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Abstract
NR4A2 is a transcription factor belonging to the steroid 
orphan nuclear receptor superfamily. It was originally 
considered to be essential in the generation and main-
tenance of dopaminergic neurons, and associated with 
neurological disorders such as Parkinson’s disease. Re-
cently, NR4A2 has been found to play a critical role in 
some inflammatory diseases and cancer. NR4A2 can be 
efficiently trans-activated by some proinflammatory cy-
tokines, such as tumor necrosis factor-α, interleukin-1β, 
and vascular endothelial growth factor (VEGF). The nu-
clear factor-κB signaling pathway serves as a principal 
regulator of inducible NR4A expression in immune cells. 
NR4A2 can trans-activate Foxp3, a hallmark specifically 
expressed in regulatory T (Treg) cells, and plays a criti-
cal role in the differentiation, maintenance, and function 
of Treg cells. NR4A2 in T lymphocytes is pivotal for Treg 
cell induction and suppression of aberrant induction of 
Th1 under physiological and pathological conditions. 
High density of Foxp3+ Treg cells is significantly associ-
ated with gastrointestinal inflammation, tumor immune 
escape, and disease progression. NR4A2 is produced at 
high levels in CD133+ colorectal carcinoma (CRC) cells 
and significantly upregulated by cyclooxygenase-2-de-

rived prostaglandin E2 in a cyclic adenosine monophos-
phate (cAMP)/protein kinase A (PKA)-dependent man-
ner in CRC cells. The cAMP/PKA signaling pathway is the 
common pathway of NR4A2-related inflammation and 
cancer. NR4A2 trans-activates osteopontin, a direct tar-
get of the Wnt/β-catenin pathway associated with CRC 
invasion, metastasis, and poor prognosis. Knockdown 
of endogenous NR4A2 expression attenuates VEGF-in-
duced endothelial cell proliferation, migration and in vivo  
angiogenesis. Taken together, NR4A2 emerges as an 
important nuclear factor linking gastrointestinal inflam-
mation and cancer, especially CRC, and should serve as 
a candidate therapeutic target for inflammation-related 
gastrointestinal cancer.
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INTRODUCTION
A quarter of  cancer-related deaths worldwide are cur-
rently associated with chronic inflammation[1]. Most 
malignancies in the digestive system such as colorectal 
carcinoma (CRC), gastric cancer and hepatocellular carci-
noma belong to the inflammation-related cancers[2-5]. The 
type of  inflammation related to these cancers is chronic 
inflammation, or more precisely, nonresolving inflamma-
tion. The development and progression of  these tumors 
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in the digestive system are accompanied by angiogenesis, 
release of  inflammatory cytokines and/or chemokines, 
and recruitment of  immune cells in the tumor microen-
vironment. Apart from some infectious agents such as 
hepatitis B virus and Helicobacter pylori, inflammation-re-
lated molecules and their related inflammatory networks 
play important roles in the development of  this group of  
cancers. However, it is clear that a single or even a few 
molecules are unable to represent the inflammatory pre-
disposition of  a given cancer. In the inflammation-related 
cancers, inflammatory molecules do not function in isola-
tion, but interact with one another to form inflammatory 
networks. A small number of  highly connected protein 
nodes (known as hubs) in the inflammatory network may 
have high probabilities of  engaging in essential biological 
functions. In our previous work on screening hub genes 
associated with liver metastasis of  gastric cancer, we 
identified NR4A2, one of  the hub genes related to gastric 
cancer malignant phenotype[6]. Here, we summarize the 
role of  NR4A2 in inflammation and cancer. 

