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The chicken ovalbumin upstream promoter transcription factors (COUP-TFs), members of the nuclear receptor superfamily, consist of 
two highly homologous subtypes, COUP-TFI (EAR-3, NR2F1) and COUP-TFII (ARP-1, NR2F2). They are referred to as orphan receptors 
because the COUP-TF ligands have yet to be identified. Since the discovery of COUP-TFs in 1986, extensive studies have demonstrated 
their crucial functions in a variety of developmental processes, such as organogenesis, angiogenesis, and metabolic homeostasis. 
Recently, emerging evidence has highlighted that COUP-TFs, specifically COUP-TFII, play important roles in tumorigenesis. In this 
review, we will discuss the critical functions of COUP-TFII in the development of the tumor microenvironment, the progression of various 
cancers, and its underlying mechanisms.
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Introduction
The chicken ovalbumin upstream promoter transcriptional 
factors (COUP-TFs) belong to the steroid/thyroid hormone 
receptor superfamily and were first cloned in 1986[1–3].  Because 
the ligands of the COUP-TFs have not yet been identified, 
the COUP-TFs are referred to as orphan nuclear receptors.  
In vertebrates, two COUP-TF homologues have been iden-
tified, COUP-TFI (EAR3)[4, 5] and COUP-TFII (ARP-1)[6, 7], 
also known as nuclear receptor 2 family 1 and 2 (NR2F1 and 
2).  The COUP-TF family has a highly conserved modular 
structure that is composed of an N-terminal DNA binding 
domain (DBD) and a putative C-terminal ligand-binding 
domain (LBD).  The COUP-TF DBD and LBD share 98% and 
96% amino acid homology, respectively.  Both receptors were 
highly conserved during evolution; human COUP-TFs share 
almost 95% homology with other vertebrate and invertebrate 
homologous proteins, suggesting that COUP-TFs could be pri-
mordial members of the NR family[8].  

COUP-TFs have been shown to play important roles 

in many developmental processes.  Both COUP-TFs are 
expressed during early embryonic development in mice and 
their expression is reduced shortly after birth.  COUP-TFI is 
mainly expressed in the developing peripheral and central 
nervous systems, while COUP-TFII is detected in the mesen-
chyme of various organs and the developing vasculature[9].  
COUP-TFI deletion in mice results in perinatal lethality mainly 
due to defects in central nervous system.  In contrast, COUP-
TFII null mice exhibit vascular abnormalities in the head, spine 
and heart, and die around embryonic day 10 (E10)[9].  Consis-
tent with these results, recent studies using exome sequenc-
ing in human patients revealed that COUP-TFI mutations are 
associated with cerebral visual impairment (CVI)[10], while 
variants of COUP-TFII cause congenital heart defect (CHD)[11].  
This research highlights the crucial role of COUP-TFI in neu-
ronal development and COUP-TFII in organogenesis.  

Because COUP-TFs are expressed at very low basal levels 
in adult mice, deletion of COUP-TFs in adults yielded no dis-
cernible phenotypes, except in reproduction with respect to 
the loss of COUP-TFII.  In contrast, emerging evidence sug-
gests that ectopic expression of COUP-TFs, specifically COUP-
TFII, might play a critical role in the development of diseases, 
such as cancer and heart disease.  In this review, we will focus 
on the functional roles of COUP-TFII and its underlying mech-
anisms in tumorigenesis.
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COUP-TFII in the tumour microenvironment
It is well recognised that angiogenesis and lymphangiogenesis 
are required for tumour progression, invasion, and metastasis.  
The blood and lymphatic vessels deliver nutrients and oxygen 
essential for tumour growth and provide access for metas-
tases to distant sites.  Without persistent vessel formation, 
tumour cells will undergo apoptosis or become necrotic[12, 13].  
Therefore, a better understanding of the mechanisms of how 
tumours control this angiogenic switch will contribute to the 
development of new therapeutic strategies.

