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Abstract: Background: Long non-coding RNA (lncRNA) Hox transcript antisense intergenic RNA (HOTAIR) has been 
reported to play an important role in hepatocellular carcinoma (HCC) progression. Although there is evidence on 
HOTAIR being associated with HCC progression, the underlying mechanism remains to be further clarified. Meth-
ods: HOTAIR, miR-214-3p and FLOT1 expression were measured by quantitative real-time PCR or western blot. Cell 
proliferation, migration, and invasion were displayed by transwell assay, MTT, and colony formation assay. The rela-
tionship between HOTAIR, miR-214-3p, and FLOT1 was investigated by luciferase reporter assay. Tumor suppressive 
effect of HOTAIR was displayed by HepG2 xenografting to nude mice. Results: HOTAIR and FLOT1 expression were 
significantly up-regulated, whereas miR-214-3p was obviously down-regulated. Also, down-regulation of HOTAIR and 
FLOT1 as well as up-regulation of miR-214-3p inhibited cell proliferation, invasion, and migration. Intriguingly, the 
effects of miR-214-3p overexpression on HCC cells were rescued by high expression of HOTAIR. Otherwise, HOTAIR 
regulated FLOT1 expression through targeting miR-214-3p in HCC cells. Simultaneously, low HOTAIR expression in-
hibited FLOT1 expression by up-regulating miR-214-3p, which suppressed tumor growth in vivo. Conclusion: HOTAIR 
expression indirectly regulated FLOT1 expression through endogenous competition with miR-214-3p. HOTAIR/miR-
214-3p/FLOT1 axis affected the cell proliferation, migration, and invasion of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common cancers in the world, of which 
the incidence has been growing in the past 
decades accompanied by high mortality and 
poor prognosis [1, 2]. Although much work 
focused on the progression of HCC, the under-
lying molecular mechanism is still unclear. 

Non-coding RNAs have been demonstrated to 
be involved in the development, progression, 
invasion, metastasis, and drug resistance to 
cancers [3-6]. Long non-coding RNAs (lncRNAs) 
are one class of ncRNAs with transcripts longer 
than 200 nucleotides [7]. Studies have found 
that lncRNAs play an indispensable role in cell 
growth, drug resistance and tumor stem cell 
formation of tumors [5, 8, 9]. Of note, lncRNA 
HOX transcript antisense RNA (HOTAIR) has 

been proved to act as an oncogene to affect the 
cell growth and the prognosis in HCC [10], and 
is a 2.2-kb nucleotide lncRNA located on chro-
mosome 12 [11].

MicroRNAs (miRNAs) are a class of endogenous 
small ncRNAs with a length of ~22 nucleotides 
and target their downstream mRNAs for cleav-
age or translational repression [12]. Also, miR-
NAs have been indicated to matter much in the 
progression of cancers, such as breast cancer, 
non-small lung cancer, glioma cells, and HCC 
[3, 4, 13-16]. miR-214-3p influenced the prolif-
eration and migration of glioma cells [15]. 
Moreover, miR-214-3p was significantly down-
regulated in HCC [4]. In addition, the mecha-
nism of HOTAIR binding to miR-214-3p has 
been suggested to associate with ovarian can-
cer cell progression [17]. However, whether 
HOTAIR could sponge miR-214-3p to influence 
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cell growth and tumorigenesis of HCC has not 
been clarified.

Flotillin 1 (FLOT1), a member of the flotillin pro-
tein family, has been reported as a stable scaf-
fold in recruitment of multiprotein complexes 
[18]. FLOT1 was discovered to participate in 
signal transduction as a signal molecule [19]. 
Recent studies have noted that FLOT1 was a 
key oncogene in various cellular processes in 
breast cancer, clear renal cell carcinoma, hepa-
tocellular carcinoma, and non-small cell lung 
cancer [20-22]. However, hardly any investiga-
tions have reported whether HOTAIR, miR-214-
3p, and FLOT1 cooperate to affect progression 
in HCC.

