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Abstract

Neuron-derived clone 77 (Nur77) is a member of the NR4A subfamily that
plays critical roles in apoptosis, survival, proliferation, autophagy, angiogene-

Receptor Nur77. Journal of Biosciences and
Medicines, 13, 163-172.
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sis, inflammatory responses, DNA repair, glycolipid metabolism and energy
consumption. The deregulation of Nur77 signalling often relates to various

serious diseases, including cancer and non-cancer diseases. A systematic re-
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view is necessary for the better understanding of Nur77 in clinical treatment.
In this article, we comprehensively conclude the lipid regulation function and
expression of Nur77, and its role in COPD. Finally, we prospect that develop-
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1. Introduction

Nur77 is a kind of orphan nuclear receptor and belongs to the NR4A subfamily.
Researchers have discovered that stimulation to tissues like lung, liver, muscle,
testicle, ovary, thymus, prostate, adrenal gland, thyroid, or pituitary gland may
rise Nur77’s expression in each tissue. Also, Nur77 was found to participate in
regulating glycolipid metabolism and energy metabolism. Abnormal regulation of
Nur77 is closely associated with different diseases, suggesting its potential for drug
and administration methods targeting Nur77, especially in chronic obstructive
pulmonary disease (COPD) fields. Currently, there is a relative scarcity of research

on the biological functions of Nur77 and its regulation of lipid metabolism in
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various tissues. This article aims to provide a comprehensive review of Nur77 ex-
pression in the liver, skeletal muscle, adipose tissue, and tumor cells, as well as its
mechanisms of lipid metabolism regulation, and to explore its role in COPD. The

goal is to offer insights that may inform further research into respiratory diseases.

2. Biochemistry Foundation and Biological Function of
Nur77

The NR4A subfamily is an isolated nuclear receptor, and its specific endogenous
ligand has not yet been found. This family is observed overexpressed while in-
duced by various signals inside and outside cells, so it is considered an immediate
early gene. It consists of three highly homologous members: NR4A1 (Nur77),
NR4A2 (Nurrl) and NR4A3 (NOR-1). Nur77 belongs to one of them and has typ-
ical characteristics of a nuclear receptor. It consists of a central double zinc DNA
binding domain (DBD), an N-terminal trans-activation domain (TAD), and a C-
terminal ligand binding domain (LBD). Nur77 is located on human chromosome
12 and consists of 598 amino acids. Its ligand binding pocket is filled with hydro-
phobic amino acid side chains, which will hinder the binding of small molecule
ligands [1]. As an orphan nuclear receptor, Nur77 can serve as a transcription
factor that can positively or negatively regulate the transcription and expression
of downstream target genes through its DBD in the form of monomers, homodi-
mers or heterodimers; it can also serve as a regulatory factor that regulates the
biological functions of other proteins through protein-to-protein (PTP) interac-
tions. As an immediate early gene, Nur77 can be overexpressed as a reaction to
stimulations in various tissues and organs including lung, liver, muscle, testicle,
ovary, thymus, prostate, adrenal gland, thyroid and pituitary gland. The stimula-
tion can be hormones, TGF-p, inflammatory stimuli, cytokines, fatty acids or
pathological factors [2]. Studies have also shown that Nur77 is related to the oc-
currence and development of multiple lung diseases, and has shown potential
therapeutic effects in the treatment of asthma, acute lung injury and pulmonary
fibrosis [3]-[5].

Scientific research has recently revealed that the orphan nuclear receptor Nur77
plays multiple roles in organisms, especially in fields involving basic life activities,
such as glycan decomposition pathways and fat storage and consumption process.
Of all the organs in human body, Nur77 is found to be primely distributed in liver,
skeletal muscle and adipose tissue, which are related with glycolipid metabolism
and energy metabolism, indicating that Nur77 play a crucial role in regulating the

dynamic balance of lipid metabolism.

