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Abstract Left ventricular noncompaction (LVNC) is a heterogeneous disorder with unclear
genetic causes and an unknown mechanism. eIF3a, an important member of the Eukaryotic
translation initiation factor 3 (eIF3) family, is involved in multiple biological processes,
including cell proliferation and migration during myocardial development, suggesting it could
play a role in LVNC development. To investigate the association between a novel variant
(c.1145 A- > G) in eIF3a and LVNC, and explore potential mechanisms that could lead to the
development of LVNC. A novel eIF3a variant, c.1145 A- > G, was identified by whole-exome
sequencing in a familial pedigree with LVNC. Adenovirus vectors containing wild-type eIF3a
and the mutated version were constructed and co-infected into H9C2 cells. Cell proliferation,
apoptosis, cell migration, and differentiation, as well as phosphorylation of ERK1/2 were stud-
ied and were measured by proliferation assays, flow cytometry, real-time PCR and Western
blot, respectively. The eIF3a mutation inhibited the proliferation of H9C2 cells, induced
apoptosis, promoted cell migration, and inhibited the differentiation of human induced plurip-
otent stem cell-derived cardiomyocytes (hiPSC-CMs). The effect of the eIF3a mutation may be
attributed to a decrease in expression of p-ERK1/2. A novel eIF3a gene mutation disrupted the
p-ERK1/2 pathway and caused decreased myocardium proliferation, differentiation, acceler-
ated migration.This finding may provide some insight into the mechanism involved in LVNC
development.
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Introduction

Left ventricular non-compaction (LVNC), characterized by
prominent and excessive trabeculations with deep recesses in
the left ventricular wall,1,2 ranks as the third most common
form of cardiomyopathy.3,4 Patients with LVNC can present
different clinical phenotypes, and the prognosis is usually
determined by the occurrence of complications including
thromboembolism, arrhythmia and heart failure, even pre-
mature death.1,5 LVNC is an inherited polygenic cardiomyop-
athy with a poorly understood etiology.6 Therefore, it is
necessary to explore the potential genetic causes of LVNC.

During mammalian heart development, the formation and
compaction of trabecular have been identified as key steps
in the formation of a complete and functional ventricular
wall.7,8 At the early stage of midgestation, myocardium and
endocardium cell layers give rise to an early tubular heart.
Directional migration of the monolayer of cardiomyocytes
initiates formation of trabecular. Trabecular myocardium
must proliferate in order to generate a sufficient number of
myocytes to form a two-layer myocardium with compact and
trabecular zones. At this point, these cells may either
reduce their proliferative activity in order to undergo ter-
minal differentiation and lineage specification.With car-
diomyocytes further differentiate, proliferation and
extending, it forms the protruding trabecular, which facili-
tate the exchange of oxygen and nutrients in the myocar-
diums.9,10 At late midgestation, the myocardium undergoes
compaction, through which a thicker, more compact ven-
tricular wall forms.11 Consequently, cardiac growth and
chamber maturation both require a balance between pro-
liferation and differentiation, and both processes must be
controlled temporally, as well as spatially.

Eukaryotic translation initiation factor 3 (eIF3) has been
shown to be a key factor of gene regulation at the transcrip-
tional and translational levels.12 eIF3a, the largest and most
well-known member of the eIF family, is involved in regulating
transcription, cell cycle timing, differentiation and migra-
tion.13 Little has been reported, however, on the effect of
eIF3a in the pathogenesis of cardiomyopathy. Our studies have
detected a novel mutation in eIF3a, c.1145 A- > G, in a LVNC
family, which we hypothesized was likely to be associated with
the mechanism underlying LVNC development. Therefore, in
this study, we sought to investigate the association between
this novel mutation in eIF3a and LVNC, and to explore the
potential mechanisms through which eIF3a could cause LVNC.
Materials and method

