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Abstract
Background: It has been reported that EIF3c (Eukaryotic initiation factor 3c) was associated with
carcinogenesis of several cancer. However, the role of EIF3c in human esophageal squamous cell
carcinoma (ESCC) is still unknown. The aim of present study was to explore the relationship between
EIF3c and ESCC, and further investigate the effect of EIF3c in ESCC cells and potential molecular
mechanism.

Methods: The MRNA expression data and the clinical information of ESCC patients was obtained from
TCGA and used for the analysis of association between EIF3c and ESCC. SiRNA transfection was
performed to knock down EIF3c in ESCC cells. Cellomics ArrayScan, colony formation and CCK-8 assay
was used to test cell proliferation. Flow cytometry assay was used to test apoptosis and cell cycle.
Western blot assay was used to measure protein expression. Microarray assay and Ingenuity Pathway
Analysis (IPA) was used to pro�le gene expression and physiological processes effected by EIF3c in
ESCC cells.

Results: Firstly, EIF3c exhibited higher expression in ESCC tissue compared with normal esophageal
tissue. Furthermore, silencing EIF3c resulted in cell proliferation inhibition in ESCC cells. In addition, EIF3c
knockdown induced cell apoptosis and cell cycle arrest. Moreover, microarray assay and Ingenuity
Pathway Analysis (IPA) revealed 1081 differentially expressed genes (DEGS) including 593 upregulated
genes and 488 downregulated genes, and the related canonical pathways and possible up-regulators
after silencing EIF3c in ESCC cells.

Conclusion: Our study for the �rst time demonstrated the role of EIF3C as oncogene in ESCC and the
underlying molecular mechanism.

1. Introduction
Esophageal cancer has a high incidence and ranks eighth among all tumors, accounting for 7% of
digestive tract tumors, and its 5-year survival rate is still less than 30%[1, 2]. Human esophageal cancer
comprises two main pathological types, including esophageal squamous cell carcinoma (ESCC) and
esophageal adenocarcinoma. There are some differences in the pathologic types of esophageal cancer
between Asian and western countries[3]. The most effective treatment for esophageal cancer is surgery,
but surgery is more suitable for early-stage patients. For advanced esophageal cancer patients,
radiotherapy, chemotherapy, and targeted therapy is more reasonable[4, 5]. The development of ESCC is a
multi-factor, multi-stage, and complex biological process, involving multiple gene abnormalities. At
present, there is a lack of reliable molecule target in the treatment of ESCC, to �nd a suitable molecular
target is of great signi�cance for the development of new ESCC treatments.

Protein translation plays essential role in the normal operation of cell function. Translation consists of
initiation, extension, termination, and other processes. Errors in any step of Protein translation will lead to
cell dysfunction. EIF (Eukaryotic initiation factor) plays an important regulatory role in translation
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initiation[6]. Recently, the relationship between EIF and tumorigenesis has been gradually revealed, which
is involved in the regulation of tumor growth, metastasis, invasion, and other phenotypes[7, 8]. EIF3C, one
of the important subunits of eIF3 that is the largest mammalian scaffolding initiation factor. The
expression of EIF3C in many human tumors is different compared with counterpart normal tissue, such
as in renal cell carcinoma, hepatocellular carcinoma, prostate Cancer, and colon cancer[6, 9–11].
Moreover, EIF3C also plays a regulatory role in pathological processes, such as tumor proliferation and
metastasis[12, 13]. Therefore, EIF3C may be a new anticancer target gene in tumor treatment. However,
there is no study to investigate the expression and role of EIF3C in ESCC.

TCGA, a project aims to detect the whole genome expression data of human tumor tissues by large-scale
genome sequencing. At present, TCGA has released the data of gene expression and clinical pathological
information of cancer patient from more than 30 kinds of tumors[14]. In the past few years, a variety of
molecules involved in the development and prognosis of cancer have been found by analyzing the data
released from TCGA[15]. Microarray technology is a high-throughput method to study the molecular
mechanism of cell response to speci�c stimuli through measuring thousands of gene transcripts at the
same time. It is widely used in the preliminary and comprehensive analysis of the mechanism of gene
regulation in cells[16, 17]. In this study, we �rst investigated the expression level of EIF3C in ESCC tissues
and normal esophageal tissues via analyze of TCGA data, and further investigated the role of EIF3C in
ESCC cells. Finally, we explored the potential molecular mechanism through gene chip and IPA analysis.
Taken together, this project aims to explore the regulatory mechanism of EIF3C in tumorigenesis and
development of ESCC and �nd novel gene targets related to ESCC.

