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Long non‑coding RNA TUG1 promotes 
cell progression in hepatocellular carcinoma 
via regulating miR‑216b‑5p/DLX2 axis
Qun Dai1†, Jingyi Deng2†, Jinrong Zhou2, Zhuhong Wang2, Xiao‑feng Yuan3, Shunwen Pan4*   
and Hong‑bin Zhang4*

Abstract 

Background:  Accumulating evidence indicates that the long noncoding RNA taurine upregulated gene 1(TUG1) 
plays a critical role in cancer progression and metastasis. However, the overall biological role and clinical significance 
of TUG1 in hepatocellular carcinoma (HCC) remain largely unknown.

Methods:  The expressions of TUG1, microRNA-216b-5p and distal-less homeobox 2 (DLX2) were detected by 
Quantitative real-time polymerase chain reaction (qRT-PCR). The target relationships were predicted by StarBase v.2.0 
or TargetScan and confirmed by dual-luciferase reporter assay. The cell growth, apoptosis, migration and invasion 
were detected by 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), Flow cytometry and Transwell 
assays, respectively. All protein expression levels were detected by western blot. Tumor xenografts were implemented 
to explore the role of TUG1 in vivo.

Results:  We found that there was a marked rise in TUG1 expression in HCC tissues and cells, and knockdown of 
TUG1 repressed the growth and metastasis and promoted apoptosis of HCC cells. In particular, TUG1 could act as a 
ceRNA, effectively becoming a sink for miR-216b-5p to fortify the expression of DLX2. Additionally, repression of TUG1 
impared the progression of HCC cells by inhibiting DLX2 expression via sponging miR-216b-5p in vitro. More impor‑
tantly, TUG1 knockdown inhibited HCC tumor growth in vivo through upregulating miR-216b-5p via inactivation of 
the DLX2.

Conclusion:  TUG1 interacting with miR-216b-5p contributed to proliferation, metastasis, tumorigenesis and retarded 
apoptosis by activation of DLX2 in HCC.
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Highlights

TUG1 was validated to act as a molecular sponge of 
miR-216b-5p.
The targeted relationship between DLX2 and miR-
216b-5p was first verified.

TUG1 promoted HCC cell progression via miR-
216b-5p/DLX2 axis.

Background
Hepatocellular carcinoma (HCC) is a widespread 
health-damaging neoplasm and ranks the third major 
reason which gives rise to cancer-associated deaths 
all over the world [1]. Although many recent studies in 
big data genomics and molecular biology have revealed 
a lot of carcinogenic factors and molecular regulatory 
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mechanisms of HCC, most patients have been diagnosed 
at an advanced stage, and the tumor has metastasized 
extensively and is prone to recurrence after surgery [2, 3]. 
It has been reported that HCC accounts for more than 
90% of primary liver cancers [4]. Therefore, it is neces-
sary to reveal the relevant marker molecules and cellular 
mechanisms of HCC.

Non-coding RNAs (ncRNAs), containing widely 
studied microRNAs (miRNAs) and latterly identified 
long non-coding RNAs (lncRNAs), have been served 
as oncogenes or tumor suppressor genes for various 
tumors, becoming new potential therapeutic targets [5, 
6]. LncRNAs are known as RNA molecules longer than 
200 nucleotides without coding capacity [7]. MicroR-
NAs, which also have no coding ability, are small RNAs 
of about 22 nucleotides in length [8], have been shown to 
regulate the development of multiple cancers [9]. lncR-
NAs and miRNAs have functional roles in numerous 
cellular and molecular biological processes. It’s worth 
mentioning that lncRNAs could play a part of competi-
tive endogenous RNAs (ceRNAs) to interplay with miR-
NAs and regulate the miRNA targeted gene expression 
[10].

