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Abstract
Objective: The objectives of this work were to find genes regulated 
by Nur77 in neurons and to evaluate the possible common role of this 
transcription factor in neurons and lymphatic cells using published 
experimentally generated databases of ChIP-Seq and a microarray. We 
also characterized Nur77 binding throughout the genome. 

Results: We identified 113 Nur77 target genes in neuronal stem cells and 
116 in neuronal cells. Cell adhesion and anchoring processes emerged as 
regulated by Nur77 in neurons and lymphatic cells. We found 9 common 
genes regulated by Nur77. Finally, we described a significant distribution 
of Nur77 binding sites in strong enhancers and active promoters. This 
work is a first step to understand the role of Nur77 and its common targets 
in neurons and immune cells.
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Introduction
Nur77 (also known as NGFI-B, TR3, and NR4A1) [1–3], is a transcription 

factor encoded by an immediate-early gene, and an orphan member of the 
nuclear receptor superfamily [4-5]. Nur77 has been largely studied in the 
immune system for its function inducing apoptosis of auto-reactive immature 
lymphocytes T and modulating the inflammatory response [6-7]. In the 
Central Nervous System (CNS), Nur77 is widely expressed, particularly in 
brain nuclei that receive dopaminergic and noradrenergic neurotransmission, 
which regulates the expression of Nur77 [8]. Brain pathologies characterized 
by an imbalance of catecholamine neurotransmission, such as anxiety, 
addiction, schizophrenia, and Parkinson disease are associated with changes 
in the expression of Nur77 [9–11]. Despite the growing amount of information 
about Nur77 in CNS, the lack of knowledge of Nur77 target genes in neurons 
hinders the study of its function. Here we analyzed public and experimentally 
generated databases to provide a list of Nur77-directly regulated genes in 
neurons. 

Given that Nur77 is involved in the response to synaptic stimulation and 
control of metabolism in immune and nervous cells [12–15], we asked if Nur77 
regulates the expression of a set of common genes in the nervous and immune 
systems. Our analysis revealed a group of genes that binds Nur77 on their 
promoters and cell adhesion and anchoring functions emerged as regulated 
by Nur77 in both cell types. We also characterized Nur77 binding sites 
throughout the genome, finding a significant distribution in strong enhancers 
and active promoters, reinforcing the function of Nur77 as a transcriptional 
activator. The work presented here is an approach pretending to guide the 
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experimental focus regarding Nur77 investigation, solving in 
part the problem of lack of knowledge of Nur77 target genes 
and presenting new functions that can be attributed to this 
transcription factor in both the immune and nervous systems.

Methods
Data acquisition 

We downloaded the ChIP-Seq peaks from Gene 
Expression Omnibus (GEO) corresponding to EGFP-
Nur77 in K562 (GSE31363) [16] and endogenous Nur77 
in NSC (GSM1603270) and NC (GSM1603273) [17]. The 
microarray data was obtained from the work published by 
Chen et al. in 2014, (GEO Accession; GSE76805) [12]. 
We used ENSEMBL gene annotation for human (hg19) 
and mouse (mm10) which were directly extracted as TxDb 
objects though GenomicFeatures and TxDb. Mmusculus. 
UCSC.mm10.ensGene R packages. Additional genomic 
annotations of different chromatin states and functional 
regions were extracted from UCSC Table browser, including 
the K562 Genome Segmentation by ChromHMM and 
Ensembl Regulatory Build. 

Nur77 binding site characterization 
The overlap between the different ChIP-Seq peaks and 

genomic features were calculated with the GenomicRanges 
R package using the function findOverlaps. 

We intersected the genomic coordinates with K562 
Genome Segmentation by ChromHMM and calculated the 
overlapping enrichment, by normalizing by total coverage of 
each chromatin state across the genome. 

To obtain Nur77 target genes, we used the annotation 
of TSS and proximal promoters provided by the Ensembl 
Regulatory build for human (hg19) and mouse (mm10). The 
annotated TSS and proximal promoters were assigned to 
transcripts ID from Ensembl annotation if they were located 
within 2000 nt upstream and 500 nt downstream from a 
transcript start coordinate. Then, the function findOverlaps 
from Genomic Ranges was used to find Nur77 ChIP-Seq 
peaks that overlapped with TSS or proximal promoters 
from the Ensembl Regulatory build. We used the biomaRt 
R package to find the common gene symbol associated with 
each of the Ensembl IDs that were assigned to each TSS and 
proximal promoter that overlapped with a Nur77 ChIP-Seq 
peak. 

Microarray analyses 
We computed the differentially expression results from 

the microarray data published by Chen et al. in 2014 [12], 
to filter genes that have an adjusted p-value lower than 0.05 
and an absolute value of log2 fold change greater than 1. We 
plotted the results using ggplot2 and highlighting the names 
of genes for which a Nur77 peak were detected in their 
promoters. 

Ontology analysis 
We use the Gene Ontology Consortium server (www.

geneontology.org) [18-19] and processed using default 
parameters with PANTHER analysis tool [20]. 

Results and Discussion
Nur77 target genes in neurons: 

We considered as Nur77 target genes, those genes that 
bind Nur77 in a window of - 2kb to + 500 bp from TSS in 
their promoters, according to our re-analysis of ChIP-Seq data 
of endogenous Nur77 of mouse neural stem cells (NSC) and 
NSC differentiated to neurons (NC) [17]. To select genes in 
which the binding of Nur77 influences transcription, we used 
a microarray of mRNA from mouse hippocampal pyramidal 
neurons overexpressing Nur77 [12] and selected genes with a 
significant change of expression after Nur77 overexpression 
(Fig. 1A). We identified 113 Nur77 target genes in NSC 
(Table S.1) and 16 out these genes changed their expression 
with a fold-change ≥ 2 after Nur77 overexpression (Fig.1B). 
In NC, we identified 116 Nur77 target genes (Table S.2) and 
17 out of these genes changed their expression with a fold-
change ≥ 2 after Nur77 overexpression (Fig. 1C). We found 
53 Nur77 target genes common to NSC and NC, suggesting 
that these genes maintain Nur77 binding to their promoter 
during neuronal differentiation (Table S.3). of binding of 
Nur77 in their promoter (red dots) and TSS (orange dots) 
according  to the ChIP-Seq form NSC (B), and from NC 
(C). Positive numbers indicate overexpression and negative 
numbers down-regulation. The dotted lines demarcate Log2 
Fold of Change = ±1.

Binding of Nur77 on promoters of genes in the 
immune system and the central nervous system.

