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Abstract. – OBJECTIVE: Long non-coding 
RNA taurine upregulated gene 1 (lncRNA TUG1) 
has been demonstrated to promote malignant 
phenotypes and Adriamycin resistance in acute 
myeloid leukemia (AML) cells. However, the 
function and mechanism of TUG1 in cytarabine 
(Ara-C) sensitivity in AML remain unclear. 

PATIENTS AND METHODS: Levels of TUG1, 
microRNA (miR)-655-3p or cyclin D1 (CCND1) 
mRNA were examined using quantitative re-
al-time polymerase chain reaction (qRT-PCR). 
Cell proliferation activity and apoptosis were 
analyzed using cell counting kit-8 (CCK-8) or 
flow cytometry, respectively. Western blot was 
utilized to detect the protein levels of Ki-67, 
B-cell lymphoma-2-associated X protein (Bax), 
and CCND1. The interaction between miR-655-
3p and TUG1 or CCND1 was confirmed by Du-
al-Luciferase reporter and pull-down assay. 

RESULTS: TUG1 and CCND1 were higher 
expressed, while miR-655-3p was lower ex-
pressed in AML cells compared with that in 
normal cells. Higher expression levels of TUG1 
or CCND1, and lower expression levels of miR-
655-3p both notably reversed Ara-C-induced 
proliferation inhibition and apoptosis promo-
tion in AML cells. TUG1 was a sponge of miR-
655-3p, and TUG1 knockdown enhanced the 
sensitivity of AML cells to Ara-C by regulat-
ing miR-655-3p. MiR-655-3p directly targeted 
CCND1, and CCND1 overexpression attenuat-
ed miR-655-3p restoration-mediated reinforce-
ment of Ara-C sensitivity in AML cells. Besides 
that, TUG1 up-regulated CCND1 expression 
via miR-655-3p. 

CONCLUSIONS: TUG1 weakened the sen-
sitivity of AML cells to Ara-C by up-regulating 
CCND1 via miR-655-3p, suggesting a new in-
sight into the chemotherapy of AML. 
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MiR-655-3p, CCND1. 

Introduction

Acute myeloid leukemia (AML) is a fatal hema-
topoietic system malignancy with a high relapse 
rate, which is highlighted by the uncontrolled 
clonal proliferation of myeloid precursors and 
differentiation blockage of normal hematopoi-
esis1,2. Currently, hematopoietic stem cell trans-
plantations with chemotherapy are the standard 
treatments for AML3; among them, cytarabine 
(Ara-C) is the first-line chemotherapy strategy for 
AML treatment4. Unfortunately, the phenomenon 
of treatment resistance in the majority of AML 
patients has gradually emerged5, ultimately caus-
ing the incurability of the disease. 

Growing evidence has documented the regula-
tory role of non-coding RNAs (ncRNAs) in the 
tumorigenesis, maintenance, and progression of 
AML6,7. The ncRNAs are functional RNAs that 
have no ability to transcribe into a protein, in 
which longer than –200 nucleotides are regarded 
as long noncoding RNA (lncRNA)8. LncRNAs 
have been discovered to be closely associated with 
the regulation of diverse cell biological processes, 
including cell proliferation, apoptosis, differen-
tiation, chemoresistance, and hematopoiesis9-11. 
LncRNA taurine upregulated gene 1 (TUG1), 
mapped on chromosome 22q12, is a highly con-
served functional RNA molecule12. Accumulat-
ing evidence has uncovered the oncogenic role 
of TUG1 in various carcinomas, such as gastric 
cancer13, hepatocellular carcinoma14, and colorec-
tal cancer15. In AML, the expression of TUG1 was 
higher in AML patients and closely related to the 
poor prognosis16. Besides that, TUG1 enhanced 
malignant phenotypes and Adriamycin resistance 
of AML cells17,18. However, the function and the 
potential mechanism of TUG1 in the sensitivity of 
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AML cells to Ara-C have not been investigated.
In contrast to lncRNAs, microRNAs (miR-

NAs) are the best-characterized ncRNAs with 
approximately 19-25 nucleotides in size, which 
play significant roles in malignant physiological 
or pathological cellular processes in cancers19. Up 
to date, emerging studies have identified the im-
plication of miRNAs in nearly all aspects of AML 
disease development, including cell proliferation, 
apoptosis, and differentiation20. Notably, studies 
have also identified that the miRNA-target mR-
NA regulatory network is associated with the de-
velopment and clinical prognosis of AML21.

Herein, this investigation evaluated the role of 
TUG1 in Ara-C sensitivity in AML cells in vi-
tro, and the potential miRNA-mRNA pathways 
in which TUG1 regulated the sensitivity of AML 
cells to Ara-C were further investigated. 

Patients and Methods

Clinical Samples 
Human blood samples from 30 untreated AML 

patients and 30 healthy donors without any diseas-
es were collected at the Luoyang Central Hospital 
Affiliated to Zhengzhou University. AML patients 
were clinically diagnosed according to the French 
American-British (FAB) classification criteria. 
Serum was obtained from all collected peripher-
al blood samples and immediately stored at -80°C 
until further analysis. The research protocols were 
permitted by the Ethics Committee of Luoyang 
Central Hospital Affiliated to Zhengzhou Univer-
sity, and manipulated in line with the Declaration 
of Helsinki and Good Clinical Practice. Written 
informed consent was obtained from all subjects. 