Latterly, taurine upregulated gene 1 (TUG1) expres-
sion was proved to be enormously elevated in most 
cancers, for instance prostate cancer [11], breast can-
cer [12], endometrial cancer [13] and cervical cancer 
[14]. More than that, TUG1 was aberrantly aggrandized 
in HCC tissues, and it could promote cell growth and 
tumor formation by targeting KLF2 [15]. For all this, 
the specific molecular regulation mechanism of TUG1 
in HCC progression remains unclear. It’s worth noting 
that lncRNAs could impede miRNA molecular functions 
by complementarity of sequences, consequently remov-
ing the inhibitory influence of miRNA with target genes 
[16]. It is reported that miR-216b-5p was exceptionally 
constrained in prostate cancer and coulg be inhibited by 
lncRNA Linc00518 [17]. Based on these date, we specu-
lated whether TUG1 could serve as a ceRNA of miR-
216b-5p in HCC. In addition, a recent study showed that 
high expression of DLX2 was related to terminal stages 
of cancer and needy prognosis in patients with HCC 
[18]. Interestingly, DLX2 might be a target gene for miR-
216b-5p was predicted by TargetScan. Hence, we have 
made a bold hypothesis that TUG1 might participate 
in the regulation of HCC progression through the miR-
216b-5p/DLX2 axis.

In this research, we mainly aimed to investigate the 
carcinogenesis mechanism of TUG1 in HCC, providing 
a new diagnostic marker gene and therapeutic target for 
HCC.

Materials and methods
Tissue samples and cell culture
Fresh HCC tissues and adjacent normal tissues were har-
vested from 40 patients at The Third Affiliated Hospital 
of Sun Yat-Sen University. Patients had not received any 
treatment before the surgery and wrote an informed con-
sent. Tissues were separated and kept in liquid nitrogen. 
The research was approved by the Ethics Committee of 
The Third Affiliated Hospital of Sun Yat-Sen University.

Human HCC cell lines (HCC-2, Hep3B, Huh7 and 
CLC1) were obtained from Beinuo Biotech (Shanghai, 
China) and normal cell line (THLE-2) was bought from 
American Type Culture Collection (ATCC; Manassas, 
VA, USA). Cells were grown in DMEM (Thermo Fisher 
Scientific, Waltham, MA, USA) including 10% fetal 
bovine serum (Thermo Fisher Scientific), and 1% peni-
cillin/streptomycin (Invitrogen, Carlsbad, CA, USA) at 
37 °C in 5% CO2.

Transfection assay
MiR-216b-5p mimics and miR-NC, miR-216b-5p inhibi-
tor and anti-miR-NC, TUG1 siRNA and si-NC, sh-TUG1 
and sh-NC were acquired from RiboBio (Guangzhou, 
China). Overexpression vectors (TUG1 and DLX2) and 
control (pcDNA) were bought from SyngenTech (Beijing, 
China). The Lipofectamine 3000 (Invitrogen) was applied 
to transfection.

Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR)
Total RNA was separated through the Trizol reagent 
(Invitrogen). SYBR Green Real-time PCR Master Mix 
(Takara, Dalian, China) was applied to reverse tran-
scribe RNA into cDNA, followed by the ABIPRISM 7900 
Sequence Detection System (Applied Biosystems, Foster 
City, CA, USA). TUG1 and DLX2 expression were stand-
ardized to glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH). MiR-216b-5p expression was standardized 
to U6. The results were computed by 2−∆∆Ct method. 
Respectively, the following primers were applied: TUG1 
(ID: 55000) (Forward: 5′-CTG​AAG​AAA​GGC​AAC​ATC​
-3′; Reverse: 5′- GTA​GGC​TACT ACA​GGA​TTTG-3′); 
DLX2 (ID: 1746) (Forward: 5′-CTC​TGC​CTG​CCT​CAT​
AAG​G-3′; Reverse: 5′-ATC​GTA​AGA​ACA​GCG​CAA​
CC-3′); GAPDH (Forward: 5′-GGA​GCG​AGA​TCC​ CTC​
CAA​AAT-3′; Reverse: 5′-GGC​TGT​TGT​CAT​ACT​TCT​
CATGG-3′); miR-216b-5p (ID: 100126319) (Forward: 
5′-GAA​ATC​TCT​GCA​GGC​AAA​TGTG-3′; Reverse: 
5′-GTG​CAG​GGT​CCG​AGGT-3′); U6 (Forward: 5′-CTC​
GCT​TCG​GCA​GCACA-3′; Reverse: 5′-AAC​GCT​TCA​
CGA​ATT​TGC​GT-3′).
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Dual luciferase reporter assay
TUG1 wild type (TUG1-WT) or mutant type (TUG1-
MUT) containing miR-216b-5p interacting site or not 
were transfected into cells with miR-216b-5p mimics 
or miR-NC by using Lipofectamine 2000 (Invitrogen). 
DLX2-3′UTR-WT or DLX2-3′UTR-MUT were also co-
transfected into cells with miR-216b-5p mimics or miR-
NC. After transfection for 36 h, the luciferase activity was 
determined using the Dual-luciferase reporter system 
(Promega, Madison, WI, USA).