Subjects

A rare LVNC family pedigree was discovered at the Child-
ren’s Hospital of Chongqing Medical University. Blood
samples were collected from the propositus and her family
(sister, mother and aunt) for DNA extraction and whole
exome sequencing (WES) (Deyi Oriental Translational Med-
icine Research Center, China). The original WES data were
analyzed to confirm the biological relationships between
the daughters, their mother and their aunt. First, the mu-
tations identified by WES were selected by bioinformatic
analysis and then functional predictions were made using
Genebank tools, including the UCSC Genome Browser
(http://genome.ucsc. edu/), GENECARDS (https://www.
genecards.org/), the NCBI database (https://www.ncbi.
nlm.nih.gov/), UNIPROT (https://www.uniprot.org/), and
STRING (https://string-db.org/). Then, well-conserved
mutations that caused amino acid polarity changes in
important functional domains were screened as possibly
pathogenic for LVNC. The mutations were then confirmed
by Sanger sequencing, using the Chromas software for
data analysis.

Cell culture and transfections

H9C2 is a specific cardiac cell line with both skeletal and
cardiac functions that is derived from embryonic rat ven-
tricular tissue. Cells were cultured in Dulbecco’s Modified
Eagle Media (DMEM, Gibco) supplemented with 8% fetal
bovine serum (FBS, Hyclone) and 100 mg/ml penicillin/
streptomycin, and maintained at 37 �C with 5% CO2. To
prevent mycoplasma, 55 ml Plasmosin was added to 550 ml
media. The adenovirus encoding mutated eIF3a, GFP and
FLAG-tags was synthesized by Hanbio. The mutated Ad-
eIF3a was transfected into the H9C2 cardiac muscle cell
line to analyze the effect of the eIF3a mutation on the
cells. Untransfected cells and Ad-GFP transfected cells
were used as the blank control and AdGFP negative control,
respectively. When the cells reached about 70e80%
confluence, they were Co-transfected at an MOI of 300.
After continuous transfection for 10 h, the media was
removed and fresh medium was added.

The iPSC cells and iPSC-derived-cardiomyocytes had
been successfully constructed in our previous work (Liu
et al, the article has been accepted) and other team. The
experimental protocol are definitive according to the
paper.14e16

Quantitative real-time PCR

Total RNA was extracted using TRIzol Reagent (Sigma) 48 h
after transfection. cDNA was synthesized using the Reverse
Transcriptase kit (TaKaRa, NO:RR047A, China) and ampli-
fied with SYBR� Green Master Mix kit (Vazyme, China).
Relative mRNA expression was determined using the 2-DDCt
method. Primers for the genes were synthesized by Life
Technologies Corporation (Shanghai, China) and the se-
quences were as follows:
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eIF3a: 50-TTGCCACATTGCTAGGTC-30 (forward primer).
50-TCACTTCTGGGACAACAC-30 (reverse primer).
Sox2: 50-GCCGAGTGGAAACTTTTGTCG-30 (forward

primer).
50-GCAGCGTGTACTTATCCTTCTT-30 (reverse primer).
Oct4: 50-CAGCGACTATGCACAACGAGA-30 (forward

primer).
50-GCCCAGAGTGGTGACGGA-30 (reverse primer).
Nkx2.5: 50-TTCCCGCCGCCCCCGCCTTCTAT-30 (forward

primer).
50-CGCTCCGCGTTGTCCGCCTCTGT-30 (reverse primer).
cTnT: 50-GGCAGCGGAAGAGGATGCTGAA-30 (forward

primer).
50-GAGGCACCAAGTTGGGCATGAACGA-30 (reverse

primer).
b-actin: 50-GGAGATTACTGCCCTGGCTCCTA-30 (forward

primer).
50-GACTCATCGTACTCCTGCTTGCTG-30 (reverse primer).
GAPDH: 50-GAAATCCCATCACCATCTTCCAG-30 (forward

primer).
50-AAATGAGCCCCAGCCTTCTC-30 (reverse primer).

Cell proliferation assays

Cell proliferation was analyzed using the Cell Counting Kit-8
(CCK-8) assay (K1018, APExBIO). The H9C2 cells were plated
in 96-well plates at a density of 1.5 � 103 cells/well.
Following the manufacturer’s protocol, cell proliferation
was detected every 24 h. Briefly, 10 ml of CCK-8 solution
was added to each well and incubated for 2 h at 37 �C.
Then, the absorbance at 450 nm was measured for each
solution using a spectrophotometer.