Cell Culture
Human AML cell lines (HL-60 and KG-1) and 

the human normal stromal cells HS-5 were ob-
tained from Shanghai Bank of Tissues (Shanghai, 
China), and grown in Roswell Park Memorial In-
stitute-1640 (RPMI-1640) medium (Invitrogen, 
Carlsbad, CA, USA) containing with 10% fetal 
bovine serum (FBS), 1% of penicillin-streptomy-
cin (Gibco, Grand Island, NY, USA) and 2 mM of 
l-glutamine (Gibco, Grand Island, NY, USA) with 
5% CO2 at 37°C.

Quantitative Real Time Polymerase Chain 
Reaction (qRT-PCR)

The isolation of total RNA from clinical sam-
ples and cells was carried out using TRIzol re-
agent (Invitrogen, Carlsbad, CA, USA). 2 μg 

of total RNA was reversely transcribed into 
complementary DNAs (cDNAs) using the Pri-
meScript™ RT reagent Kit (TaKaRa, Dalian, 
China). Then, the synthesized cDNA template 
was quantified on ABI7300 with SYBR Green 
Master Mix II (TaKaRa, Dalian, China). The 
levels of mRNA expression were analyzed by 
the 2–ΔΔCt method normalized by gyceralde-
hyde-3-phosphate dehydrogenase (GAPDH) and 
U6 small nuclear B noncoding RNA (U6). The 
primer sequences were listed as follows: TUG1 
F: 5’-CTGAAGAAAGGCAACATC-3’ and R: 
5’-GTAGGCTACTACAGGATTTG-3’; miR-655-
3p F: 5’-CAATCCTTACTCCAGCCAC-3’ and R: 
5’-GTGTCTTAAGGCTAGGCCTA-3’; cyclin D1 
(CCND1) F: 5’-GGCGGAGGAGAACAAACA-
GA-3’ and R: 5’-ATGGAGGGCGGATTGGAAA-3’; 
U6 F: 5’-CTTCGGCAGCACATATAC-3’ and R: 
5’-GAACGCTTCACGAATTTGC-3’; GADPH F: 
5’-CCCACATGGCCTCCAAGGAGTA-3’ and R: 
5’-GTGTACATGGCAACTGTGAGGAGG-3’.

Cell Proliferation Assay
The untransfected or transfected HL-60 

and KG-1 cells (5 × 104/well) were seeded on 
a 96-well plate overnight, and then were treat-
ed with increasing concentrations of cytarabine 
(Ara-C) (Sigma-Aldrich, St. Louis, MO, USA) 
(0, 1, 2, or 4 μM) for 48 h. After that, 10 μL of 
cell counting kit-8 (CCK-8) solution (Beyotime, 
Shanghai, China) was added per well and incu-
bated for another 2 h. Finally, the absorbance 
at 450 nm was determined using a microplate 
reader in the indicated time. 

Cell Transfection
The si-TUG1, pcDNA3.1-TUG1 overexpression 

vector (TUG1) and pcDNA3.1- CCND1 over-
expression vector (CCND1), the mimic of miR-
655-3p (miR-655-3p) and miR-655-3p inhibitor 
(anti-miR-655-3p) and their respective negative 
control (si-NC, Vector, miR-NC, or anti-NC) were 
synthesized by Genepharma (Shanghai, China). 
The transfections were performed with Lipofect-
amine 2000 reagent (Invitrogen) according to the 
instructions of manufacturer. 

Cells Apoptosis Analysis
After transfection and treatment, HL-60 and 

KG-1 cells were gently dual stained with 10 μL 
Annexin V-fluorescein isothiocyanate (FITC)/
propidium iodide (PI) (BD Biosciences, Frank-
lin Lakes, NJ USA). Cell apoptosis rates were 
detected using a flow cytometer.



B. Zhang, Y.-F. Sun, X.-M. Zhang, N. Jiang, Q. Chen

4942

Western Blot
Extracted proteins (25 μg) were loaded onto 

a sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) minigel for sepa-
rating, and then transferred to polyvinylidene 
difluoride (PVDF) membranes. Afterwards, 
the membranes were interacted with the anti-
bodies listed below, which were all obtained 
from Abcam (Cambridge, MA, USA): Ki-67 
(1:5000, ab16667), B-cell lymphoma-2-associ-
ated X protein (Bax) (1:5000, ab32503), cyclin 
D1 (CCND1) (1:10000, ab134175) and GAPDH 
(1:10000, ab181602), followed by incubated 
with horseradish peroxidase (HRP)-conjugated 
secondary antibody (1:5000, Sangon, Shanghai, 
China). 

Dual-Luciferase Reporter Assay
The TUG1 or CCND1 3’UTR containing the 

predicted potential wild-type (WT) or mutant 
(MUT) sites of miR-655-3p were cloned into 
the pMIR-Report vector (Promega, Madison, 
WI, USA) to generate Luciferase vectors, named 
as TUG1-WT, TUG1-MUT, CCND1-WT, or 
CCND1-MUT. Then, lipofectamine 2000 (Invit-
rogen, Carlsbad, CA, USA) was used to transfect 
these constructed Luciferase reporters (100 ng) 
combined with miR-655-3p or miR-NC (100 nM) 
into HL-60 and KG-1 cells, respectively. Lucif-
erase activities were determined with the help of 
the Dual-Luciferase Kit (Promega. Madison, WI, 
USA) and normalized by Renilla Luciferase ac-
tivity.

