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Objective: As one of the most common neoplastic diseases, hepatocellular carcinoma
(HCC) has a high morbidity and mortality, which seriously threatens human health and
places a heavy burden on society and medical care. At present, effective early diagnosis,
prognosis and treatment of HCC are limited. Altered gene expression patterns of IncRNA are
associated with the occurrence, development and prognosis of various malignancies, includ-
ing HCC. The aim of this study was to investigate the correlation between the expression of
LINC01268 and HCC, and to elucidate the potential underlying molecular mechanism.
Methods: Expression level and localization of LINC01268 in human liver cancer cells and
HCC tissues were investigated using RT-qPCR and fluorescent in situ hybridization (FISH),
respectively. Correlation of expression levels of LINC01268 and MAP3K7 with differentia-
tion and poor overall patient survival of HCC were analyzed using in house collected and
publicly available HCC tissue data. RT-qPCR and Western blot were applied to inspect the
effects of depletion and overexpression of LINC01268 on MAP3K7 expression. HCC cell
proliferation and apoptosis were also investigated by simultaneous overexpression of
LINCO01268 and knockdown of MAP3K7, in order to delineate that MAP3K7 is
a downstream effector of LINC01268.

Results: In this study, we identified that LINC01268 was highly expressed in HCC cell lines
and tissues. High LINCO01268 expression level was associated with lower HCC nodule
number, moderate/poor differentiation and poor overall survival. Knockdown of
LINCO01268 inhibited the proliferation of HCC cells, which was enhanced by overexpression
of LINCO01268. Co-expression analysis implied an interaction between LINC01268 and
MAP3K?7. Similar to LINC01268, MAP3K7 was highly expressed in HCC cells, and
positively correlated with moderate/poor differentiation as well as poor prognosis.
Knockdown of LINC01268 in HCC cell lines led to reduction of MAP3K7 at both mRNA
and protein levels. Phenotypic effects due to LINC01268 overexpression in HCC cells were
reversed by knockdown of MAP3K7.

Conclusion: Taken together, the abnormal high expression of LINC01268 is associated with
HCC progression via regulating MAP3K7, suggesting LINC01268 as a novel marker for
HCC prognosis and potentially a new therapeutic target.
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Introduction

With 600,000 death per year, hepatocellular carcinoma (HCC) is the fourth most
common cause of cancer-related deaths worldwide.! China has the highest number
of incidences and accounts for about half of the new cases of HCC every year.
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Intensive work has been conducted to identify HCC risk
factors (eg, Hepatitis virus infections, non-alcoholic fatty
liver disease and obesity, smoking and alcohol as well as
the genetic background) and to implement preventive
measurements.” At present, despite considerable progress
in HCC prevention, diagnosis and intervention, only 20%
of the patients survive more than one year after diagnosis.’
A number of serological biomarkers have been widely
used in diagnosis of HCC,*® such as alpha-fetoprotein
(AFP), alpha-L-fucosidase (AFU), gamma-glutamyl trans-
ferase (GGT), des-gamma-carboxy prothrombin (DCP),
glypican-3 (GPC3) and golgi glycoprotein 73 (GP73).
However, due to limited specificity and sensitivity, new
biomarkers are required, which in combination with the
current biomarkers can better refine HCC diagnosis and
prognosis,” develop new interventions and treatment
strategies.

Large-scale gene expression analyses have described
pervasive gene transcriptions, which are commonly linked
to deregulation of noncoding and protein-coding genes in
biopsies of cancer patients and derivative cell lines.®
Noncoding gene expression accounts for more than 98%
of all gene products in the human genome.” Long noncod-
ing RNAs (IncRNAs) are a group of noncoding genes and
annotated intensively over the past years. Despite tremen-
dous efforts to catalogue IncRNA genes, it remains chal-
lenging to assign functionality since IncRNAs are often
expressed in a species-, spatiotemporal-, cellular- and tis-
detailed studies of
selected cases revealed that IncRNAs could interact with

sue-specific manner.'” However,
DNA, RNA and proteins and thereby regulate various
molecular processes ranging from gene expression to pro-
tein translation.!' Given these versatile modes of actions,
IncRNAs can thereby influence crucial cellular responses
that define eg cell differentiation, organ formation and
pathological changes among others. Furthermore, due to
the restricted expression patterns, IncRNAs can be used to
pinpoint varying degrees of tumor malignancies.'? Hence,
abnormal gene expression patterns of IncRNAs have
received extensive attentions in liver cancer research in
recent years.”’14 For example, lncRNA—ATB,“’15 IncRNA
HULC,'® ' IncRNA HOTTIP and IncRNA HOXAB,*
IncRNA HOTAIR,> IncRNA CUDR,”* IncTCF7,>
IncRNA NEAT1,**® IncRNA MTIDP,”” IncCAMTA1**
and IncDILC?® have been demonstrated to be involved in
the occurrence, development and prognosis of HCC.**3!
Previous reports indicated that high expression of
LINC01268 is related to suicide by violent means,**>*

