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Abstract. Nuclear receptor subfamily 4 group A member 1
(NR4AT1; also termed Nur77/TR3/NGFIB), a member of
the nuclear receptor superfamily, is expressed as an early
response gene to regulate the expression of multiple target
genes. Nur77 has the typical structure of a nuclear receptor,
including an N-terminal domain, a DNA binding domain, and
a ligand-binding domain. The expression and localization of
Nur77 are closely associated with its roles in cell proliferation
and apoptosis. Nur77 was first identified as an orphan receptor,
the endogenous ligand of which has not yet been identified;
however, an increasing number of compounds targeting
Nur77 have been reported to have beneficial effects in the
treatment of cancer and other diseases. This review provides
a brief overview of the identification, structure, expression and
localization, transcriptional role and non-genomic function
of Nur77, and summarizes the ligands that have been shown
to interact with Nur77, including cytosporone B, cisplatin,
TMPA, PDNPA, CCE9, THPN, Z-ligustilide, celastrol and
bisindole methane compounds, which may potentially be used
to treat cancer in humans.
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1. Introduction

Nuclear receptors (NRs) are members of a large superfamily
of transcription factors in metazoans, which are involved in
complex biological processes and are major pharmacological
targets (1-3). The dysfunction of NR activities is associated
with a range of diseases, including diabetes, Alzheimer's
disease, cancer and cardiovascular disease (4). NRs are
intracellular signaling proteins that bind to specific ligands,
particularly small lipid-soluble molecules, including steroids,
thyroxine, retinoic acid and vitamin D.

Structurally, NRs are typically divided into five regions:
A/B region, C region, D region, E region and F region
(Fig. 1A). The main domains of NRs are the N-terminal
domain, the conserved DNA-binding domain (DBD) and the
C-terminal ligand-binding domain (LBD) (5). The A/B region,
which contains the ligand-independent activation function 1
(AF-1) domain, has been described as intrinsically disordered,
and is involved in protein-protein interactions and receptor
functions (6). In the C region, the general protein structure
is similar among NRs (7,8). The DBD within the C region
includes the zinc finger transcription factor motif, in which
eight conserved cysteine residues coordinate with two zinc
ions and mediate homodimerization or heterodimerization (2).
Region D is variable, with a flexible hinge region that connects
the C and E regions. This region often contains a nuclear
localization sequence (NLS) and can alter the structure of the
protein, including increasing the flexibility of the protein (5,9).
Region E contains a ligand-binding pocket buried in a
helical globular domain where agonists or antagonists bind.
Region E is also involved in homologous and heterologous
dimerization between receptor monomers, and contains the
ligand-dependent activation function 2 (AF-2) domain, to
which cofactors and repressors bind (5,9). The F region is only
present in certain NRs and there is marked variation in the
sequence; however, the structure and function of this region
remain to be fully elucidated.

NRs can be divided into three categories based on the
different types of ligands they bind with: Class I includes
steroid hormone receptors, including androgen receptor,
estrogen receptor and glucocorticoid receptor; class Il includes
non-steroid hormone receptors, including thyroid hormone
receptor, retinoic acid receptor and vitamin D receptor;
and class III includes orphan nuclear hormone receptors,
including nuclear receptor subfamily 4 group A member 1
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(Nur77), nuclear receptor subfamily 0 group B member 1
(NROBI1) and nuclear receptor subfamily 0 group B
member 2 (NROB2/SHP) (10). NRs have been crucial in the
development of targeted drugs, including BMS-564929 and
ketoconazole (11). Currently, ~13% of clinically applied drugs
target NRs. Therefore, NRs have been established as useful
targets for drug development (12).

