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               Ovarian cancer (OC) is one of the top global reasons of death among 

women with high prevalence. Ovarian cancer can be categorized into 

epithelial, non-epithelial, and metastatic types. Animal models such as mice 

are intensively utilized to investigate the molecular mechanism controlling 

cancer development in the human beings. Recently, several approaches have 

been extremely studied to control ovarian cancer at the transcriptional or post-

transcriptional levels using small RNAs molecules including microRNAs. 

These molecules have played a key role in the growth of malignant tumour of 

ovary including cellular proliferation and metastasis. We carried out a meta-

analysis of previously published miRNA expression datasets (two human 

datasets GSE83693 and GSE119055) and one mouse GSE98391 to identify the 

downregulated miRNA and its target genes with biological processes and 

pathways. Meta-analysis of miRNA datasets showed that miR-378a-3p, miR-

378a -5p and miR-378c are commonly downregulated miRNAs among the 

three databases in cancerous samples in comparison to normal samples. A total 

of 405 common gene targets for miR-378a-3p, -5p and miR-378c were 

identified using miRWALK. Enrichment analysis revealed that miRNAs target 

genes were predominantly linked to protein binding as well as in Ras signalling 

pathways. In addition, multiple hub miRNA target genes in the PPI network 

provided poor prognosis for the patients with OC including FLT1, its level was 

closely relevant to ovarian cancer. Overall, these investigations exhibited that 

the defined miRNAs and their target genes could be exploited as biomarkers 

to identify ovarian malignancies and achieve an early effective therapy. 

INTRODUCTION 

                 Ovarian cancer is one of the most outstanding causes of death among women 

worldwide. There are several types of cancer affecting the ovaries such as epithelial, non-

epithelial (germ cell and sex cord-stromal cell), and metastatic usually develop from 

surrounding cancerous organs (Ricciardi et al., 2018).  Epithelial ovarian carcinoma (EOC) is 

the most prevalent histological type and it can be accounting for about 90 percent of ovarian 

malignancies (Desai et al., 2014). There are five main subtypes of epithelial ovarian cancer; 

high and low-grade serous ovarian cancers,  endometrioid ovarian carcinoma, ovarian clear 

cell carcinoma, and mucinous ovarian cancer (T. Guo et al., 2021).  
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              The vast majority subtype of ovarian 

cancer is high-grade serous ovarian cancer. 

Whereas, low-grade serous ovarian cancer is 

less elucidated, represents around 5-10% of 

the serous type of ovarian cancer, and 

developed slowly at an early age, it can be 

identified as genetically stable cancer with a 

reduced number of mutated genes (Gadducci 

and Cosio, 2020). Endometrioid carcinoma 

forms approximately 10–15% of ovarian 

epithelial carcinomas, reporting as the next 

most known type of epithelial ovarian cancer 

and it starts at the middle-aged women 50-60 

years and develops from endometriosis. Clear 

cell cancer of the ovary is a less common 

subtype composed of 5% of all epithelial 

ovarian cancers. (Davis et al., 2014). 

Mucinous ovarian cancer is uncommon 

subtype of ovarian cancer and made up 

approximately 3-12% of ovarian 

malignancies and can be observed in women 

under the age of 40 (Köbel et al., 2010; 

Yoshikawa et al., 2014). Most research have 

utilized rats and mice as animal model to 

display the stimulatory effects of 

environmental and internal signals on the 

growth and metastasis of ovarian 

tumorigenesis (Choi et al., 2007)  

               Recently, advances in molecular 

genetic approaches have revealed a group of 

small non-coding RNAs, among which are 

microRNAs (miRNAs). These molecules are 

highly conserved among species and 

significantly related to the development of 

ovarian tissues including cellular 

proliferation, survival and apoptosis 

(Mohammed et al., 2017; Sontakke et al., 

2014). The possible roles of miRNAs have 

been demonstrated in several studies as 

diagnostic biomarkers for ovarian cancers by 

examine their expression in the cancer tissues 

(Alshamrani, 2020; Chen et al., 2019; Nam et 

al., 2008).  A recent study has proposed a 

subset of miRNAs that are predominately 

expressed in three types of ovarian cancer 

including high-grade serous ovarian cancer, 

clear-cell carcinoma of the ovary and ovarian 

surface epithelium cancer.  Some of these 

miRNAs are comprised of members of miR-

200 family and miR-182-5p which are 

expressed at high levels in both high-grade 

serous ovarian cancer and ovarian clear-cell 

adenocarcinoma, whereas miR-383 was 

notably declined correlated to its expressions 

in ovarian surface epithelium carcinoma. 

