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Abstract 

Alzheimer’s disease (AD) is one of the most common causes of dementia and 
frailty. This study aimed to use bioinformatics analysis to identify differentially 
expressed genes (DEGs) in AD. The Expression profiling by high throughput 
sequencing dataset GSE125583 was downloaded from the Gene Expression 
Omnibus (GEO) database and DEGs were identified. After assessment of Gene 
Ontology (GO) terms and pathway enrichment for DEGs, a protein–protein 
interaction (PPI) network, module analysis, miRNA-hub gene regulatory network 
construction and TF-hub gene regulatory network were conducted via 
comprehensive target prediction and network analyses. Finally, we validated hub 
genes by receiver operating characteristic curve (ROC) and RT-PCR. In total, 956 
DEGs were identified in the AD samples, including 479 up regulated genes and 
477 down regulated genes. Functional enrichment analysis showed that these 
DEGs are mainly involved in the neuronal system, GPCR ligand binding, 
regulation of biological quality and cell communication. The hub genes of PAK1, 
ELAVL2, NSF, HTR2C, TERT, UBD, MKI67, HSPB1, PYHIN1 and TES might 
be associated with AD. The diagnostic value and expression levels of these hub 
genes in AD were further confirmed by ROC analysis and RT-PCR. In conclusion, 
we identified pathways and crucial candidate genes that affect the outcomes of 
patients with AD, and these genes might serve as potential therapeutic targets. 
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Introduction  

Alzheimer’s disease (AD) is a complex, dementia that mainly affects the memory, 
cognitive, and behavior functions [1]. Approximately over 45 million elderly 
people worldwide are affected with AD worldwide in 2020 which is expected to 
rise to 115 million by the year 2050 [2].  AD involves the degeneration of nervous 
tissues [3]. Numerous factors might affect AD progression, including genetic 
(70%) and environmental (30%) [4]; however, the cause and potential molecular 
mechanism of AD are still unclear. Therefore, there is a crucial commitment to 
establish new diagnostic strategies and therapeutic agents to develop the prognosis 
of patients with AD. 

To find out novel genes and signaling pathways that is linked with AD and 
patient prognosis, which might not only help to elucidate the underlying molecular 
mechanisms involved, but also to discover new biomarkers and therapeutic targets. 
Apolipoprotein E epsilon 4 (APOE) [5], amyloid-β precursor protein (APP) [6], 
OPRM1 and OPRL1 [7], RAB10 [8], IL6 [9], Wnt/beta-catenin signaling pathway 
[10], glycogen synthase kinase-3 signaling pathway [11], insulin signaling pathway 
[12], CREB signaling pathway [13] and autotaxin-lysophosphatidic acid signaling 
pathway [14] are linked with development of AD. Therefore, identifying genes and 
the signal pathways, is essential for AD.  

With the rapid advancement of bioinformatics such as RNA sequencing, 
some high throughput platforms for analysis of gene expression are frequently used 
to find the differentially expressed genes (DEGs) during disease progression.  
Now, through gene expression profiling studies using RNA sequencing, more and 
more DEGs linked with AD have been found. 

Therefore, in the present study, we downloaded the original data 
(GSE125583), provided by Srinivasan et al [15], from the publically available 
Gene Expression Omnibus database (GEO, http://www.ncbi.nlm.nih.gov/geo/)  
[16] to identify DEGs and the associated biological processes between AD and 
healthy control using comprehensive bioinformatics analyses. The DEGs were 
subjected to gene ontology (GO) enrichment and pathway analyses; moreover, a 
protein-protein interaction (PPI) network, modules,  miRNA-hub gene regulatory 
network construction and TF-hub gene regulatory network construction were 
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constructed and analyzed  to screen for hub genes, miRNAs and TFs. Finely, hub 
genes were validated by receiver operating characteristic curve (ROC) and RT-
PCR. The aim of this investigation was to find out hub genes and pathways in AD 
using bioinformatics methods and to then study the potential molecular 
mechanisms of AD. 

Materials and methods 

Data resources 

Expression profiling by high throughput sequencing dataset GSE125583 [15] was 
downloaded from the GEO database. The data was produced using a GPL16791 
Illumina HiSeq 2500 (Homo sapiens).  The GSE125583 dataset contained data 
from 289 samples, including 219 AD samples and 70 normal control samples. 
Identification of DEGs 

The identification of DEGs between AD and  normal control was performed in 
limma package in R software [17], an tool designed to compare different groups of 
samples. The P values were adjusted to correct for the occurrence of false positive 
results by using the Benjamini and Hochberg False Discovery Rate method [18]. 
An adjusted P�<�.05, and a |log2FC| > 0.731 for up regulated genes and |log2FC| < 
-0.696 for down regulated genes were used as the cutoff values for identifying 
DEGs. Volcano plots of DEGs were provided using gplot package in R. The 
ggplot2 package in R was used to perform heatmap of up and down regulated 
genes in AD and healthy control. 

GO and REACTOME pathway enrichment analysis of DEGs 

GO (http://geneontology.org/) [19] and REACTOME (https://reactome.org/) [20]  
pathway enrichment analyses were executed using g:Profiler 
(http://biit.cs.ut.ee/gprofiler/) [21]. All DEG symbols were input as a list into the 
g:Profiler website. The results of GO and REACTOME pathway enrichment 
analyses were provided by bioinformatics tools in the website. There are processes 
in GO analysis involved biological processes (BP), cellular components (CC) and 
molecular functions (MF). The pathways of REACTOME involved metabolism, 
genetic information processing, environment information-related processes, cell 
physiological processes  and drug research. 
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PPI network establishment and modules selection 

Protein–protein interaction (PPI) analysis was performed using the Human 
Integrated Protein-Protein Interaction rEference (HIPPIE) interactome database 
(http://cbdm-01.zdv.uni-mainz.de/~mschaefer/hippie/network.php) [22], which is 
software used to explore interactions among proteins. All the symbols of DEGs 
were inputted. The network file among proteins was downloaded. Cytoscape 
software (version 3.8.2) (www.cytoscape.org) [23]  is an excellent application for 
network visualization of proteins and was used to generate the PPI network plot 
constructed by nodes and edges. The hub genes were predicted by Network 
Analyzer, which is a plugin of Cytoscape to screen hub genes from numerous 
candidates. The ranks of the  hub genes in the network were determined by the 
value of node degree [24], betweenness centrality [25], stress centrality [26] and 
closeness centrality [27], which are an algorithm provided by Network Analyzer. 
Because the node degree, betweenness centrality, stress centrality and closeness 
centrality values of genes are directly related to its importance, genes with a high 
node degree, betweenness centrality, stress centrality and closeness centrality value 
are more likely to be hub genes. The PEWCC1 
(http://apps.cytoscape.org/apps/PEWCC1) [28], a plugin for Cytoscape, was used 
to screen the modules of the PPI network. The criteria were set as follows: degree 
cutoff=2, node score cutoff=0.2, k-core=2 and maximum depth=100. Moreover, 
the function and pathway enrichment analysis were performed for DEGs in the 
modules. 

MiRNA-hub gene regulatory network construction 

miRNet database (https://www.mirnet.ca/) is a web-based tool developed by Fan 
and Xia [29] that supplies the largest available collection of predicted and 
experimentally verified miRNA-hub gene interactions with various novel and 
unique features. In the current investigation, hub genes of the DEGs were 
identified using miRNet database. Furthermore, Cytoscape (version 3.8.2)  
software [23] was used to establish the miRNA-hub gene regulatory network. 

TF-hub gene regulatory network construction 

NetworkAnalyst database (https://www.networkanalyst.ca/) is a web-based tool 
developed by Zhou et al [30] that supplies the largest available collection of 
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predicted and experimentally verified TF-hub gene interactions with various novel 
and unique features. In the current investigation, hub genes of the DEGs were 
identified using NetworkAnalyst database. Furthermore, Cytoscape (version 3.8.2)  
software [23] was used to establish the miRNA-hub gene regulatory network. 

Validation of hub genes by receiver operating characteristic curve (ROC) 
analysis 

The ROC curves were used to explore the sensitivity and specificity of hub genes 
for AD diagnosis using R packages “pROC” [31].To further assess the predictive 
accuracy of the hub genes, ROC analysis was performed to discriminate AD from 
normal. The area under the ROC curve (AUC) was calculated and used to compare 
the diagnostic value of these genes. 

Assessment of the mRNA expression of hub genes using RT-PCR 

SK-N-MC (ATCC HTB-10) culture for AD and neuronal progenitor cells (ATCC 
ACS-5007) a normal control were used to examine the mRNA expression of the 
hub genes in AD and normal control. SK-N-MC cells were maintained in 10% 
fetal bovine serum in Eagle's Minimum Essential Medium (EMEM). Neuronal 
progenitor cells were maintained in 10% fetal bovine serum in Dulbecco's 
modified Eagle's medium (DMEM) F-12 medium.  SK-N-MC cells and neuronal 
progenitor cells were cultured at 37 °C and CO2 concentration is 5%. Total RNA 
was extracted from SK-N-MC cells and neuronal progenitor cells using TRI 
Reagent (Sigma, USA) according to the manufacture’ instruction. cDNA was 
synthetized as recommended by the manufacturer using a reverse transcription kit 
(Thermo Fisher Scientific, Waltham, MA, USA). Following the protocol provided 
by the manufacturer, the expression of the selected genes was quantified by the 
QuantStudio 7 Flex real-time PCR system (Thermo Fisher Scientific, Waltham, 
MA, USA) using the following procedures: initial denaturation and enzyme 
activation at 95 °C for 30 s, followed by 40 cycles of denaturation at 95 °C for 5 s 
and annealing at 60 °C for 30 s [32]. Moreover, the melting curve was analyzed for 
each gene at the end of RT-PCR. β-actin was used as an internal reference. 
Information on the primers is listed in Table 1. 

Results 
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Identification of DEGs 

Via limma package in R software, 956 DEGs  (479 up regulated genes and 477 
down regulated genes) (Table 2) in GSE125583  were extracted after gene 
expression profile data processing and standardization with the cutoff standard of 
adjusted P�<�.05, and a |log2FC| > 0.731 for up regulated genes and |log2FC| < -
0.696. The volcano plot of all DEGs in dataset was shown in Fig. 1. The DEGs 
were clustered in the heatmap between patients with AD patients and healthy 
control (Fig. 2). 

GO and REACTOME pathway enrichment analysis of DEGs 

We performed GO and REACTOME pathway enrichment analysis to investigate 
the functions of DEGs using g:Profiler. The top GO (Table 3) and REACTOME 
pathway (Table 4) terms for DEGs were shown. For BP, DEGs were mainly 
enriched in regulation of biological quality, multicellular organismal process, cell 
communication and response to stimulus. The CC analysis indicated that proteins 
encoded by DEGs were mostly located in the cell junction, cell periphery, plasma 
membrane and extracellular region. DEGs in molecular function (MF) were 
significantly associated with channel activity, transmembranesignaling receptor 
activity, signaling receptor activity and G protein-coupled receptor activity. 
REACTOME pathway enrichment analysis showed that neuronal system, 
neurotransmitter receptors and postsynaptic signal transmission, GPCR ligand 
binding and signal transduction were significantly enriched in DEGs. 

PPI network establishment and modules selection 

The PPI network of DEGs consisted of 6612 nodes and 13538 edges constructed in 
the HIPPIE interactome database and visualized using Cytoscape software (Fig.3). 
Based on the HIPPIE interactome database, the DEGs with the highest PPI scores 
identified by the four centrality methods are shown in Table 5. After repeated 
genes were removed, the hub genes (shown in Fig. 3, highlighted in green color for 
up regulated genes and red color for down regulated genes and shaped in round) 
were obtained using the four centrality methods, including PAK1, ELAVL2, NSF, 
HTR2C, TERT, UBD, MKI67, HSPB1, PYHIN1 and TES.  A two significant 
modules were constructed from the PPI network of the DEGs using PEWCC1, 
including module 1 had 16 nodes and 38 edges (Fig. 4A) and module 2 had 47 
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nodes and 96 edges (Fig. 4B). GO and pathway enrichment analysis showed that 
genes in this module were markedly enriched in multicellular organismal process, 
neuronal system, regulation of biological quality, signal transduction, cell 
communication, plasma membrane, response to stimulus and cell communication.  

MiRNA-hub gene regulatory network construction 

As illustrated in Fig. 5, the miRNA-hub gene regulatory network consists of 2316 
nodes (301 hub genes and 2015 miRNAs) and 11018 edges. Notably, NEFL 
targeted 78 miRNAs (ex; hsa-mir-378a-3p); NSF targeted 45 miRNAs (ex; hsa-
mir-100-5p); ELAVL2 targeted 43 miRNAs (ex; hsa-mir-27a-3p); PRKCE 
targeted 42 miRNAs (ex; hsa-mir-513a-5p); MYB targeted 34 miRNAs (ex; hsa-
mir-15b-5p); ANLN targeted 126 miRNAs (ex; hsa-mir-138-1-3p); MKI67 
targeted 124 miRNAs (ex; hsa-mir-548d-5p); SERPINH1 targeted 83 miRNAs (ex; 
hsa-mir-4726-3p); LATS2 targeted 70 miRNAs (ex; hsa-mir-320d) and TES 
targeted 70 miRNAs (ex; hsa-mir-1202) and are listed in Table 6.  

TF-hub gene regulatory network construction 

As illustrated in Fig. 6, the TF-hub gene regulatory network consists of 386 (305 
hub genes, 81 TFs) and 2380 edges. Notably, ELAVL2 targeted 15 TFs (ex; 
NRF1); MYB targeted 15 TFs (ex; STAT1); DCLK1 targeted 14 TFs (ex; YY1); 
CD70 targeted 10 TFs (ex; PPARG); TERT targeted 10 TFs (ex; E2F6); TP63 
targeted 17 TFs (ex; ZNF354C); TES targeted 11 TFs (ex; ARID3A); LCK 
targeted 10 TFs (ex; FOXL1); HSPB1 targeted 9 TFs (ex; RUNX2) and PYHIN1 
targeted 8 TFs (ex; TP53) and are listed in Table 6.  

Validation of hub genes by receiver operating characteristic curve (ROC) 
analysis 

First of all, we performed the ROC curve analysis among 10 hub genes. The results 
showed that PAK1, ELAVL2, NSF, HTR2C, TERT, UBD, MKI67, HSPB1, 
PYHIN1 and TES achieved an AUC value of�>�0.9, demonstrating that these 
eight genes have high sensitivity and specificity for AD, suggesting they can be 
served as biomarkers for the diagnosis of AD (Fig. 7A– Fig. 7J). 

Assessment of the mRNA expression of hub genes using RT-PCR 
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As shown in Fig. 8A– Fig. 8J , the identified hub genes exhibited the similar trend 
as predicted by bioinformatics analysis. All of the cases indicated up regulation of 
PAK1, ELAVL2, NSF, HTR2C, TERT, and down regulation of UBD, MKI67, 
HSPB1, PYHIN1 and TES in AD compared with healthy control. 

Discussion 

Genetic modification is widely accepted as a robust molecular event of AD. 
Unfortunately, little knowledge has focused on genetic modification in AD. In the 
present study, essential candidate genes and enriched pathways of AD were 
identified by bioinformatics analysis. We extracted the expression profiling by 
high throughput sequencing data from GSE125583 and obtained 479 up regulated 
and 477 down regulated genes in AD. A new study reported the CRH 
(corticotropin releasing hormone) [33], SST (somatostatin) [34] and GABRR2  [35] 

could be a biomarkers of AD.  TAC1 has been shown to be prognostic biomarkers 
and therapeutic targets in multiple sclerosis [36], but this gene might be 
responsible for progression of AD. VGF (VGF nerve growth factor inducible) is a 
key regulator in patients with amyotrophic lateral sclerosis [37], but this gene 
might be linked with development of AD. A previous study indicated that the 
expression of MMP8 [38] and MMP7 [39] are associated with development of 
dementia.  

 Functional enrichment analysis was performed based on the GO database 
and the REACTOME database to screen the key pathways and genes to provide 
insights into the physiological functions and progress of AD. Neuronal system 
[40], neurotransmitter receptors and postsynaptic signal transmission [41], 
signaling by GPCR [42], signal transduction  [43], GPCR ligand binding [44], 
immune system [45], hemostasis [46], cell surface interactions at the vascular wall  
[47], cell periphery [48], channel activity [49], response to stimulus [50], plasma 
membrane  [51], extracellular region [52], signaling receptor activity [53] and G 
protein-coupled receptor activity [54] were liable for progression of AD. Matsuzaki 
et al. [55], Shepard et al. [56], Lennertz et al. [57],  Klemettilä et al. [58],  Ullah et 
al. [59], Kim et al. [60],  Sasayama et al. [61],  Li et al. [62], Kowalczyk et al. [63]  
and Sun et al. [64]  revealed that the expression of ADCYAP1, NPAS4, NPSR1, 
HTR2C, GABRB2, ALOX12B, ADRB3, EGR3, HSPA1A and IL3RA are 
associated with progression of schizophrenia, but these genes might be novel target 
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for AD. GABRA6 [65], GABRA1 [66], GABRG2 [67], SLC4A10 [68], HCN1 
[69], GABRA4 [70], KCNC2 [71], SCN2A [72], SYN2 [73], FGF12 [74], SCN8A 
[75], OLFM3 [76], PLCB1 [77], KCNQ5 [78], TUBB2A [79], SIK1 [80], ABCC2 
[81], SLC6A12 [82] and COL6A2 [83] have been reported to be closely related to 
the occurrence and development of epilepsy, but these genes might be novel target 
for AD. Previous investigation demonstrates that RGS4 [84], CXCL11 [85], EGR1 
[86], CALB1 [87], BDNF (brain derived neurotrophic factor) [88], TERT 
(telomerase reverse transcriptase) [89], NEFL (neurofilament light) [90], SNAP25 
[91], RPH3A [92], NRN1 [93], SYT1 [94], GRIN2B [95], AVP (arginine 
vasopressin) [96], VSNL1 [97], HTR2A [98], PAK3 [99], STXBP5L  [100], 
HCRTR2 [101], SYP (synaptophysin) [102], SYT10 [103], PRKCE (protein 
kinase C epsilon) [104], NRG1 [105], KISS1 [106], NRXN3 [107], RAB3A [108], 
IGF1  [109], PLK2 [110], CBLN4 [111], CAP2 [112], SV2B [113], CAMK4 
[114], INA (internexin neuronal intermediate filament protein alpha) [115], GAP43 
[116], TTR (transthyretin) [117], CXCR2 [118], IL1R2  [119], CXCR4 [120], 
CCR2 [121], MYOCD (myocardin) [122], S100A12 [123], CXCR3 [124], PROK2 
[125], CXCL8 [126], RGS1 [127], NOTCH3 [128], P2RX7 [129], NGFR (nerve 
growth factor receptor) [130], GDF15 [131], CR1 [132], ADORA2A [133], 
GPER1 [134], FCGR2B [135], MMP9 [136], CNN2 [137], C5AR1 [138], CCL15 
[139], RBPMS (RNA binding protein, mRNA processing factor) [140], TBX2 
[141], FPR2 [142], PCK1 [143], ADH1B [144], TLR5 [145], C7 [146] and CD163 
[147] are thought to contribute to AD development and it has been reported to act 
as a potential biomarkers for AD treatment. IL1RAPL2 [148], GAD1 [149], 
EPHA5 [150], HTR1A [151], CADPS (calcium dependent secretion activator) 
[152], GABRG3 [153], LRFN5 [154] and CXCR1 [155] are expressed in autism 
spectrum disorders, but these genes might be novel target for AD. GAD2 [156], 
TAC3 [157], NCR1 [158], IL7R [159], GATA3 [160], FCRL3 [161] and IL18R1 
[162] have been reported as most promising biomarkers for early diagnosis and 
prognosis prediction of multiple sclerosis, but these genes might be novel target for 
AD. FLT3 [163], CHRNB4 [164], PAK1 [165], CHRNB3 [166], GRIN2A [167], 
CHRNA6 [168], PENK (proenkephalin) [169], CHRNB4 [170],  IGF2 [171], 
TLR9 [172] and CACNG5 [173] were revealed to serve an important role in 
Parkinson's disease, but these genes might be novel target for AD. The expression 
of SLC30A3 [174], NEFH (neurofilament heavy) [175], SYNGR4 [176], S100A4 
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[177], HSPB1 [178] and KIF5A [179] are associated with amyotrophic lateral 
sclerosis, but these genes might be novel target for AD. 

Based on the node degree, betweenness centrality, stress centrality and 
closeness centrality in PPI network and modules, the hub genes were ranked. 
These identified hub genes were functioned as a group, and might play a crucial 
role in AD. ELAVL2 has been identified in autism spectrum disorders [180], but 
this gene might be novel target for AD. NEFM (neurofilament medium) was 
revealed to be expressed in AD [181]. NSF (N-ethylmaleimide sensitive factor, 
vesicle fusing ATPase), UBD (ubiquitin D), MKI67, PYHIN1, TES (testin LIM 
domain protein), MYL9 and TGFB1I1 might be the novel biomarkers for AD. 

By analyzing the miRNA-hub gene regulatory network construction and TF-
hub gene regulatory network, a number of hub genes, miRNAs and TFs were 
identified that might provide novel approaches for therapeutic investigations of 
AD. CD70 has been shown as a promising biomarker in multiple sclerosis [182], 
but this gene might be novel target for AD. Hsa-mir-378a-3p [183], hsa-mir-100-
5p [183], hsa-mir-27a-3p [184], hsa-mir-15b-5p  [185], hsa-mir-320d [186], NRF1 
[187], STAT1 [188], YY1 [189], PPARG (peroxisome proliferator-activated 
receptor gamma) [190] and TP53 [191] have been shown to be an important role in 
AD. MYB (MYB proto-oncogene, transcription factor), ANLN (anillin actin 
binding protein), SERPINH1, LATS2, DCLK1, TP63, LCK (LCK proto-oncogene, 
Src family tyrosine kinase), hsa-mir-513a-5p, hsa-mir-138-1-3p, hsa-mir-548d-5p,  
hsa-mir-4726-3p, hsa-mir-1202, E2F6, ZNF354C, ARID3A, FOXL1 and RUNX2 
might be the novel biomarkers for AD. 

In conclusion, integrated bioinformatics analysis of multiple datasets of 
newly diagnosed AD patients and healthy controls was performed. Common DEGs 
were identified that are significantly enriched in various pathways, followed by 
evaluation of the prognostic value for patients with AD. Notably, most of the 
prognostic genes are neuron and immune related genes. The results of this 
investigation increase our understanding of the molecular drivers that underlie AD 
initiation and progression, and the identified key genes and pathways constitute 
potential therapeutic targets. 
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Fig. 1. Volcano plot of differentially expressed genes. Genes with a significant change of more than two-fold were
selected. Green dot represented up regulated significant genes and red dot represented down regulated significant
genes. 

Fig. 2. Heat map of differentially expressed genes. Legend on the top left indicate log fold change of genes.  (A1 –
A219= AD; B1 – B70 = healthy controls) 

Fig. 3. PPI network of DEGs. The PPI network of DEGs was constructed using Cytoscap. Up regulated genes are
marked in green; down regulated genes are marked in red 
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Fig. 4. Modules of isolated form PPI of DEGs.  (A) The most significant module was obtained from PPI network 
with 16 nodes and 38 edges for up regulated genes (B) The most significant module was obtained from PPI network 
with 47 nodes and 96 edges for down regulated genes. Up regulated genes are marked in green; down regulated 
genes are marked in red. 

 

Fig. 5.  MiRNA - hub gene regulatory network. The purple color diamond nodes represent the key miRNAs; up 
regulated genes are marked in green; down regulated genes are marked in red. 
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Fig. 6.  TF - hub gene regulatory network. The blue color triangle nodes represent the key TFs; up regulated genes 
are marked in green; down regulated genes are marked in red. 