2. Identification of Nur77

The Nur77 gene (also known as NR4A1/NGFI-B/TR3/NAK-1/
GFRP1/HMR/N10/NP10) is located at chromosome 12,
NC_000012.12 (52,022,832-52,059,507) in humans. Nur77
was first identified in 1988 by Hazel et al (13), having previously
identified several immediate early genes expressed during the
GO/G1 transition in mouse fibroblasts. The transcriptional
activity of these genes is activated following stimulation with
serum or growth factors. The nucleotide sequence of one of the
cDNA clones, Nur77 (initially termed 3CH77), was revealed
to encode a member of the ligand-binding transcription factor
superfamily, which included steroids and thyroid hormone
receptors (13). Subsequently, the Nur77 rat homolog, nerve
growth factor-induced clone B (NGFI-B), was successfully
cloned from rat adrenal pheochromocytoma cells (PC-12)
by Watson and Milbrandt (14). In the same year, testicular
receptor 3, a human homologue of Nur77, was identified by
Chang et al (15) from a cDNA library of human prostate
cancer cells. An increasing number of studies have shown that
this transcription factor is present in various species, and it is
recognized as a member of NR subfamily 4 group A (16,17).

3. Structure, expression and localization of Nur77

Structure of Nur77. The Nur77 protein consists of 598 amino
acids and contains A/B, C, D, and E domains (Fig. 1B) (18).
Rehman et al (19) identified two protein subtypes in mice that
lack the Nur77 N-terminal domain, and the localization of
these isoforms was predicted to be predominantly outside the
nucleus. Therefore, N-terminal transactivation domain may be
required for the transport of Nur77 from the nucleus to the
cytoplasm. The DBD region recognizes the specific NGFI-B
response element (NBRE; sequence: AAAGGTCA) in target
genes and regulates the expression level of these genes (20,21).
In addition, Nur77 and retinoid X receptors (RXRs) form
heterologous dimers that can combine with the DRS5 response
element (sequence: AGGTCA-NNNAA-AGGTCA, N: Any
single nucleotide) to regulate the transcription of target
genes (22,23). The LBD region of Nur77 is distinct from
the typical LBD region present in other NRs. The human
Nur77 crystal structure (Protein Data Bank-ID: 2QW4;
https://www.rcsb.org/structure/2QW4) shows that the Nur77
LBD region is blocked by hydrophobic residues (24,25). Several
NRs have been reported to have a hydrophobic-cleft regulated
by helices 3, 5 and 12, which is important for the recruitment
of co-activators or co-repressors involved in transcriptional
regulation (26). However, it is noteworthy that, this cleft is
hydrophilic in the Nur77 protein. Additionally, partial dena-
turation experiments have revealed that helix 12 is relatively
flexible in Nur77 (27). Notably, Moore et al (28) identified NR
alternate-site modulators that bind with alternative pockets of
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a protein, rather than the classical LBD, which may result in a
different function.

Expression of Nur77. Nur77 has received specific interest
in the scientific community due to its role in apoptosis and
cancer. The expression level and location of Nur77 are impor-
tant for protein function. For example, in cells treated with
an n-butylidenephthalide derivative (PCH4), the expression of
Nur77 was shown to be increased and the protein migrated from
the nucleus to the cytoplasm, which may inhibit the growth
of malignant glioma cell growth and induce apoptosis (29).
Therefore, PCH4 may be useful as a novel agent for the
treatment of malignant glioma. Subsequently, the overexpres-
sion of Nur77 in breast cancer cell xenografts was reported
to alter the inflammatory response and increase the risk of
metastatic disease in mice (30). Another study suggested that
the cytoplasmic expression of Nur77 can induce apoptosis in
breast cancer cells (31). Notably, one report demonstrated that
Nur77 is involved in the migration of transforming growth
factor-p-induced breast cancer cells (32); furthermore, this
process is dependent on p38a (33). Delgado et al (34) reported
that the expression of Nur77 in ovaries was high relative to
that in other tissues, with only skeletal muscle and tracheal
tissue having higher levels of expression than the ovaries. In
normal ovarian tissues, Nur77 is predominantly localized in
the nucleus, whereas in ovarian cancer cell lines and tissues
from patients with ovarian cancer, Nur77 is present in the
cytoplasm and the nucleus. In addition, Nur77 was shown to
be expressed at high levels in samples from a subset of patients
with high-grade serous ovarian cancer, who had a poor progres-
sion-free survival rate (34), suggesting that Nur77 mediates the
growth of cancer cells. Furthermore, Zhang et al (35) demon-
strated that the expression of Nur77 was markedly reduced
in the placenta of women with preeclampsia compared with
placental levels during a normal pregnancy, and that Nur77
may also be involved in regulating trophoblast cell motility.