Pull-Down Assay
Biotinylated-miR-655-3p (Bio-miR-655-3p) 

and Biotinylated-miR-NC (Bio-miR-NC) synthe-
sized by Genepharma were transfected into HL-
60 and KG-1 cells. After 24 h, cells were lysed, 
and whole-cell lysates were incubated with Dy-
nabead M-280 streptavidin beads (Invitrogen, 
Carlsbad, CA, USA) overnight. Then, the bead-
bound RNA was eluted, isolated and subjected for 
qRT-PCR analysis. 

Statistical Analysis
Data from thrice-repeated experiments were 

shown as mean ± standard deviation (SD). Sta-
tistical difference was analyzed by Student’s 
t-test or one-way analysis of variance (ANOVA) 
followed by Tukey post-hoc test on GraphPad 
Prism 7 software (San Diego, CA, USA). p-val-
ues < 0.05 suggested statistically significant.

Results

TUG1 Is Elevated In AML Patients 
and Cells

The expression of TUG1 was detected in the se-
rum of AML patients and healthy donors. Results 
showed that relative to the healthy donors, TUG1 
was elevated in the serum of AML patients (Fig-
ure 1A). Similarly, the elevation of TUG1 expres-
sion level also was observed in AML cell lines 
(HL-60 and KG-1) compared to the normal HS-5 
cells (Figure 1B). These data indicated TUG1 in-
crease might be associated with the progression of 
AML. Besides, HL-60 and KG-1 cells were treat-
ed with increasing doses of Ara-C (0, 1, 2, or 4 
μM) for 48 h, and CCK-8 assay displayed that cell 
proliferation activity was significantly inhibited 
by Ara-C in a dose-dependent manner (Figure 
1C, D), and especially suppressed by 4 μM Ara-C 
treatment. Thus, 4 μM Ara-C was chosen for fol-
lowing analyses. 

TUG1 Attenuates Ara-C-Induced 
Inhibition of Cell Proliferation and 
Promotion of Apoptosis In AML

To investigate the detailed function of TUG1 
on Ara-C sensitivity in AML, HL-60 and KG-
1 cells were transfected with Vector or TUG1, 
and the level of TUG1 in cells transfected with 
TUG1 overexpressed plasmid was significantly 
increased compared with those transfected with 
empty vector (Figure 2A). Subsequently, after 4 
μM Ara-C treatment, we found Ara-C treatment 
inhibited the proliferation (Figure 2B) and pro-
moted apoptosis in HL-60 and KG-1 cells (Figure 
2C), while these effects were reversed by TUG1 
overexpression (Figure 2B, C), which proved that 
TUG1 enhanced Ara-C resistance of AML cells. 
Besides, TUG1 overexpression also attenuated 
Ara-C-mediated reduction of Ki-67 expression 
and elevation of Bax level in HL-60 and KG-1 
cells (Figure 2D, E), further suggesting the regu-
lation of TUG1 on Ara-C-induced cell prolifera-
tion and apoptosis in AML. Taken together, these 
findings revealed that Ara-C restrained AML 
cells proliferation and TUG1 weakened the sensi-
tivity of AML cells to Ara-C. 

TUG1 Is a Sponge of MiR-655-3p
The potential pathways in which TUG1 regu-

lated the sensitivity of AML cells to Ara-C, the 
potential miRNA targets of TUG1, were predict-
ed through searching the bioinformatics tool Star-
Base3.0 program and miR-655-3p was found that 
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might be a target of TUG1 with putative binding 
sites (Figure 3A). To confirm the prediction, a Du-
al-Luciferase reporter assay was conducted, and 
results showed miR-655-3p overexpression signifi-
cantly reduced the Luciferase activity of TUG1-
WT reporter vector, but not TUG1-MUT reporter 
vector in HL-60 and KG-1 cells (Figure 3B). More-
over, TUG1 levels in HL-60 and KG-1 cells pulled 
down using Bio-miR-655-3p were higher than 
those in cells pulled down by Bio-miR-NC (Figure 
3C). These results confirmed the direct interaction 
between miR-655-3p and TUG1. After that, miR-
655-3p expression was detected, qRT-PCR analysis 
showed miR-655-3p was decreased in HL-60 and 
KG-1 cells relative to the normal HS-5 cells (Fig-
ure 3D), suggesting the potential regulatory role of 
miR-655-3p in AML progression. Furthermore, we 
observed TUG1 inhibited miR-655-3p expression 
in HL-60 and KG-1 cells (Figure 3E). Collectively, 
TUG1 sponged miR-655-3p and negatively regu-
lated its expression. 

MiR-655-3p Knockdown Reverses Ara-C-
Induced Inhibition of Cell Proliferation 
and Promotion of Apoptosis In AML

The function of miR-655-3p on Ara-C sensi-
tivity of AML cells was investigated. HL-60 and 
KG-1 cells were transfected with anti-NC or anti-
miR-655-3p; as expected, anti-miR-655-3p trans-
fection significantly declined the expression level 
of miR-655-3p in HL-60 and KG-1 cells compared 
with anti-NC transfection (Figure 4A, B). Follow-
ing treatment with 4 μM Ara-C, functional exper-
iments showed miR-655-3p down-regulation abated 
Ara-C-induced inhibition of HL-60 and KG-1 cell 
proliferation, reflected by the increased proliferation 
activity (Figure 4C) and Ki-67 levels (Figure 4E, F). 
Meanwhile, miR-655-3p inhibition also attenuated 
Ara-C-induced enhancement of HL-60 and KG-1 
cell apoptosis, demonstrated by the decreased apop-
tosis rate (Figure 4D) and Bax levels (Figure 4E, F). 
These results suggested that same as the action of 
TUG1, miR-655-3p knockdown aggravated Ara-C 