In this study, we found that high expression of 
HOTAIR was detected in HCC patients and high-
ly related with poor prognosis. Knockdown of 
HOTAIR in Hep3B and HepG2 could impair the 
proliferation, migration, and invasion. As a neg-
atively regulated target of HOTAIR, ectopic 
expression of miR-214-3p can reverse the 
effects induced by HOTAIR overexpression. 
Computed analysis and luciferase assay re- 
vealed that FTOL1 is a downstream target of 
miR-214-3p. Meanwhile, FTOL1 knockdown 
may affect the proliferation, migration, and 
invasion of Hep3B and HepG2. In conclusion, 
HOTAIR/miR-214-3p/FTOL1 act as an axis in 
HCC, and this new pathway may provide a new 
strategy to treat HCC.

Materials and methods

Tissues samples and cell culture 

HCC tissues and matched tumor-adjacent tis-
sues were obtained from 35 patients at Se- 
cond Hospital of Shanxi Medical University. No 
patient underwent chemotherapy or radiation 
therapy. This study has acquired informed con-
sents from the guardians of all patients, and it 
has been approved by Experiments committee 
of Second Hospital of Shanxi Medical University.

HCC cell lines (Hep3B and HepG2) and normal 
hepatic cell line (L-02) were purchased from 
RiboBio Co. (Guangzhou, China). These cells 
were cultured in RPMI-1640 medium (GIBCO, 
Grand Island, NE, USA) with 10% fetal bovine 
serum (Thermo, Waltham, MA, USA), L-gluta- 
mine (Thermo), 1% antibiotics (TargetMol, Bo- 
ston, MA, USA) in an atmosphere containing 5% 
CO2 at 37°C without Mycoplasma contamina- 
tion.

Transient transfection 

Small interfering RNA (siRNA) of siNC, siHOTAIR, 
and siFLOT1 as well as pcDNA3.1 of pcDNA-NC 
and pcDNA-HOTAIR were synthesized by Gene- 
Pharma (Shanghai, China). miR-NC, miR-214-
3p, inhibitor-NC and miR-214-3p inhibitor were 
purchased from GenePharma. Lipofectamine 
3000 Transfection Reagent (Invitrogen, Carls- 
bad, CA, USA) was used in the transfection 
assay. 

Quantitative real-time PCR (qRT-PCR)

Total RNA was extracted from tissues and  
cells by using Trizol reagent (Invitrogen). The 
NanoDropND-1000 spectrophotometer was 
used to detect RNA concentration. M-MLV 
Reverse Transcriptase (Invitrogen) and SYBR® 
Green (Promega, Madison, WI, USA) were used 
to determine the expression of mRNA or lncRNA 
with Tubulin as an internal control. The TaqMan 
miRNA Reverse Transcription Kit (Applied 
Biosystems, Foster City, CA, USA) and SYBR® 
Green were used to determine the expression 
of miR-214-3p with U6 as an endogenous con-
trol. The 2-ΔΔCt method was used to calculate 
the relative expression of mRNA, miRNA,  
and lncRNA. The primer of HOTAIR forward, 
5’-AAATATGGCGGCGTCTACACGGA-3’ and reve- 
rse 5’-TCCAGAACCCTCTGACATTTGCCT-3’; FL- 
OT1 forward, 5’-CCCATCTCAGTCACTGGCATT-3’ 
and reverse 5’-CCGCCAACATCTCCTTGTTC-3’; 
miR-214-3p forward, 5’-GAGTGTTGGCCTGTCC- 
TCAA-3’ and reverse 5’-TTGTGCCCAGTTGCCT- 
GTAT-3’; Tubulin forward, 5’-GATGACCATTTCT- 
TGCTTC-3’ and reverse 5’-GTTCTGACATTTGCT- 
ACCG-3’; U6 Forward, 5’-CTCGCTTCGGCAGCA- 
CA-3’ and reverse 5’-AACGCTTCACGAATTTGC- 
GT-3’.

