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Abstract:

 The orphan receptors COUP-TFI and COUP-TFII are members of the nuclear receptor superfamily that play distinct and critical roles in vertebrate organogenesis, as demonstrated by loss-of-function COUP-TFI and/or COUP-TFII mutant mice. Although COUP-TFs are expressed in a wide range of tissues in adults, little is known about their functions at later stages of development or in organism homeostasis. COUP-TFs are expressed in cancer cell lines of various origins and increasing studies suggest they play roles in cell fate determination and, potentially, in cancer progression. Nevertheless, the exact roles of COUP-TFs in these processes remain unclear and even controversial. In this review, we report both in vitro and in vivo data describing known and suspected actions of COUP-TFs that suggest that these factors are involved in modification of the phenotype of cancer cells, notably of epithelial origin.




Keywords:


orphan nuclear receptors; COUP-TFs; cancer progression; steroid hormones; cross-talk








1. Introduction

Chicken-Ovalbumin-Upstream-Promoter-Transcription Factors (COUP-TFs) were first characterized as fundamental transcription factors for chicken ovalbumin gene expression [1,2]. Two major homologues have been described in vertebrates, named COUP-TFI and COUP-TFII [1,2]. These two factors belong to the nuclear receptors (NRs) super family. Therefore, they share the highly conserved modular structure characteristic of these ligand activated transcription factors, comprising a central DNA binding domain (DBD), a putative C terminal ligand binding domain (LBD), and two activation functions, namely AF-1 and AF-2, necessary for co-factor recruitment (Figure 1) [1]. However, no natural ligand has been characterized so far for COUP-TFI or COUP-TFII, although supra-physiological doses of retinoic acid (RA) induce structural activation of COUP-TFII LBD in vitro [3]. Thus, COUP-TFs are to date classified as orphan nuclear receptors. The orphan receptor Ear2 has been reported as a third member of the COUP-TFs family since this protein shares DNA binding activities and has the capacity to heterodimerize with COUP-TFI. However, Ear2 exhibits a higher divergence in protein sequence from the two other forms and we therefore focused on COUP-TFI and COUP-TFII [1,2,3].

Figure 1. Schematic structure of human COUP-TFI and COUP-TFII proteins. The different domains are represented with the percentage of amino acid identity between the two receptors. The N-terminal and C-terminal transactivation functional domains (AF-1, AF-2); as well as DNA-binding domain (DBD); nuclear localization signal (NLS); and putative ligand-binding domain (LBD) are shown.
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These two NRs are encoded by two distinct genes located on human chromosome 5 and 15, respectively. Nevertheless, they display high homology in amino acid sequence suggesting conservation of a primordial duplication during evolution. Homology in sequence varies from nearly 100% in the DBD to about 45% for the N-terminal region (Figure 1). This suggests possible divergences in functions and/or regulation between the two factors. In addition, both orphan receptors are highly conserved during evolution since the human COUP-TFs share almost 95% homology with other vertebrate and invertebrate proteins. This suggests that these orphan NRs could be primordial members of the NR family [1].

In vertebrates, both forms of COUP-TFs are expressed during early development and have partially overlapping patterns of expression. However, COUP-TFI is mainly expressed in the developing peripheral nervous system (PNS) and central nervous system (CNS), while COUP-TFII is observed in the mesenchymal area of internal organs and shaping vasculature, suggesting their involvement in distinct developmental processes [2]. Homozygous deletions of COUP-TFI in mice generate many defects, particularly in the CNS, leading to perinatal lethality. A significant reduction of axonal projection and arborization as well as an excessive cell death in cortical layers were reported in COUP-TFI null mice, confirming the importance of this factor in neuronal development and differentiation. In contrast, null mutant mice for COUP-TFII die around E10 because of growth-retardation in the vasculature of the head, spine and heart, highlighting the crucial role of COUP-TFII in the regulation of mesenchymal-endothelial interactions and blood vessel formation during development [2].

Interestingly, there is much evidence suggesting that these orphan NRs are directly involved in various biological aspects including cell proliferation, survival, angiogenesis and cell migration at later stages in a wide range of tissues in adults. In addition, COUP-TFs have been described to modulate the activity of several other transcription factors known to be involved in carcinogenesis and cancer progression. This suggests that COUP-TFs may take part in many dysregulated biological functions and may be involved in modifications of cellular phenotype as it is observed during cancer progression.