Cell proliferation assay
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT) (KyeGEN BioTECH, Nanjing, China) 
was used to detect cell proliferation as described pre-
viously [19]. Cells were inoculated with the density of 
1 × 105 cells/well in 96-well plate (Costar, Corning, NY, 
USA). At designated times (0  h, 24  h, 48  h, 72 h, 96  h, 
120 h) transfection, Next, the MTT (5 mg/mL) of 10 µL 
was added to each well and cells were incubated for 
4  h. Discarding supernatant later, the dimethyl sulfox-
ide (DMSO) of 150  µL was also added to solubilize the 
formazan salt. Finally, the absorbance at 570  nm was 
detected by using an Elx800 Reader (BioTek Instruments 
Inc., Winooski, VT, USA).

Cell cycle and apoptosis analysis
Cell cycle and apoptosis assays were carried out as 
described previously [20]. The transfected cells were col-
lected and washed twice at 4  °C with PBS, followed by 
fixation using cold 70% ethanol at 4  °C overnight. After 
removed ethanol, cells were washed and resuspended 
in propidium iodide (PI) solution containing 50  μg/mL 
RNase and 100  μg/mL PI (Keygen, Nanjing, China) at 
37  °C for 20  min without night. Cells were washed and 
analyzed using flow cytometry to detect the DNA con-
tent of the stained cells. For cell apoptosis detection. 
Cells were stained with Annexin V-FITC (Keygen) and PI 
for 15 min at room temperature. Finally, Flow cytometry 
was performed to determine the percentage of apoptotic 
cells.

Western blot assay
Western blot assay was performed as described previ-
ously [21]. Tissues and cell lysates were prepared by using 
RIPA Reagent (Beyotime, Shanghai, China) and the con-
centration was measured by BCA kit (Thermo Fisher 
Scientific). Proteins were loaded on 10% SDS-PAGE and 
were transferred onto PVDF membranes (Thermo Fisher 
Scientific). The membranes were immersed in 5% skim 
milk powder for 2 h, and then incubated at 4 °C overnight 
with anti-CyclinD1 (1:200, Abcam, Cambridge, MA, 
USA), anti-CDK4 (1:2000, Abcam), anti-PARP (1:1000, 

Cell Signaling Technology, Shanghai, China), anti-
Cleaved PARP (1:1000, Abcam), anti-Cleaved caspase-3 
(1:500, Abcam), anti-E-cadherin (1:1000, Cell Signaling 
Technology), anti-N-cadherin (1  µg/mL, Abcam), anti-
Vimentin (1:1000, Abcam), anti-DLX2 (1:500, Abcam), 
Ki67 (1:1000, Abcam) or anti-GAPDH (1:2500, Abcam). 
Next, membranes were washed and probed with the 
HRP-labeled secondary antibody (Abcam) for 1 h at 
37  °C. Membranes were visualized via the ECL regent 
(Amersham Biosciences, Buckinghamshire, UK).

Cell migration and invasion assay
Migration and invasion were detected by transwell assay 
with or without Matrigel (Corning Life Sciences, Corn-
ing, NY, USA) as described previously [22]. Cells were 
fixed with 100 mL of serum-free medium and seeded into 
the upper chamber, the DMEM of 600  mL containing 
10% FBS was added to the lower chamber. After incuba-
tion for 24 h, cells were attached to the lower surface of 
the upper chamber were treated with ethanol and dyed 
with 0.1% crystal violet and counted under a microscope.