Localization of Nur77. The following section considers what
determines the positioning of Nur77 in cells. In normal tissues,
Nur77 is located in the nucleus due to the NLS in the protein
structure; additionally, nuclear Nur77 acts as a carcinogenic
survival factor and promotes the growth of cancer cells. By
contrast, Nur77 is a potent death promoter when it is located in
the mitochondria, where it binds and induces conformational
changes in B-cell lymphoma-2 (Bcl-2) protein, triggering the
release of cytochrome ¢ and apoptosis (36). There are several
potential explanations for this dual function of Nur77. Firstly,
the classical hydrophobic nuclear export signal is crucial in
Nur77. RXRa acts as an active partner in transporting Nur77
from the nucleus to the cytoplasm, however, translocation of the
RXRao/Nur77 heterodimer appears to largely depend on the cell
type and stimulus (37,38). Furthermore, studies have reported
that the phosphorylation status of Nur77 is vital in the nuclear
to cytoplasmic translocation of Nur77, which is regulated by the
mitogen-activated protein kinase (MAPK)/c-Jun N-terminal
kinase and protein kinase B (Akt) pathways (34,39,40). During
oxidative stress-induced cell death in SH-SY5Y cells, Nur77
is upregulated and is translocated from the nucleus to the
cytosol and mitochondria (41). Additionally, agents that induce
the migration of Nur77 from the nucleus to the mitochondria
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Figure 1. NR structure. (A) Schematic structure of NR. The structure of NRs is divided into five regions: A/B,C, D, E and F. The A/B region termed N-terminal
transactivation domain contains AF-1; the C region is termed the conserved DBD; the D region is a flexible hinge region; the E region is termed the C-terminal
LBD and contains AF-2; the F region exists in certain NRs and its function remains to be fully elucidated. (B) Schematic structure of Nur77. The LBD region
is likely to be between amino acids 351 and 598 (Protein Data Bank: 3V3E). NR, nuclear receptor; DBD, DNA binding domain; LBD, ligand binding domain;
AF-1, ligand-independent activation function 1; AF-2, ligand-dependent activation function 2.

effectively induce the apoptosis of cancer cells. For example,
following glutamate treatment, Nur77 is translocated from
the nucleus to the cytosol and mitochondria in rat cerebellar
granule neurons (42). Additionally, by inhibiting the migration
of Nur77 from the nucleus to the cytoplasm, 173-estradiol can
delay 6-hydroxydopamine-induced apoptosis (43). Endogenous
insulin-like growth factor-binding protein 3 has been reported
to facilitate the phosphorylation of Nur77 and the export of
Nur77 from the nucleus to the cytoplasm, which is vital in
intrinsic apoptosis (44). Furthermore, bile acids regulate the
expression and intracellular location of Nur77 to control cell
survival and death (45).