 

 

Fig. 7 ROC curve validated the sensitivity, specificity of hub genes as a predictive biomarker for dementia 
prognosis. A)  PAK1 B)   ELAVL2 C) NSF D)  HTR2C E) TERT F) UBD G)  MKI67 H) HSPB1 I) PYHIN1 J) 
TES 
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Fig. 8 Validation of hub genes by RT- PCR.  A)  PAK1 B)   ELAVL2 C) NSF D)  HTR2C E) TERT F) UBD G)  
MKI67 H) HSPB1 I) PYHIN1 J) TES 

Tables 

Table 1. The sequences of primers for quantitative RT-PCR 

Genes Forward Primers Reverse Primers 
PAK1 CAGCCCCTCCGATGAGAAATA CAAAACCGACATGAATTGTGTGT 

ELAVL2 GTCCAACCACCATAAACAACAAC GCTCTGCCCTGTTATTTTGTCT 
NSF AAGCGGCAAGATGTCCTACAG CCACCGATGGATGTGTCTTCA 

HTR2C CTAATTGGCCTATTGGTTTGGCA CCACCATCGGAGGTATTGAAAA 
TERT AAATGCGGCCCCTGTTTCT CAGTGCGTCTTGAGGAGCA 
UBD CCGTTCCGAGGAATGGGATTT  GCCATAAGATGAGAGGCTTCTCC 

MKI67 ACGCCTGGTTACTATCAAAAGG CAGACCCATTTACTTGTGTTGGA 
HSPB1 ACGGTCAAGACCAAGGATGG AGCGTGTATTTCCGCGTGA 

PYHIN1 CCAAGCAACCGTCTCACAG GCCGAGTCTGCTCTTTGGA 
TES ATGGGCTTAGGTCACGAGC TCCCACTTTTCGATCCTCTTCA 

 

Table 2 The statistical metrics for key differentially expressed genes (DEGs) 

Gene Symbol logFC pValue adj.P.Val tvalue Regulation Gene name 

RBBP8NL 1.792155 2.15E-10 4.28E-09 6.350402 Up RBBP8 N-terminal like 

CRH 1.723255 4.45E-15 4.89E-13 7.841503 Up corticotropin releasing hormone 

SPRR2G 1.564456 2.45E-12 9.42E-11 7.00588 Up small proline rich protein 2G 

REG1CP 1.513107 7.39E-06 3.69E-05 4.482086 Up regenerating family member 1 gamma, pseudogene 

TAC1 1.50299 3.07E-15 3.55E-13 7.888171 Up tachykinin precursor 1 

NMU 1.477089 2.32E-13 1.29E-11 7.328947 Up neuromedin U 

MAS1 1.466607 3.77E-05 0.000156 4.121265 Up MAS1 proto-oncogene, G protein-coupled receptor 

VGF 1.45949 1.47E-19 9.75E-17 9.046631 Up VGF nerve growth factor inducible 

PCSK1 1.421549 4.06E-11 1.02E-09 6.601835 Up proproteinconvertasesubtilisin/kexin type 1 

SST 1.404689 1.01E-15 1.45E-13 8.025125 Up somatostatin 

ADCYAP1 1.400453 2.56E-20 2.34E-17 9.236109 Up adenylatecyclase activating polypeptide 1 

PENK 1.360921 1.16E-13 7.07E-12 7.421705 Up proenkephalin 

OR7E47P 1.332921 8.23E-07 5.28E-06 4.929926 Up 
olfactory receptor family 7 subfamily E member 47 

pseudogene 

GABRA6 1.326971 3.39E-10 6.24E-09 6.279742 Up gamma-aminobutyric acid type A receptor subunit alpha6 
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HSPB3 1.300949 9.39E-19 4.58E-16 8.842146 Up heat shock protein family B (small) member 3 

SLN 1.283622 1.20E-13 7.33E-12 7.416601 Up sarcolipin 

SOWAHB 1.280945 1.03E-09 1.60E-08 6.10543 Up sosondowahankyrin repeat domain family member B 

DSG3 1.28065 0.002644 0.006733 3.006337 Up desmoglein 3 

C1QL3 1.275145 2.03E-07 1.52E-06 5.196433 Up complement C1q like 3 

PPEF1 1.274206 7.62E-19 3.96E-16 8.865398 Up protein phosphatase with EF-hand domain 1 

NPAS4 1.256782 1.24E-06 7.60E-06 4.84915 Up neuronal PAS domain protein 4 

OR52N2 1.24645 7.69E-05 0.000292 3.953898 Up olfactory receptor family 52 subfamily N member 2 

EGR4 1.245746 3.33E-15 3.78E-13 7.877942 Up early growth response 4 

SERTM1 1.240042 5.40E-13 2.63E-11 7.214786 Up serine rich and transmembrane domain containing 1 

SERTM2 1.236927 0.000444 0.001389 3.512644 Up serine rich and transmembrane domain containing 2 

CSN1S1 1.236875 0.002004 0.005264 3.089583 Up casein alpha s1 

MUC15 1.220349 4.35E-05 0.000176 4.088296 Up mucin 15, cell surface associated 

MOS 1.217979 6.69E-06 3.36E-05 4.503362 Up MOS proto-oncogene, serine/threonine kinase 

SI 1.216882 0.001498 0.004059 3.175165 Up sucrase-isomaltase 

GJD2 1.211457 1.62E-07 1.24E-06 5.23787 Up gap junction protein delta 2 

GSG1L2 1.210676 1.66E-06 9.77E-06 4.791418 Up GSG1 like 2 

NPSR1 1.207645 3.37E-06 1.83E-05 4.647064 Up neuropeptide S receptor 1 

KRT5 1.204534 2.37E-10 4.65E-09 6.335059 Up keratin 5 

CHGB 1.204116 3.65E-12 1.33E-10 6.949939 Up chromogranin B 

ADAD2 1.193409 2.50E-16 4.39E-14 8.195177 Up adenosine deaminase domain containing 2 

ABRA 1.190391 3.76E-07 2.63E-06 5.080655 Up actin binding Rho activating protein 

C4orf54 1.185335 3.31E-06 1.80E-05 4.650848 Up chromosome 4 open reading frame 54 

PNMA6A 1.181083 8.30E-05 0.000312 3.935645 Up PNMA family member 6A 

NEUROD6 1.172833 7.58E-11 1.75E-09 6.508686 Up neuronal differentiation 6 

RGS4 1.172806 1.06E-13 6.57E-12 7.433827 Up regulator of G protein signaling 4 

WFDC10A 1.165912 0.000749 0.002204 3.371031 Up WAP four-disulfide core domain 10A 

CWH43 1.165094 0.000615 0.001854 3.424724 Up cell wall biogenesis 43 C-terminal homolog 

KRT82 1.160963 8.82E-05 0.000329 3.921013 Up keratin 82 

SLC32A1 1.160424 1.71E-12 6.96E-11 7.056381 Up solute carrier family 32 member 1 

IL1RAPL2 1.159802 7.57E-05 0.000289 3.957525 Up interleukin 1 receptor accessory protein like 2 

GAD2 1.158021 3.98E-12 1.43E-10 6.937909 Up glutamate decarboxylase 2 

ANKRD18DP 1.152965 3.46E-12 1.28E-10 6.95756 Up ankyrin repeat domain 18D, pseudogene 

CAPZA3 1.151592 0.003936 0.009522 2.883259 Up capping actin protein of muscle Z-line subunit alpha 3 

GRP 1.141596 1.73E-12 7.04E-11 7.054306 Up gastrin releasing peptide 

CHRNA9 1.13746 3.87E-05 0.000159 4.114852 Up cholinergic receptor nicotinic alpha 9 subunit 

ACTL8 1.134624 1.38E-06 8.33E-06 4.827436 Up actin like 8 

NXPH2 1.131891 2.93E-09 3.96E-08 5.935607 Up neurexophilin 2 

C14orf39 1.124348 0.005002 0.011731 2.806924 Up chromosome 14 open reading frame 39 

EGR3 1.114913 1.21E-13 7.35E-12 7.415901 Up early growth response 3 

CRYM 1.114406 3.53E-11 9.10E-10 6.622406 Up crystallin mu 

SCHLAP1 1.114037 6.76E-05 0.000261 3.984639 Up 
SWI/SNF complex antagonist associated with prostate cancer 

1 
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CCNYL4 1.1091 3.62E-08 3.40E-07 5.508481 Up cyclin Y like 4 (pseudogene) 

PNOC 1.108493 7.24E-13 3.40E-11 7.174869 Up prepronociceptin 

GAD1 1.107448 1.07E-16 2.18E-14 8.297185 Up glutamate decarboxylase 1 

CXCL11 1.10341 9.47E-07 5.99E-06 4.90229 Up C-X-C motif chemokine ligand 11 

FREM3 1.102409 8.15E-08 6.85E-07 5.363685 Up FRAS1 related extracellular matrix 3 

C17orf102 1.101675 9.39E-13 4.22E-11 7.1392 Up chromosome 17 open reading frame 102 

DRGX 1.099711 0.005153 0.012039 2.797291 Up dorsal root ganglia homeobox 

CLEC4F 1.094546 2.56E-06 1.43E-05 4.703626 Up C-type lectin domain family 4 member F 

CTXN3 1.084705 1.52E-09 2.24E-08 6.042531 Up cortexin 3 

HDC 1.078277 2.54E-09 3.49E-08 5.959084 Up histidine decarboxylase 

GABRA1 1.070151 6.01E-09 7.22E-08 5.816533 Up gamma-aminobutyric acid type A receptor subunit alpha1 

EGR1 1.067688 3.11E-16 5.17E-14 8.168916 Up early growth response 1 

C3orf80 1.067379 4.87E-14 3.50E-12 7.535299 Up chromosome 3 open reading frame 80 

PCDH8 1.066795 2.50E-08 2.47E-07 5.573399 Up protocadherin 8 

PVALB 1.06419 4.39E-06 2.31E-05 4.592051 Up parvalbumin 

PLSCR5 1.06302 0.002759 0.006987 2.993373 Up phospholipid scramblase family member 5 

STAT4 1.061542 1.51E-12 6.32E-11 7.073489 Up signal transducer and activator of transcription 4 

OLFM3 1.05809 3.37E-08 3.19E-07 5.521089 Up olfactomedin 3 

FAM47C 1.054309 0.000879 0.002537 3.326739 Up family with sequence similarity 47 member C 

ATOH7 1.053408 4.33E-14 3.17E-12 7.550581 Up atonal bHLH transcription factor 7 

PRMT8 1.052567 1.17E-14 1.06E-12 7.71945 Up protein arginine methyltransferase 8 

KCNV1 1.05243 4.01E-09 5.17E-08 5.883803 Up 
potassium voltage-gated channel modifier subfamily V 

member 1 

TDO2 1.050395 2.03E-08 2.06E-07 5.609836 Up tryptophan 2,3-dioxygenase 

CALB1 1.050333 3.89E-09 5.04E-08 5.888779 Up calbindin 1 

OVOS2 1.048457 1.72E-08 1.80E-07 5.637677 Up alpha-2-macroglobulin like 1 pseudogene 

AMELX 1.048424 0.003178 0.007908 2.949998 Up amelogenin X-linked 

ANKRD62 1.044304 3.14E-05 0.000132 4.163275 Up ankyrin repeat domain 62 

WNT8A 1.042288 9.31E-10 1.48E-08 6.120858 Up Wnt family member 8A 

EFCAB3 1.042265 0.000303 0.000987 3.6127 Up EF-hand calcium binding domain 3 

CBLN4 1.040513 3.41E-08 3.22E-07 5.518871 Up cerebellin 4 precursor 

MYOG 1.037877 2.82E-07 2.04E-06 5.135063 Up myogenin 

C13orf42 1.035355 0.005916 0.013606 2.752395 Up chromosome 13 open reading frame 42 

CCDC196 1.035158 0.000916 0.002633 3.315008 Up coiled-coil domain containing 196 

MS4A8 1.033714 2.42E-06 1.36E-05 4.715149 Up membrane spanning 4-domains A8 

KIRREL3-AS3 1.031608 0.000173 0.000598 3.756 Up KIRREL3 antisense RNA 3 

TEX26-AS1 1.029183 8.43E-08 7.05E-07 5.357708 Up TEX26 antisense RNA 1 

SYP-AS1 1.026727 4.49E-07 3.08E-06 5.046805 Up SYP antisense RNA 1 

DCTN1-AS1 1.023243 2.56E-13 1.40E-11 7.315949 Up DCTN1 antisense RNA 1 

BDNF 1.022065 4.31E-24 2.63E-20 10.12433 Up brain derived neurotrophic factor 

SPATA48 1.018411 0.000653 0.001951 3.408589 Up spermatogenesis associated 48 

ANKRD33 1.018068 8.75E-05 0.000327 3.92279 Up ankyrin repeat domain 33 

GABRG2 1.016224 6.43E-08 5.55E-07 5.406467 Up gamma-aminobutyric acid type A receptor subunit gamma2 
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CD70 1.015253 2.55E-05 0.00011 4.210264 Up CD70 molecule 

ROBO2 1.008347 2.54E-10 4.92E-09 6.324275 Up roundabout guidance receptor 2 

TPH2 1.005576 7.25E-06 3.63E-05 4.486126 Up tryptophan hydroxylase 2 

ERICH3-AS1 1.00524 2.79E-05 0.00012 4.189763 Up ERICH3 antisense RNA 1 

FLT3 1.005056 1.10E-07 8.89E-07 5.308631 Up fms related receptor tyrosine kinase 3 

UBE2U 1.004904 0.000159 0.000557 3.776266 Up ubiquitin conjugating enzyme E2 U 

CHRNB4 1.004005 0.000529 0.001626 3.465596 Up cholinergic receptor nicotinic beta 4 subunit 

PART1 1.002783 3.50E-11 9.04E-10 6.62389 Up prostate androgen-regulated transcript 1 

SVOP 0.999571 1.91E-11 5.44E-10 6.712665 Up SV2 related protein 

SLC5A7 0.999569 0.014403 0.029714 2.447058 Up solute carrier family 5 member 7 

PIK3C2G 0.998847 2.44E-06 1.37E-05 4.713389 Up 
phosphatidylinositol-4-phosphate 3-kinase catalytic subunit 

type 2 gamma 

KCNK18 0.997672 0.012251 0.025798 2.504829 Up potassium two pore domain channel subfamily K member 18 

IQCJ 0.992878 2.42E-06 1.36E-05 4.714906 Up IQ motif containing J 

STYK1 0.992545 2.14E-08 2.17E-07 5.599941 Up serine/threonine/tyrosine kinase 1 

HTR2C 0.989166 5.69E-07 3.80E-06 5.001507 Up 5-hydroxytryptamine receptor 2C 

ARL4D 0.988673 2.58E-20 2.34E-17 9.234915 Up ADP ribosylation factor like GTPase 4D 

NAP1L5 0.985169 2.87E-16 4.87E-14 8.178551 Up nucleosome assembly protein 1 like 5 

ADGRF2 0.984019 0.000289 0.000945 3.625412 Up adhesion G protein-coupled receptor F2 

CDH7 0.983533 3.61E-05 0.00015 4.130886 Up cadherin 7 

TCP11 0.981913 3.51E-08 3.30E-07 5.513967 Up t-complex 11 

PCP4 0.980196 7.90E-14 5.24E-12 7.471999 Up Purkinje cell protein 4 

TERT 0.980011 5.09E-06 2.63E-05 4.561017 Up telomerase reverse transcriptase 

BEX5 0.978943 2.45E-15 3.05E-13 7.915997 Up brain expressed X-linked 5 

NEFL 0.9786 1.83E-09 2.64E-08 6.012007 Up neurofilament light 

MLIP 0.978387 1.99E-11 5.62E-10 6.706744 Up muscular LMNA interacting protein 

SOSTDC1 0.97708 3.45E-07 2.44E-06 5.097088 Up sclerostin domain containing 1 

INTS6L-AS1 0.975855 1.68E-05 7.66E-05 4.303637 Up INTS6L antisense RNA 1 

SNAP25 0.97474 1.26E-09 1.90E-08 6.072715 Up synaptosome associated protein 25 

RAB3B 0.971743 3.59E-10 6.54E-09 6.271061 Up RAB3B, member RAS oncogene family 

TCF23 0.970766 0.020699 0.040846 2.313424 Up transcription factor 23 

SNTN 0.968452 0.001376 0.003768 3.199714 Up sentan, cilia apical structure protein 

NYAP2 0.968344 2.42E-05 0.000106 4.221754 Up 
neuronal tyrosine-phosphorylated phosphoinositide-3-kinase 

adaptor 2 

RAB27B 0.967279 9.16E-08 7.54E-07 5.342678 Up RAB27B, member RAS oncogene family 

OR1N1 0.96601 0.01512 0.030977 2.429486 Up olfactory receptor family 1 subfamily N member 1 

MUCL1 0.965921 1.75E-06 1.02E-05 4.780546 Up mucin like 1 

RXFP3 0.963798 0.014225 0.029419 2.451539 Up relaxin family peptide receptor 3 

SATB2-AS1 0.96374 1.65E-09 2.40E-08 6.02931 Up SATB2 antisense RNA 1 

MYPN 0.957798 0.000297 0.000969 3.618314 Up myopalladin 

CYP4A11 0.957237 9.73E-07 6.13E-06 4.897036 Up cytochrome P450 family 4 subfamily A member 11 

SUN3 0.95643 2.97E-07 2.14E-06 5.125412 Up Sad1 and UNC84 domain containing 3 

GDA 0.950478 1.53E-09 2.25E-08 6.041671 Up guanine deaminase 

GREM2 0.947377 5.17E-10 8.97E-09 6.213978 Up gremlin 2, DAN family BMP antagonist 
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UNC5D 0.944438 3.29E-10 6.07E-09 6.284642 Up unc-5 netrin receptor D 

CREG2 0.944388 2.33E-07 1.71E-06 5.171094 Up cellular repressor of E1A stimulated genes 2 

ERICH6B 0.94413 0.004502 0.010706 2.840697 Up glutamate rich 6B 

RPH3A 0.943871 7.81E-13 3.60E-11 7.164518 Up rabphilin 3A 

CNTN5 0.942573 4.52E-07 3.10E-06 5.045602 Up contactin 5 

GABRB2 0.939695 1.42E-06 8.51E-06 4.822515 Up gamma-aminobutyric acid type A receptor subunit beta2 

MAL2 0.938674 2.03E-08 2.07E-07 5.609631 Up mal, T cell differentiation protein 2 

ZCCHC12 0.93839 8.18E-11 1.87E-09 6.497161 Up zinc finger CCHC-type containing 12 

NLRP2 0.937784 7.45E-08 6.33E-07 5.380024 Up NLR family pyrin domain containing 2 

FRMPD2B 0.937148 1.44E-10 3.04E-09 6.411959 Up FERM and PDZ domain containing 2B, pseudogene 

AGBL4 0.936178 2.62E-13 1.43E-11 7.31269 Up ATP/GTP binding protein like 4 

PTPRR 0.934759 5.28E-09 6.50E-08 5.838145 Up protein tyrosine phosphatase receptor type R 

RFX6 0.93464 4.62E-05 0.000186 4.074225 Up regulatory factor X6 

CDH18 0.934539 4.09E-10 7.32E-09 6.250537 Up cadherin 18 

TACR1 0.933255 2.05E-11 5.74E-10 6.702554 Up tachykinin receptor 1 

KCNG3 0.932517 1.14E-07 9.12E-07 5.302803 Up 
potassium voltage-gated channel modifier subfamily G 

member 3 

FBLN7 0.932076 1.46E-11 4.37E-10 6.751391 Up fibulin 7 

CARTPT 0.931108 1.00E-06 6.28E-06 4.891557 Up CART prepropeptide 

ALOX12B 0.930558 3.58E-10 6.53E-09 6.271334 Up arachidonate 12-lipoxygenase, 12R type 

CCDC105 0.929791 0.007671 0.017095 2.666235 Up coiled-coil domain containing 105 

SPTSSB 0.929526 1.66E-10 3.44E-09 6.389594 Up serine palmitoyltransferase small subunit B 

AMY2A 0.929227 4.13E-06 2.19E-05 4.604952 Up amylase alpha 2A 

MCHR1 0.924109 2.11E-10 4.21E-09 6.353393 Up melanin concentrating hormone receptor 1 

NRN1 0.923459 5.87E-19 3.11E-16 8.89451 Up neuritin 1 

KCNS2 0.92343 3.87E-09 5.02E-08 5.889649 Up 
potassium voltage-gated channel modifier subfamily S 

member 2 

YY1P2 0.922952 0.013143 0.027465 2.479877 Up YY1 transcription factor pseudogene 2 

SLC17A6 0.922759 1.03E-06 6.46E-06 4.885102 Up solute carrier family 17 member 6 

RAB3C 0.921229 1.49E-09 2.20E-08 6.045659 Up RAB3C, member RAS oncogene family 

SLC4A10 0.92009 1.86E-06 1.08E-05 4.768439 Up solute carrier family 4 member 10 

AFP 0.919009 2.07E-05 9.20E-05 4.256686 Up alpha fetoprotein 

HRG 0.918231 0.000358 0.001146 3.569348 Up histidine rich glycoprotein 

GPR22 0.918097 5.56E-07 3.73E-06 5.005804 Up G protein-coupled receptor 22 

NEFM 0.91801 3.36E-08 3.18E-07 5.52153 Up neurofilament medium 

SYT1 0.91656 5.76E-09 6.98E-08 5.823483 Up synaptotagmin 1 

EPHA5 0.914525 2.17E-07 1.61E-06 5.183944 Up EPH receptor A5 

MSX2P1 0.913053 9.17E-07 5.82E-06 4.90863 Up mshhomeobox 2 pseudogene 1 

OR2AE1 0.912044 0.010487 0.022507 2.559343 Up olfactory receptor family 2 subfamily AE member 1 

PARM1 0.91119 6.57E-10 1.10E-08 6.176127 Up prostate androgen-regulated mucin-like protein 1 

GLP2R 0.910394 8.86E-07 5.65E-06 4.915458 Up glucagon like peptide 2 receptor 

CDH9 0.910322 6.71E-08 5.76E-07 5.398892 Up cadherin 9 

STARD6 0.907602 0.000134 0.000478 3.818379 Up StAR related lipid transfer domain containing 6 

CYP24A1 0.906744 1.35E-06 8.17E-06 4.83206 Up cytochrome P450 family 24 subfamily A member 1 
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HTR3B 0.906486 8.43E-08 7.05E-07 5.357589 Up 5-hydroxytryptamine receptor 3B 

C8orf89 0.90642 7.82E-05 0.000296 3.949981 Up chromosome 8 open reading frame 89 

GLRA3 0.906045 4.26E-05 0.000173 4.092805 Up glycine receptor alpha 3 

SCG2 0.905705 9.28E-15 8.96E-13 7.748698 Up secretogranin II 

HPRT1 0.904017 9.15E-12 2.92E-10 6.819211 Up hypoxanthine phosphoribosyltransferase 1 

SERPINA11 0.904017 0.013108 0.027399 2.480821 Up serpin family A member 11 

MEPE 0.902128 8.87E-07 5.65E-06 4.915184 Up matrix extracellular phosphoglycoprotein 

DEPDC1-AS1 0.90096 0.003069 0.007673 2.96077 Up DEPDC1 antisense RNA 1 

SYT4 0.900419 1.15E-08 1.26E-07 5.707159 Up synaptotagmin 4 

C5orf52 0.900038 0.006856 0.015497 2.703782 Up chromosome 5 open reading frame 52 

ST6GALNAC5 0.89952 3.01E-08 2.89E-07 5.540709 Up ST6 N-acetylgalactosaminide alpha-2,6-sialyltransferase 5 

