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Abstract 

Purpose: Eukaryotic initiation factor 4A-3 (EIF4A3) is an RNA-binding protein (RBP) that is a core 
component of the exon junction complex (EJC). It has been identified as an important player in 
post-transcriptional regulation processes. Recently, investigations have focused on EIF4A3 dysfunction in 
carcinogenesis. The present study aims to determine whether EIF4A3 can serve as a prognostic marker 
and potential regulatory mechanism in human cancers.  
Materials and methods: EIF4A3 expression in various cancers was assessed using Oncomine. The 
Correlation between EIF4A3 expression and patient survival was evaluated using PrognoScan. EIF4A3 
mutations in various cancers were investigated using cBioPortal. EIF4A3 co-expression networks in 
various cancers were established using Coexpedia. Finally, we analyzed potential functional roles of 
EIF4A3 using Gene Ontology and pathway enrichment analyses by FunRich V3. 
Results: EIF4A3 was overexpressed in common malignancies at the transcription levels. High incidences 
of the breast, lung, and urinary cancers were closely related to the prognostic index for survival. The 
most prevalent mutation in EIF4A3 was E59K/Q. The tumor necrosis factor-α (TNF-α)/nuclear factor-κB 
(NF-κB) signaling pathway was affected by these mutations. Co-expression networks showed that EIF4A3 
regulates apoptosis and cell cycle via several cancer-related signal pathways, and promotes tumor cell 
migration, invasion and drug resistance. 
Conclusion: Our results suggest the potential role for EIF4A3 to serve as a diagnostic marker or 
therapeutic target for certain types of cancers. 
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Introduction 
According to the Estimated Cancer Incidence, 

Mortality and Prevalence Worldwide (GLOBOCAN 
2012) data, the burden of cancer will continue to rise 
because of the continuous increase of global 
population and epidemiological changes anticipated 
in the next few decades. Developing countries are 

expected more than 20 million new cases of cancer 
annually, as early as 2025[1]. Thus, cancer has become 
a worldwide problem and seeking new directions for 
cancer investigations are critical.  

Gene expression is accomplished through the 
process of transcription and post-transcriptional 
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modification; the metabolism of messenger RNA 
(mRNA) occupies a very important position in 
transcriptional regulation. In a eukaryotic cell, each 
mRNA is bound by a variety of proteins to form an 
mRNA-protein complex (mRNP). Together, these 
proteins impact nearly every step in the life cycle of an 
mRNA and are critical for the proper control of gene 
expression[2]. 

Eukaryotic initiation factor 4A-3 (EIF4A3) is an 
Asp-Glu-Ala-Asp (DEAD) box-family adenosine 
triphosphate (ATP)-dependent RNA helicase[3]. 
EIF4A3 functions as an RBP mainly localized in the 
nucleus that is a core component of the exon junction 
complex (EJC). As an ATP-dependent RNA clamp, 
EIF4A3 serves as an nucleation center to recruit other 
EJC components[4]. EIF4A3 plays essential roles in 
mRNA splicing, transport, translation, and surveill-
ance [5, 6]. Among these functions, the most widely 
studied is Nonsense-Mediated Decay (NMD), which 
is a quality control system that degrades mRNAs 
containing premature termination codons, thereby 
preventing the accumulation of dysfunctional RNAs 
and proteins[7]. Knockdown of EIF4A3 leads to a 
defect in NMD[8, 9]. 