2. Material And Methods
2.1 Cell culture 

The human ESCC cells (TE-1) were purchased from GeneChem (Shanghai, China). The culture of the cells
used RPMI‐1640(Gibco, Carlsbad, CA, USA) medium mixture with 10% fetal bovine serum (FBS). All the
cells were incubated in humidi�ed environment with 5% CO2 at 37°C. The follow-up experiments were
performed when the cells were cultured to 70-80%con�uence.

2.2 Lentiviral -vector transduction 

pGCSIL-GFP vector was used to load siRNA of EIF3C and negative control siRNA, which encode green
�uorescent protein that could be detected under �uorescence microscope. The sequence of siRNA-EIF3C
was CAGTCACTAAAGGTCTGTTTA and a random siRNA sequence was used as a negative control. All the
lentiviral vector used in this experiment was obtained from GeneChem (Shanghai, China) and stored at
-80 °C until use. To construct lentiviral vector transfected cells, harvested and plated the TE-1 cells in six-
well plate with 2000cells/well. After attachment, the viral plasmid was added according to MOI of 10
plaque-forming units (PFU) per cell, and the negative control plasmid was selected as the control group.
The medium was changed after 24 hours of culture, and the �uorescence intensity of the cells was
observed under the �uorescence microscope to determine whether the transfection was successful when
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the cell was culture to 3 days. Then the mRNA of TE-1 cell was extracted according to the protocol of
manufacturer’s instruction. The e�ciency of EIF3C knockdown in ESCC cells was measured using qPCR
and western blot assay. Finally, the Lentiviral vector- transfected cells was used in subsequent
experiment.

2.3 Cell Proliferation Analysis 

Colony formation assay was used to evaluate the effect of EIF3C on proliferation of TE-1cell. Brie�y, the
Lentiviral vector- transfected cells were harvested and collected in 1.5ml centrifuge tube. After washing
with PBS twice, the cells were plated in six-well plates with 1000 cell/ well. The cells were further cultured
for 14 days follow up with discarding culture medium and washing the cells in situ twice with PBS.  
Subsequently, �xed the cells with paraformaldehyde for 20 minutes, and then stained the cell with
Giemsa stain (Solarbio Science & Technology, Beijing, china) for 10 minutes and washed the cells with
distilled water twice. Finally, after dry of plate, the number of cell colonies were counted under the
microscope and the photograph were captured with digital camera.

The cell viability of TE-1 was accessed using Cell counting kit-8 assay (CCK-8) assay (dojindo
laboratories, Kumamoto, Japan) after transfection with lentiviral vector. In brief, harvested and seeded
5000 cells in 96 well plate and cultured the cells to appointed time(1-5days). Then, CCK-8 reagent (10µL)
was added into each well and further cultured for 2h in dark at 37°C. Finally, the absorbance was detected
using microplate reader at 450 nm.

To measure the proliferation of TE-1 cell after silencing EIF3C, Cellomics ArrayScan system was used.
Brie�y, plated the Lentiviral vector- transfected TE-1 cells in 96-well plate with 2000cell/well. After culture
overnight, the number of �uorescent cells were quanti�ed once a day for �ve consecutive days by
Cellomics arrayScan VTI system (Thermo Fisher Scienti�c, Waltham, MA, USA). 