NR4A2 (also known as NOT, TINUR, RNR-1, 
HZF-3 and Nurr1) maps to chromosome 2q22-23 and 
is a transcription factor belonging to the steroid nuclear 
hormone receptor superfamily. This superfamily also 
includes two other members, NR4A1 (also known as 
HMR, N10, TR3, NP10, GFRP1, NAK-1, NGFIβ and 
Nur77) and NR4A3 (also known as CHN, TEC, CSMF, 
MINOR and NOR1)[7]. Their ligand-binding pockets are 
hidden by bulky amino acids, therefore, the three nuclear 
factors belong to an orphan receptor subfamily. All 
three subfamily members bind to a consensus sequence 
AAAGGTCA as monomers or to palindromic DNA 
binding motif  sequence TDATATTTX6AAATGCCA as 
homodimers. Expression of  each family member alone 
is sufficient to activate the above sequence-directed tran-
scriptional activities, indicating that the family members 
are constitutive orphan steroid receptors that do not re-
quire ligands for activation[8]. The three nuclear receptors 
have also been implicated in cell cycle regulation, energy 
metabolism, apoptosis, inflammation and carcinogenesis. 
They are important for apoptosis in lymphocytes and 
other cell types[9-12] and for the differentiation of  dopami-
nergic neurons[13]. NR4A1 and NR4A3 have been shown 
to be involved in apoptosis-related pathways. NR4A1 has 
been reported to play either an antiapoptotic or proapop-
totic function depending on cell types. NR4A3 has been 
reported to play a partly redundant functional role with 
NR4A1 in inducing T-cell apoptosis[9]. Knocking out 
both NR4A1 and NR4A3 in mice leads to rapid postnatal 
development of  acute myeloid leukemia (AML), indicat-
ing that they function as potent tumor suppressors[14,15]. 
Meanwhile, the three NR4A receptors are transcriptional 
regulators of  hepatic glucose metabolism and lipid me-
tabolism. NR4As function as novel branches of  cyclic 
adenosine monophosphate (cAMP)-dependent regulators 
of  hepatic glucose production under healthy and diabetic 
conditions. Activated NR4A1 and NR4A3 elevate the 
production of  blood glucose[16]. NR4As inhibits adipo-

cyte differentiation, leading to repressed adipogenesis[17]. 
NR4A1 and NR4A2 can form heterodimers with retinoic 
acid receptor and influence retinoid signaling and Th17 
cell differentiation[18,19].

NR4A2 has been previously linked to neurological 
diseases because of  its essential role in the generation 
and maintenance of  dopaminergic neurons in the brain. 
Gene encoding NR4A2 may be susceptibility gene for 
neurological diseases such as Parkinson’s disease, schizo-
phrenia, and manic depression. Homozygous NR4A2 
knockout mice have severe impairments in midbrain 
neuronal development and dopamine expression, and die 
soon after birth[20]. However, the horizontal and vertical 
movement of  the heterozygous NR4A2 knockout mice 
is impaired by the reduction in brain dopamine[21]. The 
most important event in downregulating NR4A2 expres-
sion in brain tissues is mutations, such as missense muta-
tions in exon 3, and point mutations in exon 1 of  NR4A2 
have been reported in disorders related to dopaminergic 
dysfunction such as schizophrenia, manic depression, and 
familial Parkinson’s disease[22-24]. In recent years, however, 
more researches have focused on the relationship be-
tween NR4A2 and inflammation.

NR4A2 AND INFLAMMATION
NR4A2 and immune cells
Immune cells are essential in controlling the inflam-
matory response. T and B lymphocytes, macrophages, 
neutrophils, and mast cells are all important in the main-
tenance of  chronic inflammation and play active roles in 
the initiation and progression of  inflammation-related 
cancers. Cytotoxic CD8+ T lymphocytes and CD4+ T 
helper lymphocyte subpopulations [Th1, Th2, Th17, and 
regulatory T (Treg) cells] play key roles in balancing can-
cer-promoting inflammation and antitumor immunity in 
the tumor microenvironment. Imbalances in Th1/Th2, 
neutrophil/CD8+ T cells, and CD8+ T cell/Treg cell in 
tumors or adjacent tissues, high density of  intratumoral 
macrophage infiltration, as well as high circulating neu-
trophil-to-lymphocyte ratio are associated with the prog-
nosis of  cancer patients[25]. Recently, NR4A2 has been 
found to function as a critical regulator in T lymphocytes, 
macrophages, mast cells and even fibroblasts.