LAMP5-AS1 0.899431 3.77E-06 2.02E-05 4.623449 Up LAMP5 antisense RNA 1 

NMNAT2 0.899216 4.78E-11 1.18E-09 6.577507 Up nicotinamide nucleotide adenylyltransferase 2 

INHBA-AS1 0.896832 4.66E-13 2.32E-11 7.234822 Up INHBA antisense RNA 1 

SMIM21 0.896187 0.014305 0.029552 2.449511 Up small integral membrane protein 21 

PTER 0.895363 3.06E-09 4.12E-08 5.928114 Up phosphotriesterase related 

ENC1 0.893532 2.11E-08 2.14E-07 5.602776 Up ectodermal-neural cortex 1 

CCDC184 0.893363 2.03E-13 1.15E-11 7.346483 Up coiled-coil domain containing 184 

NELL1 0.891575 1.90E-08 1.96E-07 5.620431 Up neural EGFL like 1 

CALCB 0.889626 3.96E-05 0.000163 4.109638 Up calcitonin related polypeptide beta 

GPR158 0.888867 5.95E-10 1.01E-08 6.191769 Up G protein-coupled receptor 158 

GFRA4 0.888466 4.31E-08 3.94E-07 5.47784 Up GDNF family receptor alpha 4 

GRIN2B 0.885576 5.06E-08 4.53E-07 5.449014 Up glutamate ionotropic receptor NMDA type subunit 2B 

LAMP5 0.884614 2.89E-08 2.80E-07 5.547776 Up lysosomal associated membrane protein family member 5 

HCN1 0.884586 5.27E-08 4.69E-07 5.441852 Up 
hyperpolarization activated cyclic nucleotide gated potassium 

channel 1 

FBXL21P 0.883837 2.05E-05 9.11E-05 4.259079 Up F-box and leucine rich repeat protein 21, pseudogene 

ANKRD20A19P 0.882067 0.000222 0.000749 3.692125 Up ankyrin repeat domain 20 family member A19, pseudogene 

RHOV 0.881065 6.56E-10 1.10E-08 6.176433 Up ras homolog family member V 

JARID2-AS1 0.878863 3.34E-07 2.37E-06 5.10326 Up JARID2 antisense RNA 1 

KCNB2 0.87725 5.28E-08 4.69E-07 5.441764 Up potassium voltage-gated channel subfamily B member 2 

ENTPD3 0.876706 1.75E-10 3.60E-09 6.38155 Up ectonucleoside triphosphate diphosphohydrolase 3 

OTOL1 0.874487 0.000267 0.000879 3.645784 Up otolin 1 

DLGAP1 0.874408 2.22E-10 4.40E-09 6.344991 Up DLG associated protein 1 

PCP4L1 0.874291 8.62E-10 1.38E-08 6.133126 Up Purkinje cell protein 4 like 1 

FATE1 0.872197 9.00E-06 4.39E-05 4.440013 Up fetal and adult testis expressed 1 

GABRA4 0.871964 2.32E-07 1.71E-06 5.171299 Up gamma-aminobutyric acid type A receptor subunit alpha4 

AKAP5 0.871719 2.90E-09 3.93E-08 5.937232 Up A-kinase anchoring protein 5 

ADRA1D 0.870488 2.30E-10 4.53E-09 6.339877 Up adrenoceptor alpha 1D 

C11orf87 0.870409 2.83E-08 2.75E-07 5.551377 Up chromosome 11 open reading frame 87 

CDK6-AS1 0.867973 3.39E-08 3.20E-07 5.520107 Up CDK6 antisense RNA 1 

LGALS16 0.867257 0.00243 0.006243 3.031912 Up galectin 16 

CAP2 0.866391 1.34E-08 1.45E-07 5.680436 Up cyclase associated actin cytoskeleton regulatory protein 2 
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KCNC2 0.86587 4.06E-09 5.23E-08 5.881548 Up potassium voltage-gated channel subfamily C member 2 

MGC12916 0.865719 4.90E-05 0.000196 4.060577 Up uncharacterized protein MGC12916 

PTPN3 0.865436 1.20E-10 2.60E-09 6.438716 Up protein tyrosine phosphatase non-receptor type 3 

DHRS7C 0.865012 6.22E-08 5.40E-07 5.412323 Up dehydrogenase/reductase 7C 

SERF1A 0.861415 0.02312 0.044943 2.271451 Up small EDRK-rich factor 1A 

GCNT4 0.859334 2.14E-05 9.45E-05 4.249654 Up glucosaminyl (N-acetyl) transferase 4 

TDRD5 0.859286 1.61E-07 1.23E-06 5.239612 Up tudor domain containing 5 

RGS7 0.859005 2.82E-10 5.33E-09 6.308637 Up regulator of G protein signaling 7 

KCNH5 0.858044 8.23E-06 4.05E-05 4.45907 Up potassium voltage-gated channel subfamily H member 5 

IL12RB2 0.856705 1.15E-08 1.26E-07 5.707141 Up interleukin 12 receptor subunit beta 2 

AVP 0.856049 0.005559 0.012881 2.772708 Up arginine vasopressin 

DYDC1 0.855875 0.000633 0.0019 3.417029 Up DPY30 domain containing 1 

DGKB 0.855847 5.27E-09 6.49E-08 5.838395 Up diacylglycerol kinase beta 

VSNL1 0.855091 2.13E-08 2.16E-07 5.601312 Up visinin like 1 

BNIP5 0.854939 4.47E-07 3.07E-06 5.047906 Up BCL2 interacting protein 5 

NAPB 0.853004 9.65E-12 3.04E-10 6.811636 Up NSF attachment protein beta 

FGF9 0.853004 1.18E-09 1.82E-08 6.082397 Up fibroblast growth factor 9 

FAM238B 0.851614 2.30E-07 1.70E-06 5.173432 Up family with sequence similarity 238 member B 

PAX5 0.851044 0.000141 0.000498 3.807051 Up paired box 5 

HTR2A 0.850773 5.59E-08 4.92E-07 5.431592 Up 5-hydroxytryptamine receptor 2A 

NAP1L2 0.850242 2.61E-08 2.57E-07 5.56556 Up nucleosome assembly protein 1 like 2 

C6orf141 0.846646 3.50E-06 1.90E-05 4.638775 Up chromosome 6 open reading frame 141 

CLTRN 0.846631 1.29E-10 2.75E-09 6.428812 Up collectrin, amino acid transport regulator 

DLX1 0.845535 9.73E-10 1.53E-08 6.113723 Up distal-less homeobox 1 

PAK1 0.845205 9.72E-12 3.06E-10 6.810605 Up p21 (RAC1) activated kinase 1 

TESPA1 0.844983 6.79E-08 5.83E-07 5.396567 Up thymocyte expressed, positive selection associated 1 

DLX6 0.843311 6.63E-09 7.84E-08 5.800028 Up distal-less homeobox 6 

CACNA1C-IT2 0.842806 0.000864 0.002503 3.331345 Up CACNA1C intronic transcript 2 

NPSR1-AS1 0.841801 0.000674 0.002008 3.399907 Up NPSR1 antisense RNA 1 

PAK3 0.840507 7.34E-10 1.21E-08 6.158679 Up p21 (RAC1) activated kinase 3 

MCHR2-AS1 0.839539 0.013371 0.027878 2.473731 Up MCHR2 antisense RNA 1 

NAT16 0.838617 7.08E-13 3.34E-11 7.177972 Up N-acetyltransferase 16 (putative) 

LY86-AS1 0.83772 7.70E-09 8.92E-08 5.774911 Up LY86 antisense RNA 1 

SLC30A3 0.83743 1.41E-07 1.10E-06 5.263377 Up solute carrier family 30 member 3 

NCALD 0.837209 1.53E-12 6.38E-11 7.071777 Up neurocalcin delta 

ANO3 0.836643 6.68E-08 5.74E-07 5.399576 Up anoctamin 3 

GLRA2 0.836266 1.39E-07 1.09E-06 5.266285 Up glycine receptor alpha 2 

SLC39A2 0.834221 0.000258 0.000853 3.654516 Up solute carrier family 39 member 2 

GUCA1C 0.833736 0.022726 0.044271 2.278005 Up guanylatecyclase activator 1C 

CFAP61-AS1 0.832953 0.001046 0.00296 3.27773 Up CFAP61 antisense RNA 1 

STXBP5L 0.83278 8.25E-09 9.48E-08 5.763243 Up syntaxin binding protein 5 like 

NELL2 0.832359 1.13E-07 9.08E-07 5.30379 Up neural EGFL like 2 

BHLHA9 0.832224 3.49E-05 0.000145 4.139005 Up basic helix-loop-helix family member a9 
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TAFA1 0.83193 9.41E-10 1.49E-08 6.119151 Up TAFA chemokine like family member 1 

F7 0.831629 2.19E-10 4.35E-09 6.347394 Up coagulation factor VII 

PGM2L1 0.831592 1.46E-08 1.55E-07 5.666753 Up phosphoglucomutase 2 like 1 

RBFOX1 0.831543 1.07E-08 1.18E-07 5.719858 Up RNA binding fox-1 homolog 1 

CTSE 0.831448 0.014431 0.029756 2.446358 Up cathepsin E 

GADL1 0.830936 0.013697 0.028485 2.465104 Up glutamate decarboxylase like 1 

RTKN2 0.830778 3.81E-08 3.55E-07 5.49966 Up rhotekin 2 

ERICH3 0.830708 3.43E-07 2.43E-06 5.098109 Up glutamate rich 3 

ATP12A 0.830435 0.010676 0.022857 2.553118 Up ATPase H+/K+ transporting non-gastric alpha2 subunit 

SCN2A 0.830033 2.14E-08 2.16E-07 5.600563 Up sodium voltage-gated channel alpha subunit 2 

MCHR2 0.829027 0.000253 0.000838 3.659662 Up melanin concentrating hormone receptor 2 

NDST3 0.828983 4.21E-07 2.91E-06 5.059209 Up N-deacetylase and N-sulfotransferase 3 

SPRNP1 0.828608 1.83E-08 1.89E-07 5.627459 Up shadow of prion protein pseudogene 1 

HCRTR2 0.827387 1.72E-07 1.31E-06 5.227545 Up hypocretin receptor 2 

ADRB3 0.826858 1.72E-07 1.31E-06 5.226834 Up adrenoceptor beta 3 

FSTL5 0.826785 5.98E-08 5.22E-07 5.419258 Up follistatin like 5 

GPR88 0.824455 2.05E-11 5.74E-10 6.702157 Up G protein-coupled receptor 88 

NPBWR1 0.824374 0.0064 0.014591 2.726559 Up neuropeptides B and W receptor 1 

THCAT155 0.824154 6.82E-09 8.02E-08 5.795246 Up thyroid cancer-associated transcript 155 

SV2B 0.823749 2.17E-09 3.05E-08 5.984701 Up synaptic vesicle glycoprotein 2B 

SYT13 0.823406 2.61E-09 3.58E-08 5.954176 Up synaptotagmin 13 

GTF2IP7 0.823009 0.001843 0.004883 3.114385 Up general transcription factor IIipseudogene 7 

CDH12 0.822897 1.05E-06 6.52E-06 4.882926 Up cadherin 12 

NR1H4 0.821498 3.89E-05 0.00016 4.114001 Up nuclear receptor subfamily 1 group H member 4 

SYP 0.821434 3.78E-10 6.85E-09 6.262746 Up synaptophysin 

RSPO2 0.820785 5.58E-09 6.81E-08 5.828761 Up R-spondin 2 

PLCXD3 0.820371 5.10E-10 8.86E-09 6.216123 Up 
phosphatidylinositol specific phospholipase C X domain 

containing 3 

SYT2 0.81991 0.000194 0.000662 3.727284 Up synaptotagmin 2 

STMN2 0.81946 4.54E-09 5.73E-08 5.863345 Up stathmin 2 

SPATA31C1 0.819192 0.016741 0.033924 2.39235 Up SPATA31 subfamily C member 1 

RUNX1-IT1 0.816682 0.018606 0.037218 2.353329 Up RUNX1 intronic transcript 1 

CALY 0.816668 7.90E-10 1.29E-08 6.146997 Up calcyon neuron specific vesicular protein 

SLC12A1 0.815891 4.75E-06 2.47E-05 4.575638 Up solute carrier family 12 member 1 

FGF5 0.815253 5.48E-05 0.000217 4.034345 Up fibroblast growth factor 5 

PRPH2 0.814442 6.03E-11 1.44E-09 6.542904 Up peripherin 2 

PRSS16 0.813423 2.27E-09 3.18E-08 5.976994 Up serine protease 16 

NSF 0.813317 4.16E-10 7.41E-09 6.248053 Up N-ethylmaleimide sensitive factor, vesicle fusing ATPase 

CYMP 0.812548 1.86E-05 8.35E-05 4.28113 Up chymosin, pseudogene 

GPR149 0.812373 0.001089 0.003064 3.266419 Up G protein-coupled receptor 149 

CHRNB3 0.811471 7.07E-07 4.61E-06 4.959386 Up cholinergic receptor nicotinic beta 3 subunit 

OR1F1 0.810384 0.000191 0.000654 3.731098 Up olfactory receptor family 1 subfamily F member 1 

LRTM2 0.809731 1.17E-09 1.80E-08 6.084398 Up leucine rich repeats and transmembrane domains 2 
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RXFP1 0.809409 2.13E-06 1.22E-05 4.740566 Up relaxin family peptide receptor 1 

STYXL2 0.809064 1.89E-12 7.55E-11 7.042214 Up serine/threonine/tyrosine interacting like 2 

SYT10 0.808703 2.85E-05 0.000122 4.185372 Up synaptotagmin 10 

TAFA2 0.808593 8.31E-08 6.96E-07 5.360359 Up TAFA chemokine like family member 2 

GPR158-AS1 0.807864 8.35E-11 1.91E-09 6.494201 Up GPR158 antisense RNA 1 

NEURL1-AS1 0.807801 0.002609 0.006654 3.010454 Up NEURL1 antisense RNA 1 

PRKCE 0.807405 1.81E-10 3.70E-09 6.376777 Up protein kinase C epsilon 

PNMA2 0.806543 1.73E-10 3.56E-09 6.383802 Up PNMA family member 2 

LEXM 0.805554 0.000379 0.001207 3.554094 Up lymphocyte expansion molecule 

RASL11B 0.804277 1.33E-09 2.00E-08 6.063177 Up RAS like family 11 member B 

DCLK1 0.803629 1.59E-09 2.33E-08 6.035155 Up doublecortin like kinase 1 

PAX7 0.802991 5.33E-08 4.73E-07 5.439964 Up paired box 7 

GRIN2A 0.802863 1.94E-08 1.99E-07 5.617483 Up glutamate ionotropic receptor NMDA type subunit 2A 

VSIG1 0.802859 1.23E-08 1.33E-07 5.69593 Up V-set and immunoglobulin domain containing 1 

AKAIN1 0.801937 0.000446 0.001395 3.51131 Up A-kinase anchor inhibitor 1 

RFPL1 0.801552 1.58E-06 9.41E-06 4.800221 Up ret finger protein like 1 

DLX6-AS1 0.80028 0.000334 0.001078 3.587014 Up DLX6 antisense RNA 1 

KCNQ5 0.799723 4.12E-06 2.19E-05 4.605187 Up potassium voltage-gated channel subfamily Q member 5 

RHEX 0.799218 0.006464 0.01472 2.723255 Up regulator of hemoglobinization and erythroid cell expansion 

COL25A1 0.798211 1.03E-05 4.95E-05 4.411255 Up collagen type XXV alpha 1 chain 

CAMK4 0.798093 1.56E-07 1.20E-06 5.245789 Up calcium/calmodulin dependent protein kinase IV 

ATP2B1-AS1 0.798012 8.90E-13 4.04E-11 7.146452 Up ATP2B1 antisense RNA 1 

TUBB2A 0.796202 2.76E-12 1.04E-10 6.989311 Up tubulin beta 2A class IIa 

CDH8 0.796137 2.88E-10 5.44E-09 6.305043 Up cadherin 8 

VWC2L 0.795176 0.000152 0.000533 3.788101 Up von Willebrand factor C domain containing 2 like 

HUNK 0.791394 4.46E-11 1.11E-09 6.587934 Up hormonally up-regulated Neu-associated kinase 

MDH1 0.789285 2.31E-12 8.96E-11 7.014419 Up malate dehydrogenase 1 

HMGCLL1 0.788594 1.08E-11 3.33E-10 6.795805 Up 3-hydroxymethyl-3-methylglutaryl-CoA lyase like 1 

HTR1A 0.788329 0.000357 0.001143 3.570135 Up 5-hydroxytryptamine receptor 1A 

NWD2 0.788081 4.84E-06 2.52E-05 4.571641 Up NACHT and WD repeat domain containing 2 

SP9 0.788008 6.33E-05 0.000246 4.000026 Up Sp9 transcription factor 

RASSF6 0.787955 0.010396 0.02233 2.562355 Up Ras association domain family member 6 

C8orf86 0.787699 3.09E-05 0.000131 4.166672 Up chromosome 8 open reading frame 86 

SNX10 0.787314 2.14E-08 2.16E-07 5.600672 Up sorting nexin 10 

MAP7D2 0.787212 1.82E-09 2.62E-08 6.013113 Up MAP7 domain containing 2 

SYN2 0.786693 2.37E-08 2.36E-07 5.582792 Up synapsin II 

UPK2 0.786654 6.21E-07 4.11E-06 4.984426 Up uroplakin 2 

LRRC38 0.786119 5.89E-06 3.00E-05 4.530286 Up leucine rich repeat containing 38 

PP12613 0.786114 3.42E-05 0.000143 4.143663 Up uncharacterized LOC100192379 

TRIM72 0.784408 2.17E-06 1.24E-05 4.737377 Up tripartite motif containing 72 

FBXO16 0.783954 2.66E-13 1.44E-11 7.310474 Up F-box protein 16 

TMEM200A 0.782944 6.78E-10 1.13E-08 6.171094 Up transmembrane protein 200A 

RIIAD1 0.782351 3.26E-11 8.49E-10 6.634452 Up regulatory subunit of type II PKA R-subunit domain 
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containing 1 

GGNBP1 0.782076 4.25E-07 2.93E-06 5.057327 Up gametogenetin binding protein 1 (pseudogene) 

BEX1 0.781213 3.06E-12 1.14E-10 6.975154 Up brain expressed X-linked 1 

ELAVL2 0.780828 4.14E-07 2.87E-06 5.062446 Up ELAV like RNA binding protein 2 

ZNF98 0.780164 6.94E-05 0.000267 3.978392 Up zinc finger protein 98 

ELMOD1 0.779622 1.76E-08 1.83E-07 5.634133 Up ELMO domain containing 1 

IPCEF1 0.779195 2.68E-10 5.13E-09 6.316097 Up interaction protein for cytohesin exchange factors 1 

SIDT1 0.778754 1.19E-11 3.64E-10 6.781485 Up SID1 transmembrane family member 1 

CLEC2L 0.777808 3.00E-09 4.04E-08 5.931794 Up C-type lectin domain family 2 member L 

XK 0.777647 1.12E-08 1.24E-07 5.711239 Up X-linked Kx blood group 

WNT1 0.776704 1.24E-05 5.86E-05 4.370504 Up Wnt family member 1 

KRT222 0.776693 5.88E-08 5.15E-07 5.422283 Up keratin 222 

SULT4A1 0.776176 3.50E-09 4.62E-08 5.906184 Up sulfotransferase family 4A member 1 

NEFH 0.775778 6.14E-05 0.000239 4.007474 Up neurofilament heavy 

GABRD 0.775735 3.17E-08 3.02E-07 5.531769 Up gamma-aminobutyric acid type A receptor subunit delta 

TRPC7 0.775079 5.86E-05 0.00023 4.018197 Up 
transient receptor potential cation channel subfamily C 

member 7 

NRG1 0.774868 2.54E-07 1.86E-06 5.155013 Up neuregulin 1 

HS6ST3 0.774066 6.68E-09 7.88E-08 5.798765 Up heparansulfate 6-O-sulfotransferase 3 

RFPL1S 0.773705 1.41E-08 1.51E-07 5.671767 Up RFPL1 antisense RNA 1 

PTH2R 0.772967 6.01E-09 7.22E-08 5.816365 Up parathyroid hormone 2 receptor 

FAM81A 0.772769 6.58E-13 3.13E-11 7.187816 Up family with sequence similarity 81 member A 

HAO2-IT1 0.772461 0.011554 0.02452 2.525467 Up HAO2 intronic transcript 1 

NETO1 0.771691 2.54E-09 3.49E-08 5.959053 Up neuropilin and tolloid like 1 

INSYN1-AS1 0.770357 2.25E-06 1.28E-05 4.729212 Up INSYN1 antisense RNA 1 

FGF12 0.769374 6.08E-10 1.03E-08 6.188314 Up fibroblast growth factor 12 

PLPPR4 0.769269 1.24E-06 7.58E-06 4.849748 Up phospholipid phosphatase related 4 

LPA 0.769136 1.02E-08 1.14E-07 5.727883 Up lipoprotein(a) 

MACROD2 0.768905 2.52E-10 4.89E-09 6.325602 Up mono-ADP ribosylhydrolase 2 

SERPINB13 0.768716 0.006995 0.015776 2.69707 Up serpin family B member 13 

ZNF860 0.768457 8.12E-07 5.21E-06 4.932554 Up zinc finger protein 860 

PLCB1 0.767706 7.65E-08 6.48E-07 5.37509 Up phospholipase C beta 1 

SH3GL2 0.767358 1.37E-07 1.07E-06 5.269271 Up SH3 domain containing GRB2 like 2, endophilin A1 

MLLT11 0.767026 2.96E-10 5.57E-09 6.301095 Up MLLT11 transcription factor 7 cofactor 

KISS1 0.766693 0.000121 0.000437 3.843699 Up KiSS-1 metastasis suppressor 

FABP12 0.766559 0.009475 0.020563 2.59441 Up fatty acid binding protein 12 

PDP1 0.76636 2.99E-08 2.88E-07 5.541828 Up pyruvate dehyrogenase phosphatase catalytic subunit 1 

FUT3 0.766263 1.96E-05 8.73E-05 4.269365 Up fucosyltransferase 3 (Lewis blood group) 

REC114 0.765964 7.06E-08 6.02E-07 5.389706 Up REC114 meiotic recombination protein 

RFX8 0.765632 2.30E-07 1.70E-06 5.173009 Up regulatory factor X8 

SFTPA2 0.764227 2.53E-07 1.85E-06 5.155471 Up surfactant protein A2 

SMIM17 0.764165 3.86E-08 3.59E-07 5.497218 Up small integral membrane protein 17 

PCYOX1L 0.76389 8.74E-14 5.63E-12 7.458705 Up prenylcysteine oxidase 1 like 
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TPBGL 0.76382 4.44E-09 5.64E-08 5.866783 Up trophoblast glycoprotein like 

TMEM210 0.7629 0.01941 0.038603 2.337553 Up transmembrane protein 210 

C2orf80 0.762762 4.75E-10 8.34E-09 6.227054 Up chromosome 2 open reading frame 80 

REEP1 0.762117 8.58E-12 2.76E-10 6.828519 Up receptor accessory protein 1 

UPK3A 0.760624 0.000286 0.000938 3.627529 Up uroplakin 3A 

CADPS 0.760332 2.95E-08 2.84E-07 5.544592 Up calcium dependent secretion activator 

MAJIN 0.760196 0.025221 0.048387 2.238008 Up membrane anchored junction protein 

OBSCN-AS1 0.759842 8.90E-11 2.01E-09 6.484617 Up OBSCN antisense RNA 1 

CHRNA6 0.758185 7.65E-05 0.000291 3.955065 Up cholinergic receptor nicotinic alpha 6 subunit 