miR-509-3-5p, miR-509-5p, miR-509-3p, 

miR-510 and miR-514b-5p distinguished 

clear cell carcinoma of the ovary from high-

grade serous ovarian cancer (Vilming 

Elgaaen et al., 2014). Moreover, the positive 

signal of miR-30a-5p and miR-30a-3p found 

in the clear cell type of ovarian cancer, as well 

as miR-192 and miR-194 expression was 

dramatically enriched in the ovarian 

mucinous tumour (Calura et al., 2013). This 

study aimed to identify the downregulated 

miRNAs as well as investigate their 

functional roles using in silico-based analysis 

in ovarian cancer patients. A deeper 

understanding of the molecular regulation 

involved in the formation of tumour will 

inform the critical therapeutic approaches to 

treat ovarian cancer and infertility in animal 

and human. 

MATERIALS AND METHODS 

Study Design: 

Collection of GEO Datasets:  

            miRNAs expression datasets were 

manually explored and obtained from the 

NCBI GEO database (www.ncbi.nlm. 

nih.gov/geo), using “the cancer of the ovary 

or epithelial ovarian cancers” and “miRNAs 

or microRNAs” as keywords. Two humans, 

GSE83693, GSE119055 (Dong et al., 2019; Ji 

Nam et al., 2016) and one mouse GSE98391 

(Vuong et al., 2017) were collected. The 

platform for these experiments in the datasets 

was GPL22079, GPL21572 and GPL21572, 

respectively. The selected datasets were 

chosen according to the following criteria (1) 

the tissue specimens were obtained from 

human and mouse ovarian cancer and normal 

cells; (2) the number of samples in each 

dataset was 3 or more (Table 1). 
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Table 1. The ovarian cancer database used in this study. 

 
 

Analysis of the Public Database: 

                The GEOR2 software is an online 

tool that compares between two subsets of 

samples in GEO dataset and was employed to 

distinguish the downregulated miRNAs 

between cancer and normal ovarian cells. We 

carried out the following parameters; 

Benjamini and Hochberg false discovery rate 

(FDR). P<0.05 and |log2 (FC)|>1 was inserted 

as the cut-off criterion. miRNAs with P<0.05 

and |log fold change (FC)| >1 were recognised 

as downregulated expressed (Zhang et al., 

2018). To visualize the common 

downregulated miRNAs between ovarian 

cancer and normal control cells, a Venn 

diagram was created utilising a browser‑ 

based tool http://bioinformatics. psb. ugent. 

be/webtools/Venn/. 

Putative Targets of Downregulated 

miRNAs in Ovarian Cancer: 

               To detect the targeted genes of miR-

378a-3p, -5p and miR-378c based on 

miRNA–gene interactions, an online 

database, miRWALK 2.0 (http://mirwalk. 

umm.uni-heidelberg.de/) (Sticht et al., 2018) 

was processed. Three miRNA-targets tools, 

including TargetScan, miRDB and 

miRTarBase., were taken into consideration. 

The score ≥ 0.95, 3 UTR binding sites and 

more than 10 pairs were utilized as the critical 

criteria for the predictive analysis. 

Functional Gene and Pathway Enrichment 

Analysis: 

               DAVID tool (http://david.abcc. 

ncifcrf.gov/) (Sherman et al., 2007) was 

performed to obtain the gene ontology 

annotation and KEGG pathway analysis of 

the common target genes of the 

downregulated miR-378a-3p, miR-378a-5p 

and miR-378c. The enrichment analysis of 

GO terms was classified into three groups 

involving biological process (BP), cellular 

component (CC), and molecular function 

(MF). We used P<0.01 as statistically 

significant results. 

