
6208

Abstract. – OBJECTIVE: LINC00205, a bidi-
rectional lncRNA, located at human chromo-
some 21q22.3, was recently characterized as an 
oncogenic molecule contributing to cell prolif-
eration in several cancers, including hepatocel-
lular carcinoma (HCC). In the present study, we 
aim to probe the new molecular mechanism for 
LINC00205 controlling the proliferation of HCC 
cells.

PATIENTS AND METHODS: The expression 
status of LINC00205, miR-26a-5p, as well as 
CDK6 in HCC tissues/cell lines was determined 
by quantitative real-time PCR (qPCR). The cell 
proliferative activity was measured by using 
the Cell Counting Kit (CCK)-8 assay. Flow cy-
tometry was performed to analyze cell cycle 
progression and apoptosis induction. The in-
teraction among LINC00205, miR-26a-5p and 
CDK6, as well as transcription efficiency of 
LINC00205 promoter were examined by Du-
al-Luciferase reporter assay. Western blot was 
conducted to evaluate the protein levels of 
CDK6 in SNU-449 cells. The direct interplay be-
tween YY1 and LINC00205 promoter was de-
tected by ChIP-qPCR.

RESULTS: LINC00205 was strongly ex-
pressed in HCC tissues and cell lines. Elevat-
ed LINC00205 expression was positively asso-
ciated with worse prognosis as well as patho-
logical grade in HCC. Suppression of LINC00205 
could impede the proliferation of HCC cells by 
triggering the G0/G1-phase cell cycle arrest and 
apoptosis in vitro. Mechanistically, we illustrat-
ed that LINC00205 could accelerate the prolifer-
ation of HCC cells by boosting CDK6 expression 
via sponging miR-26a-5p. Moreover, we unveiled 
that LINC00205 could be activated by transcrip-
tion factor Yin Yang-1 (YY1) as its direct down-
stream target.

CONCLUSIONS: LINC00205, a novel YY1-mod-
ulated lncRNA, can facilitate the proliferation of 

HCC cells through YY1/miR-26a-5p/CDK6 path-
way, and may serve as a promising diagnostic 
biomarker and therapeutic target for HCC.
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Introduction

Hepatocellular carcinoma (HCC), as the major 
histological subtype of primary liver cancer, is 
the seventh-most common malignant tumor type, 
as well as the second foremost reason for can-
cer-related death1. Numerous etiological factors 
are considered to be closely associated with HCC 
development, such as chronic infections with 
HBV and HCV, aflatoxin exposure, excessive 
alcohol intake and cigarette smoking2. HCC re-
mains a global health challenge and its incidence 
is growing worldwide, especially in Asia and Af-
rica3. Most HCC patients have poor outcomes due 
to the lack of effective early diagnosis and suit-
able treatment options. Despite remarkable prog-
ress has been achieved in treatment strategies, 
such as surgical treatment (liver resection and 
liver transplantation), ablation treatment (radiof-
requency and microwave), radiotherapy, chemo-
therapy, as well as immunotherapy, the prognosis 
of HCC patients is yet undesirable due to the 
insidious nature and high rates of metastasis and 
recurrence4,5. Hence, elucidating the molecular 
mechanisms underlying HCC progression might 
be conducive to develop more effective diagnos-
tic biomarkers and therapeutic targets. 
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LINC00205, a YY1-modulated lncRNA, 
serves as a sponge for miR-26a-5p facilitating 
the proliferation of hepatocellular carcinoma 
cells by elevating CDK6



LINC00205 facilitates hepatocellular carcinoma cell proliferation

6209

Long non-coding RNAs (lncRNAs), as a novel 
kind of regulatory RNA molecules, are widely 
involved in cancer progression6. For HCC, ma-
ny HCC-related lncRNAs have been identified, 
which are abnormally expressed in HCC and 
can modulate tumor growth, invasion, metas-
tasis, as well as angiogenesis by interplaying 
with various types of biomolecules, involving 
mRNA, microRNA (miRNA), protein and DNA 
(promoter)7,8. For example, He et al9 manifested 
ZFPM2-AS1, an activated lncRNA in HCC, was 
remarkably related to poor survival and could 
promote cell proliferation, migration and invasion 
by sponging miR-139 and raising the expression 
level of GDF10, which encodes a secreted ligand 
of the TGF-beta superfamily of proteins.