Our previous studies have revealed that COUP-TFII plays 
important roles in angiogenesis and lymphangiogenesis during 
normal mouse development.  For example, COUP-TFII knock-
out mice have defects in atrial and vascular development and 
die around E10[14]; at a later developmental stage, conditional 
ablation of COUP-TFII in mice results in the malformation of 
the primitive lymphatic sacs and the lymphatic vessels[15].  To 
further investigate the roles of COUP-TFII in adult and patho-
logic angiogenesis, we used a TAM-inducible Cre-loxP system 
to knockout COUP-TFII in adult mice.  The COUP-TFII abla-
tion in the adult mice severely compromised neoangiogenesis 
and suppressed tumour growth in xenograft mouse models[16].  
Moreover, inactivation of COUP-TFII in multiple spontane-
ous tumour models also impaired tumour progression and 
metastasis by repressing angiogenesis[16, 17].  This indicates that 
COUP-TFII serves as a major regulator to control angiogenesis 
within the tumour microenvironment.  Further investigations 
revealed that COUP-TFII regulates two major angiogenic 
signals, Ang-1/Tie2 and VEGF/VEGFR-2.  First, COUP-
TFII positively regulates Ang-1 expression in the pericyte[16].  
Ang-1 is a paracrine ligand for endothelium-specific tyrosine 
kinase receptor Tie2.  Ang-1/Tie2 signalling plays prominent 
roles in both the maintenance of vascular quiescence and the 
promotion of angiogenesis[18].  COUP-TFII directly binds to 
the promoter of Ang-1 and enhances the expression of Ang-1, 
therefore activating the Ang-1/Tie-2 pathway to promote ves-
sel remodelling[16].  Second, COUP-TFII represses the expres-
sion of VEGFR-1 in endothelial cells[17].  VEGFR-1 acts as a 
decoy receptor, sequestering VEGF from VEGFR-2 binding[19].  
Thus, repression of VEGFR-1 by COUP-TFII enhances VEGF/
VEGFR-2 signalling and promotes blood endothelial cell 
proliferation and sprouting.  We also found that COUP-TFII 
upregulates E2F1 and downregulates Notch signalling[20, 21], 
and both have been shown to modulate angiogenesis via the 
VEGF/VEGFR axis[22, 23].  There might be a complicated inter-
play network between COUP-TFII, E2F1, Notch signalling and 
VEGF/VEGFR signalling to coordinate angiogenesis within 
the tumour microenvironment.  However, the detailed mech-
anisms of how COUP-TFII conducts those signals needs to be 
further elucidated.

In addition to angiogenesis, accumulated evidence also sug-
gests that COUP-TFII modulates tumour lymphangiogenesis.  
In our breast and pancreatic cancer mouse models, depletion 
of COUP-TFII impaired lymphangiogenesis and inhibited 
lymph node metastasis[15, 17].  Consistent with our results, pre-
vious reports showed that the COUP-TFII expression levels 

were positively correlated with lymph node metastasis in 119 
breast tumour patients[24].  Based on the current understand-
ing, multiple pathways might be involved in the modulation 
of COUP-TFII in tumour lymphangiogenesis.  For example, 
the Ang-1/Tie2 axis might contribute to this progress.  Because 
Tie2 is expressed both in lymphatic (LECs) and blood (BECs) 
endothelial cells[25], upregulation of Ang-1 by COUP-TFII in 
the pericyte also promotes LEC proliferation and lymphatic 
vascular remodelling via Tie2 signalling.  The inactivation of 
COUP-TFII also severely inhibits the expression of VEGFR-3 
and Nrp2[15], the co-receptor of VEGF-C in LECs.  Together 
with previous reports, which showed that knockdown of 
COUP-TFII reduces the expression of VEGF-C in breast cancer 
cells[24], these results suggest that COUP-TFII controls tumour 
lymphangiogenesis by modulating the VEGF-C/VEGFR-3 
pathway.

As depicted in Figure 1, COUP-TFII is a central regulator for 
both tumour angiogenesis and lymphangiogenesis by regulat-
ing VEGF/VEGFR, Ang-1/Tie2 and other pathways involved 
in manipulating the tumour microenvironment.  These studies 
highlight the fact that COUP-TFII could serve as a potential 
target for anticancer interventions.