To find out whether Nur77 exerts a similar function in 
the nervous and immune systems and its conservation in 
human and mouse, we compared the binding peaks from two 
high quality experimentally generated ChIP-Seq databases: 
1.- ChIP-Seq from the ENCODE project of overexpressing 
EGFP-Nur77 in the human chronic myelogenous leukemia 
cell line K562 (16) and 2.- ChIP-Seq of mouse NC (17) (Fig. 
2A). Despite the differences between these two ChIP-Seq 
protocols, we found 271 genes with Nur77 common binding 
on their promoter (-2kb to +500bp from the TSS) in immune 
and neuronal cells (Fig. 2A, Table S.4).

GO analysis of these 271 genes (Fig. 2B and Table S.5) 
showed a significant enrichment of Nur77 target genes in 
ribonucleoprotein complex binding (fold of enrichment 5.2), 
cadherin bindings (fold of enrichment 3.94), cell adhesion 
molecule binding (fold of enrichment 3.05) and protein 
domain specific binding (fold of enrichment 2.66) (Fig. 2B). 
In the cellular component classification, Nur77 target genes 
were mainly enriched in categories of adhesion and junction: 
focal adhesion (fold of enrichment 3.45), cell-substrate 
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adherent junction (fold of enrichment 3.43), cell-substrate 
junction (fold of enrichment 3.39), adherens junction (fold of 
enrichment 3.02), and anchoring junction (fold of enrichment 
2.93). Two categories of nuclear localization were enriched: 
nuclear speck (fold of enrichment 3.33) and nuclear body 
(fold of enrichment 2.86) (Fig. 2B). Many proteins encoded 
by Nur77 target genes, which are common to the nervous 
and immune system, are ribonucleoproteins and adhesion 
molecules. This fact was strengthened by the enrichment of 
Nur77 target genes in nuclear bodies and areas of adherents 
and anchoring junctions (Fig. 2C).

In the biological process classification, Nur77 target genes 
were enriched in regulation of Endoplasmic-Reticulum-
Associated protein Degradation (ERAD) pathway (fold of 
enrichment 12.91) and regulation of response to endoplasmic 
reticulum stress (fold of enrichment 8.01). Three GO terms 
related to interleukin signaling were enriched: interleukin-
12-mediated signaling pathway (fold of enrichment 10.11) 
cellular response to interleukin-12 (fold of enrichment 9.68) 
and response to interleukin-12 (fold of enrichment 9.49). 
Nur77 target genes were also enriched in the regulation of 
protein autophosphorylation (fold of enrichment 9.49) and 
cell aging (8.22) GO terms (Fig. 2B). 

Interestingly, 9 out of the 271 genes were also found in the 
set of genes that significantly changed their expression after 
Nur77 overexpression in neurons: AGAP3, BIRC5, DYM, 
ITGB3, KIF21B, MORN5, RREB1, STRIP2 and WEE1, 
suggesting that these genes are also regulated in the immune 
system. Previous evidence supports that Nur77 controls the 
expression of BIRC5 gene (21), validating our results. Further 
studies are required to fully validate Nur77 control over these 
genes, both in the nervous and immune system.

Characterization of Nur77 binding sites throughout 
the genome: 

To further characterize the binding profile of EGFP-
Nur77, we compared the enrichment of ChIP-Seq peaks 
across 15 chromatin states defined by Ernest et al. for K562 
cell line with the peaks of Nur77 [22]. We calculated the 
overlap enrichment across the EGFP-Nur77 peaks and 
chromatin states for K562 cell line, obtaining a significant 
enrichment of Nur77 peaks across chromatin states associated 
with transcription (Fig. 3A). The analysis of the coordinates 
of EGFP- Nur77 peaks, reported by ENCODE, with respect 
to the nearest transcription start site (TSS), revealed that Most 
of the Nur77 peaks are in a window of +1000 and -1000 bp 
from the nearest TSS (Fig. 3B). In this analysis, we used 

Figure 1: Nur77 target genes in neurons. A) Pipeline of the experimental  procedure of public databases (12,17) and the analysis to select 
Nur77 target genes. B,C) Volcano plots representing genes that change their expression when  Nur77 is overexpressed in pyramidal neurons 
(blue), genes that also have a peak.
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Figure 2: GO analysis of common target genes for Nur77 among the immune and nervous systems A) Pipeline of experimental procedure 
of public databases, and corresponding GO analysis. B) Enriched GO terms (more than 2.5 fold of change). C) The number of genes classified 
in each GO terms category.  Molecular function classification in green bars, cellular component classification in blue bars and biological 
process classification in red bars. Cell adhesion molecule binding category includes cadherin binding GO term genes. Adherens and anchoring 
junctions category includes genes of adherens junction, anchoring junction, focal adhesion, cell-substrate adherent junction, and cell-substrate 
junction GO terms. Nuclear body category includes genes of nuclear speck GO term. Regulation of response to endoplasmic reticulum stress 
includes genes of regulation of ERAD pathway GO term. Response to interleukin-12 category includes genes of interleukin-12-mediated 
signaling pathways, cellular response to interleukin-12 and response to interleukin-12 GO terms (Table S.5).
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-2kb to + 500 bp range as a conservative range to increase 
coverage in the promoter area (upstream the TSS) while 
restricting the downstream coverage. It would be interesting 
to study different windows in the future to address a possible 
role of Nur77 when binding in downstream regions. 

An enrichment analysis using the human chromatin 
segmentation model generated by Ernst, (2011) showed 
significant enrichment of Nur77 peaks in chromatin states 
associated with transcriptional regulatory regions, particularly 
in strong enhancers and active promoters (Fig. 3C). Two of 
chromatin states are described as strong enhancers (states 4 and 
5), which differentiate in the occurrence of specific chromatin 
marks and distance to the TSS. Strong enhancer state 
number 4 presented a higher occurrence of histone 3 lysine 4 
trimethylation (H3K4me3) and histone 3 lysine 9 acetylation 
(H3K9ac) and was closer to TSS than Strong enhancer state 
number 5. Nur77 was enriched in both chromatin states 
described as strong enhancers, exhibiting a log2 enrichment 
greater than 4 in chromatin state 4 (Fig. 3C). High enrichment 
of Nur77 binding was also observed in transcriptional 

 

Figure3: Nur77 binds to active promoters and strong enhancers in K562 cells. Analysis of publicly available database from the anti-EGFP 
ChIP-Seq experiment in K562 cell line overexpressing EGFP-Nur77 (16). A) Pipeline of experimental procedure of public database and 
bioinformatics analysis. B) Abundance of Nur77 binding respecting to the nearest TSS location. C) Enrichment of Nur77 binding sites across 
different chromatin regions defined by Ernst et al. in 2011 (22). In red, log2 of enrichment ≥ 2. In blue, log2 of enrichment 355 ≤ -2. 

transition states of chromatin. These areas presented similar 
characteristics to transcriptional elongation areas, but with an 
increased presence of H4K20me1 and H3K4me1 and more 
sensitive to DNAse [22], suggesting an intermediate state 
between the promoter activation and effective elongation. In 
contrast, we found a negative enrichment for Nu77 binding in 
transcriptional elongation areas. Nur77 was poorly enriched 
in states numbers 6 and 7, both described as weak enhancers 
which differ in the occurrence of H3K4me2 and DNase 
sensitivity [22]. Finally, negative enrichment was observed 
in heterochromatin regions, indicating the absence of Nur77 
in inactive areas of the chromatin (Fig. 3C). 