Long intergenic non-protein-coding RNA 
00205 (LINC00205), a lncRNA situated on hu-
man chromosome 21q22.3, shares a bidirectional 
promoter with protein O-fucosyltransferase 2 
(POFUT2). LINC00205, as an oncogenic mol-
ecule, was remarkably boosted in several tu-
mor types and closely related to prognosis and 
tumor progression. For instance, in lung can-
cer, suppression of LINC00205 could weaken 
cell proliferation, as well as migration, and 
aggravate cell apoptosis via recruiting FUS to 
sustain the mRNA stability of CSDE110; in ret-
inoblastoma (RB), LINC00205 was proven to 
promote the proliferation, migration and inva-
sion of RB cells through increasing HMGB1 
expression via sponging miR-66511. For HCC, a 
study conducted by Zhang et al12 demonstrated 
LINC00205 was elevated in HCC and tight-
ly associated with tumor size, venous infiltra-
tion and advanced tumor stages, knockdown 
of LINC00205 could dramatically suppress the 
capacity of cell growth, migration and invasion 
via sponging miR-122-5p. Contradictorily, an-
other research performed by Long et al13 found 
that LINC00205 may play a cancer suppressive 
role through interplaying with miR-184 to ele-
vate the expression level of EPHX1, which was 
down-regulated in HCC, and could retard cell 
proliferation, migration, as well as cell cycle 
progression and induce apoptosis.

The current study was designed to explore the 
functions of LINC00205 on cell proliferation 
and its new regulatory mechanism in HCC. Our 
results disclosed that YY1/LINC00205/miR-26a-
5p/CDK6 axis, as a new modulation pathway, 
contributed to the HCC cell proliferation and 
might serve as a promising diagnostic biomarker 
and therapeutic target for HCC.

Patients and Methods

Tissue Specimens
Eighteen pairs of HCC samples and matched 

nonneoplastic hepatic tissues were gathered from 
patients in the First Affiliated Hospital of Xi’an 
Jiaotong University (Xi’an, Shaanxi Province, 
China). Tissue samples were quenched in liquid 
nitrogen immediately after excision. Consent was 
acquired from all patients and was approved by 
the Ethics Committee of the First Affiliated Hos-
pital of Xi’an Jiaotong University (No. 2017-145).

Cell Culture and Transfection
Human hepatocellular carcinoma cells 

(HepG2, SNU-475, SNU-449, Huh-7, SK-Hep-1), 
as well as a human liver epithelial cell line 
THLE-3 were gathered from the American Type 
Culture Collection (ATCC, Manassas, VA, USA). 
All cells were cultured using Dulbecco’s Modi-
fied Eagle Medium (DMEM; Gibco, Rockville, 
MD, USA) supplemented with 10% FBS and 
1× Penicillin-Streptomycin (100 U/ml-100 μg/ml, 
Sigma-Aldrich, St. Louis, MO, USA) in incubator 
(37°C, 5% CO2).

Short interfering RNAs (siRNA) targeting 
LINC00205 and negative control (NC) were pro-
duced by Synbio Technologies (Suzhou, Jiang-
su Province, China) as follows: siLINC00205, 
5’-GAAGCAGAAAUCCAUAGAACA-3’; siNC, 
5’-GCGUUGCUGUCGCUCUAUUCU-3’. Pre-
designed siRNAs for CDK6 (sc-29264) and YY1 
(sc-36863) were obtained from Santa Cruz Bio-
technology (Santa Cruz, CA, USA). MiR-26a-5p 
mimics/inhibitors and its biotin labeling were 
synthesized by GenePharma (Shanghai, China). 
The LINC00205-overexpressing vector (pcD-
NA-LINC00205), YY1-overexpressing vector 
(pcDNA-YY1), as well as pcDNA3.1(+) empty 
control vector was also synthesized from Ge-
nePharma (Shanghai, China). siRNA, miRNA 
mimics/inhibitors and vectors mentioned above 
were transfected into cells by HighGene plus 
Transfection reagent (ABclonal, Wuhan, Hubei 
Province, China).

