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Ovarian cancer remains the leading cause of death among all gynaecological cancers, il-
lustrating the urgent need to understand the molecular mechanisms involved in this dis-
ease. Eukaryotic initiation factor 3c (EIF3c) plays an important role in protein translation
and cancer cell growth and proliferation, but its role in human ovarian cancer is unclear.
Our results showed that EIF3c silencing significantly up-regulated 217 and down-regulated
340 genes. Ingenuity Pathway Analysis (IPA) indicated that the top differentially expressed
genes are involved in ‘Classical Pathways’, ‘Diseases and Functions’ and ‘Networks’, es-
pecially those involved in signalling and cellular growth and proliferation. In addition, eIF3c
silencing inhibited cellular proliferation, enhanced apoptosis and regulated the expression
of apoptosis-associated proteins. In conclusion, these results indicate that by dysregulating
translational initiation, eIF3c plays an important role in the proliferation and survival of hu-
man ovarian cancer cells. These results should provide experimental directions for further
in-depth studies on important human ovarian cancer cell pathways.

Introduction
Ovarian cancer remains the leading cause of death in all gynaecological malignancies [1]. Currently,
surgery is the main treatment for early ovarian cancer. Surgery is usually supplemented with chemother-
apy to provide comprehensive treatment. Approximately 80% of patients with advanced ovarian cancer
still experience tumour progression and recurrence, which eventually leads to death due to acquired resis-
tance to platinum-based anti-tumour drugs [2]. This poor prognosis suggests an urgent need to identify
new molecular mechanisms involved in ovarian cancer and to find novel molecular targets for the treat-
ment of this disease. Within the last decade, the molecular underpinnings of many forms of cancer have
been extensively investigated and revealed, which has facilitated the development of tailored therapies [3].

Eukaryotic initiation factors (eIFs), which regulate the initiation of translation, protein synthesis, cell
growth and proliferation, are aberrantly expressed in several human tumours [4–9]. EIf3c, an impor-
tant member of the general translation initiation complex, consisting of 913 amino acids and located at
16p11.2, is a housekeeping gene in the cytoplasm. eIF3c has been demonstrated to be essential for cell
proliferation in numerous human tumours, including hepatocellular carcinoma, glioma and colon cancer
[10–12]. However, little is known about the role of eIF3c in human ovarian cancer.

In recent years, the molecular pathogenesis of various tumours has been investigated at the molecular
level using various bioinformatics approaches, including biochip and sequence analysis, biological data
clustering and pathway analysis, providing novel research ideas for further study [13–15]. In the present
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study, to explore the molecular pathways potentially linked to ovarian cancer, changes in gene expression in
eIF3c-downregulated SKOV3 human ovarian cancer cells were investigated using GeneChip microarray and path-
way analysis. Canonical pathways linked to ovarian cancer were identified and ranked. The findings presented here
provide new insights into the biological role of the eIF3 gene in human ovarian cancer and provide novel ideas for
ovarian cancer therapy targetting eIF3-related molecular pathways.

Materials and methods
SKOV3 and HO-8910 cell culture and eIF3c silencing
SKOV3 and HO-8910 cells (American Tissue Culture Collection, Manassas, VA, U.S.A.) were cultured in a humid-
ified 37◦C incubator with a 5% CO2 atmosphere in Dulbecco’s modified Eagle’s medium (DMEM, Gibco, U.S.A.)
supplemented with 10% FBS, 100 U/ml penicillin, and 100 ng/ml streptomycin. EIF3c-siRNA (5′-GAC CAT CCG
TAA TGC CAT GAA-3′) and scrambled siRNA (5′-TTC TCC GAA CGT GTC ACG T-3′) was inserted into the
lentiviral shRNA expression vector pGCSIL-GFP using the Lentivector Expression Systems (GeneChem, Shanghai,
China). The identities of the generated siRNA-expressing vectors were confirmed by DNA sequencing. Human renal
epithelial 293T cells were infected with eIF3c-shRNA and scrambled siRNA plasmids (negative control) to gener-
ate eIF3c-shRNA and scrambled siRNA lentivector particles. Human ovarian cancer SKOV3 and HO-8910 cells were
then infected with eIF3c-shRNA and scrambled shRNA lentiviral particles (negative control) at a multiplicity of infec-
tion (MOI) of 100. After 72 h of infection, the expression of GFP was observed by fluorescence microscopy to identify
transfected cells. After 120 h of infection, the cells were harvested to determine the eIF3c knockdown efficiency by
real-time quantitative PCR (RT-qPCR).

RT-qPCR detection of eIF3c expression
The RT-qPCR analysis was performed utilizing an RT-qPCR kit (SYBR Green I) according to the manufacturer’s
instructions (Thermo Fisher Scientific, Waltham, MA). cDNA (1 μg) was used as a template for PCR with the fol-
lowing primers: eIF3c forward, 5′-CCATCCTCTGCCACATCTACC-3′ and reverse, 5′-CCACCTTCTCCTGCTC
CTG-3′, product size of 294 bp; cysteine-rich, angiogenic inducer, 61 (CYR61) forward, 5′-AGACCCTGTGAA
TATAACTCCA-3′ and reverse, 5′-AATTGCGATTAACTCATTGTTT-3′, product size of 300 bp; ANKRD1 for-
ward, 5′-AGTAGAGGAACTGGTCACTGG-3′ and reverse, 5′-TGTTTCTCGCTTTTCCACTGTT-3′, product size
of 201 bp; RAP1A forward, 5′-CAAGCTAGTAGTCCTTGGTTCAG-3′ and reverse, 5′-GGAATCTTCTATCGTT
GGGTCAT-3′, product size of 106 bp; and GAPDH forward, 5′-TGACTTCAACAGCGACACCCA-3′ and reverse,
5′-CACCCTGTTGCTGTAGCCAAA-3′, product size of 121 bp. PCR products were separated on a 2% agarose gel,
stained with Ethidium Bromide and analysed by UV imaging.

Ingenuity Pathway Analysis
Total RNA from eIF3c shRNA- or scrambled siRNA-infected SKOV3 cells was analysed by a NanoDrop 2000
(Thermo) and an Agilent Bioanalyzer 2100 (Santa Cruz, CA) for quantity and quality. Reverse transcription,
double-stranded DNA template conversion and transcription for RNA synthesis and labelling was performed us-
ing a GeneChip 3′IVT Express kit (Affymetrix Inc., Santa Barbara, CA) per the manufacturer’s instructions. Tran-
scribed RNA was hybridized, washed and stained with a GeneChip Hybridization Wash and Stain kit (Affymetrix
Inc., Santa Barbara, CA), and microarray analysis was performed using a Prime View Human Gene Expression Array
(Thermo Fisher). Significantly, differentially expressed genes between SKOV3 cells treated with eIF3C-shRNAs and
those treated with scrambled shRNA, defined as genes with an absolute log-transformed fold change (abs(logFC))
> 1.5 (P<0.05), were identified by array scanning using a GeneChip Scanner 3000. The results were analysed by
Ingenuity Pathway Analysis (IPA) (Qiagen, Venlo, NL) using the ‘core analysis’ function to interpret the data from
the perspective of biological processes, pathways, and networks. Canonical pathway (CP) analysis was used to iden-
tify function-specific genes significantly present within the identified networks. Z-scores were calculated to show the
extent to which each pathway was activated or suppressed upon eIF3c silencing. A Z-score > 2 means the pathway
was significantly activated, while a Z-score < −2 represents a significant inhibition of the pathway.

Cell proliferation assay (MTT assay and Celigo)
MTT assay
SKOV3 cells expressing eIF3c- or scrambled shRNA were cultured for 72 h. Cell proliferation was then assessed with
MTT staining (Genview, Houston, TX). In brief, the cells were seeded in 96-well plates at 2000 cells per well and
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cultured for 5 days. The MTT reagent was then added to the cells at 5 mg/ml, and after 4 h, the absorbance at 490/570
nm was measured using a microplate reader.