Altogether these data indicate that Nur77 is mostly 
associated with active sites of chromatin, concordant with the 
role of Nur77 as a transcriptional activator, also confirmed 
by the high presence of Nur77 in the TSS. Our data also 
shows that Nur77 binds transcriptional transition areas, 
suggesting that Nur77 is present in the promoters of its target 
genes independently of their state (active or inactive). On the 
other hand, the data suggests that the presence of Nur77 in 
enhancers would be limited to the active state. 
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In conclusion, our data analyses show that Nur77 is bound 
to the promoter of its target genes independently of their 
transcriptional state (weak, poised or active). In addition, 
our data suggests that the presence of Nur77 in enhancers is 
limited to the active state. We propose that Nur77 is always 
present in promoters but only binds to enhancers when it is 
upregulated, modulating thus transcription in response to 
stimuli. 

Our analysis showed a strong participation of Nur77 
target genes in anchoring and adhesion functions, which is 
consistent with the previously described roles of Nur77 in 
the modulation of neurite growth in neurons [13], and in 
the immune response [14-15], both processes that require 
interaction between cells and with the extracellular matrix. 

Finally, genes found in this work as common targets 
of Nur77 in the nervous and immune systems are new and 
undescribed targets of this transcription factor. The work 
presented here is an approach pretending to guide the 
experimental focus regarding Nur77 investigation, solving in 
part the problem of lack of knowledge about Nur77 target 
genes and presenting new functions that can be attributed 
to this transcription factor in both the immune and nervous 
systems.

Limitations
The work presented here is a re-analysis of previously 

validated databases. However, differences in protocols or 
the overexpression of Nur77 could generate biases in the 
analyses. To be sure that genes described here are really 
modulated by Nur77, we were very restrictive in the selection 
process, this could lead to an underrepresentation of all genes 
regulated by Nur77 in neurons. 

Abbreviations 
ChIP-Seq: Chromatin immunoprecipitation followed by 

sequencing; CNS: Central nervous system; NC: Neuronal 
cells; NSC: Neuronal stem cells; GO: Gene ontology; TSS: 
Transcription start site. 
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Table S.1: Nur77 target genes in the NSC.
Gene 

Symbol wikigene_description peak location
Log2_Fold

adj_p_val ensembl_gene_id
Change

Actr3b ARP3 actin-related protein 3B TSS 0.721 5.22E-06 ENSMUSG00000056367

Aif1l allograft inflammatory factor 1-like TSS 0.646 5.72E-05 ENSMUSG00000001864

Akap13 A kinase (PRKA) anchor protein 13 TSS -0.673 1.08E-05 ENSMUSG00000066406

Ankrd37 ankyrin repeat domain 37 TSS 0.519 0.000478 ENSMUSG00000050914

Asb2 ankyrin repeat and SOCS box-containing 2 Proximal -0.793 2.27E-05 ENSMUSG00000021200

Asxl3 additional sex combs like 3 (Drosophila) TSS 0.537 0.00076 ENSMUSG00000045215

B3gat2 beta-1,3-glucuronyltransferase 2 
(glucuronosyltransferase S) TSS -0.581 4.29E-05 ENSMUSG00000026156

Bcar3 breast cancer anti-estrogen resistance 3 TSS 0.54 7.49E-05 ENSMUSG00000028121

Blvrb biliverdin reductase B (flavin reductase (NADPH)) TSS 0.875 1.66E-06 ENSMUSG00000040466

Brpf1 bromodomain and PHD finger containing, 1 TSS 0.516 0.000134 ENSMUSG00000001632

Ccdc138 coiled-coil domain containing 138 TSS -0.813 4.49E-06 ENSMUSG00000038010

Ccdc68 coiled-coil domain containing 68 TSS -1.45 9.22E-08 ENSMUSG00000038903

Ccdc71l coiled-coil domain containing 71 like TSS 0.598 0.00072 ENSMUSG00000090946

Ccnd3 cyclin D3 TSS 1.44 1.06E-07 ENSMUSG00000034165

Ccnjl cyclin J-like TSS -0.842 5.93E-06 ENSMUSG00000044707

Cd59a CD59a antigen TSS 0.506 7.03E-05 ENSMUSG00000032679

Cdh2 cadherin 2 TSS 0.527 0.000742 ENSMUSG00000024304

Chaf1b chromatin assembly factor 1, subunit B (p60) TSS 0.589 4.44E-05 ENSMUSG00000022945

Chchd7 coiled-coil-helix-coiled-coil-helix domain containing 7 TSS 0.819 2.90E-06 ENSMUSG00000042198

Cog1 component of oligomeric golgi complex 1 TSS 0.533 0.000102 ENSMUSG00000018661

Coq10b coenzyme Q10B TSS 0.505 0.002 ENSMUSG00000025981

Dll1 delta-like 1 (Drosophila) TSS 0.684 0.000173 ENSMUSG00000014773

Dnajc12 DnaJ heat shock protein family (Hsp40) member C12 TSS 0.533 8.94E-05 ENSMUSG00000036764

Dock1 dedicator of cytokinesis 1 TSS 0.543 0.00022 ENSMUSG00000058325

Dusp14 dual specificity phosphatase 14 TSS -0.725 0.00054 ENSMUSG00000018648

Dym dymeclin TSS -0.505 0.000416 ENSMUSG00000035765

Etl4 enhancer trap locus 4 TSS 0.801 7.02E-05 ENSMUSG00000036617

Fam171b family with sequence similarity 171, member B TSS -0.542 6.48E-05 ENSMUSG00000048388

Farp2 FERM, RhoGEF and pleckstrin domain protein 2 TSS 0.56 0.000101 ENSMUSG00000034066

Fars2 phenylalanine-tRNA synthetase 2 (mitochondrial) TSS 0.661 1.49E-05 ENSMUSG00000021420

Fbxl21 F-box and leucine-rich repeat protein 21 TSS 1.21 7.65E-06 ENSMUSG00000035509

