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ABSTRACT

Hepatocellular carcinoma (HCC) is a common disease. Multitarget therapy has been considered to be
effective. EphrinA3 (EFNA3) ligand has been proven to be related to many cancers but is rarely reported
in HCC. The purpose of this study was to investigate the clinical significance and mechanism of EFNA3 in
HCC. EFNA3 ligand has been related to many cancers. By analyzing data from the gene expression omni-
bus (GEO) and The Cancer Genome Atlas (TCGA) databases with R software, EFNA3 was found highly
expressed in patients with HCC, and the group with higher EFNA3 expression in patients with HCC had a
significantly poorer prognosis. EFNA3 expression was of high diagnostic value and can be an independent
clinical prognostic factor in HCC according to the COX regression and the area under the receiver operating
characteristic (ROC) curve. Anomalies in the EFNA3 gene suggested a poor prognosis in patients with HCC
analyzed by cBioPortal. The expression of EFNA3 was positively correlated with the infiltration of immune
cells and two immune checkpoints. The function of EFNA3 and its related genes has been linked to the Ras
signal pathway and affected the development of HCC. Based on exploring the clinical value of EFNA3, this
study used the bioinformatics method to reveal the role of EFNA3 in immune regulation and its possible
mechanism in hepatocellular carcinoma. (/nt J Biomed Sci 2023; 19 (1): 1-14)
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Liver carcinoma is a frequent cancer form, ranking
sixth among the most common type of tumors globally
and the third major cause of tumor fatality. There were
around 906,000 new cases and 830,000 deaths globally in
the year 2020 and HCC or liver hepatocellular carcinoma
(LIHC) is the highest incidence type among them, contrib-
uting to approximately 75% to 85% of cases (1). Because
of the limited effect of treatment methods, for example,
surgery is the main treatment scheme and is almost only
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suitable for early HCC. Still, the probability of metastasis
and recurrence after surgery is high. HCC has a dismal
prognosis (2, 3).

Nowadays, immunotherapy has become a compelling
way to tackle the disease. By forming a symbiotic inter-
action with cancer cells, the immune microenvironment
of HCC influenced tumor evolvement, invasion, recrudes-
cence, and metastasis (4, 5), the most effective treatments
may entail attacking various identified targets (6), Thus it
is necessary to continue exploring therapeutic targets of
HCC to find a more effective treatment, provide patients
with scientific and reasonable treatment, and improve their
prognosis.

The signal transduction pathway of receptor tyrosine
kinase (RTK) is critical in developing HCC (7). It was re-
ported that RTK plays an essential role in the cell growth
process, motility, survival, and differentiation (8). Eryth-
ropoietin-producing hepatocellular (Eph) receptor inter-
acting with plasma-membrane-bound ephrin ligands is
one of the major subsets of the RTK family iso be relevant
to tumors (9). There are currently 14 Eph receptors and
8 Ephrin ligands discovered in humans. EF-NA3 is one
of the Ephrin ligands and an explicit miR-210 target (10).
It can inhibit angiogenesis. MiR-210 can regulate cancer
cell propagation, metastasis, and apoptosis (11). MiR-210
induces migration and angiogenesis in endothelial cells by
inhibiting EFNA3 (10). At the same time, some studies
have shown that it is possible to mediate the high expres-
sion of EFNA3 in cancer through a long-chain non-coding
RNA, which was related to the hypoxia setting (12).

In recent years, it has been proved that the Eph/Ephrin
signaling pathway composed of EFNA3 and its receptor
is related to many tumors’ occurrence, development, and
prognosis. Such as gastric cancer [13] and lung adenocar-
cinoma (14). Given the role of EFNA3 in these tumors, it
is necessary to further explore EFNA3 in HCC patients.
However, there are few studies about the expression of
EFNA3 in HCC. In this research, we applied the TCGA
database (https:/portal.gdc.cancer.gov, a milestone dis-
ease genomics program, microscopically portrayed north
of 20,000 primary malignant growth and matched typical
examples traversing 33 malignant growth types) to inves-
tigate the diagnostic and prognostic value of EFNA3 ex-
pression in HCC and validated with two GEO datasets, as
well as exploring its association with immune infiltration,
biomarkers, and immunological checkpoints by various
tools. The mechanism involved in the incidence and pro-
gression of HCC, containing gene alternation and enriched
signalling pathways was investigated.
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MATERIALS AND METHODS

