cell cycle arrest [30]. Notably, miR-326 knockdown reversed 
interference of KCNQ1OT1-mediated progression of AML, 
indicating KCNQ1OT1 as a sponge of miR-326.

Additionally, functional miRNAs are known to regulate 
target expressions in different conditions. Previous studies 
have confirmed multiple targets of miR-326, including 
kirsten rat sarcoma viral oncogene homolog (KRAS) and 
ETS-domain containing protein (ELK1) [31, 32]. In the 
present study, c-Myc was identified as a functional target of 
miR-326 in AML cells by luciferase activity and RIP assays. 
Former effort revealed that c-Myc was highly expressed 
in AML [33]. Similarly, we also showed that c-Myc was 
elevated in AML samples. In addition, c-Myc was associ-

Figure 8. The abundance of c-Myc protein is regulated by KCNQ1OT1 and miR-326 in AML cells. The expression of c-Myc protein was measured in 
HL-60 and U937 cells transfected with scramble, siKCNQ1OT1, siKCNQ1OT1 and anti-NC or anti-miR-326 by western blot. *p<0.05.
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ated with cell growth and differentiation in AML [7, 34]. 
In this study, we found that miR-326 induced prolifera-
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