Figure 1. TUG1 is elevated in AML patients and cells. A-B, qRT-PCR analysis of TUG1 expression in the serum of AML 
patients and healthy donors (A), as well as in AML cell lines (HL-60 and KG-1) and normal HS-5 cells (B). C-D, CCK-8 assay 
analysis of HL-60 and KG-1 cell proliferation combined with increasing doses of Ara-C (0, 1, 2, or 4 μM). *p<0.05.
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Figure 2. TUG1 attenuates Ara-C-induced inhibition of cell proliferation and promotion of apoptosis in AML. HL-60 
and KG-1 cells were transfected with Vector or TUG1. A, qRT-PCR analysis of TUG1 expression in HL-60 and KG-1 cells. 
After treatment with 4 μM Ara-C, (B) CCK-8 assay analysis of HL-60 and KG-1 cell proliferation; C, detection of apoptosis 
rate of HL-60 and KG-1 cells with flow cytometry; D-E, Western blot analysis of Ki-67 and Bax levels in HL-60 and KG-1 
cells. *p<0.05.
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resistance in AML cells, also meaning that miR-
655-3p sensitized AML cells to Ara-C. 

TUG1 Knockdown Enhances the Sensitiv-
ity of AML Cells to Ara-C by Regulating 
MiR-655-3p 

Based on the relationship of TUG1 and miR-
655-3p, we further explored whether miR-655-3p 
mediated the action of TUG1 on Ara-C sensitiv-
ity in AML cells. First, HL-60 and KG-1 cells 
were transfected with si-NC or si-TUG1, and we 
verified that si-TUG1 transfection remarkably 
reduced the level of TUG1 in cells (Figure 5A). 
Next, HL-60 and KG-1 cells were transfected 
with si-NC, si-TUG1, si-TUG1 + anti-NC, or si-
TUG1 + anti-miR-655-3p to conduct rescue as-
say. After treatment with 4 μM Ara-C, we found 
TUG1 knockdown reinforced HL-60 and KG-1 
cell proliferation inhibition (Figure 5B, D, E) 
and apoptosis promotion (Figure 5C, D, E) in-
duced by Ara-C treatment, which testified that 
TUG1 knockdown reinforced Ara-C sensitivity 
in AML cells. Of note, these effects induced by 
TUG1 knockdown on Ara-C sensitivity were 

all partially overturned by miR-655-3p inhibi-
tion (Figure 5B-E). Altogether, it was affirmed 
that TUG1 knockdown sensitized AML cells to 
Ara-C by binding to miR-655-3p. 

CND1 Is a Target of MiR-655-3p
The targeting genes of miR-655-3p were in-

vestigated. According to the prediction of Star-
Base3.0 program, we found the binding sites of 
miR-655-3p on CCND1 (Figure 6A). After that, 
the Dual-Luciferase reporter assay showed miR-
655-3p markedly reduced the relative Luciferase 
activity of CCND1-WT in HL-60 and KG-1 cells, 
while that in the cells transfected with CCND1-
MUT was not declined (Figure 6B). In the mean-
while, pull-down assay exhibited that Bio-miR-
655-3p was able to pull down more CCND1 in 
HL-60 and KG-1 cells than Bio-miR-NC (Figure 
6C). In addition, Western blot analysis showed 
CCDN1 was elevated in AML cell lines (Figure 
6D), and miR-655-3p inhibition increased the lev-
el of CCDN1 in HL-60 and KG-1 cells (Figure 
6E). All these data indicated miR-655-3p target-
edly suppressed CCND1 expression. 

Figure 3. TUG1 is a sponge of miR-655-3p. A, The potential binding sites of TUG1 and miR-655-3p. B, Dual-Luciferase 
reporter assay in HL-60 and KG-1 cells co-transfected with the reporter plasmid and the indicated miRNAs. C, qRT-PCR 
analysis of TUG1 expression in HL-60 and KG-1 cells pulled down by Bio-miR-NC or Bio-miR-655-3p. D, qRT-PCR analysis 
of miR-655-3p in AML cell lines (HL-60 and KG-1) and normal HS-5 cells. E, qRT-PCR analysis of miR-655-3p in HL-60 and 
KG-1 cells transfected with Vector or TUG1. *p<0.05.
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Figure 4. MiR-655-3p knockdown reverses Ara-C-induced inhibition of cell proliferation and promotion of apoptosis in 
AML. HL-60 and KG-1 cells were transfected with anti-NC or anti-miR-655-3p prior to 4 μM Ara-C treatment. A-B, qRT-
PCR analysis of miR-655-3p in HL-60 and KG-1 cells. After treatment with 4 μM Ara-C, (C) analysis of HL-60 and KG-1 cell 
proliferation with CCK-8 assay; D, detection of HL-60 and KG-1 cell apoptosis using flow cytometry; E-F, levels detection of 
Ki-67 and Bax in HL-60 and KG-1 cells using Western blot. *p<0.05.
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CCND1 Overturns AML Cell Proliferation 
Inhibition and Apoptosis Promotion 
Mediated by Ara-C 

Due to the elevation of CCND1 in AML cells, 
the function of CCND1 in Ara-C sensitivity in 

