
O R I G I N A L  R E S E A R C H

Long Non-Coding RNA Taurine Upregulated 
Gene 1 Targets miR-185 to Regulate Cell 
Proliferation and Glycolysis in Acute Myeloid 
Leukemia Cells in vitro

This article was published in the following Dove Press journal: 
OncoTargets and Therapy

Weide Zhang1,* 
Yuhua Liu2,* 
Jing Zhang3 

Ni Zheng4

1Department of Hematology, The 
People’s Hospital of Shouguang, 
Shouguang, Shandong, People’s Republic 
of China; 2Department of Digestive 
Oncology, The Gansu Provincial Cancer 
Hospital, Lanzhou, Gansu, People’s 
Republic of China; 3Department of 
Psychiatry, Shouguang Mental and Health 
Care Center, Shouguang, Shandong, 
People’s Republic of China; 4Department 
of Clinical Laboratory, Shengli Oilfield 
Central Hospital, Dongying, Shandong, 
People’s Republic of China  

*These authors contributed equally to 
this work  

Background: Acute myeloid leukemia (AML) is a group of malignant hematopoietic 
system diseases. Taurine-upregulated gene 1 (TUG1) is a long non-coding RNA that has 
been associated with human cancers, including AML. However, the role and molecular 
mechanisms of TUG1 in AML remains to be defined.
Methods: Expression of TUG1 and miR-185 was detected using RT-qPCR. Cell viability 
and apoptotic rate were measured by MTT assay and flow cytometry, respectively. Glycolysis 
was determined by commercial glucose and lactate assay kits and Western blot. The target 
binding between TUG1 and miR-185 was predicted on Starbase online database and con-
firmed by luciferase reporter assay and RNA immunoprecipitation.
Results: TUG1 was upregulated and miR-185 was downregulated in the peripheral blood 
mononuclear cells of AML specimens and cells (HL-60, KG-1, MOLM-14, and MOLM-13). 
Both TUG1 knockdown and miR-185 overexpression via transfection could suppress cell 
viability, glucose consumption, lactate production, and hexokinase 2 expression, but promote 
apoptotic rate in HL-60 and KG-1 cells. Notably, TUG1 functioned as a sponge of miR-185 
by target binding. Moreover, downregulation of miR-185 could partially overturn the effect 
of TUG1 knockdown on cell proliferation and glycolysis in HL-60 and KG-1 cells.
Conclusion: Expression of TUG1 was upregulated in AML patients and cells, and its knock-
down repressed cell proliferation and glycolysis in AML cells in vitro by targeting miR-185.
Keywords: TUG1, miR-185, glycolysis, AML

Introduction
Acute myeloid leukemia (AML) is a highly invasive, heterogeneous disease, and 
originates from the hematopoietic system.1 AML accounts for approximately 70% 
of acute leukemia cases. The characteristics of AML include uncontrollable pro-
liferation of leukemia cells in bone marrow and a maturation arrest, which results in 
preventing normal hematopoiesis.2 Generally, conventional chemotherapy and allo-
genic stem cell transplantation accompanied with targeted therapy serve as the 
effective way for AML treatment.3,4 However, the clinical outcome of AML 
remains unsatisfactory, and its long-term survival is still poor; only less than 40% 
of AML patients achieve long-term survival.5 In addition, the incidence of AML 
increases with the growth of age. Therefore, it is essential to explore novel 
biomarkers for AML.
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Emerging evidence has suggested the vital role of epige-
netic regulation in AML, such as histone modification, 
noncoding RNAs (ncRNAs), and DNA methylation.6 Long 
non-coding RNAs (lncRNAs), longer than 200 nucleotides, 
are increasingly recognized as important regulators in solid 
and hematologic malignancies,7,8 including AML.9 

Functionally, they participate in various biological pro-
gresses, like microRNAs (miRNA) silencing, alternative 
splicing, epigenetic regulation, RNA decay, and protein 
activity modulation. Thus, dysregulated lncRNAs are clo-
sely associated with tumorigenesis, metastasis, diagnosis, 
and prognosis.8 However, the regulatory role of lncRNAs 
in AML development and progression remains unclear. 
LncRNA taurine-upregulated gene 1 (TUG1) is located on 
chromosome 22q12.2, and takes part in carcinogenesis in 
a number of cancers.10 In AML, TUG1 is reported to be 
upregulated and its high expression correlates with a worse 
prognosis and poor risk stratification.11,13 Furthermore, 
function of TUG1 has been claimed in chemotherapy resis-
tance in cancers, including AML.14 There is a competing 
publication about TUG1 expression in AML as well.11 

Hence, it is urgent to provide more information to determine 
the role of TUG1 in AML.