3. Pathogenic Mechanisms of Nur77’s Misregulation

3.1. The Relationship between Liver and Nur77’s
Misregulation

The liver is one of the most crucial organs in metabolism process, which involves

almost all metabolic activities in the body, including the process of lipid

DOI: 10.4236/jbm.2025.131013

164 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.131013

H.J.Heetal

metabolism. Nur77 is essential for hepatic lipid metabolism, and hepatic steatosis
can be observed in Nur77~/~ knockout mice [6]. It is also worth noting that after
knockout of Nur77 in mouse model, the expression of lipid synthesis-related
genes such as SREBP1c and FAS will be up-regulated in the liver [6]. Follow-up
studies found that Nur77 affected the content of triglycerides in the liver of mice
by down-regulating the expression of SREBP1c [7]. By injecting recombinant ad-
enovirus to overexpress Nur77 in the livers of mice, changes in plasma lipid com-
ponents and hepatic triglyceride levels were observed. The results showed a 12%
decrease in plasma high-density lipoprotein (HDL) cholesterol compared to the
control group, while low-density lipoprotein (LDL) cholesterol and low-density
triglycerides increased by 98% and 67%, respectively, and hepatic triglyceride lev-
els were found to be reduced concurrently. Upon activation of Nur77, heatmap-
illustrated data from individual mouse models revealed a pattern of decreased
mRNA expression levels for numerous genes implicated in hepatic lipid metabo-
lism, with a particularly significant reduction observed in the expression of
SREBP1 under the influence of Nur77. Concurrently the expression levels of
SREBP1’s direct target genes, Ldlr and Scdl, as well as three downstream genes
associated with lipid metabolism (Gpam, Fas, and Acaca), also showed a tendency
towards reduction. This suggests that Nur77 may lead to a reduction in SREBP1c
activity, which could subsequently impact the synthesis of triglycerides within the
liver. Glycerol kinase (GK), a key enzyme in glycerol metabolism, is capable of
synthesizing triglycerides via the phosphatidic acid pathway in the liver. When
glycerol kinase (GK) is deficient, signaling pathways associated with glucose and
lipid metabolism, including SREBP1, PPARa, and STATS3, are suppressed, thereby
affecting the metabolic processes of glucose, lipids, and insulin in the body. Liu
Yue et al discovered through in vitro cellular experiments based on the results of
the yeast two-hybrid screen that Nur77 can interact with glycerol kinase, with the
interaction sites located in the DNA-binding domain and the ligand-binding do-
main (LBD) of Nur77 [8]. Follow up examinations used co-transfection of Nur77
and glycerol kinase into the human L02 liver cell line and mice and confirmed that
upon binding to glycerol kinase, Nur77 significantly modulates the activities of
SREBP1c and other key enzymes involved in lipid biosynthesis. The interaction
between them may modulate hepatic lipid metabolism by influencing the activity
and stability of Nur77 [8]. Liu Tingting et a/. elucidated that Nur77 plays a pivotal
role in promoting liver lipid degradation during the onset and progression of non-
alcoholic fatty liver disease in the elderly by regulating chaperone-mediated au-
tophagy (CMA) and autophagic flux through the establishment of wild-type and
Nur77 gene-mutated mouse models [9]. In hepatocytes, 3-hydroxy-3-methylglu-
taryl coenzyme A reductase (HMGCR), a key regulatory enzyme in the cholesterol
biosynthesis pathway, catalyzes the formation of mevalonic acid (MVA). Inhibi-
tion of its function can effectively prevent cholesterol biosynthesis. Simultane-
ously, the low-density lipoprotein receptor (LDLR) plays a pivotal role in main-

