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Abstract: Hepatocellular carcinoma (HCC) patients are at high risk for both local recurrence and distant metastasis
and tightly associated with poor prognosis. Exploring the molecular mechanism will provide a new opportunity in
developing personal treatment for advanced HCC patients. As a critical member of the Retinal Determination Gene
Network (RDGN), EYA1 has been identified as a tumor promoter in various cancers; however, its role in HCC has
never been investigated. The present study was aimed to explore the role of EYA1 in HCC development. By analyzing
public microarray datasets, we found that the EYA1 mRNA level was enhanced in HCC, which was significantly corre-
lated with an aggressive phenotype and poor prognosis. Besides, EYA1 was coordinated with the fibronectin type IlI
domain containing 3B (FNDC3B) to promote the migration and invasion of HCC cells. Western blot assays indicated
that EYA1 not only increased the abundance of FNDC3B but also contributed to Epithelial-Mesenchymal Transition
(EMT)-like phenotype change, like increased N-cadherin and decreased E-cadherin expression. Collectively, this
study suggested that EYA1 activated FNDC3B to promote the migration and invasion in HCC. The aberrant expres-

sions of EYA1 and FNDC3B may become the poor predictors for HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth
common malignancy and the third leading
cause of cancer mortality worldwide, with more
than 780,000 cases diagnosed and 740,000
deaths annually [1]. Although there is impres-
sive progress in combination therapy for HCC
patients, like the success of lenvatinib in the
frontline and regorafenib in the second line
chemotherapy, the prognosis remains unfavor-
able. The five-year survival rate of the HCC
patients is less than 30% [2, 3]. The develop-
ment of HCC is involved in the accumulation of
genetic and epigenetic mutations of particular
oncogenes. Aberrant activation of specific sig-
naling pathways might function as a critical
regulator in hepatocarcinogenesis and metas-
tasis [4]. Therefore, understanding the molecu-
lar basis of HCC is essential for developing
effective strategies for this malignancy.

Eya belongs to the retinal determination gene
network (RDGN) family, which also contains a
dominant suppressor dachshund (dac/Dach)
and the Six family transcription factor sine ocu-
lis (so/Six) [D]. The EYA family is homologous to
the Drosophila eyes absent (eya) gene, a key
regulator for Drosophila eye morphogenesis
[6]. In vertebrates, there are four encode Eya
proteins (Eyal-4). They are characterized by a
271-amino acid carboxyl-terminal motif named
EYA domain (ED), which is conserved between
species and exhibits dual phosphatase activi-
ties [3, 7]. Another conserved EYA domain/N-
terminal domain (ED2/NTD) contains a rich st-
retch of proline/serine/threonine residues and
shows Ser/Thr phosphatase activity [5]. In hu-
mans, mutations in EYAs or disruption of the
SIX/EYA complex can cause branchio-oto-rena
(BOR) syndrome, an autosomal dominant gene-
tic disorder marked by undeveloped or absent
kidneys, deafness, auricular malformations and
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bronchial arch remnants [8-10]. EYA family
members keep silenced when cell, tissue and
organ finish the differentiation [6]. However,
abnormal re-activation of embryo development
related genes can trigger the tumorigenesis
and progression. Over the past decade, the
overexpression of EYA family members has be-
come one of “hallmarks of cancer”, including
sustained proliferative signaling, resistance to
cell death, angiogenesis, invasion, and metas-
tasis [11-13].

Basically, EYA family has two roles, either shows
the capacity to phosphorylate on tyrosine and
threonine, or functions as the essential tran-
scriptional cofactors for the SIX family of home-
oproteins [14]. EYA's Tyr phosphatase activity
have a broad effect on transcriptional regula-
tion [15], survival response to DNA damage by
de-phosphorylating H2AX [12], and inhibition of
the anti-tumor activity of ERB [16]. Among th-
em, the role of EYA1l in tumorigenesis and
tumor development has attracted wide atten-
tion. Overexpression of EYA1 has been found in
various types of cancer, including Wilms’ tu-
mors [17], breast cancer [18], gastric carcino-
ma [19] and a subset of leukemia patients
[20]. In breast cancer, exogenous expression of
EYA1 contributed to breast tumor growth and
induced cancer stem cell (CSCs) properties via
activation of cyclin D1 [18]. On the other hand,
knockdown EYA1 in breast cancer cells desta-
bilized the Myc expression, leading to cell cycle
arrest [21]. However, whether the oncogenic
role of EYA1 depending on tissue type has con-
tinued to attract great interest. To date, the
potential role of EYA1 in HCC has not been
evaluated. In the current study, we conducted
a combined analysis of available published
microarray data and immunohistochemistry
analysis on HCC patients’ tissues. Furthermore,
the functional role of EYA1 in HCC cell lines was
also investigated.

