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Abstract: Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related deaths worldwide. Long non-
coding RNAs (IncRNAs) are involved in the tumorigenesis and progression of some cancers. However, only a handful
of IncRNAs have been functionally identified in HCC. In the present study, we identified a novel functional IncRNA
in HCC, termed IncWDR26 (GenBank Accession no. RP11-365016). Here, we reported that IncWDR26 was signifi-
cantly downregulated in HCC tissues and cells. Moreover, decreased INcCWDR26 expression correlates with larger
tumor size, higher clinical stage, and tumor metastasis, and also predicts poor prognosis in patients with HCC. In
HCC cells, overexpression of INc(WDR26 inhibited growth and metastasis, both in vitro and in vivo. Mechanistically,
IncWDR26 suppressed HCC growth and metastasis by inhibiting WDR26 transcription. Notably, IncWDR26 was as-
sociated with SIX homeobox 3 (SIX3), and this association was required for the repression of WDR26 transcription.
Together, these results indicate that IncWDR26 is a tumor suppressor IncRNA that promotes tumor progression,

leading us to propose that INcRNAs may serve as key regulatory hubs in HCC progression.

Keywords: WDR26, SIX3, growth, metastasis

Introduction

Hepatocellular carcinoma (HCC) is the third
leading cause of cancer-related deaths world-
wide. Liver resection is still the best therapeu-
tic strategy to treat HCC, with a 5-year survival
rate of approximately 30% [1]. The prognosis of
patients with HCC remains poor despite the
advancement in HCC treatment. Thus, under-
standing the molecular mechanisms of hepato-
carcinogenesis and identifying novel prognos-
tic molecular markers can promote the devel-
opment of appropriate therapeutic strategies
earlier in the course of this cancer.

The noncoding RNAs that are the predominant
transcripts in the mammalian genome exceed
the number of protein-coding genes. It has be-
en reported that abnormal expression of small
noncoding RNAs (ncRNAs), especially microR-
NAs, contributes to the pathogenesis of HCC
[2, 3]. More recently, a new class of ncRNAs,
known as long noncoding RNAs (IncRNA; larger
than 200 nucleotides), which are endogenous

RNA transcripts in the genome without protein-
coding potential, have been reported to be
critical regulators in modulating cancer malig-
nancies [4-6]. The mechanisms of actions of
well-studied IncRNAs are known to modify chro-
matin structure and regulate gene expression
in cis or trans manner [7]. Dysregulation of
IncRNAs has been correlated to tumorigenesis
and cancer metastasis [8, 9]. In HCC, a handful
of IncRNAs have been functionally identified.
For example, HOTAIR [10], IncRNA-ATB, UFC1
[11], and MALAT1 [12] were found to be overex-
pressed in HCC tissues. Overexpression of
these IncRNAs is correlated with poor survival
of patients, and plays an important role in the
development of HCC. Thus, these RNAs may act
as “onco-IncRNAs”. In contrast, IncRNA MEG3
[13] and GAS5 [14] were downregulated in HCC
tissues compared to normal liver tissues. Re-
storation of expression of these IncRNAs sup-
presses the proliferation, migration, and inva-
sion of HCC cells. Therefore, they may function
as “tumor suppressor INCRNAs”. Although thou-
sands of IncRNAs have been annotated, only a
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few IncRNAs have been functionally charac-
terized.

In this study, we characterized the pathologi-
cal relevance of IncRNA WD repeat domain 26
(IncWDR26) (GenBank Accession no. RP11-36-
5016) in HCC growth and metastasis. Its expre-
ssion was analyzed by qRT-PCR using tissue
samples from 82 patients with HCC. Further
mechanistic investigations into the function of
IncWDR26 in HCC were performed through
gain-of-function studies, RNA immunoprecipita-
tion (RIP) assays, and RNA pull-down assays,
through which we demonstrated that the inter-
action between IncWDR26 and SIX homeobox
3 (SIX3) was associated with HCC formation
and progression.

Materials and methods
Cell culture

Six HCC cell lines (SMMC-7721, PLC/PRF/5,
Huh7, SK-Hep-1 and Hep3B) and a normal
liver cell line (LO2) were obtained from Cell
Bank of Chinese Academy of Sciences. Cells
were cultured in DMEM (Gibco) supplemented
with 10% FBS (Gibco) and 1% penicillin-strepto-
mycin (Hyclone).