glioma®® and acute myeloid leukemia.*® In this study, we
identified and further investigated the regulatory role of
LINC01268 (also known as LOC285758, ROCKI or
MROCKI) in HCC liver biopsies and cell lines. Our data
indicated that LINCO01268 regulate gene expression of mito-
gen-activated protein kinase kinase kinase 7 (MAP3K7,
MEKK7, TAKI1). Both LINCO01268 and MAP3K7 are
highly abundant in HCC liver biopsies and cell lines,
other than in peritumoral tissues or normal liver cells. Of
clinical relevance, we showed that high gene expression
levels of LINC01268 and MAP3K7 are positively asso-
ciated with medium to poor HCC differentiation and poor
overall patient survival. On the cellular level, we showed
that knockdown of LINC01268 reduced MAP3K7 abun-
dance on the mRNA and protein levels. Phenotypically,
we observed that reduction of LINCO01268 expression
repressed proliferation of HCC cells, which could be facili-
tated via the NF-kB*® and MAPK*">* pathways. On the
other hand, enhanced proliferation of HCC cells due to
LINCO01268 overexpression were reversed by knockdown
of MAP3K7. In conclusion, LINC01268 could be a novel
marker for the prognosis of HCC and a potential therapeutic
target.

Materials and Methods
Ethical Statement

Informed consents were obtained from all patients and all
experiments with tissue samples were carried out in accor-
dance with the Declaration of Helsinki and the guidelines
of the Ethics Committee of the First Affiliated Hospital of
China Medical University (License number 2019-172-4).

Collection of Tissue Samples from HCC

Patients

Forty-six pairs of HCC and adjacent para-cancerous tis-
sues were —80°C frozen after collection from patients with
their consent at the Department of Hepatobiliary Surgery,
the First Affiliated Hospital of China Medical University
between April 2018 and May 2019, among which 18 pairs
were used for analyses of both LINC01268 and MAP3K7
(Supplementary Table 1, not highlighted), 14 pairs only for
LINCO01268 analysis (Supplementary Table 1, highlighted
in blue) and the other 14 pairs only for MAP3K7 analysis
(Supplementary Table 1, highlighted in green). These

patients did not receive any treatments before surgery.
HCC patient diagnosis was confirmed by histopathology.
and their pathological

Detailed patient descriptions
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assessments, including gender, age, tumor size, HCC
nodule number, metastasis, pathological type, tumor dif-
ferentiation, HBV infection status, cirrhosis and concentra-
tion of Alpha Fetoprotein (AFP, ng/mL) are listed in
Supplementary Table 1.

Cell Culture

Human fetal hepatocyte cell line LO2, liver hepatocellular
carcinoma cell lines HepG2, Huh7 and Hep3B, lung can-
cer cell line A549 and breast cancer cell line T47D were
purchased from commercial source (Cell Bank of Chinese
Academy of Sciences) and tested to be mycoplasma nega-
tive (LookOut® Mycoplasma PCR Detection Kit, Cat. No.:
MP0035, Sigma-Aldrich) prior to this study. After identity
confirmation using Goldeneye™ 20A STR complex
Amplification Kit, the cells were grown to approximate
80% confluence in Dulbecco’s modified Eagle’s medium
with high glucose (HyClone) supplemented with 10% fetal
bovine serum (FBS) (Gibco), 100 U penicillin and 100 pg/
mL streptomycin (Gibco) at 37°C and 5% CO,.

Fluorescent in situ Hybridization (FISH)

Three paired HCC and corresponding adjacent para-
cancerous tissues were randomly selected as representa-
tives, embedded in paraffin and cut into 8 um tissue slices.
LO2, HepG2 and Huh7 cells grown on coverslips were
fixed by 4% paraformaldehyde (20 min, room tempera-
ture) and washed with 1xPBS (3X5 min, room tempera-
ture). After digestion with proteinase K (20 pg/mL) for 8
min, washing with deionized water and 1xPBS (3%x5 min,
room temperature), tissue and cell samples were incubated
with pre-hybridization solution (Servicebio, Wuhan,
G3016-3) in a 37°C incubator for 1 h. Subsequently,
after removing the pre-hybridization solution, the hybridi-
zation solution (Servicebio, Wuhan, containing 6 ng/uL of
the LINCO01268 probe, Table 1) was added onto the slides
and incubated at 37°C overnight. The samples were then
washed successively with 2xSSC for 10 min, 1xSSC for
2x5 min and 0.5xSSC for 10 min at 37°C. Next, the
samples were blocked at room temperature for 30 min,
followed by incubation with anti-DIG-HRP antibody
(1:300 dilution, Jackson ImmunoResearch) for 50 min
and washed with 1xPBS for 3x5 min at 37°C.
Afterwards, the FITC-TSA reagent (1:3000 dilution,
Servicebio) was applied for incubation at room tempera-
ture in darkness for 5 min, followed by washing with
1xPBS for 3x5 min, incubation with aqueous fluoroshield

mounting medium with DAPI (2 pg/mL, Abcam,
ab104139) for nuclei staining in darkness for 8 min.

Images were acquired using a Nikon Eclipse Ci-L
upright fluorescence microscope (Nikon Instruments) and
imaging system NIKON DS-U3. Nuclei and LINC01268
were visualized in blue (excitation 330-380 nm, emission
420 nm) and green (excitation 465-495 nm, emission
515-555 nm), respectively.

RNA Extraction and RT-qPCR

Total RNA from frozen tissues and cell lines were
extracted using the RNAiso Plus RNA isolation kit
(Takara) according to the manufacturer’s instruction with
DNase treatment. Five hundred nanogram of total RNA
was reverse transcribed using oligo (dT) primer (Primer
Script RT, Takara) for subsequent qPCR (SYBR Primer Ex
Taq II, Clontech) with gene-specific primers (Table 1) on
LightCycler480 (Applied Biosystems). The
expression was calculated using the AAC; method. f-

relative

ACTIN served as an internal control. For technical repro-
ducibility, the experiment was independently repeated in
triplicate.