The function of EIF4A3 is complex and 
important, and its structural and functional anomalies 
directly lead to changes in downstream biological 
effects. Scientists begin to explore its association with 
malignancy: Michelle et al. reported that EIF4A3 
controls several apoptotic regulators, such as Bcl-2 
family proteins, which are alternatively spliced to 
produce isoforms with opposite functions[10]. Han et 
al. reported that EIF43A is highly expressed in 
colorectal cancer. After it binds to LncRNA H19, the 
mRNA of the cell cycle regulators cyclinD1, cyclin E1, 
and CK4 can no longer recruit EIF43A for correct 
post-transcriptional modification, leading to a loss of 
cell cycle progression and the acceleration of colon 
cancer cell growth[11]; in ovarian cancer, EIF43A 
binds to LncRNA CASC2 to form a negative feedback 
axis, and its high expression inhibits CASC2 and 
promotes the development of ovarian cancer[12]. 
Phosphoproteomic analysis of highly-metastatic 
hepatocellular carcinoma (HCC) showed that proteins 
involved in transcriptional regulation, mRNA 
processing, and RNA splicing were over-represented; 
EIF4A3 was identified as one of the crucial 
phosphoproteins in the metastasis of HCC[13]. 
Nevertheless, the exact role and underlying 
mechanism of EIF4A3 in the development and 
progression of cancer remains elusive. 

Because of the rapid advances in high- 
throughput RNA sequencing (RNA-seq) technologies 
and free online database resources, we were able to 
perform a systematic and in-depth exploration of 

EIF4A3 in cancer. In this study, for the first time, we 
analyzed the expression, prognostic value, mutations, 
and co-expression network of EIF4A3 in multiple 
cancers to better understand the potential role and 
functions played by EIF4A3 in carcinogenesis. 

Materials and Method 

Oncomine analysis 
The mRNA expression of EIF4A3 in various 

types of cancer in The Cancer Genome Atlas (TCGA) 
was analyzed using the Oncomine™ 4.5 database 
(https://www.oncomine.org/resource/main.html) 
[14]. The threshold was defined by the fold in mRNA 
expression in cancer tissue compared to normal tissue 
with the following parameters: p-value ˂0.05, fold 
change of 2, and gene ranking of 10%. Results of these 
analyses are summarized in Figure 1 and 
Supplementary Table 1.  

PrognoScan analysis 
The correlation between EIF4A3 expression in 

tumors and survival of patients with various types of 
cancer in TCGA was determined by Cox proportional 
hazards analysis using data from the PrognoScan 
database (http://gibk21.bse.kyutech.ac.jp/PrognoSc 
an/index.html)[15]. The adjusted p-value threshold 
was <0.05. The results are summarized in Figure 2 and 
Supplementary Table 2. 

c-BioPortal analysis 
We conducted analysis of EIF4A3 mutations in 

various tumors in TCGA using the cBio Cancer 
Genomics Portal (http://cbioportal.org)[16]. The 
primary search parameters included alterations, such 
as amplification, deep deletion, and missense 
mutations, and copy number alterations from GISTIC 
and RNA-seq data with the default setting. Overall 
survival and disease-free survival were calculated 
according to cBioPortal’s online instructions. The 
results are shown in Figures 3 and 4, and 
Supplementary Tables 3 and 4. 

Co-expedia analysis 
The co-expression networks of EIF4A3 in Gene 

Expression Omnibus (GEO) database were analyzed 
using the Coexpedia (http://www.coexpedia.org/) 
[17]. The visualization of the co-expression network, 
the enriched Gene Ontology (GO)-Disease Ontology 
(DO) term, and medical subject headings (MeSH) 
terms were ranked according to Coexpedia’s online 
instructions. The enrichment analyses of GO - cellular 
component (CC), biological processes (BP), molecular 
function (MF) and biological pathway using FunRich 
V3[18]. The results are shown in Figures 5-7, and 
Supplementary Tables 5 and 6. 
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Results 
EIF4A3 transcription expression in cancer  

In order to explore its role in cancer, we queried 
the Oncomine database. EIF4A3 mRNA transcription 
level was compared between tumor and normal 
tissues. For OncomineTM 4.5 analysis of mRNA 
transcription, the threshold was set using the 
following parameters: p-value of 0.05, fold-change of 

2, and gene ranking of 10% (Figure 1 and 
Supplementary Table 1); EIF4A3 was overexpressed 
in many common and high incidence solid tumors, 
such as cancers of the lung, breast, head and neck, 
brain and central nervous system, genitourinary tract 
(kidney, bladder, and prostate), and hematologic 
cancers such as lymphoma, but was low in leukemia 
and pancreatic cancer.  