Tissue samples

82 paired HCC and corresponding normal liver
tissue samples were collected during HCC sur-
gery. All of the patients gave informed consent
for their tissues to be used for this research.
Recommendations of the Declaration of Hel-
sinki for biomedical research involving human
subjects were also followed. Ethical approval
for the study was obtained from Ethics Com-
mittee of Cangzhou Central Hospital.

Cell proliferation detection

3x10°% cells per well were seeded in the 96-
well plate and incubated for different time
point, respectively. Cell proliferation was mea-
sured with a Cell Counting Kit-8 (CCK-8) (Be-
yotime, Shanghai, China), following the manu-
facturer’s instructions. Absorbance was mea-
sured at 450 nm using EIxX800 Reader (Bio-Tek
Instruments, VT, USA).

Western blot

The cells were lysed with RIPA buffer (Beyotime
Biothechnology, Beijing, China). Protein lysates
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were separated by SDS-PAGE and then trans-
ferred onto PVDF membranes. The membranes
were blocked and incubated with anti-SIX3
(Abcam, Cambridge, MA, USA), or WDR26 (Ab-
cam, Cambridge, MA, USA) or GAPDH antibody
(Santa Cruz, CA) at 4°C overnight. After being
washed, the membranes were incubated with
HRP-conjugated anti-IgG (Santa Cruz, CA). Sig-
nal was detected by an ECL system (Amersham
Pharmacia, Piscataway, NJ).

Quantitative real-time PCR (qRT-PCR)

Total RNA was isolated using the RNeasy Mini
Kit (QIAGEN) according to the manufacturer’s
instructions. 1 pg of total RNA was reversely
transcribed to cDNA by using EasyScript One-
Step gDNA Removal and cDNA Synthesis
(Transgen, Beijing, China). gRT-PCR was per-
formed on the Step-One Plus Detection System
(Applied Biosystems, USA). Relative expression
levels were calculated as ratios normalized
against those of GAPDH. Comparative quantifi-
cation was determined using the 222t method.
Primers were provided as follow: GAPDH-R:
5-GATTCCACCCATGHCCAAATTC-3’, GAPDH-R:
5-CTGGAAGATGGTGATGGGATT-3’; IncWDR26-
F: 5-AGACCTGACCTGGAATGAGA-3’, IncWDR26-
R: 5-TGGGCAACAGAGCAAGATT-3’; WDR26-F:
5-CATGGAAGGAGACTGGGATAAG-3’, WDR26-R:
5-GATTTCAAGTGCGCCTCTTAC-3".

Isolation of cytoplasmic and nuclear

Cytoplasmic and nuclear RNA were isolated
and purified using the Cytoplasmic & Nuclear
RNA Purification Kit (Norgen, Belmont, CA) ac-
cording to its manual.

5’ and 3’ rapid amplification of cDNA ends
(RACE)

We used the 5’-RACE and 3'-RACE analyses to
determine the transcriptional initiation and ter-
mination sites of IncWDR26 using a SMARTer™
RACE cDNA Amplification Kit (Clontech, Palo
Alto, CA) according to the manufacturer’s in-
structions.

Cell transfection

LncWDR26 transcript was determined by a
RACE assay. Cells were transfected with lentivi-
ral particles expressing full-length human Inc-
WDR26 sequence or an empty lentiviral vector
control. After 48 hours, stable clones were se-
lected for 1 week by using puromycin. We con-
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structed lentivirus-based short hairpin  RNA
(shRNA) expression constructs into pLKO.1 vec-
tor (Addgene) to knockdown INcCWDR26 expres-
sion. Cells were transfected with either of lenti-
viral vectors encoding specific shRNA sequence
or the negative control vector (scramble shRNA,
named Con). Following target sequences were
used: shincWDR26: CCTGGAATGAGACTTGCAA,;
shWDR26: CAGTCAGATGAGGATGTCA; shSIX3:
CAAGTAGGCAACTGGTTTA.

Cell cycle assay

The cell cycle was analyzed using an in situ cell
proliferation kit FLUOS (Roche) according to the
manufacturer’s instruction. The cell cycle distri-
bution was analyzed by flow cytometry. The
data were analyzed by FlowJo software (Tree
Star).

