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Background: The hepatocellular carcinoma ( i i ve and common
malignancy worldwide. Accumulating eviden ivotal role of long
noncoding RNAs (IncRNAs) in variou; function of intergenic

IncRNA LINCO00908 is still unknown .
Methods: The RT-qPCR method i e expression of LINC00908.
Migration and viability assay w valuate the in vitro effect and xenograft

tumor model was used to in vi . Immunoblot was used to identify the
association of LINC00908,
Results: We found a no

umor size and metastasis. LINC00908 promoted the
slls. The in vivo xenograft tumor growth and proliferation
INC00908 overexpression and inhibited by LINC00908 silence.
interacted with Sox-4, and the association between LINC00908 and
Wity of Sox-4 by reducing proteasomal degradation.

ogether, our current work has identified a novel IncRNA LINC00908
itically involved in HCC progression. The LINC00908-Sox-4 axis might provide
ential target for pharmaceutical therapies.

ords: IncRNA, LINC00908, Sox-4, HCC

Introduction
The hepatocellular carcinoma (HCC) belongs to one of the most aggressive and
common types of cancer worldwide.! HCC patients suffer from a poor prognosis
and relatively high recurrence owing to intrahepatic and distal metastasis.” The
mortality rate of HCC in China is highest across the world.> Despite rapid
advances in medical strategies such as surgery, radiotherapy and chemotherapy,
there is still no significant improvement for therapy and HCC patients suffer
from extremely low 5-year survival.* Therefore, identifying novel and efficient
therapeutic targets is strongly needed for pharmaceutical intervention for HCC.
The long noncoding RNAs (IncRNAs) are designated as the RNA molecules
with >200 nucleotides in length with no or minimal protein-coding capacity.’
Recent data have repeatedly demonstrated the pivotal roles of IncRNAs in
various biological processes, such as immune regulation, differentiation and
apoptosis.>’ IncRNAs can function through cis- or trans-regulation.®
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Furthermore, IncRNAs can also interact with protein or
affect their 910

Importantly, IncRNAs can actively participate in the

mRNA molecules to stabilities.
tumorigenesis. For example, HNF1A-AS1 represses the
malignant phenotypes of HCC cells through direct inter-
action with SHPI and functions as a phosphatase
activator.'! Instead, HOXA11-AS can serve as a com-
peting endogenous RNA (ceRNA) and facilitate hepato-
cellular carcinoma development by sponging miR-214-
3p.'? Recently, Song et al showed that LINC00908,
together with AC064875.2, HOTAIRM1 and RPlI-
84A19.3 may serve as diagnostic markers for glioma.'?
However, the role of LINC00908 in HCC is still elusive.
Here we reported a novel intergenic IncRNA named
LINC00908 implicated in HCC progression. LINC00908
is frequently upregulated in HCC tissues and cell lines.
Furthermore, overexpression of LINC00908 could pro-
mote the viability and migration of HCC cells in vitro
and increase xenograft tumor growth in vivo.
Mechanistic studies identified that LINC00908 exerted its
role by interacting with transcription factor Sox-4. The
association between LINC00908 and Sox-4 substantially
increased the stability of Sox-4 by attenuating ubiquitin-
mediated proteasome degradation of Sox-4. Collectiv
we proved that LINC00908 could play an oncogenic ro
in HCC by stabilizing Sox-4 and therefore offerj
potential target for depleting liver cancer ¢

novel

Materials And Metho
Cell Culture And Rea

Shanghai, lture with an atmosphere
of 5% CO, 8

Table S1.

7°C. For reagent details, see

Profiling For IncRNAs

Briefly, total RNAs were extracted using the TRIzol Plus
RNA Purification Kit (Invitrogen, Shanghai, China).
Sequencing for samples was performed at the Beijing
Genomics Institute. GeneSpring GX v11.5 was used for
background subtraction of the array data. Genes with fold
change (FC)>2 and P <0.05 were identified as differen-
tially expressed ones.

Lentiviral Construction
The LINCO00908 or Sox-4 sequences were first amplified
and cloned into a pWPXL vector (abbreviated as
LINCO00908 or Sox-4, respectively). The lentiviral con-
structs were cloned and purchased from GenePharma
(Shanghai, China). An empty lentiviral vector was used
as overexpression control (designated as “control”). The
short hairpin RNA (shRNA) targeting LINC00908 and
Sox-4 were designed by GenePharma (Shanghai, China).
A scramble (nontarget) RNA was also generated as the
corresponding control. Transfection

srformed with
Pen, Sharg@ai, China).
ace of 1 pg@nL poly-

ytoplasmic And Nuclear Isolation

ermo Fisher BioReagents (Thermo Fisher Scientific) were
used for nucleocytoplasmic separation according to the man-
ufacturer’s protocols. Then, qRT-PCR was used to amplify
the results. Specific primers were shown in Table S1.