Celigo assay
SKOV3 cells were cultured in 96-well plates at a density of 2000 cells per well. From the second day after plating, the
number of green fluorescent cells was determined every 24 h for a total of 120 h using a Celigo Image Cytometer
(Nexcelom, Lawrence, MA) as a measure of cell proliferation.

Transwell assay
To transfect the cells, add 100–200 μl of the cell suspension to the Transwell chamber (Corning, U.S.A.), refer to
the instructions. Five hundred microlitres of medium containing FBS or chemokine is usually added to the lower
chamber of the 24-well plate. The amount of different plates is different. Please refer to the instruction manual for
details. Conventional culture for 48 h (mainly depending on the invasive ability of cancer cells). The supernatant was
removed, Crystal Violet stained and the cells in the upper chamber were removed and photographed by microscopy.

Evaluation of apoptosis
Apoptosis was assessed using an eBioscience™ Annexin V-APC Apoptosis Detection kit (Thermo Fisher). Briefly,
cells were transfected as described above, incubated for 5 days, resuspended in binding buffer at a density of 1 × 106

cells/ml, transferred (100 μl) to FACS tubes and stained with Annexin V. Cells were mixed gently in a dark room for
15 min at room temperature and then analysed for apoptosis with an apoptosis detection kit (eBioscience 88-8007,
U.S.A.).

Western blotting
After eIF3c or scrambled shRNA transfection, the cells were collected and lysed with cell lysis buffer (Sigma). The
antibody dilution ratio was as follows: eIF3c (1:500, Cell Signaling Technology, CST), Bax (1:1000, CST), Bcl2 (1:1500,
Abcam), cleaved caspase 3 (1:1000, Cell Signaling Technology, CST) and β-actin (1:5000, CST).

Statistical analysis
Data are presented as the mean +− SEM from at least three independent experiments. A paired t test was used to
analyse differences in the levels of mRNA expression and cellular proliferation and apoptosis between eIF3c-silenced
and control cells using GraphPad Prism 5. A P-value <0.05 was considered statistically significant.

Results
Microarray analysis of the SKOV3 ovarian cancer cell line after eIF3c
gene silencing
After shRNA lentivirus infection, the expression of EIF3C in the experimental group was inhibited (Supplemen-
tary Figure S1). Affymetrix Human GeneChip prime view analysis revealed that the expression of 557 genes was
significantly altered by eIF3c silencing (Z-score > 1.5, P<0.05) (Supplementary Table S1). Among these genes, 217
exhibited up-regulated expression and 340 genes exhibited down-regulated expression (Figure 1A,B). In Figure 1A,
the horizontal coordinate is the difference multiple (base 2 logarithmic transformation), the vertical coordinate is the
significant FDR (base 10 logarithmic transformation), the red dots are the significantly differentially expressed genes
screened with | fold change | > 1.5 and FDR < 0.05 as the standard, and the grey dots are the other genes with no
significant difference in expression. Figure 1B is a heatmap of the hierarchical clustering of the KD and NC samples
using the expression profiles of differentially expressed genes selected with | fold change | > 1.5 and FDR < 0.05 as the
selection criteria. Each row represents a sample, and each column represents a differentially expressed gene; the left
tree structure is based on the expression profile of the differentially expressed genes, the aggregation or the classifica-
tion of all samples; the upper tree structure represents the aggregation of the expression patterns of the differentially
expressed genes; the red colour indicates that the expression level of the genes is relatively up-regulated, and the blue
colour indicates that the expression level of the genes is relatively down-regulated. There was no significant change in
the expression of white coloured genes. The top ten genes significantly up- and down-regulated are listed in Table 1.
The candidate genes THBS1, RAP1A, CYR61, ADAMTS1, TUFT1, CFL2 and ANKRD were screened and verified.
The data showed that the expression level of ANKRD1 and CYR61 was significantly higher in the eIF3c-silenced
group than the negative control group (P<0.05). There was no significant difference in RAP1A expression between
the silenced group and the negative group (P>0.05) (Figure 1C).
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Figure 1. The clustering of differentially expressed genes in SKOV3 cells after elF3 silencing as visualized by volcano maps

and heatmap analysis

(A) All the differential genes shown by volcano maps; the red part means significant difference. (B) The significantly different genes

shown by volcano maps. (C) RT-PCR analysis the ANKRD1, RAP1A and CYR61 expression. The data showed that the expression

level of ANKRD1 and CYR61 was significantly higher in the eIF3c-silenced group than the negative control group (P<0.05). There

was no significant difference in RAP1A expression between the silenced group and the negative group (P>0.05). ***P<0.001,

****P<0.0001.

Table 1 The top ten down-regulated and up-regulated proteins identified by Affymatrix Human GeneChip analysis

Entrez Gene symbol Gene title P-value Fold change

5906 RAP1A RAP1A, member of RAS
oncogene family

1.68E-20 −10.07126733

1073 CFL2 Cofilin 2 (muscle) 3.34E-14 −3.936654227

9993 DGCR2 DiGeorge syndrome critical
region gene 2

1.42E-13 −3.513713755

8663 EIF3C Eukaryotic translation initiation
factor 3 subunit C

2.28119E-08 −3.392079541

728689 EIF3CL Eukaryotic translation initiation
factor 3 subunit C-like

2.28119E-08 −3.392079541

7851 MALL mal, T-cell differentiation
protein-like

2.52617E-15 −2.995707293

10163 WASF2 WAS protein family member 2 7.72152E-13 −2.987502665

221476 PI16 Peptidase inhibitor 16 7.58374E-14 −2.797516551

6443 SGCB Sarcoglycan β 9.64507E-11 −2.787638207

9500 MAGED1 MAGE family member D1 2.31339E-12 −2.730496549

574040 SNORA6 Small nucleolar RNA, H/ACA box
6

2.75875E-09 2.375371779

147947 ZNF542P Zinc finger protein 542,
pseudogene

3.75414E-12 2.414514845

22943 DKK1 Dickkopf WNT signaling pathway
inhibitor 1

6.23718E-15 2.424935992

7286 TUFT1 Tuftelin 1 1.00731E-10 2.490266253

9510 ADAMTS1 ADAM metallopeptidase with
thrombospondin type 1 motif 1

3.62238E-11 2.53994396

7057 THBS1 Thrombospondin 1 9.40453E-16 2.681233132

11096 ADAMTS5 ADAM metallopeptidase with
thrombospondin type 1 motif 5

4.60691E-13 3.251299968

1490 CTGF connective tissue growth factor 7.83564E-14 3.357048391

27063 ANKRD1 Ankyrin repeat domain 1 (cardiac
muscle)

5.07223E-12 3.846314326

3491 CYR61 Cysteine-rich, angiogenic
inducer, 61

3.19733E-18 4.288143939
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Figure 2. Differentially expressed ‘classical pathways’ after elF3 silencing as determined by iterative IPA

(A) Top nine ‘classical pathways’ suppressed by elF3 silencing are shown. Left-vertical axis indicates log of the calculated P-value.

Right-vertical axis indicates the Z-score value. (B) The Z-score is negative, which indicates the pathways decreased after elF3

silencing. When the Ephrin Receptor signaling was inhibited, other relative pathways were also affected.

Bioinformatics analysis of differentially expressed genes
The association of the differentially expressed genes induced by eIF3c silencing was further analysed using IPA soft-
ware (Qiagen), which showed that these genes are involved in ‘Classical Pathways’, ‘Disease and Function’ and
‘Networks’.

Classical pathway analysis
A classical pathway analysis indicated that nine classical pathways, most notably Actin Cytoskeleton Signalling, PCK8
Signalling in T Lymphocytes, Ephrin Receptor Signalling and Integrin Signalling, were significantly suppressed after
eIF3c silencing (Z-score = −2.121; Figure 2A). Furthermore, when Ephrin Receptor Signalling was inhibited, other
relative pathways, particularly those involved in cell proliferation and movement, were also affected (Figure 2B).