taining cholesterol homeostasis. Nur77 can modulate cholesterol metabolism in
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hepatocytes by adjusting the activity states of LDLR and HMGCR. Levels of LDLR
and HMGCR increase with the downregulation of Nur77 expression and decrease
with the upregulation of Nur77 expression [10]. This observation is consistent
with the findings of Chao and colleagues in animal studies [6]. FGF21, a stress-
responsive factor in the liver, is activated during the process of steatosis, leading
to its increased production [11]. Its expression is influenced by various transcrip-
tion factors, including Nur77 [12]. Research by Ahuja P et al. reports that Src ho-
mology 3 (SH3) domain-binding kinase 1 (SBK1) in the liver regulates lipid me-
tabolism and enhances FGF21 production by phosphorylating Nur77 [13]. This
mechanism effectively prevents excessive fat accumulation in the livers of obese
mice by inhibiting the transcription of genes associated with lipid synthesis. In
summary, Nur77 plays an indispensable role in the dynamic regulation of liver fat
storage and lipid metabolism, with its functional mechanism involving the inter-

play of multiple key enzymes and stress response factors.

3.2. Metabolism Process in Skeletal Muscle and Nur77’s
Misregulation

Skeletal muscle, a primary peripheral tissue, accounts for 50% of energy expendi-
ture and is a major site for lipid metabolism, playing a crucial role in obesity and
dyslipidemia. Reports indicate that f-adrenergic signaling can trigger muscle gly-
cogenolysis, lipolysis, and energy metabolism, and S-adrenergic receptor agonists
also modulate the expression of NR4A. The NR4A family is intimately associated
with lipid, glucose, and energy metabolism in skeletal muscle. Maxwell MA ef al.
have demonstrated that Nur77 regulates lipolysis in skeletal muscle cells [14]. By
upregulating Nur77 expression in C2C12 skeletal muscle cells using S-adrenergic
receptor agonists, they observed a reduction in the expression of genes and pro-
teins related to energy expenditure and lipid homeostasis regulation, such as
CD36, UCP3, AMPK)3, GLUT4, and Caveolin-3. Conversely, when Nur77 ex-
pression is suppressed, lipolysis is significantly inhibited. Additionally, as re-
ported in relevant literature, Nur77 knockout mice on a high-fat diet exhibit skel-
etal muscle insulin resistance, and an increase in lipid content within skeletal mus-
cles is observed in these knockout mice, findings that align with the conclusions
of Maxwell MA et al [6] [14]. Therefore Nur77 is recognized as a key factor in
ameliorating the decline in muscle mass associated with obesity [15]. Further-
more, Nur77 can mitigate the inflammatory response induced by oxidized low-
density lipoprotein (oxLDL) by reducing the excessive proliferation of smooth

muscle cells and the uptake of oxLDL by macrophages [16].

3.3. Metabolism Process in Adipose Tissue and Nur77’s
Misregulation

Members of the NR4A family are prevalent in various adipose tissues, including
white and brown adipose tissues. Luo et al have reported that the NR4A family

plays a role in glucose metabolism and lipidogenesis within white adipose tissue

DOI: 10.4236/jbm.2025.131013

166 Journal of Biosciences and Medicines


https://doi.org/10.4236/jbm.2025.131013

H.J.Heetal

[17]. Within adipocytes, insulin and its thiazolidinedione agonists can induce
Nur77 activation. Notably, in their studies of obese and diabetic mouse models,
they observed a significant downregulation of Nur77 expression in white adipose
tissue, a phenomenon that appears to be closely associated with disease progres-
sion. Additionally, the NR4A family appears to play a collaborative role in lipid
signaling and transcriptional activities. Research indicates that Nur77 (NR4Al)
and Nurrl (NR4A2) interact with the glucocorticoid receptor system, which is
indispensable for adipogenesis [18]. In adipose precursor cells, the overactivity of
Nur77 can significantly impede adipogenesis. It modulates the fat synthesis pro-
cess in the following ways: 1) By enhancing the functions of gap junction protein
1 (GJA1) and Tolloid-like protein 1 (TLL1), it achieves significant inhibition of
adipogenesis [19]; 2) By regulating cellular status to induce an inactive state in
precursor cells, it further suppresses fat synthesis. Conversely, the absence of
Nur77 stimulates the proliferation of adipose precursor cells and enhances their
adipogenic potential [20]. On the other hand, the research by QinD and colleagues
has unraveled the molecular mechanisms of Nur77. They discovered that Nur77
can directly activate the expression of GATA2, thereby indirectly suppressing the
transcriptional activity of PPARy. Furthermore, Nur77 can upregulate the levels
of p53, indirectly inhibiting the expression of SREBP1c and consequently affecting
FAS, which hinders adipocyte maturation and lipid formation. This intricate reg-
ulatory network further highlights the central role of Nur77 in adipocyte fate de-

