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Introduction: HB presents with the highest frequency of CTNNB1 mutations, resulting in
activation of Wnt signaling pathway. A number of studies have demonstrated CTNNBI1
mutation contributed to the development of HB. However, limited research explored the
function of IncRNAs in HB with CTNNB1 mutation.

Methods: We screened IncRNA expression profiles in CTNNB1-mutated HB samples and
identified IncRNAs associated with malignant phenotype in HB. The association between
IncRNA and immune microenvironment was investigated. The biological function of
IncRNA was further explored using in vitro experiments.

Results: TUG1 was identified as onco-IncRNA in CTNNB1-mutated HB. TUG1 was shown
to be associated with the infiltration of pro-tumor immunocytes via regulating the expression
of CXCR4, a chemokine receptor playing a critical role in regulation of immune micro-
environment. Inhibiting TUG1 could increase endogenous levels of miR-335-5p and conse-
quently downregulating CXCR4, a direct target of miR-335-5p.

Conclusion: Our findings provide evidence for TUG1 mediating infiltration of pro-tumor
immunocytes in HB patients carrying CTNNB1 mutation. TUG1-miR-335-5p-CXCR4 axis
might be a promising immunological target for the treatment of HB patients.
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Introduction
Hepatoblastoma (HB) is the most common liver primary malignant tumor of the
children. It is mostly at advanced stage when diagnosed, accounting for nearly 80%
of primary liver malignant tumor of the children. The incidence of HB among
children under 15 years old reaches one in a million. HB is derived from liver
embryo tissue, which is mainly composed of immature epithelial cells similar to the
fetal liver." Factors such as patient age, histological type of tumor, and clinical stage
have been shown to affect the prognosis of patients. The conclusions of global HB
clinical studies suggest that these risk factors may also be considered to the clinical
differentiation and prognostic variability.? However, there is no biomarker or
international consensus for risk stratification in HB patients.

CTNNBI is the gene encoding B-catenin, a crucial regulator of Wingless-Int (Wnt)
signaling pathway, that is essential for cell proliferation, differentiation, and function,
and plays an important role in stem cell renewal and organ regeneration under normal

submit your manuscript

Dove “

http:

in 3

OncoTargets and Therapy 2020:13 3105-3115 3105

© 2020 Xie et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php

o 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work
you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


mailto:251217955@qq.com; 
http://www.dovepress.com
http://www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
http://www.dovepress.com/permissions.php

Xie et al

Dove

physiological condition.® In “unstimulated” cells, B-catenin
is present in the cytoplasm and is constantly targeted by
phosphorylation and degradation, thereby preventing -
catenin from translocating to the nucleus to activate target
gene expression. When a specific signaling pathway is sti-
mulated (e.g., Wnt), B-catenin is stabilized and shuttles to
the nucleus where it binds to the coactivators such as T cell
factor (TCF)/lymphokine, resulting in B-catenin accumula-
tion in nuclear. Aberrant expression of -catenin activates
specific genes related to tumorigenesis, and its abnormal
activation has been reported in many cancer types.*
Previous study showed that activation rate of P-catenin
was up to 90% in HCC.> CTNNB1 mutation is an important
pathway to B-catenin activation, conducing proliferation of
abnormal cells, expressing cancer-associated membrane pro-
teins and other characteristics of cancer cells.® Recently,
several studies reported that CTNNBI1 mutation frequently
associated with poor spontaneous T cell infiltration across
most human cancers.”® Apart from T cells, whether
CTNNBI mutation affects other immunocytes in HB, such
as macrophages (M®), neutrophils, and dendritic cells
(DCs), was still largely unknown.

Long non-coding RNAs (IncRNAs) are a class of
RNAs with more than 200 nucleotides in length but no
protein-coding function mostly.” Recent studies have
shown that IncRNA can regulate the expression or mode
of action of certain molecules by binding to certain mole-
cules of the Hippo signaling pathway, thereby promoting
or inhibiting the development and progression of tumors.
In the pathologic and physiological processes of HB, as
studies have indicated, IncRNA reveals association with
proliferation and angiogenesis. LUCAT1 and CRNDE
have been described in the biological function of

hepatoblastoma.' %"’

LncRNA is expected to become
a new biomarker and therapeutic target for hepatoblas-
toma, and research on IncRNA will bring new hope to
patients with hepatoblastoma or other liver diseases.'?