2.4 RNA extraction and quantitative real-time PCR

To measure the mRNA expression of EIF3C after transfection with Lentiviral plasmid, the Quantitative
real-time assay was performed. Brie�y, total RNA was isolated from TE-1 cells transfected with Lentiviral
plasmid using AxyPrep Multisource Total RNA Miniprep Kit (Axygen, Corning, NY, USA). The generation of
cDNA used TransScript II All -in-One First-Strant cDNA Synthesis SuperMix for PCR kit (Transgen, Beijing,
China) according to the manufacturer's instructions. Then, the TransStart Top Green qPCR SuperMix kit
(Transgen, Beijing, China) was used to performed qRT-PCR assay. The Primers used in our study were
obtained from Sangon Biotech (Shanghai, China). GAPDH were taken as control and the relative
expression of EIF3C was normalized to GAPDH. The primer sequences are as follows: EIF3C , forward:5′
CCATCCTCTGCCACATCTACC 3′, Reverse: 5′ CCACCTTCTCCTGCTCCTG 3′; GAPDH, forward: 5′
TGACTTCAACAGCGACACCCA 3′, Reverse: 5′ CACCCTGTTGCTGTAGCCAAA 3′.

2.5 Apoptosis assay
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 The effect of EIF3C on apoptosis induction in TE-1 cells was evaluated by �ow cytometry. In brief,
lentiviral vector transfected TE-1 cells were harvested and collected into a 1.5ml centrifuge tube, after
washing with pbs twice, stained the cells with annexin V-APC (ebioscience 88-8007) for 10 minutes at
37.0°C in dark. Finally, the cell sample was analyzed using �ow cytometry. The positive annexin V-APC
staining cell was thought as apoptotic cell. 

2.6 Cell cycle phase assay

The effect of EIF3C on cell cycle phase was detected by �ow cytometry. The Lentiviral vector- transfected
cells were harvested and collected into the 1.5ml centrifuge tube. After �x with 70% cold ethanol at 4˚C
for 4 h, washed the cells with PBS twice, and then incubated the cells with 10 µl RNase and 25 µl PI
staining solution (Beyotime Biotechnology, Shanghai, China) in dark at 37˚C for 30 min. Finally, the cell
cycle was detected using �ow cytometry. The proportion of each stage between the EIF3C silencing group
and the control group was calculated.

2.7 western blot assay

The western blot assay was performed to detect the protein expression. In brief, The Lentiviral vector-
transfected cells were harvested and collected into the 1.5ml centrifuge tube. Added RIPA protein lysis
containing protease inhibitor (Beyotime Biotechnology, Shanghai, China) in the tube and lysed the cell
pellets for 30min. then supernatant was collected by centrifugation at 12,000×g for 10min. BCA protein
quantitative kit (genstar company,Beijing, China) was used to quantify protein concentration. The equal
protein samples of each group were separated by SDS gel electrophoresis, and then the protein was
transferred to PVDF membrane (EMD Millipore, Billerica, MA, USA). Subsequently, PVDF membrane was
sealed with 5% skim milk for 1h and incubated with primary antibody at 4 °C overnight. The primary
antibodies against β-actin, cleaved caspase-3, and cleaved PARP were purchased from cell signaling
technology (Danvers, MA). The PVDF membrane was incubated with horseradish peroxide labeled
secondary antibody (Santa Cruz, CA, USA) at room temperature for 1 hour. After washing with PBST
twice, the band was detected using ECL luminescent solution (Thermo Fisher, Waltham, USA). 

2.8 Data Mining of TCGA Database

The MRNA expression data of ESCC and the clinical information of ESCC patients obtained from TCGA
were downloaded from the website “https://xenabrowser.net/datapages/”. The RSEM value, the
transformed data format of mRNA expression, was used for data analysis. The mRNA expression of
EIF3C between ESCC and normal tissue was analyzed using T-test, and the results were displayed with
box chart. The correlation between EIF3C expression value and clinical information was tested by chi-
square test, and the median of EIF3C expression value was selected as the cut-off value to divide it into
high expression group and low expression group. The relationship between the expression of EIF3C and
prognosis was analyzed using survival analysis package, and the statistic difference was analyzed by
log rank test. The above statistics analysis and plot drawing were performed using R.
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2.9 Microarray Assay and Ingenuity Pathway Analysis