A physiological low oxygen level has been observed 
in the bone marrow microenvironment, and this local 
hypoxia may thereby influence the metabolic function of 
AML cells, including leukemic stem cells. The level of 
glycolytic metabolism is high in AML,15 as well as in 
other hematologic malignancies. Metabolomics profiling 
shows that serum glucose metabolites are abnormally 
expressed in AML serum, and that a panel of six meta-
bolites serve to assess prognostic value.16 More impor-
tantly, several targeted therapies are now considered in 
AML including targeting cell metabolism.17 Recent 
researchers have announced that ncRNAs including 
lncRNAs and miRNAs are able to regulate metabolic 
switch to aerobic glycolysis and lactic acid fermenta-
tion, which is termed the Warburg effect.18 Several 
months ago, the link of TUG1 to glycolysis was uncov-
ered in hepatocellular carcinoma and osteosarcoma.19,20 

However, the contribution of TUG1 to the glycolysis in 
AML is unclear.

In this present study, the purpose was to investigate the role 
of TUG1 in cell proliferation and glycolysis in AML cells, as 
well as its molecular mechanism through acting as competing 
endogenous RNAs (ceRNAs). Therefore, we attempted to 
indicate a novel TUG1/miRNA axis in AML cells.

Patients and Methods
Patients and Clinical Samples
Clinically, bone marrow specimens were enrolled from 23 
de novo AML patients diagnosed by French-American- 
British (FAB) criteria. Besides, 12 non-hematologic malig-
nancy patients who received bone marrow biopsy were 
recruited as controls. All patients were from the People’s 
Hospital of Shouguang. The work was carried out accord-
ing to the recommendations of the Declaration of Helsinki, 
and written informed consents were obtained from the 
patients or legal guardians. Samples were enriched and 
purified for normal and AML peripheral blood mononuc-
lear cells (nPBMC and AML PBMC) from bone marrow 
specimens by standard Ficoll-Hypaque density centrifuga-
tion and stored at −80°C. The study was approved by the 
Ethics Committee of the People’s Hospital of Shouguang.

Cell and Cell Culture
Human AML cell lines (HL-60, KG-1, MOLM-14, and 
MOLM-13) and the normal human bone marrow stromal 
cell line (HS-5) were originally obtained from the 
American Type Culture Collection (ATCC; Manassas, 
VA, USA). AML cells were cultured in ATCC- 
formulated RPMI-1640 Medium (ATCC), and HS-5 
cells were in ATCC-formulated Dulbecco’s Modified 
Eagle’s Medium (DMEM; ATCC). All cells were main-
tained in medium containing 10% fetal bovine serum 
(FBS) at 37°C in a humidified incubator with 5% CO2 

and 20% O2.