Migration Assay

Transwell migration assay was conducted using Transwell
chemotaxis 24-well chamber (BD Biosciences). ~1x10° cells
were placed in the upper chamber with noncoated membranes.
After incubation by 24 hrs, cells which migrated into the lower
chamber were fixed in paraformaldehyde (4%, Sigma,
Shanghai, China) and stained with crystal violet (0.3%,
Sigma, China). An
(Olympus, Shanghai, China) was used to visualize the results.

Shanghai, inverted microscope

In Vivo Tumorigenesis

HepG2 cells transfected with genetically silencing or over-
expressing vectors were cultured in DMEM for 24 hrs.
Then, ~1x10° resuspended cells were subcutaneously
injected into the nude mice (BALB/c female, 5 weeks
old, n = 6). Mice were housed at ~20°C at a strictly
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controlled 12/12 light/dark cycle with free access to water
and food. 28 days later, all mice were sacrificed. Solid
tumors were then resected and weighed. Cells were cov-
ered with 25 nM FISH probes (Life Technologies,
Shanghai, China) for 15 mins for hybridization according
to the manufacturer’s guidelines and then dehydrated. The
animal experiments were performed according to the
Institutional Animal Care and Use Committee (IACUC)
in Juxian Hospital of Traditional Chinese Medicine. The
IACUC
Medicine approved our experiments.

in Juxian Hospital of Traditional Chinese

Statistics

Statistical analysis was performed using SPSS (version 16,
SPSS, Inc., USA). Data were shown as mean + SD. We used
the Mann—Whitney test for comparison between two groups or
ANOVA for comparison among multiple groups followed by
Dunnett’s post hoc test. At least three replicates were included
unless otherwise specified. P < 0.05 was considered statisti-
cally significant.

Results
Identification Of LINC00908 As A

Potential HCC-Related IncRNA
We performed IncRNA profiling to ideng

¥y upregu-
1A, left). The
pG2 cell lines
and we found 9
1A, right). Q

genes was 10@@ed on chromosome 18 (18923) and the 5'
plification of ¢cDNA ends (RACE) and

gRT-PCR data showed a dominant transcript and analysis

and 3’ rapid a

of the transcript by Coding Potential Assessment Tool
(CPAT) suggested minimal coding potential (Figure
S1A-D). Northern blot showed that LINC00908 was
demonstrably expressed in Huh7 and HepG2 HCC cell
lines (Figure SI1E). We noted that LINC00908 was sub-
stantially upregulated in HCC tissues compared with nor-
mal ones (Figure 1B). In addition, higher LINCO00908

expression correlated with advanced TNM stages, metas-
tasis and larger tumor size (Figure 1C and Table S3).
Notably, LINC00908 did not show significant correlation
with age and gender (Table S3). Consistently, LINC00908
expression was also elevated in multiple HCC cell lines
(Figure 1D). In situ hybridization (ISH) data also showed
higher LINC00908 expression in HCC tissues (Figure 1E).
Fractionation results showed that LINC00908 revealed a
dominant nuclear distribution (Figure 1F). These data sug-
gested that LINC00908 might be associated with HCC
with primary nuclear localizatio

LINCO00908 Advance

gression

LINC00908,
First, the

B). Then, viability and migration assays were
rexpressing LINC00908 markedly promoted

8 attenuated viability (Figure 2C). The migratory
of Huh7 and HepG2 cells was also inhibited by
LINC00908 knockdown and enhanced by higher
LINCO00908 abundance (Figure 2D and E). Furthermore, in
vivo experiments were performed. The results suggested that
LINC00908 overexpression substantially accelerated xeno-
graft tumor growth, while LINC00908 knockdown signifi-
cantly reduced tumor weight (Figure 2F). Consistently,
lentiviral LINC00908 overexpression significantly increased
tumor volumes, whereas silencing LINC00908 suppressed
tumor growth (Figure 2G). Meanwhile, the fraction of positive
Ki-67 staining also increased with LINC00908 overexpression
(Figure 2H). These results suggested that LINC00908 may
promote the oncogenesis of HCC both in vitro and in vivo.

