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Background: Epithelial-mesenchymal transition (EMT)-related genes (ERGs) have been shown to play an
important role in cancer invasion, tumor resistance, and tumor metastasis of hepatocellular carcinoma. This
study sought to examine the prognostic value of ERGs and other pre-hepatoma genes.

Methods: Relevant data from The Cancer Genome Atlas (TCGA) were analyzed and synthesized.
Specifically, 1,014 ERGs were downloaded and subject to a gene set enrichment analysis; 318 different EAG
expressions were found, and the possible molecular mechanism of EAG was predicted by GO analysis and
KEGG analysis. To determine the prediction of ERGS, a Cox regression model was used to establish a risk
hypothesis. Based on risk patterns, patients were divided into high- or low-risk groups. Kaplan-Meier and
receiver operating characteristic (ROC) curves confirmed the predictive value of the model.

Results: Seven prognostically relevant ERGs (i.e., ECT2, EZH2, MYCN, ROR2, SPP1, SQSTM1, and
STC2) were identified. Using Cox’s regression analysis method, appropriate cases were selected to establish a
new risk prediction model. Under the risk model, the overall survival rate of the low-risk group samples was
higher than that of the high-risk group samples (P<0.00001).

Conclusions: In short, we developed a risk model for liver cancer based on ERGs terminology. This

model improve the postpartum treatment of patients with liver cancer.
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Introduction

As the 6th most common cancer worldwide, first-time liver
cancer is one of the most common malignant tumors (1).
It is also the 4th leading cause of cancer death. The disease
is mainly caused by hepatitis B virus (HBV) or hepatitis
C virus, infection, alcoholism, obesity, and nonalcoholic
fatty liver disease. With an incidence of 90%, liver cancer
is the most common pathological hepatocellular carcinoma
(HCC). In the early stage of liver cancer, patients may
be unaware of their diagnoses, as there are no obvious
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symptoms. Its development and transfer are very rapid. At
the time of diagnosis, most patients are locally advanced
or have distant metastases. Most advanced patients cannot
undergo surgery, and the recurrence rate of early patients
after 5 years is 50% (2). In general, the prognosis of HCC
patients is poor. Even with an accepted diagnosis of HCC
and rapid treatment, it is difficult to extend survival time
because of its high metastasis rate and recurrence rate.
Numerous researchers have sought to find a high-precision

diagnostic method to improve the detection rate of early
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liver cancer and extend the survival time and quality of life
of patients with liver cancer (3).

The metastasis of cancer cells is key to the high recurrence
and mortality of HCC; however, the mechanism by which
metastasis occurs is not clear (4). The activation of epithelial-
mesenchymal transition (EMT) is key to metastasis of tumor
cells; 90% of cells in human tumors are epithelial . Under
this EMT process , epithelial cells acquire the characteristics
of mesenchymal cells, and the ability of cell movement and
migration is enhanced (5). Pathologically, tumor cells grow
in the primary site, invade surrounding normal tissues,
penetrate the basement membrane, invade blood vessels,
enter the circulatory system, survive to reach remote sites,
invade blood vessels, and form new metastatic sites.

Databases containing the gene expression data and
follow-up data of patients have been established (6).
At present, most bioinformatic researchers are trying
to develop bioinformatic analysis methods using the
corresponding genome database to screen EMT-related
genes (ERGS) with a predictive index value for prognosis,
and establish a variety of prognostic models that can predict
cancer. However, the correlation between ERGS and HCC
prediction has not been studied (7).

HCC patients with similar clinicopathological features
have different prenatal and postpartum symptoms. Thus,
the possible mechanism by which the spread of liver
cancer can be inhibited needs to be identified, and a
new mechanism related to the precursor symptoms of
Adefovir (ADV) found. Meanwhile, we recognize the
treatment of patients with HCC and the postpartum
assessment of the high incidence and mortality associated
with HCC is essential. According to relevant reports in
the literature, the early spread of HCC is a key factor for
recurrence and death from HCC patients (8). However,
despite numerous studies, the mechanism underlying
the early metastasis of HCC is still very difficult to
understand.

To control the transfer of HCC, EMT should be used.
In previous studies, we confirmed the presence of 38-
RNF in the ring finger . In HCC, the induction of EMT
could potentially promote tumor invasion and metastasis.
By promoting transforming growth factor-beta, RNF38
could induce HCC cells EMT, thereby promoting the
invasion and metastasis of HCC cells in the body. During
EMT, epidermal cells may lose contact with each other due
to the melting of E-cadherin, which in turn increases the
possibility of migration, invasion, and cancer transmission
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in direct and indirect tissues (9). This is an important early
stage of HCC. This study showed that a large number of
genes associated with EMT can predict HCC.