Cell Transfection
HL-60 and KG-1 cells were seeded in 6-well 
plates (Corning, NY, USA) and incubated overnight. 
Plasmid pcDNA 3.1-TUG1, and oligonucleotides TUG1 
siRNA (si-TUG1), miR-185 mimic, anti-miR-185, and 
their negative controls were acquired from GenePharma 
(Shanghai, China). HL-60 and KG-1 cells were plated in 
a 6-well plate for 24 hours prior to cell transfection. 
Usually, 50 nM of oligonucleotides and 2 μg of plasmid 
were separately transfected into HL-60 and KG-1 cells at 
80% confluency. In rescue experiments, 25 nM of si- 
TUG1 and 25 nM of anti-miR-185/NC were uniformly 
mixed and co-transfected. All transfection procedures 
were carried out using Lipofectamine™ 2000 
(Invitrogen, Carlsbad, CA, USA). Transfected cells were 
incubated for 48 hours for further study.
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RNA Extraction and Real Time 
Quantitative PCR (RT-qPCR)
For examination of TUG1 and miR-185, total RNA from 
cultured cells was extracted with TRIzol reagent (Invitrogen) 
and the first-strand cDNA was synthesized using high capa-
city RNA-to-cDNA kit (Takara, Shiga, Japan). The quantita-
tive PCR was performed with SYBR Prime-Script RT-PCR 
kit (Takara) on ABI 7500 real-time PCR system (Applied 
Biosystems, Foster City, CA, USA). GAPDH mRNA and U6 
snRNA (U6) were used as an internal control for TUG1 and 
miR-185, respectively. Primers involved were listed as fol-
lows: TUG1: 5ʹ-AGGTAGAACCTCTATGCATTTTGTG-3ʹ 
forward and 5ʹ-ACTCTTGCTTCACTACTTCATCCAG-3ʹ 
reverse; GAPDH: 5ʹ- CTCCCGCTTCGCTCTCT-3ʹ forward 
and 5ʹ-GGCGACGCAAAAGAAGATG-3ʹ reverse; miR- 
185: 5ʹ-GGTGGAGAGAAAGGCAGT-3ʹ forward and 5ʹ- 
TGCGTGTCGTGGAGTC-3ʹ reverse; U6: 5ʹ-GCTTCGGC 
AGCACATATACTAAAAT-3ʹ forward and 5ʹ-CGCTTC 
ACGAATTTGCGTGTCAT-3ʹ reverse. The reactions were 
performed in quadruplicate for each sample on at least three 
independent runs. The relative gene expression was calcu-
lated using the 2−ΔΔCt method.

3-(4, 5-Dimethylthiazol-2-Yl)-2, 5 
Diphenyltetrazolium Bromide (MTT) 
Assay
Transfected HL-60 and KG-1 cells (5000 cells) were 
seeded onto a 96-well plate (Corning) for 0, 24, 48, and 
72 hours. The cell viability was determined by MTT 
(Sigma, Louis, MO, USA) staining. MTT (20 μL, 5 mg/ 
mL) was added to each well for another 4 hours at 37°C; 
after that, the medium was discarded and 150 μL dimethyl 
sulfoxide (DMSO; Sigma) was added into each well. The 
optical density value at 450 nm (OD 450 value) was 
measured with a Bio-Rad 680 microplate reader (Bio- 
Rad, Hercules, CA, USA) and the ability of cell viability 
was represented by OD 450 values. The samples were in 
quintuplicate and all experiments were performed three 
times.

Flow Cytometry
Apoptotic rate of transfected HL-60 and KG-1 cells was 
analyzed by Annexin V-Fluorescein isothiocyanate 
(FITC)/Propidium Iodide (PI) kit (Beyotime, Shanghai, 
China) on flow cytometry. After transfection for 
48 hours, apoptotic cells were collected and washed with 
phosphate-buffered saline (PBS). Cell suspension of 106 

cells were prepared and labelled with FITC-Annexin V and 
PI for 30 minutes in the dark. The fluorescence was 
analyzed on an Influx Flow Cytometer & Cell Sorter 
System (BD, Franklin Lakes, NJ, USA). Quadrants were 
positioned on Annexin V/PI plots to distinguish apoptotic 
cells (Annexin V+/PI-, Annexin V+/PI+). Apoptotic rate=-
apoptotic cells/total cells×100%.

Western Blot
Total protein from transfected HL-60 and KG-1 cells was 
isolated in RIPA lysis buffer (Beyotime) supplemented with 
cocktail protease inhibitor (Roche), and the protein concen-
trations were determined by Bradford protein assay reagent 
(Bio-Rad). Equal amounts of protein (20 μg) from each 
sample were loaded for the standard procedures of Western 
blot assay. β-actin on the same membrane was an internal 
standard to normalize protein levels. The primary antibodies 
including hexokinase 2 (HK2; #2867, 1:1000) and β-actin 
(#58169, 1:1000) were purchased from Cell Signaling 
Technology (CST; Danvers, Massachusetts, USA).