OR13C5 0.757862 0.008411 0.018495 2.635112 Up olfactory receptor family 13 subfamily C member 5 

NRXN3 0.757322 2.45E-10 4.78E-09 6.329818 Up neurexin 3 

GSG1 0.757196 7.62E-10 1.25E-08 6.152657 Up germ cell associated 1 

INA 0.757189 3.87E-08 3.60E-07 5.496729 Up internexin neuronal intermediate filament protein alpha 

FBXW7-AS1 0.75659 2.31E-05 0.000101 4.232857 Up FBXW7 antisense RNA 1 

F2RL2 0.756403 9.35E-05 0.000347 3.906945 Up coagulation factor II thrombin receptor like 2 

VSX2 0.756098 1.11E-05 5.33E-05 4.393727 Up visual system homeobox 2 

SPINK9 0.75466 0.001462 0.003975 3.182099 Up serine peptidase inhibitor Kazal type 9 

SFTA3 0.753411 3.05E-05 0.00013 4.169403 Up surfactant associated 3 

FRMPD4 0.753395 4.22E-08 3.87E-07 5.481463 Up FERM and PDZ domain containing 4 

GPRASP2 0.753366 6.99E-12 2.33E-10 6.857949 Up G protein-coupled receptor associated sorting protein 2 

INSM2 0.753359 1.29E-07 1.01E-06 5.280938 Up INSM transcriptional repressor 2 

SERPINB2 0.752998 0.007622 0.016997 2.668386 Up serpin family B member 2 

CLSTN3 0.752866 7.63E-10 1.25E-08 6.152414 Up calsyntenin 3 

VSTM5 0.752664 0.000824 0.0024 3.344744 Up V-set and transmembrane domain containing 5 

P2RX2 0.75251 0.003585 0.008785 2.91252 Up purinergic receptor P2X 2 

SPRY3 0.751835 0.005222 0.012181 2.79298 Up sprouty RTK signaling antagonist 3 

GABRG3 0.751614 4.76E-05 0.000191 4.067112 Up gamma-aminobutyric acid type A receptor subunit gamma3 

LRRC3C 0.750568 0.008068 0.017857 2.649222 Up leucine rich repeat containing 3C 

MROH2A 0.750565 0.002065 0.005406 3.080709 Up maestro heat like repeat family member 2A 

CNGB1 0.750255 0.000123 0.000441 3.84077 Up cyclic nucleotide gated channel subunit beta 1 

FER1L6-AS2 0.749074 6.69E-07 4.39E-06 4.970062 Up FER1L6 antisense RNA 2 

MYH13 0.748804 2.76E-05 0.000119 4.192209 Up myosin heavy chain 13 

DYNC1I1 0.748414 5.49E-09 6.72E-08 5.831583 Up dynein cytoplasmic 1 intermediate chain 1 

SDR16C5 0.7482 1.59E-07 1.22E-06 5.241266 Up short chain dehydrogenase/reductase family 16C member 5 

CACNB4 0.7481 1.57E-08 1.66E-07 5.653746 Up calcium voltage-gated channel auxiliary subunit beta 4 

ATP8A2 0.747635 1.57E-09 2.31E-08 6.036654 Up ATPase phospholipid transporting 8A2 

RAB3A 0.746687 8.27E-09 9.50E-08 5.762897 Up RAB3A, member RAS oncogene family 

DIRAS2 0.745925 5.14E-07 3.48E-06 5.020932 Up DIRAS family GTPase 2 

IL1RL2 0.745482 3.83E-11 9.78E-10 6.610511 Up interleukin 1 receptor like 2 

ADTRP 0.745434 2.98E-10 5.60E-09 6.299984 Up androgen dependent TFPI regulating protein 

LDB2 0.745409 1.08E-08 1.19E-07 5.718067 Up LIM domain binding 2 

NUDT11 0.745215 7.96E-09 9.18E-08 5.769318 Up nudix hydrolase 11 

EID2B 0.745058 9.15E-22 1.60E-18 9.586027 Up EP300 interacting inhibitor of differentiation 2B 
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SLC8A1-AS1 0.745008 0.009636 0.020876 2.58864 Up SLC8A1 antisense RNA 1 

PIWIL1 0.744685 0.004425 0.010547 2.846144 Up piwi like RNA-mediated gene silencing 1 

SLC7A4 0.743897 5.24E-07 3.53E-06 5.017316 Up solute carrier family 7 member 4 

ANKRD7 0.743718 4.30E-05 0.000174 4.090998 Up ankyrin repeat domain 7 

DSG1 0.743674 0.000363 0.001163 3.565281 Up desmoglein 1 

LMO7DN 0.743592 0.000191 0.000654 3.731036 Up LMO7 downstream neighbor 

GOLT1A 0.743087 2.01E-08 2.05E-07 5.610888 Up golgi transport 1A 

DNAJC5G 0.742717 4.41E-06 2.32E-05 4.591057 Up DnaJ heat shock protein family (Hsp40) member C5 gamma 

GALNTL6 0.742618 4.27E-07 2.94E-06 5.05662 Up polypeptide N-acetylgalactosaminyltransferase like 6 

CHML 0.74223 1.02E-08 1.14E-07 5.727261 Up CHM like Rab escort protein 

RHO 0.740772 3.28E-06 1.79E-05 4.652425 Up rhodopsin 

COPG2IT1 0.740493 1.99E-10 4.00E-09 6.362003 Up COPG2 imprinted transcript 1 

RTN1 0.740474 2.02E-09 2.88E-08 5.996057 Up reticulon 1 

MYB 0.740224 1.04E-05 5.01E-05 4.408437 Up MYB proto-oncogene, transcription factor 

CLPSL2 0.739861 3.45E-05 0.000144 4.141854 Up colipase like 2 

PPM1E 0.739682 5.59E-07 3.74E-06 5.004725 Up protein phosphatase, Mg2+/Mn2+ dependent 1E 

CCDC185 0.739573 0.007177 0.016129 2.688519 Up coiled-coil domain containing 185 

PYY 0.739488 2.95E-05 0.000125 4.177522 Up peptide YY 

CT45A10 0.739399 0.015067 0.030877 2.430774 Up cancer/testis antigen family 45 member A10 

CT45A9 0.738628 0.015619 0.031914 2.41769 Up cancer/testis antigen family 45 member A9 

B4GALT6 0.738589 3.22E-09 4.31E-08 5.91978 Up beta-1,4-galactosyltransferase 6 

NRIP3 0.738451 1.51E-10 3.17E-09 6.404415 Up nuclear receptor interacting protein 3 

ANKRD34B 0.738425 0.00056 0.001709 3.450278 Up ankyrin repeat domain 34B 

NECTIN3-AS1 0.738285 1.59E-08 1.68E-07 5.651105 Up NECTIN3 antisense RNA 1 

CHRM4 0.738258 0.000231 0.000774 3.682752 Up cholinergic receptor muscarinic 4 

ACTR3-AS1 0.737832 3.38E-08 3.19E-07 5.520441 Up ACTR3 antisense RNA 1 

PLK4 0.737252 2.13E-09 3.01E-08 5.987443 Up polo like kinase 4 

MSC-AS1 0.735383 4.88E-11 1.20E-09 6.574595 Up MSC antisense RNA 1 

FNDC9 0.734977 1.79E-10 3.66E-09 6.378465 Up fibronectin type III domain containing 9 

SYNGR4 0.734788 1.32E-06 7.99E-06 4.837367 Up synaptogyrin 4 

IGF1 0.734717 5.54E-08 4.89E-07 5.433202 Up insulin like growth factor 1 

PLK2 0.734232 1.84E-10 3.75E-09 6.37373 Up polo like kinase 2 

CT55 0.734099 0.005868 0.013503 2.755072 Up cancer/testis antigen 55 

TAC3 0.733809 9.94E-08 8.12E-07 5.327791 Up tachykinin precursor 3 

FSTL4 0.733439 6.59E-08 5.68E-07 5.402006 Up follistatin like 4 

LRFN5 0.733294 3.03E-08 2.91E-07 5.539536 Up 
leucine rich repeat and fibronectin type III domain containing 

5 

ZNF441 0.732996 4.57E-12 1.61E-10 6.918248 Up zinc finger protein 441 

SCN8A 0.732736 1.62E-09 2.37E-08 6.03188 Up sodium voltage-gated channel alpha subunit 8 

TRHDE 0.732698 3.06E-05 0.00013 4.169187 Up thyrotropin releasing hormone degrading enzyme 

GAP43 0.732487 2.10E-09 2.98E-08 5.989608 Up growth associated protein 43 

ANKRD20A8P 0.731571 0.00292 0.00734 2.976044 Up ankyrin repeat domain 20 family member A8, pseudogene 

ALG1L2 0.731189 0.00366 0.008943 2.906099 Up 
ALG1 chitobiosyldiphosphodolichol beta-

mannosyltransferase like 2 
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PAQR9 0.731112 1.56E-07 1.20E-06 5.245276 Up progestin and adipoQ receptor family member 9 

MMP8 -1.87297 3.77E-06 2.02E-05 -4.62382 Down matrix metallopeptidase 8 

H4C4 -1.76756 2.85E-08 2.77E-07 -5.55021 Down H4 clustered histone 4 

MMP7 -1.62335 0.00384 0.009316 -2.89102 Down matrix metallopeptidase 7 

CRNN -1.60805 0.000339 0.001093 -3.58316 Down cornulin 

SGO1-AS1 -1.56037 2.27E-16 4.07E-14 -8.20684 Down SGO1 antisense RNA 1 

PPBP -1.55467 6.60E-10 1.11E-08 -6.17549 Down pro-platelet basic protein 

GABRR2 -1.52173 6.85E-15 7.00E-13 -7.78726 Down gamma-aminobutyric acid type A receptor subunit rho2 

CXCR6 -1.51769 7.75E-10 1.27E-08 -6.15003 Down C-X-C motif chemokine receptor 6 

MMP10 -1.48323 2.32E-05 0.000101 -4.23186 Down matrix metallopeptidase 10 

NTRK3-AS1 -1.4728 6.79E-11 1.59E-09 -6.52523 Down NTRK3 antisense RNA 1 

NMRAL2P -1.46874 8.75E-07 5.58E-06 -4.91785 Down NmrA like redox sensor 2, pseudogene 

CD40LG -1.46694 3.41E-05 0.000143 -4.14392 Down CD40 ligand 

TTR -1.44982 1.69E-07 1.29E-06 -5.23065 Down transthyretin 

C11orf86 -1.4285 1.57E-08 1.66E-07 -5.6538 Down chromosome 11 open reading frame 86 

H3C6 -1.42644 1.22E-10 2.63E-09 -6.43685 Down H3 clustered histone 6 

FOXA3 -1.39254 1.41E-08 1.51E-07 -5.67182 Down forkhead box A3 

H1-6 -1.38752 3.88E-08 3.61E-07 -5.49626 Down H1.6 linker histone, cluster member 

NCR1 -1.38367 3.00E-05 0.000128 -4.17317 Down natural cytotoxicity triggering receptor 1 

CXCR1 -1.37112 4.34E-09 5.54E-08 -5.87056 Down C-X-C motif chemokine receptor 1 

CXCR2 -1.35865 4.88E-09 6.08E-08 -5.85111 Down C-X-C motif chemokine receptor 2 

OR7C1 -1.35682 1.42E-10 3.01E-09 -6.41342 Down olfactory receptor family 7 subfamily C member 1 

RIPOR3 -1.34988 3.00E-24 2.44E-20 -10.1596 Down RIPOR family member 3 

NPC1L1 -1.34313 2.14E-09 3.02E-08 -5.98674 Down NPC1 like intracellular cholesterol transporter 1 

SLC22A2 -1.33872 2.66E-05 0.000115 -4.20053 Down solute carrier family 22 member 2 

SLAMF1 -1.29934 7.02E-05 0.00027 -3.97572 Down signaling lymphocytic activation molecule family member 1 

PRR33 -1.29322 7.50E-13 3.50E-11 -7.16998 Down proline rich 33 

IRX5 -1.28506 2.32E-05 0.000101 -4.23169 Down iroquoishomeobox 5 

GZMK -1.27079 4.93E-08 4.42E-07 -5.45395 Down granzyme K 

HSPA6 -1.26101 2.52E-07 1.85E-06 -5.15606 Down heat shock protein family A (Hsp70) member 6 

GPR174 -1.25999 0.000597 0.001805 -3.43277 Down G protein-coupled receptor 174 

GPR20 -1.25517 4.24E-10 7.55E-09 -6.24483 Down G protein-coupled receptor 20 

SRPX2 -1.24021 1.00E-21 1.63E-18 -9.57659 Down sushi repeat containing protein X-linked 2 

PIGR -1.24014 2.72E-05 0.000117 -4.19549 Down polymeric immunoglobulin receptor 

SERPINA5 -1.23944 4.11E-11 1.03E-09 -6.6002 Down serpin family A member 5 

RAB42 -1.23573 1.34E-10 2.86E-09 -6.42264 Down RAB42, member RAS oncogene family 

OR2B11 -1.21985 0.000677 0.002015 -3.39876 Down olfactory receptor family 2 subfamily B member 11 

VHLL -1.21725 1.37E-05 6.41E-05 -4.34826 Down VHL like 

CDC42BPG -1.20827 3.29E-16 5.39E-14 -8.16222 Down CDC42 binding protein kinase gamma 

PF4 -1.20232 9.11E-06 4.44E-05 -4.43736 Down platelet factor 4 

FCRL1 -1.20214 0.000217 0.000732 -3.69837 Down Fc receptor like 1 

IL1R2 -1.20129 3.69E-06 1.99E-05 -4.62798 Down interleukin 1 receptor type 2 

P2RY10 -1.19993 0.000181 0.000624 -3.74418 Down P2Y receptor family member 10 
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CXCR4 -1.19848 3.47E-16 5.61E-14 -8.15568 Down C-X-C motif chemokine receptor 4 

GFI1B -1.19277 6.41E-08 5.54E-07 -5.40696 Down growth factor independent 1B transcriptional repressor 

LBX2 -1.19273 2.61E-15 3.19E-13 -7.9082 Down ladybird homeobox 2 

OGFRP1 -1.19216 1.83E-05 8.24E-05 -4.28468 Down opioid growth factor receptor pseudogene 1 

MFAP2 -1.18848 5.58E-08 4.92E-07 -5.43177 Down microfibril associated protein 2 

C9orf152 -1.18027 3.53E-07 2.49E-06 -5.09287 Down chromosome 9 open reading frame 152 

HMGA2-AS1 -1.17619 5.66E-09 6.88E-08 -5.82655 Down HMGA2 antisense RNA 1 

BNC1 -1.17603 1.69E-06 9.96E-06 -4.78696 Down basonuclin 1 

ETV4 -1.17116 1.12E-15 1.56E-13 -8.01319 Down ETS variant transcription factor 4 

SLC35G6 -1.16741 0.000452 0.001414 -3.5076 Down solute carrier family 35 member G6 

ASCL3 -1.15897 0.000491 0.00152 -3.48569 Down achaete-scute family bHLH transcription factor 3 

H2AC11 -1.15382 2.30E-06 1.30E-05 -4.72535 Down H2A clustered histone 11 

S100A4 -1.15246 6.15E-17 1.39E-14 -8.36228 Down S100 calcium binding protein A4 

MGC34796 -1.15202 0.004248 0.010177 -2.85911 Down 
sepiapterinreductase (7,8-dihydrobiopterin:NADP+ 

oxidoreductase) pseudogene 

IGF2-AS -1.15093 2.75E-12 1.03E-10 -6.99008 Down IGF2 antisense RNA 

SGO1 -1.14519 8.98E-12 2.87E-10 -6.82197 Down shugoshin 1 

NKX6-1 -1.13969 7.81E-13 3.60E-11 -7.1645 Down NK6 homeobox 1 

MS4A1 -1.12463 0.000135 0.000481 -3.81645 Down membrane spanning 4-domains A1 

CASP12 -1.12382 1.39E-10 2.96E-09 -6.41649 Down caspase 12 (gene/pseudogene) 

VNN3 -1.12378 3.92E-06 2.09E-05 -4.6157 Down vanin 3 

OBP2B -1.11759 0.001125 0.003153 -3.25733 Down odorant binding protein 2B 

MCEMP1 -1.11703 1.08E-06 6.70E-06 -4.87659 Down mast cell expressed membrane protein 1 

CCR2 -1.11595 1.14E-07 9.09E-07 -5.30366 Down C-C motif chemokine receptor 2 

OR7A5 -1.11498 5.76E-07 3.84E-06 -4.99921 Down olfactory receptor family 7 subfamily A member 5 

OTX2 -1.11472 0.006137 0.014054 -2.74036 Down orthodenticlehomeobox 2 

NLRP4 -1.11124 4.24E-05 0.000172 -4.09387 Down NLR family pyrin domain containing 4 

FAM167B -1.10988 4.63E-12 1.63E-10 -6.91644 Down family with sequence similarity 167 member B 

TREML4 -1.10858 0.00863 0.018926 -2.62636 Down triggering receptor expressed on myeloid cells like 4 

KCNJ15 -1.10673 1.41E-07 1.10E-06 -5.26341 Down 
potassium inwardly rectifying channel subfamily J member 

15 

TBX10 -1.1034 5.87E-07 3.91E-06 -4.99532 Down T-box transcription factor 10 

CSAG4 -1.10161 0.000364 0.001163 -3.56517 Down CSAG family member 4 (pseudogene) 

SIT1 -1.10067 1.36E-05 6.36E-05 -4.35041 Down signaling threshold regulating transmembrane adaptor 1 

KCNE4 -1.09597 2.57E-14 2.04E-12 -7.61825 Down 
potassium voltage-gated channel subfamily E regulatory 

subunit 4 

IL7R -1.09393 4.43E-09 5.64E-08 -5.86717 Down interleukin 7 receptor 

MIA -1.08897 1.06E-08 1.18E-07 -5.72106 Down MIA SH3 domain containing 

CR1L -1.08683 4.83E-05 0.000193 -4.06387 Down complement C3b/C4b receptor 1 like 

MRGPRF -1.08673 2.31E-21 2.97E-18 -9.48981 Down MAS related GPR family member F 

HERC2P3 -1.08534 5.78E-09 6.99E-08 -5.82311 Down hect domain and RLD 2 pseudogene 3 

KCNE1 -1.07928 3.48E-05 0.000145 -4.13936 Down 
potassium voltage-gated channel subfamily E regulatory 

subunit 1 

MYOCD -1.07852 4.63E-15 5.07E-13 -7.8365 Down myocardin 

NANOS2 -1.07812 1.01E-07 8.27E-07 -5.32428 Down nanos C2HC-type zinc finger 2 

S100A12 -1.07697 4.64E-05 0.000186 -4.0732 Down S100 calcium binding protein A12 
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CCL26 -1.07567 0.000178 0.000614 -3.74856 Down C-C motif chemokine ligand 26 

CLDN18 -1.07505 7.55E-12 2.47E-10 -6.84684 Down claudin 18 

HP -1.07397 4.95E-07 3.36E-06 -5.02833 Down haptoglobin 

ARHGAP11B -1.07397 2.60E-07 1.90E-06 -5.15061 Down Rho GTPase activating protein 11B 

MIOX -1.07318 0.001638 0.004392 -3.1491 Down myo-inositol oxygenase 

ORM1 -1.0723 0.005072 0.011876 -2.80245 Down orosomucoid 1 

ITGA10 -1.07112 4.12E-21 4.57E-18 -9.42952 Down integrin subunit alpha 10 

SLC16A12 -1.06927 1.10E-07 8.83E-07 -5.31011 Down solute carrier family 16 member 12 

LBX2-AS1 -1.06837 1.15E-14 1.05E-12 -7.7214 Down LBX2 antisense RNA 1 

INSRR -1.06702 1.52E-06 9.03E-06 -4.80912 Down insulin receptor related receptor 

ESPNL -1.06388 2.79E-10 5.29E-09 -6.31023 Down espin like 

CXCR3 -1.06066 0.001008 0.002864 -3.28824 Down C-X-C motif chemokine receptor 3 

SLC6A12 -1.05294 7.94E-26 1.94E-21 -10.5079 Down solute carrier family 6 member 12 

UBD -1.05052 3.43E-06 1.86E-05 -4.64337 Down ubiquitin D 

SLC22A8 -1.04807 0.000734 0.002165 -3.37659 Down solute carrier family 22 member 8 

PROK2 -1.04774 3.45E-09 4.57E-08 -5.90839 Down prokineticin 2 

BCAR4 -1.04744 8.90E-05 0.000332 -3.91876 Down breast cancer anti-estrogen resistance 4 

F2RL3 -1.0461 5.42E-06 2.79E-05 -4.54797 Down F2R like thrombin or trypsin receptor 3 

DIO3OS -1.03974 2.55E-10 4.93E-09 -6.32373 Down DIO3 opposite strand upstream RNA 

SNORA51 -1.03814 0.000115 0.000416 -3.85711 Down small nucleolar RNA, H/ACA box 51 

SLC16A12-AS1 -1.03812 0.016377 0.033273 -2.40039 Down SLC16A12 antisense RNA 1 

FOXD1 -1.03811 9.48E-17 1.98E-14 -8.3111 Down forkhead box D1 

SLC23A3 -1.03762 3.70E-14 2.78E-12 -7.57109 Down solute carrier family 23 member 3 

CLEC18A -1.02711 0.000212 0.000717 -3.70419 Down C-type lectin domain family 18 member A 

LUCAT1 -1.02365 1.05E-06 6.56E-06 -4.88175 Down lung cancer associated transcript 1 

C1QTNF1-AS1 -1.02237 0.000624 0.001878 -3.42083 Down C1QTNF1 antisense RNA 1 

NXPE4 -1.02124 0.002617 0.006672 -3.00947 Down neurexophilin and PC-esterase domain family member 4 

GATA3 -1.02116 0.000132 0.000471 -3.82287 Down GATA binding protein 3 

FAM205A -1.01575 6.74E-05 0.000261 -3.9852 Down family with sequence similarity 205 member A 

SHISA3 -1.01357 6.85E-10 1.14E-08 -6.16941 Down shisa family member 3 

TBX15 -1.01045 2.80E-15 3.39E-13 -7.89934 Down T-box transcription factor 15 

MYRF-AS1 -1.01028 2.42E-09 3.35E-08 -5.96703 Down MYRF antisense RNA 1 

CXCL8 -1.00794 2.95E-08 2.84E-07 -5.5442 Down C-X-C motif chemokine ligand 8 

CKM -1.00756 1.03E-07 8.41E-07 -5.32076 Down creatine kinase, M-type 

FOXC2 -1.00696 9.44E-12 2.99E-10 -6.81474 Down forkhead box C2 

C7orf61 -1.0067 6.47E-10 1.09E-08 -6.17844 Down chromosome 7 open reading frame 61 

MKI67 -1.00097 1.84E-05 8.28E-05 -4.28356 Down marker of proliferation Ki-67 

PYHIN1 -0.99769 2.99E-06 1.65E-05 -4.67144 Down pyrin and HIN domain family member 1 

COL1A2 -0.99733 2.92E-17 7.32E-15 -8.44981 Down collagen type I alpha 2 chain 

GIPR -0.98922 1.74E-10 3.58E-09 -6.38237 Down gastric inhibitory polypeptide receptor 

SLCO4A1-AS1 -0.98892 1.46E-09 2.17E-08 -6.0484 Down SLCO4A1 antisense RNA 1 

FOXD2 -0.98832 6.68E-12 2.25E-10 -6.86432 Down forkhead box D2 

CD2 -0.98199 5.68E-07 3.80E-06 -5.0017 Down CD2 molecule 
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LCK -0.98101 4.01E-08 3.72E-07 -5.49042 Down LCK proto-oncogene, Src family tyrosine kinase 