Cellular Transfection

HCC cells (HepG2, Hep3B and Huh7) were seeded into
96-well plates (5000 cells/well) or 6-well plates (3.5 x 10°
cells/well) upon transfection with Lipofectamine 3000
(Thermofisher Scientific) (0.15 pL/well for 96-well plate
or 7.5 plL/well for 6-well plates) and 100 nM siRNAs
(Guangzhou Ruibo Biotechnology Co., Table 1). As
shown in Results section that LINC01268 is located in
both cytoplasm and nuclei, a mixture of siLINC01268
Smart silencers targeting LINC01268 comprising of three
siRNA sequences (silencer 1-3, double-stranded RNA
complex, with target sequences shown in Table 1) and
three antisense oligonucleotides (silencer 4-6, single-
stranded DNA, with target sequences shown in Table 1)
applied to down-regulate the expression of
LINCO01268. Non-targeting siCtrl served as the control
for data normalization and comparison. The knockdown

was

efficiency was determined two days post transfection.
Each treatment was performed in three independent biolo-
gical replicates.

Apoptosis Assay

HepG2 and Huh7 were transfected in 6-well plates at
a density of 1x10° cells/well. Two days post transfection,
the cells were harvested and the apoptotic cells were
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Table | Oligo Sequences Used in This Study

Name (Target) Sequence (5'—3') Length Position
Forward primer for B-actin ATGTGGCCGAGGACTTTGATT 21 1415-1435
Reverse primer for B-actin AGTGGGGTGGCTTTTAGGATG 21 1521-1501
Forward primer for LINC01268 TGATCCCACTCTAGCCATCC 20 183202
Reverse primer for LINC01268 AAACCATCGCCAAAATCAAG 20 353-334
Forward primer for MAP3K7 ATTGTAGAGCTTCGGCAGTTATC 23 223-245
Reverse primer for MAP3K7 CTGTAAACACCAACTCATTGCG 22 408-387
Probe for LINCO01268 DIG-AGGTCAAGGATTAGAGCAGCCATAAGCAGA 30 295-266
siCtrl ACGTGACACGTTCGGAGAA 19 N/A
siMAP3K7 GGTGCTGAACCATTGCCAT 19 (NM_145333.3)
siLINCO01268 Smart Silencer | GCCTATTGACCAACATGTT 19 550-568
siLINCO01268 Smart Silencer 2 GCAAATTCCGAAGTAGCAT 19 897915
siLINCO01268 Smart Silencer 3 CCACCAGTCCCTCACATAA 19 1340-1358
siLINCO01268 Smart Silencer 4 ACATCCAATGGAGAAGAATG 20 144-163
siLINCO01268 Smart Silencer 5 CCAGCTATCCAAACAACTAC 20 208-227
siLINCO01268 Smart Silencer 6 ACCAAGTGCCAACATATACG 20 588-607

Note: DIG means digoxigenin labelling.

analyzed using Annexin V- AbFlour™ 488 Apoptosis
Detection Kit (Abbkine) according to the manufacturer’s
instructions at LSRFortessa™ X-20 Cell Analyzer (Becton
Dickinson, USA) with software CELLQuest Version 5.1.

Colorimetric Cell Proliferation Assay

HepG2 and Huh7 cells were plated into 96-well plates at
a density of 5000 cells/well and transfected with
siLINC01268 and siCtrl, described
above. Cell proliferation was measured on day 0, 1, 2, 3
and 4 using the CellTiter 96 AQueous One Solution Cell
Proliferation Assay (MTS) (Promega) according to the

respectively, as

manufacturer’s instructions. The absorbance at 490 nm
was recorded using a 96-well plate reader (Infinite F200
PRO, Tecan) and software i-control (V1.5).

EdU Cell Proliferation Assay

Cell proliferation was analyzed by EdU (5-ethynyl-20- deox-
yuridine) assay using a Cell-Light EAU DNA Cell
Proliferation Kit (RiboBio) as previously described.*
HepG2, Huh7 and Hep2B cells were plated into 96-well
plates at a density of 5000 cells/well and transfected with
siLINCO01268, siMAP3K7 or siCtrl, as described above.

After incubation for 48 h, 50 mM EdU was added and
incubated at 37°C for 2 h before fixation with 4% formalde-
hyde for 30 min and subsequent incubation with 2 mg/mL
glycine for 5 min. After washing with 1xPBS for 5 times, the
cells were stained with 100 uL/well of 1x Apollo reaction
cocktail for 30 min to detect the proliferating cells. Finally,
Hoechst 33,342 (5 pg/mL) was added to stain the nuclei. The
images were acquired using the Olympus microscope BX63
(Olympus) and software cellSens (Version 3.1). Cell prolif-
eration was analyzed according to the manufacturer’s
instructions and quantified by ImageJ (Version 1.0.3).