Treg cells (CD4+CD25+Foxp3+) inhibit immune 
responses by suppressing CD8+ T cell or Th1 cell func-
tion, playing an important role in maintaining immune 
homoeostasis. Foxp3, a hallmark of  Treg cells, is specifi-
cally expressed in Treg cells and plays a critical role in the 
differentiation, maintenance and effector functions of  
these cells. Foxp3 has recently been identified as a direct 
target of  NR4A2. The -209 to +12 promoter region of  
Foxp3 encoding region has been confirmed to be the 
minimal responsive region to NR4A2. NR4A2 regulate 
CD4+ T cells by inducing Foxp3 and strongly repressing 
Th1 cytokine production, such as interleukin (IL)-2 and 
interferon (IFN)-γ. NR4A2 in T cell is pivotal for Treg 
cell induction and suppression of  aberrant induction of  
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Th1 under physiological and pathological conditions. 
Deletion of  NR4A2 in T cells attenuates the induction 
of  Treg cells and causes aberrant induction of  Th1, lead-
ing to exacerbation of  colitis. Both IFN-γ and IL-17 are 
apparently repressed under Th1 and Th17 conditions, 
respectively, and Foxp3 can be induced under Th1 and 
Th17 conditions by NR4A2[26]. Thus, NR4A2 is crucial in 
lineage maintenance and effector functions of  Treg cells 
and in regulation of  the Th1/Treg balance, contributing 
to immune homoeostasis (Figure 1A).

Macrophages can be divided into two main classes: 
M1 and M2. M1 macrophages (classically activated) origi-
nate upon encounter with IFN-γ and microbial stimuli 
and are characterized by IL-12 production and conse-
quent activation of  a polarized type I T cell response, 
fighting against tumors, producing high amounts of  
inflammatory cytokines, and activating adoptive immu-
nity. M2 macrophages are responsible for angiogenesis, 
remodeling and repair of  wounded tissues, and promote 
carcinogenesis and downregulate M1 function. NR4As 
are highly inducible in macrophages by diverse inflam-
matory stimuli. Treatment of  macrophages with lipo-
polysaccharide, cytokines, or oxidized lipids triggers the 
transcriptional induction of  NR4A expression. NR4A2 
is an intermediate maker for macrophage activation[27]. 
The nuclear factor (NF)-κB signaling pathway is a prin-
cipal mediator of  inducible NR4A expression in macro-
phages[28]. NR4A2 is a target of  macrophage migration 
inhibitory factor (MIF) signaling and plays an active role 
in regulating mitogen-activated protein kinase (MAPK) 
phosphatase 1, a critical MAPK signaling inhibitor[29]. 
NR4A2 may serve as a potential transcriptional mediator 
of  inflammatory signals in activated macrophages. How-
ever, it is necessary to define the difference in NR4A2 
expression between M1 and M2; the two functionally dif-
ferent macrophages. 

NR4A2 and autoimmune diseases
NR4A2 plays either a proinflammatory or anti-inflam-
matory role. The conflicting roles of  NR4A2 depend on 
the type of  immune disorders. Multiple sclerosis (MS) is 
an autoimmune disease mediated by Th17 and Th1 cells 
in the central nervous system (CNS). In an animal model 
of  MS, NR4A2 is selectively upregulated in T cells iso-
lated from the CNS, while forced expression of  NR4A2 
augments promoter activities of  IL-17 and IFN-γ genes, 
leading to excess production of  these cytokines[30]. In 
contrast, NR4A2 can also exert anti-inflammatory and 
neuroprotective effects by docking to NF-κB/p65 on 
target inflammatory gene promoters in an NR4A2/CoR-
EST transrepression pathway in microglia and astrocytes, 
leading to protection of  dopaminergic neurons from 
inflammation-induced death[31]. Furthermore, NR4A2 is 
a key downstream mediator of  cAMP response element-
binding protein (CREB)-induced neuroprotection after 
insults leading to excitotoxic and oxidative stress[32]. 