4. Genomic and non-genomic functions of the orphan
receptor Nur77

Genomic functions of Nur77. Nur77 is an immediate-early
gene and an important transcription factor. The protein was
first identified in the monomeric form bound to its response
element NBRE. Nur77 has been reported to form heterodimers
with RXR/nuclear receptor subfamily 4 group A member 2
(Nurrl)/nuclear receptor subfamily 4 group A member 3, and
these dimers specifically bind to DR5 or NBRE elements (46).
Nur77 can also form homodimers and bind to a novel Nur
response element, which has a palindromic structure and was
identified in the regulatory region of the pro-opiomelanocortin
gene. Nur77 is responsive to physiological stimuli in endocrine
and lymphoid cells (21,46). Furthermore, the hypothalamic
corticotropin-releasing hormone and protein kinase A rapidly
increase the nuclear DNA binding activity of Nur77 dimers, but
do not affect monomers. The AF-1 domain of Nur77 and the
transcriptional mediators/intermediary factor 2, also known as
steroid receptor coactivator-2 (SRC-2) glutamine-rich domain
are also required for this DNA binding activity (47). Tripartite
motif containing 28, also known as KAP-1 or KPIP-1, acts as
a transcriptional corepressor for several transcription factors,
and it acts synergistically with SRC-2 as an important coacti-
vator of Nur77-dependent transcription (48). There is extensive
evidence indicating that Nur77 regulates the expression of
several important genes through interaction with specificity
protein 1 (Spl) or specificity protein 4 (Sp4) bound to GC-rich
promoters; for example, a Nur77-Spl-p300 DNA binding
complex forms on the GC-rich region close to the survivin
promoter to inhibit the expression of survivin, inducing an
anticancer effect (49); Nur77 also regulates the expression of

B1-and p3-integrin viaa Nur77/p300/Spl complex (50). Integrin
gene promoters are GC-rich, and a6-, a5-, and f4-integrins
are regulated by Nur77/Spl1/Sp3/Sp4/p300 complexes (51).
Binding of the Nur77/Sp4 complex to a GC-rich promoter can
enhance the transcription of paired box 3 (PAX3)-forkhead
box Ol (FOXOI1A); furthermore, the expression of Nur77
regulates Bl-integrin which, together with PAX3-FOXOI1A,
contributes to the migration of tumor cells (52). These effects
may be exploited for the development of novel antitumor drugs.

There are several downstream genes directly regulated
by Nur77, of which a number are involved in the endocrine
system, glucose metabolism, the cell cycle, apoptosis, inflam-
mation and other physiological processes. In skeletal muscle,
Nur77 directly upregulates the gene expression of glucose
transporting protein 4 and promotes the absorption and utili-
zation of glucose by skeletal muscles (53,54). In addition, as
a transcription factor, Nur77 typically acts by binding to the
NBRE in the promoter regions of target genes. In the liver,
Nur77 enhances gluconeogenesis by modulating the expres-
sion of genes associated with gluconeogenesis, including
glucose-6-phosphatase, fructose bisphosphatase 1/2 and
enolase 3 (55-57). SerpinA3 is a member of the serine protease
inhibitor family and is mainly synthesized in the liver. It is
involved in inflammatory responses and interacts with the
Alzheimer's neurotoxic amyloid peptide AP (58). It has been
demonstrated that Nur77 regulates SerpinA3 through an
NBRE in its promoter region, which may be associated with
the role of Nur77 in inflammatory diseases (58). Notably, it
has been reported that decanoic acid, a dietary medium-chain
fatty acid, can inhibit androgen biosynthesis in NCI-H295R
cells, and can reverse endocrine and metabolic aberrations
in a rat model of polycystic ovary syndrome; this inhibi-
tory effect may be achieved by the reduced recruitment of
Nur77 to the hydroxy-0-5-steroid dehydrogenase 3f3- and
steroid d-isomerase 2 (HSD3B2) promoter, which decreases
transcription of the HSD3B2 gene and protein expression (59).