Luciferase Reporter Assay and RNA 
Immunoprecipitation (RIP)
Human TUG1 3ʹ UTR fragment wild type (TUG1-WT) 
containing the potential binding sites of hsa-miR-185 and 
its corresponding mutant (TUG1-MUT) were cloned by 
PCR methods into pmirGLO vector (Invitrogen), respec-
tively. The TUG1-MUT replaced the UUUCUCUCC with 
GAGUCUAAU in the TUG1-WT fragment. HL-60 and 
KG-1 cells were transfected according to the following 
groups: TUG1-WT+miR-NC mimic (miR-NC), TUG1- 
WT+miR-185 mimic (miR-185), TUG1-MUT+miR-NC, 
TUG1-MUT+miR-185. The pmirGLO vector itself pro-
vided a strong Renilla luciferase signal acting as 
a control reporter for normalization. After 48 hours incu-
bation, cells were collected to measure Firefly and Renilla 
luciferase activities using the dual-luciferase reporter assay 
system (Promega, Madison, WI, USA). All the data were 
the average of at least three independent transfections.

RIP was performed with HL-60 and KG-1 cells 
extract after transfection of miR-185/NC mimic. Magna 
RIPTM RNA-binding protein immunoprecipitation kit 
(Millipore, Bradford, MA, USA) was chosen to detect 
expression of TUG1 from the RIP samples bound to 
Ago2 or IgG antibody. After washing, total RNAs were 
extracted with TRIzol and subjected to RT-qPCR assay. 
All operations obeyed the standard instructions.
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Measurements of Glucose Consumption 
and Lactate Production
After transfection for 48 hours, the supernatants of cell 
culture medium were collected. Glucose level in growth 
medium was determined using a glucose assay kit 
(Sigma), and lactate level was determined using the lactate 
assay kit (Biovision, Mountain View, CA, USA) according 
to the manufacturer’s protocols. Glucose consumption and 
lactate production were evaluated by the fold changes in 
glucose/lactate concentration compared with control.

Statistical Analyses
Data were presented as mean±standard error of mean 
(SEM). A Student’s t-test was performed to compare the 
difference between the treated group relative to paired 
control. Statistical analyses were performed using 
Graphpad 6.0 (GraphPad Software Inc., San Diego, CA, 
USA) and P<0.05 (*) was considered significant. P<0.01 
(**) was considered highly significant, and P<0.001 (***) 
was considered very highly significant.

Results
Expression of TUG1 Was Upregulated in 
AML Specimens and Cells
To identify whether TUG1 was abnormally expressed in 
AML, RT-qPCR analysis was performed to evaluate TUG1 
level in clinical AML specimens. As shown in Figure 1A, 
levels of TUG1 were significantly increased in AML 
PBMC compared with nPBMC. Additionally, TUG1 
expression was similarly upregulated in AML cell lines 
HL-60, KG-1, MOLM-14, and MOLM-13 vs nPBMC 
(Figure 1B). Therefore, our data claimed that TUG1 was 

highly expressed in AML, which was consistent with 
a previous study.14

Knockdown of TUG1 Suppressed Cell 
Proliferation and Glycolysis of AML Cells 
in vitro
In this study, we carried out a series of loss-of-function 
experiments to determine the role of TUG1. In considera-
tion that the level of TUG1 was the highest in HL-60 and 
KG-1 cells (Figure 1B), TUG1 expression was knocked 
down in these cells by transient transfection of si-TUG1. 
RT-qPCR was utilized to evaluate the transfection effi-
ciency by analyzing TUG1 expression, and TUG1 level 
was less than 0.4-fold in HL-60 and KG-1 cells after si- 
TUG1 transfection compared to the si-NC group (Figure 
2A). Cell viability was reduced by TUG1 silencing as 
shown by MTT assay (Figure 2B and C). Subsequently, 
glycolysis of HL-60 and KG-1 cells was detected after 
transfection. The special kits demonstrated that glucose 
consumption and lactate production were reduced in the 
presence of si-TUG1 (Figure 2D and E); the protein 
expression of glycolysis-associated enzyme HK2 was sup-
pressed by TUG1 knockdown as well (Figure 2F). In 
addition, we observed an elevated apoptotic rate in HL- 
60 and KG-1 cells transfected with si-TUG1 (Figure 2G). 
In conclusion, TUG1 downregulation suppressed cell pro-
liferation and glycolysis in AML cells in vitro. TUG1 
knockdown in nPBMC failed to affect the cell viability, 
apoptotic rate, glucose consumption, or lactate production 
(Supplementary Figure 1A–F). These results suggested 
that TUG1 could function as a regulator to coordinate 
glycolysis, cell viability, and apoptosis.