Materials and methods
Collection of tissue specimens

Primary HCC and the adjacent non-tumor (NT)
liver specimens were obtained from 20 HCC
patients who underwent the curative resection
in Zhongnan Hospital of Wuhan University.
None of them has ever received pre-operative
chemotherapy or radiation therapy. The paired
tissue specimens (tumor and adjacent normal
tissues) were collected from the patients after
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informed consent, the histological confirmati-
ons were obtained from the experienced path-
ologists. The study protocol was in line with the
ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the Hospital's
Protection of Human Subjects Committee.

RNA isolation, cDNA synthesis, and quantita-
tive real-time PCR

RNA was prepared from 100 mg tissue speci-
mens with TRIzol reagent (Invitrogen, USA). cD-
NA was reversed from 2 ug RNA using a reverse
transcription kit (TOYOBO, Japan). RT-qPCR was
performed with the SYBR® Green Real-time
PCR Master Mix Kit (TOYOBO, Japan). Gene ex-
pression was normalized to GAPDH. The sequ-
ence of primers was listed as following: EYA1:
(forward) 5-GTTCATCTGGGACTTGGA-3’, (rever-
se) 5-GCTTAGGTCCTGTCCGTT-3’; GAPDH: (for-
ward) 5’-CAATGACCCCTTCATTGACC-3/, (reverse)
5-GATCTCGCTCCTGGAAGATG-3".

Immunohistochemistry (IHC) staining and
quantification analysis

The fixed specimens were embedded in paraf-
fin and cut into 4-5 um thick sections. IHC stai-
ning was performed as previously described
[22]. Whole slide image was captured by EVOS
auto cell image system (Life technology, USA).
The immunohistochemical scores were asses-
sed by two experienced pathologists without
knowledge of patients’ information. For quanti-
fication, all stains were assessed at 200x mag-
nifications, and at least 3 fields from each core
were counted. Scores were determined by the
intensity and percentage of positive staining
tumor cell nuclei or cytoplasm in the whole tis-
sue stains as previously described [22, 23].

Cells culture and transfection

Human hepatocellular carcinoma cell lines Hu-
h7, SMMC-7721, Hep3B and HepG2 were cul-
tured in the recommended condition. Hep3B
cells were seeded at 50% confluence on the
day before transfection. HEK 293T cells were
transfected with either control vector or pcDN-
A3.1-EYA1 expression plasmid using Lipofect-
amine™ 2000 (Invitrogen, Carlsbad CA, USA).
The supernatant was collected for further infec-
tion. After selection by puromycin, the cells with
stable transfection were used for further exper-
iments. EYA1 expression was verified by quanti-
tative reverse transcription-PCR (QRT-PCR) and
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Western blot. HepG2 cells were seeded and
transfected with either siRNA or scramble con-
trol (Ribobio Company, Guangzhou, China) dup-
lexes using Lipofectamine™ 2000. The sequ-
ence of EYA1 siRNA: (sense) 5-CAGGAAAUAAU-
UCACUCACAAdTAT-3’; (antisense) 5’-UUGUGAG-
UGAAUUAUUUCCUGATAT-3". About 20 nM siRNA
was used per well and cells were incubated for
another 48 to 72 hours before being harvested
for gRT-PCR and immunoblot analysis.

Western blot analysis

Cell and tissue lysates were extracted using
ice-cold RIPA buffer and measured using a bi-
cinchoninic acid (BCA) protein assay kit (Pro-
moter, China). Proteins were resolved in 10%
SDS-polyacrylamide gels, and then blotted on-
to PVDF transfer membrane. The membranes
were subsequently incubated with primary anti-
bodies that targeted to EYA1 (Proteintech, Chi-
na), FNDC3B (Proteintech, China), E-cadherin
(Proteintech, China), N-cadherin (Cell Signaling
Technology, USA), GAPDH (Cell Signaling Tech-
nology, USA) and VINCULIN (Sigma, USA) at 4°C
for overnight. The membranes were subsequ-
ently incubated with horseradish peroxidase-
conjugated anti-mouse or anti-rabbit second-
ary antibody. The band images were digitally
captured and quantified using the enhanced
chemiluminescence (Kodak Image Station 4000
MM Pro, USA).