RNA Isolation and Quantitative 
Real-Time PCR (qPCR)

Total RNA was separated by Beyozol (Bey-
otime, Shanghai, China). cDNA templates for 
qPCR were synthesized by miScript II RT Kit 
(Qiagen, Hilden, Germany) with total RNA. qP-
CR was conducted with UltraSYBR Mixture 
(CWBio, Beijing, China). The relative expres-
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sion level of target genes was calculated using 
the 2-ΔΔCt method. β-actin and U6 were used as an 
endogenous control for lncRNA/mRNA and miR-
NA evaluation, separately. Primers were showed 
as follows: LINC00205 (forward: 5’-TGAAT-
CAGTACACGCCCACC-3’, reverse: 5’-TACTG-
GGCAAAAGATGCGGT-3’), CDK6 (forward: 
5’-GGATAAAGTTCCAGAGCCTGGAG-3’, re-
verse: 5’-GCGATGCACTACTCGGTGTGAA-3’), 
YY1 (forward: 5’-GGAGGAATACCTGGCATT-
GACC-3’, reverse: 5’-CCCTGAACATCTTTGT-
GCAGCC-3’), β-actin (forward: 5’-  CCTGG-
CACCCAGCACAAT -3’, reverse: 5’-GCCGATC-
CACACGGAGTACT -3’), miR-26a-5p (forward: 
5’-TTCAAGTAATCCAGGATAGGCTAAA-3’), 
U6 (forward: 5’-CTCGCTTCGGCAGCA-
CATATACT-3’, reverse : 5’-ACGCTTCAC-
GAATTTGCGTGTC-3’) .

Cell Proliferation Assay
The cell proliferation capacity was detect-

ed using cell counting kit-8 (CCK-8) assay. In 
brief, cells (4×103 cells/well) were inoculated into 
96-well plates and then incubated with 10 µL 
CCK-8 solution (Beyotime, Shanghai, China) for 
1 hours 30 minutes in incubator (37°C, 5% CO2). 
The absorbance at a wavelength of 450 nm was 
determined by microplate reader.

Cell Cycle and Apoptosis Detection by 
Flow Cytometry

Regarding cell cycle analysis, the cells were 
collected by trypsinization and f﻿﻿ixed with 70% 
ice-cold ethanol overnight. Next, the fixed cells 
were incubated with propidium iodide (PI)/
RNase A staining solution (Beyotime, Shang-
hai, China) at room temperature for 25 minutes, 
and the cell cycle arrest was evaluated by flow 
cytometry. 

Regarding apoptosis detection, the cells were 
collected by trypsinization. Next, the cells were 
stained with FITC-Annexin V and propidium 
iodide (PI) and examined by flow cytometry 
according to the manufacturer’s instructions for 
FTIC Annexin V Apoptosis Detection Kit I (BD 
Biosciences, San Diego, CA, USA). 

Dual-Luciferase Reporter Assay
To assess the binding relationship between 

miR-26a-5p and LINC00205 or CDK6, the wild-
type (wt) sequence of LINC00205 or CDK6 and 
the corresponding sequence harboring mutant 
(mut) miR-26a-5p targeting site was integrated 
into the psiCHECK-2 reporter vector (Promega, 

Madison, WI, USA) by GenePharma (Shanghai, 
China). Then, the reporter plasmid and miR-26a-
5p mimics or pcDNA-LINC00205 vector were 
co-transfected into HEK293 cells by HighGene 
plus Transfection reagent (ABclonal, Wuhan, Hu-
bei Province, China), and the Luciferase activity 
was detected.

To evaluate the promoter activity, the DNA 
sequence of LINC00205 promoter (2000 bp up-
stream from TSS) was cloned using the forward 
primer (GTGAAGGCAGTGAGTGGCCTGT) and 
reverse primer (AGACTCTGCGCACGCGCAG), 
and integrated into pGL3-Basic vector (Promega, 
Madison, WI, USA). Subsequently, reporter plas-
mid and pcDNA-YY1 vector were co-transfected 
into HEK293 cells, and the Luciferase activity was 
then detected. 

The Luciferase activity was determined using 
the TransDetect Dual-Luciferase Reporter Assay 
Kit (Transgen, Beijing, China).

RNA Pull Down
The biotinylated-hsa-miR-26a-5p mimics and 

the negative control cel-miR-239b mimics (Ge-
nePharma, Shanghai, China) were transfected 
into SNU-449 and SK-Hep-1 cells for 36 hours. 
Then, the whole-cell lysates were prepared in 
RIP buffer (150 mM KCl, 25 mM Tris pH 7.4, 
5 mM EDTA, 0.5 mM DTT, 0.5% NP40, 100 U/
ml RNAase inhibitor and protease inhibitors). 
RNA-RNA complexes were pulled down by incu-
bation with Streptavidin Magnetic Beads (NEB, 
S1420S) overnight at 4°C, and were then isolated 
using Quick-RNA™ Miniprep Plus Kit (Zymo 
Research, Irvine, CA, USA). The enrichment 
status of LINC00205 and CDK6 was examined 
by qPCR.

