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Abstract. The aim of the present study was to evaluate the
diagnostic and prognostic significance of the long non-coding
RNA (IncRNA) endoplasmic reticulum membrane protein
complex subunit 3 antisense RNA 1 (EMC3-AS1) in liver
cancer, and its impact on the proliferative and invasive
capabilities of liver cancer cells. EMC3-AS1 expression
in liver cancer was assessed using data from The Cancer
Genome Atlas and three Gene Expression Omnibus datasets,
and validated in clinical liver cancer samples using reverse
transcription-quantitative PCR. The prognostic and diagnostic
potentials of this IncRNA were evaluated using Kaplan-Meier
and receiver operating characteristic analyses, respectively.
The infiltration of immune cells and differential expression of
immune checkpoints (ICs) between high- and low-EMC3-AS1
expression groups were investigated. Therapeutic correla-
tion analyses were also undertaken to assess the impact of
EMC3-AS]I in the treatment of liver cancer. In addition, in vitro
experiments were conducted using small interfering RNA to
knock down the expression of EMC3-ASI in HepG2, Sk-Hep-1
and Huh-7 cells, and evaluate the effect on cell prolifera-
tion, colony formation and migration. The results revealed a
significant upregulation of EMC3-ASI expression in liver
cancer tissues compared with that in adjacent normal tissues,
which was associated with an unfavorable prognosis and
demonstrated diagnostic effectiveness for patients with liver
cancer. Furthermore, patients with high EMC3-ASI expression
exhibited increased levels of IC markers in comparison with
those with low EMC3-AS1 expression. In addition, EMC3-AS1
was indicated to have clinical significance in the prediction of
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the response to immunotherapy and chemotherapy. Notably,
the in vitro experiments demonstrated that the knockdown of
EMC3-AS1 significantly hindered cell proliferation, colony
formation and migration. Consequently, it was concluded
that EMC3-AS] is upregulated in liver cancer and serves as
a prognostic indicator for unfavorable outcomes in patients
with liver cancer. Additionally, targeting EMC3-ASI through
knockdown interventions showed potential in mitigating the
ability of liver cancer cells to proliferate and migrate, which
highlights its dual role as a biomarker and therapeutic target
for liver cancer.

Introduction

According to 2020 Global Cancer Statistics, liver cancer
accounts for 75-85% of primary liver tumors, with ~906,000
new cases diagnosed each year, and is the third most frequent
cause of cancer-associated mortality worldwide (1). Due to the
insidious onset of liver cancer and the absence of early clinical
manifestations, the majority of patients with liver cancer are
diagnosed at an advanced disease stage, which precludes
surgical intervention (2). Despite advancements in treatment
modalities such as liver transplantation, anatomical liver
resection, interventional therapy, local ablation therapy, radia-
tion therapy and targeted therapy, the 5-year overall survival
(OS) rate remains at <15% (3).

Long non-coding RNAs (IncRNAs), a class of RNAs >200
nucleotides in length without protein translation capacity,
play a pivotal role in tumorigenesis (4). Certain IncRNAs
are known to be involved in various biological processes,
including cell stemness, DNA damage, chemical resistance,
immune escape, epithelial-mesenchymal transition (EMT) and
metabolic disorders (5). The aberrant expression of IncRNA
may contribute to the occurrence, progression, invasion and
metastasis of diverse tumors, including liver cancer (6-9).
For instance, Tang et al (10) identified that the expression
of IncRNA CRNDE was upregulated in liver cancer, and
promoted the proliferation and migration of liver cancer cells
by sponging microRNA (miR)-337-3p, thereby upregulating
the expression of sineoculis homeobox homolog 1. In another
study, IncRNA CEBPA-DT was shown to interact with
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heterogeneous nuclear ribonucleoprotein C, thereby activating
the interaction between discoidin domain receptor 2 and
[-catenin, leading to liver cancer metastasis (11). Furthermore,
IncRNA SNHG7 was indicated to induce the proliferation and
migration of liver cancer cells by sponging miR-122-5p (12),
and IncRNA ANRIL was demonstrated to regulate liver cancer
cell proliferation, migration and invasion via the targeting of
miR-384 and modulation of STAT3 (13).

The formation of N6-methyladenosine (m6A) is a
frequently occurring epigenetic modification that is
essential for mRNA splicing, export, translation and
degradation, and has been shown to play an important role
in the occurrence and progression of numerous malignan-
cies (14). Previous studies have demonstrated that IncRNAs
regulate m6A modifications in various types of cancer (15).
Endoplasmic reticulum membrane protein complex subunit
3 antisense RNA 1 (EMC3-ASI) is an IncRNA located on
chromosome 3q25. A correlation analysis performed in our
preliminary screening analysis (unpublished data) revealed
that the expression of EMC3-AS] positively correlates with
that of m6A-associated genes in liver cancer, including
methyltransferase-like 3, RNA-binding motif protein
15B, YTH N6-methyladenosine RNA-binding protein
F1, heterogeneous nuclear ribonucleoprotein A2/B1 and
RNA-binding motif protein X-linked. However, the expres-
sion and function of IncRNA EMC3-ASI have not yet been
thoroughly explored in liver cancer.