Fbxw9 F-box and WD-40 domain protein 9 TSS -0.553 0.000391 ENSMUSG00000008167

Fgf18 fibroblast growth factor 18 TSS -0.799 8.86E-06 ENSMUSG00000057967

Fgfr1 fibroblast growth factor receptor 1 TSS -0.546 0.00046 ENSMUSG00000031565

Fkbp1a FK506 binding protein 1a TSS -0.512 0.00978 ENSMUSG00000032966

Fkbp1b FK506 binding protein 1b TSS -0.586 5.52E-05 ENSMUSG00000020635

SUPPLEMENTARY FILES

Table S.1:  Nur77 target genes in NSC. Genes that bind Nur77 in their promoter regions, according to the ChIP-Seq of NSC, whose 
expression is modified when Nur77 is overexpressed in pyramidal neurons. Columns correspond to gene name, gene description from wikigene 
database [23], Nur77 peak location according to the ChIP-Seq from NSC (GSM1603270) [17], Log2 of the fold of change and p-value adjusted 
according to differential expression analysis of microarray from pyramidal neurons overexpressing Nur77 (GSE76805) [12] and gene identifier 
in the Ensembl database.
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Flcn folliculin TSS 0.648 1.64E-05 ENSMUSG00000032633

Foxn2 forkhead box N2 TSS 0.633 5.19E-05 ENSMUSG00000034998

Fras1 Fraser extracellular matrix complex subunit 1 TSS 1.36 1.46E-05 ENSMUSG00000034687

Gm16062  TSS 2.58 1.58E-09 ENSMUSG00000087249

Gngt2 guanine nucleotide binding protein (G protein), gamma 
transducing activity polypeptide 2 TSS 1.26 1.45E-07 ENSMUSG00000038811

Gsto1 glutathione S-transferase omega 1 Proximal 1.46 3.09E-08 ENSMUSG00000025068

H2-Q7 histocompatibility 2, Q region locus 7 TSS 0.629 5.18E-05 ENSMUSG00000060550

Homer3 homer scaffolding protein 3 Proximal -0.523 0.00012 ENSMUSG00000003573

Hsdl2 hydroxysteroid dehydrogenase like 2 TSS 0.678 9.14E-06 ENSMUSG00000028383

Id1 inhibitor of DNA binding 1 TSS -0.57 0.000255 ENSMUSG00000042745

Ift80 intraflagellar transport 80 TSS 0.651 5.91E-05 ENSMUSG00000027778

Inpp4b inositol polyphosphate-4-phosphatase, type II TSS -0.993 1.33E-06 ENSMUSG00000037940

Itgb3 integrin beta 3 Proximal 0.938 2.29E-06 ENSMUSG00000020689

Jak2 Janus kinase 2 TSS 1.16 4.13E-07 ENSMUSG00000024789

Jmjd1c jumonji domain containing 1C TSS 0.511 0.000413 ENSMUSG00000037876

Jun jun proto-oncogene TSS -0.524 0.00655 ENSMUSG00000052684

Klhl25 kelch-like 25 TSS -0.546 9.27E-05 ENSMUSG00000055652

Larp4 La ribonucleoprotein domain family, member 4 TSS 0.548 8.94E-05 ENSMUSG00000023025

Ldlr low density lipoprotein receptor TSS -0.528 0.00242 ENSMUSG00000032193

Lmo2 LIM domain only 2 TSS -0.649 0.00014 ENSMUSG00000032698

Lrba LPS-responsive beige-like anchor TSS 0.599 0.00046 ENSMUSG00000028080

Lrrfip1 leucine rich repeat (in FLII) interacting protein 1 TSS 0.513 0.00189 ENSMUSG00000026305

Map3k1 mitogen-activated protein kinase kinase kinase 1 TSS 0.541 5.58E-05 ENSMUSG00000021754

Map6 microtubule-associated protein 6 TSS -0.543 4.36E-05 ENSMUSG00000055407

Map7d2 MAP7 domain containing 2 TSS 0.623 9.40E-05 ENSMUSG00000041020

Meis1 Meis homeobox 1 TSS 0.574 0.000123 ENSMUSG00000020160

Myo5a myosin VA TSS 0.979 7.26E-06 ENSMUSG00000034593

Ndrg1 N-myc downstream regulated gene 1 TSS -0.733 6.20E-06 ENSMUSG00000005125

Nek11 NIMA (never in mitosis gene a)-related expressed 
kinase 11 TSS -0.712 6.72E-06 ENSMUSG00000035032

Nmrk1 nicotinamide riboside kinase 1 TSS 0.58 3.69E-05 ENSMUSG00000037847

Nod1 nucleotide-binding oligomerization domain containing 1 TSS -0.598 2.65E-05 ENSMUSG00000038058

Nudt9 nudix (nucleoside diphosphate linked moiety X)-type 
motif 9 TSS 0.879 1.95E-05 ENSMUSG00000029310

Numa1 nuclear mitotic apparatus protein 1 TSS 0.51 0.000383 ENSMUSG00000066306

P4ha2 procollagen-proline, 2-oxoglutarate 4-dioxygenase 
(proline 4-hydroxylase), alpha II polypeptide TSS -0.778 1.91E-05 ENSMUSG00000018906

Pcx pyruvate carboxylase TSS 0.572 3.02E-05 ENSMUSG00000024892

Perp PERP, TP53 apoptosis effector TSS -0.54 5.37E-05 ENSMUSG00000019851

Plk2 polo like kinase 2 TSS 1.07 0.000245 ENSMUSG00000021701

Ppp1r1b protein phosphatase 1, regulatory (inhibitor) subunit 1B TSS -0.977 5.21E-06 ENSMUSG00000061718
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Ptger3 prostaglandin E receptor 3 (subtype EP3) TSS 0.651 7.39E-05 ENSMUSG00000040016

Pygb brain glycogen phosphorylase TSS -0.542 1.00E-04 ENSMUSG00000033059

Raly hnRNP-associated with lethal yellow TSS 0.529 0.00018 ENSMUSG00000027593

Rcl1 RNA terminal phosphate cyclase-like 1 TSS 1.35 3.39E-07 ENSMUSG00000024785

Rcor2 REST corepressor 2 Proximal -1.34 1.13E-07 ENSMUSG00000024968

Rhou ras homolog family member U TSS -0.676 1.63E-05 ENSMUSG00000039960

Rnd2 Rho family GTPase 2 TSS -0.698 6.92E-05 ENSMUSG00000001313

Rpp14 ribonuclease P 14 subunit TSS 0.605 2.11E-05 ENSMUSG00000023156

Rreb1 ras responsive element binding protein 1 TSS 1.08 1.01E-06 ENSMUSG00000039087