Apoptosis assay

Cells were stained with fluorescein isothiocya-
nate-conjugated Annexin V and 7-AAD (Apop-
tosis Detection Kit, KeyGEN, Nanjing, China)
according to the manufacturer’'s instruction.
Cells were analyzed with flow cytometer, and
the data were studied using FlowJo software
(Tree Star).

Migration and invasion assays

Cells were seeded on the top side of the mem-
brane pre-coated with Matrigel for invasion
assay or without Matrigel for migration assay
and incubated for 24 h. Cells inside the upper
chamber were obliterated with cotton swabs,
while cells on the lower membrane surface
were fixed and then stained with 0.5% crystal
violet solution. Ten fields were counted ran-
domly in each well.

Chromatin immunoprecipitation (ChIP)

We performed ChIP using the EZ ChIP™ Ch-
romatin Immunoprecipitation Kit (Millipore),
as per the manufacturer’s instruction. Briefly,
crosslinked chromatin was sonicated into 200
to 1000 bp fragments and immunoprecipitated
using anti-SIX3 antibody (Abcam). Normal rab-
bit immunoglobulin G (IgG) was used as a nega-
tive control. gPCR was conducted using SYBR
Green Mixture. Primers used for WDR26 pro-
moter regions were F: 5-GAGTCTCACCGGCT-
CATTATC-3’ and R: 5-ATCGGGTTTCACAACCTAC-
TT-3".
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RNA pull-down and mass spectrometry assay

RNA pull-down was performed as previously
described [15]. In vitro biotin-labeled RNAs (Inc-
WDR26 and its antisense RNA) were tran-
scribed with the biotin RNA labeling mix (Roche)
and T7 RNA polymerase (Roche) treated with
RNase-free DNase | (Promega) and purified
with RNeasy Mini Kit (QIAGEN). Biotinylated
RNA was incubated with nuclear extracts of
breast cancer cells, and pull-down proteins
were run on SDS-PAGE gels. Mass spectrome-
try followed.

RNA-FISH

Fluorescence-conjugated IncWDR26 probes
were used for RNA-FISH. RNA-FISH was per-
formed by using RNA-FISH Kit (Boster, Wuhan,
China) according to the standard protocol. Cells
were observed with a FV1000 confocal laser
microscope (Olympus).

Tumor xenograft

Male nude mice (4-6-week old) were used for
xenograft assays. Cells (1x10°8) were trypsin-
ized, harvested in PBS, and injected subcuta-
neously into the flank of the animals. Appro-
ximately 12 days later, tumors were detectable
and tumor size was measured using a vernier
caliper. Tumor volumes were calculated by the
formula V = ¥2 (LxW?), where L is the length (lon-
gest dimension) and W, the width (shortest
dimension). The animal study protocol was re-
viewed and approved by the local ethics com-
mittee at Cangzhou Central Hospital.

Statistical analysis

All the statistical analyses were performed us-
ing SPSS software. For comparisons between
two groups, two-tailed Student’s t-tests were
performed. Survival curve was evaluated us-
ing the Kaplan-Meier method, and differences
were assessed using the log-rank test.

Results

IncWDR26 expression is decreased in HCC
tissues

Firstly, we analyzed the HCC tissue gene profil-
ing data from previous studies [11, 16]. IncRNAs
act in cis or trans to regulate the expression of
neighboring genes [17]. Therefore, we focused
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Figure 1. IncWDR26 expression is decreased in HCC tissues. A. The expres-
sion levels of INcWDR26 in 82 pairs of HCC and matched normal liver tis-
sues were examined by qRT-PCR. B. The expression levels of IncCWDR26 in
5 different HCC cell lines and a normal liver cell line were detected by qRT-
PCR. C. The Kaplan-Meier curves for patients with HCC showing low and high

INcWDR26 expression.