In the current study, the differential expression of
EMC3-ASI between liver cancer tissues and adjacent normal
(AN) liver tissues was identified by the analysis of data
from The Cancer Genome Atlas (TCGA) and three Gene
Expression Omnibus (GEO) datasets, and subsequently vali-
dated in a primary clinical cohort. The potential association
of EMC3-ASI expression with the prognosis and diagnosis of
patients with liver cancer was then explored. The tumor micro-
environment (TME) was also compared between liver cancer
tissues with high (H) and low (L) expression of EMC3-AS]I.
Additionally, EMC3-ASI was silenced using small interfering
RNA (siRNA) in HepG2, Sk-Hep-1 and Huh-7 liver cancer
cells, and cell proliferation, colony formation and migration
were evaluated in vitro.

Materials and methods

Data acquisition and expression analysis. Gene expres-
sion data, comprising fragments per kilobase of transcripts
per million mapped reads, and the respective clinical data
of patients with liver cancer were obtained from TCGA
(http://cancergenome.nih.gov/). Subsequently, the format of
the gene expression data was converted into transcripts per
million reads values for analysis. In addition, three datasets
(GSE22058, GSE25097 and GSE64041) (16-18) containing
data on 428 tumor specimens and 451 AN specimens were
downloaded from the GEO database (https://www.ncbi.nlm.
nih.gov/geo/) for the validation of EMC3-ASI expression
(Table SI). The expression of EMC3-ASI was compared
between tumor and AN tissues in the datasets from TCGA
and the GEO, and 50 pairs of liver cancer tissues and AN
tissues from the same patients in TCGA were compared as
well.

Collection of patients and tissue specimens. A total of 42 liver
cancer and 35 AN tissues (at least 2 cm away from the tumor
edge) were acquired from patients with liver cancer (n=42;
mean age, 60.1 years; age range, 35-80 years) who under-
went liver resection in Sichuan Provincial People's Hospital
(Chengdu, China) between January 2022 and September 2022.
Information on each patient is listed in Table SII. Patients in
this study were diagnosed with liver cancer by preoperative
imaging examination or biopsy, and their preoperative liver
function was classified as Child-Pugh grade A (19). None of
the patients underwent preoperative therapy. Patients with
cholangiocarcinoma or metastatic liver cancer were excluded.
After resection, all tissue specimens were promptly frozen in
liquid nitrogen and preserved at -80°C. The present study was
conducted in compliance with the Declaration of Helsinki and
was approved by the Ethics Committee of Sichuan Provincial
People's Hospital (approval no. 2022-2). Before surgery, all
patients provided written informed consent for the use of their
tissue samples in the present study.

RNA extraction and reverse transcription-quantitative
PCR (RT-qPCR). Total RNA was isolated from liver cancer
and normal liver tissues using TRIzol® (Invitrogen; Thermo
Fisher Scientific, Inc.). A NanoDrop spectrophotometer
(NanoDrop Technologies; Thermo Fisher Scientific, Inc.)
was utilized to examine the yield and purity of the RNA
samples. A 260/280 optical density ratio of 1.8-2.2 was
considered to indicate acceptable RNA purity. Agarose gel
electrophoresis was then conducted, and the integrity and
diffusion of the bands were examined to assess the quality
of the total RNA. Samples displaying RNA degradation
during collection were excluded to ensure the accuracy and
reliability of the experimental data. Subsequently, cDNA
synthesis was conducted using a PrimeScript™ RT Reagent
kit with DNA Eraser (Takara Bio, Inc.) according to the
manufacturer's instructions. qPCR was then conducted
using TB-Green®-Premix-Ex-Taq™-II (Takara Bio, Inc.).
EMC3-AS1 and GAPDH gene products were amplified,
with the latter serving as the reference gene. qPCR was
performed under the following conditions: 95°C for 30 sec,
then 40 cycles of 95°C for 5 sec, 55°C for 30 sec and 72°C
for 1 min, followed by 95°C for 10 sec and 65°C for 5 sec.
The primers used were as follows: GAPDH forward, 5'-ACA
TCGCTCAGACACCATG-3' and reverse, 5'-ACCAGAGTT
AAAAGCAGCCC-3'; and EMC3-ASI forward, 5'-TGC
CTCAGTATCTGAACACAAG-3' and reverse, 5'-TTGAGC
CAGGGACATTTCTG-3'". Relative expression level was
obtained using the 242°4 method (20).