Western blot

Total proteins were extracted from HCC tissues 
and cells with PIPA buffer (Pierce, Rockford, IL, 
US). Total proteins (20 µg) were separated by 
SDS-polyacrylamide gel electrophoresis (SDS-
PAGE) and transferred to polyvinylidene fluo-
ride (PVDF) membranes (Millipore, Bedford, 
MA, USA). The membranes were blocked with 
5% dried skimmed milk in TBS for 1 h at room 
temperature and then were incubated with spe-
cific primary antibodies against FLOT1 (1:2000, 
Santa Cruz Biotechnology Inc., Santa Cruz, CA, 
USA) or Tubulin (1:2000 dilution, Cell Signaling 
Technology, Danvers, MA, USA) at 4°C over-
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night. After washing three times in TBST, the 
membranes were incubated with horseradish 
peroxidase (HRP)-conjugated secondary anti-
bodies (anti-rabbit IgG, 1:2000 dilution) for 2 h 
at room temperature. The blots were detected 
using ECL detection kit (Thermo) and ChemiDoc 
XRS System (Bio-Rad, Hercules, CA, USA).

Cell migration and invasion assays 

Cells with a density of 2 × 104/well containing 
serum-free medium were seeded into upper 
chamber for migration assays (8-μm pore size, 
Millipore) and invasion assays with Matrigel 
(Sigma, St. Louis, MO, USA). The transwell 
plates were placed in an atmosphere with 5% 
CO2 at 37°C for 24 h. Then the migrated cells 
on the lower surface of the membranes were 
stained with methanol and crystal violet. The 
number of migrated and invasive cells was 
observed and calculated with a microscope 
(Leica, Wetzlar, Germany).

3-(4, 5-Dimethyl-2-thiazolyl)-2, 5-diphenyl-
2Htetrazolium bromide (MTT) assay

Cells were inoculated in 96-well cell culture 
plates (Corning Inc., Corning, NY, USA) at a den-
sity of 2 × 103 cells/well for 48 h. Then 20 μL 
MTT (5 g/L) were added into each well, followed 
by incubation for 4 h at 37°C. The dimethyl sulf-
oxide (DMSO, Sigma) was added to dissolve 
intracellular formazan crystals after discarding 
supernatant (150 µL/well). Cell viability was 
determined by using a spectrophotometric 
microplate reader (Beyotime Institute of Bio- 
technology, Haimen, China) at a wavelength of 
450 nm. 

Luciferase assay

The binding sequences of HOTAIR with miR-
214-3p were predicted by starBase (http://
starbase.sysu.edu.cn/mirLncRNA.php) and the 
binding sequences of 3’UTR of FLOT1 with miR-
214-3p were predicted by miRTarBase (http://
mirtarbase.mbc.nctu.edu.tw/php/search.php). 
In order to probe whether HOTAIR and FLOT1 
are bound to miR-124-3p, we constructed the 
psiCHECK2 vector (Promega) of wild-type of 
HOTAIR (HOTAIR WT), mutated type of HOTAIR 
(HOTAIR MUT), FLOT1 WT and FLOT1 MUT by 
amplifying and cloning into the luciferase 
reporter vectors. These vectors were co-trans-
fected with miR-124-3p or miR-NC into Hep3B 
and HepG2 cells by using Lipofectamine 3000. 
After 48 h post-transfection, luciferase activity 
was measured using the Dual-Luciferase Re- 
porter Assay System (Promega). 

Colony formation assay

The HCC cell suspension with transfection of 
siNC, siHOTAIR, miR-NC, miR-214-3p, inhibitor-
NC, miR-214-3p inhibitor, pcDNA-NC, pcDNA-
HOTAIR or siFLOT1 was inoculated into 6-well 
plates, and then cultured for 2 weeks in an 
environment of 37°C, 5% CO2 and saturated 
humidity. The colonies were washed with PBS, 
then stained with crystal violet and counted. 

Tumor xenografts in vivo

The experiments were approved by the animal 
care and Experiments committee of Second 
Hospital of Shanxi Medical University. The nude 
mice were purchased from the Model Animal 

Figure 1. HOTAIR was up-regulated in HCC tissues and cells, and related to survival. A. The expression of HOTAIR was 
significantly increased in HCC tissues and their adjacent normal tissues by qRT-PCR. B. Correlation between HOTAIR 
expression and survival of glioma patients by Kaplan-Meier analysis. The survival rates of high expression of HOTAIR 
were significantly different from low expression of HOTAIR. C. The expression of HOTAIR was evidently enhanced in 
Hep3B, HepG2 cells and L-02. *P < 0.05.
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Research Center of Nanjing University. 2 × 106 
HepG2 cells transfected with siHOTAIR or siNC 
was subcutaneously injected into nude mice. At 
35 days after cell implantation, mice were sac-
rificed for further analysis. 