Protein-Protein Interaction (PPI) 

Networks of miRNA Target Genes: 

             The protein-protein interaction (PPI) 

networks of the target genes were achieved by 

GeneMANIA based on physical interactions. 

GeneMANIA v3.5.2 is an online predicated 

gene function tool, with several networks 

obtained from different genomic or proteomic 

datasets. CytoHubba was utilized to display 

hub genes in the PPI network as follows: the 

10 top Hubba nodes ranked by Maximal 

Clique Centrality (MCC) and according to 

their rank degree (Chin et al., 2014). The 

interaction network of hub genes was 

established and observed with Cytoscape 

software (Shannon et al., 2003) (v3.9; 

www.cytoscape.org/). 

Survival Analysis: 

             Survival analysis of the hub genes 

was carried out using (Ovarian cancer) in 

Kaplan–Meier (KM) plotter (https://kmplot. 

com/analysis/index.php?p=service&cancer=

ovar). The online KM plotter categorised 

ovarian cancer patients into high and low-

expression groups by the cut-off values of 

median gene expression. Multiple hub genes 

were inserted and KM survival plot for the 

overall survival (OS) of 614 ovarian cancer 

patients was analysed.  P-values <0.05 were 

considered to be statistically significant. 
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Genetic Alteration:  

            The genetic alteration of the hub genes 

was validated utilising cBioPortal for cancer 

genomics, a free bioinformatic approach that 

assesses the gene alteration in multiple studies 

from 1892 ovarian cancer patients using the 

Cancer Genome Atlas (TCGA) and the 

genotype-tissue, 

RESULTS  

              Identification of downregulated‑ 

miRNAs in the ovarian cancer samples 

compared with normal tissues was carried out 

using GEOR2 software. Three microarray 

datasets involved in the present study were 

obtained from the GEO database as shown in 

Table 1.  According to the threshold of P<0.05 

and log FC ≥1, a total of 63 and 79 

downregulated miRNAs were observed 

between cancerous ovarian tissue and normal 

counterpart for the GSE83693 and  GSE119055 

samples, respectively (Supplementary Table 1). 

Using the mouse database, a significantly 9 

downregulated miRNAs were detected 

(Supplementary table 1). To recognise the 

molecular mechanisms behind the 

development of OC, common miRNAs 

among the three databases were examined by 

a Venn diagram analysis (Fig. 1, A). As a 

result, among these downregulated miRNAs, 

miR-378a-3p and miR-378c were identified 

to be shared by one human and mouse ovarian 

cancer samples (GSE119055 vs GSE98391). 

While miR-378a-5p was common among the 

three GSE datasets. hsa-miR-378a-3p,-5p and 

miR-378c are homologous to mmu-miR-

378a-3p-5p and mmu-miR-378c, they have 

the same seed regions (miRbase (v22.1)) (Fig 

1, B), as result of which they may target the 

same target genes.  

 

 
Fig. 1:  (A) Common downregulated miRNAs between human and mouse databases using Venn diagram 

http://bioinformatics.psb.ugent.be/webtools/Venn/. (B). Mature sequences of miR-378a-3p,-5p and miR-

378c in human (has) and mouse (mmu) sourced from miRbase. 

 

Identification of Gene Targets, PPI 

Network Construction and Gene Ontology 

Analysis of the Downregulated miRNAs: 

              We obtained a total of 3426, 3123 

and 2600 target genes of miR-378a-3p, miR-

378a-5p and, miR-378c, respectively, 

(Supplementary Table. 2). Of which 405 were 

common target genes among three miRNAs 

(Fig. 2). Afterward, the common miRNA 

target genes were entered into the 

geneMANIA v3.5.2 database and the 

interaction network for proteins showed 421 

nodes and 7856 edges. The Cytohubba 

software was utilized to distinguish the 

highest 20 hub genes involved in the PPI 

network based on the MCC and degree 

methods (Fig. 3). The top-ranked hub gene 

was RBFOX1 followed by ACTR3, DLG2, 

SMARCA2, CSNK2A1, NR2C2, KIF2A, 

SRPK1, CDH13 and NTRK2 based on 

Degree method (Fig. 3, A). RBFOX1 was the 

most remarkable gene with maximum MCC 

scores followed by DLG2, MRPS33, FLT1, 

SMARCA2, CSNK2A1, NR2C2, KIF2A, 
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IREB2 and CDH13 (Fig. 3, B). The nodes in 

the interactive network describe as genes, 

while edges form the protein-protein 

associations. 