Western Blot 
Total proteins were isolated by Radio Immuno-

precipitation Assay (RIPA) Lysis Buffer contain-
ing broad-spectrum protease inhibitors (Boster, 
Wuhan, Hubei Province, China), and separated 
by 10% Sodium Dodecyl Sulfate Polyacrylamide 
Gel Electrophoresis (SDS-PAGE). The protein 
was transferred onto polyvinylidene difluoride 
(PVDF) membrane (0.45 μm) by wet transfer 
system, and was then blocked with bovine se-
rum albumin (BSA) Blocking Buffer (CWBio, 
Beijing, China) for 1 hour at room temperature. 
After incubating with the primary antibodies and 
horse radish peroxidase (HRP)-conjugated the 
secondary antibodies, the blots were detected us-
ing enhanced chemiluminescence (ECL) Western 
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Blot Kit (CWBio, Beijing, China). The antibodies 
used for Western blot were as follows: anti-CDK6 
(13331T, CST; 1:1000), anti-β-ACTIN (PA1-183, 
Invitrogen; 1:1000), HRP-conjugated Affinipure 
Goat Anti-Rabbit IgG (H+L) (SA00001-2, Pro-
teintech; 1:10000). β-Actin was used as an inter-
nal control.

Chromatin Immunoprecipitation
Chromatin immunoprecipitation (ChIP) ex-

periment was carried out using the EpiTect 
ChIP OneDay Kit (Qiagen, Hilden, Germany; # 
334471). The antibodies used for immunoprecip-
itating protein-DNA complexes were as follows: 
rabbit anti-YY1 (ab12132, Abcam, Cambridge, 
MA, USA), and normal rabbit IgG (ab171870, Ab-
cam). The immunoprecipitated DNA was extract-
ed and detected by qPCR experiment. Three pairs 
of primers adopted for examining LINC00205 
promoter were as follow: Primer 1 (-3 to -212 
bp), 5’-CCAGCAGCAGGAAGACGAAG-3’ (for-
ward) and 5’-ACTCTGCGCACGCGCAGTT-3’ 
(reverse); Primer 2 (-354 to -487 bp), 5’-CCT-
GCCCCATAACTCCGCT-3’ (forward) and 5’- 
GCAGGGTCAGAGGATGGGATG-3’ (reverse); 
Primer 3 ( -469 to -636 bp), 5’-CCCATCCCATC-
CCTCCTGG-3’ (forward) and 5’-AGCGGAGT-
TATGGGGCAGG-3’ (reverse).

Bioinformatics Analysis
The expression status of LINC00205 in HCC 

(n=374) and non-tumor tissues (n=50) were an-
alyzed by ENCORI (http://starbase.sysu.edu.
cn/panCancer.php). The relationship between 
LINC00205 expression and overall survival, as 
well as disease free survival of patients was 
assessed by a web tool GEPIA (http://gepia.can-
cer-pku.cn/) based on TCGA data. The associa-
tion between LINC00205 expression and patho-
logical stage of patients was also evaluated using 
GEPIA.

Statistical Analysis
The data were presented as mean ± SD. Stu-

dent’s t-test was adopted to assess two-group 
comparisons. One-way ANOVA with Tukey’s test 
was used to assess statistically significant differ-
ences among multi-group. Spearman’s correlation 
was used to evaluate the correlation between the 
expression of two molecules. A p-value < 0.05 
was considered to be statistically significant. All 
statistical analysis was carried out using SPSS 
23.0 (IBM, Armonk, NY, USA). 

Results

Boosted LINC00205 was Related to 
Unfavorable Prognosis in HCC

First, we evaluate the expression status of 
LINC00205 and its clinical significance in HCC 
by bioinformatics analysis, the ENCORI results 
displayed LINC00205 was highly expressed in 
HCC (Figure 1A), the GEPIA results disclosed 
that up-regulation of LINC00205 was signifi-
cantly correlated with shorter overall survival 
and disease free survival in HCC patients (Fig-
ure 1B and C), and was positively related to ad-
vanced pathological stage (Figure 1D). Second, 
overexpression of LINC00205 was verified in 
18 pairs of HCC and matched nonneoplastic 
hepatic tissues by qPCR. Unsurprisingly, the 
expression level of LINC00205 was dramat-
ically elevated in HCC tissue compared with 
normal samples (Figure 1E). Additionally, we 
also demonstrated that the expression level of 
LINC00205 was increased in all five exam-
ined HCC cell lines (HepG2, SNU-475, SNU-
449, Huh-7, SK-Hep-1) when compared with 
THLE-3 cells, a human liver epithelial cell line 
(Figure 1F).