To pro�le the gene and physiological processes effected by EIF3C in ESCC cell, the Microarray Assay and
the follow up bioinformatics analysis were performed after silencing of EIF3C in TE-1 cell. Brie�y, the
MRNA of the lentiviral vector- transfected TE-1 cells was extracted according to the mRNA extraction
instructions, the RNA was quanti�ed by nano2000(Thermo Fisher Scienti�c, Waltham, MA, USA) and the
RNA quality was measured by Agilent Bioanalyzer 2100(Agilent Technologies, Santa Clara,CA, USA). After
measure of EIF3C knockout e�ciency by qPCR, the mRNA sample were used for follow-up chip
hybridization. The chip hybridization and follow-up data analysis by GeneChipScanner 3000 (Affymetrix)
were conducted by GeneChem (Shanghai, China). The fold change of MRNA expression >2 and P value
<0.05 were de�ned as threshold to screen differential expression gene. Finally, Ingenuity Pathway
Analysis (IPA) was used to subsequent bioinformatics analysis, including canonical pathways analysis,
disease function analysis, etc.

2.10 Statistical analysis

SPSS19.0 software (IBM, Chicago, IL, USA) was applied in statistical analysis. The mean ± standard
deviation was used as expression of statistical data. Student’s t-test was used in statistical comparisons
between 2 groups.  p < 0.05 was de�ned as statistically signi�cant difference.

3. Results
3.1 The higher expression level of EIF3C in ESCC compared to normal esophageal tissue

To investigate the expression difference of EIF3C between ESCC and normal esophageal tissue, the
mRNA expression data of EIF3C involving 95 ESCC and 11 esophageal normal tissue was obtained from
TCGA database and further analyzed using T-test. As showed in �gure1A, ESCC group showed signi�cant
high mRNA expression level of EIF3C compared with that in normal esophageal tissue group (the p-value
was 0.022). Furthermore, we analyzed the correlation between mRNA expression of EIF3C that was
divided into higher expression group and lower expression group according to median mRNA expression
and a variety of clinicopathologic variables including Age, Stage, Pathology.T.stage, Pathology.N.stage,
Pathology.M.stage, Gender, radiation_therapy, Residual.tumor, Race in ESCC sample , in which ,stage was
divided into 2group (I-II, III-IV). As showed in table1, signi�cant correlation was not found between mRNA
expression of EIF3C and the clinicopathologic variables mentioned above. In addition, the association
between mRNA expression of EIF3C and prognosis of ESCC patients was investigated using survival
analysis, as showed in �gure1B, no signi�cant difference was found in the survival time between higher
expression group and lower expression group of EIF3C.

Table.1 Correlation of EIF3C mRNA expression in esophagus squamous cell carcinoma with
clinicopathologic variables.
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Clinical
characteristics

Variable No. of
patients

EIF3C(High) EIF3C(Low) χ2 P
value

             

Age >55 55 29(30.5) 26(27.4) 0 1

≤55 40 21(22.1) 19(20)

Stage I-II 62 33(35.5) 29(31.2) 0.048 0.826

III-IV 31 15(16.1) 16(17.2)

Pathology.T.stage T0-T2 39 22(23.7) 17(18.3) 0.332 0.564

T3-T4 54 26(28) 28(30.1)

Pathology.N.stage N- 54 29(31.5) 25(27.2) 0.019 0.89

N+ 38 19(20.7) 19(20.7)

Pathology.M.stage M- 83 44(50.6) 39(44.8) 0 1

M+ 4 2(2.3) 2(2.3)

Gender Female 14 9(9.5) 5(5.3) 0.43 0.512

Male 81 41(43.2) 40(42.1)

radiation_therapy No 55 31(34.8) 24(27) 0.404 0.525

Yes 34 16(18) 18(20.2)

Residual.tumor R0 77 41(48.8) 36(42.9) 0.017 0.895

R1-R2 7 3(3.6) 4(4.8)

Race Asian 45 21(22.8) 24(26.1) 0.738 0.691

Black  5 3(3.3) 2(2.2)