Expression analysis of EFNA3 in primary tumors and
paired normal tissue

We use UCSC Xena (https://xenabrowser.net/datapag-
es) to uniformly handle TCGA and the Genotype-Tissue
Expression (GTEx, https:/www.gtexportal.org, continu-
ous work to construct an extensive public asset to concen-
trate on tissue-specific gene expression and regulation)
RNAseq TPM format data and compare analysis after
log2 transformed.

EFNAZ3 differential expression in HCC patients

Through the TCGA database, we downloaded TCGA
HCC Patient RNA-Seq expression profile data (424 sam-
ples including 50 normal and 374 tumor tissues, Workflow
Type: HTSeq-FPKM) and clinically relevant data in March
2022. We compared these RNA-Seq with log2 logarithms,
and we compared 50 cancer samples with matched normal
samples to make the results more reliable. Meanwhile, im-
munohistochemical data of HCC patients and normal liver
tissues were gained for verification from the Human Pro-
tein Atlas (HPA, https://www.proteinatlas.org, being com-
mitted to providing all Human proteins of tissue and cell
distribution information).

HCC clinical correlation analysis and survival analysis
of EFNA3

The relationship between EFNA3 and clinical charac-
teristics was analyzed by R package ggplot2. The Kaplan-
Meier (KM) plot was utilized to show the prognosis of
HCC patients on the overall survival (OS) with various
degrees of EFNA3 expression by the survminer package
and survival package with R. Cox regression methods
were performed to investigate the effect of EFNA3 on the
overall survival (OS) of HCC by the R package survival.
We estimated the diagnostic value of EFNA3 by utilizing
the area under the ROC curve with R packages ggplot2
and pROC. Finally, by combining EFNA3 with clinical
variables, patients’ 1-, 3-, and 5-year survival probabili-
ties were predicted using a nomogram with the R packages
survival and rms. The above analysis was all based on the
TCGA database.

Validation with GEO database

From the GEO database (https://www.ncbi.nlm.nih.
gov/geo, including research institutions around the world
to submit high-throughput gene expression data), we fur-
ther verified the reproducibility of EFNA3 expression dif-
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ferences by comparing log2 logarithms of RNA-seq of
these samples and detected diagnostic value in HCC pa-
tients with the area under the curve of ROC in GSE14520
and GSE76427 datasets.

Gene alteration in patients with HCC

On cBioPortal (https:/www.cbioportal.org), the alter-
nation of the EFNA3 gene was analyzed for three data sets
of HCC (TCGA, Firehose Legacy; AMC Hepatology 2014;
INSERM, Nat genet 2015). To examine the significance
of the difference in survival, KM plots and a log-rank test
were performed.

Correlation analysis of EFNA3 with immune cell infil-
tration and immune checkpoints

TIMER (http:/timer.cistrome.org) online tool was uti-
lized to investigate the relationship between EFNA3 ex-
pression and immune infiltration in HCC. In addition, the
correlation of EFNA3 with the immune checkpoint was
investigated.

Enrichment analysis using Gene Ontology (GO) and the
Kyoto Encyclopedia of Genes and Genomes (KEGG)

The STRING database (https://string-db.org) was used
to gain protein-protein interaction (PPI) network informa-
tion of EFNA3. Protein interaction was considered statis-
tically significant when the interaction score was greater
than 0.9. A total of seven EFNA3 functional partner genes
were used in GO and KEGG enrichment analyses with R
packages clusterProfiler and org.Hs.eg.db.

Data analysis
R (3.6.3) software was utilized to analyze the data
downloaded from the TCGA database. To compare the dif-
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ferences between groups, the student’s t-test or Wilcoxon
rank-sum test was conducted. Correlations were examined
using Spearman or Pearson correlation tests appropriately.
The difference in prognosis was determined by log-rank
tests. The importance of single factor cox analysis (P<0.1)
was incorporated in the multivariate analysis in the Cox
regression analysis. Statistical significance was defined as
a P-value of less than 0.05.