With the emergence of the micro-matrix and sequence
method, the scientific community has constructed
genomic databases for multiple patients (10). Using
these databases, many studies have been carried out
on malignant and normal tissues to determine the
predictability of ERGS, and establish prognostic models
that use relevant genomes to predict a variety of cancers.
However, the preliminary value of ERGS in HCC has
not been fully studied. In this study, we used data from
The Cancer Genome Atlas (TCGA ) database, identified
genes and examined the clinical prognostic effects of
HCC . Prognostic predictors were derived from patients
identified to have prognostically relevant ERGS (11).
We used these data to establish the expression levels of
ERGS and formulae to generate a risk score for each
HCC patient and predict and assess the prognosis of each
HCC patient (12).

We present the following article in accordance with the
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-394).

Methods
Data acquisition

Epithelial-mesenchymal transition (EMT) gene were
obtained from dbEMT?2.0 database (http://dbemt.
bioinfo-minzhao.org/download.cgi). Totally, we obtained
1,184 EMT-related genes (ERGs) from the dbEMT2.0
database. RNA-seq data, as also the clinical information
for LTIHC were obtained from the TCGA database
(https://portal.gdc.cancer.gov/). Similarly, The LIRI-
JP dataset was obtained from the ICGC (https://daco.
icgc.org/) for the validation studies (13). The study was
conducted in accordance with the Declaration of Helsinki
(as revised in 2013).

Differentially expressed ERGs and enrichment analysis

We use the edgeR package in the R software to analyze
hepatocellular tumor samples and normal tissue samples
to identify differentially expressed ERGs, with adjusted
P<0.05 and Ilog2FCI >1. Volcano plots and heat maps
were visualized base on the ggplot2 and pheatmap packages
in R software. Evaluate the potential molecular mechanism
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of ERGS in cancer through GO analysis, KEGG analysis
and GSEA analysis. The results are visualized using the
clusterProfiler and richplot packages in R.

Construction and validation of ERG signature

In order to identify genes related to OS with P values
<0.01, Univariate Cox regression analysis was used.
Then, the significant prognostic genes were filtered by
multivariate Cox regression analysis. Following the results
of multivariate Cox regression analyses, a prognosis-
predictive formula was generated: Risk score = expression
of gene 1x G1 + expression of gene 2x G2 + expression of
gene nx Gn, where Gn represents the prognostic gene.
Then We used Kaplan-Meier survival curves and the
logrank method to estimate the prognostic significance.
A P value <0.05 was considered statistically significant.
Receiver operating characteristic (ROC) analyses were
performed in R survival ROC to validate gene signatures.
Subsequently, the patients with LIHC were classified into
low- and high-risk groups in either cohort based on the
median risk

Development of nomogram

Age, gender, stage, and risk score feature in this cohort were
used to construct a nomogram, using the survival and rms
package for R. Moreover, calibration curves were plotted
to assess the concordance between actual and predicted
survival (14).

Statistical analysis

All statistical analyses were applied with R (version 3.6.0).
The mRNA expression level was log2-normalized for
analysis. Kaplan-Meier analysis with a logrank test (15)
was performed for comparison between the low- and high-
risk groups. Univariate and multivariate Cox proportional
hazard regression analyses were performed to determine
prognostic values for risk scores, as well as various clinical
features. P value <0.05 was considered to indicate statistical
significance (16).

Results
Identification of differentially expressed ERGs

First, we downloaded data and clinical information about
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HCC patients from TCGA database, and extracted genes
from 400 HCC samples and 60 common samples. To
obtain the clinicopathological data of HCC patients,
including age, gender, organizational education, vocational
training, and tumor, node, and metastasis (TINM) stage (17)
data, we screened 393 HCC patients from the 400 HCC
samples. A set of genes from the dbEMT2.0 with the
marker for EMTs was then selected, showed in https://
cdn.amegroups.cn/static/public/jgo-21-394-1.xIsx. We
then used the software package to detect and analyze the
positive expression of RNA and check the Lima Wilcoxon
symbol level (FDR <0.05, log2FC >1). We then selected
the differentially expressed genes (DEGs) between HCC
and normal samples. From these results, we screened
12 downregulated ERGs and 84 upregulated ERGs from
the liver cancer samples (see Figure 1). The expression
levels of these DEGs in HCC and normal liver tissues were
showed by a volcano plot and heatmap plot (18,19).

Biological functions and significant pathway analysis

After the GO enrichment and KEGG analyses, the
molecular mechanism and biological effects of the
96 ERGs were studied. According to the results of the GO
analysis, ERGs are mainly involved in biological processes
related to tissue or embryo development (see Figure 2A). In
addition, the KEGG analysis showed that these 96 ERGs
interacted with extracellular matrix (ECM) receptors and
were associated with cancer proteoglycans and oncogenic
phosphatidylinositol 3-kinase (PI3K)/protein kinase B
(AKT) signaling pathway (Figure 2B).

