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Purpose: TP53 mutation is the most common genetic variation type in Hepatocellular
carcinoma (HCC). We aim to illustrate the landscape of genomic alterations and TP53
mutation related and directly regulated IncRNA prognosis markers.

Materials and Methods: Utilizing the clinical and transcriptome data from The Cancer
Genome Atlas (TCGA) website, we present the landscape of genomic alterations and RNA
differential expression profiles. By analyzing the ENCODE TP53 ChIP-seq data, we get the
TP53 chromatin binding profiles. By Kaplan-Meier (KM) survival analysis and ROC
analysis, we identify IncRNA prognosis markers.

Results: TP53 ranks the highest mutation frequency gene and the maximum mutation type of TP53
is Missense Mutation (> 2.5x10%). TP53 mutation showed poor clinical outcome among the
pathological Stage II and Stage III HCC patients. By differential expression analysis of the TP53
wild type and mutation HCC, we find thousands of misregulated genes, including 699 differential
expression IncRNAs (p <0.05, [log2FC| >1). Functional enrichment analysis of the misregulated
genes shows that TP53 mutation events mainly alter DNA replication, cell cycle and immune
response signaling pathways. By estimation of tumor-infiltrating immune cells through
CIBERSORT, we find that the TP53 mutation events are significantly correlated with the different
proportions of nine immune cells. We then integratively analyze the differential expression IncRNAs
in TP53 wild type and mutation groups and the TP53 ChIP-seq binding IncRNAs, and get 112
overlap IncRNAs. By Kaplan—Meier survival analysis and ROC analysis, we identify two IncRNAs
(RP4-736L.20.3 and SNRK-AS1) that show significant prognosis value. Using the collected HCC
samples, we validate the misregulated expression of RP4-736L.20.3 and SNRK-ASI.
Conclusion: The work presents the landscape of genomic variations and two TP53 mutation
related and directly regulated IncRNA prognosis markers of HCC.

Keywords: hepatocellular carcinoma, genomic variations, TP53 mutation, IncRNA,
prognosis marker, HCC

Introduction

Liver cancer is the seventh most common cancer and the third leading cause of cancer
mortality worldwide."
pathological type of liver cancer, with high morbidity and mortality.>*> The main reasons

Hepatocellular carcinoma (HCC) is the globally predominant

of poor clinical outcome are recurrence and metastasis.* There is a challenging to discover
novel biomarkers for the progression of HCC and drugable targets. Next generation
sequencing (NGS) data from HCC patients have provided us with an invaluable resource
to better understand HCC by integrating data from different sources, thus helping to
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identify promising biomarkers and therapeutic targets.
Identification of genomic variations will provide more suscept-
ibility genes and some common clinical drugs for cancer are
always mutation sensitive.’ Gefitinib, an epidermal growth
factor receptor tyrosine kinase inhibitor (EGFR-TKI), is used
for metastasis non-small lung cancer (NSLC) patients and
always effective in patients with EGFR exon 19 deletion and
exon 21 (L858R) mutation.® TP53 is the most commonly
mutated gene and almost 50% cancers include TP53 genetic
variations. Normally, TP53 can act as transcription factor and
directly regulate transcription in the cell cycle, cell death, and
DNA repair signaling pathways.” Previous studies demonstrate
that mutant TP53 are associated with the loss of tumor suppres-
sor function and the gain of new oncogenic activities.* Mutated
TP53 indicate poor clinical outcome in many cancers, including
lung cancer, breast cancer and liver cancer.” More and more
studies have indicated that IncRNAs are involved in a broad
range of biological processes and are associated with many
diseases, including carcinogenesis.'®"' LncRNA is demon-
strated important functions in the oncogenesis and drug resis-
tance in various patterns such as epigenetic regulation,
transcription regulation and post-transcription regulation.'*'
In Head and neck squamous cell carcinomas (HNSCCs),
Mutant TP53, forming oncogenic complexes with NF-Y and
E2F1, transcriptionally promotes the IncRNA MIR205HG
expression. MIR20SHG promotes Cyclin B, CDK1, and YAP
expression by sponging miR-590-3p, leading to aggressive
growth.® However, few studies have documented the relation-
ship between mutant TP53 and IncRNA in HCC. In our study,
we integratively analyze the prognosis value of the TP53 muta-
tion status and the TP53 directly regulated and mutation related

IncRNAs, which will provide more promising IncRNA prog-
nosis biomarkers for HCC.