Rrm2 ribonucleotide reductase M2 TSS 1.26 2.97E-07 ENSMUSG00000020649

Runx1t1 runt-related transcription factor 1; translocated to, 1 
(cyclin D-related) TSS -0.595 2.00E-04 ENSMUSG00000006586

Samd14 sterile alpha motif domain containing 14 TSS -0.839 2.58E-06 ENSMUSG00000047181

Sapcd2 suppressor APC domain containing 2 TSS 0.979 1.40E-06 ENSMUSG00000026955

Satb1 special AT-rich sequence binding protein 1 TSS 0.543 0.000272 ENSMUSG00000023927

Scn4b sodium channel, type IV, beta TSS 0.529 0.000119 ENSMUSG00000046480

Sertad1 SERTA domain containing 1 TSS 0.728 0.00786 ENSMUSG00000008384

Sesn3 sestrin 3 TSS 0.726 2.65E-05 ENSMUSG00000032009

Sfmbt1 Scm-like with four mbt domains 1 TSS 0.669 5.52E-05 ENSMUSG00000006527

Slk STE20-like kinase TSS 0.559 0.000258 ENSMUSG00000025060

Socs2 suppressor of cytokine signaling 2 TSS -1.03 8.51E-07 ENSMUSG00000020027

Sod3 superoxide dismutase 3, extracellular Proximal 0.861 4.36E-06 ENSMUSG00000072941

Sorbs2 sorbin and SH3 domain containing 2 TSS 0.509 0.00352 ENSMUSG00000031626

Sphk1 sphingosine kinase 1 TSS -0.635 0.000213 ENSMUSG00000061878

Ssbp2 single-stranded DNA binding protein 2 TSS -0.737 1.43E-05 ENSMUSG00000003992

Stmn1 stathmin 1 TSS -0.729 2.22E-05 ENSMUSG00000028832

Strip2 striatin interacting protein 2 TSS -1.6 3.57E-07 ENSMUSG00000039629

Stx1a syntaxin 1A (brain) TSS -0.536 0.000103 ENSMUSG00000007207

Tcf15 transcription factor 15 TSS -0.802 2.65E-05 ENSMUSG00000068079

Tfdp2 transcription factor Dp 2 TSS 0.636 0.000372 ENSMUSG00000032411

Tjp3 tight junction protein 3 TSS 0.587 5.83E-05 ENSMUSG00000034917

Trim16 tripartite motif-containing 16 TSS 0.888 3.55E-06 ENSMUSG00000047821

Tuba1b tubulin, alpha 1B TSS -0.702 2.02E-05 ENSMUSG00000023004

Unc13b unc-13 homolog B (C. elegans) TSS 0.901 7.85E-06 ENSMUSG00000028456

Wee1 WEE 1 homolog 1 (S. pombe) TSS 0.582 7.39E-05 ENSMUSG00000031016

Whrn whirlin TSS 0.722 4.28E-05 ENSMUSG00000039137

Wscd1 WSC domain containing 1 TSS 1.01 4.11E-05 ENSMUSG00000020811

Zcchc7 zinc finger, CCHC domain containing 7 TSS 0.745 2.14E-05 ENSMUSG00000035649

Zfand4 zinc finger, AN1-type domain 4 TSS 0.851 9.11E-05 ENSMUSG00000042213

Zfp184 zinc finger protein 184 (Kruppel-like) TSS 0.787 4.49E-06 ENSMUSG00000006720
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Table S.2: Nur77 target genes in NC.

Gene Symbol wikigene_description peak 
location

Log2_Fold
adj_p_val ensembl_gene_id

Change

2700012I20Rik  TSS 0.561 9.77E-05 ENSMUSG00000097334

4833418N02Rik  TSS 0.521 0.000478 ENSMUSG00000085287

4930429F24Rik  TSS -0.856 1.18E-05 ENSMUSG00000086918

Actr3b ARP3 actin-related protein 3B TSS 0.721 5.22E-06 ENSMUSG00000056367

Agap3 ArfGAP with GTPase domain, ankyrin repeat and 
PH domain 3 TSS 0.619 3.06E-05 ENSMUSG00000023353

Ahcyl2 S-adenosylhomocysteine hydrolase-like 2 TSS -0.566 5.40E-05 ENSMUSG00000029772

Ankrd37 ankyrin repeat domain 37 TSS 0.519 0.000478 ENSMUSG00000050914

Asxl3 additional sex combs like 3 (Drosophila) TSS 0.537 0.00076 ENSMUSG00000045215

B3gat2 beta-1,3-glucuronyltransferase 2 
(glucuronosyltransferase S) TSS -0.581 4.29E-05 ENSMUSG00000026156

B3gnt2 UDP-GlcNAc:betaGal beta-1,3-N-
acetylglucosaminyltransferase 2 TSS 0.566 8.35E-05 ENSMUSG00000051650

Bbs9 Bardet-Biedl syndrome 9 (human) TSS 0.931 2.16E-06 ENSMUSG00000035919

Birc5 baculoviral IAP repeat-containing 5 TSS 0.532 0.000119 ENSMUSG00000017716

Bok BCL2-related ovarian killer Proximal 1.7 1.61E-08 ENSMUSG00000026278

Camk2d calcium/calmodulin-dependent protein kinase II, 
delta TSS 1.15 5.18E-07 ENSMUSG00000053819

Ccnd1 cyclin D1 TSS 0.524 5.51E-05 ENSMUSG00000070348

Ccnd3 cyclin D3 TSS 1.44 1.06E-07 ENSMUSG00000034165

Cd24a CD24a antigen TSS -0.566 0.000199 ENSMUSG00000047139

Cd83 CD83 antigen TSS -0.727 1.16E-05 ENSMUSG00000015396

Cdh2 cadherin 2 TSS 0.527 0.000742 ENSMUSG00000024304

Cdk2ap1 CDK2 (cyclin-dependent kinase 2)-associated 
protein 1 TSS 0.627 1.74E-05 ENSMUSG00000029394

Cdkn2c cyclin-dependent kinase inhibitor 2C (p18, 
inhibits CDK4) TSS 0.553 0.000271 ENSMUSG00000028551

Cenpe centromere protein E TSS 0.539 0.000286 ENSMUSG00000045328

Chchd7 coiled-coil-helix-coiled-coil-helix domain 
containing 7 TSS 0.819 2.90E-06 ENSMUSG00000042198

Cog1 component of oligomeric golgi complex 1 TSS 0.533 0.000102 ENSMUSG00000018661