Non-genomic functions of Nur77. With the development of
science and technology, increasing evidence indicates that
Nur77 can also affect the biological functions of other proteins
by non-transcriptional functions. In the mitochondria, the
Nur77 LBD binds the anti-apoptotic protein Bcl-2, causing a
conformation change that exposes the BH3 domain of Bcl-2; this
converts Bcl-2 from an anti-apoptotic protein to a pro-apoptotic
protein (36,60). Furthermore, studies have demonstrated that
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p38a MAPK modulates the Nur77-Bcl-2 apoptotic pathway (61).
Another report showed that Nur77 physically interacts with p53,
which leads to a decrease in transcriptional activity by inhibiting
the acetylation of p53. Nur77 also causes the dissociation of
murine double minute 2 (MDM2) from p53, which can prevent
p53 from MDM2-induced degradation, increasing the stability
of p53 (62). Nur77 can also interact with E1A binding protein
p300 and protein arginine methyltransferase 1 (PRMT1).
Nur77 suppresses the acetylation of transcription factors
induced by p300 (63) and reduces PRMT1 methyltransferase
activity. Additionally, PRMT1 increases the DNA binding and
transactivation activity of Nur77 in a non-methyltransferase
manner (64). Nur77 can bind and sequester liver kinase Bl
(LKBI;alsoknown as STK11), which is vital in governing energy
homeostasis in the nucleus; sequestering of LKB1 suppresses
the phosphorylation of adenosine 5'-monophosphate-activated
protein kinase a (AMPKa) (65). Nur77 also binds to the
tuberous sclerosis protein 1 (TSC1)/TSC2 complex to modulate
the activity of mammalian target of rapamycin complex 1
(mTORC1), which promotes TSC2 degradation through a
proteasome/ubiquitination pathway (66). In addition, the
Nur77-mediated activation of mTORCI is associated with
angiotensin II-induced cardiac hypertrophy (66). Inhibiting
the interaction between p38a and Nur77, and inhibiting the
p38a-mediated phosphorylation of Nur77 attenuates the
lipopolysaccharide-induced hyperinflammatory response (67).
The LBD of Nur77 binds to Akt2, and the phosphorylation of
Akt2 can interfere with the migration of Nur77 to the cytoplasm
and localization of Nur77 to the mitochondria, which can result
in autophagy (40,68).

5. Compounds that modulate the regulation of Nur77

In recent years, progress has been made in the treatment of
cancer. In addition to the use of chemotherapy to treat cancer,
investigations now also focus on developing targeted drugs.
Targeted therapy involves the design of a therapeutic drug to
interact with a specific target. When the drug enters the body,
it interacts specifically with the carcinogenic target to inhibit
the growth of tumor cells. Compared with chemotherapy and
radiotherapy, targeted therapy can be used to attack tumor
cells with reduced effects on healthy cells. This can reduce
side effects, thus achieving improved efficacy and improving
patient quality of life. There is a demand to identify targets
that can be exploited for cancer therapy, and previous studies
have shown that Nur77 may be such a target (69,70). However,
although there are several reports of drugs that regulate Nur77,
there remains limited literature to summarize. In the following
section, the drugs reported to be are effective in regulating
Nur77 are described.

Ethyl 3,5-dihydroxy-2-(1-oxooctyl)-benzeneacetate
(cytosporone B; Csn-B). The octaketide Csn-B (Fig. 2A),
which is isolated from the endophytic fungus Dothiorella
sp. HTF3 (71), is a natural agonist of nuclear orphan receptor
Nur77 with an EC50 of 0.278 nM (72). Csn-B specifically
binds to the LBD of Nur77 and enhances Nur77-dependent
transactivational activity on target gene transcription (72).
Furthermore, Csn-B can induce apoptosis by increasing the
expression of Nur77 and promoting the translocation of Nur77
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to the cytoplasm to slow xenograft tumor growth (72). Csn-B
enhances gluconeogenesis in the mouse liver via increased
activation of Nur77. Therefore, Csn-B may be useful in
the development of therapeutic agents to treat cancer and
hypoglycemia (72). Liu et al (73) synthesized a series of Csn-B
analogues. These Csn-B-derived Nur77 agonists are a novel
group of potentially potent and effective antitumor agents.

cis-diaminodichloroplatinum (cisplatin). Cisplatin (Fig. 2B)
is a chemotherapeutic used to treat various types of cancer.
Cisplatin effectively increases the phosphorylation of Nur77
by activating checkpoint kinase 2 and facilitating cross-talk
between these two proteins, resulting in apoptosis and the
inhibition of intestinal tumorigenesis (74). Additionally,
xenografts that originate from the knockdown of Nur77 colon
cancer cells are insensitive to cisplatin treatment. Therefore,
Nur77 is required for effective cisplatin therapy in colon
cancer (74).