2. Mechanism of Actions and Physiological Roles of COUP-TFs

Since no specific ligand has been characterized so far for these receptors, the mechanisms that allow the regulation of the activity of COUP-TFs are not totally understood. Nevertheless, two main mechanisms of control of their activity have been proposed. First, the level of expression of COUP-TFs can be controlled by several factors or signaling cascades, including retinoids [1,4], estradiol (E2) [5], sonic hedgehog [1], or mitogenic activated protein kinase (MAPK) pathways [6]. Secondly, COUP-TFs activity can be controlled by post-translational modifications. Several kinase pathways have been shown to target specific phospho-sites on the COUP-TFI protein. These phosphorylation events in turn modulate its transcriptional activity [7].

As members of the nuclear receptors family, COUP-TFs mainly act as direct regulators of transcription by binding to specific regulatory elements on the promoter of their target genes. Although, the consensus COUP-TF-binding site is a direct repeat of an AGGTCA motif separated by one nucleotide, COUP-TFs display great flexibility for DNA binding. Indeed, they bind a large variety of response elements which can be recognized by several other members of the NR family, including thyroid hormone receptor (TR), retinoic acid (RA) receptor (RAR), vitamin D receptor (VDR) or estrogen receptor (ER) [1,8–10]. As a consequence, COUP-TFs interfere with NR signaling, acting mainly as a repressor of their activity on transcription via competition for occupancy of common DNA binding sites. Further, COUP-TFs are able to modulate NR signaling by other mechanisms: sequestration of the retinoid X receptor (RXR) by direct interaction with this universal partner, direct interaction with transcriptional cofactors, and controlling histone acetylation status and chromatin compaction [10]. Thus, hormonal regulation of many target genes as well as cellular response to external signals may be altered by excessive expression of these orphan receptors. This wide range of action of COUP-TFs may explain the importance of these factors in the regulation of key biological processes during development. Although the transcription of several genes has been described to be modulated in vitro by direct or indirect action of COUP-TFs, the list of endogenous and specific COUP-TF-target genes is far from exhaustive. However, an interesting study has recently identified numerous candidate COUP-TFI target genes, using genome-wide microarray analysis and a bioinformatics approach [11].


2.1. COUP-TFs Are Involved in the Orientation of Cellular Differentiation

COUP-TFs are mainly expressed in dedifferentiated cells such as mesenchymal cells, not in terminally differentiated epithelia [1]. Actually, COUP-TFII clearly prevents cell differentiation in many tissues. For example, COUP-TFII is generally down regulated during myogenic differentiation. When over-expressed in myoblasts, COUP-TFII blocks the induction of myoD and myogenin, two genes involved in the differentiation process of these cells [12,13]. In addition, COUP-TFII is also down regulated during adipocyte differentiation. Overexpression of this NR or physiological induction by Hedgehog and Wnt pathways leads to a blockage of cell differentiation due to a decreased expression of activators of the adipogenic program. These factors include Kruppel-like factor 15 (KLF15), sterol regulatory element binding transcription factor 1 (SREBP1c), Peroxisome proliferator-activated receptor (PPAR) γ1, PPARγ2, CCAAT/enhancer binding protein-α (C/EBPα) and early B-cell factor 2 (EBF2) [14,15]. Mechanistically, the repression of PPARγ gene expression by COUP-TFII was explained by the recruitment of nuclear corepressors (SMRT and NCoR) near to the PPARγ gene promoters. These corepressor complexes maintain a hypoacetylated and repressed state of the chromatin [15].

Furthermore, the link between COUP-TFs and differentiation has been highlighted by their role in the control of a specific neuronal-differentiation program mediated by retinoids. COUP-TFs are indeed regulators of the RA signaling pathway that contributes to specify positional identity. As an example, RA induces Cdx1, a member of the caudal-related homeobox transcription factor gene family, during embryonic development. In the anterior area of the embryo, this RA-induction of Cdx1 is antagonized by COUP-TFs that is itself induced by RA. Hence, this COUP-TFII effect on RA signaling contributes to the patterning of vertebral anterior-posterior axis [16]. Nevertheless, COUP-TFs seem to play a dual role in RA signaling during development. For instance, COUP-TFI reduces retinoid-induced growth arrest in mouse embryonic stem cells, but enhances RA-induced extra embryonic endoderm differentiation [17]. Furthermore, although COUP-TFI has been reported to contribute to Oct-4 (a stem cell-specific factor) repression during P19 cells differentiation induced by RA [18], overexpression of the two forms of COUP-TFs antagonized in vitro RA-induced neuronal differentiation in PCC7 [19] and P19 cell lines [20], as in Xenopus embryos [21]. Altogether, these results suggest that the level of COUP-TFs expression might be essential for their action in RA signaling.