Suppression of LINC00205 Impeded the 
Proliferation of HCC Cells by Triggering 
the G0/G1-Phase Cell Cycle Arrest and 
Accelerate Apoptosis

To ascertain the function of LINC00205 on 
the proliferation of HCC cells, the knockdown 
experiment was conducted using siRNA to ex-
plore the impacts of LINC00205 suppression 
on the proliferation, cell cycle progression and 
apoptosis in both SNU-449 and SK-Hep-1 cells 
that strongly expressed LINC00205. Knock-
down efficiency of siRNA targeting LINC00205 
in both SUN-449 and SK-Hep-1 cells was eval-
uated by qPCR (Figure 2A). CCK-8 assay ex-
hibited LINC00205 suppression could restrain 
the proliferation capacity of both SUN-449 as 
well as SK-Hep-1 cells (Figure 2B). To probe 
whether LINC00205 suppression affects the cell 
proliferation by modulating cell cycle and apop-
tosis, flow cytometric analysis was performed 
to detect cell cycle and apoptosis after cells 
were stained with PI or/and Annexin V, and the 
results showed LINC00205 suppression could 
trigger the G0/G1-phase cell cycle arrest (Fig-
ure 2C) and accelerate apoptosis (Figure 2D) 
in SUN-449 and SK-Hep-1. Taken together, our 
results indicated that blocking of LINC00205 
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could restrain the proliferation of HCC cell by 
inducing the G0/G1-phase cell cycle arrest as 
well as apoptosis.

LINC00205 Acts as the Sponge for 
MiR-26a-5p in HCC Cells

LINC00205 has been illustrated to facilitate 
tumor development as a ceRNA to modulating tu-
mor-associated genes through sponging miRNAs 
in HCC11-13. Consequently, we conjectured that 
LINC00205 might control the cell proliferation of 
HCC through ceRNA mechanism that sponging 
other miRNAs as well as downstream targets. 
The Ago-CLIP-seq data was used to examine 
the miRNAs interacting with LINC00205 by the 
online tool ENCORI, and we found LINC00205 
harbored 91 miRNAs binding sites (Supplemen-
tary Table I), including miR-665, miR-122-5p 
and miR-184, which have been previously re-
ported that can be sponged by LINC0020511-13. 
In the current study, we chose the miR-26a-5p as 
the research object because it has been found to 

be low expressed in HCC and serve as a tumor 
suppressor via interplaying with lncRNA14,15, as 
well as circRNA16. The binding relationship be-
tween miR-26a-5p and LINC00205 was exhib-
ited in Figure 3A. Here, we uncovered that miR-
26a-5p was decreased in HCC tissues and cell 
lines (Figure 3B and C), and its expression was 
negatively related to LINC00205 expression in 
HCC tissues (Figure 3D). Dual-Luciferase report-
er assays showed that miR-26a-5p mimics could 
dramatically hamper the Luciferase activities of 
vector harboring LINC00205-wt sequence rath-
er than mutant type (Figure 3E). Furthermore, 
biotin-labelled miRNA pull-down experiment 
demonstrated that LINC00205 was remarkably 
enriched in the biotin-conjugated miR-26a-5p-
arrested complexes compared to that in the neg-
ative control cel-miR-239b (Figure 3F). Finally, 
we also demonstrated the expression level of 
miR-26a-5p could be elevated through silencing 
LINC00205 (Figure 3G), whereas LINC00205 
expression could be restrained after transfecting 

Figure 1. Elevated LINC00205 is related to unfavorable prognosis in hepatocellular carcinoma (HCC). A, The expression 
status of LINC00205 in HCC (n=374) and non-tumorous tissues (n=50) tissues were evaluated by ENCORI. B, The association 
between LINC00205 expression with overall survival was evaluated using GEPIA. C, The association between LINC00205 
expression with disease free survival was evaluated by GEPIA. D, The association between LINC00205 expression with 
pathological stage was evaluated by GEPIA. E, The expression status of LINC00205 was validated in human HCC and non-
tumorous tissues (n = 18) by qPCR. F, The expression status of LINC00205 in HCC cell lines was examined by qPCR. * p < 
0.05, ** p < 0.01.