RESULTS

Expression analysis of EFNA3 in primary tumors and
paired normal tissue

To investigate the potential roles of EFNA3, the ex-
pression of EFNA3 in 26 types of cancer in human was
compared with homologous normal tissue (Figure 1). In
breast invasive carcinoma (BRCA), kidney renal clear
cell carcinoma (KIRC), liver hepatocellular carcinoma
(LIHC), lung adenocarcinoma (LUAD) and other can-
cers, the expression level of EFNA3 in cancer tissues was
significantly higher than that in normal tissues. However,
no difference was found in head and neck squamous cell
carcinoma (HNSC) and pheochromocytoma and paragan-
glioma (PCPG).

Higher EFNA3 expression in HCC patients than nor-
mal liver tissue

The expression levels of EFNA3 in HCC patients were
compared to those in normal liver tissues to determine its
status. The expression of the EFNA3 gene was discovered
to be substantially higher in HCC tissues compared with
that in normal tissues (P<0.001 in Figure 2a). This finding
was confirmed in paired HCC tissues paired with normal
liver tissues (P<0.001 in Figure 2b). Immunohistochemi-
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Figure 1. EFNA3 expression situation on various cancers (TCGA tumor data compared with GTEx and TCGA normal tissue data).

*P<0.05, **P<0.01, ***P<0.001, ns, P>0.05.
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cal staining samples of HCC and normal tissues were ob-
tained from the HPA database, and it was discovered that
EFNA3 expression in HCC was substantially higher than
in normal tissues (Figure 2c, d). In the GSE14520 dataset,
we found that EFNA3 was also highly expressed in hepa-
tocellular patients (P<0.05, Figure 5a, b).

Clinical correlation analysis of EFNA3 in HCC

Tumor status (P=0.02), histologic grade (P=1.1e-05),
pathologic stage (P=4.6e-06), and T stage (P=3.9¢-06) had
significant differences in EFNA3 expression (Figure 3a-d).
Logistic analysis of EFNA3 expression level and clinical
characteristics showed that high EFNA3 expression was
intimately correlated with race, tissue grade, pathological
stage, and T stage (P<0.001 in Table 1), whereas EFNA3
expression did not differ significantly in clinical character-
istics such as age, gender, N stage, and M stage.

Prognostic analysis and diagnostic value of EFNA3 in
HCC

According to the survival analysis, a high level of
EFNA3 expression was linked to a poor prognosis (P=0.007

p=37e09

of EFNA3

Log, (FPKM+1)

xpression
Log, (FPKM+1)
The expression of EFNA3

The e

Normal Liver
Hepatocellular Carcinoma

Staining: High

Staining: Medium

Figure 2. EFNA3 differential expression in HCC patients. (a)
EFNA3 expression in tumor and normal tissues. (b) EFNA3
expression in paired tissues. (¢) Immunohistochemical staining
specimens of normal liver tissues with EFNA3. (d) Immuno-
histochemical staining specimens of HCC tissues with EFNA3.
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in Figure 4a). High EFNA3 expression was found to be a
risk factor for HCC survival in a univariate Cox regression
analysis (HR=1.609, 95%CI=1.136-2.280, P=0.007), and it
was discovered to be a reliable predictor of HCC survival
(HR=1.606, 95%CI=1.018-2.534, P=0.042) in a multivari-
ate Cox regression analysis (Table 2).

The area under the curve (AUC) of the ROC curve
analysis of EFNA3 expression in HCC was 0.922. (Figure
4b), indicating that EFNA3 had a high diagnostic value in
HCC. At the same time, in GSE14520 and GSE76427 da-
tasets, EFNA3 had a certain diagnostic value (AUC >0.6
in Figure 5c, d). Furthermore, combining the expression of
EFNA3 with clinical features, A nomogram was created
to estimate the likelihood of survival for 1, 3, and 5 years
(Figure 4c).