Generation of HepG2 and Huh7 Cell

Lines Stably Over-Expressing LINCO01268
Full length cDNA of LINC01268 was amplified from Hep3B
cells and ligated to over expression vector pEX-3(pGCMV/
MCS/Neo) (Genepharma, Suzhou, China) after enzymatic
digestion and gel purification. HepG2 and Huh7 cells
(4x10°/well) were transfected with either empty vector (as
negative control) or LINC01268 overexpression plasmid in
6-well plates (3.75 pL Lipofectamine 3000 and 2.5 pg plas-
mid DNA per well), respectively. Single positive colonies
were picked by G418 selection (200400 pg/mL) and
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expanded to obtain the stable LINCO01268-overexpressing
HepG2 and Huh7 cells, which were subjected to further
analyses, such as MAP3K7 knockdown, proliferation and
apoptosis determination as described above.

Survival and Gene Co-Expression

Analysis
We used the interactive web tool GEPIA* (GEPIA2 2019
Release, http://gepia.cancer-pku.cn/about.html) that visualizes

pre-computed data from The Cancer Genome Atlas (TCGA,
https://www.cancer.gov/tcga)*! and the Genotype-Tissue

Expression (GTEx, https:/www.gtexportal.org)* projects.

Data used for the tissue-type specific identification of
LINCO01268 were obtained from the Genotype-Tissue
Expression (GTEx) Portal on 2020-09-24. Survival plots of
LINC01268 and MAPK3K?7 were obtained by analyzing the
liver hepatocellular carcinoma (LIHC) dataset using defaulted
parameters. Similarly, we searched for co-expression of genes
when querying for LINC01268 in TCGA LIHC tumor versus
LIHC normal samples (Supplementary Table 2). Furthermore,

GEPIA was also used to correlate gene expression levels of
LINC01268 with MAP3K7.

Protein Immunoblotting

Total cellular proteins were extracted from the cells using
RIPA Lysis Buffer and quantified using a BCA Protein
Assay Kit (Beyotime). Protein samples (15 pg per lane)
were separated on a 10% SDS-PAGE gel and transferred
onto a polyvinylidene fluoride membrane (Millipore).
After blocking, the membranes were incubated with anti-
TAK1 (1:1000 dilution, ab109526, Abcam) and B-actin
antibody (1:3000 dilution, abs132001, Absin) at 4°C over-
night. After washing, the membranes were then incubated
with secondary antibody (1:5000 dilution, HRP-
conjugated Affinipure Goat Anti-Rabbit IgG (H+L),
Proteintech) at room temperature for 1 hour. The blots
were developed using a chemiluminescence system
(Tanon-4200, Tanon Science & Technology, Shanghai,
China) and software GIS1D (Gel Image System Ver 4.00).

Statistical Analysis

The measurement data were expressed by mean + SD.
Statistical analysis was performed using SPSS 22.0 software.
Student’s #-test was performed for p-value calculation to deter-
mine the significance of differential gene expression of
LINCO01268 and MAP3K7 between HCC samples and their
corresponding adjacent para-cancerous tissues. A value of

p<0.05 (marked with *) was considered significant, while
p<0.01 (marked with **) was considered very significant
and p<0.001 (marked with ***) was considered extremely
significant.

Results
LINCO1268 is Deregulated in HCC

Patients

Cancer and cell-type-specific expression patterns of
IncRNAs have been reported, which exemplified onco-
genic and tumor suppressing functions of some
IncRNAs.'% 122043 When we analyzed the bulk RNA-
seq data (not shown here) from human liver cancer cell
lines HepG2 and Huh7, together with some other human
cancer cell lines and non-cancer cell lines, a number of
polyA-containing LincRNAs were revealed to be speci-
fically deregulated in these two human liver cancer cell
lines. We choose LINCO01268 for further functional stu-
dies after ranking the expression counts and RT-qPCR
validation in three HCC cell lines (HepG2, Huh7 and
Hep3B) and three non-HCC cell lines (LO2, A549 and
T47D) used as controls (Figure 1A).

The primate-specific noncoding RNA LINC01268* is
more abundant in normal liver (Figure 1B, red arrow) as
well as in lung, small intestine and colon tissue, compared to
other profiled organs or tissues, suggesting organ-specific
roles. However, the median expression level in liver is below
five transcripts per million reads, with no obvious differences
between genders. Remarkably, LINC01268 has been pre-
viously described to be upregulated in gliomas when com-
pared to normal tissue®* and got assigned prognostic value for
acute myeloid leukemia.>> We, therefore, sought to gain more
knowledge of the role of LINC01268 in liver cancer. For that,
we explored the correlation of LINC01268 expression level
with the survival of liver cancer patients by examining the
overall survival of a cohort of 362 HCC patients (LIHC) from
The Cancer Genome Atlas (TCGA) database. The overall
survival analysis showed that low gene expression of
LINCO01268 (181 cases) resulted in a significantly better
patient survival outcome whereas high gene expression of
LINCO01268 (181 cases) is linked to poorer patient survival
(p<0.01) (Figure 2A). The association between gene expres-
sion level and overall survival is consistent over shorter (0—60
months) and longer (60—120 months) time period after diag-
nosis, proposing that differential gene expression levels of
LINCO01268 has prognostic value over time. The decrease in
patient survival upon higher gene expression of LINC01268

OncoTargets and Therapy 2021:14
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Figure | The primate-specific LINCO01268 is detectable in normal and cancerous livers. (A) Schematic representation of the identification of LINCO01268 and detailed
molecular and disease-associated analysis. LncRNAs were identified from a total RNA-seq dataset comparing HepG2 and Huh7 cells to some other human cancerous and
non-cancerous cell lines. Based on the transcript abundance, functionality of LINCO01268 was validated molecularly in HCC tissues and cells. HCC disease association was
established through publicly available data from The Cancer Genome Atlas (TCGA), Genotype-Tissue Expression (GETx) and Gene Expression Profiling Interactive Analysis
(GEPIA). (B) Violin plots display LINCO01268 expression (in transcript per million, TPM) across 28 human tissue types in woman (red) and men (blue). Red arrow indicates

liver.