LINC00908 Interacts With Sox-4 In HCC

Cells

To elucidate the possible mechanisms of LINC00908-
mediated oncogenic effect, we then explored the potential
protein partner of LINC00908 in HepG2 cells using RNA
pulldown. One specific band was identified (Figure 3A).
This specifically enriched band was then subject to mass
spectrometry, which showed 7 putative protein partners
(Table S4). Immunoblots confirmed that LINC00908
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with Sox-4 (Figure 3B). RNA
immunoprecipitation (RIP) experiments showed that
LINCO00908 was enriched in Sox-4 pulldowns with anti-
body against Sox-4 (Figure 3C). A series of LINC00908
mutants were constructed to identify the binding regions

to Sox-4. We found that the 1-389 nt fragment could
physically interact with Sox-4 (Figure 3D). Furthermore,

could indeed inter3

HepG2

Relative LINCRR908 expresion

\"e‘\e@Q ’\Q‘

A. (A) The IncRNA profiling results for NAT/tumor tissues (left) and L02/HepG2 cells (right). NAT: normal adjacent
at the bottom. (B) Expression of LINC00908 in NAT and HCC tissues. Totally, 120 samples were used. (C) Relative
erent TNM stages (I-1l: 54, II-IV: 66 cases) and metastatic status (Present: 58, absent: 62 cases). (D) Relative expression of
cell lines. (E) In situ hybridization assay for LINC00908 in NAT and HCC tissues. (F) Subcellular fractionation study for

RIP assay demonstrated that N-terminal domain of Sox-4
was responsible for LINC00908 binding (Figure 3E).
Competitive binding assays further confirmed the interac-
tion between LINC00908 and Sox-4 (Figure 3F, biotin-
labeled and unlabeled Sox-4 was used). As a result,
silencing Sox-4 attenuated the migration of HepG2
Sox-4 overexpression enhanced the

cells, whereas
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migration (Figure 3G, the efficiencies of Sox-4 silence or
overexpression was verified in Figures S2A and B).
Consistently, depleting Sox-4 decreased the viability of
HCC cells, whereas Sox-4 overexpression dramatically
enhanced the viability (Figure S3). These results demon-
strated that LINCO00908 could physically interact with

Sox-4 to exert its oncogenic function.

INC00908 levels. (H) Ki-67 and H&E staining for tumor slides of HepG2 xenograft with either LINC00908 silence or overexpression. **P < 0.01.
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LINC00908-Sox-4 Interaction Inhibits

Proteasomal Degradation Of Sox-4
We then
LINCO00908-mediated oncogenic effect by interaction

investigated the potential mechanism of
with Sox-4. We measured transcript expression of Sox-4
and found that changing LINCO00908 levels did not affect
Sox-4 mRNA levels (Figure 4A). However, LINC00908
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Figure 3 LINCO00908 interacts with Sox-4. (A) Sense and antisense LINC00908 was used for RNA pulldown assays. Specific band (arrow) was resected for mass
spectrometry (MS) analysis. (B) Proteins by RNA pulldown were analyzed by antibody against Sox-4. (C) RIP results for LINC00908. (D) Wild type and truncated
LINC00908 were constructed to verify the binding regions of LINC00908 using RNA pulldown and immunoblot. (E) RIP assay for different Sox-4 constructs. The RIP data
are shown at the bottom. (F) Competitive binding assay using labeled and unlabeled biotin LINC00908 to confirm the association between LINC00908 and Sox-4. (G)
Migration assay for HepG2 cells with Sox-4 knockdown or overexpression. **P < 0.01.

overexpression could elevate the abundance of Sox-4 at
protein levels (Figure 4B). Silencing LINCO00908 consis-
tently decreased Sox-4 protein expression (Figure 4B).
Moreover, the effect of reduction in Sox-4 expression

with LINCO00908 knockdown was strongly attenuated
inhibitor MG132 was added
(Figure 4C), suggesting that LINC00908 could repress
proteasomal degradation of Sox-4. We next investigated

when proteasome
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Figure 4 LINC00908 st¥bilizes Sox-4 by reducing its ubiquitination. (A) Relative expression of Sox-4 mRNA in HepG2 cells with Sox-4 silence or overexpression. (B) Sox-4
proteins in HepG2 cells transfected with ShCtrl, ShLINC00908, empty lentiviral vector (control) or lentiviral vector containing LINC00908. (C) HepG2 cells were
transfected with either ShCtrl or ShLINC00908 with or without MG132 (25 pM) for 12 hrs. The immunoblots were used for Sox-4 expression. (D) HepG2 lysates with
either LINC00908 knockdown or overexpression were first immunoprecipitated with Sox-4 followed by immunoblot to ubiquitin or Sox-4. (E) Migratory capacity in HepG2
cells transfected with ShCtrl, control vector, ShSox-4, ShLINC00908 or ShSox-4 plus LINC00908 overexpression vector. (F) The quantification results for (E). (G)
Transcript expression of two Sox-4 downstream target genes (AXIN2 and DHX9) in HepG2 cells with Sox-4 silence, LINC00908 overexpression or LINC00908
overexpression plus Sox-4 knockdown. **P < 0.01.