Disease and function analysis
The top three disease and function differentially expressed gene clusters associated with eIF3c silencing were Organ-
ismal Injury and Abnormalities, Cancer and Cell Death and Survival (Figure 3A). Significantly activated diseases
or functions included cell–cell contact and significantly suppressed diseases or functions: migration of microvascu-
lar endothelial cells (Supplementary Table S3). According to the function of the differentially expressed genes, the
diseases were further classified into subcategories, particularly those associated with Cellular Movement, Cellular
Development and Cellular Growth and Proliferation (Figure 3B).

Network analysis
To further understand these differentially expressed genes, they were subjected to network analysis by IPA. The
database attributed general cellular functions to each of the networks, which were determined by interrogating the
IPA knowledgebase for relationships between the genes in the network and the cellular functions they impact. The
analysis of the genes identified above revealed six significant genetic networks (score ≥ 20.0), as listed in Supple-
mentary Table S2. The top scoring networks among the diseases and functions included Cellular Movement, Cellular
Development, Cellular Growth and Proliferation, Cardiovascular System Development and Function, Organismal
Development, Cancer, Gastrointestinal Disease, Organismal Injury and Abnormalities, Cell Death and Survival, Hair
and Skin Development and Function, Reproductive System Disease, DNA Replication, Recombination, and Repair,
Hepatic System Disease, Cell Cycle, Embryonic Development, Organ Development, Tissue Development, Cellular
Assembly and Organization, Cellular Function and Maintenance and Cell-To-Cell Signalling and Interaction.

Knockdown of EIF3c suppresses cellular proliferation and increases
apoptosis of SKOV3 and HO-8910 cells
The effect of eIF3c silencing on the proliferation rate was determined using MTT and Celigo assays. While the density
of SKOV3 and HO-8910 cells increased over 5 days, eIF3c silencing reduced SKOV3 and HO-8910 density after 3 days
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Figure 3. Diseases and functions analysis

(A) Colour-coded heatmap analysis of differentially expressed genes after elF3 silencing, clustered according to functions and

diseases. Orange indicates up-regulated gene expression; grey indicates down-regulated gene expression and blue indicates

unidentified genes. (B) The most statistically significant functions altered by elF3 silencing are shown.

of culture, as determined by GFP fluorescence microscopy (Figure 4A) as well as MTT analysis (Figure 4B,C) and
a colony formation assay (Figure 4D,E). Our data showed that knockdown of eIF3c inhibited cell growth; however,
cell growth was promoted when eIF3c was overexpressed. The transwell assay showed that the invasive ability of cells
decreased after silencing eIF3C (Figure 4F). In addition, eIF3c silencing increased apoptosis (Figure 5A). However,
increased eIF3c expression suppressed apoptosis (Figure 5B), as determined by flow cytometry of annexin V. Western
blotting analysis of Bcl2, Bax and caspase3, cleaved-caspase3 activity (Figure 5C,D) showed that eIF3c inhibits the
expression of apoptosis proteins. Therefore, the eIF3c gene mediates the proliferation and growth of SKOV3 and
HO-8910 cells. Taken together, down-regulation of eif3c promoted apoptosis in SKOV3 and HO-8910 cells.

Discussion
Ovarian cancer is the most lethal of malignant gynaecological tumours. Cancer cell proliferation and metastasis are
critical for tumour progression and can lead to death of cancer patients. eIFs have been found to be aberrantly ex-
pressed in several human tumours [16]. As one of the most important initiation factors, eIF3 plays vital roles in
translation initiation [17], as well as tumorigenesis and cell proliferation [18,19]. However, there is currently little
to no research regarding the role of eIF3c in ovarian cancer. Therefore, we analysed differential gene expression by
GeneChip microarray, the functions and networks of differentially expressed genes by IPA, and cell proliferation and
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Figure 4. SKOV3 cell growth after elF3 silencing

Cell growth was measured everyday for 5 days by GFP expression analysis, Cellgro cytometry and MTT staining. (A) Images of

GFP expression in control and elF3 silenced SKOV3 cells over 5 days as observed by flourescence microscopy (100×). (B) The

cell proliferation analyzed by MTT assay at knockdown elF3. (C) Overexpression of elf3, the cell proliferation analyzed by MTT

assay. (D) The cell clonal formation analyzed at knockdown elF3. (E) Overexpression of elf3 in the cell clonal formation analysis.

The proliferation of cells was significantly inhibited by eIF3C silencing. (F) The transwell assay showed that the invasive ability of

cells decreased after silencing eIF3C. *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.

Figure 5. Silencing eif3c promoted SKOV3 and HO-8910 cells apoptosis

(A) Silencing of elF3 increased SKOV3 and HO-8910 apoptosis as evaluated by flow cytometery. (B) Overexpression of elF3 sup-

pressed SKOV3 and HO-8910 apoptosis as evaluated by flow cytometery. (C) The expression of apoptosis protein (Bcl2, Bax,

Caspase 3, cle-Caspase 3) at silencing of elF3. (D) The expression of apoptosis protein (Bcl2, Bax, Caspase 3, cle-Caspase 3)

at overexpression of elF3. Taken together, down-regulation of eif3c promoted apoptosis in SKOV3 and HO-8910 cells. *P<0.05,

**P<0.01, ***P<0.001, ****P<0.0001.
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apoptosis after silencing of eIF3c in the SKVO3 ovarian cancer cell line. The present study investigated the expression
and function of eIF3c in ovarian cancer.

The Affymetrix GeneChip expression microarray is a gene chip that analyses human genome information. This
GeneChip is more accurate, sensitive and reliable than RT-PCR and is one of the most widely applied gene expression
microarrays. IPA is online integrated analysis software that can contribute to the understanding of molecular inter-
action networks by establishing an experimental visualization system. In IPA, the input data are the differential gene
expression results of the chip analysis.

Hierarchical clustering analysis involves the grouping and classification of differentially expressed genes by sample
and gene identity based on the similarity of gene expression data obtained from the biochip. Based on this analysis,
we detected that gene expression profiles were similar within experimental and control groups but different between
groups, reflecting the effects of eIF3c silencing on the expression of specific genes. In addition, we detected genes with
similar functions or within the same biological pathway based on similar expression patterns. In the present study,
RAP1A (a member of the RAS oncogene family) was the most clearly down-regulated gene, while CYR61 was the
most clearly up-regulated gene after eIF3c silencing. RAP1A is a molecular switch that activates downstream MAPK
signalling pathways and promotes the expression of several target molecules that participate in the development of
tumours and other diseases [20]. The effects of RAP1 signalling-related molecules on cell proliferation and invasion
have been repeatedly observed, and RAP1 also participates in the regulation of telomere structure [21]. Somatic cells
do not display detectable telomerase activity, but telomerase activity is tightly regulated and seen mainly in germ
cells, stem cells and some immune cell types that are highly proliferative. Telomerase reverse transcriptase promotes
cancer cell proliferation by augmenting tRNA expression [22]. Evidence has suggested that telomerase reverse tran-
scriptase can modulate the expression of various genes, including the targets of Wnt/β-catenin and NFκB signalling,
which affect cancer progression and tumorigenesis [23,24]. CYR61 mediates many biological functions, including
cell migration, proliferation, apoptosis and differentiation [25].