TUG1 Functioned as a ceRNA of 
miR-185 by Direct Binding
Bioinformatics analysis was employed to analyze the poten-
tial targets of TUG1 on Starbase software. Here, we pre-
sented the putative binding sites of miR-185 on the human 
TUG1 gene, as shown in Figure 3A. To confirm this poten-
tial binding, luciferase reporter assay and RIP were launched 
in HL-60 and KG-1 cells. After transfection with miR-185 
mimic, relative luciferase activity of TUG1-WT was 
impaired versus miR-NC mimic transfection; however, 
there was no difference in TUG1-MUT groups (Figure 3B 
and C). Meanwhile, miR-185 mimic-transfected HL-60 and 
KG-1 cells showed dramatically enriched TUG1 in RIP- 
Ago2 (Figure 3D and E). Moreover, the expression level 

Figure 1 Expression of TUG1 in acute myeloid leukemia (AML) specimens and 
cells. (A and B) TUG1 expression levels were detected by RT-qPCR analysis in (A) 
the peripheral blood mononuclear cells (PBMC) derived from AML patients (AML 
nPBMC; n=23) compared with the healthy normal PBMC (nPBMC; n=12), and (B) 
human AML cell lines (HL-60, KG-1, MOLM-14, and MOLM-13) versus nPBMC. 
The error bars represent the mean±standard error of mean (SEM) of three 
independent experiments. **P<0.01, and ***P<0.001.
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of miR-185 was detected to be elevated in HL-60 and KG-1 
cells transfected with si-TUG1, and to be reduced with 
pcDNA-TUG1 transfection (Figure 3F and G). Taken 
together, we identified miR-185 as a novel TUG-1 target in 
AML cells. Moreover, RT-qPCR analysis was performed to 

evaluate miR-185 level in clinical AML specimens and 
cells. As shown in Figure 4A, the level of miR-185 was 
significantly decreased in AML PBMC compared with the 
healthy nPBMC. Similarly, miR-185 expression was 
lower in AML cell lines HL-60, KG-1, MOLM-14, and 

Figure 2 Role of TUG1 knockdown in human AML cells in vitro. (A–G) HL-60 and KG-1 cells were transfected with TUG1 siRNA (si-TUG1) or its negative control si-NC. 
(A) RT-qPCR analyzed TUG1 expression level after transfection. (B and C) Cell viability was measured by MTT assay. (D and E) The glucose consumption and lactate 
production in the cell supernatant of transfected cells were measured by commercial kits. (F) Western blot assay examined expression of hexokinase 2 (HK2) after 
transfection. (G) Apoptotic rate was determined using flow cytometry. The error bars represent the mean±SEM of three independent experiments. **P<0.01, and 
***P<0.001 compared with the si-NC group.

Figure 3 The regulatory effect of TUG1 on miR-185 expression. (A) The miR-185 binding sites were shown on the wild type of human TUG1 (TUG1-WT) according to 
Starbase. The corresponding sequence in the mutated version (TUG1-MUT) was shown as well. (B and C) Luciferase reporter assay detected the luciferase activities of 
TUG1-WT and TUG1-MUT in HL-60 and KG-1 cells transfected with miR-185/NC mimic (miR-185/NC). (D and E) RNA immunoprecipitation (RIP) assay was performed 
to identify TUG1 levels in HL-60 and KG-1 cells transfected with miR-185/NC. (F and G) Expression level of miR-185 was detected in HL-60 and KG-1 cells after 
transfection of si-TUG1, pcDNA-TUG1 (TUG1), or matched controls. The error bars represent the mean±SEM of three independent experiments. ***P<0.001 compared 
with control groups (miR-NC, si-NC, or Vector).
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MOLM-13 (Figure 4B). These data illuminated that miR- 
185 was downregulated in AML via TUG1 targeting.