To obtain more information, this study aims to select the
IncRNA associated with HB carrying CTNNB1 mutation by
using a comprehensive analysis of microarray data. Firstly,
IncRNA was annotated based on gene expression profiling
data to identify differential expression of IncRNA (DELs)
between different prognostic subgroups. Secondly, the pre-
dicted values of DEL identified in HB patients were evaluated.
The potential biological function of the identified DELs was
predicted using weighted gene correlation network analysis
(WGCNA). Thirdly, we conducted an in vitro experiment.

Materials and Methods

Weighted Correlation Network Analysis
(WGCNA)

A microarray dataset of HB patients (GSE75271 based on
2.0 Array
platform'?) was selected for WGCNA analysis. The annota-

Affymetrix Human Genome U133 Plus

tion of noncoding RNA transcripts, including 8240 IncRNA
transcripts, was obtained according to our previous study.'*
We selected HB samples carrying CTNNB1 mutation for
WGCNA."® The clinical features included race, age, gender,
HB subtype, Cairo Classification, tumor stage and histology,
and prognostic characteristics. The dynamic tree cut algo-
rithm was used to select modules of clustered IncRNAs.

TIMER Database Analysis

The correlation between IncRNA expression and immuno-
cyte infiltration was calculated using TIMER. TIMER is
a web-based tool containing enrichment of immunocytes,
including B cells, CD4+ T cells, CD8+ T cells, neutro-
phils, macrophages, and dendritic cells. TIMER employs
the deconvolution method to estimate the immunocyte
infiltration and tumor purity-based multiple profiling data
of 10,897 cancer samples from TCGA dataset.

Cell Culture and in vitro Transfection

An HB cell line (HepG2) was used to validate the function
of candidate IncRNA.'® The HepG2 cells were purchased
commercially from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China). The cells
were cultured in DMEM having 10% fetal bovine serum.
The small RNA interference (siRNA) in which target candi-
date IncRNA was synthesized by GenePharma (Shanghai,
China). We designed two siRNA sequences (siRNA #1 and
#2) to select the most efficient sequence for the following
experiment. The transfections of siRNA or negative control
(si-Ctrl) were conducted using Lipofectamine 2000
(Invitrogen, Carlsbad, CA, USA). Similarly, miR-335-5p
mimic and control mimic were also transfected into cultured
HepG?2 cells by using Lipofectamine 2000 according to the
manufacturer’s instructions.

RNA Isolation and Quantitative
Real-Time PCR Analysis

RNAfast200 Kit (Fastagen Biotech, Shanghai, China) was
used to isolate total RNA, and cDNA was synthesized
from the total RNA (2 pg). The mRNA expression was
determined by quantitative real-time PCR using the SYBR
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green dye (TaKaRa). And miRNA expression levels were
detected applying the SYBR® PrimeScriptTM miRNA RT-
PCR Kit and SYBR® Premix Ex Taq™ (TaKaRa). The
mRNA expression was normalized to B-actin and the
miRNA expression was normalized to U6. The relative
mRNA and miRNA analyzed using the
Comparative-Ct Method (AACt method). The primers for
gRT-PCR are as follows: TUGI:5-TAGCAGTTCCCC
AATCCTTG-3' (sense) and 5-CACAAATTCCCATCA
TTCCC-3' (antisense); CXCR4: 5-CTCAGACCACCGG
TCTCTTC-3" (sense) and 5'-ATAGTCCCCTGAGCCC
ATTT-3' (antisense); B-actin: 5'- ATCGTGCGTGTGAC
ATTAAGGAG -3’ (sense) and 5'- AGGAAGGAAGGCT
GGAAGAGTG -3’ (antisense). The primers of miRNAs
were synthesized by TaKaRa Biotechnology according to

levels

their corresponding sequences.

Western Blotting Assay

HepG2 whole cell lysate was homogenized in a lysis buf-
fer containing protease inhibitor mixture (Sigma-Aldrich).
The protein concentration was detected by using BCA
method and equal amounts of total proteins were separated
by SDS-PAGE. After electrophoresis, the proteins were
transferred to a polyvinylidene difluoride (PVDF) mem-
brane. After blocking the membrane, the membranes were
immunoblotted with the appropriate first antibodies (goat
anti-CXCR4 antibody, ab1670, Abcam) at 4°C for 12 hrs,
and incubated with corresponding secondary antibodies.
Signals were monitored by chemiluminescence staining
method (BioRad).