Tumor xenograft assay
Primary tumors were obtained by injecting 6-week-old 
nude female mice subcutaneously with 4 × 106 Huh7 cells 
transfected with sh-TUG1 (n = 4 per group) or sh-NC. 
One week later, tumor growth was examined every 5 days 
for 5 weeks. Then, mice were sacrificed and tumors were 
weighted. The RNA and protein from tumor tissues were 
extracted for RT-qPCR and western blot analysis. The 
animal experimental procedures were conducted with 
the permission of the Animal Care and Use Committee of 
The Third Affiliated Hospital of Sun Yat-Sen University.

Statistical analysis
Statistics were analyzed with SPSS 22.0 software. The 
correlation between the two groups was analyzed by 
Pearson’s coefficient. All results were presented as 
mean ± standard deviation (SD) and performed at least 
three self-governed experiments. The criterion for statis-
tical significance was taken as *P < 0.05.

Results
TUG1 was up‑regulated and miR‑216b‑5p 
was down‑regulated in HCC tissues and cell lines
To explore the biological role of lncRNA TUG1 in 
HCC, TUG1 expression in 40 HCC tissues was meas-
ured by qRT-PCR. TUG1 expression was significantly 
upregulated in HCC tissues compared with that in nor-
mal tissues (Fig. 1a). Simultaneously, we found that the 
expression of miR-216b-5p was enormously decreased 
compared with normal tissues (Fig.  1b). Consistently, 
we observed an increase in TUG1 expression and a 
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decrease in miR-216b-5p expression in HCC patients 
through TCGA datasets (Fig.  1c, d). We next per-
formed qRT-PCR analysis to examine the expression 
levels of TUG1 and miR-216b-5p in various cell lines. 
The result showed that TUG1 expression was excep-
tionally facilitated in four human HCC cell lines HAK-
2,Hep3B,Huh7 and LC05 compared with normal liver 
cell line THLE-2 (Fig.  1e), and that the miR-216b-5p 
expression was exceptionally constrained in four 
HCC cell lines than that in normal liver cell (Fig.  1f ). 

These results implied that TUG1 was an oncogene 
and miR-216b-5p was a tumor suppressor gene, which 
might have the opposite effect in HCC. Addition-
ally, the Hep3B and Huh7 cells were used for further 
experiments.

TUG1 could act as a molecular sponge for miR‑216b‑5p
Considering that TUG1 and miR-216b-5p have oppo-
site expression patterns in HCC, we suspected that there 
might be a targeted relationship between them. We found 

Fig. 1  TUG1 expression was up-regulated and miR-216b-5p was down-regulated in HCC tissues and cells. a, b The expression levels of TUG1 and 
miR-216b-5p in 40 pairs of HCC tissues and matched noncancerous tissues were measured by qRT-PCR. c, d The expression levels of TUG1 and 
miR-216b-5p were analyzed in TCGA datasets of HCC patients. e, f The expression levels of TUG1 and miR-216b-5p in human normal hepatocyte cell 
line THLE-2 and HCC cell lines HAK-2,Hep3B,Huh7 and LC05 were detected using qRT-PCR. *P < 0.05
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that TUG1 and miR-216b-5p have potential binding sites 
by StarBase v.2.0 (Fig. 2a). Then, the interaction between 
TUG1 and miR-216b-5p was confirmed by dual-lucif-
erase assay. The results showed that the luciferase activity 
of TUG1-WT in Hep3B and Huh7 cells was decreased by 
the miR-216b-5p mimic (miR-216b-5p), but the TUG1-
MUT activity was not significantly changed (Fig.  2b, c). 
To further study the relationship between TUG1 and 
miR-216b-5p, we overexpressed or interfered with TUG1 
in Hep3B and Huh7 cells, and then detected the changes 
in the expression of miR-216b-5p. The results showed 
that miR-216b-5p was significantly decreased after over-
expression of TUG1, and miR-216b-5p was notably aug-
mented after cells transfected with si-TUG1 (Fig. 2d, e). 