2.2. COUP-TFs Are Involved in the Control of Cell Growth

COUP-TFI null mice exhibit abnormal morphology during development of the cortical area and the PNS, due to excessive apoptosis in these regions, suggesting that COUP-TFI is involved in cell survival [22,23]. In addition, during the development of postnatal mouse cerebellum, COUP-TFII expression is involved in brain size increase, by inducing proliferation and reducing apoptosis of granule cells precursors. The direct regulation of the growth factor IGF-1 (insulin like growth factor 1) by COUP-TFII in Purkinje cells is responsible for these proliferative and anti-apoptotic signals [24].

Seven-up (svp), the homolog of COUP-TFs in Drosophila, is a downstream target of epithelial growth factor receptor (EGFR) signaling [25]. The induction of svp by the EGFR signaling cascade consequently regulates the transcription of cell cycle genes to promote proliferation of malpighian tubules' cells. A similar mechanism of COUP-TFII regulation by EGFR signaling was also observed in human cell lines [6]. However, the authors did not check if this regulation of COUP-TFII could play a role in the proliferative effect of this growth factor's signaling in mammalian cells. Nevertheless, treatment with anti-proliferative agent such as OSM (Oncostatin M) resulted in a radical reduction of COUP-TFII expression.

Na+/H+ exchanger (NHE), a mammalian plasma membrane protein, is another downstream target of COUP-TFs in 3T3 fibroblast cell lines and P19 cells, which is known to promote cell proliferation [26]. Both subtypes of COUP-TF directly bind as homodimers and heterodimers to the proximal promoter of the NHE1 gene, increasing its expression.

Although, the expression of COUP-TFs seem to be correlated with cell growth induction, in vivo studies also reported that COUP-TFs could be associated with repression of cell proliferation. COUP-TFI coordinates the expression of several factors whose signaling networks are fundamentals for the balance between proliferation and differentiation. For instance, fibroblast growth factor (FGF) signaling, which leads to activation of FGFR tyrosine kinase receptors, is repressed by ectopic expression of COUP-TFI and accentuated by depletion of this NR during cerebral cortex formation [27]. Repression of FGF signal attenuates MAPK/ERK, AKT, and β-Catenin signaling and consequently reduce cell proliferation [28]. In addition, Notch pathway is induced by COUP-TFI expression in hair cells, supporting cell cycle exit and cell differentiation [29].

Spatio-temporal changes of the expression of these orphan receptors together with changes of the activity of other signaling pathways in a cell-context dependent manner may explain these apparent dual actions on cell proliferation.



2.3. COUP-TFs Are Involved in Cell Migration Control

In addition to the control of growth/differentiation during CNS development, one of the major contributions of COUP-TFs and particularly COUP-TFI, is to promote neurogenesis and axon arborization [10,22,23]. The involvement of COUP-TFs in these processes is mainly linked to their action in the control of the migratory capacities of neurons during brain development. Kanatani and collaborators described that COUP-TFII expression is sufficient to induce migration behavior and specific orientation of interneurons migration toward the caudal region of the brain [30]. Furthermore, ectopic expression of COUP-TFI or COUP-TFII enhances cells migration in mouse embryos CNS [31]. Specific downstream targets of COUP-TFs and the mechanisms of regulation of migration are still mainly unknown. However, COUP-TFI has been shown to regulate expression of various factors implicated (i) in neuron morphogenesis and axon outgrowth such as cytoskeleton polymerizing factors [32] and (ii) in cell adhesion proteins, such as extra cellular matrix (ECM) components and notably vitronectin [20]. It is interesting to note that COUP-TFI also represses in vitro expression of type VII collagen in human cell lines [33]. Moreover, in fibroblast cells, cell contact stability has also been reported to be affected by COUP-TFI overexpression which induces changes in the expression of cell attachment proteins [34].