HL-60 and KG-1 cells was evaluated by trans-
fecting with Vector or CCND1 before Ara-C 
treatment. As presented in Figure 7 A, B, CCND1 
protein was significantly elevated in HL-60 and 
KG-1 cells. Then, we observed CCND1 overex-

Figure 5. TUG1 knockdown enhances the sensitivity of AML cells to Ara-C by regulating miR-655-3p. A, qRT-PCR analysis 
of miR-655-3p in HL-60 and KG-1 cells transfected with si-NC or si-TUG1. HL-60 and KG-1 cells were transfected with si-
NC, si-TUG1, si-TUG1 + anti-NC, or si-TUG1 + anti-miR-655-3p, followed treated with 4 μM Ara-C. B, Detection of prolifer-
ation of HL-60 and KG-1 cells. C, Flow cytometry analysis of HL-60 and KG-1 cell apoptosis. D-E, Western blot analysis of 
Ki-67 and Bax in HL-60 and KG-1 cells. *p<0.05.
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pression abolished Ara-C-mediated inhibition of 
proliferation (Figure 7C, E, F) and enhancement 
of apoptosis (Figure 7D-F) in HL-60 and KG-1 
cells. In all, same as TUG1, CCND1 aggravated 
the resistance of AML cells to Ara-C. 

MiR-655-3p Sensitizes AML Cells to Ara-C 
by Targeting CCND1

We aimed to assess whether CCND1 involved 
in the activity of miR-655-3p on Ara-C sensitiv-
ity in AML cells. First, HL-60 and KG-1 cells 
were transfected with miR-NC or miR-655-3p, 
and a significant increase of miR-655-3p in HL-
60 and KG-1 cells transfected with miR-655-3p 
was observed (Figure 8A). Next, HL-60 and KG-1 
cells were transfected with miR-NC, miR-655-3p, 
miR-655-3p + Vector, or miR-655-3p + CCND1 
and treated with Ara-C. After that, CCK-8 assay 
and flow cytometry assay displayed miR-655-3p 
restoration enhanced the action of Ara-C on HL-
60 and KG-1 cell proliferation inhibition (Figure 
8B) and apoptosis promotion (Figure 8C), while 
CCND1 overexpression remitted these effects 
(Figure 8B, C). Additionally, CCND1 up-regu-
lation reversed miR-655-3p restoration-mediated 

Ki-67 decrease and Bax increase in HL-60 and 
KG-1 cells treated with Ara-C (Figure 8D, E). 
Thus, miR-655-3p interacted with CCND1 to re-
inforce the sensitivity of AML cells to Ara-C. 

TUG1 Regulates CCND1 Expression by 
Sponging MiR-655-3p

Given TUG1 sponged miR-655-3p, and CCND1 
was a target of miR-655-3p, we then explored 
whether TUG1 regulated CCND1 via miR-655-3p 
in AML cells. Notably, as shown in Figure 9A, 
B, TUG1 up-regulated CCND1 expression lev-
el in HL-60 and KG-1 cells both at mRNA and 
protein levels, while this elevation was attenuat-
ed by miR-655-3p restoration. Therefore, TUG1 
positively regulated CCND1 expression via miR-
655-3p. 

Discussion

AML patients usually exhibit a poor long-term 
survival due to the high relapse resulting from 
chemoresistance. The current combination treat-
ment, primarily relies on the anchor drug Ara-C, 

Figure 6. CCND1 is a target of miR-655-3p. A, The predicted binding sites of miR-655-3p on CCND1 (CCND1-WT) and 
CCND1 mutant (CCND1-MUT) sequences. B, Luciferase activity detection in HL-60 and KG-1 cells co-transfected with the 
reporter plasmid and the indicated miRNAs using the dual-Luciferase reporter assay. C, qRT-PCR analysis of CCND1 expres-
sion in HL-60 and KG-1 cells pulled down by Bio-miR-NC or Bio-miR-655-3p. D, Western blot analysis of CCND1 expression 
in AML cell lines (HL-60 and KG-1) and normal HS-5 cells. E, Detection of CCND1 expression in HL-60 and KG-1 cells 
transfected with anti-NC or anti-miR-655-3p. *p<0.05.
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Figure 7. CCND1 overturns proliferation inhibition and apoptosis promotion mediated by Ara-C in AML cells.  A-B, West-
ern blot analysis of CCND1 expression in HL-60 and KG-1 cells transfected with Vector or CCND1. After treatment with 4 
μM Ara-C, (C) proliferation analysis of HL-60 and KG-1 cells using CCK-8 assay; D, apoptosis rate detection of HL-60 and 
KG-1 cells with flow cytometry; E-F, levels analysis of Ki-67 and Bax in HL-60 and KG-1 cells with Western blot. *p<0.05.
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has remained essentially unaltered in the past 50 
years and remains the standard induction regimen 
internationally22,23. Although 70-80% of AML 
patients have remission after induction chemo-
therapy, 80% of them relapse for which no sal-

vage regimen currently exists24. Thus, exploring 
potential molecular mechanisms involved in the 
chemoresistance of AML is imperative to treat 
with AML effectively. The novelty of this study 
was that the targeted relationship between miR-