Pathway analysis by the iterative IPA software program identified several differentially expressed ‘classical’ sig-
nalling pathways. Notably, the ephrin receptor signalling pathway was significantly inhibited. It has been determined
that the Eph/ephrin system plays an important role in embryonic development and has a slight effect on the physiology
of adults [26]. In addition, Eph/ephrin is overexpressed in cancer stem cell regeneration and metastasis development
[27]. In this pathway, EPHA and EPHB, which promote the migration and invasion of cancer cells, are particularly
up-regulated [28]. In addition, based on our gene expression analysis, we identified the diseases and functions of these
differentially expressed genes. The significantly up-regulated genes function in Cell–Cell Contact, and the signifi-
cantly down-regulated genes function is Migration of Microvascular Endothelial Cells. Cell–cell contact can induce
the differentiation of stem cells [29]. The migration of microvascular endothelial cells is closely related to the prolif-
eration of tumour cells [30]. The differentially expressed genes have significant effects on Embryonic Development,
Organ Development, Organ Morphology, Cell Morphology, Cellular Assembly, Cellular Function and so on.

In the present study, we detected differences in gene expression, biological processes, proliferation and apoptosis
in the human ovarian cancer cell line SKOV3 after silencing of eIF3c. It is reasonable to deduce that eIF3c, which
regulates translation initiation, plays an important role in the proliferation and survival of human ovarian cancer cells.
The present study provides an experimental direction for further in-depth analysis of the molecular mechanisms of
ovarian cancer development.
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Table S1 557 significant differentially differentially expressed genes after eIF3c 

silencing are shown in the following diagram 

 