2.4. COUP-TFII Is Related to Angiogenesis

COUP-TFII null mice die as a result of hemorrhage and edema in the brain and heart because of malformations or lack of vasculature in some regions, indicating that this NR is involved in blood vessel formation [35]. Indeed, COUP-TFII is a key regulator of vascular remodeling as well as in primitive lymphatic vessel formation since it controls the vascular endothelial growth factor (VEGF) system expression and signaling: VEGF-C, VEGF-D and VEGF receptor (VEGFR-3). COUP-TFII expression in vascular endothelial cells supports endothelial differentiation, regulating neuropilin-2, a coreceptor for VEGF-C [36] and Prox1, a transcription factor necessary for VEGFR-3 expression [37]. Moreover, in mesenchymal cells, COUP-TFs directly regulate the expression of the pro-angiogenic factors VEGF-D [38] and are supposed to control the expression of Angiopoietin-1 gene [35]. Therefore, they participate in the mesenchymal-endothelial interactions during the process of angiogenesis.

Most of the reported actions of COUP-TFs occur during embryonic development during which COUP-TFI and COUP-TFII have been shown to exert specific and redundant activities. Levels of expression of both COUP-TFs decrease after organogenesis but these receptors remains ubiquitously expressed in adults, suggesting that they still have a role at later stages of development in normal and potentially pathological biological processes. Indeed, re-activation of the embryonic network is often observed during cancer development, as illustrated by epithelial-mesenchymal-transition (EMT). The process of EMT, which consists of the loss of cell-cell contacts and polarized-epithelial characteristics for the acquisition of a fibroblastic and dedifferentiated-mesenchymal phenotype, is an essential step for carcinoma cells to metastasize [39,40]. The variety of COUP-TFs effects that we have described above suggest that these NRs could be involved in these events. For instance, COUP-TF's impacts on cell fate determination strongly suggest that these NRs may play a role in cancer progression by influencing the differentiation of cancer cells or by determining their proliferative behavior. COUP-TFs are proposed to control many biological functions involved in cell migration such as cell-cell contacts and adhesion as well as synthesis of the extracellular matrix (ECM) components. These processes are highly related to cancer progression, through modulation of metastatic potential of cancer cells. In addition, since angiogenesis is one of the fundamental steps of cancers progression, a direct connection between COUP-TFs and this biological process is in line with a contribution of these NRs in disease progression (Figure 2).

Figure 2. Principal biological processes controlled by COUP-TFs during embryogenesis that suggest a role of these factors during cancer progression. Biological processes that could promote cancer progression are linked by red arrows, while those that could promote regression of cancer are connected by green arrows. During embryonic development, COUP-TFs are key regulators of various processes that are also linked to cancer progression. Several downstream targets of these factors are connected to angiogenesis, cell growth or mobility which could be linked to cancer cell growth and metastatic potential. Moreover, both COUP-TFs are able to interfere with nuclear receptor signaling which are known to play critical roles during hormone-dependent cancers development. On the other hand, depending on the circumstance, COUP-TFs also control some biological aspects that could be associated with cancer regression. These orphan NRs were reported to control cell cycle arrest to support neuronal differentiation, or to contribute to RA dependent differentiation. NRs, nuclear receptors; RA, retinoic acid.
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3. Potential Roles of COUP-TFs in Cancer Progression

Several studies have analyzed the influence of orphan NRs on cancer cell phenotype and their potential involvement in cancer progression, modifications of cellular signaling pathways and cell response to treatments. Particularly, one of the principal actions of COUP-TFs may be the regulation of the activity of liganded NRs such as ER and RAR in the control of cell growth in hormone-dependent tumors. Depending on the cell type and the biological processes studied, COUP-TFs have been proposed to act positively or negatively on cancer progression (Figure 3). Notably, several studies suggest that, in line with their roles in cell fate determination, COUP-TFs can be involved in epithelio-mesenchymal transition, which is a critical event during oncogenesis. However, the exact role of COUP-TFs in generating the phenotype of cancer cells remains controversial.