Figure 8. MiR-655-3p sensitizes AML cells to Ara-C by targeting CCND1. A, qRT-PCR analysis of miR-655-3p in HL-60 
and KG-1 cells transfected with miR-NC or miR-655-3p. HL-60 and KG-1 cells were transfected with miR-NC, miR-655-3p, 
miR-655-3p + Vector, or miR-655-3p + CCND1 and treated with 4 μM Ara-C, (B) CCK-8 assay analysis of HL-60 and KG-1 
cell proliferation; C, flow cytometry analysis of HL-60 and KG-1 cell apoptosis; D-E, Western blot analysis of Ki-67 and Bax 
levels in HL-60 and KG-1 cells. *p<0.05.
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655-3p and TUG1 or CCND1 was first confirmed, 
and we first constructed the lncRNA-associated 
competing endogenous RNA (ceRNA) regulato-
ry network of TUG1/miR-655-3p/CCND1 axis in 
AML cells. LncRNAs are now considered to play 
roles in various physiological processes and have 
been involved in multiple malignancies, where ln-
cRNAs can serve as either tumor promoters or tu-
mor suppressors25. Hematologic malignancies are 
no exception, as dysregulated lncRNAs expres-
sion benefits blood cancers, particularly AML26. 
For example, lncRNA UCA1 knockdown inhibit-
ed glycolysis to enhance the chemosensitivity of 
pediatric AML via miR-125a/hexokinase 2 path-
way27. LncRNA HOTTIP promoted AML cell 
proliferation and cell cycle progression through 
regulating miR-608/DDA1 axis to accelerate de-
velopment28. TUG1 has been revealed to be relat-
ed to malignant phenotypes and Adriamycin re-
sistance in AML17,18, suggesting TUG1 may be a 
potential biomarker for the interference of AML. 

In this study, we discovered that TUG1 reversed 
Ara-C-induced cell proliferation inhibition and 
cell apoptosis promotion in AML, thus blocking 
the sensitivity of AML cells to Ara-C. 

LncRNAs are usually reported to function as 
miRNA sponges, which involve in the regulation 
of gene expression29. MiR-655-3p is a functional 
miRNA which has been demonstrated to act as a 
tumor suppressor to impede tumor progression in 
many cancers, such as ovarian cancer30, hepatocel-
lular carcinoma31, non-small cell lung cancer32, and 
so on. However, there were no studies on the roles 
of miR-655-3p in AML. In this investigation, we 
observed that miR-655-3p was decreased in AML 
cells, miR-655-3p inhibition attenuated Ara-C-in-
duced inhibition of AML cell proliferation and pro-
motion of cell apoptosis, indicating that miR-655-3p 
sensitized AML cells to Ara-C. Notably, this study 
confirmed TUG1 was a sponge of miR-655-3p, res-
cues assay showed TUG1 silence sensitized AML 
cells to Ara-C by regulating miR-655-3p.

Figure 9. TUG1 regulates CCND1 expression by sponging miR-655-3p. A-B, qRT-PCR and Western blot analysis of CCND1 
levels in HL-60 and KG-1 cells transfected with Vector, TUG1, TUG1 + miR-NC, or TUG1 + miR-655-3p. *p<0.05.
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CCDN1 is a gene located on chromosome 11q13 
and encodes the cyclin D1 protein33, which belongs 
to the highly conserved cyclin family and can reg-
ulate CDK kinases34. CCDN1 is a pivotal gene, 
which functions in the regulation of G1/S transi-
tion during cell cycle35. Mutations, amplification 
and overexpression of CCDN1 alter cell cycle pro-
gression, and occur in a variety of cancers and have 
a role in carcinogenesis36. Additionally, it has also 
been found alterations in the CCND1 are associ-
ated with the aggressive growth of leukemia cell 
lines in AML37. In the current work, CCDN1 was 
found to be elevated in AML cells, and CCDN1 
overexpression abated Ara-C-induced inhibition 
on AML cell malignant growth. Thus, CCDN1 
weakened Ara-C sensitivity in AML cells. 

LncRNAs can act as ceRNAs and suppress miR-
NA function by preventing miRNAs from interact-
ing with target mRNAs and affected translation of 
protein-coding genes38. Recently, it was reported 
that TUG1 participated in the tumor progression by 
serving as a ceRNA of miRNAs39,40. Nonetheless, 
whether TUG1 could function as a ceRNA of miR-
655-3p in AML progression remains undefined 
and the lncRNA-miRNA-mRNA ceRNA regula-
tory network about TUG1 needs to be elucidated. 
In this study, we verified that CCDN1 was a target 
of miR-655-3p, and miR-655-3p reinforced the sen-
sitivity of AML cells to Ara-C by down-regulating 
CCND1. Of note, we also confirmed that TUG1 
positively regulated CCND1 via miR-655-3p. 
Therefore, it was testified that TUG1 could func-
tion as a ceRNA by competitively binding to miR-
655-3p and thus regulating CCDN1 expression in 
AML tumorigenesis and progression, thus sup-
pressing the tumorigenic effect of CCDN1. Finally, 
the lncRNA TUG1-associated TUG1/miR-655-3p/
CCND1 ceRNA regulatory network in AML cells 
was constructed.

Conclusions

We demonstrated that TUG1 or CCND1 over-
expression, and miR-655-3p down-regulation en-
hanced Ara-C resistance of AML cells to Ara-C, 
and TUG1 could regulate Ara-C sensitivity in 
AML cells by miR-655-3p/CCND1 axis, suggest-
ing novel therapeutically workable targets to im-
prove disease outcome in AML.

 

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 Ferrara F, Schiffer CA. Acute myeloid leukaemia in 
adults. Lancet 2013; 381: 484-495.