 Gene Symbol Absolute FC P-value 

1.  ROPN1L 1.518864671 8.03672E-06 

2.  IGDCC4 1.538900548 1.99773E-08 

3.  LETM2 1.548595119 8.60298E-08 

4.  AHNAK 1.692258543 2.62359E-13 

5.  NAMPT 1.705987016 5.44839E-11 

6.  LARS2 1.621875787 3.81374E-08 

7.  SURF4 1.502543404 5.10822E-11 

8.  RAB31 2.065111961 1.83843E-10 

9.  LEMD1 1.574634144 3.83051E-07 

10.  KIRREL 1.511013622 0.001063354 

11.  KRT5 2.390904767 2.37061E-12 

12.  PREPL 1.849681237 1.4164E-09 

13.  HSPA4L 1.560364773 1.2704E-06 

14.  LOC102724250 1.741692578 7.96928E-08 

15.  SYDE1 1.634028712 8.70285E-09 

16.  SHISA3 1.655633486 3.84144E-06 

17.  FAM213B 1.874284554 5.61632E-11 

18.  GLUD2 1.626529137 2.79566E-12 

19.  ATL3 1.578666761 1.48932E-12 

20.  CTGF 3.357048391 7.83564E-14 

21.  C12orf76 1.57439768 2.13685E-08 

22.  FAM83A 1.577857225 3.77058E-08 

23.  KDELC2 1.837681399 1.37389E-09 

24.  RHOBTB1 1.580473304 4.37119E-06 

25.  GMFB 1.691855866 5.5481E-11 

26.  SNORA2A 1.602802502 6.21515E-05 

27.  ZSCAN16 1.514057504 3.88013E-06 

28.  MBOAT1 1.502894078 1.86202E-08 

29.  TMEM80 1.648411766 7.83744E-05 

30.  ALDH3A1 2.19937458 1.25582E-08 

31.  SGK2 1.554348493 2.15395E-05 

32.  FAM20B 1.739681658 6.53716E-10 

33.  NOP16 1.519247235 1.46651E-08 

34.  PDSS1 1.515744583 2.80501E-06 

35.  USB1 1.551047999 4.19777E-09 

36.  PPP1R2 1.718762255 1.84117E-10 

37.  BACE1 1.952713102 1.34254E-10 

38.  AZIN1 1.972283123 6.70807E-12 

39.  EPB41L5 1.508631025 1.46619E-06 



40.  PIR 1.529128873 4.82663E-10 

41.  GCHFR 2.407039805 3.26701E-12 

42.  PPIF 1.5465963 5.09238E-08 

43.  WWC3 1.972725196 2.11673E-10 

44.  SLC33A1 1.610386147 1.75497E-07 

45.  DKK1 2.424935992 6.23718E-15 

46.  TRIM2 1.612299765 3.11878E-08 

47.  IFITM1 1.574506813 9.16998E-11 

48.  HIST1H2AG 1.723546235 1.51276E-07 

49.  ATP6V0E1 1.513749692 3.59418E-10 

50.  NADK2 1.755047406 1.6347E-10 

51.  TGOLN2 2.599906967 9.35881E-15 

52.  CBLL1 1.537120215 1.29674E-07 

53.  FAM171B 1.611748529 1.57487E-08 

54.  ZBED2 1.577448968 3.72302E-10 

55.  SLC44A2 1.540152634 3.80643E-07 

56.  DTWD1 1.51684815 1.25881E-05 

57.  HCN2 1.644231381 1.67438E-06 

58.  DOCK2 1.806553525 3.04127E-07 

59.  SEMA3F 1.50052775 8.16369E-07 

60.  BDH1 1.774197562 1.22917E-06 

61.  TBC1D8 1.529588237 5.26249E-10 

62.  RASSF2 1.503421979 2.965E-06 

63.  ARL6IP5 1.515657033 5.90144E-10 

64.  CSRP1 1.505170236 2.36213E-08 

65.  MKNK2 2.360359594 1.47044E-15 

66.  MRTO4 1.561385381 3.46643E-06 

67.  MAGED1 2.730496549 2.31339E-12 

68.  NBPF19 1.741692578 7.96928E-08 

69.  MYPN 2.133570822 2.0991E-06 

70.  HPS3 2.053867814 6.59246E-12 

71.  STBD1 1.508955227 1.54478E-06 

72.  PXN 1.52226198 2.80436E-06 

73.  FECH 2.459383415 1.38616E-09 

74.  XDH 1.55735013 1.90182E-07 

75.  SORBS2 1.703883464 1.69387E-07 

76.  GNAQ 1.736749883 1.99344E-09 

77.  MTMR9 1.646873794 2.05905E-08 

78.  SPG20 1.792090299 1.43745E-09 

79.  MAP3K7CL 2.055320433 2.63319E-07 

80.  PEX5 1.536814817 3.53743E-09 

81.  PNO1 1.826539981 7.7386E-12 

82.  ZFP36L2 1.534239099 7.60699E-11 

83.  ARSJ 1.786133605 2.82705E-09 



84.  POLR3C 1.571755342 8.89675E-07 

85.  IPO11-LRRC70 1.769264815 1.24738E-10 

86.  MPZL3 1.505076342 1.61328E-07 

87.  CBSL 1.561908565 1.40561E-09 

88.  UBASH3B 1.520486844 3.49283E-08 

89.  ELF3 1.547286119 2.46349E-10 

90.  RGS3 1.633319089 8.58552E-06 

91.  ASAH2 1.533512578 4.15317E-05 

92.  CPA4 1.707927419 7.1828E-09 

93.  MYBL1 1.871917258 3.62679E-12 

94.  IER3IP1 1.730841159 1.73545E-12 

95.  SGCB 2.787638207 9.64507E-11 

96.  PCK2 1.562684645 1.04192E-07 

97.  MZT1 2.115130483 2.38309E-13 

98.  NABP1 2.162754634 1.32944E-08 

99.  NOV 1.805794012 2.41449E-10 

100.  HN1L 1.765605873 2.27705E-09 

101.  PNRC1 1.552492896 1.8181E-09 

102.  RFX2 1.529245467 8.91457E-06 

103.  GGA2 1.52591366 6.05086E-05 

104.  SNAPC1 1.5994989 3.1143E-12 

105.  PIKFYVE 1.565271951 3.14173E-09 

106.  IFIT2 1.767581414 2.00852E-09 

107.  TMEM185A 2.139153485 5.15104E-11 

108.  FZD1 1.997769311 3.82343E-12 

109.  KLF13 1.633228521 4.11697E-09 

110.  TNS2 1.525095938 3.31229E-07 

111.  PI16 2.797516551 7.58374E-14 

112.  SMCR8 1.525212225 5.22612E-08 

113.  ADAMTS5 3.251299968 4.60691E-13 

114.  WASF2 2.987502665 7.72152E-13 

115.  ID2 2.103944527 1.29357E-11 

116.  ZNF849P 1.522803721 3.03158E-05 

117.  SNCG 1.584019395 1.51723E-05 

118.  MIPOL1 1.607163458 8.46013E-06 

119.  PXYLP1 2.063695335 3.04577E-12 

120.  PHLDB2 1.575467507 5.13579E-05 

121.  ABHD4 1.594694423 3.96204E-08 

122.  RBM15B 1.535505131 1.46436E-06 

123.  GLUD1 1.664359014 3.37373E-12 

124.  MMS22L 1.551825853 1.12186E-08 

125.  DNAJC6 1.753750279 8.39262E-08 

126.  DDAH1 1.593596812 3.19074E-09 

127.  LRRC6 1.544125486 1.33162E-06 



128.  TICAM2 1.68130718 2.01978E-08 

129.  KCTD2 1.502015812 1.24435E-05 

130.  GPR180 1.701692073 1.65608E-10 

131.  SFSWAP 1.50396049 3.52408E-05 

132.  NRP2 1.606877556 8.22436E-10 

133.  JUN 1.549790637 3.45042E-09 

134.  CA12 1.985304086 1.00044E-11 

135.  SPRYD7 1.638372419 2.36593E-10 

136.  INPP4B 1.642522728 3.91062E-06 

137.  ATP8B2 1.741451145 1.84131E-06 

138.  MMRN2 1.782015641 2.22027E-08 

139.  ZNF680 1.657639171 3.62778E-07 

140.  ZFP30 1.511362781 7.23479E-07 

141.  RABL2A 1.500742717 1.07781E-08 

142.  FAM216A 1.62852214 5.41315E-10 

143.  FAM214B 1.765846575 1.62241E-09 

144.  ZNF880 1.514061002 3.3032E-06 

145.  BDNF 2.106186708 2.5669E-10 

146.  CHGA 2.228665347 1.33211E-08 

147.  PTGDS 1.888852439 3.70889E-10 

148.  ZFP82 1.781151212 1.28984E-11 

149.  LOC643923 1.579071685 1.11562E-05 

150.  FAM47E-STBD1 1.508955227 1.54478E-06 

151.  SAT1 1.573790313 8.76912E-10 

152.  FAM25G 1.750163858 2.18372E-12 

153.  FOXS1 1.883096152 1.39967E-08 

154.  FLOT1 1.556238669 1.29866E-08 

155.  BSN 1.530687736 4.31528E-05 

156.  EEF1E1-BLOC1S5 1.535395154 1.87845E-09 

157.  GNPNAT1 1.552808586 8.85249E-07 

158.  POLD4 1.542406817 5.99545E-10 

159.  NXNL2 1.52499023 6.06519E-09 

160.  RCC1 1.56445844 1.04963E-07 

161.  GUF1 1.506882229 9.34371E-06 

162.  RAB40B 1.685772671 6.71924E-11 

163.  ANKRD1 3.846314326 5.07223E-12 