 White 42 23(25) 19(20.7)   
3.2 EIF3C was signi�cantly knockdown in ESCC cell

The lentiviral plasmid used in our study carries GFP gene that express GFP protein in transfected cells.
Therefore, the transfection e�ciency can be directly detected by �uorescence microscope through
observation of the proportion of cells that exhibited green �uorescence. As shown in the �gure2A, both
the cell of si-EIF3C group and negative control group showed obvious green �uorescence after 3 days of
transfection. Furthermore, in order to measure the e�ciency of EIF3C knockdown, we extracted the mRNA
and protein of TE-1 cells that was transfected with lentiviral plasmid, and measured the mRNA and
protein expression level of EIF3C in two groups by qPCR and western blot. As shown in �gure2B,
compared with NC group, the expression of EIF3C in the si-EIF3C group was signi�cantly reduced in both
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mRNA and protein level. The above results indicated that the lentiviral plasmid used in our study could
successfully knock down the expression of EIF3C.

3.3 Knock down of EIF3C signi�cantly inhabited TE-1 cell proliferation 

To investigate the function of EIF3C in ESCC, we knock down EIF3C in TE-1 cell. Cellomics ArrayScan,
colony formation and CCK-8 assay were performed to investigate the effect of EIF3C on proliferation of
TE-1 cells. Firstly, we consecutively observed and counted the number of the cell with green �uorescence
for 5 days using Cellomics ArrayScan system. As showed in Figure3A, cell counts and fold of cell counts
in si-EIF3C group was signi�cantly reduced compared with NC group. Furthermore, colony formation
assay also showed that the colony number was signi�cantly lower than NC group after 14days culture
(�gure3B). Additionally, CCK-8 assay showed that knock down of EIF3C signi�cantly decreased cell
viability compared with NC group(�gure3C). Taken together, these studies above indicated that EIF3C
knock down signi�cantly inhabited TE-1 cell proliferation and suggested EIF3C as oncogene in ESCC.

3.4 Knock down of EIF3C induced apoptosis and cell cycle phase arrest in TE-1cell 

To further investigate the mechanism that EIF3C inhibited proliferation of ESCC cell, we accessed
apoptosis and cell cycle distribution in TE-1 cell using �ow cytometry after knocking down the expression
of EIF3C. As showed in �gure4A, knock down of EIF3C signi�cantly increased apoptosis proportion
(2.37%) compared with NC group (9.34%) in TE-1 cell. In addition, silencing of EIF3C signi�cantly
increased proportion of S phase(37.9%vs41.8%) and G2/M phase(12.8%vs16.4%), decreased
G0/G1phase (49.2%vs41.7%) in TE-1 cell compared with NC group, indicating that EIF3C was partly
involved in cell cycle phase regulation of ESCC cells(�gure4B). Furthermore, we also detected the marker
protein in the induction of apoptosis, silencing of EIF3C signi�cantly increased the expression of cleaved
caspase-3 and cleaved PARP compared with NC group. 

3.5 Pro�ling of EIF3c in regulation of gene expression in ESCC cells

To further investigate the gene expression regulated by EIF3C, An Affymetrix GeneChip PrimeView Human
cDNA microarray assay was performed (GEO accession number is GSE167263). As showed in �gure5A
and B, volcano plot and Hierarchical Clustering plot was taken to exhibit the differentially expressed
genes (DEGs) regulated by EIF3C, total 1081 DEGs were found, including 593 upregulated genes and 488
downregulated genes. Ingenuity Pathway Analysis (IPA) was further used to analyze the function of the
DEGs after knocking down EIF3C. As showed in �gure6A, IPA revealed the canonical pathways involved in
TE-1 cell context after EIF3C knock down. Total 396 canonical pathways, in which, including p53
signaling, TGF-β signaling, Death receptor signaling, Myc mediated apoptosis signaling, ERK/MAPK
signaling were signi�cantly regulated. Furthermore, we analyzed the diseases and functions related to
DEGS, including a total of diseases and functions involved, including cancer, Cell Death and Survival,
cellular development, cellular growth and proliferation and so on(�gure6A). In addition, the up-regulators
were predicted using IPA, and the top 5 activated and inhabited regulators were listed on table 2, including
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activated regulator TNF, HGF, ERK, NFkB, EDN1 and inhabited regulator PD98059, U0126, COL18A1,
PD173074, LY294002. 