Immunofluorescence Analysis

The immunofluorescence analysis was used to determine
the expression levels of CXCR4 in siRNA or si-Ctrl trans-
fected HepG2 cells. In brief, the cells were firstly fixed and
blocked, and then incubated with 1% skimmed milk for 1
hr at room temperature to block non-specific binding sites.
Samples were then incubated with anti-CXCR4 polyclonal
antibody (Abcam) overnight at 4°C. After being washed in
PBS, after incubating with rhodamine (red)-conjugated
secondary antibody, the binding sites were visualized by
a laser scanning microscope (Olympus, Tokyo, Japan).

Statistical Analysis

The TUG] expression of each subgroup in GSE75271 was
presented as box and whiskers plot. The CXCR4 expres-
sion in hepG2 cells was presented as mean =+ standard
deviation (SD). Comparison between two subgroups was

conducted by Student’s #-test and comparison between
three subgroups was conducted by ANOVA analysis.
Expression correlation between two genes was calculated
by Pearson correlation analysis. The P value more than
0.05 was considered statistically significant.

Results
Identification of Differentially Expressed
Genes That Were Associated with

Clinical Features in HB Carrying

CTNNBI Mutation

We firstly employed the gene profiling data of HB samples
carrying CTNNB1 mutation to identify the DEGs that were
associated with clinical features (including race, age, sex, HB
subtype, Cairo Classification, tumor stage, NFE2L2 muta-
TERT mutation,
survival year). The dendrogram of enrolled samples is pre-
sented as Figure 1A. By using WGCNA method, the genes
were divided into 26 modules (Figure 1B). We tried to

tion, histology, prognosis, and

explore whether any of the groups of genes from each of
the identified modules were correlated with the clinical vari-
ables of HCC. We calculated the PCCs between the modules
and clinical features. Among these modules, the purple mod-
ule (124 probe sets) yielded significant PCCs with HB sub-
types, Cairo classification and tumor stage (HB subtypes:
r=0.78, p=2e-10, Cairo classification: r=0.57, p=3e-5,
tumor stage: 1=0.55, p=7e-5) (Figure 1C). Previous studies
have demonstrated that the above three features affected
patients’ prognosis.'* The highly coexpressed genes in the
purple module have potential biological significance in
CTNNBI1-mutated HB. Therefore, we selected the genes in
MEpurple module for further investigations.

TUGI Was Associated with Malignant
Phenotype in HB Patients Carrying
CTNNBI Mutation

According to our reported method, we annotated a total of
seven IncRNAs from MEpurple module, including TUGI,
LOC150776, LOC101929841, LOC101926887, LOC10028
9561, LOC100287015, and LINC00657. From these seven
IncRNAs, TUG1 was found to be most significantly asso-
ciated with the malignant features of HB patients carrying
CTNNBI1 mutation. We investigated the expression levels of
TUGTI in different subgroups. Our results showed that the
expression of TUG1 was significantly elevated in patients of
HB2 and HB3 (Figure 2A). Similarly, we also found that
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Figure | Identification of DELs that were associated with clinical features in CTNNBI-mutated HB using WGCNA. (A) Dendrogram of samples and heatmap of clinical

traits. (B) Dendrogram of selected genes. (C) Module—trait relationship.

patients with advanced tumors (Cairo C2 or stage 3/4) had
higher TUG1 expression (Figure 2B and C). Moreover, those
patients carrying high TUG1 expression had shorter survival
time than those with low TUG1 expression (Figure 2D). The
above results suggested that TUG1 might play a critical role
in tumor progression in CTNNB1-mutated HB.

TUGI Was Associated with the
Infiltration of Pro-Tumor Immunocytes in

Liver Cancer Tissues

In our study, we confirmed that higher counts of tumor-
infiltrating macrophages, neutrophils, and dendritic cells
were associated with poor prognosis in liver cancer patients
(Figure 3A). Interestingly, the expression of TUG1 was
positively correlated with the infiltration levels of macro-
phages, neutrophils, and dendritic cells in liver cancer tissues
(Figure 3B). Moreover, we also calculated the expression
correlation between TUG1 and several immune biomarkers.
The results further confirmed that TUGI expression was

positively correlated with the expression of COX2 (a macro-
phage marker), CCR7 (a neutrophil marker), CD1c, NRP1,
and CDl1lc (three dendritic cell marker) (Figure 3C). The
above findings suggested a correlation between high TUGI
expression and infiltration of pro-tumor immunocytes in liver
cancer tissue.