Ethyl 2-[2,3,4-trimethoxy-6-(1-octanoyl)-phenyl] acetate
(TMPA). TMPA (Fig. 2C) is a Csn-B derivative Nur77 agonist
with high affinity. The interaction of TMPA with Nur77 leads to
the release and translocation of LKBI to the cytoplasm, leading
to the increased phosphorylation of AMPKa (65). Furthermore,
TMPA has been shown to decrease blood glucose and attenuate
insulin resistance in type II db/db and high-fat diet mice, which
was not observed in Nur77 gene-knockout mice (65). These
findings indicate that TMPA may have use as a drug for the
treatment of metabolic disorders via its effect on Nur77 (65).

N-pentyl 2-[3,5-dihydroxy-2-(1-nonanoyl)-phenyl] acetate
(PDNPA). PDNPA (Fig. 2D) targets the LBD of Nur77 and
inhibits the interaction between Nur77 and p38a, which can
eliminate the p38a-mediated phosphorylation of Nur77 (67).
The p38a-mediated phosphorylation of Nur77 impedes
the inhibition of nuclear factor-kB (NF-xB) by Nur77. As
reported by Li er al (67), Nur77 directly binds NF-xB p65
to inhibit its interactions with the kB response elements in
DNA, which inhibits the transcriptional activity of NF-«xB.
Additionally, the reduced p38a-Nur77 interaction by PDNPA
may alleviate LPS-induced hyperinflammatory responses
mediated by Nur77 (67). This finding suggests that modulating
p38a/Nur77-regulated functions may be a novel therapeutic
strategy to treat hyperinflammatory responses.

1,3,7-trihydroxy-2,4-diprenylxanthone (CCE9). CCE9
(Fig. 2E), a xanthone compound, is isolated from the Chinese
medicinal plant Cratoxylum formosum ssp. pruniflorum (75).
CCED9 positively regulates the Nur77/Bcl-2-dependent apop-
totic pathway. A previous report suggested that CCE9 can
promote the expression of Nur77 and phosphorylation of
Bcl-2 in a p38a MAPK-dependent manner, leading to the
cytoplasmic localization and mitochondrial targeting of Nur77
and the Nur77/Bcl-2 interaction (61). The CCE9-induced
induction of apoptosis depends on the activation of p38a
MAPK, followed by the phosphorylation of Bcl-2 and
binding of Bcl-2 with Nur77. Additionally, interference of the
expression of p38a MAPK inhibits the interaction between
Bcl-2 and Nur77 (61), and the phosphorylation of Bcl-2 by
p38a MAPK at Ser87 and Thr56 is required for the interaction
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Figure 2. Chemical structures of compounds that interact with Nur77. Structures of (A) cytosporone B, (B) cisplatin, (C) TMPA, (D) PDNPA, (E) CCE9,
(F) THPN, (G) Z-ligustilide, and (H) celastrol are shown. Cytosporone B, ethyl 3,5-dihydroxy-2-(1-oxooctyl)-benzeneacetate; cisplatin, cis-diaminodichlo-
roplatinum; TMPA, ethyl 2-[2,3,4-trimethoxy-6-(1-octanoyl)-phenyl] acetate; PDNPA, n-pentyl 2-[3,5-dihydroxy-2-(1-nonanoyl)-phenyl] acetate; CCE9,
1,3,7-trihydroxy-2 4-diprenylxanthone; THPN, 1-(3,4,5-trihydroxyphenyl)-nonan-1-one; Z-ligustilide, 3-butylidene-4,5-dihydro-1(3H)-isobenzofuranone;
celastrol, 3-hydroxy-9p,13a-dimethyl-2-0x0-24,25,26-trinoroleana-1(10),3,5,7-tetraen-29-oic acid.

with Nur77 (61). This mechanism of the Nur77-Bcl-2 apoptotic
pathway may provide a novel strategy for the development of
diverse chemotherapeutic agents.