Statistical analysis

All data were analyzed using GraphPad Prism 
7.0 (GraphPad Software, San Diego, CA, USA). 
Data were shown as the mean ± standard devi-
ation (SD) with triplicates. The survival curve 
was analyzed and evaluated by Kaplan-Meier 
analysis. Student’s t-test and Pearson’s corre-
lation analysis was used. Statistical signifi-
cance was established at p value < 0.05.

Results

HOTAIR was up-regulated in HCC tissues and 
cells, and related to survival

To verify whether HOTAIR is required for HCC 
progression, the expression pattern of HOTAIR 
was investigated in tissues from 35 patients. 
As shown in Figure 1A, the expression of 
HOTAIR was much more in tumor tissues than 
in juxtacancerous tissue. Also, we compared 
the survival of patients with high-expressed (n 
= 22) and low-expressed (n = 13) HOTAIR, and 
low HOTAIR expression showed significant cor-
relation with poor prognosis (Figure 1B). Then 
we double check the HOTAIR expression in two 
HCC cell lines, Hep3B and HepG2. As in HCC 
patients, HOTAIR also was expressed more 
strongly in HCC cell lines than in the liver nor-
mal cell line (L-02) (Figure 1C). The results 
implied that the HOTAIR might be involved in 
tumorigenesis and prognostic in HCC.

Knockdown of HOTAIR inhibited proliferation, 
migration, and invasion in HCC

HOTAIR expression was significantly decreased 
after transfection of siHOTAIR (Figure 2A). 
Moreover, cell viability of Hep3B and HepG2 
were conspicuously decreased in siHOTAIR 
group compared with siNC group using MTT 
assay (Figure 2C and 2D). Meanwhile, the 
result of cell colony formation assay indicated 

that low expression of HOTAIR significantly 
inhibited proliferation in Hep3B and HepG2 cell 
lines (Figure 2B-D). Otherwise, transwell ex- 
periments indicated that knockdown of HOTAIR 
could significantly decrease cell migration abil-
ity and invasion ability of Hep3B and HepG2 
cells (Figure 2E and 2F). In summary, these 
data hinted that knockdown of HOTAIR reduced 
the capacity of proliferation, migration, and 
invasion.

miR-214-3p is a target of HOTAIR in HCC

Previous studies reveal that long non-coding 
RNA as competing endogenous RNAs may play 
biological functions by competitively binding 
their target miRNAs [23, 24], so to better under-
stand the relationship between HOTAIR and 
miR-214-3p in HCC, we predicted that microR-
NA-214-3p was a candidate microRNA target of 
HOTAIR using starBase. To test the hypothesis, 
we checked the miRNA-214-3p expression in 
patients (Figure 3B) and Hep3B and HepG2 cell 
lines (Figure 3C) and the microRNA expression 
was indeed down-regulated in HCC. Then, miR-
214-3p inhibitor, miR-NC, miR-214-3p and miR-
NC were transfected into Hep3B and HepG2 
cells. miR-214-3p expression was down-regu-
lated in the miR-214-3p inhibitor group and up-
regulated in miR-214-3p (Figure 3D), which 
could apply to the following tests.

Next, we constructed wild-type HOTAIR plasmid 
and a mutant HOTAIR named HOTAIR WT and 
HOTAIR MUT (Figure 3A) and used the lucifer-
ase assay to verify whether lncRNA HOTAIR 
sponged miR-214-3p. Then, HOTAIR WT and 
HOTAIR MUT were co-transfected with miR-NC, 
miR-214-3p, inhibitor-NC or miR-214-3p inhibi-
tor into Hep3B and HepG2, respectively. As 
expected, the luciferase activity significantly 
decreased due to the combination miR-214-3p 
and HOTAIR WT, rather than with HOTAIR MUT 
in Hep3B and HepG2 (Figure 3E and 3F). 
However, the luciferase activity was remarkably 
enhanced due to the combination of miR-
214-3p-inhibitor and HOTAIR WT, rather than 
with HOTAIR MUT in Hep3B and HepG2 (Figure 
3G and 3H). 