EFNA3 genetic alteration in patients with HCC

851 HCC patients in three studies (TCGA, Firehose
Legacy, AMC, Hepatology 2014, INSERM, Nat Genet
2015) were analyzed on cBioPortal. In HCC, the propor-
tion of EFNA3 alternation was 7%, and the rate of alter-
nation was 0 to 14.06% (53/377) (Figure 6a, b). The main
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Figure 3. Box plot evaluating EFNA3 expression of patients
with HCC according to different clinical characteristics. (a)
Tumor status; (b) Histologic grade; (c) Pathologic grade; (d) T
stage.
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Figure 4. Prognostic analysis and diagnostic value of EFNA3 in HCC. (a) KM plot on EFNA3 expression. (b) ROC curve analysis on
EFNA3 expression. (¢) Nomogram for estimating the probability of patients with 1-, 3-, and 5-year OS rates.
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alternation mode is gene amplification. The KM survival
curve was drawn according to the patients’ OS, the Log-
rank test was conducted, and the prognosis of the popula-
tion with EFNA3 gene alternation was found to be signifi-
cantly worse than that of the population without EFNA3
gene alternation (P<0.05) (Figure 6c).
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Figure 5. Validation with GEO database. (a, b) EFNA3 expres-
sion in tumor and normal tissues in GSE14520 and GSE76427
datasets. (c, d) ROC curve analysis on EFNA3 expression in
GSE14520 and GSE76427 datasets.

Immune infiltration and immune checkpoints correla-
tion analysis of EFNA3 expression in HCC

TIMER was utilized to investigate the link between
EFNA3 and immune infiltration. (Figure 7). The ex-
pression of EFNA3 and the purity of HCC had a sig-
nificant positive correlation. In HCC, there was also a
positive association between EFNA3 expression and
B cells infiltration (r=0.137, P=1.06e-03), CD4+T cells
infiltration (r=0.18, P=8.20e-04), CD8&+T cells infiltra-
tion (r=0.153, P=4.60e-03), Dendritic Cells infiltration
(r=0.25, P=3.03e-06), neutrophils infiltration (r=0.258,
P=1.23e-06). Then, in Table 3, the relationship between
EFNA expression in HCC and immune cell surface mark-
ers was investigated. The expression of EFNA3 was found
to be positively linked with biomarkers of B cell (CDI19,
CD20), T cell biomarkers (Tth, Thl, Th2, Th9, Thl7,
Th22, Treg), TAM biomarker (CD80), Nature Killer cell
(CD7, XCL1), Dendritic Cell (CDIC, CDll1c, CD141), and
Neutrophil (CD11b, CD15). But it is negatively correlated
with the biomarkers of M1 macrophage (COX2, INOS)
and M2 macrophage (ARG1, CD206).

The correlation analysis between two important im-
munotherapy points (PDCDI1, CTLA4) for HCC and the
expression of EFNA3 was carried out on the TIMER web-
site. The level of EFNA3 expression was positively cor-
related with PDCD1 and CTLA4 (Figure 8).

GO and KEGG enrichment analyses

Through the String database, the PPI network was
formed (Figure 9a). As shown in Table 4, 7 genes highly
related to the function of EFNA3 were selected (EPHAL,
EPHA2, EPHA3, EPHA4, EPHAS, EPHA7, PLCG1). GO
and KEGG analyses were carried out for these genes (Table

Table 1. Logistic analysis between EFNA3 expression and clinical features

Characteristics Total(N) Odds Ratio (OR) P value
Age (>60 vs. <=60) 370 0.737 (0.489-1.109) 0.144
Gender (Male vs. Female) 371 0.849 (0.549-1.311) 0.460
Race (Asian vs. Black or African American & White) 359 2.157 (1.414-3.310) <0.001
Tumor status (With tumor vs. Tumor free) 352 1.380 (0.904-2.111) 0.136
Histologic grade (G3 & G4 vs. G1 & G2) 366 2.950 (1.899-4.634) <0.001
Pathologic stage (Stage I1I & Stage IV vs. Stage I & Stage II) 347 2.927 (1.768-4.952) <0.001
T stage (T2 & T3 & T4 vs. T1) 368 2.842 (1.868-4.355) <0.001
N stage (N1 vs. NO) 256 2.642 (0.333-53.801) 0.403
M stage (M1 vs. M0) 270 2.580 (0.326-52.531) 0.414
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Table 2. Cox regression analysis of EFNA3 expression and clinical features in the prognosis of HCC patients