Cell cycle analysis

Approximately 1 � 106 H9C2 cells were fixed in 75% ethanol
at 4 �C at least for 24 h. The fixed cells were then washed
with PBS three times, and incubated with 100ul RNase A for
30 min at 37 �C. 400 ml of propidium iodide (PI) (KGA512,
KeyGen, China) were then added to the cell suspension.
The mixture was incubated for 30 min in the dark at room
temperature. The suspended cells were analyzed using a
FACS Calibur Flow Cytometer (BD Biosciences, San Jose, CA,
USA).

Annexin V-APC/7-AAD assay for cellular apoptosis

Transfected H9C2 cells were seeded in 6 cm dishes at a
density of 8 � 105 cells and incubated for 72 h. Then, to
evaluate early and late apoptotic activity, an Annexin V-
APC/7-AAD apoptosis detection kit was used according to
the manufacturer’s instructions. Cells were washed with
cold PBS and then were resuspended in 500 ml of Binding
Buffer. After cells were stained with 5 ml of Annexin V-APC
and 5 ml of 7-AAD, they were immediately analyzed using a
FACS Flow Cytometer (BD Biosciences, San Jose, CA, USA).

Cell migration assays

Transfected H9C2 cells were removed using 0.5 mM EDTA,
counted and plated at 1 � 106 cells/mL in 6-well plates.
Cells were incubated for 1 day, yielding confluent mono-
layers that could be used for wounding. Wounds were made
using a 10 ml pipette tip, and images were taken at 0, 24
and 48 h after wounding. The distance migrated by the cell
monolayer to close the wound area during this time period
was measured using ImageJ. Experiments were carried out
in triplicate and repeated a minimum of three times.
Immunofluorescence

When the cells were 30-40% confluent, they were washed
three times with PBS, fixed in room temperature 4% para-
formaldehyde for 20 min, and then washed again in PBS
three times. Cells were permeabilized in 0.5% Triton X-100
in PBS for 5 min at room temperature and washed three
times with PBS. After blocking with 5% BSA for 30 min at
room temperature, the cells were incubated with anti-
vinculin mouse polyclonal antibody (1:400 in PBS; V9131,
Sigma) overnight at 4 �C. Cells were then washed in PBS and
TRITC-conjugated goat-anti-mouse (1:200, T 5393, Sigma)
was added and incubated in the dark at room temperature.
Finally, the cells were washed again with PBS, stained with
DAPI (Roche, 10236276001, 5 mg/ml) for 15 min at 37 �C,
and then mounted in anti-fluorescent quencher (YEASEN,
36308ES11, Shanghai). These images were captured with
NIH.
Western blot analysis of p-ERK1/2

Cells were washed with cold PBS and then were lysed in
lysis buffer (KeyGEN BioTECH, NO: KGP250), supplemented
with a protease and phosphatase inhibitors (Roche,
Switzerland). The protein concentrations were measured
using Coomassie (Bradford) Protein Assay (KeyGEN
BioTECH, China). Sample proteins were separated on an
SDS-PAGE gel and transferred into 0.22-mm PVDF mem-
brane. After transferring, the membrane was blocked in 5%
free-fat milk in TBST or 5% BSA for 1 h, and then incubated
with primary antibodies overnight at 4 �C. Then, the
membranes were washed with TBST three times, followed
by incubation in secondary antibody. Finally, the protein
bands were visualized using chemiluminescence and band
intensity was analyzed and measured with ImageJ. The
following antibodies were used: rabbit anti-p44/42 Erk1/2
(Cell signaling, 4695, USA, 1:1000), rabbit anti-phospho-
p42/44 Erk1/2 (Cell signaling, 4370, USA, 1:2000), anti-
vinculin (1:200; V9131, Sigma), anti-b-actin (4 A Biotech,
China, 1:1000), goat anti-rabbit IgG (Millipore, GGHL-15 P,
1:10000) and goat anti-mouse IgG (Millipore, GGHL-90 P,
1:10000).
Statistics