Screening bub ERGs related to prediction model

After screening for differences in ERGs, Univariate Cox
analysis and multiple Cox regression analysis methods were
used to verified whether the model could be independent
progress factors.

Univariate Cox model results 32 ERGS were significantly.
Then a multivariate regression analysis was conducted to
determine and obtain the regression coefficients related to the
model. Results showed 7 prognostically relevant ERGs [i.e.,
ECT2, EZH2, MYCN, ROR?2, secretory phosphoprotein 1
(SPP1), SQSTM1, and STC2] were significantly (see Figure 3).

Establishment and validation of the prognostic model

After Univariate Cox analysis and multiple Cox regression
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Figure 1 Ninety-six differentially expressed ERGs in HCC and non-tumor hepatic samples. (A) A volcano map of the 96 screened ERGs;

and (B) a heatmap showing the expression of the 96 screened ERGs. EAGs, epithelial-mesenchymal transition-related genes; HCC,

hepatocellular carcinoma.

analysis, we obtained a list of differentially expressed ERGS
and then used the selected ERGS and their regression
coefficients to develop a prognostic prediction model
for HCC patients (Table I). The following formula was
applied to reveal the ERGS-related prognostic risk model:
(0.488729 x P3H1) + (0.106081 x SPP1) + (0.273528 x
MMP1) - (0.16391 x LGALS1) + [0.215136 x integrin-p5
(ITGB5Y)]. According to the median risk score (20-23), the
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samples were divided into high-risk groups and low-risk
groups. The results show that in the training and validation
cohorts, higher risk scores are correlated with the quality
of life of HCC patients (Figure 44-4F). The Kaplan-Meier
analysis displayed a significant difference in the outcome
of the patients between the high-risk group and the low-
risk group (log-rank test P<0.001; Figure 4G,4H). Next,

receiver operating characteristic (ROC) curve analysis was
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Figure 2 GO enrichment and KEGG pathway analyses of the 96 screened ERGs. (A) A circle plot of enriched GO terms; and (B) a bar
plot of the enriched pathways. GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; ERGs, epithelial-mesenchymal
transition-related genes.
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Figure 3 Univariate Cox regression results of prognosis-related ERGs in HCC. ERGs, epithelial-mesenchymal transition-related
genes; HCC, hepatocellular carcinoma.

Table 1 EMT genes include in HCC

Gene ID Coefficient HR HR.95L HR.95H P value
P3H1 gene 0.488729 1.630243 1.196957 2.220374 0.001932
SPP1 language 0.106081 1.111912 1.044272 1.183933 0.000924
MMP1 gene 0.273528 1.314595 1.077784 1.603437 0.006952
LGALS1 language -0.16391 0.848822 0.710058 1.014705 0.071911
ITGB5 language 0.215136 1.24003 0.93037 1.652757 0.142209

HCC, hepatocellular carcinoma.
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Figure 4 Predictive value of the ERGs signature for HCC in training cohort and validation cohort. (A,B) The risk score distribution of
HCC patients in training cohort and validation cohort. (C,D) Distribution of patients in the low- and high-risk groups based on their
survival status of HCC patients in training cohort and validation cohort. (E,F) Heatmap of ERGs expression profiles between high and low-
risk groups in training cohort and validation cohort. (G,H) Kaplan-Meier analysis of the prognostic model in training cohort and validation
cohort. (I,]) Time-dependent ROC curve analysis for the prediction of 1-, 3-, and 5-year OS using the ERG signature in raining cohort and

validation cohort. ERGs, epithelial-mesenchymal transition-related genes; HCC, hepatocellular carcinoma; OS, overall survival.

carried out to assess the discrimination capacity in training
and validation cohort. The areas under the curves (AUCs)
for 1-, 3-, and 5-year OS predictions in training cohort
and validation cohort were 0.782, 0.725, 0.691 and 0.641,
0.639, 0.52, respectively (Figure 41,47), which indicated
a good performance of these signature for prognostic
prediction (24,25).

© Journal of Gastrointestinal Oncology. All rights reserved.

Construction of a nomogram

We have developed a schematic diagram based on risk
models for the clinical design and application (26-29).
We analyzed and calculated the overall scores used to
predict the 1-, 2-, and 3-year overall survival of HCC
patients (30). According to Cox regression combined with
critical clinical parameters, the nomogram contains three
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Figure 6 Condition comparisons of the risk score relation to: (A) gender; (B) pathology (M0 and M1); and (C) pathology stage. HCC,

hepatocellular carcinoma.

prognostic parameters: age, gender, stage, and risk score
(Figure 5). Each patient gets the point for each prognostic
parameter, and the higher the total score, the worse the
result.