Figure 2. Knockdown of HOTAIR inhibited proliferation, metastasis, and invasion. (A) HOTAIR expression was signifi-
cantly down-regulated in Hep3B and HepG2 with transfection of siHOTAIR. (B and C) MTT assay was performed to 
detected cell viability of Hep3B and HepG2 by transfection of siHOTAIR and siNC. (D) Colony formation assay was 
performed to count the cell proliferation by transfection of siHOTAIR and siNC. (E and F) Cell migration (E) and inva-
sion (F) ability were detected in Hep3B and HepG2 with transfection of siHOTAIR and siNC. *P < 0.05.
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Figure 3. miR-214-3p is a target of HOTAIR in HCC (A) The binding sequence of the HOTAIR 3’UTR with miR-214-3p. 
(B) The expression of miR-214-3p was significantly decreased in HCC tissues and their adjacent normal tissues by 
qRT-PCR. (C) The expression of miR-214-3p was evidently enhanced in Hep3B, HepG2 cells. (D) miR-214-3p expres-
sion was significantly increased in miR-214-3p group compared with miR-NC group and obviously decreased in 
miR-214-3p inhibitor group compared with inhibitor-NC. (E and F) The luciferase activities were measured in Hep3B 
and HepG2 co-transfected with a luciferase reporter containing miR-214-3p mimics, HOTAIR WT and HOTAIR MUT. 
(G and H) The luciferase activities were measured in Hep3B and HepG2 co-transfected with a luciferase reporter 
containing miR-214-3p inhibitor, HOTAIR WT, and HOTAIR MUT. (I) HOTAIR expression was markedly up-regulated in 
Hep3B and HepG2 with transfection of pcDNA-HOTAIR. (J) The expression level of miR-214-3p after transfection of 
pcDNA, pcDNA-HOTAIR, siNC and siHOTAIR in Hep3B and HepG2. (K) miR-214-3p expression was negatively cor-
related with the expression of HOTAIR. *P < 0.05.
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To further explain the relationship between 
miR-214-3p and HOTAIR, we also constructed 
the plasmid of pcDNA and pcDNA-HOTAIR. The 
data showed that HOTAIR expression was 
remarkably up-regulated in pcDNA-HOTAIR 
group (Figure 3I). Then, we used qRT-PCR to 
measure the expression of miR-214-3p in 
pcDNA, pcDNA-HOTAIR, siNC and siHOTAIR 
groups. High HOTAIR expression could substan-
tially reduce miR-214-3p expression, while low 
HOTAIR expression drastically induced miR-
214-3p expression in Hep3B and HepG2 
(Figure 3J). On the other hand, HOTAIR and 
miR-214-3p expression showed a dramatic 
negative correlation in HCC tissues by Pearson’s 
correlation analysis (Figure 3K). Thus, the 
results indicated that miR-214-3p was a target 
of HOTAIR, which was suppressed by HOTAIR 
expression in HCC.

Overexpression of HOTAIR reversed the effects 
of miR-214-3p in HCC

To further explore the role of HOTAIR in miR-
214-3p-mediated cell growth, overexpression 
of miR-214-3p was co-transfected with pcDNA-
HOTAIR and pcDNA into Hep3B and HepG2, 

respectively. The MTT assay result displayed 
that cell viability was sharply lower in miR-214-
3p group than miR-NC group (Figure 4A and 
4B). Furthermore, overexpression of miR-214-
3p remarkably decreased proliferation capacity 
in Hep3B and HepG2 (Figure 4C). As shown in 
Figure 4D, 4E, cell migration and invasion abil-
ity of HCC were evidently attenuated in miR-
214-3p group compared with miR-NC group. 
Interestingly, cell viability and proliferation 
capacity were significantly increased in miR-
214-3p+pcDNA-HOTAIR group compared with 
miR-214-3p+pcDNA group (Figure 4A-C). Si- 
milar changes were displayed in the ability of 
cells for migration and invasion (Figure 4D and 
4E). Up-regulated HOTAIR could enhance cell 
growth in miR-214-3p+pcDNA group. From 
these data, the suppressive effects of miR-
214-3p were rescued by high expression of 
HOTAIR on proliferation, migration, and inva-
sion of HCC cells.