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary_Table_1-11007.pdf
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Figure 2. Downregulation of LINC00205 inhibits HCC cell proliferation. A, The silencing efficiency of siRNA targeting 
LINC00205 in SNU-449 and SK-Hep-1 cells was confirmed by qPCR. B, The impact of LINC00205 downregulation on the 
proliferative capacity of HCC cells was determined using CCK-8 assay. C and D, The impact of LINC00205 downregulation 
on cell cycle progression and apoptosis was detected by flow cytometry. * p < 0.05, ** p < 0.01.
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miR-26a-5p mimics (Figure 3H). In summary, 
the above results indicated that LINC00205 could 
serve as the sponge for miR-26a-5p in HCC cells.

LINC00205 Controls the Proliferation of 
HCC Cells via Elevating CDK6 Through 
Sponging MiR-26a-5p

To elaborate the molecular mechanism under-
lying LINC00205 modulating the proliferation of 
HCC through sponging miR-26a-5p, we attempted 
to screen and characterize downstream targets 

of miR-26a-5p using the online tool ENCORI 
and TargetScan, and we found cyclin dependent 
kinase 6 (CDK6), a crucial modulator of cell cy-
cle and cell growth, existed a potential targeting 
relationship with miR-26a-5p (Figure 4A). CDK6 
expression was validated by qPCR, and the results 
indicated that CDK6 was highly expressed in HCC 
tissues as well as cell lines (Figure 4B and C), and 
the expression of CDK6 was positively related with 
LINC00205 in HCC tissues (Figure 4D). Biotin-la-
belled miRNA pull-down experiment revealed that 

Figure 3. LINC00205 sponged miR-26a-5p in HCC cells. A, The putative miR-26a-5p binding sites harboring by LINC00205 
wild type (LINC00205-wt) and its mutation (LINC00205-mut) were shown. B, The expression status of miR-26a-5p in HCC 
and non-tumorous tissues (n = 18) was detected by qPCR . C, The expression status of miR-26a-5p in HCC cell lines was 
evaluated by qPCR. D, The interrelation of LINC00205 expression with miR-26a-5p was assessed by Spearman’s coefficient. 
E, The interaction between LINC00205 and miR-26a-5p was examined by Dual-Luciferase reporter assays. F, The interaction 
between LINC00205 and miR-26a-5p was validated by RNA pull-down with biotin-conjugated miR-26a-5p or negative control 
cel-miR-239b. G, The impact of LINC00205 downregulation on the expression status of miR-26a-5p in HCC cells. H, The 
impact of miR-26a-5p upregulation on the expression status of LINC00205 in HCC cells. * p < 0.05, ** p < 0.01. 
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CDK6 mRNA could be dramatically trapped by 
biotin-conjugated miR-26a-5p-mimics rather than 
the negative control (Figure 4E). Dual-Luciferase 
reporter assays demonstrated that the activity of 
reporter harboring wild-type sequence of CDK6 
rather than mutation site was remarkably inhibited 
by miR-26a-5p mimics and could be restored up-
on up-regulation of LINC00205, suggesting there 
was a direct interaction among LINC00205, miR-

26a-5p and CDK6 (Figure 4F). Furthermore, the 
modulating role of LINC00205 and miR-26a-5p 
on CDK6 mRNA level was first confirmed by qP-
CR, and we revealed that suppressing LINC00205 
could decline the CDK6 expression in both SUN-
449 and SK-Hep-1 cells, meanwhile the reduction 
of CDK6 caused by LINC00205 silencing could 
be recovered by miR-26a-5p inhibitor (Figure 4G). 
Then the western blot was conducted to verify 

Figure 4. LINC00205 modulates the proliferation of HCC cells via triggering miR-26a-5p/CDK6 pathway. A, The putative 
miR-26a-5p binding sites harboring by CDK6 wild type (CDK6-wt) and its mutation (CDK6-mut) were shown. B, The 
expression status of CDK6 in HCC and non-tumorous tissues (n = 18) was assessed by qPCR. C, The expression status of 
CDK6 in HCC cell lines was examined by qPCR. D, The interrelation of LINC00205 expression with CDK6 was assessed 
by Spearman’s coefficient. E, The interaction between CDK6 and miR-26a-5p was detected by RNA pull-down with biotin-
conjugated miR-26a-5p or negative control cel-miR-239b. F, The interaction between CDK6 and miR-26a-5p, and the impact 
of LINC00205 upregulation on its interplay was confirmed by Dual-Luciferase reporter assays. G, LINC00205 modulated the 
CDK6 transcripts by miR-26a-5p. H, LINC00205 modulated the CDK6 protein level by miR-26a-5p in SNU-449 cells. I, The 
rescue experiment displayed that LINC00205 downregulation could restrain the HCC cell proliferation via miR-26a-5p/CDK6 
pathway. * p < 0.05, ** p < 0.01.
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the modulating effect of LINC00205 and miR-
26a-5p on the CDK6 protein in SUN-449 cells, 
we disclosed that the trends in the alterations at 
protein level were consistent with the results of 
qPCR (Figure 4H). Additionally, we also uncov-
ered that suppression of miR-26a-5p or ectopic 
expression of CDK6 could reverse the inhibition 
of cell proliferation that triggered by LINC00205 
silencing in both SUN-449 and SK-Hep-1 cells 
(Figure 4I). Altogether, the above results manifest 
that LINC00205 could control the proliferation 
of HCC cells by elevating CDK6 via sponging 
miR-26a-5p. 

