
ORIGINAL RESEARCH
published: 25 September 2020
doi: 10.3389/fonc.2020.541479

Frontiers in Oncology | www.frontiersin.org 1 September 2020 | Volume 10 | Article 541479

Edited by:

Lina Wang,

Southeast University, China

Reviewed by:

Yong Li,

Stony Brook University, United States

Jin Bai,

Xuzhou Medical University, China

*Correspondence:

Lin Zhou

zhoulin99@zju.edu.cn

Shusen Zheng

shusenzheng@zju.edu.cn

†These authors have contributed

equally to this work

Specialty section:

This article was submitted to

Molecular and Cellular Oncology,

a section of the journal

Frontiers in Oncology

Received: 09 March 2020

Accepted: 26 August 2020

Published: 25 September 2020

Citation:

Hu X, Bao M, Huang J, Zhou L and

Zheng S (2020) Identification and

Validation of Novel Biomarkers for

Diagnosis and Prognosis of

Hepatocellular Carcinoma.

Front. Oncol. 10:541479.

doi: 10.3389/fonc.2020.541479

Identification and Validation of Novel
Biomarkers for Diagnosis and
Prognosis of Hepatocellular
Carcinoma
Xiaoyi Hu 1,2,3,4†, Mingyang Bao 5†, Jiacheng Huang 1,2,3,4, Lin Zhou 2,3,4* and

Shusen Zheng 1,2,3,4*

1Division of Hepatobiliary and Pancreatic Surgery, Department of Surgery, The First Affiliated Hospital, Zhejiang University

School of Medicine, Hangzhou, China, 2National Health and Family Planning Commission of China Key Laboratory of

Combined Multi-Organ Transplantation, The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou,

China, 3 Key Laboratory of the Diagnosis and Treatment of Organ Transplantation, Research Unit of Collaborative Diagnosis

and Treatment for Hepatobiliary and Pancreatic Cancer, Chinese Academy of Medical Sciences, Hangzhou, China, 4 Key

Laboratory of Organ Transplantation, The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, China,
5 State Key Laboratory of Genetic Engineering, School of Life Sciences, Institute of Biostatistics, Fudan University, Shanghai,

China

Introduction: Hepatocellular carcinoma (HCC) is one of the leading causes of

cancer-related deaths worldwide due to poor survival outcome. Thus, there is an urgent

need to identify effective biomarkers for early diagnosis and prognosis prediction.

Methods: A total of 389 differentially expressed genes (DEGs) between HCC samples

and normal were selected based on the Robust Rank Aggregation (RRA) method.

We combined DEGs expression and clinical traits to construct a gene co-expression

network through WGCNA. Forty hub genes were selected from the key module. Among

them, YWHAB, PPAT, NOL10 were eventually identified as prognostic biomarkers using

multivariate Cox regression model. Biomarkers expression pattern was investigated by

informatic analysis and verified by RNA-seq of 32 patients with HCC. DiseaseMeth 2.0,

MEXPRESS, and Tumor Immune Estimation Resource (TIMER) were used to assess the

methylation and immune status of biomarkers. GSVA, CCK8, colony formation assay,

Edu imaging kit, wound-healing assay, and xenograft tumor model were utilized to

investigate the effects of biomarkers on proliferation, metastasis of HCC cells in vitro,

and in vivo. The Kaplan–Meier (KM) plotter and ROC curves were used to validate the

prognostic and diagnostic value of biomarker expression.

Results: All the selected biomarkers were upregulated in HCC samples and higher

expression levels were associated with advanced tumor stages and T grades. The

regulation of YWHAB, PPAT, NOL10 promoter methylation varied in tumors, and

precancerous normal tissues. Immune infiltration analysis suggested that the abnormal

regulations of these biomarkers were likely attributed to B cells and dendritic cells. GSVA

for these biomarkers showed their great contributions to proliferation of HCC. Specific
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FIGURE 2 | Identification of robust DEGs by RRA method. Heatmap shows the top 20 upregulated and downregulated DEGs in GEO series accessions. Each row

denotes one DEG and each column represents one dataset. The color changes from red to green indicates regulation from up to down. The numbers in the box stand

for logarithmic fold change.
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FIGURE 3 | Bubble charts of enriched GO annotations and KEGG pathways for integrated DEGs. (A) The top 10 enriched biological process GO terms. (B) The top

10 enriched cellular component GO terms. (C) The top 10 enriched molecular function GO terms. (D) The top 10 enriched KEGG pathways.