Prognostic and diagnostic value of EMC3-AS1. Patients with
liver cancer from TCGA were categorized into H-EMC3-AS1
and L-EMC3-AS1 expression groups according to the median
EMC3-ASI expression value. Kaplan-Meier analysis and
the log-rank test were used to compare OS and disease-free
survival (DFS) between the H- and L-EMC3-AS1 expres-
sion groups using the survival (version 3.3) package in the
R platform. The pROC (version 1.18) (21) package was used
to perform receiver operating characteristic (ROC) curve
analysis on the aforementioned datasets and the present
cohort.
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Functional enrichment analysis. Gene set variation analysis
(GSVA) was performed to assess the variation of pathways
between the H- and L-EMC3-AS1 expression groups using the
GSVA (version 1.44.2) package in R (22), and the data were
displayed using heatmaps. Hallmark and Kyoto Encyclopedia
of Genes and Genomes (KEGG) gene sets were acquired from
MSigDB (23). Gene set enrichment analysis (GSEA) was
carried out to determine the differential functional phenotype
between the H- and L-EMC-ASI expression groups using the
clusterProfiler (version 4.4.4) (24) package. A false discovery
rate (FDR) of <0.05 was used as the cut-off threshold for signif-
icantly enriched gene sets. The limma (version 3.52.1) (25)
package was employed to identify differentially expressed
mRNAs (DEmRNAs) between the H- and L-EMC-ASI1
expression groups. Genes with a llog2 fold-change (FC)I>1 and
FDR <0.05 were selected as DEmRNAs. Gene Ontology (GO)
and KEGG pathway analyses were performed using the clus-
terProfiler package. Adjusted P<0.05 was used as the cut-off
threshold for GO terms and KEGG pathways.

Analysis of EMC3-AS1 as a risk factor for OS and its asso-
ciation with clinicopathological features. Univariate and
multivariate Cox regression analyses were conducted to screen
for the risk factors for poor prognosis (shorter OS time) in
patients with liver cancer. Subgroup analyses for EMC3-AS1
expression were conducted based on age, sex, tumor stage,
pathological stage, tumor grade, Child-Pugh stage, bilirubin
level, a-fetoprotein (AFP) level and vascular invasion status.
The 7th American Joint Committee on Cancer staging system
was used for staging (26).

Association of EMC3-AS1 expression with tumor-infiltrating
immune cells (TIICs). CIBERSORT (version 1.06) (27) is
a deconvolution algorithm used to distinguish 22 human
immune cell subtypes based on the gene expression in
complex tissues. The CIBERSORT algorithm was used to
determine the fraction of TIICs in the tumor environment,
and the associations between the infiltration of 22 subtypes
of immune cells and EMC3-AS1 expression in liver cancer
were determined.

Immune checkpoint (IC) inhibitors (ICIs) have mark-
edly changed cancer treatment in recent decades (28). Thus,
the mRNA expression levels of 35 ICs, such as cytotoxic
T-lymphocyte antigen 4 (CTLA4), programmed cell death
protein 1 (PDCDI), CD86, CD274, CD276, hepatitis A virus
cellular receptor 2 (HAVCR?2), lymphocyte-activation gene 3
(LAG3), galectin 9 (LGALS9), neuropilin 1 (NRPI) and T cell
immunoreceptor with Ig and ITIM domains (T/GIT), among
others, were compared between the H- and L-EMC-ASI1
expression groups in the present study.

The activity of cancer stem cells (CSCs) can be quantified
using the mRNA stemness index (mRNAsi) and epigeneti-
cally regulated mRNAsi (EREG-mRNAsi) (29), which reflect
the dedifferentiation capacity of CSCs. Therefore, the score
of mRNAsi and EREG-mRNAsi obtained from previous
research (29) were compared between the H- and L-EMC3-AS1
expression groups. Pearson's correlation analysis was applied
to investigate the correlations between the expression of
EMC3-AS1 and mRNAsi or EREG-mRNAsi. Furthermore,
ESTIMATE score, immune score and stromal score generated
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by ESTIMATE algorithm (30) could reflect tumor immune
infiltration level. These scores of patients with liver cancer
in TCGA were obtained from the ESTIMATE database
(https://bioinformatics.mdanderson.org/estimate/) and were
compared between H- and L-EMC3-AS1 expression groups,
respectively. Additionally, the activities of 13 immune-associ-
ated pathways were evaluated using the single-sample GSEA
(ssGSEA) algorithm in GSVA (version 1.44.2) package (21),
and comparisons between the H- and L-EMC3-AS1 expres-
sion groups were made.