LINC00205 can be Activated by the 
Transcription Factor YY1 in HCC Cells

To probe the reason why LINC00205 was 
overexpressed in HCC, we checked transcription 
factor binding sites harbored by the LINC00205 
promoter using ChIP-seq data of HepG2 cells 
on UCSC Genome Browser (http://genome.ucsc.
edu), and the Yin Yang-1 (YY1) binding site was 
found near the upstream of the transcription start 
site (TSS) of LINC00205 (Figure 5A). We further 
analyzed the LINC00205 promoter region (2000 
bp up-stream of TSS) using transcription factor 
searching tools of JASPAR (http://jaspar.genereg.

Figure 5. LINC00205 can be activated by the transcription factor YY1. A, YY1 binding status of LINC00205 promoter 
was checked using ChIP-seq data of HepG2 cells by UCSC Genome Browser. B, The expression status of YY1 in HCC and 
non-tumorous tissues (n = 18) was detected by qPCR. C, The interrelation of LINC00205 expression with YY1 was assessed 
by Spearman’s coefficient. D, The impact of YY1 upregulation on the LINC00205 expression in HCC cells was examined 
by qPCR. E, The impact of YY1 downregulation on the LINC00205 expression in HCC cells was assessed by qPCR. F, The 
impact of YY1 upregulation on the promoter activities of LINC00205 was determined by Dual-Luciferase reporter assays. G, 
The interaction between YY1 and LINC00205 promoter was detected in SNU-449 and SK-Hep-1 cells by ChIP-qPCR, 1% of 
chromatin was used as input DNA control. * p < 0.05, ** p < 0.01.
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netl), and 9 potential YY1 binding sites were ob-
tained (Supplementary Table II). Intriguingly, 
YY1 have been demonstrated to be elevated in 
HCC and can aggravate the HCC progression by 
suppressing HCC differentiation and activating 
MYC signaling17,18. In the current research, we 
also disclosed that the YY1 expression was re-
markably boosted in HCC tissues (Figure 5B), 
and positively associated with LINC00205 ex-
pression (Figure 5C). Subsequently, we examined 
the modulation roles of YY1 on LINC00205 
expression in HCC cells by up-regulating or 
down-regulating YY1, and qPCR results showed 
that up-regulation of YY1 could elevate the ex-
pression level of LINC00205 in both SUN-449 
and SK-Hep-1 cells (Figure 5D), while silencing 
of YY1 restrained LINC00205 expression (Fig-
ure 5E). To verify LINC00205 can be transcrip-
tionally activated by YY1, LINC00205 promoter 
were integrated into pGL3-basic plasmid and 
co-transfected with YY1 expression plasmid into 
HEK-293T cells, and we discovered promoter 
activity of LINC00205 could be strengthened by 
overexpressing YY1 (Figure 5F). In addition, the 
direct interaction between YY1 and LINC00205 
promoter was identified using ChIP-qPCR, and 
we found YY1 was significantly enriched on 
LINC00205 promoter in both SUN-449 and 
SK-Hep-1 cells (Figure 5G). Taken together, 
above results displayed that the up-regulation of 
LINC00205 in HCC could be attributed to the 
transcription factor YY1.

Discussion 

Growing evidence uncovered that lncRNAs, 
as a new sort of modulators for gene expression, 
exert crucial functions in tumor development, 
including HCC19,20. Until now, a large stash of ab-
errantly expressed lncRNAs has been character-
ized to be involved in HCC, such as HOTAIR21, 
HEIH22, MVIH23, ATB24, and so on. Recently, 
LINC00205, a bidirectional lncRNA, situated at 
human chromosome 21q22.3, has been revealed 
to be activated in some cancers and can promote 
tumor advancement, involving lung cancer10, ret-
inoblastoma11, as well as hepatocellular carcino-
ma12. Yet, the potential molecular mechanism of 
LINC00205 promoting the HCC progression is 
substantially unclear, the current study was con-
ducted to survey the novel molecular mechanism 
by which LINC00205 regulates the proliferation 
of HCC cells. 