Scratch assay

To evaluate cell migration ability, 1x10° cells
were seeded into 24-well plate. The cell layers
were scratched to form a cell-free straight line
using a 10 ul plastic pipette tip and cultured in
serum free medium. The images were taken
after 36 h.

Transwell invasion assay

Transwell chambers (pore size 8.0 uym) (Corning
Inc., USA) were coated with Matrigel (BD Biosci-
ences, USA). Invasion assay was performed as
previously described [23]. All experiments were
conducted in triplicate.

Immunofluorescent staining

Cells were seeded on 12-mm coverslips in a
24-well plate (1x10° cells/well) at 37°C for over-
night. Cells were fixed with 4% paraformalde-
hyde, and permeabilized with 0.1% Triton X-100
and blocked using 5% goat serum for 30 min.
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Cells were further incubated with primary anti-
bodies. Next day, cells were incubated with sec-
ondary antibodies for 1 h at room temperature.
Nuclei were visualized by 4’,6-diamidino-2-phe-
nylindole (DAPI). The stained cells were exam-
ined with EVOS cell image system. Blinded me-
mbranous E-Cadherin quantification was quan-
tified by the ratio between the number of the
cells with membranous E-Cadherin and the
total number of DAPI-stained cells in the field of
vision.

Bioinformatic analysis

The gene expression data and clinical informa-
tion were downloaded from TCGA database
(https://cancergenome.nih.gov/) and Gene Ex-
pression Omnibus (GEO) databases (https://
www.ncbi.nlm.nih.gov/geo/). The data were ap-
plied to evaluate the association between the
target genes and the clinical information like
histological stage and survival time.

Statistical analysis

GraphPad Prism 6.0 software (GraphPad Soft-
ware, Inc., USA) was used for the statistical
analyses. The IHC scores were presented as
median * range and were tested whether the
data matched normal distribution or not. If it
was, then the difference between groups were
conducted by using parametric statistics (Stu-
dent t test), otherwise performing nonparamet-
ric statistics (Mann-Whitney test). The correla-
tions between clinicopathological and immuno-
histochemical variables were calculated accor-
ding to Person x? test. The gene expression
data from public databases were presented as
median + range. The data of PCR, scratch as-
say, invasion assays and immunofluorescent
stain assays were expressed as mean * stan-
dard deviation (SD). Between those groups
(PCR, scratch, invasion and IF assays) compari-
sons were conducted with Student t test.
Survival curves were estimated by the Kaplan-
Meier method and compared using the log-rank
test or the Wilcoxon test. P values < 0.05 were
considered statistically significant.

Results

High expressions of EYA1 were correlated with
the progression of hepatocellular carcinoma
patients

To identify the expression of EYALl in human
hepatocellular carcinoma, we employed the
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Figure 1. High expressions of EYA1 were correlated with the progression of he-
patocellular carcinoma patients. A: TCGA database analysis showed that the
mMRNA expression of EYA1 in normal and HCC tissue. B: gPCR detected the EYA1
mRNA level in HCC and the adjacent liver tissues (n = 20). C: Histogram showed
the EYA1 mRNA expression in T1-2 and T3-4 stage in the TCGA cohort (log?
transformed, n = 373). D: Kaplan-Meier survival curves of EYA1 in HCC based

on TCGA cohort was analyzed.