Figure 3. Identified-targets of COUP-TFs described in cancer progression or regression. COUP-TFs regulate positively (+) or negatively (−) the expression of various target genes or signaling pathways that could influence proliferation, survival or migration of cancer cells as well as differentiation state or angiogenesis of tumors. These contributions are linked to cancer progression (A) or cancer regression (B). MMP-2, matrix-metalo-protease-2; VEGF, vascular endothelial growth factor; RA, retinoic acid; ERα, estrogen receptor alpha; PR, progesterone receptor; Bcl2, B-cell CLL/lymphoma 2; RARβ, retinoic acid receptor beta; AP-1, activator protein-1; P21, cyclin-dependent kinase inhibitor 1A.
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3.1. Expression of COUP-TFs in Cancer Cell Lines

Several laboratories have reported diverse observations concerning the level of expression of COUP-TFs in established model cancer cell lines. Examination of the expression of COUP-TFs in cancer cell lines from different origins, from ovary [41], endometrium [42], breast [6,43,44] or lung [45], showed significant variations in COUP-TFs mRNA and protein levels. Kieback et al. demonstrated that COUP-TFI expression is associated with the dedifferentiation status of ovarian [41] and endometrial [42] cancer cells. COUP-TFI expression has also been proposed to be linked with the differentiated state of breast cancer cell lines, since its expression was correlated to dedifferentiated phenotypes of epithelial cells, notably low expression of the epithelial marker E-cadherin and expression of the mesenchymal marker vimentin [44]. Furthermore, results reported by More and collaborators suggested that COUP-TFII expression could be associated with loss of ER expression in mammary cancer cell lines [6]. The ER status represents an important indicator of hormone-dependent cancer differentiation state, ER-negative tumors being generally histologically less differentiated and exhibiting superior metastatic potential [46]. Ambiguously, a study from Nakshatri et al. showed that ER-positive breast cancer cells such as MCF-7, T47-D or ZR-75 cells express an elevated COUP-TFII expression, while ER-negative cells such as MDA-MB-231 and SkBr3 express a low level of this receptor [43].

Deviation between cancer cell lines may explain these discrepancies. However, the precise role of these factors in cancer progression remains unclear. In connection with the role of COUP-TFs in the control of migratory capacity during development, several groups analyzed the potential influence of these factors on cancer cell invasiveness. In lung carcinoma cancer cell lines, invasiveness correlates with COUP-TFII expression. Notably, COUP-TFII promotes anchorage independent cell growth and mobility by inducing the expression and activity of matrix metalloproteinases and focal adhesion kinase (FAK) [47]. Similarly, we observed that overexpression of COUP-TFI favors migration and invasion capacities of MCF-7 breast cancer cells [44]. Interestingly, these observations were correlated with the fact that the overexpression of COUP-TFI represses E-cadherin expression while it enhances the MAPK signaling pathway. Intracellular signaling pathways, FAK and MAPK cascades in particular, are known to be involved in the acquisition of mesenchymal characteristics, leading to EMT [48]. More et al. showed evidence that COUP-TFII expression correlates with EGFR signaling: COUP-TFII is induced by EGF treatment and is repressed by EGFR inhibitors [6]. These results have also suggested that when the MAPK pathway is constitutively activated, COUP-TFII reaches a maximum level of expression. Finally, in line with the role of COUP-TFs in angiogenesis during development, both COUP-TFI and COUP-TFII together with orphan receptor hepatocyte nuclear factor 4α (HNF-4α) are potent activators of VEGF-D expression in MKN-45 gastric carcinoma cell line [38] and in MCF-7 cell line [49], suggesting these factors impact cancer progression by promoting neo-angiogenesis and lymphangiogenesis.

Altogether, these results strongly suggest that increased expression of COUP-TFs in cancer cells is associated with the induction of the dedifferentiation phenotype, the acquisition of migration behavior, and the promotion of angiogenesis. All these events that could promote EMT, which is a crucial step for carcinoma cells to metastasize, may favor tumors to acquire more aggressive phenotypes. Interestingly, in a wide range of cancers, these processes are also regulated by other nuclear receptors, notably ER and RAR, of which activities are known to be modulated by the COUP-TFs.



3.2. Interference of COUP-TFs Expression with Estrogen Signaling

Estrogens are well recognized as steroid hormones that play pivotal roles in the mammary gland, where they act as key regulators of growth and differentiation of normal epithelium. In breast cancers, the ER status constitutes an important prognostic marker particularly for therapeutic value based on anti-estrogenic treatments. Moreover, ER-positive tumors are generally histologically more differentiated and show lower metastatic potential than ER-negative cancers [46]. Thus, interferences with estrogen signaling (modulation of E2-target genes expression; loss of ERα activity or expression) during breast tumorigenesis may result in the acquisition of invasive and metastatic properties, and therefore, in poor clinical outcomes.