SNORD16 -0.97848 4.87E-06 2.53E-05 -4.57029 Down small nucleolar RNA, C/D box 16 

TNFRSF10D -0.97444 3.42E-13 1.76E-11 -7.27681 Down TNF receptor superfamily member 10d 

NUP210L -0.97332 7.43E-12 2.45E-10 -6.84906 Down nucleoporin 210 like 

ALOX15B -0.97229 8.31E-09 9.54E-08 -5.76196 Down arachidonate 15-lipoxygenase type B 

FOXD2-AS1 -0.97193 6.73E-14 4.55E-12 -7.49305 Down FOXD2 adjacent opposite strand RNA 1 

RGS1 -0.96924 1.88E-05 8.43E-05 -4.27843 Down regulator of G protein signaling 1 

FMO1 -0.96835 1.67E-06 9.80E-06 -4.7903 Down flavin containing dimethylanilinemonoxygenase 1 

OLFM5P -0.96282 2.55E-06 1.43E-05 -4.70399 Down olfactomedin family member 5, pseudogene 

HOXB3 -0.9627 6.99E-07 4.56E-06 -4.96172 Down homeobox B3 

ARHGEF35 -0.96261 0.006737 0.015254 -2.70958 Down Rho guanine nucleotide exchange factor 35 

SIK1 -0.9609 0.000179 0.000618 -3.74665 Down salt inducible kinase 1 

H2AC12 -0.95989 0.009466 0.02055 -2.59477 Down H2A clustered histone 12 

LCN10 -0.95972 1.75E-07 1.33E-06 -5.22385 Down lipocalin 10 

UHRF1 -0.95876 5.57E-15 5.94E-13 -7.8133 Down ubiquitin like with PHD and ring finger domains 1 

FOXD3 -0.9583 0.0021 0.005487 -3.07569 Down forkhead box D3 

UBASH3A -0.95823 0.000975 0.002779 -3.29761 Down ubiquitin associated and SH3 domain containing A 

HSPB7 -0.95559 8.47E-20 6.46E-17 -9.10693 Down heat shock protein family B (small) member 7 

ABCA6 -0.95498 3.37E-07 2.39E-06 -5.10137 Down ATP binding cassette subfamily A member 6 

SMTN -0.95308 1.83E-19 1.17E-16 -9.02322 Down smoothelin 

SNORD124 -0.953 8.74E-08 7.25E-07 -5.35122 Down small nucleolar RNA, C/D box 124 

GHRHR -0.95292 0.011363 0.024151 -2.53133 Down growth hormone releasing hormone receptor 

FFAR2 -0.951 7.32E-05 0.00028 -3.9655 Down free fatty acid receptor 2 

SERPINH1 -0.95047 8.73E-08 7.24E-07 -5.35139 Down serpin family H member 1 

IL24 -0.94784 7.32E-05 0.00028 -3.96574 Down interleukin 24 

HCAR3 -0.94742 2.61E-05 0.000113 -4.20512 Down hydroxycarboxylic acid receptor 3 

OR2B6 -0.94698 0.007691 0.017131 -2.66534 Down olfactory receptor family 2 subfamily B member 6 

SNORA28 -0.94565 0.000891 0.002568 -3.32281 Down small nucleolar RNA, H/ACA box 28 

HIGD1B -0.94489 2.52E-15 3.09E-13 -7.91262 Down HIG1 hypoxia inducible domain family member 1B 

CCDC102A -0.94457 4.60E-18 1.67E-15 -8.66292 Down coiled-coil domain containing 102A 

GPR15 -0.94455 0.003696 0.009017 -2.90299 Down G protein-coupled receptor 15 

FAM106B -0.94409 3.48E-05 0.000145 -4.13966 Down family with sequence similarity 106 member B 

GJA4 -0.9434 9.38E-13 4.22E-11 -7.13928 Down gap junction protein alpha 4 

MMRN1 -0.93931 1.22E-07 9.72E-07 -5.29 Down multimerin 1 

CLEC4D -0.93808 0.000134 0.000478 -3.81828 Down C-type lectin domain family 4 member D 

MT1JP -0.93667 1.01E-06 6.31E-06 -4.89064 Down metallothionein 1J, pseudogene 

REM1 -0.93542 1.03E-08 1.15E-07 -5.7253 Down RRAD and GEM like GTPase 1 

CST7 -0.93518 7.52E-08 6.38E-07 -5.37832 Down cystatin F 

HCCAT5 -0.93436 0.000302 0.000986 -3.61319 Down hepatocellular carcinoma associated transcript 5 

COL8A1 -0.93122 1.65E-06 9.72E-06 -4.79271 Down collagen type VIII alpha 1 chain 

WNT6 -0.93084 9.58E-12 3.02E-10 -6.81274 Down Wnt family member 6 

SH2D3A -0.92951 1.98E-11 5.60E-10 -6.70758 Down SH2 domain containing 3A 

TRNE -0.92948 1.56E-06 9.28E-06 -4.8032 Down tRNA 
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TRNQ -0.92916 1.74E-06 1.02E-05 -4.78105 Down tRNA 

FMO3 -0.92748 9.98E-13 4.44E-11 -7.13084 Down flavin containing dimethylanilinemonoxygenase 3 

TEX43 -0.92694 1.88E-05 8.42E-05 -4.2788 Down testis expressed 43 

HSPB1 -0.92535 5.06E-08 4.53E-07 -5.44915 Down heat shock protein family B (small) member 1 

ECM2 -0.9229 8.93E-08 7.38E-07 -5.34718 Down extracellular matrix protein 2 

HRH4 -0.91793 7.52E-06 3.75E-05 -4.47835 Down histamine receptor H4 

HOXB-AS1 -0.9143 5.79E-05 0.000228 -4.02113 Down HOXB cluster antisense RNA 1 

HSPA1A -0.914 5.81E-05 0.000228 -4.02048 Down heat shock protein family A (Hsp70) member 1A 

FOXC2-AS1 -0.91312 1.33E-06 8.04E-06 -4.83577 Down FOXC2 antisense RNA 1 

CD177 -0.91302 0.000313 0.001016 -3.6044 Down CD177 molecule 

ADAM33 -0.91131 1.91E-19 1.19E-16 -9.01836 Down ADAM metallopeptidase domain 33 

PEAR1 -0.91122 1.53E-12 6.38E-11 -7.07184 Down platelet endothelial aggregation receptor 1 

TBX3 -0.90827 1.14E-14 1.04E-12 -7.72295 Down T-box transcription factor 3 

TCN1 -0.90727 0.003681 0.008986 -2.90427 Down transcobalamin 1 

OIT3 -0.90614 0.000955 0.002732 -3.30348 Down oncoprotein induced transcript 3 

MAFF -0.90563 2.04E-11 5.73E-10 -6.70312 Down MAF bZIP transcription factor F 

LY9 -0.90486 3.09E-05 0.000131 -4.16704 Down lymphocyte antigen 9 

SLCO4A1 -0.90466 2.61E-10 5.03E-09 -6.32022 Down solute carrier organic anion transporter family member 4A1 

FAM170B-AS1 -0.90431 0.002954 0.007419 -2.97251 Down FAM170B antisense RNA 1 

UBQLNL -0.90192 2.32E-08 2.32E-07 -5.5859 Down ubiquilin like 

SNORD15A -0.90159 0.001077 0.003037 -3.26956 Down small nucleolar RNA, C/D box 15A 

FHL5 -0.89902 2.41E-09 3.35E-08 -5.96714 Down four and a half LIM domains 5 

ABCC2 -0.89852 3.06E-13 1.61E-11 -7.29184 Down ATP binding cassette subfamily C member 2 

VAV3-AS1 -0.8985 0.007239 0.016248 -2.68564 Down VAV3 antisense RNA 1 

OR2A7 -0.89701 0.002863 0.007216 -2.98206 Down olfactory receptor family 2 subfamily A member 7 

LILRA4 -0.89674 4.10E-10 7.34E-09 -6.25006 Down leukocyte immunoglobulin like receptor A4 

FRG1EP -0.89265 0.010903 0.023299 -2.54579 Down FSHD region gene 1 family member E, pseudogene 

TRNI -0.89223 3.35E-06 1.82E-05 -4.64808 Down tRNA 

FOXJ1 -0.89173 2.00E-07 1.50E-06 -5.19969 Down forkhead box J1 

NOTCH3 -0.8893 2.17E-16 3.98E-14 -8.21232 Down notch receptor 3 

ITGA11 -0.8888 2.30E-22 6.25E-19 -9.7274 Down integrin subunit alpha 11 

TEAD2 -0.88575 1.44E-17 4.08E-15 -8.53197 Down TEA domain transcription factor 2 

DDX12P -0.88421 1.95E-09 2.79E-08 -6.00189 Down DEAD/H-box helicase 12, pseudogene 

GATA2-AS1 -0.88359 2.77E-12 1.04E-10 -6.98902 Down GATA2 antisense RNA 1 

SLC13A4 -0.88239 1.41E-09 2.10E-08 -6.05486 Down solute carrier family 13 member 4 

FNDC11 -0.88215 1.34E-07 1.05E-06 -5.27392 Down fibronectin type III domain containing 11 

NUTM2G -0.8813 0.000307 0.000999 -3.60931 Down NUT family member 2G 

PCDH18 -0.88027 1.85E-12 7.44E-11 -7.04513 Down protocadherin 18 

LEF1-AS1 -0.88016 6.85E-11 1.60E-09 -6.52381 Down LEF1 antisense RNA 1 

C6 -0.87705 0.000701 0.002078 -3.38906 Down complement C6 

PITX1 -0.87501 0.01508 0.030899 -2.43046 Down paired like homeodomain 1 

LYZ -0.87431 3.97E-06 2.12E-05 -4.61275 Down lysozyme 

TGFB1I1 -0.8728 4.64E-18 1.67E-15 -8.6619 Down transforming growth factor beta 1 induced transcript 1 
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TMCC2-AS1 -0.87275 2.52E-05 0.000109 -4.21269 Down TMCC2 antisense RNA 1 

P2RX7 -0.87155 3.63E-10 6.60E-09 -6.26933 Down purinergic receptor P2X 7 

OTP -0.871 0.008237 0.018173 -2.6422 Down orthopediahomeobox 

HIC1 -0.86948 9.95E-14 6.26E-12 -7.4416 Down HIC ZBTB transcriptional repressor 1 

CLDN15 -0.86829 1.83E-18 8.11E-16 -8.76738 Down claudin 15 

SCT -0.86732 5.42E-06 2.79E-05 -4.54771 Down secretin 

ABCC3 -0.86614 1.08E-12 4.80E-11 -7.11931 Down ATP binding cassette subfamily C member 3 

ZBED6 -0.86609 0.00011 0.0004 -3.86804 Down zinc finger BED-type containing 6 

RNU4-2 -0.86535 0.001127 0.00316 -3.25671 Down RNA, U4 small nuclear 2 

IL3RA -0.86507 6.76E-10 1.13E-08 -6.17157 Down interleukin 3 receptor subunit alpha 

SNORD14C -0.86393 2.24E-06 1.27E-05 -4.73022 Down small nucleolar RNA, C/D box 14C 

TRNM -0.86364 5.16E-07 3.49E-06 -5.02016 Down tRNA 

NCKAP5-AS1 -0.86291 0.008386 0.018445 -2.63613 Down NCKAP5 antisense RNA 1 

CD3E -0.86258 1.65E-06 9.74E-06 -4.79232 Down CD3e molecule 

LCN6 -0.86132 3.45E-08 3.25E-07 -5.51715 Down lipocalin 6 

NGFR -0.86118 1.24E-09 1.88E-08 -6.07518 Down nerve growth factor receptor 

FLJ20712 -0.85686 0.003125 0.0078 -2.95516 Down uncharacterized FLJ20712 

TBX2-AS1 -0.8554 1.64E-12 6.75E-11 -7.06215 Down TBX2 antisense RNA 1 

MLANA -0.85393 3.97E-11 1.01E-09 -6.6052 Down melan-A 

SNORD14E -0.8531 9.23E-06 4.49E-05 -4.43455 Down small nucleolar RNA, C/D box 14E 

CSNK1G2-AS1 -0.85278 0.001135 0.003178 -3.25481 Down CSNK1G2 antisense RNA 1 

REP15 -0.85245 6.91E-12 2.31E-10 -6.85953 Down RAB15 effector protein 

C10orf126 -0.85236 0.022573 0.044018 -2.28058 Down chromosome 10 open reading frame 126 

DDX11L2 -0.852 5.75E-06 2.94E-05 -4.53535 Down DEAD/H-box helicase 11 like 2 (pseudogene) 

THRB-AS2 -0.85098 6.08E-06 3.09E-05 -4.52373 Down THRB antisense RNA 2 

ANPEP -0.85061 1.33E-12 5.62E-11 -7.09111 Down alanylaminopeptidase, membrane 

ZBTB46-AS1 -0.85052 0.002039 0.005346 -3.08444 Down ZBTB46 antisense RNA 1 

MYBPH -0.84995 4.80E-06 2.49E-05 -4.57354 Down myosin binding protein H 

KANK2 -0.84932 1.28E-24 1.56E-20 -10.2424 Down KN motif and ankyrin repeat domains 2 

RUNX3 -0.84762 1.45E-12 6.08E-11 -7.07924 Down RUNX family transcription factor 3 

GDF15 -0.8465 1.71E-08 1.78E-07 -5.63934 Down growth differentiation factor 15 

GZMM -0.84577 3.20E-10 5.94E-09 -6.28887 Down granzyme M 

CR1 -0.84522 2.00E-08 2.05E-07 -5.61182 Down complement C3b/C4b receptor 1 (Knops blood group) 

CCDC168 -0.84361 5.92E-08 5.18E-07 -5.42109 Down coiled-coil domain containing 168 

ANGPT2 -0.84323 1.09E-07 8.82E-07 -5.31047 Down angiopoietin 2 

GMNC -0.84319 0.000345 0.001108 -3.57902 Down geminin coiled-coil domain containing 

JAML -0.8413 1.06E-08 1.18E-07 -5.72075 Down junction adhesion molecule like 

TBX18 -0.84089 2.55E-11 6.90E-10 -6.67049 Down T-box transcription factor 18 

BOK-AS1 -0.84085 1.62E-06 9.60E-06 -4.7956 Down BOK antisense RNA 1 

IL2RB -0.83988 1.71E-06 1.00E-05 -4.7855 Down interleukin 2 receptor subunit beta 

MGAM -0.83938 1.01E-08 1.13E-07 -5.72883 Down maltase-glucoamylase 

MS4A14 -0.83869 5.46E-10 9.41E-09 -6.20536 Down membrane spanning 4-domains A14 

TRIP10 -0.83791 2.56E-16 4.46E-14 -8.19256 Down thyroid hormone receptor interactor 10 
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SPACA6P-AS -0.83566 6.61E-16 9.78E-14 -8.07749 Down SPACA6P antisense RNA 

SLAMF6 -0.83513 4.60E-05 0.000185 -4.0753 Down SLAM family member 6 

PLN -0.83484 7.09E-06 3.55E-05 -4.4909 Down phospholamban 

LYG2 -0.83453 1.02E-07 8.34E-07 -5.32258 Down lysozyme g2 

TNFSF14 -0.83408 7.32E-07 4.76E-06 -4.95272 Down TNF superfamily member 14 

TBX6 -0.83237 1.40E-18 6.46E-16 -8.79725 Down T-box transcription factor 6 

RNR1 -0.83128 5.94E-06 3.03E-05 -4.52837 Down s-rRNA 

SIX1 -0.83066 2.94E-08 2.84E-07 -5.54475 Down SIX homeobox 1 

HOXB6 -0.83022 0.017776 0.035771 -2.37026 Down homeobox B6 

ONECUT1 -0.82866 0.000437 0.001371 -3.51653 Down one cut homeobox 1 

CEACAM1 -0.82649 7.18E-09 8.38E-08 -5.78676 Down CEA cell adhesion molecule 1 

PRELP -0.82459 1.09E-16 2.19E-14 -8.2943 Down proline and arginine rich end leucine rich repeat protein 

C21orf62 -0.82451 2.49E-08 2.46E-07 -5.5741 Down chromosome 21 open reading frame 62 

SYNE3 -0.82438 4.71E-12 1.65E-10 -6.91416 Down spectrin repeat containing nuclear envelope family member 3 

DKKL1 -0.82313 7.75E-06 3.85E-05 -4.47209 Down dickkopf like acrosomal protein 1 

ZNF683 -0.82275 0.000993 0.002823 -3.29263 Down zinc finger protein 683 

CCL14 -0.82228 0.000116 0.00042 -3.85432 Down C-C motif chemokine ligand 14 

AEBP1 -0.82205 1.70E-11 4.95E-10 -6.72939 Down AE binding protein 1 

PACRG-AS3 -0.822 3.81E-10 6.89E-09 -6.26174 Down PACRG antisense RNA 3 

RRAD -0.82142 9.02E-08 7.44E-07 -5.34544 Down 
RRAD, Ras related glycolysis inhibitor and calcium channel 

regulator 

TLR8 -0.8185 4.25E-05 0.000172 -4.09368 Down toll like receptor 8 

GPRC5A -0.81821 3.75E-06 2.01E-05 -4.62484 Down G protein-coupled receptor class C group 5 member A 

IL18RAP -0.81741 2.83E-06 1.57E-05 -4.68265 Down interleukin 18 receptor accessory protein 

P2RY14 -0.81545 4.12E-09 5.29E-08 -5.87928 Down purinergic receptor P2Y14 

BLK -0.81529 0.008186 0.018073 -2.64431 Down BLK proto-oncogene, Src family tyrosine kinase 

ADH1B -0.81442 7.71E-09 8.93E-08 -5.77461 Down alcohol dehydrogenase 1B (class I), beta polypeptide 

HSPB9 -0.81341 2.38E-06 1.34E-05 -4.71838 Down heat shock protein family B (small) member 9 

VNN1 -0.81265 5.93E-05 0.000232 -4.01575 Down vanin 1 

LILRP2 -0.81264 0.025542 0.048927 -2.2331 Down leukocyte immunoglobulin-like receptor pseudogene 2 

SH2D6 -0.81251 5.74E-12 1.98E-10 -6.88598 Down SH2 domain containing 6 

LILRB5 -0.81118 4.60E-07 3.15E-06 -5.04219 Down leukocyte immunoglobulin like receptor B5 

OR51E1 -0.80785 0.000353 0.001132 -3.5728 Down olfactory receptor family 51 subfamily E member 1 

AOC1 -0.80766 0.023396 0.045401 -2.26691 Down amine oxidase copper containing 1 

GPR4 -0.80745 5.78E-09 7.00E-08 -5.82288 Down G protein-coupled receptor 4 

ADORA2A -0.80735 1.74E-14 1.46E-12 -7.66847 Down adenosine A2a receptor 

FSCN3 -0.80712 0.00035 0.001124 -3.57488 Down fascin actin-bundling protein 3 

AZGP1 -0.80586 1.40E-07 1.10E-06 -5.26492 Down alpha-2-glycoprotein 1, zinc-binding 

MRGPRF-AS1 -0.80565 0.000112 0.000407 -3.86317 Down MRGPRF antisense RNA 1 

ITGA5 -0.80399 1.21E-12 5.21E-11 -7.10459 Down integrin subunit alpha 5 

FOXF1 -0.80311 2.48E-11 6.71E-10 -6.67463 Down forkhead box F1 

ADGRG3 -0.80191 3.22E-05 0.000135 -4.15719 Down adhesion G protein-coupled receptor G3 

TNIP2P1 -0.80145 0.002166 0.005639 -3.06642 Down TNIP2 pseudogene 1 
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E2F2 -0.79846 0.000575 0.001748 -3.44334 Down E2F transcription factor 2 

FAM41C -0.79713 0.004294 0.010268 -2.8557 Down family with sequence similarity 41 member C 

LNCAROD -0.79532 0.018256 0.036595 -2.36039 Down lncRNA activating regulator of DKK1 

SLC4A11 -0.79416 3.00E-13 1.58E-11 -7.29432 Down solute carrier family 4 member 11 

COL1A1 -0.79324 4.12E-09 5.29E-08 -5.87915 Down collagen type I alpha 1 chain 

SNRPD2P2 -0.79316 0.000911 0.002619 -3.31666 Down small nuclear ribonucleoprotein D2 pseudogene 2 

IQGAP2 -0.7923 2.87E-08 2.78E-07 -5.549 Down IQ motif containing GTPase activating protein 2 

WFDC21P -0.79198 0.000829 0.002413 -3.34309 Down WAP four-disulfide core domain 21, pseudogene 

PLEKHA4 -0.79029 2.69E-11 7.23E-10 -6.66277 Down pleckstrin homology domain containing A4 

TM4SF18 -0.78902 3.83E-09 4.98E-08 -5.8913 Down transmembrane 4 L six family member 18 

FOLR3 -0.78898 0.004717 0.011152 -2.82573 Down folate receptor gamma 

CTB-41I6.1 -0.78862 4.18E-07 2.89E-06 -5.06079 Down uncharacterized CTB-41I6.1 

PSORS1C3 -0.78843 0.009943 0.021458 -2.5778 Down psoriasis susceptibility 1 candidate 3 

ADM2 -0.78809 3.01E-05 0.000128 -4.17262 Down adrenomedullin 2 

BCL6B -0.78762 4.45E-09 5.64E-08 -5.86647 Down BCL6B transcription repressor 

H4C5 -0.78754 3.89E-08 3.62E-07 -5.49557 Down H4 clustered histone 5 

NFE2 -0.78705 5.21E-08 4.64E-07 -5.44409 Down nuclear factor, erythroid 2 

ADRA2B -0.78637 5.44E-11 1.31E-09 -6.55848 Down adrenoceptor alpha 2B 

LDLRAD4-AS1 -0.78437 2.14E-06 1.22E-05 -4.73956 Down LDLRAD4 antisense RNA 1 

FCRLA -0.78113 1.02E-06 6.40E-06 -4.88715 Down Fc receptor like A 

COL3A1 -0.78106 2.55E-07 1.87E-06 -5.15363 Down collagen type III alpha 1 chain 

C22orf34 -0.78074 4.39E-08 4.00E-07 -5.47456 Down chromosome 22 putative open reading frame 34 

C11orf52 -0.78057 2.73E-10 5.20E-09 -6.31337 Down chromosome 11 open reading frame 52 

IFNA2 -0.77921 1.29E-05 6.07E-05 -4.36211 Down interferon alpha 2 

RCVRN -0.77891 1.12E-05 5.37E-05 -4.3918 Down recoverin 

ND6 -0.77825 8.04E-06 3.97E-05 -4.46422 Down NADH dehydrogenase subunit 6 

CHRNG -0.77788 0.004243 0.010168 -2.85949 Down cholinergic receptor nicotinic gamma subunit 

ZNF750 -0.77642 5.52E-06 2.84E-05 -4.54382 Down zinc finger protein 750 

COL8A2 -0.77525 4.61E-11 1.14E-09 -6.58293 Down collagen type VIII alpha 2 chain 

PSG8-AS1 -0.77385 1.01E-08 1.13E-07 -5.72902 Down PSG8 antisense RNA 1 

OLAH -0.77126 3.61E-10 6.58E-09 -6.26994 Down oleoyl-ACP hydrolase 

KLHL30 -0.77107 5.60E-06 2.87E-05 -4.54114 Down kelch like family member 30 

FCRL3 -0.77106 0.010255 0.022058 -2.56711 Down Fc receptor like 3 

COL27A1 -0.77091 2.08E-22 6.25E-19 -9.73797 Down collagen type XXVII alpha 1 chain 

GPER1 -0.77045 7.81E-13 3.60E-11 -7.16447 Down G protein-coupled estrogen receptor 1 

LGSN -0.76926 0.012727 0.026688 -2.49132 Down lengsin, lens protein with glutamine synthetase domain 