FLOT1 is a downstream target of miR-214-3p 
in HCC

miRNA regulates its downstream target genes 
[12]. FLOT1 was predicted by miRTarBase as a 

Figure 4. Overexpression of HOTAIR reverses the effects of miR-214-3p in HCC. (A and B) MTT assay was performed 
to detect cell viability in Hep3B, and HepG2 by transfection of miR-NC, miR-214-3p, miR-214-3p+pcDNA and miR-
214-3p+pcDNA-HOTAIR. (C) Colony formation assay was performed to count theproliferation by transfection of miR-
NC, miR-214-3p, miR-214-3p+pcDNA, and miR-214-3p+pcDNA-HOTAIR. (D and E) Migration (D) and invasion (E) 
ability were detected in Hep3B and HepG2 with transfection of miR-NC, miR-214-3p, miR-214-3p+pcDNA and miR-
214-3p+pcDNA-HOTAIR. *P < 0.05.
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Figure 5. FLOT1 was a downstream target of miR-214-3p in HCC. (A) The binding sequence of the FLOT1 3’UTR 
with miR-214-3p. (B and C) The expression of FLOT1 was significantly increased in HCC tissues and their adjacent 
normal tissues by qRT-PCR (B) and western blot (C). (D) The expression of FLOT1was evidently enhanced in Hep3B, 
HepG2 cells and L-02 via western blot. (E and F) The luciferase activities were measured in Hep3B and HepG2 
co-transfected with a luciferase reporter containing miR-214-3p mimics, FLOT1 WT and FLOT1 MUT. (G and H) The 
luciferase activities were measured in Hep3B and HepG2 co-transfected with a luciferase reporter containing miR-
214-3p inhibitor, FLOT1 WT, and FLOT1 MUT. (I) The expression of FLOT1 in miR-NC, miR-214-3p, inhibitor-NC and 
miR-214-3p inhibitor in Hep3B and HepG2. (J) miR-214-3p expression was negatively correlated with the expression 
of FLOT1. *P < 0.05.
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potential target gene of miR-214-3p (Figure 
5A). First, qRT-PCR and western blot were used 
to detect FLOT1 expression in HCC tissues and 
cells and FLOT1 expression was indeed up-reg-
ulated (Figure 5B-D). Next, luciferase assay 
showed that miR-214-3p significantly reduced 
luciferase activity by binding to the FLOT1 WT 
3’UTR, not FLOT1 MUT 3’UTR in Hep3B and 
HepG2 cells. In comparison, down-regulated 
miR-214-3p expression obviously enhanced 
the luciferase activity with binding to FLOT1  
WT 3’UTR (Figure 5E-H). Otherwise, FLOT1 
expression was obviously decreased in Hep3B 
and HepG2 cells with transfection of miR-214-
3p compared with miR-NC, whereas loss of 
miR-214-3p expression could strongly reinforce 
FLOT1 expression in Hep3B and HepG2 cells 
(Figure 5J). Based on qRT-PCR data with tis-
sues, miR-214-3p expression was negatively 
correlated with the expression of FLOT1 via 
Pearson’s analysis (Figure 5I). Hence, these 
results demonstrated that FLOT1 was a target 
gene of miR-214-3p and miR-214-3p might 
affect HCC progression by regulating FLOT1. 

HOTAIR regulated FLOT1 positively by targeting 
miR-214-3p

To further investigate the function of FLOT1 in 
HCC, siFLOT1 was transfected into Hep3B and 
HepG2 cells. FLOT1 expression was effectively 
declined at the transcriptional and translation-
al level in siFLOT1 cells by qRT-PCR and west-
ern blot (Figure 6A and 6B). As shown in Figure 
6C-E, cell proliferative capacity was remarkably 
decreased in siFLOT group compared with siNC 
group. Additionally, cell migration and invasive 
ability was significantly weakened in siFLOT1 
group (Figure 6F and 6G). Moreover, to deter-
mine the relationship of HOTAIR, miR-214-3p 
and FLOT1, FLOT1 expression was measured in 
HCC cells with transfection of siNC, siHOTAIR 
and siHOTAIR+miR-214-3p inhibitor. The res- 
ults indicated that FLOT1 expression was dras-
tically decreased in siHOTAIR group, while miR-
214-3p inhibitor restored FLOT1 expression 
with reduction in HCC cells with transfection of 
siHOTAIR (Figure 6H) Correlation analysis dis-
played that HOTAIR expression was positively 
correlated with the expression of FLOT1 (Figure 
6I). Accordingly, these data demonstrated that 
knockdown of FLOT1 inhibited the cell growth in 
HCC, and HOTAIR regulated FLOT1 expression 
through sponging miR-214-3p in HCC.