on intergenic IncRNAs, which were aberrantly
expressed in HCC tissues and located in the
nearby coding genes related to HCC develop-
ment. Among these differentially expressed
intergenic IncRNAs, we focused on an unchar-
acterized IncRNA, termed IncWDR26 (gene
symbol: RP11-365016). IncWDR26 is one of
the most decreased IncRNAs in HCC, residing
on chromosome 1, upstream of the WDR26
gene. To further validate this result, we investi-
gated IncCWDR26 expression in a cohort of 82
paris of HCC tumor and matched normal liver
tissue samples using gRT-PCR. The results
showed that INcWDR26 expression was signifi-
cantly lower in the HCC tissues (Figure 1A).
Next, we examined IncWDR26 levels in HCC
cell lines (SMMC-7721, PLC/PRF/5, Huh7, SK-
Hep-1, and Hep3B) and a normal liver cell line
(LO2) using qRT-PCR. Compared with LO2 cells,
INcWDR26 was present at lower levels in all
HCC cell lines (Figure 1B). Collectively, these
results showed that IncWDR26 is downregulat-
ed in HCC tissues and cells. To further explore
the relationship between IncWDR26 expres-

691

T g A o

sion and clinicopathological
features in patients with HCC,
patients were divided into two
groups: the high IncWDR26
expression group and the low
INCWDR26 expression group.
Statistical analysis revealed
that lower IncWDR26 levels
were correlated with larger tu-
mor size, higher clinical stage,
and metastasis. However, Inc-
WDR26 expression was not
correlated with other factors,
including gender, age, liver
cirrhosis, and AFP levels in
patients with HCC (Table 1).

Next, we used Kaplan-Meier
survival analysis to examine
the correlation between IncW-
DR26 expression and progno-
sis of patients with HCC. The
results showed that lower ex-
pression of InNcWDR26 predict-
ed a lower rate of 5-year sur-
vival of patients with HCC (Fig-
ure 1C). These findings sug-
gest that IncWDR26 may ex-
ert tumor-suppressive func-
tions in HCC.

Characterization of IncWDR26

A total length of 450 nt of IncWDR26 transcript
was determined by RACE assay (Figure 2A). We
determined the cellular location of IncWDR26
by performing RNA-FISH and cellular fraction-
ation assays. The results showed that IncW-
DR26 was mainly localized in the nuclei of HCC
cells (Figure 2B and 2C).

Overexpression of IncWDR26 inhibits the
growth of HCC cells

To determine the biological functions of IncW-
DR26 in HCC cells, IncWDR26 was overex-
pressed in SMMC-7721 and SK-Hep-1 cells
by transfection with IncWDR26-overexpressing
lentiviral particles (Figure 3A). To assess the
role of INcWDR26 in HCC cell phenotype, we
performed gain-of-function assays. CCK-8 as-
say showed that the growth of SMMC-7721
and SK-Hep-1 cells transfected with IncWDR26
was inhibited compared with control cells (Fig-
ure 3B). Moreover, colony formation analysis
showed that IncWDR26 overexpression signifi-
cantly suppressed the colony formation capac-
ity of HCC cells (Figure 3C). Because the above
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Table 1. Relationship between IncWDR26 expression and
clinicopathological features of HCC patients

Clinicopathological INcWDR26 expression levels

features Low High P value

Gender
Male 25 24 0.822
Female 16 17

Age
<65 23 25 0.654
>55 18 16

Liver cirrhosis
With 22 23 0.822
Without 18 17

AFP (ng/mL)
<20 8 9 0.768
>20 34 33

Tumor size (cm)
<5 13 26 0.003
>5 29 15

BCLC stage
A 14 30 0.001
B+C+D 28 12

Metastasis
Yes 28 15 0.005
No 14 27

Abbreviations: AFP, alpha-fetoprotein; BCLC, Barcelona Clinic Liver Cancer.
The median expression level was used as cutoff.
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Figure 2. Characterization of IncWDR26. A. Representative images of
PCR products from the RACE analysis are shown. B. IncWDR26 RNA
expression in different subcellular fractions in SMMC-7721 cells. C.
INcWDR26 intracellular localization was visualized in SMMC-7721
cells by FISH assay. Representative images of IncWDR26 staining in
SMMC-7721 cells are shown.

tigated whether IncWDR26 is invol-
ved in regulating cell apoptosis us-
ing flow cytometry. Compared with
control cells, overexpression of Inc-
WDR26 significantly increased the
HCC cell apoptotic rate (Figure 3D).
However, IncWDR26 did not have
an effect on cell cycle distribution
(Figure 3E).