Table.2 Comparison of the upstream regulators of EIF3C

Upstream
Regulator

Molecule Type Predicted Activation
State

Activation z-
score

p-value of
overlap

PDGF BB complex Activated 4.77 8.2E-10

FGF2 growth factor Activated 4.394 5.86E-05

TNF cytokine Activated 4.044 5.39E-11

HGF growth factor Activated 4.031 4.12E-10

ERK group Activated 4.03 8.68E-09

NFkB (complex) complex Activated 3.958 3.6E-07

EDN1 cytokine Activated 3.904 9.43E-10

KRAS enzyme Activated 3.891 1.91E-09

AGT growth factor Activated 3.721 0.000184

Vegf group Activated 3.704 3.99E-11

PD98059 chemical - kinase
inhibitor

Inhibited -4.151 7.24E-11

U0126 chemical - kinase
inhibitor

Inhibited -3.65 1.74E-11

COL18A1 other Inhibited -3.208 7.85E-07

PD173074 chemical reagent Inhibited -3.113 0.00331

LY294002 chemical - kinase
inhibitor

Inhibited -3.047 6.27E-07

TGM2 enzyme Inhibited -3.022 0.000469

CST5 other Inhibited -3.02 0.00156

genistein chemical drug Inhibited -2.93 0.000645

mir-34 microrna Inhibited -2.924 0.000307

tanespimycin chemical drug Inhibited -2.914 0.00264

4. Discussion
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The over-activation of translation will cause uncontrolled cell proliferation and excessive production of
carcinogenic proteins that may lead to tumorigenesis. EIF3, a multi-subunit complex composed of
subunit eIF3a-eIF3m, play very important role in translation initiation in mammalian cell and aberrant
expression of EIF3 is associated with various diseases, including cancer[18, 19]. Previous studies have
shown that a variety of EIF3 subunits are associated with tumor and involved in regulation of tumor
phenotype[20, 21]. For instance, there is a signi�cant correlation between the expression of EIF3a and the
malignant degree of ovarian cancer, bladder cancer and pancreatic cancer[22-24]. EIF3b silencing inhibits
the proliferation of cancer cell by inhibiting the transition of the cell cycle from G1 to S and suppresses
50% protein synthesis in the cells[25]. Over expression of EIF3b is also associated with tumor depth and
poor prognosis in ESCC patient and EIF3b could inhibited ESCC cell proliferation through activating β-
catenin signal pathway[26]. Recent studies have found that EIF3C also have close relation with tumors.
As a component of EIF3 complex, EIF3C is very important in many steps in the initiation of protein
synthesis. EIF3C is highly expressed in tumors including prostate cancer, renal cell carcinoma, liver cancer
and so on[9, 10, 27]. In prostate cancer, the expression of EIF3C is related to the age and tumor stage, and
high expression of EIF3C caused poor survival in prostate cancer patients. EIF3C also affected the
proliferation, migration, and invasion of prostate cancer via regulation of PI3K / Akt / NF- κ B signal
pathway in PC3 cells[10]. In hepatocellular carcinoma, genomic analysis showed that the high expression
of EIF3C was positively correlated with KRAS, vascular endothelial growth factor and Hedgehog signal
pathway, which were related to speci�c cancer-related gene sets[27]. In addition, EIF3C silencing induced
apoptosis of osteosarcoma by activating SAPK / JNK signal pathway[28]. It has been reported that
EIF3C, as a downstream target gene of a variety of molecules participated in the excessive proliferation
of tumor cells. In cervical cancer, circ_0067934 expression increased the expression of miR-545 that
regulates the proliferation, migration and invasion of cervical cancer cell by targeting its 3-untranslated
region to inhibit the expression of EIF3C[29]. 