COUP-TFII in prostate cancer
Aside from its function within the tumour microenvironment, 
recent studies have also revealed that COUP-TFII promotes 
prostate cancer progression by directly regulating tumour 
growth.  COUP-TFII immunostaining results in a prostate 
tumour tissue array indicated that COUP-TFII expression is 
higher in prostate tumour cells compared with the adjacent 
normal prostate epithelium.  Among 407 patient specimens, 
approximately 60% of the cancer specimens exhibited inter-
mediate to intense nuclear COUP-TFII staining, whereas 
only 5% of normal prostate epithelium cells were COUP-TFII 
positive[26].  Moreover, higher levels of COUP-TFII expression 
correlated with earlier tumour recurrences after radical pros-
tatectomy[26].  Consistent with these results, data analysis from 
the Oncomine dataset also showed that COUP-TFII expression 
is higher in prostate cancer cells and further increased in met-
astatic prostate cancers[27, 28], indicating that COUP-TFII may 
promote prostate tumorigenesis.  In support of this notion, 
prostate-specific ablation of the COUP-TFII gene in Pten-null 
mice prevented the progression of low-grade to advanced 
PIN lesions and adenocarcinomas and diminished cancer cell 
metastasis.  Conversely, overexpression of COUP-TFII in Pten-
null mice accelerated the progression of PIN to invasive ade-
nocarcinoma, and enhanced metastasis to the lung and lymph 
nodes[26].  Interestingly, conditional depletion or overexpres-
sion of COUP-TFII in the prostate epithelium could not impair 
angiogenesis, suggesting that COUP-TFII might regulate other 
pathways beyond angiogenesis to promote prostate cancer 
progression.

Pten loss has been shown to activate TGF-β signalling and 
induce a growth barrier to constrain prostate cancer growth 
in the premalignant state[29].  The expression of COUP-TFII 
is reversely correlated with TGF-β signalling in the pros-
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tate tumour, but not in the normal prostate counterparts.  In 
Pten-null mice, hyperactive TGF-β signalling is repressed by 
COUP-TFII overexpression, while it is enhanced by COUP-
TFII depletion[26], suggesting that COUP-TFII might override 
the TGF-β-induced growth barrier to promote prostate can-
cer progression.  A mechanistic investigation revealed that 
COUP-TFII physically associates with SMAD4, and sequesters 
SMAD4 from binding to the promoter of target genes, there-
fore repressing TGF-β signalling[26].  Moreover, deletion of 
SMAD4 restored invasive tumour growth in Pten-null mice 
lacking COUP-TFII, demonstrating that COUP-TFII-mediated 
repression of TGF-β signalling is necessary for Pten-null pros-
tate indolent tumours to develop into full-blown metastatic 
prostate cancers[26].

As shown in Figure 2, COUP-TFII plays a crucial role in 
inducing indolent prostate cancer to develop into metastat-
ic-prone cancer by directly interacting with SMAD4 to destroy 
the TGF-β-induced growth barrier.  

COUP-TFII in breast cancer
In addition to prostate cancer, increasing evidence suggests 
that COUP-TFII might play an important role in breast cancer 
progression.  Using immunostaining, Nagasaki et al showed 
that 59% of 119 human breast cancer cases stained immunohis-
tochemically positive for COUP-TFII[24].  Higher expression of 
COUP-TFII is associated with a worse prognosis and clinical 
outcome, as well as lymph node metastasis.  Additionally, a 
positive correlation between COUP-TFII and ERα status was 

Figure 1.  A model of COUP-TFII in the tumour microenvironment.  In blood endothelial cells, COUP-TFII represses VEGFR-1 expression, a decoy receptor 
that sequesters the VEGF ligand, and leads to reduction of VEGFR-2 signalling.  In contrast, in the lymphatic endothelial cells, COUP-TFII directly enhanc-
es the expression of VEGFR-3 and Nrp2, and promotes VEGFR-3 signalling.  Additionally, COUP-TFII also upregulates the expression of Ang-1 in pericytes, 
and Ang-1 serves as a paracrine signal to activate Tie2 receptors on the endothelial cells.  Thus, COUP-TFII regulates angiogenesis and lymphangiogen-
esis via the VEGF/VEGFR and Ang-1/Tie2 signalling pathways within the tumour microenvironment.

Figure 2.  A model of COUP-TFII’s role in prostate malignancy.  PTEN inactivation drives prostate tumour initiation and progression.  However, it also 
induces TGF-β signalling, which serves as a tumour growth barrier to restrict tumours in a premalignant state.  In a later stage, alternative oncogenic 
insults stimulate COUP-TFII expression, which sequesters SMAD4 and blocks TGF-β signalling.  Thus, COUP-TFII plays a crucial role in inducing indolent 
prostate cancers to develop into metastatic-prone cancers.  