termination [21].

3.4. Nur77 Participates in Lipid Metabolism in Tumor

Orphan nuclear receptors exhibit time-dependent roles in the progression of can-
cer, playing complex and multifaceted roles in tumorigenesis and development,
functioning both as oncogenes and tumor suppressors. In the development and
metastasis of breast cancer, aberrant lipid metabolism plays a pivotal role. Nur77
is regarded as a tumor suppressor in breast cancer. Peng-bo Yang and his team
initially discovered that the orphan nuclear receptor Nur77 can downregulate the
transcription of key molecules in fatty acid uptake, CD36 and fatty acid-binding
protein 4, by recruiting the SWI/SNF complex and HDACI, thereby preventing
breast cancer cells from taking up exogenous fatty acids and effectively suppress-
ing tumor cell proliferation [22]. Additionally, it has been confirmed that the
Nur77 agonist cytosporone B (Csn-B) exhibits potent anti-breast cancer activity.
In breast cancer, PPARy can regulate Nur77 by recruiting Trim13, facilitating
Nur77 ubiquitination and degradation. The compound Csn-B can precisely target
the ligand-binding domain (LBD) of Nur77, thereby preventing the interaction
between PPARy and Nur77, and subsequently enhancing Nur77’s inhibitory ef-
fect on the progression of breast cancer. Csn-B not only strengthens the formation
of Nur77 homodimers but also blocks the Nur77-PPAR y interaction, antagoniz-
ing PPAR y-mediated Nur77 degradation. This ensures Nur77’s inhibition of ex-
ogenous fatty acid uptake and further delays the development of breast cancer.
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These findings offer new possibilities for breast cancer treatment strategies and
highlight the significant potential of Csn-B as a potential antineoplastic agent. Re-
search by Bian H et al. has also revealed similar outcomes; after downregulating
Nur77 gene expression in human breast cancer cells, they observed that Nur77
downregulation promotes the proliferation of breast cancer cells and enhances the
cells’ ability to absorb long-chain fatty acids, indicating that Nur77 plays a crucial
role in inhibiting the proliferation and lipid metabolism of breast cancer cells [23].
Additionally, it has been observed that breast cancer patients with high levels of
Nur77 expression exhibit longer postoperative overall survival, whereas patients
with elevated PPARy expression tend to have a poorer prognosis, as PPARy can
suppress the expression of Nur77 protein. In contrast to its role in breast cancer,
Nur77 behaves as an oncogenic molecule in melanoma. Studies have revealed that
Nur77 enhances the survival of melanoma cells by safeguarding TP/, a key catalyst
for fatty acid oxidation (FAO), from oxidative damage, particularly under condi-
tions of glucose scarcity, thereby maintaining the FAO process [24]. Specifically,
during glucose deprivation, the phosphorylation of ERK2 is triggered, which in
turn facilitates the translocation of Nur77 to the mitochondria. Within the mito-
chondria, Nur77 interacts with TP to prevent its oxidation under low-glucose
conditions. Collectively, Nur77 plays a crucial role in the lipid metabolism of mel-
anoma by modulating fatty acid oxidation and preserving an antioxidant state,

thereby aiding the survival of melanoma cells under metabolic stress.