Therapeutic correlation analyses. The immunophenoscore
(IPS) is a scoring scheme ranging from O to 10 that reflects
the response of patients with cancer to anti-CTLA4 and
anti-programmed cell death protein 1 (PD-1) therapy (31). IPSs
were obtained from The Cancer Immunome Atlas (TCIA;
https://tcia.at/home), and were compared between the H- and
L-EMC3-AS1 expression groups to assess the association
between immunotherapy response and EMC3-AS! expression
in liver cancer.

The tumor immune dysfunction and exclusion (TIDE)
scoring scheme (32) is a predictor of the response to IC
blockade in patients with cancer. The TIDE score of patients
with liver cancer was computed using the TIDE online tool
(http://tide.dfci.harvard.edu), and the TIDE scores of the
H- and L-EMC3-ASI1 expression groups were compared.
Furthermore, the oncoPredict (version 0.2) package (33) was
used to compute the half-maximal inhibitory concentrations of
various chemotherapeutic and molecular targeted drugs for the
treatment of liver cancer, and the difference in drug sensitivity
between the H- and L-EMC3-AS1 expression groups was then
compared.

Cell culture, transfection and treatment. HepG2, Sk-Hep-1
and Huh-7 cells were obtained from The Cell Bank of Type
Culture Collection of The Chinese Academy of Sciences
and were authenticated using STR profiling. The HepG2 and
Huh-7 cell lines were cultured in high-glucose DMEM (Gibco;
Thermo Fisher Scientific, Inc.) containing 10% FBS (Biological
Industries; Sartorius AG) and 1% streptomycin-penicillin
(Biological Industries; Sartorius AG), while the Sk-Hep-1
cells were cultured in minimum essential medium (Gibco;
Thermo Fisher Scientific, Inc.) containing 10% FBS and 1%
streptomycin-penicillin. Cells were maintained in a 37°C
incubator with 5% CO,.

The HepG2, Sk-Hep-1 and Huh-7 cells were transfected
with siRNAs (Shanghai GenePharma Co., Ltd.) using
Lipofectamine® 2000 (Invitrogen; Thermo Fisher Scientific,
Inc.) at a final concentration of 200 nM. After 48 h of trans-
fection at 37°C, total RNA was extracted. The efficacy of the
siRNA transfection was assessed to determine the interference
efficiency. The siRNAs demonstrating the highest interfer-
ence efficacy were chosen for further analyses. The siRNA
sequences were as follows: EMC3-ASI-negative control (NC)
sense, 5-UUCUCCGAACGUGUCACGUTT-3' and antisense,
5'-ACGUGACACGUUCGGAGAATT-3"; EMC3-AS1-1739
sense, 5'-GUGCCACCAUGGAUAUUCATT-3' and antisense,
5'-UGAAUAUCCAUGGUGGCACTT-3'; EMC3-AS1-2842
sense, 5'-CCACCAGAUAUACCACUAUTT-3' and antisense,
5'-AUAGUGGUAUAUCUGGUGGTT-3.
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Colony formation assay. Following transfection, the HepG2,
Sk-Hep-1 and Huh-7 cells (2,000 cells/well) were indepen-
dently cultured in 6-well plates and incubated for 14 days.
Subsequently, the cells were fixed with 4% paraformaldehyde
for 20 min at room temperature and stained with crystal violet
(0.5%; Sigma-Aldrich; Merck KGaA) for 15-20 min at room
temperature. A cluster with >50 cells was defined as a colony.
Colony numbers were calculated using ImageJ software
(Version 1.52; National Institutes of Health), and representa-
tive images were captured.

Cell proliferation assay. To detect cell proliferation, MTT
(Sigma-Aldrich; Merck KGaA) was added to transfected
HepG2, Sk-Hep-1 and Huh-7 cells. The cells (4,000 cells/well)
were seeded in a 96-well plate (100 pl/well) and cultured.
After 24, 48, 72 or 96 h of transfection, 100 ul MTT was
added and the cells were incubated for another 4 h. Next,
the supernatant was removed, and DMSO was added
(150 pl/well). The absorbance at 490 nm was recorded using
a microplate reader after shaking on an orbital shaker for
10 min.

Wound healing assay. Transfected cells were plated in a
6-well culture plate after transfection. Upon reaching >90%
cell confluence, the wound was gently scraped with a 100-u1
pipette tip and a sterile ruler. After scraping, the cells were
rinsed three times with PBS to eliminate the detached cells,
and 2 ml DMEM containing 2% FBS was added to each well
followed by incubation. Images were captured and the migra-
tion distance was measured by comparing the images at O h
and after culturing the cells for 24 h. An inverted microscope
(Olympus Corporation) was used to calculate the number of
migrated cells.