Cancer Genome Atlas (TCGA) database, which
contained the mRNA expression profiles with
the pathological characteristics as well as
survival information from 374 HCC patients.
This database was also included the mRNA
information of 50 normal liver tissues. It was
found that EYA1 was significantly upregulated
in the HCC compared with the normal liver tis-
sues (Figure 1A). We also evaluated the mRNA
expression of EYA1 among 20 pairs of HCC
samples with matched adjacent normal tissues
by RT-gPCR analysis. In comparison with adja-
cent liver tissue, the expression of EYA1 was
significantly increased in the tumor samples
(Figure 1B), which supports the results from
transcriptome sequence in TCGA datasets. To
identify whether EYA1l was correlated with
the development of HCC, we further analyzed
the relationship between the expression of
EYA1l and clinicopathological features in the
TCGA cohort. The mRNA expression of EYA1
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After analyzing the transc-
riptional levels of EYAL, we
ranked a cluster of genes
which showed a strong cor-
relation with EYA1 and fou-
nd a novel target gene, na-
med fibronectin type Ill do-
main containing 3B (FND-
C3B) (Figure 2A). FNDC3B,
also called FAD104 (factor
for adipocyte differentiation 104), is a known
regulator of adipocyte and osteoblast differen-
tiation and plays a critical role in cell adhesion,
growth, and migration [25, 26]. In hepatocellu-
lar carcinoma, FNDC3B can promote cell migra-
tion and metastasis [27]. To verify the associa-
tion between EYA1l and FNDC3B in HCC, we
utilized another GEO database GSE77314. The
correlation analysis indicated that EYA1l was
positively associated with FNDC3B (Figure 2B).
Since EYA1 may cooperate with FNDC3B in the
regulation of HCC, the combined evaluation of
the two genes would provide more precise
information in prediction of the clinical out-
come. As a result, high EYA1 and FNDC3B ex-
pression were significantly associated with
poor prognosis. Patients characterized by low
levels of both EYA1 and FNDC3B had the lon-
gest overall survival in this cohort (Figure 2C).
Meanwhile, GSE77314 (one cohort; n = 100) or
GSE14520 (two cohorts; n = 43, n = 445, res-
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Figure 2. FNDC3B was identified as a downstream target of EYAL1 and increased
in HCC. A: Heat map based on Oncomine database analysis showed the co-
expression genes of EYAL. B: The correlation analysis examined the relation-
ship between EYA1 with FNDC3B by using a GEO database (GSE77314). C: Ka-
plan-Meier survival curve of EYA1 combined with FNDC3B was analyzed based
on TCGA database. D and E: Analysis from GEO databases (GSE77314 and
GSE14520) showed that FNDC3B mRNA expression in normal and HCC tissue.

pectively) were applied to detect the profiles of
FNDC3B in HCC. As a result, it was suggested
in comparison with normal liver tissues, the
mRNA of FNDC3B in HCC was significantly
increased (Figure 2D and 2E). Together, it sug-
gests both of EYA1 and FNDC3B are increased
in HCC and associated with poor prognosis.

To further identify the protein abundance of
EYA1 and FNDC3B in human hepatocellular
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this cohort. The results fr-
om western blot were con-
sistent with IHC staining,
indicating EYAL integrated
with FNDC3B and highly ex-
pressed in HCC compared
with normal tissue (Figure
3F).

EYA1 contributed to the EMT in HCC

To detect the baseline expression of EYA1 in
HCC cell, 4 different cell lines were examined
by western blot analysis. After normalized by
GAPDH, we have found that EYA1l was highly
enriched in HepG2 and Huh-7 cells, whereas
kept lower expression in Hep3B and SMMC-
7721 cells (Figure 4A). In this study, we used
HepG2 and Hep3B cell lines to generate EYAL

Am J Transl Res 2019;11(4):2328-2338
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Figure 3. EYA1 was significantly associated with FNDC3B in human HCC. A: Representative images of the Immuno-
histochemistry (IHC) staining showed the expression of EYA1 and FNDC3B in HCC and adjacent normal tissue. B
and C: Semi-quantitative analysis of EYA1 and FNDC3B in normal and HCC tissue. D: Representative IHC staining of
EYA1 and FNDC3B in low-EYAL (IHC score < 6) and high-EYA1 (IHC score > 6), respectively. E: Semi-quantitative IHC
scores of FNDC3B in low-EYA1 and high-EYA1 group. F: Western blot showed the expressions of EYA1 and FNDC3B
in 6 paired of tumor (T) and adjacent tissue (A).

knock-in/knock-down in vitro model. We empl- to establish EYA1l overexpressing Hep3B cell
oyed lentivirus-mediated gene transfer system lines by transduced pcDNA3.1-EYA1 (referred
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Figure 4. EYA1 contributed to the EMT in HCC. A: Western Blot showed the baseline expression of EYAL in HCC cell
lines, including Hep3B, Huh-7, SMMC-7721 and HepG2 cells. B: gPCR analysis confirmed the stable overexpression
of EYAL1 in Hep3B cells and the EYA1 knockdown efficiency in HepG2 cells. C: Western blot examined the expres-
sions of EYA1, its downstream target FNDC3B, the EMT marker N-cadherin and E-cadherin. Vinculin and GAPDH
were used as internal control. D: The representative image of immunofluorescence (IF) staining for E-Cadherin (red)
in Hep3B-Vect or Hep3B-EYA1 cells. DAPI marked the nucleus. E: Quantification of the membranous E-Cadherin. *P