suggested that LINC01268 is linked to more malignant stages
of HCC. Thus, we investigated LINC01268 expression levels
in different liver cancer stages. The histological tumor grade
was determined in 32 paired liver cancer biopsies and distin-
guished tumors that have some remaining phenotypical simi-
larity to hepatocytes (“well differentiated”) (n=8) from
entirely abnormal phenotypes that do not resemble any
known cell type (“moderately or poorly differentiated™)
(n=24). Our RT-qPCR results showed that LINC01268 expres-
sion was significantly lower (5.5 fold) in well-differentiated
(2.95 fold of the corresponding surrounding non-tumor coun-
terparts) when compared to moderately or poorly differen-
tiated tumors (0.54 fold of the corresponding surrounding non-
tumor counterparts) (Student’s #-test, p=0.042) (Figure 2B).
This suggests that the LINC01268 expression can be used to
discern the grade of tumor differentiation. Furthermore, the
RT-gPCR analysis revealed that LINC01268 expression was
significantly elevated in tumors with one nodule (n=29) com-
pared to tumors with two or more nodules (n=3) (Student’s
t-test, p=0.026) (Figure 2C). By inspecting additional physio-
logical and clinical information from the HCC patients, we
found that LINC01268 expression levels did not significantly
correlate with age, gender, HBV infection status, serological
Alpha Fetoprotein (AFP) levels, tumor size or occurrence of
cirrhosis (Table 2).

Overall, our results highlighted that LINCO01268
expression level, in combination with established diagnos-
tic parameters and tools, can be indicative for liver cancer
malignancy.

LINCO1268 Shows Distinct Spatial Gene

Expression Pattern in HCC Cells

To further explore the relevance of LINC01268 as an indi-
cator for HCC, we investigated the expression pattern and
abundance of LINC01268 across three randomly selected
paired HCC (moderate/poor differentiation) and matching
adjacent para-cancerous tissues (Supplementary Table 1,

highlighted in red) by fluorescence in situ hybridization
(FISH). The FISH probe against LINC01268 (Table 1)
resulted in green fluorescent signals (FITC), indicating that
LINCO01268 expression is detectable in liver tissues (Figure
2D). We noticed that LINC01268 expression is barely pre-
sent in para-cancerous but highly abundant in moderately or
poorly differentiated HCC tissues, which is consistent with
our RT-qPCR data (Figure 2B). The expression of
LINCO01268 was uniformly distributed across the HCC tissue
section. Similar to previous observations,** we detected
LINCO01268 in the nucleus. In addition, cytoplasmic
LINCO01268 was also detected in our assay.

Our results show that LINC01268 can be used to dis-
cern healthy and cancerous liver cells. Its abundance in the
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Figure 2 LINCO01268 expression is positively correlated with the HCC tissues. (A). Overall survival Kaplan—Meyer curves represents association of LINC01268 expression levels
(blue: low, red: high) in 362 HCC patients. Log-rank and hazards ratio (HR) p-values are shown. (B and C) Dot plots show relative gene expression levels of LINC01268 (ACt, RT-qPCR)
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Table 2 Relationship Between LINCO01268 Expression and Clinical Characteristics of HCC

Characteristics Cases (n = 32) High LINCO01268 (n) Low LINCO01268 (n) p value

Age(year) <50 7 6 | 0.059
250 25 18 7

Gender Male 28 20 8 0.208
Female 4 4 0

HBV Absent 7 7 0 0.053
Present 25 17 8

AFP (ng/mL) <400 27 19 8 0.257
2400 5 5 0

Tumor size(cm) <5 23 17 6 0.166
25 9 7 2

Amount of HCC | 28 21 7 0.033
22 4 3 |

Cirrhosis Absent 9 6 3 0.842
Present 23 18 5

Differentiation Well 8 | 7 0.044
Moderate/poor 24 23 |

Note: The p values in bold indicate statistically significance.

nucleus and cytoplasm suggests a transcriptional and post-
transcriptional role of LINC01268 in liver cancer.

Gene Silencing of LINC01268 in HCC
Cells Inhibits Cell Proliferation and

Promotes Cell Apoptosis

Given the higher prevalence of LINC01268 in liver cancer
tissues (Figure 2), we next measured gene expression of
LINCO01268 in various cancer cell lines. In alignment with
our observations from HCC tissues (Figure 2B), we deter-
mined by RT-qPCR that LINC01268 expression is signifi-
cantly elevated in all three human HCC cell lines used in this
study (Huh7, HepG2 and Hep3B) (Figure 3A). In contrast,
LINCO01268 expression was barely measurable in LO2,
which resembles a more normal hepatocyte phenotype
(Figure 3A). This result supported our observation that
LINCO01268 expression increased with tumor grade in
patients (Figure 2B). Despite high gene expression in all
HCC cells tested, we found varying degrees of LINC01268
abundance, for instance, Hep3B expressed LINC01268 2.7-
and 1.9-fold more than Huh7 and HepG2, respectively
(Figure 3A). LINCO01268 expression was not detectable in
lung (A549) or breast (T47D) cancer cell lines (Figure 3A),
suggesting that the gene expression level of LINC01268 is
cancer type specific. We next investigated the subcellular

distribution of LINC01268 in LO2, HepG2 and Huh7 cells
by FISH. In alignment to our results obtained from patient
biopsies (Figure 2D), we found that LINCO01268 is less
abundant in non-malignant LO2 cells that resemble a more
normal phenotype, but much higher in the HCC cell lines
HepG2 and Huh7 (Figure 3B). Similar to the patient tissues,
we found that LINCO01268 RNA is present in both the
nucleus and the cytoplasm. These results showed that the
molecular phenotype observed in vivo in clinical tissues was
resembled in vitro in HCC cell lines.