Materials and Methods

Data Download and Sample Information
By the gdc-client tool, the mutation annotation data, tran-
scriptome data and clinical data of HCC were obtained from
TCGA website. Since all data used in this work were down-
loaded from TCGA website and the work complied with the
terms of use of TCGA website, approval and informed con-
sent from the Clinical Research Ethics Committee was not
required. The TP53 Wild type and Mutation HCC patients’
clinical features were summarized in Table 1.

Analysis of the Somatic Variants

The mutation annotation data of HCC were used to calculate,
analyze and visualize the landscape of genomic alterations
and mutual exclusive and co-occurring events through the
maftools package.'* The oncogenic signaling pathways
enrichment analysis of the mutated genes was analyzed by
checking the mechanisms and patterns of somatic alterations
in ten canonical pathways (Cell cycle, Hippo, Myc, Notch,
Nrf2, PI3K/Akt, RTK-RAS, TGFB, TP53 and Wnt) by the
maftools package.'*'® The overall survival analysis of TP53
wild type and mutation groups was performed using the
survival package (p < 0.05 was set as the cut-off).

Differentially Expressed RNAs

The unqualified samples were first filtered, and then the
HTSeq-Counts of gene quantification data were merged to
single expression matrix for following analysis. The
matrix was grouped into TP53 wild type and mutation

Table | The Demographic and Clinical Features of the TP53 Wild Type and Mutation Hepatocellular Carcinoma Patients

Variables Classification Patient_TP53_Wild Type Patient_TP53_Mutation

Race White 149(57.1%) 38(36.5%)
Asian 106(40.6%) 55(52.9%)
Black or African American 6(2.3%) 11(10.6%)

Gender Female 98(36.2%) 24(22.6%)
Male 173(63.8%) 82(77.4%)

Age <65 162(59.8%) 74(69.8%)
> 65 109(40.2%) 32(30.2%)

Tumor stage | 129(50.8%) 46(46.5%)
] 58(22.8%) 29(29.3%)
LI} 62(24.4%) 24(24.2%)
v 5(2.0%) 0(0%)
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groups. The differential expression analysis was conducted
using the DEseq2 package.'® p < 0.05 and [log2FC| >1
were used as the cut-off to filter candidate genes. Volcano
plot and heatmap were used to present the differential
mRNAs, and IncRNAs expression profiles by the ggplot
package.'’

Functional Enrichment Analysis

The functional enrichment analysis of the abnormally
expressed genes based on Gene Ontology (GO), Kyoto
Encyclopedia of Genes and Genomes (KEGG) and Gene
Set Enrichment Analysis (GSEA) was conducted through
the clusterProfiler package and p < 0.05 was regarded
significant.'®

Estimation of Tumor-Infiltrating Immune

Cells
The
Transcript per million (TPM) and then used to estimate

normalized HTseq-counts were transferred to
the fractions of 22 human haematopoietic cell phenotypes
using 1000 permutations and the LM22 signature matrix

through the CIBERSORT package. '’