4.Nur77’s Role in COPD

Chronic Obstructive Pulmonary Disease (COPD), often induced by smoking, man-
ifests as a broad systemic inflammatory condition. Previous research has high-
lighted the significant role of Nur77 in smoking-related pulmonary inflammatory
responses [25]. Studies have observed a downregulation of Nur77 expression in
the lung tissues of COPD patients, in mice exposed to cigarette smoke, and in
airway epithelial cells treated with smoke extracts. Additionally, it has been dis-
covered that the activation of Nur77 can effectively suppress the inflammatory
response in a mouse COPD model induced by brief exposure to cigarette smoke
[25]. Subsequent research has revealed that the expression levels of Nur77 in the
serum of COPD patients exhibit a negative correlation with disease progression,
and this variation is closely associated with pulmonary function and inflammatory
markers [26]. This strongly supports the notion that Nur77 could be a potential
therapeutic target for COPD. As a significant nuclear transcription factor, Nur77
is recognized for its crucial role in the regulation of autophagy, a key process in
the initiation and progression of smoking-induced COPD. In contrast to previous
findings that tobacco smoke exposure reduces Nur77 activity, other studies have
shown that tobacco smoke can increase Nur77 expression and promote its trans-
location from the nucleus to the cytoplasm, where it interacts with Bcl2, leading
to the dissociation of Bcl2 and Beclin-1. This interaction diminishes Bcl2’s inhib-

itory effect on autophagy, thereby initiating the autophagic mechanism and
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ultimately leading to cell death through autophagy. This form of autophagic cell
death plays a pivotal role in the pathogenesis of COPD, particularly in the context
of airway and alveolar damage [27]. The pathological characteristics of COPD en-
compass chronic bronchitis, airway remodeling, and emphysema. Nur77 exacer-
bates the progression of COPD by intervening in autophagic processes. The com-
plexity of COPD extends beyond respiratory issues, often accompanied by various
comorbidities, including hypertension and dysregulation of glucose and lipid me-
tabolism. Disturbances in fat metabolism may contribute to the development and
exacerbation of COPD [28]. Previous research has observed a close association
between the extent of emphysema in COPD patients and weight loss as well as fat
loss [29]. Research conducted both in vivo and in vitro experiments has demon-
strated that exposure to tobacco smoke can lead to a reduction in total body fat
and adipose tissue atrophy, likely due to enhanced lipolysis [30]. In patients with
COPD, adipose tissue loss, which manifests as weight loss, is a notable clinical
characteristic. Furthermore, studies indicate that dysregulation of fatty acid me-
tabolism contributes to the development of chronic pulmonary inflammation and
emphysema by initiating oxidative stress, inflammation, pulmonary structural re-
modeling, and autophagy, thereby influencing the pathogenesis of COPD [31].
However, the specific role of Nur77 under the influence of tobacco smoke and the
underlying pathophysiological mechanisms that lead to lipid metabolism disor-
ders and weight loss in COPD patients remain unclear and warrant further inves-

tigation.

5. Conclusion and Prospect

As a member of the orphan nuclear receptor family, Nur77 is influenced by a di-
verse array of physiological and pathological factors and plays a pivotal role in
lipid metabolism across various tissues and cells. While current pharmacological
treatments and integrated strategies of Chinese and Western medicine can effec-
tively manage COPD and enhance patients’ quality of life, no drug has yet been
found that can halt the progression or reverse the pathological state of the disease.
Hence, further exploration of Nur77’s physiology mechanism, its regulation of
lipid metabolism, and its functions in inflammation-related lung diseases, may
offer new avenues for the prevention and treatment of COPD. To sum up, more
relevant mechanistic research should be conducted at the prospect of Nur77’s reg-
ulation of lipid metabolism process and its relevant potential of halting the pro-
gression of COPD.
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