All experiments were performed at least three times. Sta-
tistical analysis was performed in SPSS version 20. All data
are expressed as mean � SEM. Significance was determined
using one-way analysis (ANOVA). P < 0.05 was considered
statistically significant.
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Result

eIF3a gene mutation uncovered in patients of
familial pedigree with LVNC

To investigate the potential genetic pathogenesis of LVNC,
we recruited a family that had cases of LVNC. This study
included the proband (III-1) and her elder sister, who were
definitively diagnosed with LVNC based on clinical mani-
festations, echocardiography, and related examinations
(Fig. 1A). Interestingly, their parents had normal clinical
phenotypes. Fig. 1B shows the echocardiography analysis
result of the proband, which indicated that the ratio of the
thickness of the non-compact endocardial layer to the
thickness of the compact epicardial layer was 2.076 (0.791/
0.381). Genetic testing by whole-exome sequencing
revealed a heterozygous variation, c.1145 A- > G present in
exome 8 of eIF3a in the proband and her elder sister, but
not in their mother or aunt (Fig. 1C). The mutation changes
the amino acid from tyrosine (Tyr) to cysteine (Cys) at po-
sition 382 (Y382C) (Fig. 1D). This change occurs in the PCI
domain that mediates proteineprotein interactions and is
Figure 1 Characterization of LVNC patient carrying eIF3a (c.114
schematic of family LVNC pedigree, where the arrow indicates the
underwent the whole exome sequencing and Sanger sequencing. Sam
the presence or absence of the eIF3a (c.1145 A- > G) mutation (B)

echocardiography, which shows the thickness ratio of the non-comp
was >2.0 (0.791/0.381). LA, left atrium; LV, left ventricle. Scale ba
the c.1145 A- > G variant in affected individuals and in a non-affect
conservation of p.382,Tyr(Y)-Cys(C) mutation in all species (

(p.382,Tyr(Y)-Cys(C), marked with red, PCI domain marked with yel
GFP in addition to c.1145 A- > G eIF3a, wild type eIF3a and blan
transfection efficiency of each group were observed using light and
the mutated and wild type groups 48 h post-transfection. Sang
***P < 0.001. Error bars show mean � standard deviation.
at a site that is highly conserved among different species,
suggesting it is an important functional region of the pro-
tein (Fig. 1E). The pedigree of the family studied suggests a
correlation exists between the LVNC phenotype and the c.
1145 A- > G mutation.
Adenovirus vector validation and transfection

H9C2 cells were transfected with a vector expressing both
GFP and a variant of eIF3a. After 48hrs, GFP expression was
measured using fluorescence staining (Fig. 1F). Untrans-
fected cells served as the control group and did not produce
any fluorescence. Real-time PCR analysis showed that the
relative levels of eIF3a mRNA in cells transfected with wild-
type and mutant eIF3a were significantly higher than that
of the untransfected and vector only controls at 48 h and
72 h post-transfection. No significant difference was found
between the two control groups. These results indicated
that transfection of a transgene encoding Eif3a carrying the
c. 1145 A- > G mutation was successful and suitable for
further study.
5 A- > G) mutation and adenovirus vector transfection (A) A
proband (III-1). Mother (II-3), aunt (II-4) and sisters (III-1, III-2)
ples are marked with an asterisk. Plus and minus signs indicate

The LVNC phenotype of the proband no. 1 (III-1) as assessed by
act endocardial layer compared to the compact epicardial layer
rs, 1 cm (C) Chromatograms depicting the sequencing results of
ed family member. Amino acids are also shown (D) Evolutionary
E) Three-dimensional homology modeling of human eIF3a
low) mutated protein (F) transfected with Adenovirus encoding
k vector, respectively, 48 h after transfection. Cell state and
fluorescence microscopes. The level of eIF3a mRNA increased in
er sequencing was used to verify the mutation.*P < 0.05,
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The Eif3a mutation inhibited proliferative capacity
and induced apoptosis in H9C2 cells

To examine if the eIF3a mutation is associated with pro-
liferation in H9C2 cells, CCK-8 assays were performed. We
found that proliferation significantly decreased 72 h after
transfection with the mutated eIF3a compared to the wild
type (Fig. 2A) and this effect was maintained throughout
the entire time-course. Interestingly, flow cytometry
analysis of the DNA content of propidium iodide-stained
H9C2 cells at G0/G1, S, and G2/M phases showed no sta-
tistically significant difference between the groups
(Fig. 2B), meaning the decline proliferation does not come
from impaired DNA synthesis. On the contrary, as shown in
Fig. 2C, the number of apoptotic cells increased signifi-
cantly in the group expressing mutated eIF3a compared to
the group expressing the wild type version. These results
indicated the eIF3a mutation reduced the proliferative
capacity by inducing apoptosis in H9C2 cells.