Chronic inflammation is a hallmark of  rheumatoid 
arthritis and osteoarthritis. The arthritis is a well-estab-

lished disease model to study the mechanism by which 
NR4A2 is involved in the process of  chronic inflamma-
tion. NR4A2 expression is markedly higher in synovial 
tissue of  patients with rheumatoid arthritis compared 
with normal subjects. The high expression of  NR4A2 is 
caused by the stimulation of  some proinflammatory cyto-
kines, such as tumor necrosis factor (TNF)-α, IL-1β and 
prostaglandin E2 (PGE2). Ectopic expression of  NR4A2 
induced by TNF-α in normal synoviocytes signifi-
cantly increases cell proliferation and survival, promotes 
anchorage-independent growth, and induces migration 
and invasion[33]. The trans-activation of  NR4A2 by these 
cytokines and molecules depends on distinctive subunit 
binding to the NR4A2 promoter. IL-1β and TNF-α 
trans-activate the NR4A2 via a proximal promoter region 
that contains a consensus NF-κB DNA-binding motif. 
IL-1β- and TNF-α-induced NF-κB binding to this site 
is due predominantly to p65-p50 heterodimer and p50 
homodimer complexes[34]. NR4A2 robustly promotes 
IL-8 expression via co-operating with the NF-κB/p65 
subunit in the presence of  TNF-α in human inflamma-
tory disease[35]. NR4A2 and TNF-α also synergistically 
induce matrix metalloproteinase (MMP)-13 protein 
which is a critical enzyme for the degradation of  type Ⅱ 
collagen molecules[36]. NR4A2 trans-activates MMP-13 
by directly targeting the proximal region of  the MMP-13 
promoter[33]. PGE2 signaling leads to the phosphorylation 
of  CREB transcription factors, which can, in turn, bind 
to the NR4A2 promoter region -171/-163 and activate 
transcription. PGE2 can repress IL-1β-induced MMP-1 
and activate NR4A2 expression. Meanwhile, NR4A2 
antagonizes the progression of  IL-1β-induced MMP-1 
in osteoarthritic cartilage[37]. In human synovial tissue, 
corticotropin-releasing hormone (CRH) also can induce 
the expression of  NR4A2, which in turn upregulates 
CRH gene expression. NR4A2 is a downstream effec-
tor molecule in the modulation of  endothelial function 
by CRH signaling[38]. Thus, NR4A2 as a mediator of  an 
autocrine inflammatory cascade to amplify the inflamma-
tory response participate in the CRH-receptor-mediated 
signaling in synovial tissue via the cAMP/CREB pathway. 
Figure 1B depicts the potential role of  NR4A2 on the de-
velopment of  autoimmune diseases (MS and rheumatoid 
arthritis) and neurodegenerative diseases like Parkinson’s 
disease.

NR4A2 AND GASTROINTESTINAL 
CANCER
NR4A2 promotes proliferation of cancer cells
NR4A2 and endothelin-1 are expressed at a significantly 
higher level in the CD133+ fraction than the CD133- 
fraction of  colon cancer cells. The overexpression of  
CD133, NR4A2, and endothelin-1 is also evident in hu-
man colon cancer specimens compared to normal tissues. 
Furthermore, effective knockdown of  CD133 protein is 
associated with a parallel reduction of  NR4A2 and endo-
thelin-1 protein, indicating the existence of  a functional 
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relationship between CD133, NR4A2 and endothelin-1 
expression in colon cancer cells[39]. NR4A2 is involved in 
anchorage-independent growth of  cancer cells and plays 
a significant role in mediating thromboxane A2 receptor 
induced cell proliferation and transformation in several 
cancer cell lines[11,40]. NR4A2 also plays a key role as a 
transcriptional integration point between the eicosanoid 
and fatty acid metabolic pathways involving in energy uti-
lization via fatty acid oxidation, thus facilitating CRC cell 
survival and growth[41]. These results indicate that NR4A2 
expressed in cancer cells might play an active role in pro-
moting the initiation and progression of  CRC.