Subgroup analysis of the ERG signature

In order to find difference between to subtype. The
prognostic value of the ERG signature was used to explored
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in subgroups of patients with HCC with various clinical and
demographic features. Stratification analysis was carried
out according to the clinical features, including gender,
pathology metastasis, stage (Figure 6).

Discussion

HCC is a malignant tumor with a high recurrence rate and
poor prognosis (31). Previously, the clinicopathological
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features of HCC patients have been used to predict their
prognosis (32); however, these features do not accurately
assess prognosis. Later, serum tumor markers were used for
prediction; however, their accuracy is similarly insufficient.
Metastasis is a common feature of many cancers and an
important factor leading to poor prognosis and death in
patients with liver cancer. Metastasis is associated with
poor outcomes and mortality in patients with HCC. ERGs
have the potential to predict the prognosis of some tumors.
Thus, we sought to use ERGs to construct a prognosis
prediction model for liver cancer patients.

Research has shown that ERGs have good reliability
in predicting potential. Thus, it is necessary to research
and explore an advanced strategy based on prognosis
assessment in HCC patients with ERGs. We constructed a
prognosis prediction model based on TCGA database (33)
and clarified the prognostic value of global ERGs. First,
1,184 EAG lists from dbEMT?2 database were selected
based on information in TCGA database. From the
ERGs lists, 12 downregulated and 84 upregulated ERGs
were selected. GO enrichment and KEGG analyses were
performed to reveal the underlying biological pathways
and processes associated with these ERGs (34-36).

By analyzing the gene sequencing data and clinical
prognosis information of HCC patients, a predictive risk
model was constructed based on the five prognostic ERGS
(i.e., LGALS1, MMPI, P3HI, ITGBS, and SPP1). The
results of univariate and multivariate regression analysis
show that our risk model can be used as an independent
prognostic model, can predict the prognosis well, and
accurately assess the overall survival rate of HCC patients
(37,38). The predictive value of this model was verified
using Kaplan-Meier and ROC curves. The Kaplan-Meier
curves showed that the overall survival rate of patients in
the low-risk group was significantly higher than that of
patients in the high-risk group (P<0.00001). In addition,
compared to other clinical characteristics, the area under
the curve (AUC) value of the risk model was significantly
higher (AUC =0.723). Compared to other clinical features,
this model is more accurate at predicting the prognosis
of HCC patients. Finally, a histogram was constructed to
generate a model a risk score, the clinical characteristics of
patients were constructed, and overall survival was directly
predicted (39).

Previous studies have shown that the development
and prognosis of patients with HCC are associated with
some of these 5 EAG hubs. For example, one member of
the integrin family, ITGBS, promotes tumorigenicity in
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HCC. Thus, potential independent prognostic biomarkers
may exist in HBV-associated HCC patients. In addition,
gene metalloproteinase 1 (MMP1), a member of zinc-
dependent endocletic proteinases, degrades the ECM.
These genes regulate the EMT process in HCC by
disrupting the structural proteins. Poor prognosis in
HCC has also been associated with the high expression
of MMP1 (40). In addition, SPP1 integrin binding is
involved in overexpression in many cancers, including
HCC. Results showed that the prognostic value of HCC,
SPP1 has been widely studied and verified. However,
LGALSI, also known as galectin-1, is highly expressed in
some tumors (e.g., glioma, leukemia, and oral cancer), and
regulates the immune response, cancer metastasis, and cell
viability. So far, the role of LGALS1 in HCC has not been
studied to a large extent. Similarly, no evidence was found
for the role of P3H1 in HCC. Through bioinformatics
analysis, we discovered the role of LGALSI and P3HI in
predicting HCC and its prognostic value, which may help
other researchers to study HCC and provide new ideas
and discover new biomarkers for the prognosis of HCC
patients (41).

Sequencing data of ERGs and clinical information
from T'CGA were used to construct a reliable database of
prognostic risk models for HCC patients. Compared to
other clinicopathological features, we achieved satisfactory
results in terms of the prognostic predictive function of
the risk model. Additionally, we used Kaplan-Meier and
ROC curves for further investigations. Notably, this may
be the leading study in the prognosis of HCC patients and
the expression of their ERGs. It provides a new method to
predict and assess liver cancer prognosis with high accuracy
and precision (42).

Conclusions

In short, we built a risk prediction model using 7 ERGS
and nomograms . This new method detects the expression
of ERGS to predict patient clinical information. Compared
with traditional methods, this risk model method can
achieve better prognosis prediction and supervision for
HCC patients. Our findings provide new insights into the
relationship between hepatocellular carcinoma development
and EMT.
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