The eIF3a mutation accelerated migration in H9C2
cells

Wound-healing assays were performed to assess the effect
of mutant eIF3a on the cell migration abilities of H9C2 cells.
H9C2 cells were scratched, and assessed for wound closure
after 48 h. We found that the wound was mostly closed in
the mutation and wild type group, and the closing rate in
the mutated group was faster obviously. However, vector
and blank group barely recovered from initial scratches
Figure 2 eIF3a mutation suppresses proliferation and induces ap
cell proliferation significantly decreased in the cells expressing m
content of PI-stained H9C2 cells at the G0/G1, S, and G2/M phas
significant differences between the groups (C) Apoptosis in H9C2 c
cytometry and showed that the cells with mutated eIF3a had h
*P < 0.05,**P < 0.05, ***P < 0.001. Error bars show mean � standa
(Fig. 3A). These indicated that the eIF3a mutation accel-
erated cell migration abilities in H9C2 cells. To understand
the cause of this accelerated cell migration, we analyzed
the levels of vinculin, a protein which plays an important
role in strengthening celleextracellular matrix in-
teractions,17,18 using both immunofluorescence staining
and western blot analysis. Expression of vinculin was higher
in the mutation group compared to the wild type group
(Fig. 3BC). These data show that mutated eIF3a increased
the expression of vinculin, possibly causing increased
migration of H9C2 cells.
eIF3a mutation inhibits cardiac differentiation in
the development

To test whether the eIF3a mutation affects myocardial
differentiation, we took advantage of human induced
pluripotent stem cells (hiPSCs), a unique cellular model to
study heart development. Cells were collected at different
time points during hiPSC differentiation into car-
diomyocytes. Stem cell gene markers declined gradually,
while cardiac transcription factors increased during
myocardial differentiation. In this study, at an early stage
of hiPSC cardiomyocyte differentiation, the expression of
the stem cell markers Oct-4 and Sox2 was higher in the
mutation group than in the wild type group. At a later
stage, however, when hiPSCs have already differentiated
into mature myocardium, cTnT, a cardiomyocyte-specific
marker, showed higher expression in the wild type group,
compared with that of the mutation group. Additionally,
optosis in H9c2 cells (A) CCK-8 assay results showing that H9C2
utated eIF3a compared to the wild type group (B) The DNA
es as assessed by flow cytometry. There were no statistically
ells was measured by Annexin V-APC/7-AAD staining and flow
igher levels of apoptosis compared to the wild type group.
rd deviation.



Figure 3 eIF3a mutation accelerates migration and motility in H9C2 cells (A) H9C2 cell migration as evaluated by wound healing
showed that cells with mutated eIF3a migrate faster than others (B) Images showing vinculin protein in red and DAPI in blue. The
expression of vinculin protein in cells expressing c.1145 A- > G eIF3a was higher compared to wild type cells (C) The expression of
vinculin was determined by western blot. Quantification of vinculin intensity showed that the mutation group had higher expression
than the wild type. *P < 0.05, Scale bar Z 10 mm. Error bars show mean � standard deviation.
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expression of Nkx2.5, an early cardiomyocyte transcription
factor, was higher in the mutation group than in the wild
type group (Fig. 4). These results demonstrate that the
eIF3a mutation might enhance the stemness of hiPSCs,
while delaying cardiac differentiation during myocardial
development.

Effect of eIF3a mutation on phosphorylation of
ERK1/2

We sought to elucidate potential signaling pathways asso-
ciated with the proliferation, migration and differentiation
in myocardial development, as we figured the effects of the
eIF3a mutation could be due to changes in these pathways.
The activity of the ERK1/2 signaling pathway, an important
pathway involved in multiple processes including cellular
proliferation and differentiation, was detected by western
blot. We found that the expression of phosphorylated
ERK1/2 decreased in the mutation group compared to the
wild type group (Fig. 5A). In addition, there was a clear
reduction in the translocation of pERK1/2 to the nucleus in
the presence of mutated eIF3a (Fig. 5B). These results
suggest that the eIF3a c.1145 A- > G mutation may reduce
the proliferation, migration and differentiation ability of
cardiomyocytes by inhibiting the p-ERK1/2 pathway.