NR4A2-related inflammatory pathways in gastrointestinal 
cancers
CRC is closely related to inflammation, because regular 
use of  nonsteroidal anti-inflammatory drugs (NSAIDs) 
reduces relative risk of  developing CRC by 30%[42]. 
NSAIDs inhibit cyclooxygenase (COX) enzymes and 
prostaglandin synthases, which are key components in 
the arachidonic acid metabolism pathway. The main 
mechanism of  action of  NSAIDs on CRC is to inhibit 
COX-2, the inducible isoform of  the COX enzyme. 
COX-2 is upregulated in inflammation and cancer, re-
sulting in the production of  PGE2 which binds to and 
activates G-protein-coupled prostaglandin E receptor 1 
(EP1)[43]. COX-2-derived PGE2 is produced at high levels 

in CRC. Some evidence indicates that PGE2 plays a pro-
oncogenic role in CRC progression. PGE2 stimulation 
of  the human EP1 receptor upregulates the expression 
of  NR4A2 by a mechanism involving the sequential ac-
tivation of  the Rho, protein kinase A (PKA), CREB and 
NF-κB signaling pathways[44]. NR4A2 is an immediate 
early gene induced by PGE2 in a cAMP/PKA-dependent 
manner in CRC cells. NR4A2 can stimulate progression 
of  CRC downstream from COX-2-derived PGE2

[45]. 
The common pathway of  NR4A2-related inflammation 
and cancer is the cAMP/PKA signaling pathway. The 
cAMP/PKA signaling pathway plays a critical role not 
only in inflammation but also in carcinogenesis[46-48]. It 
has been proven that cAMP/PKA can activate CREB-
dependent reporter gene expression in gastric cancer cell 
lines[49]. Through cAMP/PKA activation, PGE2 stabilizes 
the complex of  PI3K/Ras to inhibit cell apoptosis in 
colon cancer cell lines[50]. The proximal promoter region 
of  NR4A2 contains a CREB-binding site by which this 
transcriptional factor participates in cAMP-mediated in-
duction[32]. However, the cAMP/PKA pathway is not the 
only way by which NR4A2 participate in the progression 
of  CRC. PGE2 either modulates the β-catenin signaling 
axis, a key pathway for colorectal tumorigenesis, or act via 
NR4A2[51]. PGE2 can induce the expression of  NR4A2 
and two target genes of  Wnt/β-catenin: vascular endo-
thelial growth factor (VEGF) and cyclin D1. NR4A2 
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Figure 1  Potential role of NR4A2. A: Potential role of NR4A2 in immune homoeostasis; B: Potential role of NR4A2 in development of autoimmune diseases (MS 
and rheumatoid arthritis) and neurodegenerative diseases; C: Potential role of NR4A2 in development of colorectal carcinoma. →: Promote; ⊥: Inhibit; +: NR4A2 up-
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protein can be regulated by Wnt signaling[52]. Meanwhile, 
NR4A2 and Wnt signaling are sequentially repressed after 
blockade of  COX-2 activity, with NR4A2 inhibition oc-
curring in the first few hours of  the treatment, whereas 
repression of  the Wnt/β-catenin pathway happens a few 
days later. This change might be associated with COX-2 
inhibitor-induced downregulation of  osteopontin (OPN) 
whose high expression level significantly correlates with 
advancing tumor stage in human CRC[53]. OPN, a marker 
of  colon cancer progression, is a direct target of  Wnt/
β-catenin pathway. Furthermore, NR4A2 trans-activates 
OPN by directly binding to the NR4A2 response element 
at the OPN promoter[54]. OPN is involved in the devel-
opment of  various inflammatory conditions[55] and also 
play a pivotal role in carcinogenesis and metastasis of  
digestive system cancer, such as gastric cancer and hepa-
tocellular carcinoma. High expression of  OPN in tumors 
is associated with tumor invasion, metastasis, and poor 
prognosis in gastric cancer and CRC[53,56]. Downregula-
tion of  OPN, probably through blockade of  NR4A2 and 
Wnt signaling, is an important component of  the antitu-
mor activity of  COX-2 inhibitors[57]. VEGF potently and 
rapidly induces expression of  NR4A2 mRNA, protein 
and its promoter activity in endothelial cells. Deletion 
of  the putative CREB site in the proximal region of  the 
NR4A2 promoter markedly reduces VEGF-induced 
promoter activity. VEGF also stimulates the binding 
of  nuclear CREB protein to its site in the NR4A2 pro-
moter. Knockdown of  endogenous NR4A2 expression 
attenuates VEGF-induced endothelial cell proliferation, 
migration and in vivo angiogenesis[58]. The growth and me-
tastasis of  cancer cells rely on angiogenesis, and VEGF is 
an important angiogenic factor. It has been reported that 
VEGF is highly expressed in gastrointestinal cancers and 
plays a pivotal role in tumor angiogenesis, tumor growth, 
and metastasis[59-61]. The correlation among the expres-
sion levels of  OPN, COX-2 and VEGF in gastric cancer 
indicates that OPN, COX-2, and VEGF synergistically 
promote angiogenesis and metastasis[62]. The three mole-
cules are all closely related to NR4A2. The NF-κB signal-
ing pathway serves as a principal regulator of  inducible 
NR4A expression in some chronic inflammation, while 
NF-κB pathway plays a major function in CRC develop-
ment and progress[63]. These results indicate that aberrant 
expression of  NR4A2 provokes several inflammation-re-
lated signaling pathways and promotes the development 
and progression of  gastrointestinal cancers. Figure 1C 
depicts the potential role of  NR4A2 on the development 
of  CRC.