Next, we injected IncWDR26-over-
expressing SMMC-7721 cells or
control cells into nude mice to de-
termine whether IncWDR26 could
influence HCC tumorigenesis in
vivo. The results showed that tu-
mors grown from IncWDR26-over-
expressing cells were smaller than
those grown from control cells
(Figure 3F). Moreover, immunohis-
tochemical analysis confirmed that
the tumors formed from IncWDR26-
overexpressing SMMC-7721 cells
displayed lower Ki-67 staining (Fig-
ure 3G). Taken together, our find-
ings demonstrated that IncWDR26
inhibits HCC growth in vitro and in
Vivo.

Upregulation of IncWDR26 sup-
presses the metastasis of HCC
cells

To evaluate whether IncWDR26
contributes to the progression of
HCC, we examined the effect of
INcWDR26 on the migratory and
invasive behavior of SMMC-7721
and SK-Hep-1 cells. Using transwell
assay, we found that the migratory
and invasive ability of HCC cells
was dramatically inhibited following
overexpression of INcWDR26 (Figu-
re 4A).

To validate the in vitro results,
control and IncWDR26-overexpre-
ssing SMMC-7721 cells were in-
jected into the tail vein of nude
mice. Overexpression of IncWDR26
resulted in a reduction of metastat-
ic nodules in the mice lungs, as
compared with control group (Figure

results indicate that IncWDR26 exerts a tumor- 4B). These results indicate that IncWDR26 is
suppressive effect on HCC cells, we then inves- also involved in human HCC progression th-
692 Am J Cancer Res 2018;8(4):688-698



IncWDR26 and HCC

A SMMC-7721 SK-Hep-1 B
c 30, c 6, —=—Con 61 —=—Con
.0 % o OE . OE
% % 20- . o 51 s @Y ,
o ’ o ]
§2o- g E 4 £l
% % 10' §)3- a b §>3- o *
X Q o (0]
2 10 2 % 24 ¥ x % 2] . * .
© © D o ol 1
g ol g ol C 7 gumc7721 €1 Y SK-Hep-1
& Cnm OE & ~ Con OE 1 2 3 4 1 _2 3 4
Time (days) Time (days)
c OE D SMMC-7721 SK-Hep-1
* 40ﬁ
SMMC-7721 & - @ 201 @ 30,
o 8 8
— £ 2 2.
E 1o ]
= > 104
SK-Hep-1 £ =
Q ()]
o oF o)
E SMMC-7721 SK-Hep-1
I Con I Con
I OF 80, I OF
“ “
8 k.
o o
& 5
E '15-20-
o S
o o o
GO/GT S G2M
F G R 1iS%R
2, —=— Con % ,‘J L’“* ‘q 4
Con OE ~—OE 1-‘ % e
Con " 2 T 4r
o . . "‘ ", ‘.~- -:T",‘ l‘.
% " E"N';&_:ﬁ:‘i.'ﬁ "J'.
g .'_' \"77.'/7-'-\'-.'.-
OF S 9= a4y
0 T T T T T 1 '_ “ -. i -
10 15 20 25 30 35 40 e e s
Time (days) IR Ty

Figure 3. Overexpression of INCWDR26 inhibits the growth of HCC cells. A. HCC cell lines stably overexpressing
IncWDR26 were established. The relative expression of IncWDR26 was detected by qRT-PCR. B. The cell prolifera-
tion of control and IncWDR26-overexpressing HCC cells was analyzed by CCK-8 assay. C. The effect of IncWDR26
overexpression on colony formation capacity of HCC cells. D. Cells with IncWDR26 overexpression were stained with
a combination of annexin V and 7-AAD and analyzed by FACS. Cells positive for annexin V staining were counted
as apoptotic cells, and the percentage of apoptotic cells is shown. E. FACS analysis showing no significant changes
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in cell cycle distribution, in HCC cells overexpressing IncWDR26. F. Effects of IncWDR26 overexpression on tumor
growth in vivo. The tumor growth curves are shown. G. Immunohistochemical staining of Ki-67 in xenograft tumor
tissues. Data are shown as mean + standard deviation (SD); *P<0.05.
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expression of WDR26 (Fig-
ure 5A and 5B). We detect-
ed the expression levels of
WDR26 in the same set of
82 paires HCC tumors and
adjacent normal liver tis-
sues by qRT-PCR. We found
that WDR26 expression
was significantly increased
in HCC tissues compared
to adjacent normal tissues
(Figure 5C). Furthermore,
we observed that IncWDR26
expression was negatively
=8‘é" correlated with WDR26 ex-
pression (r = -0.408, P =
0.005, Figure 5D).