Although EIF3C participated in the pathological processes of various tumor cell proliferation, metastasis,
and invasion through different mechanisms, until now, the role of EIF3C in ESCC is still unclear. Our study
demonstrated that the expression of EIF3C in ESCC was signi�cantly higher than that in normal
esophageal tissues by analyzing the data obtained from TCGA. Further experiments in vitro showed that
EIF3C silencing inhibited the proliferation and induced apoptosis of ESCC cells. Finally, the possible
molecular regulatory networks involved in the regulation of ESCC by EIF3C were explored through
genomics research

In our study, we �rst explored the mRNA expression difference of EIF3C between ESCC and normal
esophageal tissues using the data obtained from TCGA, as well as the relationship between EIF3C
expression and clinical data of ESCC patients. The results showed that the expression level of EIF3C in
ESCC was signi�cantly higher than that in normal esophageal tissues, which suggested that EIF3C may
be a potential oncogene. However, no signi�cant correlation was found between the expression of EIF3C
and the pathological information of ESCC patients, and there is no signi�cant difference in the prognosis
of ESCC patients between the high expression group and the low expression group of EIF3C. This may be
accountable by the fact that there are only 95 cases of ESCC patients obtained from TCGA, so further
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collecting more cases, and analyzing the relation between EIF3C expression and clinical data of ESCC will
be a part of the future work. 

In the context of tumorigenesis and cancer development, excessive cell proliferation and apoptosis
resistance are important reasons for unlimited proliferation of tumor cells[30]. Through knocking down
the expression of EIF3C in ESCC cells by siRNA, we found that EIF3C silencing could signi�cantly
inhibited the proliferation of ESCC cells, which was con�rmed by assay of CCK-8, clone formation and
Cellomics ArrayScan assay. In addition, through �ow cytometry analysis, we found that knockdown of
EIF3C expression could blocked the cell cycle of ESCC cells in S and G1 phase, and EIF3C silencing could
signi�cantly induced apoptosis of ESCC cells. Moreover, western blot assay further con�rmed the results
by detected the mark protein related with and apoptosis. These results suggested that the function of
EIF3C in ESCC maybe related to the regulation of cell proliferation and induction of apoptosis. To explore
the regulatory mechanism of EIF3C in ESCC cells, Affymetrix gene expression assays and bioinformatics
analysis techniques were performed. Total 1081 differential expression gene were found, including 593
upregulated genes and 488 downregulated genes. Canonical pathways analysis shows that a variety of
molecular pathways may be involved in the regulation of EIF3C , including TGF-β Signaling Death
Receptor Signaling ERK/MAPK Signaling NF-κB Signaling mTOR Signaling JAK/Stat Signaling  and so
on, which have been con�rmed closely relationship with apoptosis and proliferation in a variety of
tumors. The previous study showed that inhibition of TGF-β-SRPK1 signaling pathway mediating
proliferation inhibition and apoptosis induction in ESCC cell through regulating AKT and JNK[31].
MAPK/ERK signaling pathway was involved in the proliferation inhibition induced by miR-148a/MAP3K9
axis in ESCC cells[32]. NF-κB signaling was reported as the downstream target pathway in regulation of
proliferation and apoptosis in ESCC cells by several gene, such as transforming growth factor‐activated
kinase (TAK1)‐binding protein 3 (TAB3) and   NKILA (a long non-coding RNA )[33, 34]. Our previous study
also showed that death receptor signaling mediated by ROS-DR5 axis taken part in the induction of
apoptosis by Isoalantolactone in ESCC cell. These studies above indicated that the signaling pathway
analyzed by IPA all have closely association with oncogenesis of ESCC and may provide reliable direction
in investigation of molecular mechanism of proliferation regulation by EIF3C in ESCC. 