              DAVID v 6.8 was applied for 

subsequent gene ontology and KEGG 

pathway analysis of common miRNA targets. 

6 Biological process (BP), 13 cellular 

components (CC) and 3 molecular functions 

(MF) terms were engaged as shown in Figures 

4, A, B, C. The enriched KEGG items of these 

hub genes are listed in Figure 4, D. including 

Ras signaling pathway, Dopaminergic 

synapse, PI3K-Akt signaling pathway, Focal 

adhesion and Morphine addiction. Some of 

the hub genes were significantly enriched in 

Ras signaling pathway (p<0000007) (Fig. 4, 

D). 

 

 
Fig. 2: Common targets of the downregulated miRNAs using miRWALK http://mirwalk.umm.uni-

heidelberg.de/ and Venn diagram was generated by http://bioinformatics.psb.ugent.be/webtools/Venn/. 

 

 
Fig.3: A. B. Top significant subnetwork module was constructed from the PPI network, showing the 

interaction of miR-378a-3p, 5p and miR-378c target genes using the CytoHubba plugin with highest score 

and visualized by Cytoscape software.  
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Fig.4 :  Functional GO and KEGG terms enriched for target hub genes of miRNAs using DAVID tool. The 

color represents a GO term and the size represents the term enrichment significance, p ≤ 0.01. Terms are 

connected based on shared genes.  

 

Survival Analysis of the Hub Genes: 

                KM analysis was run on 614 

patients to confirm the prognostic importance 

of the ranked genes in this study. The main 

findings showed the high expression of 6 of 

the top hub genes (RBFOX1, DLG2, NR2C2, 

KIF2A, FLT1 and MRPS33) in PPI network 

are associated with poor prognosis and 

suggested that these genes may be used as 

indicators to monitor the diagnosis of ovarian 

cancer (Fig. 5). 

 



Identification of Ovarian Cancer Using in Silico-Based Analysis of the Downregulated Expressed miRNAs  

 

 

315 

 
Fig. 5: Survival analysis of the hub genes in the MAPK signalling pathway via KM plotter [ p<0.05]; the 

red line represents high expression, and the dark line represents low expression in OV patients. 

 

Genetic Alteration Analysis of the Hub 

Genes: 

               RBFOX1, DLG2, NR2C2, KIF2A, 

FLT1 and MRPS33 were altered in 209 (26%) 

samples of 818 patients from four out of seven 

TCGA databases, including  Ovarian Serous 

Cystadenocarcinoma (TCGA, Firehose Legacy), 

Ovarian Serous Cystadenocarcinoma (TCGA, 

Pan Cancer Atlas), Ovarian Serous 

Cystadenocarcinoma (TCGA, Nature 2011), 

High-Grade Serous Ovarian Cancer (MSK, 

2021) and the alteration rates were 28.94% (of 

584 cases), 23.97% (/584 cases), 19.84% 

(489) and 4.44% (of 45 cases), respectively 

(Fig. 6A). The top mutated gene was DLG2 

with 11% then MRPS33 (8%), 

RBFOX1(4%), KIF2A (4%), FLT1 (2.2%) 

and NR2C2 (1.3%) (Fig. 6B). 
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Fig 6: Genetic alteration of the hub genes obtained from Ovarian Serous Cystadenocarcinoma TCGA, 

Firehose Legacy, Ovarian Serous Cystadenocarcinoma TCGA, Pan Cancer Atlas, Ovarian Serous 

Cystadenocarcinoma TCGA, Nature 2011 and High-Grade Serous OC. 