Knockdown of HOTAIR inhibited tumor growth 
of HCC in vivo 

To evaluate the function of HOTAIR on tumori-
genesis, HepG2 cells with transfection of siHO-
TAIR or siNC were subcutaneously injected into 
nude mice. Tumor volume in siHOTAIR group 
was smaller than that in siNC group (Figure 7A). 
Furthermore, as shown in Figure 7B, down-reg-
ulation of HOTAIR significantly decreased the 
tumor weights. The results showed that low 
expression of HOTAIR suppressed the tumor 
growth in vivo. In addition, the HOTAIR (Figure 
7C) and FLOT1 expression (Figure 7E, 7F) were 
obviously diminished and the miR-214-3p 
expression (Figure 7D) was sharply up-regulat-
ed in siHOTAIR compared with siNC via qRT-
PCR or western blot. Therefore, knockdown of 
HOTAIR suppressed tumorigenesis by up-regu-
lating miR-214-3p and down-regulating FLOT1 
in HCC.

Discussion

HCC is the third leading cause of cancer mortal-
ity worldwide [25]. With time, more and more 
investigators showed great promise in HCC [26-
28]. Recently, many studies have revealed that 
lncRNAs plays an essential role in tumor devel-
opment, including proliferation, invasion, and 
migration [29-31]. For example, HOTAIR could 
enhance epithelial-mesenchymal transition to 
promote the malignancy of HCC by miR-23b 
from ZEB1 [30]. Xu et al. reported MT1JP inhib-
ited cell proliferation and migration by MT1JP/
miR-214-3p/RUNX3 axis [31]. Therefore, lnc- 
RNAs act as ceRNAs to interact with miRNAs to 
regulate target gene expression and provide 
new drivers of HCC treatment. 

HOTAIR has been declared to be up-regulated 
and participates in various cancers’ progres-
sion as a tumor biomarker. Liu et al. noted that 
HOTAIR promoted gastric cancer cell migration 
and invasion by sponging miR-331-3p to regu-
late HER2 expression [24]. Yang et al. pointed 
out that HOTAIR modulated retinoblastoma 
cells progression and epithelial-mesenchymal 
transition by the miR-613/c-met axis [32]. 
Moreover, overexpression of HOTAIR also influ-
enced cell progression and autophagy of HCC 
by increasing ATG3 and ATG7 expression [33]. 
In the present study, HOTAIR expression was 
up-regulated in HCC tissues and cells lines, 
which was consistent with the previous study 
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[10]. Knockdown of HOTAIR may suppress 
Hep3B and HepG2 proliferation and migration 
and be relevant to prognosis of patients. 
Consequently, knockdown of HOTAIR can be 
invoked as a target for the treatment of HCC.

miRNAs serve as important regulatory factors, 
which affects HCC progression. Ectopic expres-
sion of miR-19a-3p and miR-494-3p induced 
HCC cell metastasis and chemoresistance by 
regulating PTEN expression [3, 34]. Liu et al. 
indicated that overexpression of miR-141 sup-
pressed HCC migration and invasion by down-
regulating Tiam1 [35]. Numerous studies have 
found that miR-214-3p not only affected cell 
proliferation, but also was associated with 
prognosis in cancers, such as HCC, gastric can-
cer, ulcerative colitis, and ovarian cancer [4, 
31, 36, 37]. We found that as a target of 

HOTAIR, miR-214-3p expression was lower in 
HCC tissues and cell lines than normal tissues 
and cells. Also, overexpression of miR-214-3p 
inhibited cell proliferation, migration, and inva-
sion of HCC. High expression of HOTAIR signifi-
cantly reversed the suppressive effects of over-
expressed miR-214-3p on cell growth in HCC. 
As shown above, the interaction between 
HOTAIR and miR-214-3p affects cell progres-
sion in HCC cells.