Overexpression of miR-185 Suppressed 
Cell Proliferation and Glycolysis in AML 
Cells in vitro
To explore biological functions of miR-185 in AML, func-
tional experiments were carried out. First of all, HL-60 and 
KG-1 cells were transfected with miR-185/NC mimic, and 
the transfection efficiency was determined. As presented, 
miR-185 level was abundantly upregulated with miR-185 
mimic transfection analyzed by RT-qPCR (Figure 5A). Cell 
proliferation and glycolysis were strongly inhibited by 

miR-185 overexpression, as evidenced by attenuated cell 
viability (Figure 5B and C), glucose consumption (Figure 
5D), lactate production (Figure 5E), and HK2 expression 
(Figure 5F). On the contrary, apoptotic rate was induced in 
HL-60 and KG-1 cells in response to miR-185 upregulation 
(Figure 5G). These data showed that upregulation of miR- 
185, similar to TUG1 knockdown, could suppress cell pro-
liferation and glycolysis in AML cells in vitro.

miR-185 Downregulation Partially 
Overturned the Inhibitory Effect of 
TUG1 Knockdown on Proliferation and 
Glycolysis in AML Cells in vitro
Then, to discover the underlying mechanism of TUG1 and 
miR-185 in AML cells in vitro, HL-60 and KG-1 cells were 
co-transfected with si-TUG1 and anti-mir-185 or anti-miR- 
NC. As depicted, the lower cell viability in si-TUG1 trans-
fected cells was improved by anti-miR-185 co-transfection 
(Figure 6A and B). Moreover, si-TUG1 sole transfection led 
to attenuated glucose consumption (Figure 6C and D), lactate 
production (Figure 6E and F), and HK2 protein expression 
(Figure 6G and H) in HL-60 and KG-1 cells, which was 
abolished by simultaneous miR-185 deletion. Besides, the 
apoptotic rate was increased by TUG1 knockdown, and this 
promotion was attenuated by anti-miR-185 introduction 

Figure 4 Expression of miR-185 in AML specimens and cells. (A and B) miR-185 
expression level was detected by RT-qPCR analysis (2−ΔΔCt, normalized to U6) in 
(A) AML PBMC (n=23) compared with nPBMC (n=12), and (B) human HL-60, KG- 
1, MOLM-14, and MOLM-13 cells vs nPBMC. The error bars represent the mean 
±SEM of three independent experiments. *P<0.05, and ***P<0.001.

Figure 5 Role of miR-185 overexpression in human AML cells in vitro. (A–G) HL-60 and KG-1 cells were transfected with miR-185/NC. After transfection, (A) RT-qPCR 
determined miR-185 expression level, (B and C) MTT assay measured cell viability, (D and E) commercial kits measured glucose consumption and lactate production, (F) 
Western blot assay examined HK2 expression, and (G) flow cytometry determined apoptotic rate. The error bars represent the mean±SEM of three independent 
experiments. *P<0.05, **P<0.01, and ***P<0.001 compared with the miR-NC group.
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(Figure 6I and J). These outcomes revealed that TUG1 knock-
down displayed inhibitory effects on glycolysis and cell pro-
liferation in AML cells depending on upregulating its target 
gene miR-185.

Discussion
Aerobic glycolysis had been declared to be popular in AML 
cells. Except abnormally expressed glucose metabolites in 
AML sera,16 hypoxia-inducible factor (HIF)-1 and -2 
expression and their possible biologic impacts functioned 
as an essential role in AML. For example, Wang et al21 

proposed HIF-1α mRNA was clearly more highly expressed 
in CD34+CD38− leukemic cells than in CD34+CD38+ cells. 
Moreover, HIF-1α shRNA, as well as the HIF inhibitor 
echinomycin, could reduce leukemic growth in leukemic 
xenograft models initiated by primary AML cells. Rouault- 
Pierre et al22 showed 10/33 patients with AML displayed 
a higher level of HIF-2α, and its silencing in leukemic blasts 
induced an overall significant inhibition in leukemic engraft-
ment into immune-deficient mice. Furthermore, glucose 
metabolites were abnormally expressed in AML sera,16 