 

 
Figure 1. The transcription level of EIF4A3 in different cancer types (Oncomine). The data in the box chart shows a comparison of EIF4A3 mRNA 
expression between tumor tissues (right, dark blue) and normal tissues (left, light blue). The fold-change and p-value of EIF4A3 expression in these cancers was 
identified from our analyses shown in supplementary Table 1. The results show EIF4A3 expression in breast carcinoma relative to normal breast (A), in tongue 
squamous cell carcinoma relative to normal tongue (B), in squamous cell lung carcinoma relative to normal lung (C), in childhood acute B-cell lymphoblastic leukemia 
relative to normal hematogones (D), in superficial bladder cancer relative to normal bladder (E), in prostate intraepithelial neoplasia relative to normal prostate (F), 
in small cell lung carcinoma relative to normal lung (G), and in anaplastic large cell lymphoma, ALK-positive tissue relative to normal hematogones (H). 

 

 
Figure 2. Prognostic value of EIF4A3 expression in various cancer types (PrognoScan). The survival curveswere plotted as the threshold of Cox p-value 
< 0.05. The survival curves comparing patients with EIF4A3 high (red) and low (blue) expression in bladder cancer (A, B), glioma (C), multiple myeloma (D), breast 
cancer (E, F) and lung cancer (G, H). 
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Figure 3. The frequency and type of EIF4A3 mutations in cancer (cBioPortal). The alteration frequency of EIF4A3 in various cancer studies; only cancer 
types containing >100 samples and an alteration frequency of >5% are shown (A). The alteration frequency of EIF4A3 in various cancer types; only cancer types 
containing >50 samples and an alteration frequency of >1% are shown(B). The alteration type included amplification (red), deep deletions (blue), multiple alterations 
(grey), and missense mutations (green). 

 

 
Figure 4. EIF4A3 mutations in cancer studies (cBioPortal). This graphical view shows the Pfam protein domains and the positions of 61 mutations; the 
hotspot (E59K/Q) represents the common founder mutation observed in the DEAD domain(A); the tabular view provides additional information about partial 
mutations. Hyperlinks to the COSMIC database show that mutations (E59K/Q) and (I141L) affect the TNF-α/NF-κB signaling pathway (B); 3-D protein structural 
analysis shows the locations of these mutation sites in EIF4A3 (green) (C). 

 
Prognostic value of EIF4A3 transcription 
expression in cancer 

The prognostic value of EIF4A3 mRNA 
transcription in cancer was analyzed using the 
PrognoScan database (Figure 2 and Supplementary 

Table 2). EIF4A3 overexpression was associated with 
poor prognosis in cancers of the breast, lung, brain, 
bladder, glioma, multiple myeloma, and liposarcoma. 
Especially in lung cancer and breast cancer, there 
were consistent results across three different cancer 
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datasets: overexpression of EIF4A3 in GSE11121, 
GSE4922-GPL96, and GSE3143 in the breast cancer 
was correlated with shorter distant metastasis-free 
survival, disease-free survival, and overall survival, 
respectively. In the lung cancer, overexpression of 
EIF4A3 in GSE31210 was correlated with short 
relapse-free survival and overall survival, and 
jacob-00182-MSK and GSE4573 were simultaneously 
associated with decreased overall survival. 

Analysis of EIF4A3 mutations in various 
cancers 

The frequency and type of EIF4A3 mutation in cancer 
We used the cBio Cancer Genomics Portal 

(cBioPortal) database to analyze the EIF4A3 mutation 
of 151 different cancer studies in TCGA database. The 
results showed nine different cancer studies that 
contained >5% alteration frequency and at least 100 
samples in the dataset (Figure 3A and Supplementary 
Table 3). The first cancer study in the frequency of 
alteration was NEPC (Trento/Cornell/Broad 2016), 
which investigated whole exome and RNA-seq data 
of castration-resistant adenocarcinoma and castration- 