OR5K2 -0.76715 0.000448 0.001401 -3.51007 Down olfactory receptor family 5 subfamily K member 2 

ACAN -0.76684 1.23E-09 1.87E-08 -6.07691 Down aggrecan 

KLRB1 -0.76667 0.000101 0.00037 -3.88921 Down killer cell lectin like receptor B1 

IGF2 -0.76347 6.22E-11 1.48E-09 -6.53834 Down insulin like growth factor 2 

SNORD56 -0.763 2.79E-05 0.00012 -4.18991 Down small nucleolar RNA, C/D box 56 

FRRS1 -0.76197 0.000342 0.0011 -3.5811 Down ferric chelate reductase 1 

CRYBG2 -0.76179 0.002757 0.006982 -2.99362 Down crystallin beta-gamma domain containing 2 

was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (whichthis version posted May 7, 2021. ; https://doi.org/10.1101/2021.05.06.442918doi: bioRxiv preprint 

https://doi.org/10.1101/2021.05.06.442918


PRLR -0.76159 2.19E-07 1.63E-06 -5.18203 Down prolactin receptor 

H2AC6 -0.75997 1.43E-09 2.13E-08 -6.05157 Down H2A clustered histone 6 

BTN1A1 -0.75982 0.000458 0.00143 -3.50395 Down butyrophilin subfamily 1 member A1 

S1PR4 -0.75956 3.24E-11 8.46E-10 -6.63535 Down sphingosine-1-phosphate receptor 4 

TGM4 -0.75775 0.003586 0.008785 -2.91249 Down transglutaminase 4 

INS-IGF2 -0.75742 8.98E-11 2.03E-09 -6.4832 Down INS-IGF2 readthrough 

FCGR2B -0.7568 5.08E-05 0.000202 -4.05171 Down Fc fragment of IgG receptor IIb 

DNAJB1 -0.75597 1.59E-05 7.28E-05 -4.31622 Down DnaJ heat shock protein family (Hsp40) member B1 

NFE4 -0.75363 0.016524 0.033546 -2.39713 Down nuclear factor, erythroid 4 

CFHR3 -0.7536 0.000541 0.001658 -3.45958 Down complement factor H related 3 

MID1IP1 -0.75357 2.44E-14 1.95E-12 -7.62489 Down MID1 interacting protein 1 

CLYBL-AS2 -0.75322 0.014747 0.030308 -2.43854 Down CLYBL antisense RNA 2 

MMP9 -0.75305 0.000106 0.000387 -3.8772 Down matrix metallopeptidase 9 

FANCC -0.75292 8.78E-23 3.06E-19 -9.82506 Down FA complementation group C 

VNN2 -0.75244 0.000124 0.000444 -3.83887 Down vanin 2 

PRKX -0.7511 3.52E-14 2.69E-12 -7.57766 Down protein kinase X-linked 

TNFRSF10A -0.75101 2.30E-06 1.30E-05 -4.72524 Down TNF receptor superfamily member 10a 

MAGEA12 -0.74908 1.65E-07 1.26E-06 -5.23469 Down MAGE family member A12 

ZNF878 -0.74846 1.15E-07 9.22E-07 -5.30076 Down zinc finger protein 878 

SLC12A7 -0.74703 6.97E-16 1.03E-13 -8.07099 Down solute carrier family 12 member 7 

SYDE1 -0.74675 4.47E-18 1.65E-15 -8.66627 Down synapse defective Rho GTPase homolog 1 

TGFBI -0.74625 5.99E-07 3.98E-06 -4.99161 Down transforming growth factor beta induced 

LPEQ6126 -0.74623 0.000247 0.000822 -3.66551 Down uncharacterized LOC100128818 

TLR5 -0.74528 2.11E-09 2.98E-08 -5.98924 Down toll like receptor 5 

IL18R1 -0.74465 1.69E-05 7.69E-05 -4.30259 Down interleukin 18 receptor 1 

H2AC7 -0.74437 0.000902 0.002597 -3.31949 Down H2A clustered histone 7 

SNORA29 -0.74408 0.000271 0.000892 -3.64165 Down small nucleolar RNA, H/ACA box 29 

IHH -0.74353 1.70E-05 7.73E-05 -4.30134 Down Indian hedgehog signaling molecule 

FOXO4 -0.74326 5.85E-13 2.82E-11 -7.20388 Down forkhead box O4 

APOBEC3A -0.74309 0.000422 0.001329 -3.52596 Down apolipoprotein B mRNA editing enzyme catalytic subunit 3A 

ANLN -0.74182 2.97E-08 2.86E-07 -5.5434 Down anillin actin binding protein 

SERPINF2 -0.74097 1.36E-10 2.90E-09 -6.42022 Down serpin family F member 2 

CNN2 -0.7406 2.15E-09 3.03E-08 -5.98642 Down calponin 2 

ATAD3C -0.7406 5.72E-10 9.80E-09 -6.19805 Down ATPase family AAA domain containing 3C 

C7 -0.74021 6.00E-07 3.98E-06 -4.99135 Down complement C7 

PTX4 -0.74004 0.000402 0.001273 -3.53852 Down pentraxin 4 

IL2RG -0.73974 4.53E-11 1.12E-09 -6.5856 Down interleukin 2 receptor subunit gamma 

PFN1P2 -0.73956 0.000752 0.002213 -3.36975 Down profilin 1 pseudogene 2 

SAP25 -0.7384 1.15E-09 1.78E-08 -6.08717 Down Sin3A associated protein 25 

YBX3P1 -0.73798 5.88E-07 3.91E-06 -4.99513 Down Y-box binding protein 3 pseudogene 1 

SCARNA12 -0.73773 7.84E-12 2.55E-10 -6.84136 Down small Cajal body-specific RNA 12 

COX8C -0.73767 1.73E-06 1.01E-05 -4.78306 Down cytochrome c oxidase subunit 8C 

SNX31 -0.73747 1.12E-05 5.36E-05 -4.39198 Down sorting nexin 31 
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DLL4 -0.73642 5.23E-10 9.06E-09 -6.21219 Down delta like canonical Notch ligand 4 

TES -0.73604 4.81E-09 6.01E-08 -5.85352 Down testin LIM domain protein 

A4GALT -0.7357 3.85E-13 1.96E-11 -7.26086 Down alpha 1,4-galactosyltransferase (P blood group) 

GAGE10 -0.73511 0.000201 0.000683 -3.7181 Down G antigen 10 

COL4A4 -0.73496 9.66E-13 4.32E-11 -7.13526 Down collagen type IV alpha 4 chain 

APOC4 -0.73494 2.10E-06 1.20E-05 -4.74403 Down apolipoprotein C4 

TNFRSF12A -0.73494 1.84E-09 2.65E-08 -6.01092 Down TNF receptor superfamily member 12A 

TLR9 -0.73488 1.85E-10 3.75E-09 -6.3734 Down toll like receptor 9 

HOXB2 -0.73477 0.000166 0.000576 -3.76636 Down homeobox B2 

ZC3H12A -0.73424 2.27E-12 8.83E-11 -7.01691 Down zinc finger CCCH-type containing 12A 

ADAMTS2 -0.73179 4.20E-14 3.09E-12 -7.55475 Down ADAM metallopeptidase with thrombospondin type 1 motif 2 

TP63 -0.73136 1.81E-06 1.05E-05 -4.77338 Down tumor protein p63 

FBXL19-AS1 -0.73036 9.08E-14 5.80E-12 -7.45361 Down FBXL19 antisense RNA 1 

ALX4 -0.73029 1.60E-05 7.34E-05 -4.31412 Down ALX homeobox 4 

OLFML1 -0.73009 2.65E-10 5.08E-09 -6.31809 Down olfactomedin like 1 

ADGRD1 -0.72973 6.42E-09 7.63E-08 -5.80545 Down adhesion G protein-coupled receptor D1 

DOK2 -0.72963 1.77E-05 8.02E-05 -4.29187 Down docking protein 2 

KRT15 -0.72909 0.000889 0.002563 -3.32343 Down keratin 15 

SNORD17 -0.72896 7.32E-05 0.00028 -3.96572 Down small nucleolar RNA, C/D box 17 

GUSBP2 -0.72854 0.00062 0.001865 -3.42292 Down GUSB pseudogene 2 

CLMN -0.72849 1.75E-11 5.06E-10 -6.72537 Down calmin 

EPHA2 -0.72775 1.22E-11 3.72E-10 -6.77824 Down EPH receptor A2 

KIF1C-AS1 -0.72742 8.57E-10 1.38E-08 -6.13394 Down KIF1C antisense RNA 1 

GFRA3 -0.72704 0.000129 0.00046 -3.82927 Down GDNF family receptor alpha 3 

CERNA2 -0.72654 0.000912 0.002622 -3.31623 Down competing endogenous lncRNA 2 for microRNA let-7b 

H2BC11 -0.72645 0.000135 0.00048 -3.81752 Down H2B clustered histone 11 

KIF1C -0.72556 5.68E-10 9.75E-09 -6.19907 Down kinesin family member 1C 
ADORA2A-

AS1 -0.72547 1.53E-11 4.53E-10 -6.74495 Down ADORA2A antisense RNA 1 

SLC1A7 -0.7233 0.000198 0.000676 -3.72108 Down solute carrier family 1 member 7 

KRT19 -0.72322 5.13E-08 4.58E-07 -5.44682 Down keratin 19 

ELMO1-AS1 -0.72198 4.46E-08 4.05E-07 -5.4716 Down ELMO1 antisense RNA 1 

ITPRIP -0.7218 1.03E-14 9.74E-13 -7.73549 Down inositol 1,4,5-trisphosphate receptor interacting protein 

SNORD117 -0.72147 0.016271 0.033087 -2.40278 Down small nucleolar RNA, C/D box 117 

MARVELD2 -0.72144 4.02E-07 2.79E-06 -5.06813 Down MARVEL domain containing 2 

SEMA3F -0.72138 4.10E-08 3.78E-07 -5.48666 Down semaphorin 3F 

GEM -0.72116 9.80E-09 1.10E-07 -5.73424 Down GTP binding protein overexpressed in skeletal muscle 

C5AR1 -0.72096 9.87E-07 6.21E-06 -4.89413 Down complement C5a receptor 1 

TMC8 -0.72075 1.45E-14 1.25E-12 -7.69226 Down transmembrane channel like 8 

CD163 -0.72075 0.001616 0.00434 -3.153 Down CD163 molecule 

FLT4 -0.72062 2.10E-11 5.86E-10 -6.69871 Down fms related receptor tyrosine kinase 4 
STON1-

GTF2A1L -0.72018 3.44E-06 1.87E-05 -4.6424 Down STON1-GTF2A1L readthrough 

PLA2G12B -0.72004 0.024139 0.046668 -2.25491 Down phospholipase A2 group XIIB 
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SAMD4A -0.72002 1.25E-13 7.59E-12 -7.41101 Down sterile alpha motif domain containing 4A 

CYSLTR2 -0.71962 9.23E-05 0.000343 -3.90998 Down cysteinyl leukotriene receptor 2 

CCL15-CCL14 -0.7196 0.000364 0.001165 -3.56467 Down CCL15-CCL14 readthrough (NMD candidate) 

PIK3R5 -0.71896 6.08E-10 1.03E-08 -6.18823 Down phosphoinositide-3-kinase regulatory subunit 5 

SELENOP -0.71781 3.71E-08 3.46E-07 -5.50428 Down selenoprotein P 

NEK5 -0.71776 3.48E-06 1.88E-05 -4.64038 Down NIMA related kinase 5 

PMAIP1 -0.71767 1.36E-06 8.24E-06 -4.83016 Down phorbol-12-myristate-13-acetate-induced protein 1 

ST13P4 -0.7176 0.010946 0.023383 -2.54441 Down ST13, Hsp70 interacting protein pseudogene 4 

S100P -0.71743 3.95E-05 0.000162 -4.11045 Down S100 calcium binding protein P 

PGF -0.71684 8.08E-10 1.31E-08 -6.14343 Down placental growth factor 

COL4A2-AS2 -0.71666 0.000699 0.002073 -3.3898 Down COL4A2 antisense 2 

HAL -0.71612 0.000171 0.000592 -3.75909 Down histidine ammonia-lyase 

CACNG5 -0.71594 0.000107 0.000393 -3.87319 Down calcium voltage-gated channel auxiliary subunit gamma 5 

KIF5A -0.7159 6.79E-07 4.45E-06 -4.9673 Down kinesin family member 5A 

TRNC -0.71548 8.58E-05 0.000322 -3.92758 Down tRNA 

RBPMS -0.71508 4.90E-15 5.29E-13 -7.82948 Down RNA binding protein, mRNA processing factor 

ARRDC2 -0.71507 5.87E-13 2.82E-11 -7.20357 Down arrestin domain containing 2 

PCAT19 -0.71482 2.01E-07 1.51E-06 -5.19797 Down prostate cancer associated transcript 19 

DIO3 -0.71478 8.43E-10 1.36E-08 -6.13659 Down iodothyroninedeiodinase 3 

HSPA1B -0.71442 0.000745 0.002194 -3.37244 Down heat shock protein family A (Hsp70) member 1B 

TOR4A -0.71359 2.00E-11 5.64E-10 -6.70575 Down torsin family 4 member A 

PTH1R -0.71357 6.77E-11 1.59E-09 -6.52571 Down parathyroid hormone 1 receptor 

ERI3-IT1 -0.71251 9.16E-20 6.78E-17 -9.09844 Down ERI3 intronic transcript 1 

RBPMS2 -0.71222 2.34E-17 6.36E-15 -8.47534 Down RNA binding protein, mRNA processing factor 2 

PDE9A-AS1 -0.71188 9.37E-06 4.55E-05 -4.43119 Down PDE9A antisense RNA 1 

CEL -0.71029 6.45E-10 1.08E-08 -6.17912 Down carboxyl ester lipase 

SNORD23 -0.70985 8.36E-05 0.000315 -3.93373 Down small nucleolar RNA, C/D box 23 

TRNK -0.70982 2.59E-06 1.45E-05 -4.7006 Down tRNA 

RNF152 -0.70953 1.26E-15 1.71E-13 -7.99826 Down ring finger protein 152 

SLC38A2 -0.70903 1.47E-10 3.09E-09 -6.40886 Down solute carrier family 38 member 2 

IP6K3 -0.70897 8.05E-07 5.17E-06 -4.93426 Down inositol hexakisphosphate kinase 3 

JADE3 -0.70818 5.85E-14 4.09E-12 -7.51142 Down jade family PHD finger 3 

COL6A2 -0.70817 1.37E-13 8.20E-12 -7.39907 Down collagen type VI alpha 2 chain 

CD180 -0.70801 1.99E-06 1.14E-05 -4.75486 Down CD180 molecule 

FZD9 -0.70692 1.92E-13 1.10E-11 -7.35447 Down frizzled class receptor 9 

UICLM -0.7065 0.000525 0.001614 -3.46772 Down up-regulated in colorectal cancer liver metastasis 

AJUBA -0.70641 6.94E-11 1.62E-09 -6.52193 Down ajuba LIM protein 

LEF1 -0.70621 3.62E-11 9.29E-10 -6.61891 Down lymphoid enhancer binding factor 1 

MYH11 -0.70454 4.22E-08 3.87E-07 -5.48136 Down myosin heavy chain 11 

TBX2 -0.70408 2.25E-12 8.80E-11 -7.01787 Down T-box transcription factor 2 

CARD6 -0.70348 6.85E-11 1.60E-09 -6.5239 Down caspase recruitment domain family member 6 

FMO2 -0.70308 3.30E-08 3.12E-07 -5.52493 Down flavin containing dimethylanilinemonoxygenase 2 

SLC37A2 -0.70204 1.76E-12 7.12E-11 -7.05248 Down solute carrier family 37 member 2 
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H2BC9 -0.70203 0.006488 0.014763 -2.72204 Down H2B clustered histone 9 

LATS2 -0.70054 6.37E-13 3.03E-11 -7.19235 Down large tumor suppressor kinase 2 

TRIM63 -0.70027 0.004002 0.009655 -2.878 Down tripartite motif containing 63 

MYL9 -0.69999 4.27E-09 5.46E-08 -5.87322 Down myosin light chain 9 

TNS1 -0.69928 1.28E-17 3.75E-15 -8.54591 Down tensin 1 

FPR2 -0.69884 0.004147 0.009962 -2.86678 Down formyl peptide receptor 2 

CBX2 -0.69857 1.06E-14 9.96E-13 -7.73175 Down chromobox 2 

PCK1 -0.69648 0.000372 0.001187 -3.55916 Down phosphoenolpyruvatecarboxykinase 1 

 

 

 

 

 

Table 3 The enriched GO terms of the up and down regulated differentially expressed genes 

GO ID CATEGORY GO  Name Adj.P.Val Negative_log
10_of_adjuste

d_p_value 

Gene 
Count 

Gene 

Up regulated genes 
GO:0065008 BP regulation of 

biological quality 
1.51E-08 7.821012262 142 CRH,TAC1,NMU,VGF,PCS

K1,ADCYAP1,GABRA6,S
LN,C1QL3,NPAS4,GJD2,N
PSR1,RGS4,SLC32A1,IL1R
APL2,GAD2,CAPZA3,CHR
NA9,CRYM,GAD1,CXCL1
1,GABRA1,EGR1,PCDH8,
PLSCR5,CALB1,BDNF,GA
BRG2,ROBO2,FLT3,CHRN
B4,SLC5A7,KCNK18,HTR
2C,TERT,NEFL,SNAP25,R
AB3B,CYP4A11,RPH3A,G
ABRB2,RFX6,TACR1,CAR
TPT,ALOX12B,MCHR1,N
RN1,SLC17A6,SLC4A10,A
FP,HRG,SYT1,EPHA5,HT
R3B,GLRA3,SYT4,CALCB
,GRIN2B,HCN1,FATE1,GA
BRA4,AKAP5,ADRA1D,K
CNC2,PTPN3,DHRS7C,GC
NT4,KCNH5,AVP,DGKB,

VSNL1,NAPB,HTR2A,CLT
RN,PAK1,PAK3,SLC30A3,
NCALD,ANO3,GLRA2,ST
XBP5L,NELL2,F7,ATP12A
,SCN2A,HCRTR2,ADRB3,
GPR88,NR1H4,SYP,SYT2,
CALY,SLC12A1,CHRNB3,
LRTM2,SYT10,PRKCE,GR
IN2A,VSIG1,RHEX,CDH8,
HTR1A,SNX10,SYN2,XK,
GABRD,TRPC7,NRG1,PT
H2R,NETO1,FGF12,SH3G
L2,MLLT11,KISS1,UPK3A
,CADPS,CHRNA6,NRXN3,
F2RL2,FRMPD4,GPRASP2
,SERPINB2,CLSTN3,VST
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M5,P2RX2,GABRG3,CNG
B1,SDR16C5,ATP8A2,RAB
3A,ADTRP,LDB2,DSG1,R
HO,MYB,IGF1,PLK2,TAC
3,FSTL4,LRFN5,SCN8A,T

RHDE 
GO:0032501 BP multicellular 

organismal 
process 

1.37284E-06 5.862378621 220 CRH,SPRR2G,TAC1,NMU,
MAS1,VGF,SST,ADCYAP
1,PENK,GABRA6,SLN,DS
G3,PPEF1,NPAS4,OR52N2,
SI,GJD2,KRT5,NEUROD6,
RGS4,KRT82,SLC32A1,IL1
RAPL2,CAPZA3,CHRNA9,
C14ORF39,EGR3,CRYM,P
NOC,DRGX,GABRA1,EGR
1,PCDH8,PVALB,OLFM3,
ATOH7,CALB1,AMELX,W
NT8A,CBLN4,MYOG,BDN
F,ANKRD33,GABRG2,RO
BO2,FLT3,CHRNB4,SLC5
A7,HTR2C,CDH7,TCP11,P
CP4,TERT,NEFL,MLIP,SO
STDC1,SNAP25,TCF23,NY
AP2,OR1N1,MYPN,CYP4A
11,GDA,GREM2,UNC5D,C
NTN5,GABRB2,MAL2,NL
RP2,AGBL4,PTPRR,RFX6,
CDH18,TACR1,CARTPT,A
LOX12B,AMY2A,NRN1,S
LC17A6,SLC4A10,AFP,HR
G,SYT1,EPHA5,OR2AE1,C
DH9,CYP24A1,HTR3B,GL
RA3,SCG2,HPRT1,MEPE,S
YT4,ENC1,NELL1,GFRA4,
GRIN2B,HCN1,KCNB2,OT
OL1,DLGAP1,GABRA4,A

DRA1D,KCNC2,PTPN3,GC
NT4,TDRD5,IL12RB2,AVP
,DGKB,FGF9,PAX5,HTR2
A,NAP1L2,C6ORF141,DL
X1,PAK1,TESPA1,DLX6,P
AK3,NCALD,GLRA2,GUC
A1C,BHLHA9,TAFA1,F7,R
BFOX1,RTKN2,SCN2A,HC
RTR2,ADRB3,FSTL5,GPR
88,CDH12,NR1H4,RSPO2,
SYT2,STMN2,FGF5,PRPH
2,GPR149,CHRNB3,LRTM
2,RXFP1,SYT10,TAFA2,P

RKCE,DCLK1,PAX7,GRIN
2A,VSIG1,RHEX,COL25A
1,CAMK4,TUBB2A,CDH8,
VWC2L,HUNK,HTR1A,SP
9,SNX10,UPK2,TRIM72,B
EX1,XK,WNT1,NEFH,GA
BRD,TRPC7,NRG1,PTH2R
,NETO1,FGF12,PLPPR4,LP
A,MACROD2,SERPINB13,
PLCB1,SH3GL2,SFTPA2,U
PK3A,CHRNA6,OR13C5,N
RXN3,INA,F2RL2,VSX2,S
PINK9,INSM2,SERPINB2,
CLSTN3,VSTM5,P2RX2,S
PRY3,GABRG3,CNGB1,M
YH13,ATP8A2,RAB3A,IL1
RL2,ADTRP,LDB2,EID2B,
PIWIL1,DSG1,RHO,RTN1,
MYB,CLPSL2,PYY,B4GA
LT6,PLK4,IGF1,PLK2,TAC
3,FSTL4,LRFN5,SCN8A,T
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RHDE,GAP43 
GO:0030054 CC cell junction 9.36E-19 18.02890974 110 CRH,TAC1,NMU,SST,AD

CYAP1,PENK,GABRA6,D
SG3,NPAS4,GJD2,SLC32A
1,IL1RAPL2,GAD2,CHRN
A9,EGR3,PNOC,GAD1,GA
BRA1,PCDH8,OLFM3,CA
LB1,CBLN4,BDNF,GABR
G2,CHRNB4,SVOP,SLC5A
7,HTR2C,CDH7,NEFL,SN
AP25,RAB3B,RAB27B,RP
H3A,CNTN5,GABRB2,PTP
RR,CDH18,FBLN7,CARTP
T,NRN1,SLC17A6,RAB3C,
SLC4A10,SYT1,EPHA5,CD
H9,HTR3B,GLRA3,SYT4,

NMNAT2,GRIN2B,LAMP5
,DLGAP1,GABRA4,AKAP
5,CAP2,KCNC2,DGKB,NA
PB,HTR2A,PAK1,PAK3,SL
C30A3,GLRA2,STXBP5L,S
CN2A,HCRTR2,NPBWR1,
SV2B,SYT13,CDH12,SYP,
SYT2,CALY,NSF,CHRNB3
,SYT10,DCLK1,GRIN2A,C
AMK4,CDH8,VWC2L,HTR
1A,SYN2,NEFH,GABRD,N
RG1,NETO1,FGF12,PLPPR
4,PLCB1,SH3GL2,CADPS,
CHRNA6,NRXN3,INA,FR
MPD4,CLSTN3,P2RX2,GA
BRG3,CNGB1,RAB3A,DS