  2)	 Liu L, Ren W, Chen K. MiR-34a promotes apopto-
sis and inhibits autophagy by targeting HMGB1 
in acute myeloid leukemia cells. Cell Physiol Bio-
chem 2017; 41: 1981-1992.

  3)	 Chiu CF, Weng JR, Jadhav A, Wu CY, Sargeant AM, 
Bai LY. T315 decreases acute myeloid leukemia 
cell viability through a combination of apoptosis 
induction and autophagic cell death. Int J Mol Sci 
2016; 17(8). pii: E1337.

  4)	 Murphy T, Yee KW. Cytarabine and daunorubicin 
for the treatment of acute myeloid leukemia. Ex-
pert Opin Pharmacother 2017; 18: 1765-1780.

  5)	 Ramos NR, Mo CC, Karp JE, Hourigan CS. Current 
approaches in the treatment of relapsed and re-
fractory acute myeloid leukemia. J Clin Med 2015; 
4: 665-695.

  6)	 Heuston EF, Lemon KT, Arceci RJ. The beginning of 
the road for non-coding RNAs in normal hema-
topoiesis and hematologic malignancies. Front 
Genet 2011; 2: 94.

  7)	 Schwarzer A, Emmrich S, Schmidt F, Beck D, Ng M, 
Reimer C, Adams FF, Grasedieck S, Witte D, Käbler 
S, Wong JWH, Shah A, Huang Y, Jammal R, Maroz 
A, Jongen-Lavrencic M, Schambach A, Kuchenbauer F, 
Pimanda JE, Reinhardt D, Heckl D, Klusmann JH. The 
non-coding RNA landscape of human hematopoi-
esis and leukemia. Nat Commun 2017; 8: 218.

  8)	 Guttman M, Amit I, Garber M, French C, Lin MF, 
Feldser D, Huarte M, Zuk O, Carey BW, Cassady JP, 
Cabili MN, Jaenisch R, Mikkelsen TS, Jacks T, Hacohen 
N, Bernstein BE, Kellis M, Regev A, Rinn JL, Lander 
ES. Chromatin signature reveals over a thousand 
highly conserved large non-coding RNAs in mam-
mals. Nature 2009; 458: 223-227.

  9)	 Yang Q, Wan Q, Zhang L, Li Y, Zhang P, Li D, Feng 
C, Yi F, Zhang L, Ding X, Li H, Du Q. Analysis of Ln-
cRNA expression in cell differentiation. RNA Biol 
2018; 15: 413-422.

10)	 Alvarez-Dominguez JR, Lodish HF. Emerging mech-
anisms of long noncoding RNA function during 
normal and malignant hematopoiesis. Blood 
2017; 130: 1965-1975.

11)	 Han Y, Yang YN, Yuan HH, Zhang TT, Sui H, Wei XL, 
Liu L, Huang P, Zhang WJ, Bai YX. UCA1, a long 
non-coding RNA up-regulated in colorectal cancer 
influences cell proliferation, apoptosis and cell cy-
cle distribution. Pathology 2014; 46: 396-401.

12)	 Li Z, Shen J, Chan MT, Wu WK. TUG 1: a pivotal on-
cogenic long non‐coding RNA of human cancers. 
Cell Prolif 2016; 49: 471-475.

13)	 Zhang E, He X, Yin D, Han L, Qiu M, Xu T, Xia R, 
Xu L, Yin R, De W. Increased expression of long 
noncoding RNA TUG1 predicts a poor prognosis 
of gastric cancer and regulates cell proliferation 
by epigenetically silencing of p57. Cell Death Dis 
2016; 7: e2109.



TUG1 blocks the sensitivity of AML cells to Ara-C

4953

14)	 Huang MD, Chen WM, Qi FZ, Sun M, Xu TP, Ma P, 
Shu YQ. Long non-coding RNA TUG1 is up-regu-
lated in hepatocellular carcinoma and promotes 
cell growth and apoptosis by epigenetically si-
lencing of KLF2. Mol Cancer 2015; 14: 165.

15)	 Wang L, Zhao Z, Feng W, Ye Z, Dai W, Zhang C, Peng 
J, Wu K. Long non-coding RNA TUG1 promotes 
colorectal cancer metastasis via EMT pathway. 
Oncotarget 2016; 7: 51713-51719.

16)	 Wang X, Zhang L, Zhao F, Xu R, Jiang J, Zhang C, 
Liu H, Huang H. Long non-coding RNA taurine-up-
regulated gene 1 correlates with poor prognosis, 
induces cell proliferation, and represses cell 
apoptosis via targeting aurora kinase A in adult 
acute myeloid leukemia. Ann Hematol 2018; 97: 
1375-1389.

17)	 Li Q, Song W, Wang J. TUG1 confers Adriamycin 
resistance in acute myeloid leukemia by epige-
netically suppressing miR-34a expression via 
EZH2. Biomed Pharmacother 2019; 109: 1793-
1801.

18)	 Li G, Zheng P, Wang H, Ai Y, Mao X. Long non-cod-
ing RNA TUG1 modulates proliferation, migration, 
and invasion of acute myeloid leukemia cells via 
regulating miR-370-3p/MAPK1/ERK. Onco Tar-
gets Ther 2019; 12: 10375-10388.

19)	 Gregory RI, Shiekhattar R. MicroRNA biogenesis 
and cancer. Cancer Res 2005; 65: 3509-3512.