More than that, a significant inverse correlation between 
TUG1 and miR-216b-5p was also observed (R2 = 0.7447, 
P < 0.0001) (Fig. 2f ). These data demonstrated that TUG1 
directly interacted with miR-216b-5p.

Knockdown of TUG1 could repress the growth of HCC cells 
and promote apoptosis by regulation of miR‑216b‑5p
To determine whether TUG1 and miR-216b-5p expression 
levels were associated with HCC cell progression, we per-
formed TUG1 loss-of-function experiments in Hep3B and 
Huh7 cells. Firstly, two siRNAs were synthesized and trans-
fected into cells, and TUG1 level was tested for knockdown 
efficiency (Fig.  3a, b). One of the most efficient siRNAs, 
si-TUG1#1 was selected for the following experiments. 

Fig. 2  TUG1 acted as a molecular sponge for miR-216b-5p. a The binding sites of TUG1 and miR-216b-5p were predicted by starBase v2.0. 
b, c Relative luciferase activity of Hep3B and Huh7 cells co-transfected TUG1-WT or TUG1-MUT with miR-216b-5p or miR-NC was checked by 
dual-luciferase reporter assay. d, e MiR-216b-5p expression in Hep3B and Huh7 cells transfected with TUG1, NC, si-TUG1 or si-NC was measured by 
qRT-PCR. f Statistical correlations between the expression levels of TUG1 and miR-216b-5p were analyzed by Spearman’s test in SPSS 20.0 software 
(R2 = 0.7447, P < 0.0001). *P < 0.05
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MTT assay demonstrated that TUG1 silencing hindered 
both Hep3B and Huh7 cells proliferation, whereas the 
inhibitory effect of si-TUG1 on cell proliferation was res-
cued by the addition of anti-miR-216b-5p (miR-216b-5p 
inhibitor) (Fig.  3c, d). Cell cycle analysis showed that 
knockdown of TUG1 significantly increased the propor-
tion of Hep3B and Huh7 cells in G0/G1 and G2/M phases, 
and decreased cell proportion in S phase, while repression 
of miR-216b-5p reversed these effects (Fig.  3e). We then 
examined the changes in expression of cell cycle marker 
proteins CyclinD1 and CDK4 by western blot. The data 
revealed that the inhibition effects of si-TUG1 on levels of 
CyclinD1 and CDK4 were attenuated by co-transfection of 
anti-miR-216b-5p (Fig. 3f, g). Furthermore, the number of 
apoptotic cells was significantly higher in si-TUG1-treated 
Hep3B and Huh7 cells compared with si-NC-treated cells 
by Flow cytometry, however, the promotion effect of si-
TUG1 on cell apoptosis was also rescued by adding anti-
miR-216b-5p (Fig. 3h). What’s more, we found that TUG1 
depletion enhanced cleaved PARP and cleaved caspase-3 
protein levels, whereas when miR-216b-5p was silenced, 
the levels of cleaved PARP and cleaved caspase-3 were 
reduced (Fig.  3i, j). Collectively, these data indicated that 
TUG1 facilitated cell growth and hampered apoptosis in 
HCC cells by targeting miR-216b-5p.

TUG1 knockdown suppressed the metastasis of HCC cells 
by targeting miR‑216b‑5p
Subsequently, Transwell assay revealed that down-reg-
ulation of miR-216b-5p partially reversed the si-TUG1-
induced inhibitory effects on migration and invasion of 
Hep3B and Huh7 cells (Fig. 4a, b). Furthermore, whether 
TUG1 and miR-216b-5p modulation affected epithelial-
to-mesenchymal transition (EMT) in HCC cells was 
evaluated. As displayed in Fig. 4c, d, silencing TUG1 up-
regulated E-cadherin expression, and down-regulated the 
expressions of N-cadherin and Vimentin. Notably, these si-
TUG1 effects could be weakened by co-expression of ant-
miR-216b-5p. These results suggested that TUG1 regulated 
cell metastasis in part mediated by miR-216b-5p.