First of all, we disclosed LINC00205 was 
dramatically upregulated in HCC tissues and 
cell lines, and positively related to unfavorable 
prognosis as well as pathological stage, indicating 
LINC00205 might be a promising biomarker for 
early diagnosis and prognosis evaluation of HCC. 
Consistent with our findings, the study conducted 
by Zhang et al12 also revealed that LINC00205 
was dramatically elevated in both HCC tissues 
and cell lines, and its boosted expression was 
significantly related to tumor size, venous infil-
tration and tumor stages. 

Second, we illustrated that silencing LINC00205 
could restrain the proliferation of SUN-449 and 
SK-Hep-1 cells, and our results were consistent 
with previous findings in other HCC cell lines. 
Zhang et al12 uncovered LINC00205 knockdown 
could suppress the proliferation of Hep3B and 
Huh-7 cells. Remarkably, in our study, it was 
revealed for the first time that knockdown of 
LINC00205 can induce the G0/G1 phase cell cy-
cle block and apoptosis. Xie et al10 regarding lung 
cancer revealed that silencing LINC00205 could 
also inhibit lung cancer cell growth thought aggra-
vating apoptosis.

Thirdly, a new regulatory pathway launched 
by LINC00205 was demonstrated to be involved 
in the modulation of HCC cell proliferation, 
that is LINC00205 could boosting CDK6 by 
arresting miR-26a-5p (i.e., miR-26a-5p/CDK6 ax-
is). Multiple ceRNA regulatory axes participated 
by LINC00205 have been discovered to be in-
volved in cancer progression, such as miR-665/
HMGB1 in retinoblastoma11. Here, we revealed 
LINC00205 as a sponge could directly interplay 
with miR-26a-5p in HCC cells. Precedent studies 
have disclosed miR-26a-5p was lowly expressed 
in HCC, and its down-regulation was positively 
correlated with worse prognosis in HCC patients25, 

26. Notably, miR-26a-5p could suppress the HCC 
cell proliferation through modulating some crit-
ical oncogenes, such as HMGA226, DNMT3B27, 
AURKA28, GSK3β14, implying that miR-26a-5p is 
likely to exert a tumor suppressive role in HCC. 
In the present study, we demonstrated CDK6 as 
a new target of miR-26a-5p could contribute to 
modulation of HCC cell proliferation launched 
by LINC00205 via constituting the ceRNA path-
way. CDK6, an oncogenic molecule, has been 
disclosed to exert vital functions on tumor ad-
vancement in several cancer types, including 
HCC29. Interestingly, several recent studies found 
CDK6 could facilitate the HCC development via 
constituting lncRNA-miRNA-mRNA regulation 

https://www.europeanreview.org/wp/wp-content/uploads/Supplementary_Table_2-11007.pdf
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network. For instance, lncRNA CRNDE has been 
shown to regulate cell growth and metastasis via 
miR-33a-5p/CDK6 axis30; lncRNA NNT-AS1 was 
uncovered to modulate the proliferation of HCC 
cells by miR-363/CDK6 pathway31. In the present 
paper, CDK6 was disclosed to be activated in 
HCC and could affect the proliferation of HCC 
cells as downstream target of LINC00205/ miR-
26a-5p pathway.

Finally, we illuminated that LINC00205 tran-
scription could be triggered by a transcription 
factor YY1 in HCC. YY1, a ubiquitously ex-
pressed zinc finger transcription factor that con-
tains four C2H2 zinc finger domains, exerts 
crucial functions in multiple cellular processes, 
involving DNA replication, cell multiplication, 
apoptosis, autophagy land chromatin modeling32. 
Rong et al33 found YY1 could directly interact 
with the promoter of lncRNA LINC01134 and 
enhance its transcription, while LINC01134 is an 
oncogenic lncRNA and contributes to HCC pro-
gression by affecting cell growth, metastasis and 
EMT via miR-324-5p/IGF2BP1 pathway. In the 
current paper, LINC00205 was characterized as 
a new target of transcription factor YY1.

Conclusions

The present study uncovered that LINC00205, 
a YY1-modulated lncRNA, was overexpressed in 
HCC, and facilitated the proliferation of HCC cells 
through triggering cell cycle and apoptosis via a 
new ceRNA axis of miR-26a-5p/CDK6, indicating 
that LINC00205 might serve as a potential diag-
nostic marker and therapeutic target for HCC.
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