<0.05, **P < 0.01.

to as Hep3B-EYA1) and controls (referred to as
Hep3B-Vector) plasmid. Meanwhile, non-target-
ing negative control or siRNA was transduced
into HepG2 cell to silence EYA1l expression.
qPCR and western blot analysis were used to
confirm EYA1l knockdown efficiency in HepG2-
SiEYA1 cells and the overexpression of EYAL in
Hep3B-EYAL cells (Figure 4B and 4C). In accor-
dance with the previous findings, FNDC3B was
identified as a downstream target of EYAL.
Overexpression of EYA1 in Hep3B cells signifi-
cantly increased the abundance of FNDC3B
compared to the control group. Conversely,
knockdown EYA1 in HepG2 cells could induce a
reduction of FNDC3B (Figure 4B). To further
evaluate the effect of EYA1 on EMT process,
the epithelial markers including N-cadherin and
E-cadherin were examined by Western Blot and
Immunofluorescent (IF) staining. Transfecting
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the exogenous EYA1 gene into Hep3B cells can
increase N-cadherin expression, and EYA1 kn-
ockdown resulted in a reduction of N-cadherin
(Figure 4C). The data either from Western Blot
or IF staining suggested that EYA1 significantly
decreased the expression of E-cadherin (Figure
4C-E). These data indicated that EYA1 could
cooperate with FNDC3B to induce the EMT-like
phenotype change in HCC via increasing N-ca-
dherin and decreasing E-cadherin.

EYA1 increased cell migration and invasion in
HCC

To identify the functional role of EYA1 in HCC,
the wound healing and Transwell invasion assay
were performed to investigate the migration
and invasion ability. Wound healing assays indi-
cated the Hep3B cell with ectopic expression of

Am J Transl Res 2019;11(4):2328-2338
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Figure 5. EYA1 increased cell migration and invasion in HCC cells. A: The repre-
sentative images of wound-healing assay in Hep3B cells with EYA1 overexpres-
sion vs. vector group at O h and 36 h, respectively. B: Quantification of migrated
distance in Hep3B cells. C: The representative images of wound-healing assay
in HepG2 cells with EYA1 knockdown by siRNA compared to negative control
(NC) at O h and 36 h, respectively. D: Quantification of migrated distance in
HepG2 cells. E: The representative images of Transwell assay in Hep3B vector
and EYA1 overexpression group. F: Quantification of Transwell invasion assay
in Hep3B cells. G: The representative images of Transwell assay in HepG2 cell
transfected by NC and EYA1 siRNA. H: Quantification of Transwell invasion assay

in HepG2 cells.

EYA1 showed faster closure (Figure 5A and
5B), whereas there was a significant reduction
in migration of HepG2 cells after knockdown
EYA1 by siRNA (Figure 5C and 5D). Similarly,
the number of invaded cells was significantly
increased after ectopic expression of EYAL in
comparison with the vector group (Figure 5E
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ing multiple public microar-
ray datasets as well as our
cohort. In vitro, FNDC3B was
identified as a novel down-
stream target of EYAL. EY-
Al promoted cell migration
and invasion via regulation
EMT process in HCC.

Compared with the other
two families of RDGN (SIX
and DACH), the molecular
regulation of EYAs is more
complicated, since its dual roles as either pro-
tein phosphatase or transcriptional cofactor for
SIX family. For example, recent evidence has
been highlighted that Eya3 can control the sta-
bility of c-Myc via PP2A-B56a-mediated depho-
sphorylation on phospho-T58 (pT58) in breast
cancer [28]. EYA1 also stabilized c-Myc protein
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abundance via decreasing the pT58 levels and
mediated c-Myc ubiquitination via FBW-depen-
dent manner [21]. Meanwhile, EYA can interact
with SIX1 to induce EMT and metastasis, wh-
ereas disruption in the binding domain of the
helix structure in EYA-SIX1 complex can dimin-
ish this effect [8]. But beyond that, whether
EYAs exhibit other possible regulation indepen-
dent of the existing mechanisms trigger exten-
sive interest. In this study, FNDC3B was identi-
fied as a novel downstream target of EYAL in
regulating EMT process during HCC metasta-
sis. EYA1 integrated with FNDC3B to increase
the migration and invasion in HCC cells, which
may be dependent on the regulation of N-cad-
herin and E-cadherin expression. However, we
didn’t exclude the possibilities that the tyrosine
phosphatases or SIX1 are required for the regu-
lation of FNDC3B by EYA1. Therefore, the next
challenge is exploring the molecular basis un-
derlying the connection between EYA1l and
FNDC3B in HCC development.