DLX2 directly interacted with miR‑216b‑5p
Distal-less homeobox  2 (DLX2) has been reported was 
overexpressed in HCC and was associated with poor 
prognosis [23]. Meanwhile, it is predicted by TargetScan 
that there were binding sites between miR-216b-5p and 

DLX2 3′ UTR (Fig. 5a). Luciferase activity assay showed 
that miR-216b-5p could markedly reduce the fluores-
cence intensity of the DLX2-WT, but it could not nota-
bly reduce that of the DLX2-MUT in Hep3B and Huh7 
cells (Fig. 5b, c). What’s importantly, qRT-PCR and West-
ern blot analysis in Hep3B and Huh7 cells showed that 
the mRNA and protein expression of DLX2 were sharply 
reduced by the miR-216b-5p transfection and steeply 
elevated by the anti-miR-216b-5p transfection (Fig.  5d–
g). Additionally, compared with normal tissues and cell 
line THLE-2, the mRNA and protein expression lev-
els of DLX2 were enormously enhanced in HCC tissues 
and cell lines Hep3B and Huh7 (Fig. 5h–k). A notewor-
thy inverse interplay between DLX2 and miR-216b-5p 
was also proved (Fig.  5l). Our results showed that miR-
216b-5p could negatively regulate DLX2 in HCC.

Exogenous expression of DLX2 reversed the effects 
of miR‑216b‑5p on HCC cells
To investigate whether miR-216b-5p regulated the pro-
gression of HCC cells by targeting DLX2, the cell function 
recovery experiments were detected by MTT, Annexin 
V-FITC/PI and transwell assays. The results showed that 
overexpression of miR-216b-5p in Hep3B and Huh7 cells 
could repress cell proliferation (Fig.  6a, b) and elevate 
apoptosis (Fig.  6c, d), and these effects of miR-216b-5p 
could be restored by overexpression of DLX2. Further-
more, the promotion effects of miR-216b-5p on levels 
of cleaved PARP and cleaved caspase-3 were abolished 
by overexpressing DLX2 (Fig.  6e, f ). Similarly, overex-
pression of DXL2 restored the inhibitory effects of miR-
216b-5p on migration and invasion of Hep3B and Huh7 
cells (Fig. 6g–j), and the effects of miR-216b-5p on pro-
tein levels of E-cadherin, N-cadherin and Vimentin were 
counteracted when DXL2 was overexpressed (Fig. 6k, l). 
These date suggested that miR-216b-5p was able to regu-
late the growth and metastasis of HCC cells by targeting 
DLX2.

TUG1 up‑regulated the expression of DLX2 by sponging 
miR‑216b‑5p in HCC cells
Next, we continue to explore whether TUG1 could reg-
ulate the expression of DLX2 by competitively spong-
ing miR-216b-5p, qRT-PCR and western blot were 

Fig. 3  The effect of interference with TUG1 on HCC cells could be restored by anti-miR-216b-5p. a, b The TUG1 expression in Hep3B and Huh7 cells 
transfected with si-NC, si-TUG1#1 or si-TUG1#2 was tested by qRT-PCR. c–e The proliferation and cell cycle of Hep3B and Huh7 cells transfected 
with control, si-NC, si-TUG1#1, si-TUG1#1 + anti-miR-NC or si-TUG1#1 + anti-miR-216b-5p were detected by MTT and Flow cytometry. f, g The 
protein levels of CyclinD1 and CDK4 were checked by western blot. h The apoptosis of transfected Hep3B and Huh7 cells was determined by Flow 
cytometry. f, g Western blot assay was used to measure the levels of PARP, cleaved PARP and cleaved caspase-3. *P < 0.05

(See figure on next page.)
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performed. The results showed that overexpression of 
TUG1 of Hep3B and Huh7 cells up-regulated the mRNA 
and protein expression levels of DLX2, and this promo-
tion could be regained by adding miR-216b-5p mimics 
(Fig. 7a–d). The results indicated that TUG1 could pro-
mote the expression of DLX2 by competitively sponging 
miR-216b-5p in HCC cells.