 

DISCUSSION 

                Ovarian cancer is a serious 

gynaecological disease affecting women wide 

world with highly mortality rate (Malvezzi et 

al., 2016).  Mouse models have been utilized 

to explore the molecular mechanism by which 

miRNAs activate or inhibit the development 

and metastasis of ovarian cancer which in turn 

can exhibit potential therapies (Dwi 

Sandhiutami et al., 2019; Pei et al., 2020). 

Recently, microarray technology with the aid 

of bioinformatic approaches have revealed 

their essential roles in the identification of 

novel genes involved in the oncogenesis, 

diagnosis and treatment of ovarian cancer 

(Xue et al., 2021). In this study, we screened 

miRNA expression analysis using GEO 

microarray datasets to detect down-regulated 

miRNAs in the ovarian tissue from three 

previous studies (Dong et al., 2019; Ji Nam et 

al., 2016; Vuong et al., 2017).  

Downregulated miRNAs were identified in 

cancer and normal ovarian samples. three of 

the downregulated-miRNAs, miR-378a-3p, -

5p and miR-378c were common among GSE 

database. These miRNAs were determined to 

be significantly downregulated in cancerous 

samples that are in agreement with the 

previous results of these studies. These 

miRNAs functioned as tumour suppressors in 

the different types of cancer (Castellani et al., 

2022; Cui et al., 2020; Pan et al., 2019; Wang 

et al., 2015; Yu et al., 2021). Several miRNA 

target genes identified through PPI analysis 

play central roles in the cellular division, 

survival and death of tumour (Mohammadi et 
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al., 2022). In addition, subnetwork cluster 

analysis identified 13 hub module genes of 

downregulated miRNAs. Interestingly, the 

common target genes of miR-378a-3p, -5p 

and miR-378c were crucially enriched in 

molecular function GO term-linked to protein 

binding which is responsible for the activation 

of various signalling proteins that are 

potentially related to the regulation of 

proliferation and metastasis of ovarian cancer 

(Altomare et al., 2004; Bileck et al., 2022; Q. 

Guo et al., 2021). KEGG analysis was 

predominately enriched in Ras signaling 

pathway. Ras proteins are activated by several 

external and internal factors in ovarian 

cancers such as mitogenic molecules, growth 

factors and hormones suggesting that the Ras 

signaling pathway controls an enormous 

amount of cellular activities including the 

regulation of cell cycle, proliferation, survival 

and apoptosis in response to these external 

and internal stimuli in ovarian carcinoma  

(Fan et al., 2012; Liang et al., 2019). 

Dysregulation of the Ras signaling pathway is 

implicated in different types of cancers 

including ovarian tumor (Li et al., 2022). 

Among these common hub miRNA target 

genes, six of them revealed high genetic 

mutation and low cancer prognosis. FLT1 

(fms-related tyrosine kinase 1.)  along with 

other kinase genes were positively activated 

by the Ras signaling pathway which appeared 

to have a strong relationship with ovarian 

cancer prognosis (Stany et al., 2011). 

Moreover, reports have documented that 

expression of the FLT1 was observed in the 

OC patient through induction of the tumour 

growth and this gene could be utilised as a 

biomarker of ovarian cancer (Eskander and 

Tewari, 2014; Sopo et al., 2019).  

               The strength of the present in silico-

analysis study was reporting the common 

downregulated expressed miRNAs as a 

pivotal prognostic biomarker in ovarian 

cancer. We used a broad search strategy of the 

NCBI-GEO database contained ovarian 

cancer and miRNAs. We performed the 

GEOR2 software analysis and found that 

miR-378a3p, 5p and miR-378c were common 

downregulated miRNAs among three 

databases GSE83693, GSE119055 and 

GSE98391. Our results revealed that the low 

levels of these miRNAs implied weak clinical 

outcomes in ovarian cancers.  The major 

limitations of our study, Firstly, we only 

screened the downregulated expressed 

miRNAs in the tissue of ovarian cancer 

patients and healthy tissue. However, miRNA 

expression levels may alter in ovarian cancer 

patients with different tumour stages, sample 

types, ages, and health statuses. Secondly, 

validation of the identified potential 

biomarkers was not conducted in the in vivo 

models of ovarian cancer due to the limited 

sample sizes of these datasets. Future 

experiments are required to verify the defined 

potential biomarker and demonstrated the 

functional evaluation of these miRNA in 

regulating ovarian cancer invasion and 

metastasis, and to validate the involvement of 

miRNA target genes in the diagnosis and 

prognosis of ovarian cancer patients. 