Univariate analysis

Multivariate analysis

Characteristics
Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

Age

<=60 Reference

>60 1.205 (0.850-1.708) 0.295
Gender

Female Reference

Male 0.793 (0.557-1.130) 0.200
Race

Black or African Reference

American & White

Asian 0.746 (0.515-1.080) 0.121
Tumor status

Tumor free Reference

With tumor 2.317 (1.590-3.376) <0.001 2.086 (1.310-3.322) 0.002
Histologic grade

Gl & G2 Reference

G3 & G4 1.091 (0.761-1.564) 0.636
Pathologic stage

Stage I & Stage 11 Reference

Stage III & Stage IV 2.504 (1.727-3.631) <0.001 1.401 (0.190-10.316) 0.741
T stage

T1 & T2 Reference

T3 & T4 2.598 (1.826-3.697) <0.001 1.707 (0.231-12.615) 0.600
N stage

NO Reference

N1 2.029 (0.497-8.281) 0.324
M stage

MO Reference

M1 4.077 (1.281-12.973) 0.017 1.353 (0.322-5.689) 0.680
EFNA3

Low Reference

High 1.609 (1.136-2.280) 0.007 1.606 (1.018-2.534) 0.042
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Table 3. Correlation analysis between the expression of EFNA3 and immune cell biomarkers in HCC (To be continued)

Immune cell Biomarker Correlation coefficient P value
B cell CDI19 0.135 ok
CD20(KRT20) 0.169 ok
CD38 0.033 0.525
CD8+ T cell CD8A 0.021 0.682
CD8B 0.034 0.516
Tfh BCL6 0.235 ok
ICOS 0.116 *
CXCR5 0.020 0.705
Thl T-bet(TBX21) -0.090 0.0837
STATI 0.087 0.0931
STAT4 0.01 0.849
IL12RB2 0.062 0.232
WSXI(IL27RA) 0.368 ok
IFN-y(IFNG) 0.107 *
TNF-a(TNF) 0.089 0.0882
Th2 CCR3 0.248 ok
GATA3 0.028 0.596
STATSA 0.199 Hkk
STAT6 0.135 ok
Th9 IRF4 0.077 0.138
PU.1(SPI1) 0.134 ok
TGFBR2 -0.087 0.0942
Th17 IL-17A -0.023 0.655
IL-21R 0.103 *
IL-23R 0.124 *
STAT3 0.152 ok
Th22 AHR 0.065 0.215
CCR10 0.296 ok
Treg CCR8 0.107 *
CD25(IL2RA) 0.184 ok
FOXP3 -0.106 *
MI1 macrophage COX2(PTGS2) 0.055 0.287
INOS(NOS2) -0.11 *
IRFS 0.203 ok
M2 macrophage ARGl1 -0.208 ok
CD206(MRCI) -0.141 ok
CDI115(CSF1R) 0.085 0.103
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Table 3. Correlation analysis between the expression of EFNA3 and immune cell biomarkers in HCC (Continued)

TAM PDCDILG2 -0.025 0.631
CD80 0.161 **
CD40 0.099 0.0578
TLR7 0.062 0.236
Nature killer cell CD7 0.174 ok
KIR3DLI -0.005 0.918
XCLI 0.165 *K
Neutrophil CDI11b(ITGAM) 0.246 Horx
CDI5(FUT4) 0.217 ok
CD66b(CEACAMS) -0.009 0.862
Dendritic cell CDIC -0.138 o
CDI11c(ITGAX) 0.146 ok
CDI141(THBD) -0.185 ok

Tth for Follicular helper T cell, Th for T helper cell, Treg for Regulatory T cell, TAM for Tumor-associated macro-
phage. *P<0.05, **P<0.01, ***P<0.001.
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5), forming a visual network (Figure 9b). KEGG analysis
found that EPHA1, EPHA2, EPHA4, EPHA7, and PLCG1
were enriched in “Axon guidance”, “Rapl signaling path-
way” and “Ras signaling pathway”. The expression of
EFNA3 was negatively associated with EPHA1 (r=-0.270,
P<0.001) and EPHA4 (r=-0.308, P<0.001), but positively
correlated with PLCGI (r=0.106, P=0.040) according to the
molecular correlation analysis (Figure 9c-g).