and altered glucose metabolism had been described as 
a cause of chemo-resistance in AML. Findings from Song 
et al23 indicated that no remission AML patients (NR-AML) 
showed a decreased β subunit of human F1-F0 adenosine 
triphosphate synthase (β-F1-ATPase) and increased HIF-1α, 
HK2, GLUT1, and LDH, suggesting that increased glyco-
lysis and low efficiency of oxidative phosphorylation might 

contribute to ADR resistance. In this study, we found TUG1 
was upregulated in AML patients and cells, and knockdown 
of TUG1 suppressed cell proliferation and glycolysis in HL- 
60 and KG-1 cells through targeting miR-185, accompanied 
with lower cell viability and higher apoptotic rate.

Noncoding RNAs including lncRNAs and miRNAs 
have been shown to be closely involved in glucose meta-
bolism in cancers. However, there was still very limited 
information of lncRNAs in glycolysis in AML. The study 
from Zhang et al24 demonstrated the first evidence that 
lncRNA UCA1 targeting miR-125a regulated ADR resis-
tance of pediatric AML by glycolysis pathway in HL-60 
cells, as evidenced by altered glucose consumption, lactate 
production, and expression of HIF-1α and HK2. Another 
work from Sun et al25 claimed that lncRNA ANRIL could 
promote malignant cell survival and cell glucose metabo-
lism to accelerate AML progression through the AdipoR1- 
AMPK/SIRT1 signaling pathway. Very recently, an 
association of TUG1 and HK2 was widely described in 
malignant tumors. For instance, TUG1 functioned as 
a ceRNA affected cell growth, metastasis, and glycolysis 
through regulating HK2 expression through the TUG1/miR- 
455-3p/AMPKβ2 axis in hepatocellular carcinoma cells.20 

In osteosarcoma, glycolysis was implied to be involved in 
the effect of TUG1 on cell viability.19 However, whether 
TUG1 took part in regulating glycolysis in AML cells was 
unclear yet. Herewith, in this study, functional assays 
depicted that TUG1 knockdown in HL-60 and KG-1 cells 

Figure 6 Influence of miR-185 on the role of TUG1 knockdown in human AML cells in vitro. (A–J) HL-60 and KG-1 cells were transfected with si-TUG1/NC or co- 
transfected with si-TUG1 and anti-miR-185/NC. After transfection, (A and B) cell viability, (C–F) glucose consumption and lactate production, (G and H) HK2 expression, 
and (I and J) apoptotic rate were measured by MTT assay, commercial kits, Western blot, and flow cytometry, respectively. The error bars represent the mean±SEM of three 
independent experiments. *P<0.05, **P<0.01, and ***P<0.001 compared with controls (si-NC or si-TUG1+anti-miR-NC).
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resulted in reduced glucose consumption, lactate produc-
tion, and HK2 protein expression. In brief, we discovered 
that TUG1 constructively modulated AML cell viability, 
apoptosis, and glycolysis by sponging miR-185 in vitro. 
Notably, we provided the first information about the target 
relationship between TUG1 and miR-185. However, further 
studies should be required to define the downstream target 
genes and the signaling pathways underlying the TUG1/ 
miR185 axis in AML cells.

Expression of TUG1 was upregulated in AML patients, 
and even higher in refractory or relapsed acute myeloid 
leukemia (R/R AML) patients.12 Clinically, the correlation 
of TUG1 with clinicopathological characteristics and prog-
nosis had been reported in several studies. For example, 
Qin et al11 indicated that TUG1 was positively correlated 
with white blood cell counts as well as a poor risk strati-
fication, and negatively correlated with event-free survival 
and overall survival in 230 de novo AML patients. 
Consistently, another work from Wang et al13 showed 
higher TUG1 level independently predicted worse event- 
free survival and overall survival, as evidenced by higher 
white blood cell counts, monosomal karyotype, FLT3-ITD 
mutation, poor-risk stratification, and poor prognosis. In 
vitro, expression of TUG1 was upregulated in AML cell 
lines KG-1, MOLM-14, Kasumi-6, THP-1, and HL-60, 
compared to CD34+ cells sorted from healthy bone mar-
row aspirates;11,13 while, level of TUG1 in the AML cell 
line NB-4 was controversial. However, the role of TUG1 
in AML cells activity had been unanimous. Cell prolifera-
tion was reduced, but apoptosis was promoted in KG-1 
cells transfected with a TUG1 inhibitor, as descripted by 
CCK-8 assay, flow cytometry, and Western blot;11,13 