TUGI| Promoted the Infiltration of
Pro-Tumor Immunocytes by Regulating
CXCR4 Expression

To investigate the molecular mechanism of TUGI inducing
immunocyte infiltration, the genetic correlation analysis was
performed using GSE75271. We calculated the correlation
coefficient between TUGI and 57 chemokine genes (including
82 probes). The results showed that the three top probes were
all targeting CXCR4 (Figure 4A). The correlation coefficients
between TUGT and three probes of CXCR4 were significantly
positive (Figure 4B). Furthermore, we confirmed the expres-
sion correlation between TUGI and CXCR4 in liver cancer
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Figure 2 The expression levels of TUGI in different subgroups. (A) Comparison of TUGI expression HBI, HB2, and HB3 patients. (B) TUGI expression in Cl and C2
subgroups. (C) TUGI expression in patients with tumor stage |+2 and stage 3+4. (D) TUGI expression in long- (>5yrs) and short-time (<5yrs) survival subgroups.

tissues (TCGA dataset). After adjusted by tumor purity, TUGI
was positively correlated with CXCR4 expression (Figure 4C).

Previous studies have demonstrated that CXCR4 is
involved in the immune microenvironment of the tumor.'”
Targeting CXCR4 inhibited the growth and migration of
malignant tumors by affecting immunocyte infiltration.'®'?
We then calculated the correlation between CXCR4 and
immunocyte infiltration. We found that CXCR4 expression
was significantly associated with the infiltration levels of
macrophages, neutrophils, and dendritic cells in liver cancer
tissues (Figure 5A). Moreover, the CXCR4 expression was
also positively correlated with biomarkers of macrophages
(COX2), neutrophils (CCR7), and dendritic cells (CDlc,
NRP1, and CD11c¢) (Figure 5B).

Considering the critical role of CXCR4 in mediating
immunocyte infiltration, we performed experiments to

validate the regulation between TUG1 and CXCR4. By
knockdown TUGI expression using siRNA in HepG2, an
HB cell line, the mRNA expression of CXCR4 was sig-
nificantly decreased (Figure 6A). Western blotting and IF
analysis also confirmed that TUG1-knockdown attenuated
CXCR4 protein expression (Figure 6B and C). We also
explored whether TUG1 knockdown could affect CXCL12
production in HB cells. Our data showed a non-significant
link between TUG1 and CXCL12 (data not shown).

TUGI Regulated CXCR4 Expression via

Sponging miR-335-5p

Previous studies showed that TUGI could serve as ceRNA
to sponge miRNA and consequently attenuate the inhibi-
tion effect of miRNAs on their downstream target.”’ By
using miRTarBase, we predicted two miRNAs, miR-9-3p
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Figure 3 TUGI expression was positively associated with pro-cancer immunocytes
infiltration in liver cancer tissues. (A) Infiltration of macrophage, neutrophil, and
dendritic cells was associated with poor prognosis. (B) TUGI expression was
positively associated with infiltration of macrophage, neutrophil, and dendritic
cells. (C) TUGI expression was positively associated with biomarkers of macro-
phage, neutrophil, and dendritic cells.

and miR-335-5p, which had the capacity of binding both
TUG1 and CXCR4 (Figure 6D and E). We further com-
pared the expression of two miRNAs between TUGI-
knockdown and control HB cells. Our data showed that
miR-335-5p, but not miR-9-3p, was significantly increased
in TUG1-knockdown cells (Figure 6F), suggesting miR-
335-5p might be the key downstream molecule of TUGI,
consistent with the work reported by Wang et al.?!
Furthermore, we investigated whether miR-335-5p could
affect CXCR4 expression in HB cells. By using miRanda
website, miR-335-5p was predicted to bind three different

lysis of IncRNA expression profiles in HB patients carry-
ing CTNNBI mutation. And TUG! was found to be
associated with malignant phenotypes. Furthermore, our
study demonstrated that TUG1 promoted the infiltration of
pro-tumor immunocytes via sponging miR-335-5p and
regulating CXCR4 expression.

During the past decade, IncRNAs have attracted
increasing attention and were found to play critical roles
in multiple malignancies.”® For the past years, only few
published studies focused on the relationships between
IncRNAs and HB. Our previous study identified numerous
differentially expressed IncRNAs between HB tissues and
normal tissues, and verified LINCO1314 as a tumor-
suppressing IncRNA involved in Hippo signaling pathway
in HB.'" Nevertheless, the functions of IncRNAs in
CTNNBI-mutated HB have not been completely demon-
strated so far. In the present study, we identified one
IncRNA, TUGI1, which was associated with the malignant
phenotypes of CTNNBIl-mutated HB by comparing
IncRNA expression profiles between different prognostic
subgroups. Our finding of positive association between
TUGI and HB was similar to Dong et al’s study,®
which found that TUGI1 overexpression contributed to
HB progression by regulation angiogenesis.