164.  TIMP3 1.67739989 1.52226E-08 

165.  CYR61 4.288143939 3.19733E-18 

166.  CLIC3 2.321536559 5.10381E-14 

167.  FNDC3B 1.580655898 1.43889E-11 

168.  ARPC5 2.5029567 5.12589E-15 

169.  RPAP3 1.633262483 6.80374E-09 

170.  WDR55 1.534405716 3.29897E-08 

171.  PTPRF 1.502234462 1.76491E-05 



172.  TRIM31 2.351383736 9.10027E-10 

173.  GADD45A 1.547075209 1.43779E-12 

174.  BASP1 1.663905309 7.80312E-11 

175.  TM4SF4 1.693021155 1.00555E-05 

176.  C6orf48 1.624125743 3.19792E-13 

177.  BLOC1S5 1.535395154 1.87845E-09 

178.  PKDCC 1.521741527 2.85648E-06 

179.  DMRT3 1.750899973 1.82132E-09 

180.  BTF3L4 1.64182459 8.12284E-11 

181.  HES2 1.79556349 8.40547E-09 

182.  LEPROTL1 1.79006255 6.95133E-11 

183.  SEC23A 1.710616863 7.79619E-12 

184.  PIM1 1.51387211 1.22125E-06 

185.  CTNNB1 1.613824093 5.04152E-11 

186.  SEC24D 1.686477807 3.83315E-09 

187.  F11R 1.648187072 1.30719E-09 

188.  ZNF542P 2.414514845 3.75414E-12 

189.  BICC1 1.754378455 2.81202E-08 

190.  GPRIN3 1.522673545 0.000503932 

191.  MYO5B 1.574306742 1.58899E-06 

192.  NQO1 1.631203376 1.0547E-11 

193.  LTV1 1.554761549 5.91267E-09 

194.  LAPTM5 1.790877512 7.00848E-08 

195.  DBP 1.768533238 3.37172E-10 

196.  TMEM38B 1.593942957 1.80493E-10 

197.  ZBED6CL 1.605853184 2.19318E-09 

198.  CDC25A 1.833355634 1.81154E-06 

199.  ADK 2.200172541 1.22564E-09 

200.  ELMOD1 1.579071685 1.11562E-05 

201.  THRB 1.593063013 9.8989E-09 

202.  MOB3B 1.816792094 3.99984E-05 

203.  TSR1 1.563403313 4.47453E-09 

204.  PLK2 1.603328451 1.0336E-10 

205.  ODC1 2.237731074 1.62303E-14 

206.  CRYAB 1.577299543 4.61494E-07 

207.  ZNF492 1.522803721 3.03158E-05 

208.  WNT10A 1.592529393 3.27437E-09 

209.  ITPRIPL2 1.848993304 6.89207E-11 

210.  RRM2 1.609939715 2.66006E-09 

211.  SOS2 1.613809178 1.11041E-08 

212.  EIF4A2 1.635437546 6.53341E-09 

213.  DHRS3 1.768802946 7.67788E-08 

214.  RTN4 1.930195083 5.96819E-15 

215.  KIF3B 2.082442509 3.78084E-11 



216.  DEPTOR 2.180642595 2.35785E-06 

217.  PLCB4 1.827992308 1.82677E-08 

218.  PRUNE2 1.561443103 1.47557E-06 

219.  CRIM1 1.537802255 4.47021E-05 

220.  ESM1 1.767250643 3.65748E-08 

221.  STX11 1.639932764 6.30938E-06 

222.  MED14 2.15475922 8.83433E-12 

223.  RBMS3 1.63031793 6.98836E-05 

224.  HLA-DMB 2.454558129 5.55029E-10 

225.  ARRDC4 1.858359992 3.00492E-11 

226.  SPARC 1.569139192 4.9611E-07 

227.  DPH3 1.859657149 1.06855E-08 

228.  NCOA6 1.639781209 9.49804E-10 

229.  HDHD2 1.844981905 8.03051E-10 

230.  TIPIN 1.566281293 3.46871E-08 

231.  ZNF699 1.73476471 3.26038E-08 

232.  ZSCAN12 1.643802152 3.46591E-06 

233.  STK17A 1.533728727 1.35792E-05 

234.  SERPINA3 1.65288536 3.58817E-06 

235.  MALL 2.995707293 2.52617E-15 

236.  MDM2 1.713457015 1.06601E-08 

237.  CCBE1 1.527388077 1.17931E-08 

238.  SNORA6 2.375371779 2.75875E-09 

239.  CPEB3 1.510657563 1.88333E-06 

240.  IDO1 1.555918687 5.81349E-12 

241.  RBM24 1.860731639 1.78038E-09 

242.  IL1RAP 1.696333697 1.56501E-09 

243.  PDZK1 1.815394804 1.04051E-07 

244.  PCLO 1.762382002 4.97099E-08 

245.  ZMYM6NB 2.540037858 8.06039E-13 

246.  ANK1 1.747545477 7.73218E-07 

247.  SLC1A4 1.794128637 2.44921E-08 

248.  DMKN 1.653737211 3.04774E-06 

249.  ID4 1.68091876 9.53839E-13 

250.  SYTL3 1.662410494 4.47974E-09 

251.  NDUFAF6 1.506241744 7.93968E-08 

252.  GPAT3 1.664855156 2.60286E-09 

253.  MMP7 2.172124304 6.20085E-11 

254.  MAPK9 2.340564734 3.32218E-09 

255.  C14orf105 1.928768507 1.26024E-08 

256.  SGK1 1.5034324 8.31402E-06 

257.  PITPNA 1.560682064 3.11701E-10 

258.  ST6GALNAC4 1.876212625 2.15107E-08 

259.  HES1 1.681684033 3.95693E-10 



260.  VPS36 1.644037644 4.41802E-06 

261.  RPUSD4 1.657880476 1.52682E-08 

262.  ARL6 1.579593497 2.73155E-05 

263.  BAMBI 1.679521193 1.2793E-10 

264.  SNORA44 1.812553192 7.24646E-06 

265.  RAB29 1.552769121 2.70632E-09 

266.  FOXO1 1.867679191 3.06899E-12 

267.  WARS 1.557285363 7.493E-11 

268.  APPL2 1.620991658 1.28685E-08 

269.  ADI1 1.500572821 7.47648E-10 

270.  TSEN2 1.663720786 5.8905E-08 

271.  SH3BP2 1.532039329 2.28067E-07 

272.  PSKH1 1.590029281 1.89276E-08 

273.  MAP3K3 1.557911557 3.95308E-09 

274.  IGSF3 1.613082247 1.9891E-07 

275.  USP5 1.5403626 3.95521E-08 

276.  ANKRD46 1.591738491 2.20288E-07 

277.  KIAA1217 1.55777478 8.77353E-07 

278.  EIF3C 3.392079541 2.28119E-08 

279.  H6PD 1.51568855 0.00033573 

280.  ZNF429 1.583338807 0.013351 

281.  NRBF2 1.6052411 2.74788E-08 

282.  BOP1 1.555922282 2.72507E-11 

283.  SLFN5 1.877873654 2.79142E-08 

284.  SNX18 1.779563401 1.40692E-07 

285.  GGCT 1.531766792 2.39556E-08 

286.  WHSC1 1.547593599 2.858E-08 

287.  KLHL24 1.569160945 1.77909E-09 

288.  EGR1 1.611379902 4.35639E-09 

289.  EPHA4 1.7256621 7.92919E-07 

290.  KIAA0895 1.774529633 1.54285E-07 

291.  RALGDS 1.582219766 1.80573E-10 

292.  MPZL2 1.875289504 6.73374E-11 

293.  LYNX1 1.776638303 6.82835E-08 

294.  ALDH6A1 1.769734983 2.05395E-07 

295.  GTF2H2C_2 1.558908948 1.0152E-08 

296.  GTF2H2 1.558908948 1.0152E-08 

297.  IDO2 1.699432821 2.80159E-05 

298.  RNF14 1.535615116 1.53724E-08 

299.  CAV1 1.51201243 6.16903E-13 

300.  RAP1A 10.07126733 1.6791E-20 

301.  ALOX5 1.513235646 9.24483E-06 

302.  QKI 2.0104057 6.65981E-09 

303.  CREBRF 1.612724494 4.52294E-06 



304.  BICD2 1.631791428 6.03455E-09 

305.  SNORA63 1.635437546 6.53341E-09 

306.  HSD11B1 1.507000609 2.21642E-05 

307.  VAV3 1.535817367 3.38761E-06 

308.  SETBP1 1.685737617 3.7977E-05 

309.  HSPA2 1.546421213 3.31411E-08 

310.  CHMP1B 1.578302054 5.36051E-10 

311.  SEMA3C 1.563916334 2.34152E-07 

312.  RPSA 1.969168637 4.29798E-09 

313.  KRT19 1.945656011 7.83438E-15 

314.  SERP1 2.141631108 2.30384E-13 

315.  DIXDC1 1.628119582 5.79281E-09 

316.  CCNB1IP1 1.557353728 1.25541E-09 

317.  FAM101B 1.76599754 1.97531E-11 

318.  SAMD11 1.575685928 2.39945E-10 

319.  SLC35A2 1.519952951 6.97162E-08 

320.  S1PR1 1.529545828 0.000148995 

321.  TMEM50A 1.566654081 2.14771E-11 

322.  PCDH20 1.50897266 0.000752001 

323.  AP1M2 2.106181842 1.01107E-10 

324.  PAWR 1.568577343 3.68146E-10 

325.  FAM161A 1.532534976 4.20973E-06 