Conclusion 

             These results confirmed that the 

down-regulation of miR-378a-3p, -5p and 

miR-378c are notably connected with poor 

survival of OC patients. Functional 

annotation analysis suggested that the 

improved prognosis of ovarian cancer is 

associated with the expression and activation 

of miRNA target genes including FLT1 (fms-

related tyrosine kinase 1.) which involved in 

the stimulation of Ras signalling pathway. 

The current findings may contribute to the 

development of a novel cancer therapeutical 

strategy by identifying the target genes 

involved in ovarian cancer. 
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Expression  GSE83693 vs 

GSE119055 
GSE119055 
vs GSE98391  

GSE83693 GSE119055 
GSE98391  

Downregulated 

miRNAs 
miR-130b-3p 
miR-200b-3p 
miR-200a-5p 
miR-185-5p 
miR-183-5p 
miR-141-3p 
miR-21-3p 
miR-224-5p 
miR-200c-3p 
miR-200b-5p 
miR-18b-5p 
miR-18a-5p 
miR-21-5p 
miR-425-5p 
miR-3200-3p 
miR-200a-3p 
miR-182-5p 
miR-93-5p 
miR-885-5p 
  

miR-378c 
miR-378a-3p 

miR-378a-5p  
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  Table 2. Common target genes of the three downregulated miRNAs from 3 ovarian 