meanwhile, the TUG1 mimic facilitated cell proliferation 
and reduced apoptosis. Furthermore, the first target gene of 
TUG1 identified in AML was aurora kinase A.13 Here, our 
results supported the high expression of TUG1 in clinical 
AML specimens and cell lines HL-60, KG-1, MOLM-14, 
and MOLM-13 compared with healthy controls and 
nPBMC, respectively. Knockdown of TUG1 promoted 
the apoptosis rate and suppressed cell viability in HL-60 
and KG-1 cells, accompanied by inhibited glycolysis. 
A novel mechanism of TUG1 in AML cells was uncov-
ered through serving as ceRNA of miR-185. Rescue 
experiments declared that miR-185 downregulation could 
partially overturn the inhibitory effect of TUG1 knock-
down in AML cells. This present study suggested that 
TUG1 might be a potential biomarker in the development 
and prognosis of patients with AML. Notably, there is 

mounting evidence for an involvement of TUG1 in chemo- 
resistance of cancer.26,29 In AML, Li et al14 demonstrated 
elevated TUG1 expression in adriamycin (ADR)-resistant 
tissues and cells, and TUG1 knockdown sensitized AML 
cells to ADR in vitro and in vivo through epigenetically 
regulating miR-34a expression. Taken together, TUG1 
plays a pivotal role in AML, and could be a novel bio-
marker and therapeutic target for AML development, treat-
ment, and prognosis.

It had been reported that miR-185 participated in many 
pathological processes, especially in cancer progression.30,32 

In addition, expression level of this miRNA was closely 
involved in HCV infection in hepatocellular carcinoma.33 

In leukemia, several miRNAs were found to be implicated 
in metabolic adaptation of cells to a transformed state in 
types of leukemia, including miR-125b in chronic lympho-
cytic leukemia (CLL) and T-cell acute lymphoblastic leuke-
mia (T-ALL),34,35 miR-22 in chronic myeloid leukemia 
(CML),36 and miR-125a in AML.24 Meanwhile, miR-15b- 
3p, miR-182-5p, and miR-185-5p were found to be involved 
in acute lymphoblastic leukemia (ALL).37 Moreover, it was 
demonstrated that miR-185 enhanced glucocorticoid sensi-
tivity via suppressing the mTORC signaling pathway,37 sug-
gesting miR-185 as a potential target for diagnosis and 
reversion of glucocorticoid resistance. Chen et al38 investi-
gated specific variations of miRNA expression patterns in 
microvesicles (MVs) derived from CML K562 cells, and 
miR-185 was expressed both in MVs derived from K562 
cells and in K562 cells. Whereas there was no data to illu-
minate the role of miR-185 in AML. Herein, we discovered 
that miR-185 was significantly downregulated in AML 
patients and cell lines. Additionally, the role of miR-185 
was partially explained in AML, and its overexpression led 
to impaired cell proliferation and glucose metabolism in HL- 
60 and KG-1 cells as shown by induced apoptosis rate, 
reduced cell viability, glucose consumption, lactate produc-
tion, and HK2 protein expression. In this study, we provided 
evidence for a target relationship between TUG1 and miR- 
185 in AML.

In conclusion, TUG1 was found to be upregulated in 
AML patients and cells. Knockdown of TUG1 might sup-
press AML development through inhibiting glycolysis and 
cell proliferation via targeting miR-185. This is probably 
the first report that TUG1 could regulate the glucose 
metabolism in AML through a TUG1/miR-185 pathway. 
Furthermore, our study might provide a new piece of 
theoretical evidence for targeted therapy in AML, espe-
cially targeting of glycolysis.
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