As we know, the infiltration of immune cells in tumor
microenvironment played important and complex roles in
tumor formation and development. Among these processes,
innate immune cells like tumor-associated macrophages
(TAMs), neutrophils (TANs), and dendritic cells mainly

exert the role of promoting tumor progression,***>

as we
confirmed that higher amount of tumor-infiltrating macro-
phages, neutrophils, and dendritic cells were found to be
associated with poor prognosis in liver cancer patients.
Interestingly, in our study, we found the expression of
TUGI was positively correlated with the infiltration levels
of macrophages, neutrophils, and dendritic cells in liver
cancer tissues. We also confirmed that TUGI expression

was positively correlated with the expression of COX2 (a
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Figure 4 TUGI expression was co-expressed with CXCR4. (A) The correlation coefficient between TUGI and 57 chemokine genes (82 probes). CXCR4 expression was

positively correlated with TUGI in GSE75271 (B) and TCGA dataset (C).

macrophage marker), CCR7 (a neutrophil marker), CDlc,
NRPI, and CDl1c (three dendritic cell marker). These find-
ings suggested a correlation between high TUG1 expression
and high levels of infiltration of pro-tumor immunocytes in
liver cancer tissue leading to the malignant progression of
CTNNI1-mutated HB.

After further investigate the molecular mechanism of
TUG! inducing immunocyte infiltration, we found and con-
firmed that TUG1 was positively correlated with CXCR4
expression by calculating correlation coefficients. CXCR4,
binding and interacting with its ligand CXCL12, could activate
many downstream signaling pathways and play a critical role
in mediating infiltration of immune cells like lymphocytes,

neutrophils, and monocytes. Previous studies have shown
that CXCR4 is involved in the immune microenvironment of
the tumor” and therefore exerts effects on cell survival, pro-
liferation, angiogenesis, and metastasis.'® In our study, we
confirmed that in liver cancer tissues, CXCR4 expression
was not only significantly associated with the infiltration levels
of immunocytes but also positively correlated with biomarkers
of macrophages (COX2), neutrophils (CCR7), and dendritic
cells (CDlc, NRP1, and CDl1l1c). Western blotting and IF
analysis confirmed that both the mRNA expression and protein
expression of CXCR4 was significantly decreased in HB cells
with TUG1-knockdown. Moreover, we found that miR-335-
5p mediated the regulatory mechanism between TUG1 and
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CXCRA4. Inhibiting TUG1 could increase endogenous levels of
miR-335-5p and consequently downregulating CXCR4,
a direct target of miR-335-5p. Taken above results together,
we figured out that through sponging miR-335-5p and posi-
tively regulating the expression of CXCR4, TUG1 promotes
the infiltration of pro-tumor immunocytes, thus leading to the
progression and malignant phenotypes of HB.

There were several limitations in this study. In this study,
we did not obtain enough evidence to confirm the effects of
CTNNBI1 mutation on CXCR4 expression. But several recent

studies provided evidence to support our hypothesis. Firstly,
CXCRA4 expression was found to accompany with the activity
of B-catenin.”” In HB cells, CTNNB1 mutation always caused
activation of -catenin, and consequently might induce a high
level of CXCR4. Secondly, miR-335-5p, which was investi-
gated in our additional study, was found to regulate Wnt/B-
catenin signaling pathway and contribute to inhibit cancer stem
cell phenotype.?® Finally, a recently published study focusing
on Wilms’ tumor, another pediatric tumor with recurrently
CTNNBI mutation,”* reported a link of Wnt/B-catenin
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signaling, miR-335-5p, and TUG1.*' The above evidence
supported that TUG1-miR-335-5p-CXCR7 played a critical
role in CTNNB1-mutated HB.

In conclusion, our study identified the IncRNA TUGI
associated with malignant phenotypes of CTNNB 1-mutated
HB by performing a comprehensive analysis of IncRNA
expression profiles. Furthermore, we demonstrated the
mechanism that TUG1 promoted the infiltration of pro-

tumor immunocytes by sponging miR-335-5p and regulating
CXCR4 expression. Our findings provide evidence that
TUGI might be a promising target for antitumor immune
therapy in HB patients carrying CTNNB1 mutation.
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