Discussion

LVNC is a polygenic heterogenic cardiomyopathy.19 Some
genes, mainly encoding proteins involved in the cytoskel-
eton, sarcomere, mitochondria and ion channels, have
been reported to be associated with clinical LVNC pheno-
types.20,21 In the past decade, many efforts have been
made to build a LVNC mouse model and to study the disease
mechanisms in humans. Some of these studies are
described below. Mutations in SRC-1/3, proteins necessary
for myocardial cell proliferation and differentiation,
caused the formation of prominent myocardial trabecular,
deep intertrabecular recesses and thin ventricular walls in
mice, similar to the noncompaction ventricular phenotypes



Figure 4 eIF3a mutation inhibits cardiac differentiation during development. The mRNA level of Sox2, Oct4, Nkx2.5, cTnT in
cardiac development were determined by RT-qPCR. Mutation of eIF3a led to strong expression of stem cell gene makers early in
development and delayed expression of myocardial differentiation regulators.
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seen in humans.22 Decreased cell proliferation in the
compacting layer was observed in early embryonic
(E < 13.5) TAZ-KD mice.23 Similar defects were also
observed in Fkbp1a, Jarid2 and mib1-deficient mice.24e26

Kodo et al used patient-specific induced pluripotent stem
cell-derived cardiomyocytes study LVNC pathogenesis at
the single-cell level, and found that LVNC iPSC-CMs had a
reduced proliferation ability.27 Shou et al11 compiled a
critical review of previous research of LVNC disease models,
and concluded that in the different models, ventricular
trabeculation and compaction is affected by regulating cell
proliferation, cell polarization and myofibrillogenesis.
Thus, protrusion of trabecular and complete formation of
the ventricular conduction system can attributed to pro-
liferation and differentiation of cardiomyocytes at the
early stages of heart development, and these processes
play an important role in the pathogenesis of LVNC.
Therefore, the regulatory patterns and underlying mecha-
nisms of these processes largely determine the pathogen-
esis of LVNC.

In this study, a c.1145 A- > G mutation in the eIF3a gene
was detected in familial pedigree of LVNC and identified as
potentially pathogenic gene. Previous studies reported that
eIF3a was highly expressed in various tumor tissues and
considered to be a tumor promoting factor because of its
potential role in malignant transformation and cell
growth.28,29 miR-488-regulated inhibition of eIF3a was
found to reduce the proliferation and migration ability in
non-small-cell lung cancer (NSCLC).30 However, there has
been little work done to elucidate the relationship between
eIF3a and LVNC. We used H9C2 cells to simulate the em-
bryonic myocardium of the mammalian heart and the novel
c. 1145 A- > G eIF3a mutation identified in this study to
observe the mechanisms underlying proper heart develop-
ment and elucidate a possible connection between the
mutation and the development of LVNC. Our results show
that this eIF3a mutation could promote migration and
reduce the proliferation by promoting apoptosis. Addition-
ally, the effect of this mutation on the expression of stem
cell and cardiomyocyte markers during cardiac differenti-
ation was analyzed. It was previously determined that the
differentiation of hiPSCs into cardiomyocytes is a good
simulator for myocardial development. As expression of
stem cell gene markers such as Oct-4 and Sox2 decline
gradually while the expression of cardiomyocyte markers
such as Nkx2.5 and cTnT increased,31 Nkx2.5 is an early
cardiac transcriptional regulator that is critical for meso-
derm development into cardiac muscle cells and mutation
of Nkx2.5 can lead to cardiac developmental defects such
as ASD, VSD and atrioventricular block,32e34 while cTnT is
closely related to cardiac contraction,35 which marks the
maturation of myocardium. Our results show that mutation
of eIF3a prevents the decrease of Oct-4 and Sox2, and de-
lays the expression of Nkx2.5 and cTnT. Thus, the eIF3a
mutation preserved cells in a naive state and inhibited
myocardial differentiation, which may explain why the
novel c.1145 A- > G mutation is associated with an
increased risk of LVNC.