NR4A2-related lymphocytes in gastrointestinal 
inflammation and cancers
Foxp3+ Treg cells are significantly increased in gastric 
mucosa of  patients with gastritis, peptic ulcer, and those 
with gastric cancer, as compared with healthy controls[64]. 
An imbalance of  colitogenic Th1 cells and Treg cells 
facilitates the development of  aggravated chronic entero-
colitis[65]. Although NR4A2 has not been implicated in 

predicting CRC prognosis, the NR4A2-related Th lym-
phocytes are closely linked to adverse outcome of  CRC 
patients. Foxp3+ and CD3+ T-cell densities are increased 
in CRC tissues compared with autologous normal mu-
cosa. Furthermore, a low CD3+/Foxp3+ cell ratio and 
low numbers of  CD3+ T cells in tumors predict shorter 
disease-free survival and are stronger prognostic variables 
than tumor stage or number of  lymph node metasta-
ses[66]. The density of  Foxp3+ Treg cells in tumor draining 
lymph nodes (TDLNs) is dramatically higher than that 
in peripheral blood lymphocytes, but significantly lower 
than that in tumor-infiltrating lymphocytes. Foxp3+ Treg 
cells in TDLNs are more correlated with disease progres-
sion and potentially influence CD8+ T-cell functions[67]. 
A new Treg cell population, CD8+CD25+Foxp3+cells, 
has been found in CRC tissues. IL-6 and transforming 
growth factor-β1 can synergistically induce the genera-
tion of  these new Treg cells that may contribute to tumor 
immune escape and disease progression[68]. The CRC 
patients with high expression of  the Th17 cluster have 
a poor prognosis, whereas patients with high expression 
of  the Th1 cluster have prolonged disease-free survival, 
thus functional Th1 and Th17 clusters yield opposite ef-
fects on patient survival in CRC[69]. Th17 and Treg cells 
accumulate in the tumor microenvironment of  early 
gastric cancer and then infiltration of  Treg cells gradually 
increases according to disease progression, in contrast to 
Th17 cells[70]. Significantly more Foxp3+ Treg cells accu-
mulate in gastric tumors. The elevated Foxp3 expression 
in tumor-infiltrating Treg cells correlates with expression 
of  COX-2 and PGE2 and is associated with the TNM 
stage in gastric cancer patients. Tumor-infiltrating Treg 
cells with increased Foxp3 expression can mediate im-
mune suppression via COX-2/PGE2 production in the 
gastric cancer microenvironment[71]. NR4A2 trans-acti-
vates the transcription factor Foxp3, while Foxp3 plays 
a key role in Treg cell function. Furthermore, NR4A2 
is highly expressed in the CD133+ CRC cells and also 
pivotal for Treg cell induction and suppression of  aber-
rant induction of  Th1 cells[26,39]. NR4A2 is a target of  
MIF/MAPK signaling, while MIF expression in tumors 
is inversely associated with the prognosis of  hepatocel-
lular carcinoma[25,29]. Thus, it can be inferred that NR4A2 
expression in lymphocytes and/or tumor cells might 
promote gastrointestinal inflammation and carcinogen-
esis and also indicate poor prognosis of  CRC and gastric 
cancer.