On the basis that miRNA is involved in cellular 
processes by regulating target mRNA, we iden-
tified that FLOT1 was a potential target of miR-
214-3p through biological analysis and lucifer-
ase assay. In previous studies, FLOT1 was also 
associated with cellular processes and progno-
sis in various cancers [20-22, 38]. Zhang et al. 
noted that highly expression of FLOT1 was 

Figure 6. HOTAIR regulated FLOT1 positively by targeting miR-214-3p. (A) The expression of FLOT was decreased sig-
nificantly in Hep3B and HepG2 with transfection of siFLOT1. (B) The protein level of FLOT was reduced significantly in 
Hep3B and HepG2 with transfection of siFLOT1. (C and D) MTT assay was performed to detect cell viability of Hep3B 
and HepG2 by transfection of siNC and siFLOT1. (E) Colony formation assay was performed to count the proliferation 
by transfection of siNC and siFLOT1. (F and G) Migration (F) and invasion (G) ability were detected in Hep3B and 
HepG2 with transfection of siNC and siFLOT1. (H) The expression of FLOT1 in siHOTAIR, siNC, siHOTAIR+miR-NC-
inhibitor and siHOTAIR+miR-214-3p-inhibitor. (I) HOTAIR expression was negatively correlated with the expression 
of FLOT1. *P < 0.05.

Figure 7. Knockdown of HOTAIR inhibited tumor growth in vivo. A and B. Tumor volume and weight were reduced sig-
nificantly in siHOTAIR cells that were injected into nude mice. C-F. HOTAIR, miR-214-3p and FLOT1 mRNA or protein 
level were detected in siHOTAIR cells that were injected into nude mice. *P < 0.05.
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associated with cell progression and poor prog-
nosis in HCC [20]. SA study by Lin et al. report-
ed that low expression of FLOT1 inhibited cell 
proliferation and tumorigenicity in breast can-
cer by up-regulating FOXO3 [21]. Our study 
demonstrated that FLOT1 is a target of miR-
214-3p, and functional analysis showed that 
knocking down FLOT1 showed less prolifera-
tion, migration, and invasion in HCC.

The regulatory mechanism of competing for 
endogenous RNAs (ceRNA) is that lncRNA com-
petitively sponged miRNA to regulate the 
expression of target genes [21], which introduc-
es new ideas and methods for the treatment of 
cancer. For example, Shan et al. reported that 
lncRNA SNHG7/miR-216b/GALNT1 axis pro-
moted proliferation and liver metastasis of 
colorectal cancer [5]. Song et al. indicated that 
CLDN4 promoted proliferation and metastasis 
in vivo, which could be suppressed by miR-596 
and miR-3620-3p and enhanced by lncRNA-
KRTAP5-AS1 and TUBB2A [23]. Meanwhile, 
HOXA11-AS/miR-214-3p/E2H2 axis has been 
reported to regulate glioma cell migration and 
invasion [16].

Based on the above results, we speculate that 
HOTAIR might regulate FLOT1 expression by 
competing with endogenous miR-214-3p. Su- 
bsequent investigations suggested that HOTAIR 
expression was significantly positively correlat-
ed with FLOT1, and obviously negatively corre-
lated with miR-214-3p. Also, miR-214-3p was 
targeted to HOTAIR, and FLOT1 was a target  
of miR-214-3p. Of note, up-regulated HOTAIR 
expression recruited the effects of miR-214-3p 
on cell growth in HCC. On the other hand, low 
expression of HOTAIR inhibited tumor growth by 
up-regulating miR-214-3p to down-regulate 
FLOT1 in mouse xenograft tumor. Our results 
indicated that HOTAIR as a ceRNA sponged 
miR-214-3p to regulate FLOT, which affects cell 
proliferation, migration, and invasion in HCC.

Conclusions

In this study, we found a novel regulatory net-
work: HOTAIR/mir-214-3p/FLOT1 axis which is 
involved in HCC cell proliferation, migration, 
and invasion, providing a new target for accu-
rate treatment of HCC.
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