35

www.chinaphar.com
Xu M et al

Acta Pharmacologica Sinica

npg

demonstrated[24, 30].  However, another report showed that a 
reduction in COUP-TFII associated with increased tumour 
stage in ERα-positive invasive ductal carcinomas[30], suggest-
ing an inverse correlation between COUP-TFII and tumour 
grade.  The contrasting results regarding COUP-TFII expres-
sion in different breast cancer samples might reflect its compli-
cated roles during different breast cancer progression phases.  

Interestingly, both reports showed a positive correlation 
between COUP-TFII and ERα status, consistent with previous 
studies, which revealed that siRNA knockdown of ERα in 
MCF-7 breast cancer cells decreased COUP-TFII expression, 
while treatment with estradiol increased the expression of 
COUP-TFII[31].  Reduction of COUP-TFII expression levels 
might render the breast cancer cells resistant to tamoxifen 
(TAM)[31].  Conversely, overexpression of COUP-TFII in 
TAM-resistant human breast cancer cell lines increases the 
effects of TAM and ICI 182780 treatment[31].  Additionally, 
COUP-TFII has been shown to interact with ERα and inhibit 
estrogen-induced gene expression[32], suggesting that COUP-
TFII might mediate breast cancer cell sensitivity to TAM 
therapy through inhibition of the ERα activity.  

The current results indicate that COUP-TFII might be 
involved in the initiation and progression of breast cancer, as 
well as in TAM resistance.  Further research using appropriate 
animal models is needed to elucidate its precise function and 
the underlying mechanism, which might contribute to the 
future development of breast cancer treatment strategies.

COUP-TFII in colon and ovarian cancers
COUP-TFII immunostaining in 95 colorectal cancer patients 
indicated that COUP-TFII is positive in over 57% of the 
tumour samples, while there was a minimal expression of 
COUP-TFII in the normal colonic mucosa, and patients with 
COUP-TFII positive tumours had a better overall survival rate 
than those with COUP-TFII negative tumours[33].  In contrast, 
COUP-TFII is highly expressed in stromal and lowly expressed 
in epithelial cells of ovarian tumours, while this expression 
pattern is reversed in the normal ovarian tissue.  The patients 
with high epithelial/stromal ratios of COUP-TFII expression 
exhibited a decrease in tumour recurrence[34].  Additional 
studies also showed a relatively low expression of COUP-TFII 
in ovarian tumours compared to non-tumour tissue[35].  These 
data suggested that COUP-TFII serves as both a tumour pro-
moter and suppressor in different tumour types.  While these 
analyses from tumour patients implied that COUP-TFII might 
be associated with colon and ovarian cancers, the precise role 
of COUP-TFII in these cancers remains to be investigated.  

Summary and perspective
The studies reviewed here show that COUP-TFs, particularly 
COUP-TFII, are both up- and downregulated in different 
tumours and reveal a potential role for COUP-TFII in tumori-
genesis.  Although detailed analyses have illustrated the indis-
pensable functions of COUP-TFII in prostate cancer and the 
tumour microenvironment, further investigations are needed 
to differentiate the distinct roles of COUP-TFII in the course of 

different cancers’ initiation and progression.
As shown above, COUP-TFII potently modulates multiple 

signalling pathways and controls both tumour cell growth 
and angiogenesis, which renders it an important target for 
anticancer intervention.  We have already found that deletion 
of COUP-TFII in adult mice has no discernible phenotypes, 
suggesting that inhibiting COUP-TFII activity in the adult may 
have few toxic side effects.  Moreover, COUP-TFII is a nuclear 
receptor, and its activity could potentially be regulated by 
ligands.  Indeed, crystal structures of the COUP-TFII LBD 
domain illustrate that there are two small pockets for ligand 
binding and that retinoic acid may be a low-affinity ligand 
that activates COUP-TFII[36].  Thus, it would be highly feasible 
to find some small molecules that could bind COUP-TFII and 
regulate its activity.  In future work, it will be important to 
screen for and identify specific antagonist ligands of COUP-
TFII and examine their latent capacity for anticancer interven-
tion.
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