resistant neuroendocrine cancer; the database 
contained 107 samples and the total rate of alteration 
frequency in EIF4A3 was up to 20.56%. The second 
cancer study - The MBC Project – contained 103 
samples of patients with metastatic breast cancer, and 
the EIF4A3 mutation rate was 15.53%. The third 
study, Pancreatic Cancer (UTSW), contained 109 
samples of micro-dissected pancreatic ductal adeno-
carcinoma, and the EIF4A3 mutation rate was 10.09%. 
Subsequently, further reclassification of the above 
studies according to the pathological types of the 
tumors, the top three tumors with alteration 
frequency were prostate cancer (18.46%), cancer of 
unknown primary (5%), and breast cancer (4.01%); 
only cancer types containing >50 samples and an 
alteration frequency of >1% are shown (Figure 3B and 
Supplementary Table 4). At the same time, we also 
noticed that the most common alteration type of 
EIF4A3 was amplified, with a few deep deletion and 
mutations, which were consistent with either of the 
high-frequency alteration cancer studies or tumor 
types.  

 

 
Figure 5. Co-expression network of EIF4A3 (Coexpedia). Co-expressed genes with EIF4A3 are ranked according to Coexpedia’s online instructions. 
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Figure 6. Significantly enriched Gene Ontology annotation of EIF4A3 including (A) cellular component, (B) biological process, and (C) 
molecular function. (D)biological pathway (FunRich V3). 

 
EIF4A3 mutation annotations in cancer 

Figure 4 summarizes the details of all mutations 
in 151 cancer studies: EIF4A3 had 54 missense 
mutations and 7 truncating mutations, of which 5 
mutations occurred in a hotspot of E59K (substitution 
- missense, position 59, E➞K) and E59Q (substitution 
- missense, position 59, E➞Q), very close to the DEAD 
domain (Figure 4A). All five mutations reached 

mutation level 2 (the number of patients with the 
same mutation site) in the Catalogue Of Somatic 
Mutations In Cancer (COSMIC) database, suggesting 
that this is a critical region for its function. These 
mutations were from small cell lung cancer, lung 
adenocarcinoma, and bladder urothelial carcinoma 
samples. Interestingly, hyperlinks to the COSMIC 
database showed that mutations in this site affect the 
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TNF-α/NF-κB signaling pathway (Figure 4B). 
Moreover, the mutation in the DEAD domain at 
amino acid I141L (substitution - missense, position 
141, I➞L), which reached mutation level 2 in the 
COSMIC database, also was implicated in the 
TNF-α/NF-κB signaling pathway (Figure 4A, B). 
Consistently, the helicase C domain of EIF4A3 
appeared to be frequently mutated. 

EIF4A3 co-expression network in cancer  
To further analyze the role and specific 

molecular network of EIF4A3 in disease, especially in 
cancer, the co-expression of genes functionally 
associated with EIF4A3 was predicted using the 
Coexpedia database; EIF4A3 was co-expressed with 
312 genes (Figure 5 and Supplementary Table 5). 
Analysis of GO terms filtered for CC, BP, MF and 
biological pathway (Figure 6). Biological pathway 
showed cell cycle was highly enriched among EIF4A3 
co-expressed partners, which were also closely related 
to regulation apoptosis, Wnt signaling, EGFR 
signaling, MAPK signaling and TNF/NF-κB signaling 
(Figure 6D). Next, GO-DO enrichment analysis 
returned ‘cancer’ and ‘malignant neoplasm of the 

breast’ terms as the diseases most frequently 
associated with EIF4A3, with squamous cell 
carcinoma, adenocarcinoma, colorectal carcinoma, 
and hepatocellular carcinoma within the top ten terms 
(Figure 7A). 

The co-expression network associated with 
MeSH in the Coexpedia database, which is distinctive 
from other co-expression databases, provided 
biomedical information for disease and chemical 
relevance of EIF4A3 (Figure 7B and Supplementary 
Table 6). Interestingly, the neoplasm MeSH terms 
associated with EIF4A3 returned ‘Precursor Cell 
Lymphoblastic Leukemia-Lymphoma’ as the number 
one associated term; ovarian cancer and breast cancer 
were closely relevant malignancies in the top five 
terms. Furthermore, daunorubicin and cisplatin were 
suggested as highly associated with EIF4A3; these are 
commonly used in cancer chemotherapy. The analysis 
of daunorubicin came from the GEO Series of acute 
lymphoblastic leukemia cases, and the analysis of 
cisplatin came from the GEO Series of ovarian and 
gastric cancer cases associated with acquired 
resistance to chemotherapy. 