Transwell assay. Cell suspensions containing 5x10* cells
were added to the upper chamber of a 24-well culture plate
with Transwell inserts and incubated with serum-free DMEM
(200 ul) at 24 h post-transfection. In the lower chamber
of the 24-well plates, 500 ul complete DMEM was added.
Following 24 h of incubation at 37°C, the chambers were
removed and rinsed once with sterile PBS. Cells on the upper
side were wiped away with a cotton swab. The remaining
cells were fixed for 15 min and stained with crystal violet
(0.5%) for 20 min at room temperature. Finally, a light micro-
scope was employed to collect images and count the number
of migrated cells.

Statistical analysis. Statistical analysis and plotting were
performed in R software (version 4.0) and GraphPad Prism
(version 8.0; Dotmatics). Univariate and multivariate Cox
regression analyses were used to identify prognostic factors
associated with OS. Survival curves were generated and
compared between different EMC3-AS1 expression groups
using Kaplan-Meier analysis and the log-rank test. For
continuous variables with non-normal distributions, Wilcoxon
rank-sum test was applied for comparing differences between
two independent groups, while Wilcoxon signed-rank test
was used for paired groups. All experiments were performed
in triplicate. Data from the experiments are expressed as the
mean =+ standard deviation. Differences among multiple groups

were compared by one-way analysis of variance followed by
Dunnett's post hoc test. P<0.05 was considered to indicate a
statistically significant result.

Results

EMC3-AS1 is upregulated in liver cancer tissues. Analysis
of data from TCGA revealed a significant upregulation
of EMC3-ASI in 374 liver cancer tissues compared with
that in 50 AN tissues, as well as in 50 paired liver cancer
samples compared with AN tissues (P<0.001; Fig. 1A and B).
EMC3-AS1 upregulation was also evident in the tumor tissues
in the three GEO datasets containing 428 liver cancer and
451 AN tissues (P<0.001; Fig. 1C-E). In addition, based on
the results of RT-qPCR analysis of the current study cohort,
EMC3-ASI expression was upregulated in the 42 liver cancer
tissues compared with that in the 35 AN liver tissues (P<0.001;
Fig. 1F).

EMC3-AS1 is both an unfavorable prognostic biomarker and
an effective diagnostic biomarker. Kaplan-Meier analysis
revealed that the patients in the H-EMC3-ASI group exhibited
shorter OS (P=0.005) and DFS times (P<0.001) compared with
those in the L-EMC3-ASI group (Fig. 2A and B). In the ROC
analysis based on EMC3-AS]I expression in HCC and adjacent
tissues, the area under the curve (AUC) in TCGA cohort was
0.866 (Fig. 2C). The good performance of EMC3-ASI was
validated in the GEO datasets GSE22058, GSE25097 and
GSE64041, with AUCs of 0.892,0.824 and 0.703, respectively
(Fig. 2D-F). In addition, ROC analysis was conducted to
examine the ability of EMC3-ASI expression to distinguish
liver cancer in the current study cohort. Notably, it was found
that EMC3-AS1 exhibited good diagnostic ability, with an
AUC of 0.785 (Fig. 2G).

EMC3-ASI is a significant prognostic factor. The univariate
Cox regression analysis (Fig. 3A) indicated that poor prognosis
was associated with the expression of EMC3-AS! [hazard ratio
(HR), 1.32; 95% confidence interval (CI), 1.15-1.53; P<0.001],
tumor stage (HR, 2.59; 95% CI, 1.82-3.69; P<0.001) and patho-
logical stage (HR, 2.49; 95% CI, 1.71-3.61; P<0.001). In the
multivariate Cox regression analysis (Fig. 3A), shorter OS time
was found to be independently associated with the expression
of EMC3-ASI (HR, 1.24; 95% CI, 1.07-1.45; P=0.006) and
advanced tumor stage (HR, 2.30; 95% CI, 1.58-3.37; P<0.001).
In the subgroup analysis, patients with liver cancer who had an
advanced tumor stage (P=0.005), advanced pathological stage
(P=0.005), advanced histological grade (P<0.001) and higher
AFP level (P=0.004) were found to have significantly elevated
EMC3-AS1 expression levels (Fig. 3B). However, no notable
differences in EMC3-ASI expression were observed between
the subgroups based on age, sex, Child-Pugh stage, bilirubin
level or vascular invasion status.