Validation of Correlations Between
Biomarker Expression and Progression of
HCC
It was worth noting that biomarker expression was significantly
upregulated in tumor samples compared to adjacent normal
controls (P < 0.001). The similar results were obtained from
a cohort of 32 paired HCC patients treated in our hospital,
The First Affiliated Hospital of Medical School of Zhejiang
University (FAHMSZU). In comparisons with normal tissue,
significant differences in biomarker expression at different
T grades and stages were observed. As the tumor stage
progressed from early to advanced or the tumor grade
progressed from low to high, biomarker expression tended to
rise (Figure 6).

Association of Biomarker Expression With
Methylation, Immune Infiltration, and
Tumor Proliferation
Regulation of promoter methylation varied when comparing
average methylation levels of biomarker in tumors and
precancerous normal tissues. Among three biomarkers, YWHAB
methylation level was significantly higher in HCC than in
normal and PPATmethylation level showed an inverse significant
regulation compared to YWHAB while NOL10 methylation
level did not differ significantly between two groups. Despite
the aforementioned differences in methylation regulation, the
similarity was that the expression levels of YWHAB, PPAT, and
NOL10 correlated with methylation levels at many methylation
sites in their DNA sequences. Regarding immune infiltration,
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FIGURE 4 | Identification of hub genes from key modules associated with clinical traits in the TCGA-LIHC dataset through WGCNA. (A) Clustering dendrograms of

robust DEGs from RRA analysis and clinical traits of TNM grade, BMI, gender, and age displayed at the bottom. (B) Analysis of the scale-free fit index and the mean

connectivity for various soft-thresholding powers. (C) Clustering of module eigengenes. (D) Dendrogram of all DEGs clustered with dissimilarity measure based on

topological overlap. (E) Heatmap of the correlation between module eigengenes and clinical traits. Each row denotes a module eigengene, each column represents a

clinical trait and each cell contains the correlation coefficient and P-value. (F) Scatter plot of genes in turquoise module.
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FIGURE 5 | Selection of biomarkers with diagnostic and prognostic value. (A) Forest plot of first step selection based on the multivariate Cox regression model.

(B) Forest plot of final model constructed by forward stepwise strategy. (C) Nomogram to predict survival probability at 1, 3, 5 years. (D) Calibration curve for the

nomogram predicting 3-year overall survival. (E) Calibration curve for the nomogram predicting 5-year overall survival.
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FIGURE 6 | Correlations between biomarker expression and progression of HCC. (A) YWHAB expression differences. (B) PPAT expression differences. (C) NOL10

expression differences. (a) between tumor and adjacent normal tissues in the FAHMSZU cohort. (b) between tumor and solid normal tissues in the TCGA-LIHC

dataset. (c) between different T grades tumor and solid normal tissues in the TCGA-LIHC dataset. (d) between different stages tumor and solid normal tissues in the

TCGA-LIHC dataset. (ns P ≥ 0.05; *P < 0.05; **P < 0.01; ****P < 0.0001).

YWHAB, PPAT, and NOL10 were all positively related to B
cells and dendritic cells. Notably, positive associations were
observed between YWHAB and all of immune infiltration as
well as tumor purity. In addition, the results of GSEA plots
revealed “DNA replication,” “Homologous recombination” and
“Mismatch repair” were three pathways in which genes were
significantly enriched. These enriched pathways were all closely
related to tumor proliferation (Figure 7).

Biomarkers Regulate HCC Cell
Proliferation and Migration
In order to verify the results of above bioinformatic analysis,
we next examined the influence of three biomarkers on
the biological behaviors of HCC cell lines. According to
the expression levels (Supplementary Figures 4A–C), the

HCC-LM3 and Huh7 cell lines were chosen for stable
knockdown experiments. YWHAB, PPAT, NOL10 were
knocked down in Huh7 and LM3 HCC cell lines, respectively.
As shown in Figure 8A, Supplementary Figures 3A, 4D the
transfection efficiency was examined by RT-PCR and western
blot, CCK-8 assays indicated that knocking down PPAT,
YWHAB expression suppressed the proliferative ability of HCC
cells, while the effect of NOL10 on HCC growth is insignificant
(Figure 8B and Supplementary Figure 3B). In addition, a
similar result was also observed with an EdU assay (Figure 8C
and Supplementary Figure 3C). Furthermore, it turned out
that colony formation in HCC cells was significantly reduced
after PPAT and YWHAB depletion (Figure 8D). Next, we
found that Huh7 and LM3 cell migration and invasion were
observably impaired after NOL10 knockdown (Figures 8E–G).
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FIGURE 7 | Association of biomarker expression with methylation, immune infiltration and tumor proliferation in the TCGA-LIHC dataset. (A) YWHAB, (B) PPAT, and

(C) NOL10. (a) Differences in promoter methylation levels between tumor and solid normal tissues. (b) Association between expression and methylation sites of DNA

sequences. (c) Association between expression and immune infiltration. (d) Top 3 enriched KEGG pathways in the high-expression group. (ns P ≥ 0.05;

*P < 0.05; **P < 0.01).