" We silenced WDR26 expres-
sion in HCC cells and ob-
served that WDR26 knock-
down dramatically suppre-
ssed the proliferation (Figu-
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re 5E), migration, and inva-
sion of HCC cells (Figure
5F), which was similar to
the phenotypes induced by
INcWDR26 overexpression.
To determine whether IncW-
DR26 functions upstream
of WDR26 in the regulation

Figure 4. Upregulation of INcWDR26 suppresses the metastasis of HCC cells.
A. The effect of IncWDR26 on HCC cell migration and invasion was determined
by transwell assay. B. Left: representative hematoxylin and eosin staining of
pulmonary metastatic nodules is shown. Right: number of metastatic nodules
in the lung of mice. Data are shown as mean + SD; *P<0.05.

rough affecting cancer cell invasion and me-
tastasis.

IncWDR26 downregulates WDR26 expression

Next, we explored the molecular mechanisms
by which IncWDR26 suppressed the growth
and metastasis of HCC cells. We detected the
expression of the neighboring gene WDR26
in control and IncWDR26-overexpressing HCC
cells. Interestingly, INCcWDR26 overexpression
significantly decreased both mRNA and protein
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of malignant phenotypes in
HCC, we restored WDR26
expression in IncWDR26-
overexpressing SMMC-7721
cells (Figure 5G). Interes-
tingly, upregulation of WDR-
26 rescued proliferation,
migration, and invasion of HCC cells reduced
by IncWDR26 overexpression (Figure 5H and
51). These data suggest that IncWDR26 regu-
lates HCC growth and metastasis through sup-
pression of WDR26.

IncWDR26 interacts with SIX3 to regulate
WDR26 transcription

IncRNAs are considered to exert their functions

through RNA-interacting proteins that regulate
gene expression by various mechanisms. Th-
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Figure 5. IncWDR26 downregulates WDR26 expression. A. The relative expression of WDR26 in control and IncW-
DR26-overexpressing cells was detected by qRT-PCR. B. The effect of IncWDR26 overexpression on WDR26 protein
level was determined by western blotting. C. The expression levels of WDR26 in 82 pairs of HCC and matched nor-
mal liver tissues were examined by qRT-PCR. D. The correlation between IncWDR26 and WDR26 expression. E. The
proliferation of control and WDR26-silenced SMMC-7721 cells was analyzed by CCK-8 assay. F. The cell migration
and invasion of control and WDR26-silenced SMMC-7721 cells was examined by transwell assay. G. IncWDR26-
overexpressing cells were transfected with WDR26. H. Upregulation of WDR26 rescued the suppression of prolifera-
tion induced by INcWDR26 overexpression. |. Upregulation of WDR26 rescued the suppression of migration and
invasion induced by InNcWDR26 overexpression. Data are shown as mean + SD; *P<0.05.
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Figure 6. INcCWDR26 interacts with SIX3 to regulate WDR26 transcription. A.
IncWDR26 antisense (IncWDR26-AS) and IncWDR26 transcripts were labeled
with biotin and incubated with SMMC-7721 lysates, followed by silver stain-
ing and mass spectrometry. B. The interaction between IncWDR26 and SIX3
was verified by an RIP assay. C. Mapping analysis of SIX3-binding domains
of INcWDR26. A schematic diagram of full-length and truncated fragments of
INcWDR26 and western blot data of SIX3 in RNA pull-down samples by differ-
ent IncWDR26 fragments. D. The protein level of SIX3 was analyzed by western
blotting in control and INcWDR26-overexpressing HCC cells. E. The binding lev-
el of SIX3 at WDR26 promoter region was determined by ChIP assay, followed
by gRT-PCR in control and IncWDR26-overexpressing HCC cells. F. Knockdown
of SIX3 abolished the decrease in WDR26 mRNA expression induced by IncW-
DR26 overexpression. G. Downregulation of SIX3 rescued the WDR26 protein
level reduced by IncWDR26 overexpression. Data are shown as mean * SD;
*P<0.05.