Functional enrichment analysis. According to the result
of GSVA, the Hallmark gene sets ‘G,M checkpoint’, ‘E2F
targets’ and ‘mitotic spindle’ were markedly activated in the
H-EMC3-AS1 expression group (Fig. 4A). In the KEGG gene
sets, pathways associated with cell division and proliferation,
including ‘DNA replication’ and ‘cell cycle’, were markedly
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Figure 1. Expression of EMC3-ASI in liver cancer. The expression of EMC3-ASI was compared between (A) liver cancer and AN tissues in TCGA, (B) paired
liver cancer tissues and AN tissues in TCGA, and (C-E) liver cancer tissues and AN tissues in three Gene Expression Omnibus datasets. (F) EMC3-AS1
expression in liver cancer measured using reverse transcription-quantitative PCR in a primary clinical cohort. EMC3-AS1, endoplasmic reticulum membrane
protein complex subunit 3 antisense RNA 1; AN, adjacent normal; TCGA, The Cancer Genome Atlas.

enriched in the H-EMC3-ASI1 expression group (Fig. 4B). A
total of 222 DEmRNA (180 upregulated and 42 downregu-
lated genes) were identified between the H- and L-EMC3-AS1
expression groups. For these DEGs, GO enrichment analysis
revealed that ‘nuclear division’, ‘chromosomal region’ and
‘tubulin binding’ were the most enriched terms in the biological
process, cellular component and molecular function categories
(Fig. 4C; Table SIII). ‘Progesterone-mediated oocyte matura-
tion’, ‘cell cycle’ and ‘oocyte meiosis’ were found to be the
most highly enriched pathways in the KEGG pathway enrich-
ment analysis (Fig. 4E; Table SIV).

In the GSEA, ‘E2F targets’, ‘G,M checkpoint’ and ‘mitotic
spindle’ were the top three enriched pathways in the Hallmark
gene sets, while ‘intrinsic pathway of fibrin clot formation’,
‘cytochrome p450 arranged by substrate type’ and ‘forma-
tion of fibrin clot clotting cascade’ were the most enriched
Reactome gene sets (Fig. 4D and F).

Association of EMC3-ASI expression with immune status. The
expression of EMC3-ASI was found to be positively correlated
with the infiltration of activated memory CD4 T cells (R=0.17,
P=0.001), follicular helper T cells (R=0.15, P=0.004), regula-
tory T cells (R=0.15, P=0.003), MO macrophages (R=0.18,
P<0.001) and neutrophils (R=0.15, P=0.004), and negatively
correlated with the infiltration of resting memory CD4 T
cells (R=-0.12, P=0.026) and monocytes (R=-0.14, P=0.007)

(Fig. 5A). The mRNA levels of the ICs CTLA4, PDCDI,
CDS86, CD274, CD276, HAVCR2, LAG3, LGALSY9, NRPI
and TIGIT were significantly higher in the H-EMC3-AS1
expression group compared with those in the L-EMC3-AS1
expression group (P<0.05; Fig. 5B). In addition, the mRNAsi
of the H-EMC3-AS1 group was higher than that of the
L-EMC3-ASl1 group (P=0.004; Fig. 5C) and was positively
correlated with EMC3-AS1 expression (R=0.17, P=0.001). By
contrast, the EREG-mRNAsi of the H-EMC3-ASI group was
lower than that of the L-EMC3-AS1 group (P=0.001), and was
negatively correlated with EMC3-AS1 expression (R=-0.21,
P<0.001; Fig. 5D). Additionally, the Stromal score (P=0.003)
and Estimate score (P=0.023) of patients in the H-EMC3-AS1
group were significantly lower than those of patients in the
L-EMC3-ASI1 group (Fig. SE). According to the result of the
ssGSEA for 13 immune-related pathways, the activity of MHC
class I molecules was greater in the H-EMC3-AS1 group
compared with that in the L-EMC3-ASI1 group (P<0.001),
whereas type I/II IFN responses and cytolytic activity were
restrained in the H-EMC3-AS1 expression group (P<0.001,
Fig. 5F).

Comprehensive therapeutic analysis. IPS analysis indicated
that the IPS level of patients in the L-EMC3-AS1 group was
elevated compared with that of the H-EMC3-AS1 group,
suggesting that patients in the L-EMC3-AS1 expression
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Figure 2. Prognostic and diagnostic value of EMC3-AS]I in liver cancer. Higher expression of EMC3-ASI was significantly associated with (A) poorer OS
and (B) poorer DFES in liver cancer. (C) Receiver operating characteristic curve for EMC3-ASI expression in liver cancer and adjacent tissues from TCGA.
(D-F) Validation of the diagnostic value of EMC3-ASI in three datasets from the Gene Expression Omnibus and (G) the current clinical cohort. EMC3-ASI,
endoplasmic reticulum membrane protein complex subunit 3 antisense RNA 1; OS, overall survival; DFS, disease-free survival; TCGA, The Cancer Genome

Atlas; AUC, area under the curve.

group were more suitable for immunotherapy (P=0.013).
Furthermore, patients in L-EMC3-ASI expression group also
demonstrated significantly higher IPS-CTLA4 blocker scores
(P=0.015) and IPS-CTLA4-PD1 blocker scores (P=0.047),
which suggested that these patients might experience an effec-
tive response when treated with anti-CTLA4 or anti-PD1 plus
anti-CTLA4 therapy (Fig. 6A). In the TIDE analysis, lower
dysfunction scores and higher exclusion scores of T cells
in the tumor microenvironment were found in patients with
high EMC3-AS1 expression compared with those in patients

with low EMC3-ASI expression (P=0.001 and P=0.002,
respectively; Fig. 6B). Furthermore, the oncoPredict analysis
indicated that the patients in the L-EMC3-AS1 group would
be more sensitive to treatment with entinostat, erlotinib, oxali-
platin, palbociclib and selumetinib compared with those in the
H-EMC3-AS1 group (all P<0.05; Fig. 6C).