According to GO analysis. These genes were shown to

be involved in these biological processes (BP), including
“ephrin receptor signaling pathway,” “axon guidance,” and
“neuron projection guidance”. “Transmembrane-ephrin
receptor activity,” “ephrin receptor activity,” and “trans-
membrane receptor protein tyrosine kinase activity” were
included in the molecular function (MF) level. “Schaffer
collateral-CA1 synapse,” “glutamatergic synapse,” and
“neuromuscular junction” were included in the level of
cellular components (CC).

Table 4. Annotation of 7 functional partner genes of EFNA3

Gene symbol annotation score
PLCG1 1-phosphatidylinositol 4,5-bisphosphate phosphodiesterase 0.904
EPHA1 Ephrin type-A receptor 1 0.929
EPHA2 Ephrin type-A receptor 2 0.948
EPHA3 Ephrin type-A receptor 3 0.936
EPHA4 Ephrin type-A receptor 4 0.999
EPHAS Ephrin type-A receptor 5 0.914
EPHA7 Ephrin type-A receptor 7 0.924
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Figure 7. Relationship between EFNA3 expression and immune cell infiltration in HCC.
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Figure 8. immune checkpoints correlation analyses of EFNA3 expression in HCC. (a) PDCDI. (b)CTLAA4.

Table 5. GO term and KEGG pathway enrichment analyses

Ontology ID Description P value
BP G0:0048013 ephrin receptor signaling pathway 1.30e-13
BP G0O:0007411 axon guidance 3.38¢e-13
BP G0:0097485 neuron projection guidance 3.38e-13
CcC GO0O:0098685 Schaffer collateral - CA1 synapse 2.29¢-04
CcC G0:0098978 glutamatergic synapse 0.008
CcC G0:0031594 neuromuscular junction 0.008
MF G0:0005005 transmembrane-ephrin receptor activity 3.75e-20
MF G0:0005003 ephrin receptor activity 4.86e-20
MF G0:0004714 transmembrane receptor protein tyrosine kinase activity 3.16e-16

KEGG hsa04360 Axon guidance 2.29¢-12

KEGG hsa04015 Rapl signaling pathway 0.016

KEGG hsa04014 Ras signaling pathway 0.016
DISCUSSION

The Eph/ephrin signaling pathway regulates Eph-inter-
acting exchange proteins, which are involved in various
related signaling pathways such as axon guidance, cell mi-
gration and apoptosis, angiogenesis and vascular smooth
muscle contraction (15). EFNA3 as an Ephrin ligand has
clear research significance. This study explored the ex-
pression of EFNA3 and examined the impact of EFNA3
in HCC patients.

According to the findings of this research, the EFNA3
expression level was much higher in HCC when compared

www.ijbs.org
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with normal tissues. Combined with the correlation analy-
sis, it showed that EFNA3 expression was positively cor-
related with the severity of HCC. The results also showed
the expression of EFNA3 in Asians is higher than in Cau-
casian and black populations. This may partly explain pre-
vious conclusions regarding the highest incidence of HCC
in some Asian countries (1).

Survival analysis revealed that patients with HCC
who expressed a high level of EFNA3 had a worse prog-
nosis than patients with HCC who expressed a low level
of EFNA3, indicating that it might be utilized to predict
the prognosis of HCC patients and EFNA3 had a good di-
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agnostic value in HCC. Therefore, clinicians now have a
nomogram to predict survival in HCC patients, which will
aid doctors in forecasting patients’ prognoses and making
more scientific treatment decisions.

Gene alternation relates to the incidence and progres-
sion of tumors, often predicting a worse prognosis. The
percentage of EFNA3 gene alternations in HCC is 7%,
which was mainly gene amplification and was signifi-
cantly correlated with poor OS. Gene amplification may
be responsible for the high expression of EFNA3 in HCC
patients.