Interference of COUP-TFs with ER signaling system, resulting from the modulation of gene expression, could lead to these phenotypic changes in breast cancer cells. However, the precise role of these factors in this process remains controversial.

ERα signaling can be repressed by COUP-TFI due to competition for DNA binding to an estrogen response element (ERE) [50–52]. On the other hand, COUP-TFI binding to DNA can also improve estrogenic signaling by synergistic or additional transactivations [53,54]. In addition, physical interaction between the two NRs can modulate ERα activity. On one hand, COUP-TFI/ER interaction disturb ERα binding to DNA leading to repression of E2 signaling [9]. On the other hand, interaction of ER with COUP-TFI can improve ERα transcriptional activity by increasing its affinity for MAPK, resulting in phosphorylation of ERα serine 118 [55]. Positive and negative influences of COUP-TFs could modulate E2 signaling or change the response to anti-E2 treatments in a way that depends on both promoter and cell contexts. In the context of hormonal-therapy, these precise regulations may induce the loss of hormone-dependent control of cancer progression.

For example, we recently reported that overexpression of COUP-TFI in E2-dependent breast cancer cells leads to a selective modulation of E2-sensitive gene expression, repressing or stimulating E2 induced response in a gene dependent way. Notably, COUP-TFI overexpression induces a reduction of progesterone receptor expression whereas it increases the expression of the well known anti-apoptotic E2-target gene Bcl2 as well as the expression of the Cathepsin D (CTSD) gene. These changes in the pattern of expression of genes involved in the control of growth and apoptosis leads to a change in behavior of the cells from an E2-dependent to an E2-independent growth. Moreover, cell response to anti-estrogen is also altered since COUP-TFI overexpression induces resistance to 4-hydroxytamoxifen treatment [44].

However, the roles of COUP-TFs in the cellular response to anti-estrogenic compounds remain unclear. Although we observed that COUP-TFI may be involved in tamoxifen resistance of breast cancers; in contrast, Riggs et al. have proposed that high expression of COUP-TFII could be associated with increased tamoxifen sensitivity in breast cancer cells. Indeed, in this study, inhibition of COUP-TFII expression prevented the antiproliferative effects of tamoxifen treatment and increased MCF-7 cell basal proliferation [5].



3.3. Interference of COUP-TFs Expression with RA Signaling

Deregulation of RA signaling is associated with several pathologies, in particular cancer. Indeed, all trans-RA play major roles in the balance of cell proliferation and differentiation and synthetic RA-derivatives are commonly used in the prevention and treatment of different types of cancers. For instance, in primary lung tumors as well as in lung cancer cell lines, the expression of retinoic acid receptor β (RARβ) is significantly decreased. Moreover, blocking the expression of RARβ in transgenic mice by using antisense RARβ RNA favors the development of lung tumors. On the other hand, overexpression of RARβ into lung cancer cells suppresses their tumorogenicity in nude mice. Although, the molecular mechanisms underlying these effects are poorly understood, one explanation may be that RARβ represses the expression of genes encoding proliferative or angiogenic growth factors [56].

COUP-TFs modulate RA signaling, by acting mostly as negative regulators [57]. Different mechanisms of action have been described, such as competition for binding sites occupancy, competition for the universal heterodimeric partner RXR or active repression [10]. Since RA signaling in cancer cells is well documented to be correlated with cell cycle arrest and apoptosis induction, COUP-TFs action could thus stimulate cancer cells survival.

Accordingly, positive actions of COUP-TFs on tumor growth were reported in many types of cancers in response to RA. For instance, in salivary gland adenocarcinoma, COUP-TFI overexpression abolished RAR and RXR response to RA, and, as a result, protected cancer cells from apoptosis induced by RA treatment [58]. Sensitivity to RA, which promotes cell cycle arrest and apoptosis, can also be repressed by COUP-TFs expression in neuroendocrine-ACTH-secreting tumors [59].