Previous studies have attempted to elucidate the
signaling pathways involved in LVNC. In one study, protein



Figure 5 eIF3a mutation decreases phosphorylation of erk1/2. (A) The activity of ERK1/2 signal pathway as detected by western
blot. Total ERK1/2 was used as a loading control. The expression level of phosphorylated ERK1/2 decreased in mutated eIF3a cells
compared to wild type cells. Quantification of western blot measurements of p-ERK1/2 using total ERK1/2 as a control is shown (B)

Nuclear translocation of pERK1/2 in cells expressing mutated eIF3a was higher than the wild type group. Quantification of western
blot measurements was performed as described above. *P < 0.05, **P < 0.05. Error bars show mean � standard deviation (C)

Proposed mechanism of eIF3a mutation function in cardiomyocyte.
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profiling of LVNC patients showed the highest correlation
with dysregulated MAPK1 pathway,36 similar to what was
found in genetically modified mice models.37 Other studies
showed that Rxra-deficient mice had reduced ERK1/2 ac-
tivity, leading to a thin-walled noncompaction ventricle
and decreased levels of proliferation.38 Previous studies
have connected the classical RAS-RAF-MEK1/2-ERK1/2
signaling cascade to cell growth, proliferation, migration
and differentiation. Nuclear translocation of Erk contrib-
utes to the proliferation and differentiation of myocytes
specifically.39 eIF3a binds to SHC and Raf-1, two compo-
nents of the ERK1/2 pathway, to negatively regulate this
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pathway.40,41 Regulation of Raf-1 by RUVBL1 has been
shown to affect the RAF/MEK/ERK pathway in lung adeno-
carcinoma tissues. Similar to regulation of this pathway by
RUVBL142, we hypothesized regulation of the ERK1/2
pathway by eIF3a might be a potential mechanism for
myocardial densification. Our results verified that eIF3a
mutation can downregulate the phosphorylation of ERK1/2,
particularly in the nucleus, which can also cause the
changes we observed in proliferation and differentiation,
and it also accelerate migration by down-regulate vinculin
(Fig. 5C).

We have found that the novel c.1145 A- > G mutation in
eIF3a can increase the risk of developing LVNC by dysre-
gulation of the p-ERK1/2 pathway. Our conclusions were
drawn from cell culture experiments, however, and it has
been shown that using animal models or living human tis-
sues is the most effective way to study clinical diseases.11

Unfortunately, there is no well-established animal model
for LVNC. Furthermore, it is difficult to obtain clinical
tissue samples. In our lab, we used normal patient urinary
cells and generated induced pluripotent stem cell-derived
cardiomyocytes (iPSC-CMs), which not only avoid the
ethical issues surrounding human tissue use but also carry
a genetic background similar to the disease, making iPSC-
CMs a powerful tool for studying the genetic mechanism of
diseases. In the future, we will attempt to suppress eIF3a
by gene silencing technology in iPSC-CMs derived from
LVNC patients in order to further understand its
mechanism.

In conclusion, the data we presented here demonstrate
that the novel c.1145 A- > G eIF3a mutation inhibited
proliferation and differentiation, accelerated migration via
the p-ERK1/2 pathway, which may be involved in the
pathogenesis of LVNC. Thus, our results may provide clues
to help understand the underlying causes of LVNC, as well
as information that could inspire new ideas for the pre-
vention and treatment of LVNC.

Conclusion

Our findings indicate that the missense variant of the eIF3a
gene, c.1145 A- > G, might be related to the development
of LVNC. This mutation could possibly lead to dysregulation
of myocardium proliferation, migration and differentiation
via the p-ERK1/2 pathway. This alters cardiac development
and could increase the risk of LVNC. These findings may
provide a better understanding of the genetic basis of
cardiac cell proliferation and differentiation, as well as the
pathogenesis of LVNC, potentially leading to new ap-
proaches to both treat LVNC and reduce its prevalence
through early gene intervention.
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