20)	 Wallace JA, O’Connell RM. MicroRNAs and acute 
myeloid leukemia: therapeutic implications and 
emerging concepts. Blood 2017; 130: 1290-1301.

21)	 Bhise NS, Chauhan L, Shin M, Cao X, Pounds S, 
Lamba V, Lamba JK. MicroRNA–mRNA pairs as-
sociated with outcome in AML: from in vitro cell-
based studies to AML patients. Front Pharma-
col 2016; 6: 324.

22)	 Shipley JL, Butera JN. Acute myelogenous leuke-
mia. Exp Hematol 2009; 37: 649-658.

23)	 Grant S. Ara-C: cellular and molecular pharmacol-
ogy. Adv Cancer Res 1998; 72: 197-233.

24)	 Eppert K, Takenaka K, Lechman ER, Waldron L, Nils-
son B, van Galen P, Metzeler KH, Poeppl A, Ling V, 
Beyene J, Canty AJ, Danska JS, Bohlander SK, Buske 
C, Minden MD, Golub TR, Jurisica I, Ebert BL, Dick 
JE. Stem cell gene expression programs influence 
clinical outcome in human leukemia. Nat Med 
2011; 17: 1086-1093.

25)	 Bach DH, Lee SK. Long noncoding RNAs in cancer 
cells. Cancer Lett 2018; 419: 152-166.

26)	 Rodríguez-Malavé NI, Rao DS. Long noncoding 
RNAs in hematopoietic malignancies. Brief Funct 
Genomics 2016; 15: 227-238.

27)	 Zhang Y, Liu Y, Xu X. Knockdown of LncRNA-UCA1 
suppresses chemoresistance of pediatric AML by 
inhibiting glycolysis through the microRNA-125a/
hexokinase 2 pathway. J Cell Biochem 2018; 119: 
6296-6308.

28)	 Zhuang MF, Li LJ, Ma JB. LncRNA HOTTIP pro-
motes proliferation and cell cycle progression of 
acute myeloid leukemia cells. Eur Rev Med Phar-
macol Sci 2019; 23: 2908-2915.

29)	 Yu C, Li L, Xie F, Guo S, Liu F, Dong N, Wang Y. 
LncRNA TUG1 sponges miR-204-5p to promote 
osteoblast differentiation through upregulating 
Runx2 in aortic valve calcification. Cardiovasc 
Res 2018; 114: 168-179.

30)	 Zha JF, Chen DX. MiR-655-3p inhibited prolifera-
tion and migration of ovarian cancer cells by tar-
geting RAB1A. Eur Rev Med Pharmacol Sci 2019; 
23: 3627-3634.

31)	 Wu G, Zheng K, Xia S, Wang Y, Meng X, Qin X, 
Cheng Y. MicroRNA-655-3p functions as a tumor 
suppressor by regulating ADAM10 and beta-cat-
enin pathway in hepatocellular carcinoma. J Exp 
Clin Cancer Res 2016; 35: 89.

32)	 Wang W, Cao R, Su W, Li Y, Yan H. MiR-655-3p inhib-
its cell migration and invasion by targeting pituitary 
tumor-transforming 1 in non-small cell lung cancer. 
Biosci Biotechnol Biochem 2019; 83: 1703-1708.

33)	 Hart R, Prlic A. Universal Transcript Archive Repos-
itory. Version uta_20180821. San Francisco CA: 
Github 2015. https://github.com/biocommons/uta

34)	 UniProt Consortium. UniProt: a worldwide hub of 
protein knowledge. Nucleic Acids Res 2019; 47: 
D506-D515.

35)	 Verim A, Ozkan N, Turan S, Korkmaz G, Cacina C, 
Yaylim I, Isbir T. Association of the Cylin D1 G870A 
polymorphism with laryngeal cancer: are they re-
ally related? Asian Pac J Cancer Prev 2013; 14: 
7629-7634.

36)	 AACR Project GENIE Consortium. AACR Project 
GENIE: powering precision medicine through an 
International Consortium. Cancer Discov 2017; 7: 
818-831.

37)	E isfeld AK, Kohlschmidt J, Schwind S, Nicolet D, 
Blachly JS, Orwick S, Shah C, Bainazar M, Kroll KW, 
Walker CJ, Carroll AJ, Powell BL, Stone RM, Ko-
litz JE, Baer MR, de la Chapelle A, Mrózek K, Byrd 
JC, Bloomfield CD. Mutations in the CCND1 and 
CCND2 genes are frequent events in adult pa-
tients with t(8;21)(q22;q22) acute myeloid leuke-
mia. Leukemia 2017; 31: 1278-1285. 

38)	 Salmena L, Poliseno L, Tay Y, Kats L, Pandolfi PP. A 
ceRNA hypothesis: the Rosetta Stone of a hidden 
RNA language? Cell 2011; 146: 353-358.

39)	 Yang B, Tang X, Wang Z, Sun D, Wei X, Ding Y. 
TUG1 promotes prostate cancer progression by 
acting as a ceRNA of miR-26a. Biosci Rep 2018; 
38. pii: BSR20180677.

40)	 Wang Y, Yang T, Zhang Z, Lu M, Zhao W, Zeng X, 
Zhang W. Long non-coding RNA TUG1 promotes 
migration and invasion by acting as a ceRNA of 
miR-335-5p in osteosarcoma cells. Cancer Sci 
2017; 108: 859-867.