G1,RHO,CHRM4,SYNGR4,
LRFN5,SCN8A,GAP43 

GO:0071944 CC cell periphery 9.72E-11 10.01230888 184 SPRR2G,TAC1,MAS1,PEN
K,GABRA6,DSG3,OR52N2
,MUC15,SI,GJD2,GSG1L2,
NPSR1,KRT5,ABRA,RGS4
,SLC32A1,IL1RAPL2,GAD
2,CAPZA3,CHRNA9,PNOC
,GAD1,GABRA1,PCDH8,P
VALB,PLSCR5,OLFM3,PR
MT8,KCNV1,CALB1,MS4
A8,GABRG2,CD70,ROBO2
,FLT3,CHRNB4,SLC5A7,PI
K3C2G,KCNK18,STYK1,H
TR2C,ARL4D,CDH7,TERT
,MLIP,SNAP25,RAB3B,RA
B27B,OR1N1,MUCL1,RXF
P3,MYPN,CYP4A11,UNC5
D,RPH3A,CNTN5,GABRB
2,MAL2,PTPRR,CDH18,T
ACR1,KCNG3,MCHR1,NR
N1,KCNS2,RAB3C,SLC4A
10,HRG,GPR22,SYT1,EPH
A5,OR2AE1,PARM1,GLP2
R,CDH9,CYP24A1,HTR3B,
GLRA3,SYT4,GPR158,GF

RA4,GRIN2B,LAMP5,HCN
1,RHOV,KCNB2,ENTPD3,
DLGAP1,GABRA4,AKAP5
,ADRA1D,CAP2,KCNC2,P
TPN3,RGS7,KCNH5,IL12R
B2,DGKB,HTR2A,CLTRN,
PAK1,PAK3,SLC30A3,AN
O3,GLRA2,SLC39A2,STX
BP5L,F7,RTKN2,ATP12A,
SCN2A,MCHR2,HCRTR2,
ADRB3,GPR88,NPBWR1,S
V2B,SYT13,CDH12,SYP,S
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YT2,CALY,SLC12A1,PRP
H2,NSF,GPR149,CHRNB3,
RXFP1,SYT10,PRKCE,DC
LK1,GRIN2A,VSIG1,KCN
Q5,RHEX,COL25A1,CDH8
,VWC2L,HTR1A,SYN2,UP
K2,LRRC38,TRIM72,IPCE
F1,SIDT1,XK,WNT1,GAB
RD,TRPC7,NRG1,PTH2R,

NETO1,PLPPR4,SH3GL2,U
PK3A,CHRNA6,OR13C5,N
RXN3,GSG1,F2RL2,SERPI
NB2,CLSTN3,VSTM5,P2R
X2,GABRG3,CNGB1,SDR1
6C5,ATP8A2,RAB3A,DIR

AS2,IL1RL2,ADTRP,LDB2
,SLC7A4,DSG1,RHO,CHR
M4,PLK4,IGF1,LRFN5,SC

N8A,TRHDE,GAP43,PAQR
9 

GO:0015267 MF channel activity 3.82E-07 6.418007209 34 GABRA6,GJD2,CHRNA9,
GABRA1,KCNV1,GABRG
2,CHRNB4,KCNK18,SNAP
25,GABRB2,KCNG3,KCNS
2,HTR3B,GLRA3,GRIN2B,
HCN1,KCNB2,GABRA4,K
CNC2,KCNH5,ANO3,GLR
A2,SCN2A,CHRNB3,GRIN
2A,KCNQ5,LRRC38,GABR
D,TRPC7,CHRNA6,P2RX2,
GABRG3,CNGB1,SCN8A 

GO:0004888 MF transmembranesig
naling receptor 

activity 

9.96545E-06 5.001503151 57 MAS1,GABRA6,OR52N2,
NPSR1,IL1RAPL2,CHRNA
9,GABRA1,GABRG2,ROB
O2,FLT3,CHRNB4,HTR2C,
ADGRF2,SOSTDC1,OR1N
1,RXFP3,UNC5D,GABRB2
,PTPRR,TACR1,MCHR1,G
PR22,EPHA5,OR2AE1,GLP
2R,HTR3B,GLRA3,GPR15
8,GFRA4,GRIN2B,GABRA
4,ADRA1D,IL12RB2,HTR2
A,GLRA2,MCHR2,HCRTR
2,ADRB3,GPR88,NPBWR1
,GPR149,CHRNB3,RXFP1,
GRIN2A,HTR1A,GABRD,P
TH2R,CHRNA6,OR13C5,N
RXN3,F2RL2,P2RX2,GAB
RG3,IL1RL2,CHML,RHO,

CHRM4 
Down regulated genes 

GO:0007154 BP cell 
communication 

4.63E-09 8.334588565 199 MMP8,CRNN,PPBP,GABR
R2,CXCR6,CD40LG,TTR,

H3C6,FOXA3,NCR1,CXCR
1,CXCR2,OR7C1,SLC22A2
,SLAMF1,GPR174,GPR20,
PIGR,RAB42,OR2B11,CDC
42BPG,PF4,FCRL1,IL1R2,
P2RY10,CXCR4,LBX2,S10

0A4,NKX6-
1,MS4A1,CASP12,CCR2,O
R7A5,OTX2,TREML4,SIT1
,IL7R,MIA,MRGPRF,MYO
CD,S100A12,CCL26,CLDN
18,ITGA10,INSRR,CXCR3,
UBD,PROK2,F2RL3,FOXD
1,GATA3,CXCL8,FOXC2,P
YHIN1,COL1A2,GIPR,CD2
,LCK,TNFRSF10D,ALOX1
5B,RGS1,SIK1,UBASH3A,
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GHRHR,FFAR2,IL24,HCA
R3,OR2B6,GPR15,GJA4,C
LEC4D,REM1,WNT6,SH2
D3A,HSPB1,HRH4,HSPA1
A,CD177,PEAR1,TBX3,AB
CC2,OR2A7,LILRA4,NOT
CH3,ITGA11,TEAD2,TGF
B1I1,P2RX7,HIC1,SCT,ZB
ED6,IL3RA,CD3E,NGFR,A
NPEP,KANK2,GDF15,CR1,
ANGPT2,TBX18,IL2RB,TR
IP10,PLN,TNFSF14,TBX6,
ONECUT1,CEACAM1,DK
KL1,ZNF683,CCL14,RRAD
,TLR8,GPRC5A,IL18RAP,P
2RY14,BLK,VNN1,SH2D6,
LILRB5,OR51E1,AOC1,GP
R4,ADORA2A,ITGA5,FOX
F1,ADGRG3,E2F2,COL1A
1,IQGAP2,PLEKHA4,ADM
2,ADRA2B,FCRLA,COL3A
1,IFNA2,RCVRN,CHRNG,
FCRL3,GPER1,OR5K2,KL
RB1,IGF2,PRLR,BTN1A1,

S1PR4,INS-
IGF2,FCGR2B,MMP9,PRK
X,TNFRSF10A,SLC12A7,S
YDE1,TLR5,IL18R1,IHH,F
OXO4,SERPINF2,CNN2,IL
2RG,DLL4,TNFRSF12A,TL
R9,ZC3H12A,TP63,ADGR
D1,DOK2,EPHA2,GFRA3,
H2BC11,KRT19,ITPRIP,SE
MA3F,GEM,C5AR1,TMC8,

FLT4,CYSLTR2,CCL15-
CCL14,PIK3R5,PMAIP1,P

GF,CACNG5,KIF5A,RBPM
S,PTH1R,RBPMS2,CEL,R

NF152,SLC38A2,CD180,FZ
D9,AJUBA,LEF1,TBX2,LA
TS2,TRIM63,TNS1,FPR2,P

CK1 
GO:0050896 BP response to 

stimulus 
5.62E-09 8.250628776 249 MMP8,H4C4,MMP7,CRNN

,PPBP,GABRR2,CXCR6,C
D40LG,TTR,H3C6,FOXA3,
NCR1,CXCR1,CXCR2,OR7
C1,NPC1L1,SLC22A2,SLA
MF1,IRX5,HSPA6,GPR174,
GPR20,PIGR,SERPINA5,R
AB42,OR2B11,CDC42BPG,
PF4,FCRL1,IL1R2,P2RY10,
CXCR4,LBX2,S100A4,NK

X6-
1,MS4A1,CASP12,OBP2B,
MCEMP1,CCR2,OR7A5,O
TX2,NLRP4,TREML4,SIT1
,IL7R,MIA,CR1L,MRGPRF
,KCNE1,MYOCD,S100A12
,CCL26,CLDN18,HP,ORM
1,ITGA10,INSRR,CXCR3,
UBD,SLC22A8,PROK2,F2

RL3,FOXD1,GATA3,CXCL
8,FOXC2,PYHIN1,COL1A2
,GIPR,CD2,LCK,TNFRSF1
0D,ALOX15B,RGS1,FMO1
,SIK1,UHRF1,UBASH3A,H
SPB7,GHRHR,FFAR2,SER
PINH1,IL24,HCAR3,OR2B
6,GPR15,GJA4,MMRN1,C

LEC4D,REM1,CST7,WNT6
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,SH2D3A,FMO3,HSPB1,H
RH4,HSPA1A,CD177,PEA
R1,TBX3,TCN1,MAFF,LY
9,ABCC2,OR2A7,LILRA4,
FOXJ1,NOTCH3,ITGA11,T
EAD2,C6,LYZ,TGFB1I1,P2
RX7,HIC1,SCT,ABCC3,ZB
ED6,IL3RA,CD3E,NGFR,A
NPEP,KANK2,RUNX3,GD
F15,GZMM,CR1,ANGPT2,
JAML,TBX18,IL2RB,MGA
M,TRIP10,SLAMF6,PLN,L
YG2,TNFSF14,TBX6,SIX1,
ONECUT1,CEACAM1,DK
KL1,ZNF683,CCL14,RRAD
,TLR8,GPRC5A,IL18RAP,P
2RY14,BLK,VNN1,SH2D6,
LILRB5,OR51E1,AOC1,GP
R4,ADORA2A,AZGP1,ITG
A5,FOXF1,ADGRG3,E2F2,
COL1A1,IQGAP2,PLEKH
A4,FOLR3,ADM2,BCL6B,
H4C5,NFE2,ADRA2B,FCR
LA,COL3A1,IFNA2,RCVR
N,ND6,CHRNG,FCRL3,GP
ER1,OR5K2,KLRB1,IGF2,

PRLR,BTN1A1,S1PR4,INS-
IGF2,FCGR2B,DNAJB1,M
MP9,FANCC,PRKX,TNFR
SF10A,SYDE1,TGFBI,TLR
5,IL18R1,IHH,FOXO4,APO
BEC3A,SERPINF2,CNN2,C
7,IL2RG,DLL4,TNFRSF12
A,TLR9,ZC3H12A,TP63,A
DGRD1,DOK2,EPHA2,GF

RA3,H2BC11,KRT19,ITPRI
P,SEMA3F,GEM,C5AR1,T
MC8,CD163,FLT4,CYSLT

R2,CCL15-
CCL14,PIK3R5,SELENOP,
PMAIP1,S100P,PGF,CACN
G5,KIF5A,RBPMS,PTH1R,
RBPMS2,RNF152,SLC38A
2,COL6A2,CD180,FZD9,AJ
UBA,LEF1,TBX2,FMO2,L
ATS2,TRIM63,MYL9,TNS

1,FPR2,PCK1 
GO:0005886 CC plasma membrane 5.05E-08 7.296828963 166 GABRR2,CXCR6,CD40LG,

NCR1,CXCR1,CXCR2,OR7
C1,NPC1L1,SLC22A2,SLA
MF1,HSPA6,GPR174,GPR2
0,SRPX2,PIGR,SERPINA5,
RAB42,OR2B11,FCRL1,IL
1R2,P2RY10,CXCR4,GFI1
B,MS4A1,VNN3,MCEMP1,
CCR2,OR7A5,TREML4,KC
NJ15,SIT1,KCNE4,IL7R,M
RGPRF,KCNE1,S100A12,C
LDN18,ITGA10,SLC16A12
,INSRR,CXCR3,SLC6A12,
SLC22A8,F2RL3,GIPR,CD
2,LCK,TNFRSF10D,ALOX
15B,RGS1,ABCA6,GHRHR
,FFAR2,HCAR3,OR2B6,GP
R15,GJA4,CLEC4D,REM1,
WNT6,HSPB1,HRH4,HSPA
1A,CD177,PEAR1,LY9,SL
CO4A1,ABCC2,OR2A7,LI
LRA4,NOTCH3,ITGA11,S

LC13A4,PCDH18,C6,TGFB
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1I1,P2RX7,CLDN15,ABCC
3,IL3RA,CD3E,NGFR,ML
ANA,ANPEP,CR1,ANGPT
2,JAML,IL2RB,MGAM,TR
IP10,SLAMF6,TNFSF14,C
EACAM1,RRAD,TLR8,GP
RC5A,IL18RAP,P2RY14,B
LK,ADH1B,VNN1,OR51E1
,AOC1,GPR4,ADORA2A,F
SCN3,AZGP1,ITGA5,ADG
RG3,SLC4A11,IQGAP2,PL
EKHA4,FOLR3,ADRA2B,F
CRLA,CHRNG,FCRL3,GP
ER1,LGSN,OR5K2,KLRB1,
PRLR,BTN1A1,S1PR4,FCG
R2B,VNN2,TNFRSF10A,S
LC12A7,TGFBI,TLR5,IL18
R1,IHH,C7,IL2RG,DLL4,T
ES,TNFRSF12A,TLR9,AD
GRD1,EPHA2,GFRA3,H2B
C11,SLC1A7,KRT19,ITPRI
P,MARVELD2,SEMA3F,G
EM,C5AR1,TMC8,CD163,F
LT4,CYSLTR2,PIK3R5,S10
0P,CACNG5,ARRDC2,DIO
3,PTH1R,CEL,SLC38A2,C
OL6A2,CD180,FZD9,AJUB

A,FPR2 
GO:0005576 CC extracellular 

region 
7.33E-07 6.134830394 139 MMP8,H4C4,MMP7,CRNN

,PPBP,MMP10,CD40LG,TT
R,H3C6,SLC22A2,SLAMF1
,GZMK,HSPA6,SRPX2,PIG
R,SERPINA5,PF4,IL1R2,C
XCR4,MFAP2,S100A4,NK

X6-
1,MS4A1,VNN3,OBP2B,T

REML4,SIT1,IL7R,MIA,CR
1L,S100A12,CCL26,HP,OR
M1,SLC22A8,PROK2,F2RL
3,CLEC18A,NXPE4,CXCL
8,CKM,COL1A2,CD2,LCK,
ALOX15B,H2AC12,LCN10
,UBASH3A,SERPINH1,IL2
4,MMRN1,CST7,COL8A1,
WNT6,HSPB1,ECM2,HSP
A1A,CD177,TCN1,OIT3,N
OTCH3,C6,LYZ,TGFB1I1,
SCT,LCN6,NGFR,ANPEP,
GDF15,GZMM,CR1,ANGP
T2,MGAM,TRIP10,SLAMF
6,LYG2,TNFSF14,CEACA
M1,PRELP,DKKL1,CCL14,
AEBP1,GPRC5A,VNN1,A
OC1,AZGP1,COL1A1,IQG
AP2,FOLR3,ADM2,H4C5,

COL3A1,C11ORF52,IFNA2
,COL8A2,COL27A1,ACAN
,IGF2,PRLR,H2AC6,BTN1

A1,TGM4,INS-
IGF2,DNAJB1,CFHR3,MM
P9,VNN2,TGFBI,H2AC7,I
HH,SERPINF2,CNN2,C7,P
TX4,COL4A4,APOC4,TLR
9,ADAMTS2,OLFML1,KR
T15,H2BC11,KRT19,SEMA
3F,TMC8,CD163,FLT4,PL

A2G12B,CCL15-
CCL14,SELENOP,S100P,P
GF,TOR4A,CEL,COL6A2,
CD180,MYH11,SLC37A2,
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H2BC9,PCK1 
GO:0038023 MF signaling receptor 

activity 
2.01E-14 13.6969021 80 GABRR2,CXCR6,CXCR1,

CXCR2,OR7C1,SLAMF1,G
PR174,GPR20,PIGR,OR2B
11,FCRL1,IL1R2,P2RY10,
CXCR4,CCR2,OR7A5,TRE
ML4,IL7R,MRGPRF,INSR
R,CXCR3,F2RL3,GIPR,CD
2,TNFRSF10D,GHRHR,FF
AR2,HCAR3,OR2B6,GPR1
5,HRH4,PEAR1,OR2A7,LI
LRA4,NOTCH3,ITGA11,P2
RX7,IL3RA,CD3E,NGFR,A
NPEP,CR1,IL2RB,TLR8,G
PRC5A,IL18RAP,P2RY14,
LILRB5,OR51E1,GPR4,AD
ORA2A,ADGRG3,FOLR3,
ADRA2B,FCRLA,CHRNG,
FCRL3,GPER1,OR5K2,KL
RB1,PRLR,BTN1A1,S1PR4
,FCGR2B,TNFRSF10A,TL
R5,IL18R1,IL2RG,TLR9,A
DGRD1,EPHA2,GFRA3,C5
AR1,FLT4,CYSLTR2,PTH1

R,CEL,FZD9,LEF1,FPR2 
GO:0004930 MF G protein-coupled 

receptor activity 
0.000859098 3.065957046 38 CXCR6,CXCR1,CXCR2,O

R7C1,GPR174,GPR20,OR2
B11,P2RY10,CXCR4,CCR2
,OR7A5,MRGPRF,CXCR3,
F2RL3,GIPR,GHRHR,FFA
R2,HCAR3,OR2B6,GPR15,
HRH4,OR2A7,GPRC5A,P2
RY14,OR51E1,GPR4,ADO
RA2A,ADGRG3,ADRA2B,
GPER1,OR5K2,S1PR4,AD
GRD1,C5AR1,CYSLTR2,P

TH1R,FZD9,FPR2 

 

Table 4 The enriched pathway terms of the up and down regulated differentially expressed genes 

Pathway ID Pathway Name Adj.P.Val Negative_log10_of_
adjusted_p_value 

Gene 
Count 

Gene 

Up regulated genes 
REAC:R-HSA-112316 Neuronal System 9.33E-20 19.03029601 47 GABRA6,GJD2,SLC32A1,IL1R

APL2,GAD2,CHRNA9,GAD1,
GABRA1,KCNV1,GABRG2,C

HRNB4,SLC5A7,KCNK18,NEF
L,SNAP25,GABRB2,KCNG3,K
CNS2,SYT1,HTR3B,GLRA3,G
RIN2B,HCN1,KCNB2,DLGAP1
,GABRA4,AKAP5,KCNC2,KC
NH5,NCALD,GLRA2,SYT2,NS
F,CHRNB3,SYT10,GRIN2A,K
CNQ5,CAMK4,TUBB2A,SYN2
,NRG1,PLCB1,CHRNA6,NRX
N3,GABRG3,RAB3A,PPM1E 

REAC:R-HSA-112314 Neurotransmitter 
receptors and 

postsynaptic signal 
transmission 

1.54E-09 8.812159549 24 GABRA6,CHRNA9,GABRA1,
GABRG2,CHRNB4,NEFL,GAB
RB2,HTR3B,GLRA3,GRIN2B,
GABRA4,AKAP5,NCALD,GL
RA2,NSF,CHRNB3,GRIN2A,C
AMK4,TUBB2A,NRG1,PLCB1,

CHRNA6,GABRG3,PPM1E 
REAC:R-HSA-373076 Class A/1 (Rhodopsin-

like receptors) 
1.41E-07 6.850438507 28 TAC1,NMU,SST,PENK,NPSR1

,PNOC,CXCL11,HTR2C,RXFP
3,TACR1,MCHR1,ADRA1D,A
VP,HTR2A,MCHR2,HCRTR2,
ADRB3,NPBWR1,RXFP1,HTR
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1A,XK,PLPPR4,KISS1,F2RL2,
RHO,PYY,CHRM4,TAC3 

REAC:R-HSA-416476 G alpha (q) signalling 
events 

5.35933E-05 4.270889165 19 TAC1,NMU,NPSR1,RGS4,HTR
2C,TACR1,MCHR1,ADRA1D,
AVP,DGKB,HTR2A,MCHR2,H
CRTR2,PRKCE,TRPC7,PLCB1,

KISS1,F2RL2,TAC3 
REAC:R-HSA-372790 Signaling by GPCR 0.000127112 3.895813541 51 CRH,TAC1,NMU,SST,ADCYA

P1,PENK,PPEF1,OR52N2,NPS
R1,RGS4,PNOC,CXCL11,WNT
8A,HTR2C,OR1N1,RXFP3,TA
CR1,MCHR1,OR2AE1,GLP2R,
CALCB,ADRA1D,RGS7,AVP,
DGKB,HTR2A,PAK1,GUCA1C
,MCHR2,HCRTR2,ADRB3,NP
BWR1,RXFP1,PRKCE,CAMK4
,HTR1A,XK,WNT1,TRPC7,PT
H2R,PLPPR4,PLCB1,KISS1,RE
EP1,OR13C5,F2RL2,CNGB1,R

HO,PYY,CHRM4,TAC3 
REAC:R-HSA-162582 Signal Transduction 0.533619768 0.272768091 78 CRH,TAC1,NMU,VGF,SST,AD

CYAP1,PENK,PPEF1,OR52N2,
EGR4,NPSR1,RGS4,EGR3,PN
OC,CXCL11,GABRA1,EGR1,

WNT8A,BDNF,GABRG2,FLT3
,HTR2C,TERT,NEFL,OR1N1,R
XFP3,GREM2,GABRB2,TACR
1,MCHR1,OR2AE1,GLP2R,CA
LCB,GFRA4,GRIN2B,RHOV,A
DRA1D,PTPN3,RGS7,AVP,DG
KB,FGF9,HTR2A,PAK1,PAK3,
GUCA1C,MCHR2,HCRTR2,A

DRB3,NPBWR1,RSPO2,RXFP1
,PRKCE,CAMK4,TUBB2A,HT
R1A,XK,WNT1,TRPC7,NRG1,
PTH2R,PLPPR4,PLCB1,SH3GL
2,KISS1,REEP1,OR13C5,F2RL
2,GABRG3,CNGB1,DYNC1I1,
SDR16C5,RHO,MYB,PYY,CH

RM4,IGF1,TAC3 
Down regulated  genes 

REAC:R-HSA-500792 GPCR ligand binding 2.77211E-06 5.557190041 32 PPBP,CXCR6,CXCR1,CXCR2,
PF4,P2RY10,CXCR4,CCR2,CX
CR3,PROK2,F2RL3,CXCL8,GI
PR,GHRHR,FFAR2,HCAR3,W
NT6,HRH4,SCT,P2RY14,GPR4
,ADORA2A,ADM2,ADRA2B,G
PER1,S1PR4,IHH,C5AR1,CYS

LTR2,PTH1R,FZD9,FPR2 
REAC:R-HSA-162582 Signal Transduction 0.000562416 3.249942189 92 MMP7,PPBP,CXCR6,TTR,CXC

R1,CXCR2,OR7C1,GPR20,OR2
B11,PF4,P2RY10,CXCR4,ETV
4,SGO1,CCR2,OR7A5,CXCR3,
PROK2,F2RL3,GATA3,CXCL8
,COL1A2,GIPR,LCK,TNFRSF1
0D,RGS1,ARHGEF35,GHRHR,
FFAR2,HCAR3,OR2B6,GPR15,
WNT6,HSPB1,HRH4,OR2A7,N
OTCH3,SCT,IL3RA,NGFR,RU
NX3,IL2RB,TRIP10,RRAD,P2
RY14,OR51E1,GPR4,ADORA2
A,COL1A1,IQGAP2,ADM2,AD
RA2B,COL3A1,RCVRN,COL2
7A1,GPER1,OR5K2,IGF2,H2A
C6,S1PR4,DNAJB1,MMP9,PR