ChIP-Seq Analysis

The TP53 ChIP-seq in HCC HepG2 cell data were obtained
from the GEO datasets (GSE170834). The reads were first
performed quality-control using the FastQC package and
trimmed using the cutadapt package.”’' Then the filtered
reads were mapped using the bowtie2 and the peak calling
was performed using the MACS.*>** The peaks were reor-
dered using the Samtools package and annotated using the

hg19 reference genome through ChIPseeker package.**?°

RT-qPCR Validation

Further RT-qPCR validation of the differential expression was
conducted on 30 collected HCC patients’ samples. The
resected samples were obtained between Apr 16, 2020 and
Jul 10, 2020 from the People’s Hospital of Zhengzhou
University. A professional pathologist dissected the HCC
samples into normal samples, paracancer samples and cancer
samples through proximity (normal samples, 3—5cm; paracan-
cer samples, 1-2cm). The enrolled subjects were all newly
diagnosed as HCC by the color ultrasound technique and
histopathology and they all did not receive any treatment
before. The detail of the clinicopathological data of the
enrolled HCC patients were collected by a professional pathol-
ogist from the hospital information system. This work was

conducted in accordance with the Declaration of Helsinki and
approved by the clinical research ethics committee of the
People’s Hospital of Zhengzhou University. All enrolled sub-
jects wrote the informed consents before they participated in
the study. The followed qPCR experiments were performed
following the previous article.'* The results were analyzed by
AACt method, and the statistical analysis was performed with
two tail paired #-test. p < 0.05 was regarded significant. The
sequence of the specific gPCR primers was 18S, forward-
GTAACCCGTTGAACCCCATT, reverse-CCATCCAATC
GGTAGTAGCG; RP4-736L20.3, forward-TCTGTCCAG
AAACTCGACGC, reverse-GAATCCCCTCAACGGA
GCG; SNRK-ASI1, forward-AGGAAGTGGTTGCATGAG
GC, reverse- CCTTTCCTCACTCTGCTGGTC.

Results

The Landscape of Genomic Alterations
Somatic variation of HCC was illustrated by mutation annota-
tion data in TCGA database. The landscape of genomic altera-
tions in HCC showed the top 20 high mutation frequency
genes and TP53 ranked the highest mutation frequency gene
(Table S1). The maximum mutation type of TP53 was
Missense Mutation (> 2.5x10%) (Figure 1A). The top three
enriched signaling pathways of mutated genes were RTK-
RAS, WNT, and NOTCH by checking the known oncogenic
signaling pathways (Figure 1B). The mutual exclusive and co-
occurring events analysis showed the mutation events corre-
lationship, and TP53 and CTNNB1 was mutually exclusive
(Figure 1C). We further checked the clinical significance of
TP53 and the mutation status showed poor clinical outcome,
including pathological Stage II and Stage III (Figure 2). The
further understanding of the genomic alterations contributed to
identification of the susceptibility genes in HCC and provide
more molecular markers for prognosis.

TP53 Mutation Related Genes and

Signaling Pathways

By dividing the transcriptome data of HCC into TP53 wild
type and mutation groups and differential expression ana-
lysis, we got thousands of misregulated genes, including
699 differential expression IncRNAs (561 up-regulated,
138 down-regulated) (p <0.05, |log2FC| >1) (Figure 3A
and B, Table S2). These abnormally expressed genes may
participate in the progression of HCC. We performed
GSEA and comparative GO enrichment analysis of the
misregulated genes (p <0.05, |log2FC| >1) to identify the
abnormal signaling pathways in the TP53 mutation events
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Figure | The landscape of genomic alterations of HCC. (A) Somatic mutation landscape of the HCC cohort. Genes are arranged according to the frequency of mutations.
(B) Dot plot of the HCC mutated genes enrichment analysis in the 10 oncogenic signaling pathways and the mutated fraction samples. (C) Mutual exclusive and co-occurring
events among the top 20 high mutation frequency genes in HCC cohort, the blue indicates co—occurrence and the brown indicates mutually exclusive events. *p<0.05 is

regarded significant.

of HCC. GSEA enrichment analysis showed TP53 mostly
enriched in DNA replication and Cell cycle signaling path-
ways (Figure 3C and D). Enriched GO terms of the up-
regulated and down-regulated genes showed different
categories. Up-regulated GO terms mostly enriched in
immune signaling pathways, such as immune response
and complement activation. Down-regulated GO terms
mainly enriched in various catabolic and metabolism pro-
cesses, such as hormone metabolic process and carboxylic
acid biosynthetic process (Figure 3E). These analyses

indicated that the TP53 mutation event may alter the
immune response in HCC.