 

 
Figure 7. Disease Ontology annotation and Enrichment after including ‘neoplasm’ as aMeSH term in the analysis of the EIF4A3 co-expression 
network (Coexpedia). The enriched GO-DO terms(A) and MeSH terms including ‘neoplasm’ (B)were ranked according to Coexpedia’s online instructions. 
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Discussion 
EIF4A3 is a core component of EJC that affects 

the fate of mRNAs [5, 6], which indicates that EIF4A3 
may play an important role in cancer progression. 
However, little is known about whether it can serve as 
a marker for cancer diagnosis and prognosis. Our 
results from the Oncomine database showed that 
EIF4A3 was overexpressed in common malignancies 
at the mRNA transcription expression levels[14, 19]. 
At the same time, PrognoScan database analysis 
showed that high incidence cancers of the breast, lung 
and urinary system were closely related to the 
prognostic index for survival[15], suggesting that 
EIF4A3 might serve as a diagnostic marker for certain 
types of cancers. At the same time, we noticed that the 
relationship between EIF4A3 expression and 
prognosis was not identical in several different 
studies of the same cancer. For example, one of blood 
cancer study GSE4475 suggest that EIF4A3 high 
expression is associated with better prognosis 
(opposite direction from other studies), which may be 
closely related to specific subtypes. The study of 
blood cancer in PrognoScan includes four different 
pathological types: acute myeloid leukemia (AML) 
(GSE12417-GPL96, GSE12417-GPL570, GSE5122, 
GSE8970), B-cell lymphoma (GSE4475, E-TABM-346), 
follicular lymphoma (GSE16131-GPL96) and multiple 
myeloma (GSE2658). We also found that in another 
study of B-cell lymphoma, E-TABM-346, did not reach 
statistical significance, but the survival curve trend 
suggested that patients with high expression of 
EIF4A3 had better prognosis, which is consistent with 
GSE4475, suggesting that EIF4A3 is in B cell 
lymphoma may play a different role than other 
tumors. This result reminds us of the need to further 
combine clinical specimens and clinical pathology 
subtypes to study the potential value of EIF4A3 for 
cancer diagnosis, treatment and prognosis. 

Genetic mutations usually cause phenotypic 
changes, which are closely related to DNA damage 
repair, carcinogenesis and aging[20, 21]. Therefore, 
analysis of EIF4A3 mutations has great significance in 
understanding the role of EIF4A3 in tumorigenesis 
and predicting treatment targets. Analysis of data 
from cBioPortal[16] showed that in cancers of the 
prostate, breast, pancreas, liver, and ovary, more than 
5% had mutations in EIF4A3; gene amplification was 
the major type of mutation represented. It is 
noteworthy that EIF4A3 showed more than 20% 
variation in tumors from 107 patients with 
castration-resistant adenocarcinoma and castration- 
resistant neuroendocrine prostate cancer; this 
particular pathological subtype warrants further 
investigation. 