To determine the effect of hub genes on HCC growth in vivo, we
subcutaneously injected YWHAB-silenced or control LM3 cells
into nude mice. All tumors were collected 3 weeks after injection
(Figure 8H). The tumor volumes and weights were quantified.
The data indicated that silencing YWHAB reduced tumor weight
and tumor volume (Figures 8I,J).

Validation of Diagnostic and Prognostic
Value of Biomarkers
The Kaplan–Meier (KM) plotter was used to validate the
prognostic value of biomarker expression. We found that higher
expression of three biomarkers was significantly associated with
poorer overall survival, relapse-free survival, post-progression
survival, and disease-specific survival, suggesting that YWHAB,
PPAT, and NOL10 were reliable biomarkers for HCC prognosis
(Figures 9A–C). Moreover, high diagnostic value of these three
biomarkers was confirmed in the ROC curves depicted in the
TCGA-LIHC dataset and the FAHMSZU cohort (Figures 9D,E).

DISCUSSION

Globally, liver cancer is the fourth leading cause of cancer-related
deaths, with the sixth highest incidence (1). HCC accounts for
about 80% of all cases of primary liver cancer, most of which
occur in patients with chronic diseases such as hepatitis B
virus (HBV), hepatitis C virus (HCV) and alcoholism (25, 26).
The increase in deaths caused by HCC is a growing concern.
Despite significant advances in the early treatment of HCC
patients through surgery, the five-year overall survival rate is

only 50–70% (5). According to the World Health Organization
report, more than one million patients will die from liver
cancer by 2030. Thanks to comprehensive genomic analysis
and advances in bioinformatics technology, more molecular
events have been discovered to study new biomarkers and
therapeutic targets for HCC. For instance, many abnormally
regulated signaling pathways (such as RAS–MAPK, mTOR, and
WNT signaling) and the most frequently mutated drivers (such
as TERT promoter, CTNNB1 and TP53) have been confirmed
to be associated with HCC (11, 27, 28). Nevertheless, the
research achievements of molecular pathogenesis have not yet
transformed into molecular therapies for precision medicine
(29, 30). Therefore, there is an urgent need to find more effective
diagnostic and prognostic markers.

In our study, we adopted three methods of RRA, WGCNA,
and multivariate Cox regression analysis to explore novel
biomarkers. First, a total of 389 integrated DEGs were identified
between HCC samples and normal in 10 GEO datasets based
on the RRA analysis. The results of enrichment analysis in
multiple GO terms and KEGG pathways revealed that these
DEGs had close associations with the progression of HCC due
to their robust relations to oxidation-reduction process, zinc
ion binding, protein binding, and metabolic pathway. Notably,
protein binding is a critical factor in the advance of HCC.
Metabolic pathway plays an important role in drug metabolism
and may be a risk indicator for the common complications of
HCC (31). Furthermore, forty hub genes in the key module were
identified through gene co-expression network. Some of these
genes, such as FUBP1 (32) and TRIM (33), have been reported
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FIGURE 8 | Biomarkers regulate HCC cell proliferation and migration in vitro and in vivo. (A) HCC Huh7 was transfected with four siRNAs. qRT-PCR was used to

detect the transfection efficiency. (B) CCK-8 assays were conducted to examine Huh7 cell viability after the knockdown of YWHAB, PPAT, and NOL10 expression.

(C) EdU incorporation assays were used to examine cell proliferation (red signal). The cell nuclei were counterstained with Hoechst (blue signal). Representative

images and quantification are shown. (D) Knocking down YWHAB and PPAT expression inhibited colony formation in HCC cells. (E,F) Migration and invasion of Huh7

was detected after transfection with si-NOL10, respectively, for 24 and 48 h. (G) Migration of Huh7 cells was detected after transfection with si-NOL10 for 24.

(H) Photographs of the subcutaneous tumors are shown. (I,J) The tumor weights and volumes were measured. (ns P ≥ 0.05; *P < 0.05; **P < 0.01; ***P < 0.001;

****P < 0.0001).

to be correlated with the poor prognosis of HCC. Additionally,
viral process is the most enriched biological progress GO
term of all hub genes. However, how genetic alterations drive
cancer phenotypes in HBV/HCV-related HCC remains unknown
although viral hepatitis (especially chronic HBV and HCV
infection) is themost common cause of HCC, accounting for 80%
of HCC cases worldwide (34).