Immune Cell Infiltration Landscapes of
TP53 Wild Type and Mutation HCC

Patients

For the TP53 mutation status altered the immune response,
we next investigated the immune cell infiltration difference
between TP53 wild type and mutation HCC patients. The

https:
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Figure 2 Overall survival analysis of TP53 in different pathological stage of HCC. Kaplan—Meier survival curve of overall survival of total (A), Stage | (B), Stage Il (C) and
Stage Ill (D) HCC patients in TP53 mutant or wild-type status.The light yellow line represents the mutant group and the light blue line represents the wild-type group.

immune cell infiltration landscapes of TP53 wild type and
mutation HCC patients showed the variations in the propor-
tions of 22 tumour-infiltrating immune cells (Figure 4A),
which may indicate the heterogeneity feature of HCC. The
TP53 mutation events were significantly correlated with the
different proportions of nine immune cells (T cells CD4
memory resting, Macrophages M0, Mast cells resting, NK
cells activated, B cells naive, Monocytes, Dendritic cells

activated, Eosinophils, and T cells CD4 memory activated).
The TP53 mutation HCC subgroup included significantly
higher proportions of four immune cells (Macrophages MO,
Monocytes, Eosinophils, and T cells CD4 memory activated)
(Figure 4B).The heterogeneity of immune infiltration inves-
tigated in TP53 wild type and mutation HCC patients showed
clinical implications and may offer drugable immunotherapy
targets.
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TP53 ChlP-Seq Profile

To illustrate the TP53 ChIP-seq profile, we analyzed the
TP53 ChIP-seq data of HCC HepG2 cells (Table S3). The
TP53 binding peaks on the promoter regions (—3000_3000)
were centralized around the transcription start site (TSS)
(Figure 5A), but the most TP53 binding peaks were focused
on the Distal Intergenic regions (>37.5%) (Figure 5C). By
Reactome Pathway Analysis, we found that the TP53
directly regulated genes mainly enriched in Signaling by
Rho GTPases, Growth factor receptors and second messen-
gers, and Cell Cycle Checkpoints (Figure 5B). By investi-
gating the TP53 binding events, we may get the TP53
directly regulated genes and signaling pathways.

TP53 Directly Regulated and Mutation
Related IncRNA Prognosis Markers

To get TP53 directly regulated and mutation related IncRNAs,
we integratively analyzed the differential expression IncRNAs
in TP53 wild type and mutation groups and the TP53 ChIP-seq
binding IncRNAs, and got 112 overlap IncRNAs (selected
region —5000 3000) (Figure 6A). We investigated the clinical
significance of these IncRNAs in the TP53 mutation HCC
patients by Kaplan—-Meier (KM) survival analysis, and got
eight IncRNAs (Figure 6B). By further ROC analysis, two
IncRNAs (RP4-736L.20.3 and SNRK-AS1) showed high sen-

sitivity and accuracy as a prognosis marker (Figure 6C—F).
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Figure 4 Immune cell infiltration landscape of TP53 wild type and mutation HCC patients. (A) Summary of estimated fractions of 22 immune cell subtypes from the
CIBERSORT algorithm. Each Bar chart exhibits the cell proportions of each HCC patient. (B) Box plot of the differential abundance of 22 immune cells inTP53 wild type and

mutation HCC patients. * indicates “p<0.05”, and ns indicates “not significant”.

The maximum mutation type in TP53 mutation was Missense
Mutation (Figure 1A), so we also validated their prognosis
value in the TP53 Missense Mutation HCC subgroup, and they
also showed significant prognosis value (Figure 6G-J). By
gPCR validation, RP4-736L.20.3 and SNRK-AS1 showed
differential expression, and were gradually high expressed in
paracancer and cancer samples (Figure 7). RP4-736L.20.3 and
SNRK-AS1 were directly regulated by TP53, and showed

significant prognosis value.