KX,TNFRSF10A,SYDE1,H2AC
7,IHH,FOXO4,IL2RG,DLL4,C
OL4A4,APOC4,TLR9,GFRA3,
H2BC11,C5AR1,FLT4,CYSLT
R2,PIK3R5,PGF,KIF5A,PTH1R
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,COL6A2,FZD9,LEF1,MYH11,
H2BC9,LATS2,MYL9,FPR2,C

BX2,PCK1 
REAC:R-HSA-168256 Immune System 0.005462988 2.262569739 74 MMP8,PPBP,CD40LG,TTR,NC

R1,CXCR1,CXCR2,HSPA6,PIG
R,IL1R2,MCEMP1,CCR2,NLR

P4,TREML4,IL7R,S100A12,HP,
ORM1,GATA3,CXCL8,COL1A
2,LCK,IL24,CLEC4D,HSPA1A,
CD177,TCN1,LILRA4,C6,LYZ,
P2RX7,IL3RA,CD3E,ANPEP,G
ZMM,CR1,JAML,IL2RB,MGA
M,SLAMF6,TNFSF14,CEACA
M1,TLR8,IL18RAP,BLK,VNN1
,LILRB5,AOC1,ADGRG3,COL
1A1,IQGAP2,FOLR3,COL3A1,
IFNA2,KLRB1,PRLR,BTN1A1,
FCGR2B,CFHR3,MMP9,TLR5,
IL18R1,CNN2,C7,IL2RG,TNFR
SF12A,TLR9,GFRA3,C5AR1,S
100P,KIF5A,CD180,TRIM63,F

PR2 
REAC:R-HSA-109582 Hemostasis 0.008164756 2.088056792 32 PPBP,SERPINA5,PF4,ORM1,IT

GA10,F2RL3,GATA3,COL1A2,
CD2,LCK,TNFRSF10D,MMRN
1,CD177,MAFF,P2RX7,ANGP
T2,JAML,CEACAM1,ITGA5,C
OL1A1,NFE2,ADRA2B,IFNA2,
IGF2,TNFRSF10A,SERPINF2,

DOK2,KIF1C,PIK3R5,SELENO
P,KIF5A,TOR4A 

REAC:R-HSA-418594 G alpha (i) signalling 
events 

0.093256027 1.030323089 21 PPBP,CXCR6,TTR,CXCR1,CX
CR2,PF4,CXCR4,CCR2,CXCR
3,CXCL8,RGS1,HCAR3,HRH4,
P2RY14,ADRA2B,RCVRN,GP
ER1,S1PR4,PRKX,C5AR1,FPR

2 
REAC:R-HSA-202733 Cell surface 

interactions at the 
vascular wall 

0.131182326 0.882124673 13 PF4,COL1A2,CD2,LCK,TNFRS
F10D,CD177,ANGPT2,JAML,C
EACAM1,ITGA5,COL1A1,TNF

RSF10A,DOK2 

 

 

Table 5  Topology table for up and down regulated genes 

Category Node Degree Betweenness Stress Closeness 
Up PAK1 173 0.028159 40928804 0.323514 
Up ELAVL2 123 0.017931 49416154 0.288766 
Up NSF 115 0.020114 23044990 0.326051 
Up HTR2C 114 0.018259 29134326 0.29829 
Up TERT 109 0.013862 12161812 0.330253 
Up KRT5 90 0.011287 14388756 0.327439 
Up GPRASP2 83 0.012488 16027128 0.299805 
Up CHRM4 83 0.013908 10442482 0.306192 
Up MYB 82 0.011101 11639612 0.302896 
Up PRKCE 82 0.010414 13383932 0.317181 
Up SH3GL2 81 0.015009 8602342 0.310041 
Up NEFL 80 0.011512 5837396 0.325809 
Up CD70 80 0.010479 24671164 0.281655 
Up DCLK1 80 0.009007 8668148 0.299411 
Up CHRNA9 74 0.012796 6636898 0.273363 
Up C6orf141 74 0.012519 22948968 0.282449 
Up NRG1 70 0.011734 13185638 0.286376 
Up UBE2U 69 0.0133 12297096 0.284087 
Up MAS1 68 0.011565 6079632 0.304668 
Up DSG1 66 0.006721 7395226 0.325361 
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Up SYT1 62 0.008216 6702626 0.30212 
Up HPRT1 62 0.006281 10787838 0.300254 
Up NEFM 62 0.006421 5424570 0.308176 
Up PLK4 61 0.007071 9899496 0.283697 
Up DYNC1I1 58 0.008029 13075920 0.29282 
Up SERPINB2 57 0.007714 10923044 0.280615 
Up MDH1 57 0.005988 11576132 0.30161 
Up FATE1 57 0.012052 13973146 0.266928 
Up ATP12A 57 0.01499 6636836 0.285227 
Up VSIG1 57 0.007035 14538940 0.275447 
Up MOS 56 0.006895 5823686 0.298519 
Up RAB3A 54 0.00791 5354190 0.297217 
Up CADPS 54 0.008146 5092982 0.287011 
Up PTPN3 52 0.006799 3138966 0.310784 
Up PLK2 52 0.007488 8564946 0.288111 
Up PNMA2 52 0.007674 3911212 0.301569 
Up NEFH 52 0.005669 4367880 0.308983 
Up GRIN2B 50 0.005221 8685832 0.284393 
Up INA 50 0.005513 4826808 0.304052 
Up PPEF1 49 0.005028 3077816 0.297391 
Up TACR1 48 0.006838 4984298 0.266745 
Up EGR1 47 0.006124 6985264 0.290376 
Up SNAP25 46 0.005405 2840312 0.301281 
Up PTPRR 46 0.006717 3023620 0.297578 
Up AKAP5 46 0.00726 8846218 0.282063 
Up MYOG 45 0.007307 7976338 0.273781 
Up SYP 42 0.005295 6009614 0.280698 
Up CHGB 42 0.004402 1985544 0.301432 
Up GDA 41 0.006789 14090952 0.274293 
Up PRMT8 40 0.004426 2202906 0.290875 
Up NELL1 39 0.005924 5040984 0.294897 
Up FLT3 37 0.003048 2106224 0.298586 
Up NELL2 37 0.004661 2218788 0.266745 
Up RTN1 36 0.005687 5502506 0.260892 
Up ADCYAP1 35 0.005746 13075048 0.240147 
Up RAB3B 34 0.006122 2292976 0.294831 
Up STMN2 33 0.00397 1770596 0.296511 
Up SERPINB13 32 0.0045 5247158 0.256141 
Up GRIN2A 31 0.002348 3084160 0.283345 
Up NR1H4 31 0.002749 4098122 0.289043 
Up NAP1L5 31 0.003486 3520432 0.273046 
Up MAP7D2 31 0.002383 2903454 0.276669 
Up MYH13 31 0.003581 5127138 0.276183 
Up PLCB1 30 0.002985 6888848 0.268959 
Up ARL4D 30 0.003932 4739098 0.280901 
Up PDP1 30 0.005082 8507176 0.275573 
Up GLRA2 30 0.004682 2252842 0.270455 
Up DLGAP1 29 0.002937 3899192 0.280519 
Up CSN1S1 29 0.003814 5024846 0.269562 
Up PPM1E 29 0.003333 6353814 0.266648 
Up AVP 28 0.004318 4913378 0.254838 
Up CHML 27 0.003671 1670908 0.266111 
Up MAL2 27 0.004432 3827092 0.278851 
Up RFX6 27 0.002862 2398226 0.270123 
Up HSPB3 26 0.002435 1605440 0.270389 
Up P2RX2 26 0.004146 11179848 0.237584 
Up CAP2 25 0.002331 3475372 0.277761 
Up F7 25 0.00398 3619126 0.279736 
Up GAP43 25 0.002633 3213868 0.271098 
Up ROBO2 25 0.00361 1673720 0.270876 
Up HTR2A 24 0.002224 5272268 0.25469 
Up NLRP2 24 0.002474 3046242 0.281739 
Up GAD1 24 0.002699 1543090 0.296724 
Up ALOX12B 24 0.002911 1524586 0.284112 
Up RPH3A 23 0.00392 1274136 0.28917 
Up STAT4 23 0.00225 3186110 0.277109 
Up PAK3 22 7.45E-04 1359976 0.269826 
Up BDNF 22 0.002084 2214532 0.274065 
Up NRN1 22 0.002343 2904362 0.229884 
Up PAX5 21 0.001571 1209290 0.273747 
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Up NCALD 21 0.002094 742050 0.290708 
Up NXPH2 21 0.001483 2282474 0.241383 
Up CAMK4 21 0.0013 2651870 0.265641 
Up RGS7 20 0.001629 2101340 0.281439 
Up TDO2 20 0.001135 1237716 0.254347 
Up CT55 20 0.003323 1125688 0.28481 
Up GABRG2 19 0.002225 2260632 0.244571 
Up ENC1 19 0.001288 2259178 0.27747 
Up MYPN 19 0.001796 2745936 0.267176 
Up FGF12 19 0.002205 2840438 0.275332 
Up SYN2 19 0.001259 1054996 0.279393 
Up RHO 19 0.002088 2186802 0.262102 
Up NAPB 19 0.001486 1681700 0.256091 
Up ADRA1D 19 0.001857 2080534 0.26814 
Up GABRD 19 0.002339 2055124 0.249105 
Up F2RL2 19 0.00182 2963726 0.265641 
Up RAB27B 18 0.002824 1258866 0.263093 
Up BEX1 18 0.001303 619184 0.271176 
Up HRG 18 0.001925 3325830 0.248993 
Up NMU 17 0.003046 950374 0.244237 
Up TAC1 17 0.00292 2083210 0.267014 
Up CDH8 17 8.86E-04 1263642 0.260368 
Up PIWIL1 17 0.001003 629764 0.284026 
Up KRT82 17 0.001168 1799040 0.2675 
Up MUCL1 17 0.003019 3086562 0.265513 
Up TRHDE 17 0.002298 3972136 0.256499 
Up DYDC1 16 8.21E-04 560938 0.253908 
Up NPSR1 16 0.001909 2186922 0.259774 
Up RGS4 15 0.001288 1683598 0.263533 
Up GAD2 3 2.36E-05 48934 0.245242 
Up RBFOX1 2 8.89E-05 107910 0.244662 
Up TAC3 2 1.02E-04 103622 0.238733 
Up SVOP 2 3.00E-05 59688 0.224049 
Up IL12RB2 1 0 0 0.216989 
Up RAB3C 1 0 0 0.224315 
Up CARTPT 1 0 0 0.218611 
Up SV2B 1 0 0 0.23203 
Up CACNB4 1 0 0 0.23203 
Up C1QL3 1 0 0 0.254641 
Up ANKRD7 1 0 0 0.263198 
Up B4GALT6 1 0 0 0.20309 
Up SYT2 1 0 0 0.23203 
Up VSNL1 1 0 0 0.232823 
Up KCNS2 1 0 0 0.210696 
Up CCDC185 1 0 0 0.246605 
Up PGM2L1 1 0 0 0.206214 
Up CDH18 1 0 0 0.214943 
Up ATP8A2 1 0 0 0.265332 
Up NRXN3 1 0 0 0.251972 
Up MLLT11 1 0 0 0.229796 
Up C11orf87 1 0 0 0.238415 
Up SYT4 1 0 0 0.23203 
Up ADRB3 1 0 0 0.236673 
Up RXFP1 1 0 0 0.220015 
Up KISS1 1 0 0 0.215237 

Down UBD 654 0.15112 2.24E+08 0.361138 
Down MKI67 484 0.110753 1.42E+08 0.352211 
Down HSPB1 483 0.110888 1.71E+08 0.357197 
Down PYHIN1 342 0.066113 58482622 0.336832 
Down TES 291 0.061653 61255336 0.354858 
Down RBPMS 227 0.048426 53178790 0.313036 
Down LATS2 216 0.040908 40957474 0.340177 
Down LCK 162 0.031545 30303362 0.331978 
Down EPHA2 154 0.028721 23266342 0.339461 
Down ANLN 153 0.024763 22039474 0.327845 
Down SERPINH1 150 0.024753 28138694 0.341618 
Down TP63 142 0.022498 24847586 0.324212 
Down KRT15 138 0.026351 14360242 0.32731 
Down DNAJB1 127 0.019403 22378202 0.325328 
Down HSPA6 121 0.016967 24899482 0.324642 
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Down TEAD2 116 0.01537 10601488 0.31825 
Down SLAMF1 114 0.023056 23597596 0.297632 
Down IL7R 109 0.012174 23407182 0.301845 
Down TRIM63 104 0.021726 28194588 0.297659 
Down UHRF1 87 0.010293 9157378 0.31776 
Down KIF1C 87 0.010567 14165088 0.300691 
Down NOTCH3 80 0.014787 15201970 0.306249 
Down GFI1B 80 0.013113 10842648 0.303466 
Down DKKL1 78 0.014836 23803094 0.280092 
Down PCK1 77 0.007681 13743418 0.303577 
Down COL1A1 76 0.01344 7278036 0.313377 
Down KRT19 75 0.007277 9943438 0.311091 
Down FANCC 74 0.009764 8216824 0.309388 
Down FPR2 74 0.011769 13954910 0.261594 
Down MYH11 73 0.007581 17559364 0.295029 
Down S100A4 72 0.010394 5315164 0.320658 
Down ITGA5 66 0.011449 10345216 0.302093 
Down CBX2 66 0.008779 13925408 0.291941 
Down TTR 65 0.008634 7419964 0.302979 
Down SGO1 65 0.007788 13289692 0.278992 
Down KANK2 65 0.008311 4874830 0.323324 
Down NGFR 64 0.009393 8007396 0.313779 
Down TRIP10 64 0.008122 13028764 0.291426 
Down BLK 64 0.0107 17329554 0.297297 
Down SYDE1 64 0.003939 4450816 0.287948 
Down CXCR4 63 0.007485 10836722 0.289512 
Down LEF1 61 0.007391 6350706 0.298344 
Down TNFRSF10A 61 0.010834 8048490 0.288917 
Down GATA3 60 0.007917 5540288 0.311223 
Down LYZ 59 0.005302 10916132 0.302217 
Down PTH1R 53 0.009808 9310524 0.281487 
Down FOXA3 53 0.005544 3422360 0.298748 
Down CCR2 52 0.010443 11006662 0.27281 
Down MMP9 51 0.008978 3281478 0.274258 
Down HP 51 0.00693 5312024 0.304458 
Down ABCC2 49 0.00821 8016758 0.284026 
Down COL1A2 49 0.0058 4123054 0.298155 
Down KIF5A 48 0.008469 6093688 0.297712 
Down GEM 48 0.006291 5887716 0.289753 
Down TNFRSF10D 47 0.004006 4841196 0.275286 
Down TBX3 46 0.003966 6776878 0.304122 
Down TGFB1I1 45 0.005439 2236700 0.316467 
Down DOK2 44 0.004931 2719906 0.298519 
Down IL1R2 42 0.005083 7132876 0.270488 
Down RUNX3 42 0.003872 6891482 0.283017 
Down SERPINA5 41 0.006095 10451870 0.259174 
Down ADAM33 41 0.007471 2763720 0.275195 
Down FOXC2 40 0.00431 2542046 0.287848 
Down VNN2 40 0.006975 9163084 0.245333 
Down MAFF 39 0.006108 6202430 0.270333 
Down IL2RG 39 0.004818 3065952 0.286774 
Down HAL 39 0.005077 7921062 0.272686 
Down CACNG5 39 0.00689 10012096 0.258202 
Down CNN2 38 0.003478 3117688 0.308522 
Down CD3E 37 0.004444 1846130 0.285548 
Down HIC1 37 0.002325 4445664 0.280889 
Down MMP7 37 0.004334 4687842 0.261967 
Down PIGR 36 0.004518 3553372 0.286252 
Down COL6A2 36 0.006829 4592548 0.26563 
Down FLT4 34 0.00523 3858760 0.292406 
Down CRNN 34 0.003756 5529764 0.265822 
Down TNS1 33 0.002772 2522944 0.283211 
Down TLR9 33 0.004962 9237656 0.27208 
Down AZGP1 33 0.002456 4065630 0.283844 
Down PITX1 32 0.004421 2343672 0.289271 
Down SLC38A2 32 0.003422 3980992 0.276299 
Down S100P 31 0.002822 2548722 0.287835 
Down IL2RB 31 0.002118 1912550 0.299873 
Down SAP25 30 0.002022 3734230 0.269243 
Down IQGAP2 29 0.00233 3195168 0.279973 
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Down FHL5 29 0.003089 4224230 0.259683 
Down LYG2 29 0.006032 1839648 0.2718 
Down E2F2 28 0.003259 4455944 0.277633 
Down AJUBA 28 0.002664 1325164 0.30422 
Down COL8A1 28 0.003201 4474880 0.263219 
Down CKM 28 0.003473 2628128 0.276264 
Down ZC3H12A 28 0.002855 3844038 0.279322 
Down SIK1 28 0.002844 5143526 0.282836 
Down NFE2 27 0.003585 2996958 0.257789 
Down CYSLTR2 27 0.003188 5442164 0.260419 
Down FOXO4 26 0.001596 2850706 0.282932 
Down ITPRIP 26 0.005136 1403128 0.289145 
Down CXCR2 25 0.002852 1512172 0.248282 
Down CXCL8 25 0.003976 2693066 0.27452 
Down ADORA2A 25 0.002427 3913074 0.258687 
Down PPBP 25 0.002728 5682784 0.254877 
Down MYL9 25 0.002755 1417230 0.312621 
Down FOXJ1 25 0.002844 3072104 0.269364 
Down TLR5 25 0.002706 3772068 0.209116 
Down UBASH3A 25 0.002111 2511872 0.286376 
Down IL24 25 0.001705 2208432 0.279878 
Down FNDC11 25 0.002638 1382328 0.273476 
Down CD2 24 0.002495 1138490 0.28421 
Down PRLR 24 0.00185 2555138 0.26921 
Down IGF2 24 0.004788 1590838 0.279028 
Down CEACAM1 24 0.002966 3423386 0.27976 
Down FCGR2B 24 0.002147 2868264 0.282533 
Down CCDC102A 24 0.00323 2192490 0.257849 
Down COL3A1 23 8.40E-04 861406 0.262445 
Down FOXD3 23 0.001402 1312200 0.263481 
Down GPRC5A 23 0.001394 2330634 0.276541 
Down SIX1 21 0.002036 1876960 0.246422 
Down SERPINF2 21 0.001831 3513870 0.243876 
Down NANOS2 21 0.002169 2656028 0.24217 
Down ACAN 20 0.002762 3879096 0.228202 
Down CXCR1 3 9.72E-06 13098 0.22333 
Down ALX4 2 1.13E-05 12912 0.239894 
Down TBX2 2 1.83E-05 28734 0.246275 
Down TGFBI 2 0 0 0.242499 
Down SLC12A7 2 2.60E-05 44798 0.221556 
Down MAGEA12 2 5.51E-05 31038 0.220742 
Down ADAMTS2 2 3.48E-05 69644 0.234841 
Down COL8A2 1 0 0 0.208378 
Down PRELP 1 0 0 0.238613 
Down ANGPT2 1 0 0 0.232014 
Down MS4A1 1 0 0 0.249246 
Down P2RY14 1 0 0 0.221935 
Down TBX6 1 0 0 0.238415 
Down SIT1 1 0 0 0.249246 
Down PF4 1 0 0 0.215398 
Down TLR8 1 0 0 0.213893 
Down VHLL 1 0 0 0.238415 
Down PIK3R5 1 0 0 0.232536 
Down FOXD1 1 0 0 0.208542 
Down CSNK1G2-AS1 1 0 0 0.238415 
Down MMRN1 1 0 0 0.237362 
Down ETV4 1 0 0 0.244843 
Down ONECUT1 1 0 0 0.203917 
Down CXCR3 1 0 0 0.210696 
Down RBPMS2 1 0 0 0.238415 
Down MARVELD2 1 0 0 0.213286 
Down CLEC18A 1 0 0 0.216046 
Down ALOX15B 1 0 0 0.224315 
Down BCL6B 1 0 0 0.238415 
Down ORM1 1 0 0 0.244843 
Down NCR1 1 0 0 0.222129 
Down HOXB6 1 0 0 0.246605 
Down SAMD4A 1 0 0 0.216046 
Down SLAMF6 1 0 0 0.249246 
Down CLDN15 1 0 0 0.224665 
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Down PMAIP1 1 0 0 0.203115 
Down KCNE1 1 0 0 0.22263 
Down MMP8 1 0 0 0.185807 
Down ADRA2B 1 0 0 0.236673 
Down CD163 1 0 0 0.233406 
Down F2RL3 1 0 0 0.209893 
Down MMP10 1 0 0 0.215237 
Down COL4A4 1 0 0 0.215237 

 

Table 6  miRNA - hub gene and TF – hub  gene  interaction  

Regulation Hub Genes Degree MicroRNA Regulation Hub Genes Degree TF 
Up NEFL 78 hsa-mir-378a-3p Up ELAVL2 15 NRF1 
Up NSF 45 hsa-mir-100-5p Up MYB 15 STAT1 
Up ELAVL2 43 hsa-mir-27a-3p Up DCLK1 14 YY1 
Up PRKCE 42 hsa-mir-513a-5p Up CD70 10 PPARG 
Up MYB 34 hsa-mir-15b-5p Up TERT 10 E2F6 
Up DCLK1 28 hsa-mir-365a-3p Up PRKCE 9 GATA2 
Up SH3GL2 23 hsa-mir-548o-5p Up PAK1 7 REL 
Up CD70 17 hsa-mir-374a-5p Up KRT5 7 SREBF1 
Up PAK1 15 hsa-mir-107 Up NSF 7 SRF 
Up GPRASP2 15 hsa-mir-518c-5p Up HTR2C 6 JUND 
Up TERT 13 hsa-mir-498 Up CHRM4 6 PAX2 
Up HTR2C 12 hsa-mir-339-5p Up CHRNA9 5 JUN 
Up KRT5 9 hsa-mir-125b-5p Up SH3GL2 5 EN1 
Up CHRNA9 6 hsa-mir-23b-3p Up NEFL 5 SREBF2 
Up CHRM4 4 hsa-mir-16-5p Up GPRASP2 2 HNF4A 

Down ANLN 126 hsa-mir-138-1-3p Down TP63 17 ZNF354C 
Down MKI67 124 hsa-mir-548d-5p Down TES 11 ARID3A 
Down SERPINH1 83 hsa-mir-4726-3p Down LCK 10 FOXL1 
Down LATS2 70 hsa-mir-320d Down HSPB1 9 RUNX2 
Down TES 57 hsa-mir-1202 Down PYHIN1 8 TP53 
Down DNAJB1 42 hsa-mir-191-5p Down SERPINH1 8 FOS 
Down EPHA2 40 hsa-mir-450b-5p Down ANLN 8 TFAP2C 
Down HSPB1 22 hsa-mir-548f-3p Down MKI67 7 FOXC1 
Down RBPMS 19 hsa-mir-214-3p Down DNAJB1 7 EGR1 
Down TP63 9 hsa-mir-139-5p Down UBD 6 GATA1 
Down KRT15 9 hsa-mir-1343-3p Down HSPA6 5 MEF2A 
Down HSPA6 8 hsa-mir-204-3p Down LATS2 5 HOXA5 
Down LCK 6 hsa-mir-101-3p Down EPHA2 5 ELK1 
Down UBD 5 hsa-mir-21-3p Down RBPMS 4 SPIB 
Down PYHIN1 2 hsa-mir-375 Down KRT15 3 SOX5 
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