326.  ASPH 1.639493293 3.16857E-08 

327.  AHNAK2 2.3235811 5.44468E-12 

328.  PTCH1 1.84339256 8.81189E-08 

329.  HLA-DMA 1.737845708 8.25525E-07 

330.  PRR16 1.918647926 3.5073E-07 

331.  CMSS1 1.524849298 1.2554E-09 

332.  ID3 1.716016391 6.3844E-12 

333.  RND3 1.502408017 1.89097E-09 

334.  ADAMTS1 2.53994396 3.62238E-11 

335.  HSPA5 1.553939138 2.74916E-06 

336.  KIF21B 1.800644443 2.73628E-08 

337.  KIAA1143 1.769501928 3.62237E-09 

338.  SLC4A8 1.532591632 0.000104975 

339.  PANK3 1.691105501 4.90426E-09 

340.  CDC37L1 1.509565476 6.59028E-06 

341.  FBXL17 1.646596046 0.000187323 

342.  LOC102725241 1.533512578 4.15317E-05 

343.  GBP5 1.714074719 8.56097E-09 

344.  ZNF138 1.561089588 9.53596E-05 

345.  SERPINI1 1.519893251 9.61617E-06 

346.  AJUBA 1.510064319 2.9196E-07 

347.  B4GALT4 1.64555776 9.67668E-11 



348.  SEL1L3 1.659516914 6.97588E-10 

349.  RBM47 1.67962597 2.0231E-09 

350.  RNF167 1.536037389 2.22769E-07 

351.  GDF15 1.623739279 1.04162E-09 

352.  GINM1 2.005858727 3.43614E-13 

353.  SLC37A2 1.550585773 1.42266E-06 

354.  DENND1A 1.5462783 1.875E-08 

355.  GRB7 1.575369227 2.38571E-09 

356.  CTDSP2 1.996057573 9.76308E-12 

357.  IFRD1 2.240762897 1.3579E-13 

358.  ZNF566 1.581602073 2.74107E-09 

359.  YRDC 1.65093883 5.21124E-11 

360.  CHORDC1 1.528086982 4.94985E-05 

361.  EIF5A2 1.911351788 3.76504E-09 

362.  XXYLT1 1.872289249 4.99318E-09 

363.  BCCIP 1.807380171 5.59765E-09 

364.  AK4 1.890878503 6.3823E-07 

365.  AK2 1.628006734 5.05631E-07 

366.  FAM25A 1.795995 7.34995E-12 

367.  SLC16A9 1.616914433 5.99404E-07 

368.  UTP14C 1.583082747 6.55043E-09 

369.  CAPN1 1.682364135 7.31365E-08 

370.  ZSCAN31 1.531066204 3.84952E-08 

371.  NAA15 2.200777558 1.12259E-10 

372.  ABL2 1.624317133 5.34936E-09 

373.  KCTD12 2.516909484 2.63101E-10 

374.  INHBE 1.86178094 2.94616E-05 

375.  ESR1 2.045036605 8.32899E-10 

376.  SNHG12 1.812553192 7.24646E-06 

377.  B4GALT5 1.515713064 7.45537E-11 

378.  YME1L1 1.775698528 3.67253E-13 

379.  ZNF681 1.563887426 2.33996E-07 

380.  PHGDH 1.819430151 1.83704E-12 

381.  NEXN 1.976813361 2.46783E-07 

382.  TMEM182 1.521505976 3.51421E-05 

383.  TKT 2.281000348 2.38281E-09 

384.  SMAD7 1.503050345 4.68812E-07 

385.  AKR1C1 1.699837302 1.3509E-12 

386.  CBS 1.561908565 1.40561E-09 

387.  HCCS 1.590587788 1.90649E-07 

388.  YWHAH 1.678132542 3.64473E-11 

389.  GTF2H2C 1.558908948 1.0152E-08 

390.  SEPN1 1.99565638 4.2392E-10 

391.  IL31RA 1.613939688 8.09321E-05 



392.  DGCR2 3.513713755 1.42218E-13 

393.  IRAK2 1.520817108 5.61745E-09 

394.  AMTN 1.531030829 5.17221E-08 

395.  TSC22D3 1.903331251 3.49725E-12 

396.  EBP 1.506676826 4.09026E-08 

397.  NAV3 1.646733012 0.000105184 

398.  SNTB1 1.991257782 3.2001E-11 

399.  ARHGAP29 1.68018101 2.17746E-08 

400.  IER5L 1.538864992 3.74668E-10 

401.  SNORA62 1.969168637 4.29798E-09 

402.  SEMA7A 1.6823447 1.34355E-09 

403.  CFL2 3.936654227 3.34471E-14 

404.  PUM3 1.513672749 3.10134E-08 

405.  TGM2 1.578568282 9.96566E-07 

406.  AKNA 1.562471636 2.36193E-05 

407.  CLVS1 1.591749525 5.23976E-07 

408.  ZNF781 1.851280281 1.55596E-09 

409.  MRPL57 1.535686078 3.09554E-07 

410.  SLC30A1 1.624305875 5.34233E-09 

411.  NPL 1.522775574 8.64402E-06 

412.  MKL2 1.55887293 2.13E-08 

413.  TMED7-TICAM2 1.68130718 2.01978E-08 

414.  FAM25BP 1.750163858 2.18372E-12 

415.  DTX3L 1.595855472 2.58963E-07 

416.  PHF10 1.544143324 6.05942E-10 

417.  GFRA1 1.538872103 8.49329E-06 

418.  PDZK1P1 1.815394804 1.04051E-07 

419.  FAM25C 1.750163858 2.18372E-12 

420.  FAM73A 1.518261188 2.99388E-06 

421.  CDK8 1.530995455 3.85291E-09 

422.  NCAPD2 1.515909191 2.75807E-08 

423.  NBPF10 1.741692578 7.96928E-08 

424.  APPL1 1.540942825 7.48262E-08 

425.  C11orf70 1.551872465 2.02782E-08 

426.  RNF130 1.63537331 2.5559E-11 

427.  PM20D2 1.502203224 1.04827E-06 

428.  SDC1 1.884754566 2.76963E-14 

429.  OXTR 1.677047246 7.99641E-07 

430.  CDKN2C 1.576844067 2.8887E-08 

431.  TACSTD2 1.652828077 5.64355E-11 

432.  UCP2 1.860104061 8.40565E-10 

433.  FAM20C 1.815621319 3.02008E-11 

434.  NAP1L1 2.054294948 1.54014E-13 

435.  DDIT4 1.773672933 5.10552E-13 



436.  RAD18 1.630619305 5.83857E-10 

437.  RBM43 1.575846123 2.74758E-07 

438.  GRB2 1.653423924 3.49087E-10 

439.  CXCR4 1.831810164 5.89937E-05 

440.  GMNN 2.327078696 8.52291E-15 

441.  GPCPD1 2.116626431 4.62287E-11 

442.  UBE2L3 1.543151814 6.22433E-05 

443.  HACD2 1.529012287 2.56384E-05 

444.  PPIL1 1.544350266 1.05858E-08 

445.  PON2 1.744064425 1.26046E-10 

446.  LMO4 1.635021946 9.8936E-09 

447.  NARF 1.513938569 1.8313E-10 

448.  PRKAR2B 1.51077624 4.24506E-05 

449.  C2orf88 1.939574242 5.06887E-10 

450.  THBS1 2.681233132 9.40453E-16 

451.  SRGN 1.51439337 7.58142E-05 

452.  EIF3CL 3.392079541 2.28119E-08 

453.  ZNF706 1.719004514 1.79748E-08 

454.  LVRN 1.534122124 5.80475E-06 

455.  SLC16A3 1.734347912 0.001444191 

456.  ALG5 1.502293469 1.39132E-09 

457.  ASAH2B 1.533512578 4.15317E-05 

458.  SORL1 1.840834593 2.39232E-12 

459.  PTP4A1 1.542371181 7.32383E-09 

460.  DISP1 1.5588081 4.70028E-07 

461.  MYO1C 1.5116736 7.37789E-08 

462.  POLR3K 1.504902479 9.24488E-10 

463.  IL1R1 1.936735135 2.90444E-10 

464.  PTGER4 1.58994846 3.2812E-06 

465.  TP53INP1 1.538250008 2.40638E-08 

466.  SLC35F2 1.657838341 7.38237E-10 

467.  PROM2 1.517934985 3.33125E-08 

468.  BCAT2 1.890070437 1.31701E-11 

469.  PNPT1 1.5822417 2.81044E-11 

470.  TNFRSF12A 1.653305501 5.65652E-13 

471.  GALNT10 1.756459121 5.88309E-09 

472.  SMCO4 1.830477449 3.34774E-11 

473.  EIF5 1.588043025 3.81628E-11 

474.  SH3BP4 1.614096313 1.6868E-10 

475.  TAF5L 1.826122229 4.14186E-09 

476.  ZNF98 1.522803721 3.03158E-05 

477.  GTF2H2B 1.558908948 1.0152E-08 

478.  PLSCR1 1.69581642 3.47109E-07 

479.  HBP1 1.566426054 7.65356E-09 



480.  FOS 1.971759144 4.05126E-12 

481.  HEATR3 1.539064115 1.8853E-07 

482.  PERP 1.559359244 3.67169E-06 

483.  CTSC 1.903546747 9.09635E-09 

484.  IGFBP6 1.558105944 4.11355E-13 

485.  RCC2 1.638035549 1.30386E-07 

486.  SRM 1.713714365 2.28781E-10 