We further investigated the potential regulatory roles of
altered LINCO01268 expression levels. Two days post
transfection in three HCC cell lines (Huh7, HepG2 and
Hep3B) with siLINC01268, we
a significant reduction of LINCO01268 transcript levels

silencer achieved
when normalized to the siRNA control (siCtrl) (Figure
4A, 75% in Huh7, 70% in HepG2 and 53% in Hep3B,
Student’s t-test, p<0.05). Remarkably, knockdown of
LINCO01268 expression resulted in a notable reduction of
liver cancer cell proliferation as measured by EdU prolif-
eration assay (Figure 4B and C, 62% in Huh7, 84% in
HepG2 and 44% in Hep3B). Further detailed analysis in
Huh7 and HepG2 confirmed a significant inhibition of cell
proliferation within the first two days after knockdown
(Figure 4D-E, Student’s #-test, p<0.05). Cell proliferation
remained inhibited up to four days, although only
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Figure 3 LINCO01268 is highly expressed in HCC cells. (A) Bar plots display relative expression of LINC01268 (RT-qPCR) in normal human hepatic cell line (LO2), three human HCC
cell lines (Huh7, HepG2 and Hep3B), an adenocarcinomic human alveolar basal epithelial cell line (A549) and a human breast cancer cell line (T47D). LINC01268 gene expression is
shown as the mean * SD of three independent experiments. B-ACTIN was used as an internal control in RT-qPCR(*p<0.01, Student’s t-test). (B) Two HCC cell lines (Huh7 and HepG2)
were applied for FISH using Digoxigenin labelled probe against LINC01268. The normal human hepatic cell line LO2 was used as negative control for comparison. Strong green
fluorescent signals from FITC channel were observed in the HCC cell lines. The images were representatives from three independent experiments. The bars in each image (40%

magnification) indicates 20 pm.

significant in Huh7 but not in HepG2 for day 3 and 4
(Figure 4D-E). This could be explained by technical lim-
itations (eg, relatively lower knockdown efficiency in
HepG2 cells, Figure 4A) or undetermined cell line-
dependent responses. Lastly, we measured the effects of
the LINC01268 knockdown on apoptosis by FACS. We
detected a significant increase of cell apoptosis in Huh7
and HepG2 upon LINCO01268 knockdown (Figure 4F). In
conclusion, the reduction of LINC01268 expression sup-
pressed cell proliferation in vitro in HCC cell lines.

LINCO1268 and MAP3K7 are
Co-Expressed in HCC Liver Tissues and
Cell Lines

A previous report highlighted the cis-regulatory role of
LINCO01268 in THP1-derived macrophages upon infection,
whereby LINCO01268 regulates the neighboring protein-
coding gene myristoylated alanine-rich protein kinase
C (MARCKS) and subsequently controls inflammatory
cytokines and chemokine production.** In order to identify
regulatory interactions in liver cancer beyond this cis-
acting function, we searched for co-expression patterns
of LINC01268 with other genes in the GEPIA database™
and found that gene expression of LINC01268 correlated
well with 60 genes (Supplementary Table 2, Pearson cor-
relation coefficient, R > 0.5). We found that the majority
(55%, 33/60) of co-expressed genes were other annotated
IncRNA and 45% (27/60) represented protein-coding
identified MAP3K7.

genes, where we Interestingly,

previous reports described the involvement of MAP3K7
in HCC initiation and progression through various signal-
ing pathways.*>

We found a strong correlation when inspecting expres-
sion levels of LINC01268 and MAP3K?7 in the liver can-
cer patients (Figure 5A). Indeed, we noted that high
expression of MAP3K7 was significantly associated with
poor overall survival in HCC patients (p=0.02) (Figure
5B). Unlike LINC01268 (Figure 2A), high gene expres-
sion levels of MAP3K7 are only associated with poor
survival within the initial time period (0-50 months)
after diagnosis, suggesting that MAP3K7 is more likely
to contribute to the early progression of HCC. Our RT-
gPCR analysis revealed that MAP3K7 expression was
much lower (6.9-fold) in well-differentiated cancer tissues
(n=6) when compared to moderately or poorly differen-
tiated cancer tissues (n=26) (Student’s #-test, p=0.04)
(Figure 5C and Table 3).

Given the elevated MAP3K?7 expression levels in can-
cer tissues of HCC patients (Figure 5C), we determined
the abundance of MAP3K7 in three HCC cell lines (Huh7,
HepG2 and Hep3B) by RT-qPCR. Similar to the HCC
patient biopsies, we found that MAP3K7 expression is
elevated (4- to 8-fold) in the three human HCC cell
lines, but not in the human fetal hepatocyte cell line LO2
(Figure 5D). Overall, our data suggested that highly
expressed LINC01268 and MAP3K7 may play a key role
in the progression of HCC and could have prognostic

value.
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The histograms in D showed the mean + SD of three independent experiments. B-ACTIN served as an internal control in RT-qPCR. *p<0.05, Student’s t-test.