Discussion
In this work, we analyzed the somatic variants and RNA

expression profiles of TP53 wild type and mutation HCC.
In our analysis, TP53 ranked the highest mutation rate
(28%), and the maximum mutation type in TP53 mutation

was Missense Mutation (16.4%). Further, we analyzed
whether the mutation events showed clinical significance
among the HCC patients. We identified that TP53 mutation
showed poor clinical outcome among pathological Stage I1
and Stage III HCC patients. Previous studies also demon-
strated our results and showed that the mutation of TP53
significantly reduced overall survival and increased the
risk of recurrence of HCC.?® Previous studies revealed
that IncRNA played critical role in the TP53 signaling
pathways.”” Thus, we performed differential expression
analysis of TP53 wild type and mutation HCC, and
found 1941 differentially expressed genes, including 699
IncRNAs (561 up-regulated, 138 down-regulated) (p
<0.05, |log2FC| >1). These differential expression
IncRNAs may act as important effector in the TP53 muta-
tion event. Among these DEIncRNAs, previous study
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demonstrated that XIST showed oncogenic feature in
HCC, and it promoted the propagation and inhibited apop-
tosis by sponging miR-181a.® Several selected IncRNAs
were demonstrated vital function in the important pro-
cesses of tumorigenesis and these misregulated IncRNAs
may work as key factors in the TP53 mutation event and
progression of HCC. Function enrichment analysis of
these genes indicated that TP53 mutation was involved
in Cell cycle and DNA replication signaling pathways
and may also affect immune response. The Immune cell
infiltration landscapes of TP53 wild type and mutation
HCC patients further showed the variations in the propor-
tions of 22 tumour-infiltrating immune cells. Previous
studies also revealed that loss or mutation of TP53 in
cancers showed an effect on the recruitment and activity
of myeloid and T cells, leading to immune evasion and
cancer progression.”’ By analyzing the TP53 ChIP-seq
data, we further got 112 TP53 directly regulated and
mutation related IncRNAs. By KM survival analysis,

eight IncRNAs indicated clinical significance. Further
ROC analysis, two IncRNAs (RP4-7361.20.3 and SNRK-
AS1) showed high sensitivity and accuracy as a prognosis
marker. Using the collected HCC samples, RP4-7361.20.3
and SNRK-AS1 showed differential expression, and were
gradually high expressed in paracancer and cancer sam-
ples, which may indicate the progression of the HCC.
These two IncRNAs showed prognosis value and may
also indicate the carcinogenesis of HCC and act as prog-
nosis markers.

Conclusion

This study provided the landscape of genomic variations,
RNA expression profiles and illustrated the abnormal sig-
naling pathways in the TP53 mutation event of HCC. Our
work also discovered two TP53 mutation related and
directly regulated IncRNAs (RP4-736L.20.3 and SNRK-
AS1) in HCC. Our study may provide more promising
drugable targets and prognosis biomarkers for HCC.
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Figure 6 TP53 mutation related and directly regulated IncRNA prognosis markers in HCC. (A) Venn plot of the overlap IncRNAs of TP53 mutation related IncRNAs and
TP53 directly regulated IncRNAs. (B) Venn plot of the TP53 mutation related IncRNAs and TP53 directly regulated IncRNAs that show clinical significance in total, TP53 wild
type and TP53 mutation HCC patients by Kaplan—Meier survival analysis (p<0.05). (C-F) Kaplan—Meier survival curve and Time dependent ROC curve of RP4-736L20.3 and
SNRK-ASI in TP53 mutation HCC patients. (G-J) Kaplan—Meier survival curve and Time dependent ROC curve of RP4-736L20.3 and SNRK-ASI in TP53 missense

mutation HCC patients.
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