TUG1′s oncogenic activity was in part 
through the regulation of miRNA‑216b‑5p/DLX2 in vivo
To further examine the oncogenic activity of TUG1, 
we stably transfected Huh7 cells (4 × 106 cells per 

injection site) with sh-TUG1 or sh-NC. The cells were 
then injected subcutaneously into nude mice. A week 
later, the tumor volume was measured every 5 days and 
mice were euthanized after five consecutive measure-
ments. We observed a decrease in tumor growth in the 
sh-TUG1 group compared with the sh-NC group by the 
size and weight of the tumor (Fig.  8a, b). Furthermore, 
the expression of TUG1, miR-216b-5p and DLX2 in 
resected tumor tissues was measured, compared to the 
sh-NC group, TUG1 and DLX2 were decreased and miR-
216b-5p was increased in the sh-TUG1 group (Fig.  8c). 
Besides, western blot results showed that the expression 

Fig. 4  TUG1 knockdown suppressed the metastasis of HCC cells by targeting miR-216b-5p. a, b The migration and invasion of Hep3B and Huh7 
cells were detected by Transwell assay. c, d The protein levels of E-cadherin, N-cadherin and Vimentin were examined by western blot. *P < 0.05
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of proliferation marker Ki67 was decreased in tumors of 
sh-TUG1 group, while the expressions of apoptotic pro-
teins cleaved PARP and cleaved caspase-3 were increased 
(Fig. 7d, e). Above results indicated that TUG1 could pro-
mote tumor growth by miRNA-216b-5p/DLX2 in vivo.

Discussion
HCC is a highly vascularized tumor with increased mor-
tality due to its rapid metastasis and less targeted drugs 
[24]. Hence, exploring the pathogenesis of HCC and the 
potential molecular regulation mechanism could not be 
slacked. Thousands of lnRNAs have been found to be 
associated with cancers, some of which play a crucial 
part in the development and progression of HCC [25]. 
As a new lncRNA that has just been discovered, TUG1 
has been recognized as an oncogene in most cancers to 
involve in the regulation of cancer progression [26, 27]. 
However, there are few studies on the molecular regula-
tion mechanism of TUG1 on HCC.

Our results validated that TUG1 was drastically aug-
mented in HCC tissues and cell lines. Next, we discovered 

that TUG1 knockdown retarded cell growth and metas-
tasis, and induced apoptosis in HCC cells in  vitro. Fur-
thermore, silencing TUG1 blocked the growth of HCC 
tumors in vivo. To sum up, these date manifested a tum-
origenic gene role of TUG1 in HCC. A previous study 
reported that knockdown of TUG1 markedly retarded 
cell growth, metastasis and glycolysis in HCC [28]. This 
implied that TUG1 might regulate other behaviors of 
HCC cells, which requires further study.

Most studies have made clear that lncRNAs were taken 
part in cancer progression by regulating the function of 
miRNAs. He et al. [29] found that TUG1 could promote 
HCC progression and ZEB1 expression by sponging miR-
142-3p. More than that, the research has shown that 
mutual effect between TUG1 and miR-144 was given rise 
to proliferation and migration of HCC cells through acti-
vating the JAK2/STAT3 pathway [30]. Here, we validated 
that miR-216b-5p was notably declined in HCC tissues 
and cell lines. Moreover, TUG1 could negatively regu-
late miR-216b-5p expression in Hep3B and Huh7 cells. 
An opposite interplay between TUG1 and miR-216b-5p 