whether LINC00908 could influence Sox-4 ubiquitination. ~ LINCO00908 silence strongly increased Sox-4 ubiquitina-
As expected, LINCO00908 overexpression markedly tion (Figure 4D). Increasing LINC00908 expression pro-
decreased the wubiquitin ligation of Sox-4, whereas moted the migration of HepG2 cells, while silencing Sox-4
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diminished the migratory capacity (Figure 4E and F).
Notably, simultaneous LINC00908 overexpression and
Sox-4 knockdown also substantially inhibited the migra-
tion to a similar extent when only Sox-4 was silenced
(Figure 4E and F). The expression of two Sox-4 down-
stream genes (AXIN2 and DHXY) was also upregulated
with LINC00908 overexpression and reduced when
LINCO00908 was silenced (Figure 4G). Similarly, Sox-4
knockdown strongly counteracted the effect of
LINCO00908 overexpression (Figure 4G). These results
demonstrated that the interaction between LINC00908
and Sox-4 could protect Sox-4 from proteasomal degrada-
tion to increase the stability of Sox-4.

Discussion
In this study, we verified that a novel intergenic IncRNA
termed LINCO00908 could promote HCC viability and
migration. Furthermore, LINC00908 also facilitated HCC
xenograft tumor growth. Lowering LINC00908 expression
could inhibit malignant phenotypes from in vivo and in
vitro data. The oncogenic effect of LINC00908 was lar-
gely ascribed to its association with Sox-4. The
LINC00908-Sox-4 interaction markedly increased Sox-4
stability through reducing ubiquitin-mediated proteaso
degradation. Therefore, all data supported an oncogen
role of LINC00908 in HCC.

IncRNAs are critically involved in nume
processes including oncogenesis.'*'> In
its role via interaction with RNA, D

(TKT)/signal transducer
(STAT3) to regulate
STAT3."® IncRNA In
moter through Zas

STAT3 to S ce Sox-4 expression.
The IncR can form a complex with
miR-129-5p/( eceptor B (UNC5B) and

endogenous RNA to promote thyr-
7 Meanwhile, TNRC6C-AS1 also
functions as a long noncoding antisense RNA by targeting

oid cancer progressi¥

TNRCO6C to facilitate the aggressiveness of papillary thyr-
oid cancer.'® In the current work, through RNA pulldown
and mass spectrometry, we have identified that
LINCO00908 could physically interact with Sox-4 and dra-
matically attenuate the degradation of Sox-4. Therefore,
we argued that the oncogenic role of LINC00908 might be
ascribed to Sox-4 stabilization.

Sox-4 is a well-known transcription factor and actively
involved in differentiation and proliferation.'” Sox-4
represses p53-mediated apoptosis in HCC by interaction
with p53 via the high-mobility group (HMG) box domain
to inhibit p53-mediated transcription.”® In the current
work, we found that LINCO00908 physically associated
with the Sox-4 construct covering 1-150 residuals which
also encompasses the HMG box domain. Therefore, Sox-4
might exert its oncogenic role through multiple strategies.
Notably, the liver tumor-initiating cells (TICs) greatly

acy of HCC.”!
d LncSox4
px-4 and

contribute to the occurrence and mgls

required for TIC ste
protein guarantees

pressive microRNA miR-449 can
ent by targeting Sox-4.%

enhances
11 fact

x-4 expression and f-catenin/trans-act-
(TCF) activity.”> All these data have
ncogenic role of Sox-4 during HCC pro-
Our study showed that LINC00908 could stabi-
Sox-4 by protecting Sox-4 from proteasomal

legradation in HCC and therefore establish a novel link
yetween IncRNAs and HCC oncogenesis.

Notably, we do not exclude the possibility that
LINCO00908 could serve as a competing endogenous
RNA to promote HCC development. Furthermore, whether
LINCO00908 could form complex with specific promoter
regions through complementary sequences remains to be
determined.

Conclusion

Collectively, we have found that a novel intergenic
IncRNA LINCO00908 is highly expressed in HCC and
contributes to HCC progression. LINCO00908 interacts
with Sox-4, reduces ubiquitination of Sox-4 and induces
Sox-4 stabilization. Therefore, LINC00908-Sox-4 axis
might not only provide a novel marker for HCC but also
serve as a putative target to eradicate liver cancer.
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