Silencing EMC3-AS1 inhibits liver cancer cell proliferation.
HepG2, Sk-Hep-1 and Huh-7 cells were transfected with
non-targeting siRNA (siRNA-NC) or EMC3-ASI-specific
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siRNAs (siRNA-1739/2842) to silence the expression of
EMC3-ASI. According to the results of RT-qPCR, EMC3-AS1
expression was successfully knocked down via transfection
with siRNA-1739 and siRNA-2842 in the HepG2, Sk-Hep-1
and Huh-7 cells (Fig. 7A-C), indicating that the siRNA-silenced
cells were suitable for use in subsequent assays. Transfection
with siRNA-1739 and siRNA-2842 was shown to reduce the
proliferation and colony forming ability of HepG2, Sk-Hep-1
and Huh-7 cells compared with that of the siRNA-NC group
(Fig. 7D-L).

Silencing EMC3-AS1 suppresses liver cancer cell migration.
Asshown in Fig. 8,the migration ability of the HepG2, Sk-Hep-1
and Huh-7 liver cancer cells in the wound healing assay was
significantly reduced by the knockdown of EMC3-ASI expres-
sion (Fig. 8). The migration of HepG2, Sk-Hep-1 and Huh-7
cells in the Transwell assay was also significantly inhibited
after the knockdown of EMC3-AS1 (Fig. 9). These results
suggest that a deficiency in EMC3-AS1 affects the vital

functions of liver cancer cells, and that EMC3-AS1 may serve
as a novel target for liver cancer treatment.

Discussion

The current study demonstrated that the expression of
EMC3-ASI was upregulated in liver cancer tissues compared
with that in AN tissues in various datasets, including TCGA
and GEO datasets, as well as in a primary clinical cohort.
The expression of EMC3-ASI was also higher in patients with
more advanced liver cancer. Higher expression of EMC3-AS1
was associated with shorter OS and DFS times in patients with
liver cancer. Furthermore, EMC3-AS1 demonstrated the ability
to effectively discriminate between liver cancer and normal
tissues, exhibiting a good performance not only in TCGA and
GEO datasets, but also in the current clinical cohort. These
findings suggest that EMC3-ASI holds potential as a diag-
nostic and prognostic biomarker. Multivariate Cox regression
analysis indicated that higher expression of EMC3-ASI was
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Figure 4. Functional enrichment analysis of EMC3-ASI in liver cancer. Heatmaps displaying the variation of (A) Hallmark and (B) KEGG pathways between
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independently associated with a poor prognosis in patients
with liver cancer. Furthermore, GSVA, GSEA, GO and KEGG
enrichment analyses showed significant enrichment and acti-
vation of several pathways associated with the tumorigenesis
and progression of liver cancer, including ‘chromosome segre-
gation’, ‘organelle fission’, ‘nuclear division’ and ‘cell cycle’.
The TME is primarily composed of immune cells,
extracellular matrix, cytokines and cancer cells (34). In
addition to playing a crucial role in tumor recognition and
clearance, the TME also contributes to immune escape and
cancer progression (35). The TME of liver cancer is strongly
suppressive, with aberrant accumulation of immunosuppres-
sive cells (36). Immunotherapy targeting immunosuppressive
cells and pathways is a promising approach for cancer treat-
ment (37). Tumor-associated neutrophils have been identified
as key drivers of progression and immunosuppression in liver
cancer (38,39). Wang et al (40) suggested that the resistance

of hepatocellular carcinoma cells to sorafenib could be
ascribed to the activation of CXCR?2 signaling facilitated by
tumor-associated macrophages. Regulatory T cells have also
been shown to be associated with liver cancer invasion and to
be crucial in hindering the development of effective antitumor
responses (41). In the present study, EMC3-ASI expression
was shown to be positively correlated with the infiltration of
follicular helper T cells, activated memory CD4 T cells, MO
macrophages, regulatory T cells and neutrophils in the liver.
Conversely, a significant negative correlation was observed
between EMC3-ASI expression and the infiltration of mono-
cytes and resting memory CD4 T cells.