QUESTIONS CONCERNING NR4A2 
FUNCTIONS IN HUMAN CANCER
There are conflicting data concerning the oncogenic or 
tumor suppressive function of  the three NR4A family 
members. Several lines of  evidence mentioned above in-
dicate that NR4A2 plays an important role in promoting 
inflammation and gastrointestinal cancers. Downregu-
lation of  NR4A2 results in reduced anchorage-inde-
pendent growth that is largely attributable to increased 
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anoikis, furthermore, downregulation of  NR4A2 as well 
as NR4A1 promotes intrinsic apoptosis in several other 
experimental cancer cells such as cervical cancer[11]. Thus, 
NR4A family members exhibit oncogenic functions with 
regard to cell proliferation and anti-apoptosis. However, 
knocking out both NR4A1 and NR4A3 in mice leads to 
rapid postnatal development of  AML, indicating they 
function as critical tumor suppressors[14]. NR4A2 also 
exhibits tumor suppressor function in bladder cancer. 
Chemical-induced activation of  NR4A2 results in blad-
der cancer cell apoptosis and suppresses bladder cancer 
growth, as reported by the research group of  Kamat[72]. 
However, this group also reported that cytoplasmic dislo-
cation of  NR4A2 in bladder cancer was associated with 
poor prognosis, and silencing of  endogenous NR4A2 at-
tenuated the migration of  bladder cancer cells, indicating 
that NR4A2 functions as a tumor-promoting factor[73]. 
NR4A2 is a nuclear factor, therefore, cytoplasmic dislo-
cation might indicate loss of  function of  NR4A2. Thus, 
NR4A2 is more likely to function as a tumor suppressor 
in bladder cancer. These conflicting data can be explained 
by the hypothesis that NR4A2 functions differently in 
different tissues. More studies using cancer of  differ-
ent origins are necessary to elucidate the functions of  
NR4A2 in human cancers. 

In summary, NR4A2 plays a pivotal role in some in-
flammatory diseases and cancers. NR4A2 functions as an 
inflammatory mediator primarily via at least two distinct 
signaling pathways, cAMP/PKA and NF-κB, suggesting 
an important common role for this transcription factor in 
mediating multiple inflammatory signals. NR4A2 trans-
activates the transcription factor Foxp3, while Foxp3 
plays a key role in Treg cell function. Treg cells contrib-
ute significantly to tumoral immune escape and disease 
progression. NR4A2 trans-activates OPN while OPN 
is a direct target of  Wnt/β-catenin pathway. There is a 
crosstalk between NR4A2 and Wnt/β-catenin signal-
ing pathways in human gastrointestinal cancers such as 
CRC. Taken together, the aberrant expression of  NR4A2 
in the tumors and tumor-infiltrating lymphocytes might 
facilitate gastrointestinal inflammation, carcinogenesis 
and cancer metastasis. NR4A2 emerges as an important 
nuclear factor linking gastrointestinal inflammation and 
cancers, especially CRC, and might serve as a candidate 
therapeutic target for the inflammation-related gastroin-
testinal cancers.
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