Crim1 cysteine rich transmembrane BMP regulator 1 
(chordin like) TSS -0.89 4.49E-06 ENSMUSG00000024074

Dock1 dedicator of cytokinesis 1 TSS 0.543 0.00022 ENSMUSG00000058325

Dusp10 dual specificity phosphatase 10 TSS 0.564 5.60E-05 ENSMUSG00000039384

Dusp6 dual specificity phosphatase 6 TSS 0.881 2.70E-05 ENSMUSG00000019960

Dym dymeclin TSS -0.505 0.000416 ENSMUSG00000035765

Egfr epidermal growth factor receptor TSS 0.867 4.52E-06 ENSMUSG00000020122

Egr2 early growth response 2 TSS 1.36 0.00696 ENSMUSG00000037868

Erlin1 ER lipid raft associated 1 TSS 0.573 5.91E-05 ENSMUSG00000025198

Errfi1 ERBB receptor feedback inhibitor 1 TSS 0.771 0.00115 ENSMUSG00000028967

Table S.2:  Nur77 target genes in NC. Genes that bind Nur77 in their promoter regions, according to the ChIP-Seq of NC, whose expression 
is modified when Nur77 is overexpressed in pyramidal neurons. Columns correspond to gene name, gene description from wikigene database 
[23], Nur77 peak location according to the ChIP-Seq from NC (GSM1603273) [17], Log2 of the fold of change and p-value adjusted according 
to differential expression analysis of microarray from pyramidal neurons overexpressing Nur77 (GSE76805) [12] and gene identifier in the 
Ensembl database.
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Etl4 enhancer trap locus 4 TSS 0.801 7.02E-05 ENSMUSG00000036617

Fabp3 fatty acid binding protein 3, muscle and heart TSS -0.693 1.88E-05 ENSMUSG00000028773

Fam171b family with sequence similarity 171, member B TSS -0.542 6.48E-05 ENSMUSG00000048388

Fanci Fanconi anemia, complementation group I Proximal 0.514 9.24E-05 ENSMUSG00000039187

Fbln7 fibulin 7 TSS 0.753 1.78E-05 ENSMUSG00000027386

Fbxw9 F-box and WD-40 domain protein 9 TSS -0.553 0.000391 ENSMUSG00000008167

Fkbp1a FK506 binding protein 1a TSS -0.512 0.00978 ENSMUSG00000032966

Fkbp1b FK506 binding protein 1b TSS -0.586 5.52E-05 ENSMUSG00000020635

Foxn2 forkhead box N2 TSS 0.633 5.19E-05 ENSMUSG00000034998

Gsta4 glutathione S-transferase, alpha 4 TSS 1.21 1.45E-07 ENSMUSG00000032348

Homer3 homer scaffolding protein 3 Proximal -0.523 0.00012 ENSMUSG00000003573

Hr hairless TSS 0.715 1.59E-05 ENSMUSG00000022096

Hsdl2 hydroxysteroid dehydrogenase like 2 TSS 0.678 9.14E-06 ENSMUSG00000028383

Inpp4b inositol polyphosphate-4-phosphatase, type II TSS -0.993 1.33E-06 ENSMUSG00000037940

Itga6 integrin alpha 6 TSS 0.549 0.000122 ENSMUSG00000027111

Itgb3 integrin beta 3 Proximal 0.938 2.29E-06 ENSMUSG00000020689

Jmjd1c jumonji domain containing 1C TSS 0.511 0.000413 ENSMUSG00000037876

Jun jun proto-oncogene TSS -0.524 0.00655 ENSMUSG00000052684

Kif21b kinesin family member 21B TSS -0.624 0.000711 ENSMUSG00000041642

Klf15 Kruppel-like factor 15 TSS 0.758 5.03E-05 ENSMUSG00000030087

Larp4 La ribonucleoprotein domain family, member 4 TSS 0.548 8.94E-05 ENSMUSG00000023025

Lhx9 LIM homeobox protein 9 Proximal -0.601 0.000462 ENSMUSG00000019230

Lmo2 LIM domain only 2 Proximal -0.649 0.00014 ENSMUSG00000032698

Lrp11 low density lipoprotein receptor-related protein 
11 TSS -0.523 0.000119 ENSMUSG00000019796

Map6 microtubule-associated protein 6 Proximal -0.543 4.36E-05 ENSMUSG00000055407

Map7d2 MAP7 domain containing 2 TSS 0.623 9.40E-05 ENSMUSG00000041020

Mat2b methionine adenosyltransferase II, beta TSS 0.766 9.43E-06 ENSMUSG00000042032

Morn1 MORN repeat containing 1 TSS -0.542 5.52E-05 ENSMUSG00000029049

Morn5 MORN repeat containing 5 TSS -0.699 1.12E-05 ENSMUSG00000026894

Myo5a myosin VA TSS 0.979 7.26E-06 ENSMUSG00000034593

Nceh1 neutral cholesterol ester hydrolase 1 TSS 0.695 1.84E-05 ENSMUSG00000027698

Nes nestin TSS 0.64 5.05E-05 ENSMUSG00000004891

Nmrk1 nicotinamide riboside kinase 1 TSS 0.58 3.69E-05 ENSMUSG00000037847

Nod1 nucleotide-binding oligomerization domain 
containing 1 TSS -0.598 2.65E-05 ENSMUSG00000038058

Nt5dc3 5'-nucleotidase domain containing 3 TSS 0.835 5.93E-06 ENSMUSG00000054027

Numa1 nuclear mitotic apparatus protein 1 TSS 0.51 0.000383 ENSMUSG00000066306

Olfml2b olfactomedin-like 2B TSS -1.47 5.02E-08 ENSMUSG00000038463

P2ry1 purinergic receptor P2Y, G-protein coupled 1 TSS 0.693 1.05E-05 ENSMUSG00000027765

Pcgf5 polycomb group ring finger 5 TSS 0.585 7.49E-05 ENSMUSG00000024805

Pcx pyruvate carboxylase TSS 0.572 3.02E-05 ENSMUSG00000024892
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Perp PERP, TP53 apoptosis effector TSS -0.54 5.37E-05 ENSMUSG00000019851

Pkig protein kinase inhibitor, gamma TSS -0.567 6.55E-05 ENSMUSG00000035268

Plcb4 phospholipase C, beta 4 TSS 0.514 0.000486 ENSMUSG00000039943

Pld1 phospholipase D1 TSS 0.613 0.000181 ENSMUSG00000027695

Plekhd1 pleckstrin homology domain containing, family D 
(with coiled-coil domains) member 1 TSS -1.49 4.19E-08 ENSMUSG00000066438