To further search for the effective biomarkers with diagnostic
and prognostic value, a multivariate Cox regression model
including hub gene expression and clinicopathological
characteristics was constructed. As a result, three biomarkers
were selected, namely YWHAB, PPAT, and NOL10.
Phosphoribosyl pyrophosphate aminotransferase (PPAT) is a key
regulatory enzyme in de novo purine nucleotide biosynthesis and
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FIGURE 9 | Kaplan–Meier survival analysis of high- and low- expression samples. (A) YWHAB, (B) PPAT, and (C) NOL10. (a) Overall survival. (b) Disease-specific

survival. (c) Post-progression survival. (d) Relapse-free survival. (D) Diagnostic ROC curves for YWHAB, PPAT, and NOL10 in the FAHMSZU cohort. (E) Diagnostic

ROC curves for YWHAB, PPAT, and NOL10 in the TCGA-LIHC dataset.

has become an attractive and credible drug target for leukemia
and other cancer therapeutics (35, 36), but its function in HCC
remains unclear. Previous studies have reported that circNOL10

is involved in cell proliferation and cell cycle progression of
lung cancer through the methylation of splicing factor epithelial
splicing regulatory protein 1 (ESRP1) (37), but the role of NOL10
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in HCC is implicit. Similar to the other two biomarkers, what
role YWHAB plays in the progression of HCC remains a mystery
while it proves to be a biomarker for idiopathic pulmonary
arterial hypertension (IPAH) (38). Significant differences in
expression of these three biomarkers between tumor tissues
and normal were observed in the TCGA-LIHC dataset and the
FAHMSZU cohort, indicating that YWHAB, PPAT, NOL10 were
overexpressed, especially in patients with advanced pathological
T grade and stage.

Moreover, the HCC microenvironment is a complex
ecosystem that fuses a variety of parenchymal cells and
immune-related cells, and the success of immune checkpoint
suppression in solid tumors highlights the key role of the tumor
microenvironment in tumor progression (39, 40). We utilized
TIMER to explore the biomarker-related immune infiltration
and tumor purity, and close associations with B cells and
dendritic cells were detected. One plausible hypothesisis that
an altered liver microenvironment, through reprogramming of
the inflammatory milieu, may contribute to HCC. Patients with
HCC present spontaneous antitumor immunity despite the fact
that they arise in a “tolerogenic” environment. Recently, some
immune-based approaches such as antigen-based vaccination
strategies (peptides, dendritic cells), immune checkpoint
blockade, adoptive cell therapy and Toll like receptor (TLR)
agonists have been shown in preclinical and clinical development
for HCC. Traditional subsets of dendritic cells (DC) (cDC1
and cDC2) have been reported to be inhibited due to local
factors (including IL-10), which prevented mature DCs from
inducing anti-tumor immune responses in HCC (41, 42). A
recent research has shown that upregulated β-catenin (CTNNB1)
promotes immune escape and involves defects in recruitment
of dendritic cells (43). In our work, the positive correlations
between biomarkers and immune cells suggested YWHAB,
PPAT, and NOL10 likely related to tumor microenvironment,
which affected the recruitment of infiltrating immune cells
into the tumor microenvironment of HCC. However, little is
known about the characteristics and functions of biomarkers and
immune cells (B cells and DC subsets) in patients with HCC. It
requires more work to confirm in the future.

To further uncover the potential biological functions of
biomarkers in HCC, we performed GSEA analysis on the high
expression groups of each biomarker and found that “DNA
replication,” “Homologous recombination” and “Mismatch
repair” were three significantly enriched pathways. Homologous
recombination is the main pathway to repair DNA double-
strand breaks, the most fatal form of DNA damage. Based on
the findings from GSEA, we proposed that YWHAB, PPAT,
and NOL10 made great contributions to the proliferation of
HCC. We further knocked down the expression of PPAT,
YWHAB, and NOL10 in HCC cells and found that depletion
of PPAT, YWHAB suppressed the tumor proliferation. The
effect of YWHAB on HCC growth was also observed in
vivo. Moreover, NOL10 silencing inhibited the migration
and invasion of HCC. Interestingly, higher expression of
three biomarkers has robust connections with poorer overall
survival, relapse-free survival, post-progression survival, and
disease-specific survival, indicating that YWHAB, PPAT, and

NOL10 are reliable biomarkers to predict prognosis in patients
with HCC. Based on the ROC curves, YWHAB, PPAT, and
NOL10 have also been identified as potential biomarkers for
diagnosing HCC with high sensitivity and specificity. The
above findings from bioinformatics analysis and laboratory
experiments demonstrated that novel biomarkers we selected
performed well for survival prediction and diagnosis of HCC.
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