Our study screened the differentially expressed genes regulated by EIF3C in esophageal squamous cell
carcinoma by microarray technology, and further explored the signal pathways involved through IPA
analysis which fully cover the possible molecular mechanism. However, due to the lack of accuracy of
gene chip, the differential genes and pathways we screened are too extensive. Therefore, more
experiments are still needed in exploration of the speci�c molecular regulation relationship in our future
study. In addition, Affymetrix gene expression array we used in this study only detected mRNA expression,
but more evidences showed that small RNA, including miRNA and lncRNA and cirRNA plays important
molecular regulatory role in cell function[35]. The absence in the detection of small RNA regulated by
EIF3C is also a defect of this study. In addition, fewer cell lines were used in this study, the above results
need to be further veri�ed in a variety of esophageal squamous cell carcinoma lines.
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In conclusion, this study for the �rst time found that EIF3C is signi�cantly overexpressed in esophageal
squamous cell carcinoma. Through vitro experiments we found that induction of apoptosis and inhibition
of proliferation maybe the partial regulation mechanism of EIF3C in ESCC and using IPA analysis we
further explored the passible molecular pathway involved. Therefore, this study suggests that EIF3C
maybe oncogene in esophageal squamous cell carcinoma and may become one of the new anticancer
targets in treatment of ESCC.
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Figures

Figure 1

The higher expression level of EIF3C in ESCC compared with normal tissue

A, The data of mRNA expression of EIF3C in ESCC and esophageal normal tissue was obtained from
TCGA, and the expression difference was analyzed using t-test. B. Kaplan‐Meier analysis was used to
access the correlation between mRNA expression level of EIF3C and overall survival in ESCC and
esophageal normal tissue.
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Figure 2

EIF3C was signi�cantly silenced in ESCC cells

A, after 3 days of transfection, the cells was observed under �uorescence microscope and the photograph
of light microscope and �uorescence microscope was both captured and exhibited. The results indicated
showed that the transfection was successful. B. The e�ciency of EIF3C knock down was accessed by
detection of mRNA expression of EIF3C in si-EIF3C and NC group using QPCR assay. 
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Figure 3

Knock down of EIF3C signi�cantly inhabited proliferation of TE-1 cell.

A, The Cellomics ArrayScan system was used to access the effect of EIF3C on cell growth of TE-1 cells by
consecutively observed and counted the number of the cell with green �uorescence for 5 days. The
reprehensive images of the cells and the statistic chart was showed. B. colony formation assay was used
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to evaluate the proliferation of TE-1 cell after EIF3C knockdown. The images of the plate and cells were
both showed. 3. Cell Counting Kit-8 assay was used to evaluate viability of TE-1 cell after EIF3C
knockdown.

Figure 4

Knock down of EIF3C induced apoptosis and cell phase arrest in TE-1cell.

A, The apoptosis was detected by �ow cytometry in TE-1 cells after EIF3C knockdown. The annexin V-
APC positive was used in calculation of the apoptotic rate. B. the cell cycle was accessed by �ow
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cytometry in TE-1 after EIF3C knockdown. C. The marker protein of apoptosis was detected using western
blot assay.

Figure 5

Differentially expressed genes (DEGS) was exhibited by volcano plot and Hierarchical Clustering plot.
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A, volcano plot was used to exhibit the pro�le of genes effected by EIF3C. The Abscissa is the multiple of
difference (logarithmic transformation based on 2), ordinate is signi�cant FDR (logarithmic
transformation with base 10), red dots represent signi�cant genes screened by | Fold Change | > 2 and
FDR < 0.05. Grey dots represent other genes with no signi�cant difference.

B, Hierarchical Clustering plot was used to exhibit the DEGs and sample. Each column represents a
sample, and each row represents a differential gene; the upper tree structure is the cluster of all samples;
the left tree structure is the cluster of the expression patterns of the DEGs. The relatively up-regulated
gene is showed as red, while relatively down-regulated gene is showed as green.

Figure 6
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Bioinformatics analysis of DEGs using ingenuity pathway analysis

A, The signi�cant enrichment of DEGs in the canonical pathways was shown. The Abscissa is the name
of the pathway, the ordinate is the signi�cant level of enrichment (orange marks indicate activated
pathway (Z-score > 0), and the blue indicates inhibited pathway (Z-score < 0); Ratio indicates the ratio of
the number of differential genes in this signal pathway to the number of all genes contained in this
pathway.

B. The signi�cant enrichment of differential genes in diseases and functions was shown. Abscissa is the
name of the diseases and functions, and ordinate is the signi�cant level of enrichment (the p-value was
transformed using negative logarithm of the base 10).