Surprisingly, several groups observed reciprocal activities of COUP-TFs on RA modulation of cell growth. Notably, overexpression of COUP-TFs in lung cancer cells has been proposed to restore RA sensitivity [45]. COUP-TFI has also been shown to be required for induction of RARβ expression [60]. This study described a positive correlation between COUP-TFI expression and RARβ expression in various cancer cell lines including breast cancer, bladder cancer, and lung cancer cells. In MDA-MB231 breast cancer cells, the overexpression of COUP-TFI induced loss of anchorage-independent cell growth and enhanced the promoter activity of the RARβ gene. Inhibition of proliferation of MDA-MB-231 cells by COUP-TFII (but not COUP-TFI) overexpression has also been proposed by the inhibition of cdk2 activity through an elevation of p21 expression [43]. Furthermore, in cooperation with RARs, COUP-TFI has been reported to inhibit proliferation by inhibiting the activity of the AP-1 transcription factor [61].



3.4. In Vivo Observations

The few studies that analyzed the expression of COUP-TFs in tumors in vivo reported conflicting observations depending on the cancer type. In vivo immunochemistry assay targeting COUP-TFI revealed that breast epithelial cancer cells display much higher expression of COUP-TFI protein than that detected in normal breast epithelium [44]. The same observation was made regarding COUP-TFII expression [49]. COUP-TFII overexpression was furthermore associated with poor clinical outcome and invasive behavior of metastatic cells in lymph nodes. Because COUP-TFs, and particularly COUP-TFII, is involved in blood vessel formation, which is an essential step for tumor growth and progression, the authors proposed that the control of COUP-TFII in angiogenesis and lymphangiogenesis could be responsible for the poor clinical outcome [44]. In contrast, COUP-TFII expression has been reported to be down regulated in invasive epithelial ovarian tumors compared to human normal ovary tissue [62]. Hence, in ovarian cancer, COUP-TFI expression seems to be lower in malignant tissue than in benign or normal tissue [63]. Similar observations were reported in bladder transitional cell carcinoma [64]. These studies support the idea that loss of COUP-TFs expression could be linked to carcinogenesis. Finally, Shin et al. have proposed that increased expression of COUP-TFII in colorectal carcinomas is correlated to good clinicopathologic features and recommend the use of COUP-TFII as a biomarker for good prognosis in colorectal cancer [65].

These studies reported above surprisingly suggest that COUP-TFs could act as tumor promoter or suppressor depending on the cancer type and/or likely the differentiation state of the cancer cell. It is therefore conceivable that COUP-TFs have opposite and dual functions depending on the stage of cancer progression as it have been proposed for other factors. For instance, a recent study on P53 and TGFβ signaling showed that mutation of P53 changes the TGFβ activity from a tumor-suppressing form to a tumor-promoting form [66]. The roles of COUP-TFs in tumorigenesis would therefore depend on the expression of other factors or activity of signaling pathways in cancer cells and/or in the tumor microenvironment. Thus, further histological analysis of tumor samples including the involvement of the tumor microenvironment are needed to clarify these discrepancies.




4. Conclusions

Contribution of COUP-TFs to various developmental aspects, including cell differentiation, cell cycle and migration regulation, as well as their involvement in angiogenesis, suggests that these factors can also be involved in cancer progression. Moreover, impaired expression and/or activity of these orphan NRs could lead to abnormal transcriptional response of NRs, which could be at the source of cellular transformation due to irregular gene expression (Figure 2). In line with these possibilities, many studies revealed a direct impact of both COUP-TF subtypes on cancer progression through modulation of the capacity of cancer cells to proliferate, migrate or respond to external signals, including hormones (Figure 3A). Moreover, in vivo studies indicated that COUP-TFs are potent mediators of breast cancer progression, since high expression of COUP-TFs are associated with disease severity [44,49].

However, depending on the cellular context, possibly according to COUP-TF expression levels, or to other transcription factors and signaling pathways expression, COUP-TFs could act as promoters or inhibitors of phenotypical modifications during cancer progression (Figure 3B). Indeed, many different studies revealed that these transcription factors can also be related to a favorable prognosis of cancer progression and even propose the use of COUP-TFII as a biomarker for good prognosis [62–65].

Regarding the variety of endogenous targets of these orphan NRs and the various biological processes that they are involved in, further studies are needed to determine the exact contribution of COUP-TFs during tumorigenesis and cancer progression. Characterization of the molecular and cellular processes that contribute to patho-physiological activities of COUP-TFs may provide potential mechanistic explanations for drug resistance that will be useful in chemotherapy of cancer treatments.
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