1-(3,4,5-trihydroxyphenyl)-nonan-1-one (THPN). THPN
(Fig. 2F), another Csn-B derivative and Nur77-specific ligand,
induces autophagy (76). In melanoma, THPN stimulation
was found to increase Nur77 cytoplasmic localization and
facilitate its binding with NIP3-like protein X (Nix), a
mitochondrial outer membrane protein. The THPN-induced
Nix-Nur77 interaction may be the first step in mitochondrial
depolarization and autophagic cell death (76). THPN-induced
Nur77 transport to the mitochondrial inner membrane may be
another critical event in autophagic cell death. Furthermore,
THPN inhibits melanoma growth via autophagy, not via
the induction of apoptosis (76). This suggests that Nur77 is
involved in the regulation of autophagy in melanoma, which
may be exploited to develop anticancer therapeutics.

3-Butylidene-4,5-dihydro-1(3H)-isobenzofuranone (Z-ligus-
tilide; Z-LIG). Z-LIG (Fig. 2G) is a phthalide compound
and accounts for >50% of the volatile oil in Radix Angelica
Sinensis (77), which is used to treat gynecological disorders in
traditional Chinese medicine and has been reported to have an
inhibitory effect on tumors in various types of human cancer,
including colon cancer (78) and breast cancer (79). It is well
established that autophagy can have a dual role; it can either
promote apoptosis or have pro-survival effects, depending
on the DNA damage present in cancer cells. For example,
autophagy delays apoptotic death in tamoxifen-resistant
MCF-7 (MCF-7™3%) breast cancer cells (79,80). Notably,
Z-LIG has been reported to inhibit autophagic flux by
inhibiting autophagosome-lysosome fusion; therefore, Z-LIG
may be a novel autophagy inhibitor that can induce cell death
of tamoxifen-resistant breast cancer cells. Z-LIG has been
shown to enhance the efficacy of tamoxifen therapy (79);
following Nur77 knockdown, the ability of Z-LIG to sensitize
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tamoxifen-induced cell death was reduced (79). This indicates
that Nur77 may be critical in Z-LIG-mediated DNA damage
and in the restoration tamoxifen sensitivity in MCF-7™%?
cells (79). Together these findings indicate that the effects of
Z-L1G and Nur77 may be useful for obtaining novel insights
into the mechanisms that mediate tamoxifen resistance in
breast cancer.

3-hydroxy-90,13a-dimethyl-2-oxo-24,25,26-trinoroleana-1(1
0),3,5,7-tetraen-29-oic acid (celastrol). Celastrol (Fig. 2H) is
one of the traditional medicinal compounds that may have the
potential to be developed as a modern therapeutic agent. It has
been reported that celastrol has potent anti-inflammatory
activities within several inflammatory diseases and in
obesity (81,82); however, the effect of celastrol on inflammatory
mechanisms remains to be fully elucidated. It has been
reported that celastrol binds Nur77 to inhibit inflammation
and induce autophagy in a Nur77-dependent manner. Celastrol
induces translocation of Nur77 from the nucleus to the
mitochondria, where it is ubiquitinated by tumor necrosis
factor receptor-associated factor 2, a scaffold protein, and E3
ubiquitin ligase; these are important for inflammatory
signaling (83). The ubiquitinated Nur77 binds to
p62/sequestosome 1, which results in sensitivity to autophagy
under inflammatory conditions.

As inflammatory mitochondrial dysfunction causes various
diseases and types of cancer, these pathways may provide
directions for the investigation of cancer and development of
novel therapies. Celastrol is a promising drug within this class
of therapeutics that acts by targeting Nur77 (83).