Annotated mutations from cBioPortal showed 
that the most recurrent mutation in EIF4A3 was 
E59K/Q, which was detected in lung cancer and 
urothelial cancer samples. In addition, another noted 
mutation was I141L, which is located within the 
DEAD domain of EIF4A3, and TNF-α/NF-κB 
signaling pathway was affected by these two 
mutations. TNF-α is a pro-inflammatory cytokine that 
binds to cell membrane-expressed receptors of the 
TNF receptor family and activates the NF-κB pathway 
[22]. NF-kB comprises a family of transcription factors 
and aberrant or constitutive NF-κB activation has 
been detected in many human malignancies. Growing 
evidence supports a major role of NF-κB in 
oncogenesis as it regulates genes involved in the 
development and progression of cancer, such as 
proliferation, migration, apoptosis, drug resistance, 
and angiogenesis[23-27]. The TNF-α/NF-κB signaling 
pathway cross-talks with the MAPK pathway, Janus 
kinase (JAK)/signal transducers and activators of 
transcription (STAT) pathway, and mitochondrial 
apoptosis pathway regulated by bcl-2 family 
proteins[28-30]. Thus, the TNF-α/NF-κB signaling 
pathway is a key signaling pathway that affects 
multiple phenotypes of cancer and is a potential target 
for cancer therapy. The close relationship between 
EIF4A3 mutations and this pathway suggests that 
EIF4A3 plays a complex and extensive role in the 
development of cancer. Additional experiments will 
be necessary to explore the extent to which the 
multifactorial modulation by EIF4A3 affects aberrant 
activation of the TNF-α/NF-κB signaling pathway.  

The gene co-expression network constructed 
based on inter-gene expression data is an important 
way to study the molecular function of genes and the 
upstream and downstream signaling pathways. The 
difference between Coexpedia and other co- 
expression databases is that this database only 
contains co-expression through functional association, 
which is related to specific biological background, and 
it is the only co-expression database related to MeSH 
at present, which greatly facilitates the mining of 
biomedical co-expression information[17]. The 
disease that ranked first in the GO-DO analysis of 
EIF4A3 was cancer. The top 10 diseases were mainly 
subtyping of cancer. Further analysis using ‘neo-
plasm’ as a MeSH term in the top five showed that 
EIF4A3 correlated most closely with ‘precursor cell 
lymphoblastic leukemia-lymphoma’ and ‘daunoru 
bicin’. Co-expression analysis of high dimensional 
expression data provided direct evidence of the close 
relationship between EIF4A3 and a variety of 
common cancer types, especially those of the blood, 
even in the regulation of chemotherapy drug 
resistance. Statistical analysis of GO categories for 
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EIF4A3 co-expression genes provides new directions 
for the study of EIF4A3 in carcinogenesis. The first is 
its role in cell cycle, particularly, in regulation of 
mitosis, which is consistent with previous studies: 
Fukumura et al. reported that EIF4A3 assembly on 
pre-mRNA supports fast and accurate splicing of a 
particular set of short introns in mitotic cell 
cycle-related genes[31]. The second is its function in 
the TNF-α/NF-κB signaling pathway, it is noteworthy 
that this pathway appears both in the pathway 
affected by the EIF4A3 mutation and in the biological 
pathway for the co-expression gene enrichment. The 
TNF-α/NF-κB signaling pathway is involved in many 
cellular processes associated with cancer[32, 33]. 
Tsumuraya et al. evaluated the effects of 
hippuristanol, an inhibitor of EIF4A, on adult T-cell 
leukemia[34]. Hippuristanol inhibited proliferation of 
cancer cells via induction of cell cycle arrest during G1 
phase and induced apoptosis by inactivating NF-κB. 
These in vitro results validate our co-expression 
analysis that there is a close link between EIF4A3 and 
cell cycle, apoptosis and the TNF-α/NF-κB signaling 
pathways. The specific mechanism is not clear, by 
querying the starBase v2.0 database[35], we found 
that EIF4A3 is the RBP of many crucial genes in cancer 
related pathways, including NFKB1, EGFR, MAPK 
and mTOR. The possible hypothesis is that EIF4A3 
leads to the abnormal expression of genes and the 
dysfunction of proteins through AS during 
carcinogenesis[4, 36]. 

In summary, as an important RBP, EIF4A3 is a 
core EJC component that plays important roles in 
multiple post-transcriptional regulation events. In 
cancer, EIF4A3 regulates cell cycle and cell apoptosis 
via the TNF-α/NF-ĸB signaling pathways and other 
important signaling pathways, promotes tumor cell 
migration and invasion, and development of drug 
resistance. In this study, we provide multi-level 
elucidation of the importance and role of EIF4A3 in 
carcinogenesis. The specific significance, role, and 
molecular mechanism of EJC in cancer deserve further 
exploration. 
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