ICIs have demonstrated marked therapeutic efficacy
for a variety of cancer types, including liver cancer (42-44).
Assessing the expression of ICs and their ligands in the TME
is often the initial step when making decisions regarding
immunotherapy in patients with cancer (45). In liver cancer,
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Figure 6. Value of EMC3-AS1 for predicting the response to immunotherapy and systemic therapy in liver cancer. (A) Prediction of the ability of EMC3-ASI to
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the upregulation of PD ligand 1 (PD-L1) expression is a
significant predictor of poor survival (46-48). Enhancing the
response of a patient to anti-PD-1 or anti-PD-L1 treatment is a
pivotal therapeutic strategy for patients with liver cancer (48).
Notably, in the current study, the mRNA expression of several
key IClIs, including CTLA4, CD86, CD274, LGALS9, PDCDI1
and TIGIT, was significantly higher in the H-EMC3-AS1
expression group than that in the L-EMC3-ASI1 expression
group. This finding suggests that patients exhibiting elevated

levels of EMC3-ASI also demonstrate increased expression
of various ICs in the TME, which would be clinically helpful
in improving patient stratification for IC blockade immuno-
therapy.

Clinical impact assessments of ICIs have been conducted in
various cancer types, and drugs such as nivolumab, pembroli-
zumab and atezolizumab have been recommended as first-line
treatments for patients with liver cancer (49). However,
positive responses to immunotherapy are observed in only a
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Figure 7. Effect of EMC3-ASI knockdown on the proliferation of liver cancer cells. The expression of EMC3-ASI was suppressed by transfection with
siRNA-1739 and siRNA-2842 in (A) HepG2, (B) Sk-Hep-1 and (C) Huh-7 cells. The knockdown of EMC3-AS1 expression inhibited the proliferation of
(D) HepG2, (E) Sk-Hep-1 and (F) Huh-7 cells, as determined by MTT assay. (G-L) Colony forming assays revealed the inhibitory effect of knocking down
EMC3-AS1 expression on HepG2, Sk-Hep-1 and Huh-7 cells. Representative images of (G) HepG2, (I) Sk-Hep-1 and (K) Huh-7 colonies and colony forma-
tion rates for (H) HepG2, (J) Sk-Hep-1 and (L) Huh-7 are presented. "P<0.05, “P<0.01 and ““P<0.001 vs. the NC group. EMC3-AS]1, endoplasmic reticulum
membrane protein complex subunit 3 antisense RNA 1; siRNA, small interfering RNA; NC, negative control siRNA; OD, optical density.

small proportion of patients with liver cancer, highlighting  patients with liver cancer with low EMC3-ASI expression had
the importance of identifying responsive patients and under-  higher IPSs when strategies to block CTLA4 or co-block PD1
standing resistance mechanisms (50). In the present study, and CTLA4 were employed. Additionally, patients with low
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Figure 8. Effect of EMC3-ASI knockdown by transfection with siRNA-1739 and siRNA-2842 on the migration of liver cancer cells assessed via wound healing
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small interfering RNA; NC, negative control siRNA.

EMC3-ASI expression exhibited higher dysfunction scores
and lower exclusion scores for T cells, indicating that they
were more likely to benefit from immunotherapy.

Further experiments were performed in the present study
to investigate the influence of EMC3-ASI on the biological
behavior of liver cancer cells in vitro. Transfection with
siRNA targeting EMC3-AS] markedly reduced its expression
in HepG2, Sk-Hep-1 and Huh-7 cells, leading to decreased
cell proliferation and colony-forming ability. In addition, the
results of wound healing and Transwell assays revealed that
the migration capabilities of HepG2, Sk-Hep-1 and Huh-7
cells were notably suppressed following the downregulation of

EMC3-ASI expression. These findings imply that EMC3-AS1
may act as a potential target for the treatment of liver cancer.
However, the current study has several limitations that
should be acknowledged. Firstly, multicenter studies with
larger sample sizes are required to confirm the expres-
sion of EMC3-ASI in liver cancer. Secondly, additional
experiments are required to explore the potential in vitro
and in vivo mechanisms of EMC3-AS]! to support the present
findings. Thirdly, the CIBERSORT algorithm relies on the
fidelity of the reference profiles, which could deviate in cells
involved in heterotypic interactions, phenotypic plasticity
or disease-induced dysregulation. It is necessary to verify
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Figure 9. Effect of EMC3-AS1 knockdown by transfection with siRNA-1739 and siRNA-2842 on the migration ability of liver cancer cells assessed using a
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RNA; NC, negative control siRNA.

results in independent cohorts or experimental models in
future research. Finally, prospective studies are warranted to
validate the prognostic and diagnostic value of EMC3-ASI in
patients with liver cancer.

In summary, IncRNA EMC3-AS1 is upregulated in liver
cancer and is associated with a poor prognosis, making it a
potential diagnostic and prognostic biomarker for patients with
liver cancer. Silencing EMC3-AS1 is potentially a promising
therapeutic approach for liver cancer treatment.
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