cancer database 
 

Downregulated 

miRNAs 
Target genes  

miR-378a-3p,  
miR-378a-5p, 
 miR-378c 

SAMD4A,, ZHX3,BTG2,NHLRC3,LDB3,KCNK6,VWA5A,CORO2A,FBXO31, 

RASA4B, SYT2, PPM1A, CDC42BPA, CIITA, ZNF70, CMTM3, AGPS, DCUN1 

D5, LONRF2, DUSP18, ARMC6, MAD2L1, RBPMS, TFEC, RIC3, DCX, OAS1, P 

AQR3, PAWR, FBXL20, LAMTOR3, RAB15, JRK, XIAP, MKLN1, FOXN2, HPC 

AL4, HMBOX1, ELL, AGBL1, SLC30A2, RALB, CBLN2, RBMXL1,\TBC1D16, 

PABPN1, ITGA10, STK24, BMF, BATF2, HTR4, SHE, USP15, NTRK2, SAMHD1 

, ARL17B, KCNK9, TESPA1, HM13, RPRD1A, C5AR2, CPEB4, TAL1, ERBIN, SL 

C5A10, MBTPS2, PEDS1, ESYT2, SLAMF7, PGR, PHEX, E2F2, PDE4DIP, CCDC 

157, TAB3, GUCD1, GSG1, C10orf105, TMEM135, UBE2V1, FHIP1A, CYB5A, C 

X3CR 1, XKR4, FBXL4, ALG1, SETD4, CSNK2A1, AAK1, RMND1, IL1R1, USP 

8, RBM48, STARD7, ACTR3, ITIH5, RNF41, TSPAN3, ABL2, MECP2, ABCG1, 

COG6, SMAD3, SLC16A7, OR56A1, YTHDF3, KATNAL1, CFAP61, SPRYD4,R 

IOX2, STMN3, CALHM4, PRRG4, VPS36, ORMDL3, RNF144A, CRHR2, ATP2C 

1, RCC2, MAPK9, IREB2, MTF1, ASPH, SV2B, DYNLL2, KCNJ9, DBT, ITGB6, G 

RIN2B, TRIM26, ARSB, N6AMT1, PAK3, CDC42, TUB, SCAMP5, RCAN3, CEN 

PC, SLC6A20, UBE2B, LRP10, MIEF1, MCL1, PTPN7, PTAR1, PSTPIP2, MVB1 

2B, LYPD6, XPR1, AGO1, CCDC149, WDR31, ZBTB37, B3GNT3, CNR2, CDYL 

2, UBE2R2, KIF6, ZNF766, SPOCK2, OPRD1, NCBP2, NAV1, RETREG3,PLAGL2 

DCP2, MRPL49, PPM1L, MAP2, EDEM1, SPRY3, FBXW11, RPL13, CYREN, AZ 

IN2, ZNF517, INSR, GAS7, AMOTL1, PAICS, PPP2R2B, RRM2B, TMX2, RNF130 

, CARF, BSND, TCF7, DTWD1, ADAM22, HIP1, RAET1E, RBP1, NF2, ITPRIP, TN 

R, WHRN, STUM, NPFFR1, ATG14, C11orf54, SAR1B, ELMOD1, WASF2, RNLS 

, GRAP2, RNF38, ZNF785, MRPL10, USP47, ZNF852, A1CF, MRPL52, FITM2, LO 

C401040, GJB1, RBFOX1, SLC25A35, ABHD2, CELF1, TSPYL4, EFHC1, PPFIA 

3, ZNF24, PIKAP1, BACE2, LIF, NKAIN3, ABI2, AFAP1L1, KIF2A, PRRG1, HOX 

D13, NR2C2ABCC11, MGST1, FRYL, TTC21B, GNAO1, ZNF891, GANAB, KC 

NG4, MCFD2, DNMT3A, C1GALT1, ZNF740, ARMH4, GNG2, NTPCR, ALG11, 

UBE2L3, RUNDC1, MAVS, KNOP1, SDHAF1, TSPAN14, IGFBP5, MYOCD, C 

HMP4C, CCR7, NME9, KLHDC8A, FAM111A, FLT1, ZNF365, CCDC125, MPZ, 

TSC1, RCHY1, MOGAT3, ZNF268, POLR2F, TTC39A, POLDIP2, PABIR3, CCP 

G1, METTL2A, CEMIP, HLADPB1, AMMECR1L, HMG20A, PHACTR2, EHD4, 

ZNF589, CD70, SH2D1B, SGCD, CLSPN, CERT1, ECT2L, ELP2, ZNF207, MPRI 

P, LRRC57, LRAT, FBXL13, ERC1, EFCAB11, RUBCNL, ZNF652, DERL3, GP 

R180, LYRM2, CDH13, METTL8, NSD2, FARSB, SYT2, VAMP1, TAF7L, TFCP 

2L1, SLC8A3, FAM86B1, TLR6, COPZ1, GPATCH2L, PAPPA, SMAGP, TOM1 

L2, UBL4A, STEAP4, KSR1, NME6, IFT22, MRPS33, FHL2, PSMB2, SUGT1, 

AP1M1, CCDC134, KCNC3, ZNF124, GNG4, DRAM1, GALM, AMDHD2, RNF1 

15, SPECC1, TNFAIP8L1, NXF1, HPGD, AK2, OSBPL6, NTRK3, NIPAL2, SLC7 

A8, LAMC1, PDE1A, NFAM1, GPR26, MCTS1, IKBIP, DLG2,\PML,BRAP,PPP 

1R12B, PPARA, PIAS2, NFASC, SLC5A12, EPB41L2, BCL2L2PABPN1, FGF7, 

KREMEN1, ZDHHC9, SRSF10, LEPROTL1, ENSA, SRSF1, RAB29, BFAR, RLN 

3, ETS1, HYKK, KLHDC10, SPATS1, RAB30, SDHC, GNB5, PTAFR, OXNAD1, 

PCDHB1, LRRFIP2, GXYLT1, DYRK1A, NCMAP, ZNHIT3, SCN8A, PEX19, 

CNP, DLGAP2, SPATA13, TTPAL, CCDC198, TMEM199, LGALS8, SYNPO, 

CEP44, DCTN5, RPS14, PRKCA, HIPK1, KLRD1, TP63, SEC22A,ERCC2. 
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