LINCO1268 Could Regulate the
Expression of MAP3K7

In addition to the data from liver cancer patients and HCC
cell lines that indicated synchronistic expression of
LINC01268 and MAP3K7 genes (Figure SA and D), the
impact of altered LINCO01268 expression on MAP3K7
abundance was tested by RT-qPCR and Western blot. Two
days after knockdown of LINCO01268, a significant reduc-
tion (Student’s #-test, p<0.05) of MAP3K7 expression levels

in Huh7 (to 58%), HepG2 (65%) and Hep3B (60%) were
observed, when compared to non-targeting siRNA control,
with no significant change in LO2 (145%) or A549 (79%)
cells (Figure 6A). In addition, we verified that the depen-
dencies of LINC01268 expression was not only residing on
the transcriptional level but also reflected on the MAP3K7
protein level (Figure 6D, left panel). These results implied
that MAP3K?7 expression is, at least in part, determined by
LINCO01268 in HCC cell lines.
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Table 3 Relationship Between MAP3K7 Expression and Clinical Characteristics of HCC

Characteristics Cases (n = 32) High MAP3K7 (n) Low MAP3K7 (n) p value

Age(year) <50 9 7 2 0.054
250 23 I 12

Gender Male 25 14 I 0.671
Female 7 4 3

HBV Absent 5 4 | 0.585
Present 27 14 13

AFP (ng/mL) <400 26 14 12 0.905
=400 6 4 2

Tumor size(cm) <5 15 7 8 0.217
=5 17 I 6

Amount of HCC | 29 15 14 0.358
=2 3 0

Cirrhosis Absent 13 8 5 0.853
Present 19 10 9

Differentiation Well 6 6 0 0.047
Moderate/poor 26 18 8

Note: The p value in bold indicates statistically significance.

Downregulation of MAP3K7 in HCC Cells
Attenuated LINCO1268 Overexpression
Mediated Increase of Cell Proliferation and

Reduction of Cell Apoptosis
On one hand, both LINC01268 and MAPK3K?7 are highly
expressed in HCC biopsies and cells (Figures 2, 3 and 5), on
the other hand, their expression profiles are positively corre-
lated in HCC tissues (Figure S5A), and knockdown of
LINCO01268 suppressed the expression of MAP3K7 in HCC
cell lines at both mRNA (Figure 6A) and protein (Figure 6D,
left panel) levels. We therefore speculate that the abnormal
high expression of LINC01268 is associated with HCC pro-
gression via regulating MAP3K7. In order to validate this
hypothesis, we generated stable LINC01268-overexpressing
HepG2 and Huh?7 cell lines to investigate whether MAP3K7
downregulation would reverse or attenuate the biological phe-
notypes resulted from LINC01268 overexpression.
Compared to the negative control (transfected with empty
vector, LINCO1268NC), overexpression of LINCO01268
(LINCO12680E) increased the RNA level of LINC01268
by >10 time (Figure 6B) and elevated the protein level of
MAP3K7 (Figure 6D, right panel) in both HepG2 and Huh7
cell lines. As expected, opposite to the LINC01268 knock-
down, the LINC01268 overexpression (LINCO12680E) led
to enhanced proliferation of both HepG2 and Huh7 cells

measured by EdU assay after two days cell culture (Figure
6E) and colorimetric measurement over 4 days culture
(Figure 6F and G), while upregulation of LINC01268 sig-
nificantly inhibited cell apoptosis which was measured after
48 h cell culture (Figure 6H). In agreement with our hypoth-
esis, as shown in Figure 6E—H, simultaneous knockdown of
MAP3K7 (Figure 6C) in stable LINC01268-overexpressing
HepG2 and Huh7 cell lines (denoted as LINCO12680E
+siMAP3K?7) reversed the increase in cell proliferation and
decreased cell apoptosis, to a similar level as observed in the
control cells (NC). Taken together, we conclude that the
abnormal high expression of LINC01268 is associated with
HCC progression via regulating MAP3K?7.