487.  ETS1 1.639364505 7.96642E-06 

488.  ITGB8 2.074815904 3.61946E-12 

489.  CTPS1 1.572278369 1.13921E-10 

490.  FRMD6 1.579370885 5.71596E-10 

491.  MPP1 2.404860707 1.94897E-12 

492.  BRWD1 1.513032874 2.69622E-07 

493.  CTDSP1 1.519538611 8.15937E-09 

494.  GANAB 1.614987875 3.38077E-07 

495.  CDKAL1 1.712249968 1.8226E-07 

496.  SEC14L2 1.612307215 8.3373E-07 

497.  S100A14 1.507380185 0.00020963 

498.  MED13 1.531855273 4.2144E-09 

499.  KLHL2 2.157982751 3.84894E-11 

500.  ARHGAP27 1.579469414 5.14499E-06 

501.  CGNL1 1.697474615 1.06204E-08 

502.  HMG20A 1.805739774 5.30891E-11 

503.  METTL21A 1.663267254 5.27406E-09 

504.  SERPINB5 1.660069144 4.54543E-10 

505.  SPDL1 1.508596168 7.3526E-12 

506.  VEZF1 1.543319399 1.67795E-10 

507.  FAM167A 2.676362126 3.26146E-15 

508.  TGFBR1 1.596582017 4.33607E-11 

509.  NUPR1 1.78469804 1.56653E-11 

510.  XBP1 1.701208537 6.26755E-12 

511.  RIOK3 1.721651732 4.6316E-12 

512.  MTCH2 2.238791228 2.13002E-12 

513.  CALCOCO1 1.681485883 5.83219E-06 

514.  MAL 1.838726199 2.62953E-14 

515.  EFNA1 1.504356679 4.8012E-10 

516.  GRB10 1.569534419 1.11441E-07 

517.  NBPF1 1.741692578 7.96928E-08 

518.  ZNF655 1.577299543 6.892E-06 

519.  SERAC1 1.665863278 3.5975E-07 

520.  LMCD1 1.543772325 9.97952E-07 

521.  ASNS 1.671577216 9.26548E-11 

522.  HERPUD1 1.618813367 3.22986E-12 

523.  WDR4 1.770201185 6.70583E-07 



524.  GPATCH4 1.555440634 4.47168E-09 

525.  RPS14 1.934525841 3.43518E-12 

526.  OTULIN 2.009964471 4.24192E-10 

527.  RRS1 1.566784397 5.04962E-10 

528.  TUFT1 2.490266253 1.00731E-10 

529.  NRG1 2.014772112 2.1588E-10 

530.  EMP1 1.552370942 3.43672E-07 

531.  JADE2 1.50263714 1.77364E-07 

532.  SMIM15 1.766083229 2.22516E-10 

533.  DYX1C1 1.774427136 1.02534E-07 

534.  FAM111B 1.557839568 9.166E-05 

535.  IL36G 1.535363227 1.36317E-05 

536.  TPD52 1.750479298 5.30612E-11 

537.  USMG5 1.538680116 2.27474E-07 

538.  B3GNT5 1.720462762 3.32936E-10 

539.  MRPL24 1.556738548 6.23244E-11 

540.  GJD3 1.546181842 1.05752E-07 

541.  HIST1H2BK 2.268496866 1.50394E-10 

542.  NUP88 1.581514372 5.49755E-06 

543.  KRT15 1.546867902 3.70848E-08 

544.  CTH 1.575977204 2.42647E-10 

545.  IPO11 1.769264815 1.24738E-10 

546.  ULBP1 1.663267254 5.88365E-06 

547.  COQ10B 1.593615222 1.44111E-06 

548.  AKR1C2 1.676683054 4.81921E-12 

549.  RAD23B 1.944258438 0.010246897 

550.  MOK 1.55166093 1.1701E-07 

551.  PRNP 1.509565476 0.000174753 

552.  ZNF385A 1.760229247 3.81001E-07 

553.  THBD 2.296059455 1.73318E-13 

554.  RIPK1 1.514851807 4.2384E-07 

555.  SCNN1A 1.759973045 2.35592E-09 

556.  CCDC28A 1.663132756 3.33714E-10 

557.  CHST2 1.572739794 1.23845E-10 

 



Supplementary Table 2  High-scoring networks (score > 20) identified by 

Ingenuity Pathway Analysis® in SKOV3 cells. The top six of 25 networks are 

represented here 

ID Molecules in Network Scor

e 

Focus 

Molecules 

Top Diseases and Functions 

1 BASP1,BCCIP,CHST2,CLIC3,CRIM1, 

CSRP1,DNAAF4,EIF5A2,EPB41L5,ESR1,

HBP1,KIF3B,KLHL24,LMO4,MPP1,NCAPD

2,NUP88,POLD4,PPIF,PPIL1,RFX2,SAMD1

1,SERPINB5,SLC1A4,SLC44A2,SPDL1,SR

M,TIPIN,TKT,VEZF1,VPS36,WARS 

53 32 Embryonic Development 

&Organ Development&Organ 

Morphology 

2 ADK,ANKRD1,APPL1,APPL2,B4GALT5,B

RWD1,CHMP1B,DENND1A,DMKN, 

EIF3CL,EPHA4,GDF15,GINM1,GRB10,INP

P4B,ITGB8,MYPN,PCDH20,RAB31,RBM24

,SEC14L2,SPG20,TACSTD2,TPD52,ULBP

1,WASF2 

38 26 Cell Morphology&Cellular 

Assembly and Organization& 

Cellular Function and Maintenance 

3 AJUBA,AMTN,ARHGAP27,ARPC5,BICC1,

CPA4,DISP1,DOCK2,FAM20C,FOS,GMFB,

LAPTM5,MPZL2,MPZL3,MYO5B,NABP1,N

BPF10 (includes 

others),PLK2,PROM2,QKI,RCC2,,SNX18,S

OS2,STK17A,XDH 

36 25 Cell Signaling&Organ Morphology& 

Organismal Development 

4 ASNS,CTGF,DDIT4,FRMD6,HES1,ID2, 

ID3,ID4,MAP3K3,NPL,PEX5,PHGDH, 

PKDCC,RPAP3,RRM2,SLC33A1,SMAD7,S

PARC,TBC1D8,TIMP3,TNS2,TP53INP1,ZN

F655 

32 23 Cellular Development&Cellular 

Growth and Proliferation,  

5 ARL6,ARL6IP5,CAPN1,CDC25A,Cg,Ck2,C

TPS1,DHRS3,DMRT3,FSH,GGCT,Gsk3,H

ACD2,HMG20A,KIF21B,Lh,MTMR9,Nfat 

(family),NMDA 

Receptor,PAWR,phosphatase,PIKFYVE,Pk

a,PNO1,PTP4A1,PTPase,PTPRF,PXYLP1,

RASSF2,Sod,TMEM185A,tyrosine 

kinase,UBASH3B,UCP2,UTP14C 

32 23 Carbohydrate Metabolism&Cell 

Morphology& Cellular Assembly 

and Organization 

6 alcohol group acceptor 

phosphotransferase,ARRDC4,BTF3L4,Cbp/

p300,CDK8,CK1,DBP,ENaC,FAM20B,FLOT

1,GTF2H2,Holo RNA 

polymerase ,JUN,MED13,MED14,mediator,

MEF2,MIR124,NEXN,NFAT(complex),Pp2b,

RAD23B,SCNN1A,SEC24D,SERP1,SGK1,

SLC30A1,SLC37A2,SLC4A8,TAF5L,TFIIH,

30 22 Molecular Transport& Cellular 

Function and Maintenance& Cell 

Signaling 



TRAP/Media,TSC22D3,UBIQUITIN 

LIGASE,YRDC 

The genes found to be differentially regulated and the number of such genes 

displayed in the “focus molecules” column that meet the cutoff and/or filter criteria 

were mapped to its corresponding gene object in IPA knowledge base (bold 

up-regulated, regular font down regulated).The score, generated using a p value 

calculation, indicates the likelihood that the assembly of a set of focus genes in a 

network could be explained by random chance alone. The database attributed 

general cellular functions to each network which was determined by interrogating the 

Ingenuity Pathway Knowledge base for relationships between the genes in the 

network and the cellular functions they impact. 

 



Table S3   The change of differential gene expression level can inhibit the 

activation of disease and function. 

 

Z-score>2 represents a significant activation of the disease or function. 

Z-score<-2 represents a significant inhibition of the disease or function. 

 Diseases or Functions Annotation P Z 

1 Cell-To-Cell contact 0.0000349 2.592 

2 Organismal Survival 0.00000176 2.462 

3 Cellular Assembly and Organization 0.000726 2.399 

4 Organismal Survival 0.00000124 2.392 

5 Cell Death and Survival, Connective Tissue 

Development and Function 

0.000204 2 

6 Migration of microvascular endothelial cells 0.000902 -2.219 

7 Leukopoiesis 0.00112 -2.214 

8 Endocytosis 0.000435 -2.105 

9 Survival of organism 0.000112 -2.056 