erefore, we performed an
RNA pull-down assay with
biotin-labeled IncWDR26 to
search for potential IncW-
DR26-associated proteins.
SIX3 was identified to poten-
tially interact with IncW-
DR26 in HCC cells (Figure
6A). The interaction of Inc-
WDR26 with SIX3 was fur-
ther validated by RIP assay
(Figure 6B). Next, we con-
structed a series of IncW-
DR26 truncations to map its
binding fragment with SIX3.
We found that the 3’-end
fragment of IncWDR26 (289
to 450 nt) was essential for
binding SIX3 (Figure 6C).
However, IncWDR26 overex-
pression did not influence
the protein level of SIX3
(Figure 6D), suggesting that
IncWDR26 was not involved
in the post-translational reg-
ulation of SIX3. Given that
SIX3 regulates gene tran-
scription via binding to pro-
moter region, we then evalu-
ated whether INcWDR26 in-
fluenced the occupancy of
SIX3 on the WDR26 promot-
er by performing ChIP assay.
We found that SIX3 binds to
WDR26 promoter region
and IncWDR26 overexpres-
sion increased its binding
level (Figure 6E). In addi-
tion, SIX3 depletion restor-
ed WDR26 expression re-
duced by IncWDR26 over-
expression (Figure 6F and
6G). Taken together, our da-
ta demonstrated that IncW-
DR26 transcriptionally sup-
presses WDR26 expression
through recruitment of SIX3.
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Discussion

IncRNAs have emerged as critical players in
tumorigenesis and cancer progression. How-
ever, the potential functions and mechanisms
of most IncRNAs in human HCC cells remain
unclear. Here, we found that IncWDR26 expres-
sion was significantly decreased in HCC tissues
and cells. Reduced IncWDR26 expression was
associated with poor prognosis in patients with
HCC. Using gain-of-function assays, we showed
that IncWDR26 negatively regulated HCC cell
growth and metastasis in vitro and in vivo.
These findings suggest that IncWDR26 func-
tions as a tumor suppressor in HCC, and its
underexpression contributes to HCC tumori-
genesis and progression.

Evidence from previous studies shows that
INCRNAs regulate target gene expression th-
rough diverse mechanisms in different cancer
cells. Using RIP and RNA pull-down assays, we
showed that IncWDR26 directly interacts with
the transcription factor, SIX3. Importantly, ChIP
assay demonstrated that IncWDR26 could si-
multaneously recruit SIX3 to WDR26 promoter
regions and repress WDR26 transcription. SIX3
acts as a tumor suppressor in some cancers,
including astrocytoma and lung adenocarcino-
ma. SIX3 downregulated a number of genes
involved in proliferation and metastasis, such
as AURKA/B, S100P, TGFB3, GINS3, and BAG1
[18, 19]. Here, we also showed that WDR26
was a direct target gene of SIX3. WDR26 is a
member of the WD repeat protein family. Mem-
bers of this family are involved in a variety of
cellular processes, including cell cycle progres-
sion, signal transduction, apoptosis, and gene
regulation [20]. A previous study suggested
that WDR26 contributes to the mitogen-activat-
ed protein kinase (MAPK) signaling pathway
[24]. In a study of chemo-attractive migration
of leukocytes, WDR26 hinds to the G-gamma
complex and positively controls leukocyte migr-
ation [22, 23]. Arecent study also reported that
WDRZ26 is a negative regulator of the canonical
Wnt signaling pathway, and that WDR26 affects
B-catenin levels [24]. However, the expression
and function of WDR26 in HCC progression
remain unclear. In the present study, we dem-
onstrated that WDR26 promotes cellular prolif-
eration, migration, and invasion. Furthermore,
our results showed that WDR26 expression is
significantly upregulated in HCC tissues com-
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pared to that in non-tumor liver tissues. We
also observed a negative correlation between
IncWDR26 and WDR26 expression in HCC tis-
sues. Interestingly, rescue experiments showed
that the tumor-suppressive function of IncW-
DR26 depends on the repression of WDR26
expression.

In summary, our study is the first to show that
the IncRNA, IncWDR26, is downregulated in
HCC tissues, is associated with poor prognosis,
and may be a positive prognostic factor for
patients with HCC. Its effects on HCC growth
and metastasis indicate that it exhibits tumor
suppressor function in HCC tumorigenesis and
progression. INcCWDR26 exerts its function th-
rough inhibition of WDR26 transcription via as-
sociation with SIX3. Our findings further the
understanding of HCC pathogenesis and facili-
tate the development of IncRNA-directed diag-
nostics and therapeutics against HCC.
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