Discussion

Hepatocellular carcinoma (HCC) causes high rate of morbid-
ity and mortality. Although early surgery and liver transplanta-
tion can prolong the lifespan of patients, the rate of
reoccurrence and mortality remains extremely high.>
Identifying specific markers is therefore urgently needed for
early diagnosis and prognosis of HCC. Advances in next-
generation sequencing technologies has enabled the annota-
tion of tgousands of IncRNAs and many of them have the
potential to be prominent cancer markers.’'* The pathologi-
cal grade of tumors is one of the most important indicators to
evaluate or predict malignant degree and prognosis. Our
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Figure 6 Downregulation of MAP3K?7 attenuated LINCO01268 overexpression induced increase of cell proliferation and reduction of cell apoptosis. Knockdown of LINCO01268 led to
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lines (D, right panel) level. Knockdown of MAP3K7 (C) attenuated the enhanced cell proliferation from LINCO1268 overexpression demonstrated by EdU assay (E), where the red
signals indicated proliferating cells and blue signals suggested nuclei, which was further confirmed by OD (optical density) measurement (F and G) over four days cell culture post
knockdown transfection. Furthermore, MAP3K7 knockdown also significantly reversed the cell apoptosis of HepG2 and Huh7 cells resulted from LINCO1268 overexpression (H). The
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Abbreviations: LINC012680OE, LINC01268 overexpression; NC, negative control.
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detailed studies identified LINC01268 to be highly expressed
in poorly/moderately differentiated HCC (Figure 2B and D).
LINCO01268 has putative tumor-promoting function since its
high abundance increased HCC cell proliferation (Figure 6E—
G) and suppressed cell apoptosis (Figure 6H). Publicly avail-
able data*'*? revealed that high expression of LINC01268 was
associated with shorter overall survival (Figure 2A), which
could be of prognostic value. Since higher LINC01268 expres-
sion was more frequent in moderately or poorly differentiated
HCC and in HCC with two or more nodules, we suggest that
LINCO01268 expression contributes to a more localized
response and more severe malignancy when the cancer is
already established rather than to initiated liver cancer or to
promote metastasis. However, at which stage of carcinogen-
esis and how the expression of LINC01268 is dynamically
deregulated requires further investigations. Furthermore, iden-
tifying the transcriptional factor(s) that initiate gene expression
of LINC01268 can help to further explain the observed expres-
sion pattern in HCC.

To further strengthen our observations and findings, the
effects of the knockdown of LINC01268 on other tumorigenic
properties of cells in vitro and/or in vivo are favorable, for
example, in vitro assays of migration and invasion properties
would be carried out. Demonstrating the importance of
LINCO01268 could also be reinforced by a complementary
approach upon LINC01268 overexpression.

Upon transcription, many IncRNAs function by forming
complexes with proteins and nucleic acids to regulate coding
and noncoding genes, transcripts and proteins.™ Since fluor-
escence in situ hybridization in both HCC tissues and cells
indicated nuclear and cytoplasmic localization, we speculate
that LINC01268 can exert its functions both at transcriptional
and posttranscriptional levels. We observed a stronger positive
correlation between LINC01268 and MAP3K7 (Figure 5A,
Pearson correlation coefficient, R=0.39, p<0.01). Based on the
current human genome annotation (GRCh38.pl3),
LINCO01268 and MAP3K7 are more than 23,000 kb apart
and it is therefore unlikely that they influence each other’s
gene expression in cis. Interestingly, publicly available gen-

ome interaction data (Hi-C) in HepG2 cells®*>°

suggests that
the MAP3K7 gene locus is located several topologically asso-
ciated domains (TADs) apart from the LINC01268 gene locus
. At present, no apparent genomic connection in trans can be
determined. Detailed chromatin confirmation studies along
with deleting or replacing LINC01268 gene locus could pro-
vide further insight into how LINCO01268 interacts with its
neighboring genes, as the possibility that LINC01268 encodes
functional peptides has been discarded previously.**

It has been shown that MAP3K7 accelerate HCC tumor-
igenesis and metastasis via the activation of NF-kB, MAPK
and some other pathways.***’*° A recent kinome siRNA

library screening revealed that the reduction of MAP3K7
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Figure 7 Proposed mechanistic mode of LINC01268 in HCC progression. As a key upstream regulator, LINC01268 might play its roles in MAP3K7 mediated NF-kB/MAPK
pathways, and drive HCC tumorigenesis and metastasis by promoting the proliferation, migration and invasion of HCC cells, while inhibiting cell apoptosis.
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expression diminished the growth, migration and invasion of
HCC cells.*® Since our data showed that downregulation of
LINCO01268 reduced the expression of MAP3K7 on the
mRNA and protein levels in HCC cells, we proposed
a potential mechanism (Figure 7) here speculating that
LINCO01268 acts on the upstream of the MAP3K7-NF«kB
-MAPK pathway to drive HCC progression. How
LINCO01268 and MAP3K?7 expressions are linked requires
further investigation. For example, the identifications of
partners (DNA, RNA or protein) binding to LINC01268 or
closer dissection of the genes and signaling pathways, which
are affected downstream of LINCO01268 and MAP3K7,
might provide more detailed information. Further in-depth
molecular studies could then also clarify how LINC01268
promotes cell proliferation as we have detected in our study.
It is also possible that LINC01268 contributes to HCC cell
migration and invasion, which could lead to metastasis and
tumorigenesis. Larger HCC cohort studies and detailed clin-
ical information would be necessary to discern the role of
LINCO01268 in cancer initiation, promotion, progression and
metastasis.

In our study we showed that MAP3K?7 is an important
downstream regulatory target of LINCO01268 in HCC,
either direct or indirect (via regulating the expression of
an intermediate protein or more). We revealed that the
knockdown of MAP3K7 attenuated the cellular pheno-
types resulted from overexpression of LINCO01268
(Figure 6). Alternatively, a demonstration that overex-
pression of MAP3K7 neutralizes the knockdown of
LINCO01268 would further support the finding. Future
mechanistic studies would allow to dissect the important
link between LINC01268 and MAP3K7.

Conclusion

In conclusion, we demonstrated that LINC01268 was
highly expressed in HCC cells and tissues in a distinct
spatial and temporal fashion. Since high expression of
LINCO01268 was linked to poor overall survival,
LINCO01268 could be a novel biomarker for HCC diagno-
sis, progression and/or prognosis. Our data also suggest
MAP3K7 as a downstream effector through which
LINCO01268 could operate directly or indirectly to promote
HCC cell proliferation and differentiation.
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