Plk2 polo like kinase 2 TSS 1.07 0.000245 ENSMUSG00000021701

Ppm1l protein phosphatase 1 (formerly 2C)-like TSS 1.44 3.48E-07 ENSMUSG00000027784

Prcp prolylcarboxypeptidase (angiotensinase C) TSS 0.77 8.58E-06 ENSMUSG00000061119

Prkcb protein kinase C, beta Proximal 0.547 0.000226 ENSMUSG00000052889

Ptger3 prostaglandin E receptor 3 (subtype EP3) TSS 0.651 7.39E-05 ENSMUSG00000040016

Pvt1  TSS -0.506 0.000119 ENSMUSG00000097039

Pygb brain glycogen phosphorylase TSS -0.542 1.00E-04 ENSMUSG00000033059

Rasl11b RAS-like, family 11, member B TSS 0.897 9.91E-06 ENSMUSG00000049907

Rcl1 RNA terminal phosphate cyclase-like 1 TSS 1.35 3.39E-07 ENSMUSG00000024785

Rcor2 REST corepressor 2 Proximal -1.34 1.13E-07 ENSMUSG00000024968

Rora RAR-related orphan receptor alpha TSS 0.62 8.44E-05 ENSMUSG00000032238

Rpp14 ribonuclease P 14 subunit TSS 0.605 2.11E-05 ENSMUSG00000023156

Rreb1 ras responsive element binding protein 1 TSS 1.08 1.01E-06 ENSMUSG00000039087

Rrm2 ribonucleotide reductase M2 TSS 1.26 2.97E-07 ENSMUSG00000020649

Runx1t1 runt-related transcription factor 1; translocated 
to, 1 (cyclin D-related) TSS -0.595 2.00E-04 ENSMUSG00000006586

Sertad1 SERTA domain containing 1 TSS 0.728 0.00786 ENSMUSG00000008384

Sfmbt1 Scm-like with four mbt domains 1 TSS 0.669 5.52E-05 ENSMUSG00000006527

Slc16a6 solute carrier family 16 (monocarboxylic acid 
transporters), member 6 TSS 0.705 2.65E-05 ENSMUSG00000041920

Slit2 slit homolog 2 (Drosophila) TSS 1.83 1.65E-07 ENSMUSG00000031558

Slit3 slit homolog 3 (Drosophila) TSS 0.783 1.24E-05 ENSMUSG00000056427

Slk STE20-like kinase TSS 0.559 0.000258 ENSMUSG00000025060

Smc2 structural maintenance of chromosomes 2 TSS 0.88 4.70E-06 ENSMUSG00000028312

Sod3 superoxide dismutase 3, extracellular Proximal 0.861 4.36E-06 ENSMUSG00000072941

Ssbp2 single-stranded DNA binding protein 2 TSS -0.737 1.43E-05 ENSMUSG00000003992

Strip2 striatin interacting protein 2 TSS -1.6 3.57E-07 ENSMUSG00000039629

Tcf15 transcription factor 15 TSS -0.802 2.65E-05 ENSMUSG00000068079

Tiam2 T cell lymphoma invasion and metastasis 2 TSS -1.47 5.09E-08 ENSMUSG00000023800

Tmcc2 transmembrane and coiled-coil domains 2 TSS -0.643 0.000122 ENSMUSG00000042066

Tmem255b transmembrane protein 255B TSS 0.526 0.000394 ENSMUSG00000038457

Vim vimentin TSS 0.616 1.67E-05 ENSMUSG00000026728

Vldlr very low density lipoprotein receptor TSS 0.664 5.25E-05 ENSMUSG00000024924

Wee1 WEE 1 homolog 1 (S. pombe) TSS 0.582 7.39E-05 ENSMUSG00000031016

Whrn whirlin TSS 0.722 4.28E-05 ENSMUSG00000039137

Wscd1 WSC domain containing 1 TSS 1.01 4.11E-05 ENSMUSG00000020811

Zcchc7 zinc finger, CCHC domain containing 7 TSS 0.745 2.14E-05 ENSMUSG00000035649

Zfand4 zinc finger, AN1-type domain 4 TSS 0.851 9.11E-05 ENSMUSG00000042213

Zfp367 zinc finger protein 367 TSS 0.632 4.00E-04 ENSMUSG00000044934

Znrf2 zinc and ring finger 2 TSS -0.658 4.28E-05 ENSMUSG00000058446
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Table S.3: Genes binding Nur77 in NSC and NC

Gene Symbol

NSC only NC only Common genes
Aif1l 2700012I20Rik Actr3b

Akap13 4833418N02Rik Ankrd37

Asb2 4930429F24Rik Asxl3

Bcar3 Agap3 B3gat2

Blvrb Ahcyl2 Ccnd3

Brpf1 B3gnt2 Cdh2

Ccdc138 Bbs9 Chchd7

Ccdc68 Birc5 Cog1

Ccdc71l Bok Dock1

Ccnjl Camk2d Dym

Cd59a Ccnd1 Etl4

Chaf1b Cd24a Fam171b

Coq10b Cd83 Fbxw9

Dll1 Cdk2ap1 Fkbp1a

Dnajc12 Cdkn2c Fkbp1b

Dusp14 Cenpe Foxn2

Farp2 Crim1 Homer3

Fars2 Dusp10 Hsdl2

Fbxl21 Dusp6 Inpp4b

Fgf18 Egfr Itgb3

Fgfr1 Egr2 Jmjd1c

Flcn Erlin1 Jun

Fras1 Errfi1 Larp4

Gm16062 Fabp3 Lmo2

Gngt2 Fanci Map6

Gsto1 Fbln7 Map7d2

H2-Q7 Gsta4 Myo5a

Id1 Hr Nmrk1

Ift80 Itga6 Nod1

Jak2 Kif21b Numa1

Klhl25 Klf15 Pcx

Ldlr Lhx9 Perp

Lrba Lrp11 Plk2

Lrrfip1 Mat2b Ptger3

Map3k1 Morn1 Pygb

Meis1 Morn5 Rcl1

Ndrg1 Nceh1 Rcor2

Nek11 Nes Rpp14

Nudt9 Nt5dc3 Rreb1

P4ha2 Olfml2b Rrm2

Ppp1r1b P2ry1 Runx1t1

Raly Pcgf5 Sertad1

Rhou Pkig Sfmbt1

Table S.3: Genes binding Nur77 in NSC and NC
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Capzb
Ptp4a2

Patj
Nr0b2
Lsm10
Tesk1

Tmem53
Coa7
Wasf2
Stk40

Zbtb8os
Atp6v0b
Rbbp4
Nom1
Mob1b
Ywhah
Agap3
Fbxo42
Mxra8
Cenpa
Ccng2
Cep104
Ube3c