Bisindole methane (DIM) compounds. Indole compounds
are bioactive components present in cruciferous plants. In
relatively low pH environments, indoles can be converted into
various polymers, of which DIM is the most important class.
Increasing studies have reported that DIM and its derivatives
can specifically bind to and activate multiple nuclear receptors,
including Nur77 and Nurrl, to regulate signaling pathways.
1,1-Bis (3-indolyl)-1-(p-substituted phenyl) methane (C-DIM)
compounds have significant antitumor activity and low toxicity
in cancer cells. Treating athymic nude bearing A549-derived
metastases with two C-DIM analogs, DIM-C-pPhOCH3
(C-DIM-5) and DIM-C-pPhOH (C-DIM-8), resulted in
significant regression of lung tumors. Furthermore, the effects
of the two analogues were different; C-DIM-5 inhibited the
cell cycle from the GO/G1 phase to the S phase, and C-DIM-8
induced A549 cell apoptosis (84). Additionally, C-DIM-5
and C-DIM-8 have been identified as prototypical activators
and antagonists of Nur77, respectively (49,85). C-DIM-5 has
been used as a prototype activator for Nur77 in a transacti-
vation assay using the GAL4-Nur77/GAL4-reactive element
reporter assay system. However, subsequent investigations
with human GAL4-Nur77 showed minimal transactivation of
C-DIM-5 (84,86). C-DIM-8 inhibits the activation of Nur77 in
pancreatic cancer and lung cancer cells, resulting in the inhi-
bition of cell growth and induction of apoptosis, with results
similar to those observed following RNA interference-induced
Nur77 (49,87). In addition, C-DIM-5 inhibits the growth
and induces apoptosis of UC-5 and KU7 bladder cancer
cells (88). The high-affinity interaction between C-DIM-8
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and the analogous compounds in the ligand-binding pocket
of Nur77 reduces the growth of colon cancer cells, induces
cell apoptosis and decreases the expression of survivin and
other Spl-regulated genes (87). Furthermore, treatment of
pancreatic, colon and breast cancer cells with C-DIM-8 or
DIM-C-pPhCO2Me resulted in an effect similar to the knock-
down of Nur77, with reduced the expression of fl-integrin,
migration and adhesion. A high expression of fl-integrin is a
poor prognostic factor for patients with colon and pancreatic
cancer, and this protein is important in cell migration and inva-
sion (50,89,90). Additionally, treatment of rhabdomyosarcoma
cells, and of ACHN and 786-0 renal cell lines with C-DIM-8
and DIM-C-pPhCO2Me was shown to inhibit tumor cell
growth and induce apoptosis (91,92). In summary, diindolyl-
methane analogues bind Nur77 and are Nur77 antagonists in
various types of cancer cells, which may provide novel avenues
for anticancer treatment.

6. Conclusions and perspectives

Nur77 is a relatively well-researched orphan nuclear receptor,
and the majority of current studies focus on identifying
ligands that regulate the function of Nur77 under pathological
conditions. The literature suggests that the orphan nuclear
receptor Nur77 is important in cancer, including in colorectal
cancer (93,94), androgen-induced bladder cancer (95) and lung
cancer (96). In general, although the endogenous ligand for the
Nur77 receptor has not been identified, studies have identified
structurally diverse compounds that bind to and activate or
inactivate Nur77, induce the transfer of Nur77 from the nucleus
to the cytoplasm, and can regulate associated diseases. These
compounds include Csn-B, cisplatin, celastrol, Z-LIG and
DIM compounds. Cisplatin is already an antitumor chemo-
therapeutic drug. Cytosporone B is currently being assessed
for anticancer activates; however, its detailed biological effects
and potential side effects require investigation. In addition,
whether there are other factors that influence the expression
and location of Nur77, the mechanism of action of Nur77 as a
potential regulator of inflammation, and the specific associa-
tion between Nur77 and apoptosis and autophagy remain to
be fully elucidated. Furthermore, the continued investigation
of compounds that can modulate Nur77 is required, followed
by the development and performing of clinical trials using
these compounds to evaluate their potential for therapeutic
use. In conclusion, the orphan nuclear receptor Nur77 is a
promising research target for investigating cancer mecha-
nisms and prospective therapies. It is important to understand
the structure, function, expression and localization of Nur77,
and to screen and develop compounds that act as agonists or
antagonists and may have clinical applications.
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