FNDC3B also called FAD104 (factor for adipo-
cyte differentiation 104), is involved in adipo-
cyte and osteoblast differentiation, and lung
maturation by regulating cell adhesion, growth,
and migration [25, 26]. To date, the research of
FNDC3B in cancer is still in a preliminary stage,
and the studies from different groups have pro-
duced conflicting results. FNDC3B was found to
suppress the invasion and metastasis of mela-
noma cells by inhibition of STAT3 activity [29].
On the contrary, an integrated microarray study
by overlapping the common genes with a chan-
ged expression in 20 different cancer types
indicated that FNDC3B was one of the up-regu-
lated genes in all cancerous tissue [30]. An-
other evidence supporting FNDC3B as an onco-
gene was the overexpression of FNDC3B were
found in over or close to 50% of esophageal,
lung squamous and ovarian cancers, which
was tightly associated with EMT process and
activation several key pathways in tumorigene-
sis and tumor progression, including PI3-
kinase/Akt, Rb1 and TGFB signaling [31]. In
HCC development, only one group has reported
that FNDC3B can promote tumor cells migra-
tion and invasion, but the molecular mecha-
nism is still largely unknown [27]. One novel
finding from our study was FNDC3B was identi-
fied as a poor predictor in the clinical outcome
of HCC patients. Besides, FNDC3B performed
as a downstream target of the oncogenic EYA1
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in regulation the EMT process of HCC. Thus, itis
convincible that FNDC3B is a critical mediator
in EYA-dependent oncogenesis.

Although most of the studies support the role
of EYA as a tumor promoter in breast and ovar-
ian cancer [18, 32], in pancreatic cancer, EYA2
showed the opposite effect, which decreased
the tumor growth [33], suggesting EYAs has its
specificity in relation to different cell or tissue.
Another interesting finding from our study was
EYA1l increased expression in HCC compared to
normal liver tissue confirmed by the analysis
from both multiple public microarray datasets
and our cohorts. Our study further indicated
EYA1 was an independent prognostic factor for
HCC patients and a combined evaluation of
EYA1 and FNDC3B profiles would provide more
accurate survival prediction. Intriguingly, EYAs
have recently become the novel molecular tar-
gets for chemotherapy. To antagonize the tyro-
sine phosphatases activity of EYA protein,
seven novel classes of compounds were found
through structure-based virtual screening tech-
nology [34]. A recent finding suggested that
EYA1 integrated with hypoxia-inducible factor 1
(HIF-1a) to induce VEGF-A expression, resulting
in tumor angiogenesis in the colorectal tumor
[35]. In this respect, Benzbromarone and its
derivate, Benzarone were found to be the EYA
inhibitors [36], and 6-hydroxy Benzbroma-
rone inhibited angiogenesis by blocking the
activity of EYAs [37]. Earlier evidence has raised
the possibility that targeting upstream signal of
EYAs by small molecular inhibitors, like PI3K/
Akt pathway, would bring potential clinical ben-
efit to specific subpopulation [38]. Importantly,
the activator of the Wnt signal pathway, lithium
chloride was identified to reduce the expres-
sion of EYA1 and SIX2 [39]. EYAs are also
involved in immune regulation during tumor
development. Recently, Dr. Ford has found that
Eya3 coordinated with PD-L1 to induce immune
suppression via decreasing CD8+ T cell amount
in triple-negative breast cancer [40]. Therefore,
therapies targeting EYAs may have a broad
effect and be a more effective and durable
treatment to advanced HCC patients.

In conclusion, we demonstrate that EYA1 was
upregulated in HCC tissues and closely corre-
lated with the poor outcome of patients. More
importantly, our research indicated that EYAL1
contributed to the progression of HCC via acti-
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vation of FNDC3B and induced EMT-related
genes expression. Comprehensively evaluation
of EYA1 and FNDC3B profiles could provide
novel insight into the molecular mechanism
underlying HCC as well as develop specific ther-
apeutic strategies for personal treatment.
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