Depdc5
Sh3bp2

Yes1
Krit1
Dhrs3
Ubr4
Srp72
Rpl22
Nsun5
Baz1b
Cops6

Dr1
Gpn3
P2rx4
Srsf9
Casp2
Strip2
Pptc7

Mblac1
Chek2
Pms2
Vps29
Cav1

Rad9b

Table S.4: Lymphatic and neuronal common target genes
Gene symbol

Cnnm3
Sdccag8

Sde2
Phlda3
Cnst
Yod1

Pfkfb2
Kif21b
Tmco1
Fnbp4
Acbd5
Hspa5
Mrrf

Morn5
Ptpa
Ak8
Abl1

Frmd4a
Golga2
Ralgds

Tnks1bp1
Cry2

Trim44
Prpf6
Ptpra

Slc20a1
Itch

Pcif1
Serf2
Cstf1

Samd10
Stard9
Otud7b
Rsrc1

Selenot
Leprot
Pum1

Laptm5
Cc2d1b

Ipp

Table S.4: Nur77 target genes common to lymphatic and 
neuronal systems.
Nur77 target genes, common to the immune and neural systems. 
Only genes exhibiting Nur77 binding in their promoters are listed. 
This set of genes was used for GO analysis.
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Gtf2i
Bbc3
Ercc1

Bcl2l13
Necap1
Hnrnpf
Klhl42
Leng8
Serbp1
Zxdc
Zfp36

Ube2m
Foxp1

Map2k7
Lrrc27
Snrpa1
Lamtor1

Ilk
Wee1

Fam103a1
Armc5
Setd1a
Eef2k
Mical2
Rpl27a
Orai3

Fam174b
Ucp2
Rrp8
Tfdp1
Rab8a
Nutf2
Dctd

Ap1g1
St3gal2
Herpud1

Cdh5
Kbtbd3
Mtss1l
Irf2bp2
Coa6
Pdp2

Dnaaf1
Slc12a4

Cmip
Adcy7

Qtrt1
Ccdc12
Limd1
Ctsh
Nt5e

Abhd5
Pif1
Vill

Tcaim
Usp2
Elp6

Als2cl
Msl2
Trip4

Mob3a
Cdk4
Lims1
Cdc34
Ascc3
Hace1
Cited2
Wdr18
Ascc1
Bsg

Izumo4
Nfic

Chst3
Ccdc6
Vps54
Rack1
Dbnl

Mat2b
Fnip1

Hnrnph1
Larp1

Snord96a
Snord95

Tmem256
Rai1

Sqstm1
Lrrc75a

Tbx2
Shpk
Igfbp4
Pfn1
Rnft1

http://


Faunes F et al., J Bioinform Syst Biol 2023
DOI:10.26502/jbsb.5107056

Citation: Faunes F, Andrés ME, Olivares-Costa M. Bioinformatic analysis of transcriptional regulation by Nur77 in central nervous system and 
immune system. Journal of Bioinformatics and Systems Biology. 6 (2023): 134-151.

Volume 6 • Issue 3 150 

Ube2g1
Eno3

Fam222b
Srsf1
Pitpna

Snord4a
Nfe2l1
Snx11
Rpl23a
Twistnb
Laptm4a
Gna13
Mrc2
Unk

Sec14l1
Fn3k

Engase
Hexim1
Ubald2
Gdi2
Birc5

B3galnt2
H3f3b
Prcd

Rreb1
Tmc8
Vdac2

Nkiras1
Vcl

Ndufb9
Cyc1
Adk
Tbca

Mblac2
Plec

Col4a3bp
Chrac1
Drosha
Gnb1l

Hoxc10
Tef

Serpind1
Top3b
Slc4a8
Yars2

Txnrd2

Thap7
Ubald1
Rtl10

Hsf2bp
Cd320
Sod2
Wrb

Pkmyt1
Luc7l
Brd2

Morc3
Dnph1
Rrp1b
Tfeb
Safb
Safb2
Rpp21

Etf1
Impa2
Seh1l
Dctn4
Fth1
Yif1a
Dym

Cxxc5
Bscl2

Trmt112
Ubxn1

Aip
Tmem109

Prdx5
Ankrd13d

Neat1
Hspa9
Coq5

Slc30a10
Ptgir

Btbd19
Akt2

Tanc1
Mettl13
Itgb3
Ten1

Gsdmd
Hist1h2bn

Rab4a
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Biological Process

GO category Mapped Ids Gene name 

Regulation of 
response to 
endoplasmic 

reticulum stress

Regulation of 
ERAD pathway

Herpud1 Homocysteine-responsive endoplasmic reticulum-resident ubiquitin-like domain 
member 1 protein

Ubxn1 UBX domain-containing protein 1

Yod1 Ubiquitin thioesterase OTU1

Rnft1 E3 ubiquitin-protein ligase RNFT1

Cav1 Caveolin-1

 Rack1 Receptor of activated protein C kinase 1

 Hspa5 Endoplasmic reticulum chaperone BiP

 Nfe2l1 Endoplasmic reticulum membrane sensor NFE2L1

 Bbc3 Bcl-2-binding component 3

Interleukin-12-mediated signaling 
pathway; Cellular response to 
interleukin-12; Response to 

interleukin-12

Aip AH receptor-interacting protein

Snrpa1 U2 small nuclear ribonucleoprotein A'

Sod2 Superoxide dismutase [Mn], mitochondrial

Hnrnpf Heterogeneous nuclear ribonucleoprotein F

Pitpna Phosphatidylinositol transfer protein alpha isoform

Hspa9 Stress-70 protein, mitochondrial;HSPA9

Regulation of protein 
autophosphorylation

Eef2k Eukaryotic elongation factor 2 kinase

Tnks1bp1 182 kDa tankyrase-1-binding protein

Tesk1 Dual specificity testis-specific protein kinase 1

Birc5 Baculoviral IAP repeat-containing protein 5

Mob1b MOB kinase activator 1B

Cav1 Caveolin-1

Cell aging

Cited2 Cbp/p300-interacting transactivator 2

Ilk Integrin-linked protein kinase

Lims1 LIM and senescent cell antigen-like-containing domain protein 1

Tbx2 T-box transcription factor TBX2

Morc3 MORC family CW-type zinc finger protein 3

Chek2 Serine/threonine-protein kinase Chk2

Ercc1 DNA excision repair protein ERCC-1

Table S.5: GO terms enriched in the analysis of Nur77 target genes.
 GO terms enriched in the GO analysis and Nur77 target genes classified in each term. One table for each of the three principals GO categories 
is shown in separate sheets.
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