Fig. 5  DLX2 was a direct target of miR-216b-5p in HCC. a The putative binding sites of DLX2 and miR-216b-5p were predicted by TargetScan. b, c 
The luciferase activity of Hep3B and Huh7 cells co-transfected DLX2-WT or DLX2-MUT with miR-216b-5p or miR-NC was detected. d, e The mRNA 
and protein expression levels of DLX2 in Hep3B and Huh7 cells transfected with miR-216b-5p or miR-NC were detected. f, g The mRNA and protein 
expression levels of DLX2 in Hep3B and Huh7 cells transfected with anti-miR-216b-5p or anti-miR-NC were detected (h–k). The mRNA and protein 
expression levels of DLX2 were measured in HCC tissues and cells. l Relationship between DLX2 and miR-216b-5p expression in HCC tissues was 
analyzed (R2 = 0.6632, P < 0.0001). *P < 0.05
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Fig. 6  Overexpression of DLX2 could reverse the miR-216b-5p effects on proliferation, apoptosis, migration and invasion in Hep3B and Huh7 
cells. Hep3B and Huh7 cells were transfected with control, miR-NC, miR-216b-5p, miR-216b-5p + pcDNA or miR-216b-5p + DLX2. a–d The cell 
proliferation and apoptosis were detected by MTT and Flow cytometry. e, f The protein levels of PARP, cleaved PARP and cleaved caspase-3 were 
measured by western blot. g–j The migration and invasion of transfected Hep3B and Huh7 cells were detected through Transwell assay. k, l The 
protein levels of E-cadherin, N-cadherin and Vimentin were assesses by western blot. *P < 0.05
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expression was also proved. The luciferase reporter assay 
also demonstrated that TUG1 could directly bind to miR-
216b-5p through a complementary sequence in HCC 
cells. Many studies have reported that miR-216b-5p was 
a tumor suppressor with low expression in many cancers 
[31]. For example, miR-216b-5p as a tumor-inhibiting 
factor to hinder proliferation by targeting TPT1 in pan-
creatic cancer cells [32]. A recent study also reported that 
LINC00152 could modulate the proliferation of cervical 
cancer (CC) cells through elevating HOXA1 expression 
level via sponging miR-216b-5p [33]. Taken these into 

account, we believed that TUG1 played a carcinogenic 
role in HCC through retarding miR-216b-5p expression.

The distal-free homeobox (DLX) gene family has been 
supported to be involved in a lot of physiological and 
pathological events [34]. Among them, DLX2 plays a 
crucial role in the development of many human cancers, 
including glioma and gastric adenocarcinoma cancers 
[35, 36]. A previous study showed that DLX2 promoted 
the proliferation of HCC cells [23]. In our study, DLX2 
was considered as a target of miR-216b-5p in HCC cells. 
Notably, miR-216b-5p positively regulated DLX2 abun-
dance in HCC cells and a negative correlation between 

Fig. 7  TUG1 could regulate the expression of DLX2 by sponging miR-216b-5p in HCC cells. a–d The mRNA and protein expression levels of DLX2 
in Hep3B and Huh7 cells were measured by RT-qPCR and western blot transfected with control, NC, TUG1, TUG1 + miR-NC or TUG1 + miR-216b-5p. 
*P < 0.05

Fig. 8  Knockdown of TUG1 could inhibit tumor growth of HCC in vivo. a Tumor volume was measured after injection of Huh7 cells transfected with 
sh-TUG1 or sh-NC. b Tumor weight was measured. c The levels of TUG1, miR-216b-5p and DLX2 in tumor tissues were detected by qRT-PCR. d, e The 
protein levels of Ki67, Cleaved PARP and Cleaved caspase-3 in tumor tissues were determined by western blot *P < 0.05
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them was also observed in HCC tissues. It’s worth men-
tioning that DLX2 could recover the suppressive impacts 
of miR-216b-5p on the proliferation, migration, invasion 
and the stimulative impact on the apoptosis of HCC cells. 
What’s importantly, TUG1 up-regulated the expression 
of DLX2 by competitively sponging miR-216b-5p in vitro 
and in vivo.

Conclusion
In conclusion, our research pointed to that TUG1 played 
a crucial part in HCC progression through regulation 
of DLX2 by sponging miR-216b-5p. Importantly, TUG1 
was found to be regulated cell proliferation, apoptosis 
and metastasis via regulating miR-216b-5p/DLX2 axis 
(Fig.  9). Targeting the TUG1-miR-216b-5p-DLX2 net-
work might be a new direction for the treatment of HCC.
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