Immunotherapy is an effective treatment for HCC.
Some immune therapeutics, including therapy based on
dendritic cells, immunotherapeutic checkpoint inhibitors,
and adoptive cell immunotherapy, are effective for some
types of HCC (16, 17). This study showed a positive asso-
ciation of EFNA3 with a variety of immune cells in HCC.
Besides CD8+ T cells and macrophages, EFNA3 also
positively correlated with the related biomarkers. Further
study is needed to confirm the correlation of EFNA3 on
CD8+ T cells and macrophages. Prior studies have shown
that CD4+ T cells can inhibit the occurrence of HCC and
mediate tumor regression (18). It has been reported that
the level of T helper cell 17 (Th17) in HCC is significantly
higher than that in the normal group, and it is associated
with the prognosis of HCC (19). Tumor-associated macro-
phages (TAMs) and Regulatory T cells (Tregs) infiltration
are correlated with poor prognosis in HCC (20, 21) and
TAMs can contribute to the progression of HCC by pro-
moting proliferation, angiogenesis, and subsequent metas-
tasis (20). We found a positive correlation between EFNA3
and these cells. These findings imply that EFNA3 may re-
flect HCC patients’ immune microenvironment and play
a key role in immune modulation. Immune checkpoint
inhibitors such as PDCD]1 inhibitors and CTLA4 inhibi-
tors are considered to be effective in the treatment of HCC
(6). Our results showed that EFNA3 is positively corre-
lated with PDCD1 and CTLA4, suggesting that targeting
EFNA3 could improve the efficacy of immune checkpoint
inhibitors in HCC.

Molecules identified in the PPI network constructed
with EFNA3 as the center were enriched in the “Axon
guidance” signaling pathway, “Ras signaling pathway,”
and “Rapl signaling pathway” according to KEGG en-
richment analysis. In addition to axon guidance being
involved in the nervous system, Ras is a membrane-asso-
ciated guanine nucleotide binding protein. Actuated Ras
advances cell survival and multiplication in cancer cells,
and its maintenance of growth cell survival and against
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apoptosis are primarily mediated by PI3K/Akt and Rac/
NF-«kB. PI3K/Akt can deactivate B-cell lymphoma-2-as-
sociated death promoter (Bad) phosphorylation and resist
apoptosis. Rac can promote actin cytoskeleton remodel-
ing, NF-xB activation, up-regulation of B-cell lymphoma
2 (Bcl-2) and anti-apoptosis. RAS-associated protein 1
(Rapl) is a small GTPase that controls diverse processes,
such as cell adhesion, cell polarity and cell-cell junction
formation. It has been accounted for that Raplb, a sub-
type of Rapl can advance the expansion, relocation and
intrusion of HCC cells in vitro, as well as the event and
metastasis of growths in vivo (22). EFNA3 will affect HCC
through these signaling pathways.

GO enrichment analysis indicated that EFNA3 and its
interacting genes were involved in “axon guidance” and
“neuronal projection guidance” indicating that EFNA3
might be involved in functions of the nervous system. In
addition, it is also mainly related to regulating Eph recep-
tor activity and transmembrane receptor protein tyrosine
kinase activity. These functions are correlated with HCC
(7, 9), thus demonstrating the importance of EFNA3 in
HCC.

This study, however, has certain limitations. The data
acquired from the internet database was primarily stud-
ied in this study, and some groups were small in number,
which may have led to some results not being obtained. In
addition, we cannot determine the specific role of EFNA3
in the treatment of HCC due to incomplete information on
clinical treatment. This still needs to be discussed in the
subsequent related experiments. Presently, some research-
ers are conducting similar studies on Asian HCC patient
datasets and applying immunochemical tests to validate
the importance of EFNA3 in HCC patients (23).

CONCLUSION

This study reveals the important clinical value of
EFNA3. Meanwhile, this study found that EFNA3 is
involved in immune regulation. EFNA3 was mainly in-
volved in the Ras signaling pathway and then affected
HCC. Therefore, EFNA3 can be used as a potential thera-
peutic target for the diagnosis or treatment of HCC.
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