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Since ELL-associated factor 2 (EAF2) was identified in 1997 as an androgen response gene, it has been of medical and scientific interest. Early studies demonstrated the tumor-suppressing function of EAF2 in the prostate. Sequencing studies indicated an association between EAF2 and several other malignant diseases and multiple physiological processes, such as transcription, apoptosis, embryogenesis, and DNA repair. Further understanding of EAF2 will provide new opportunities and therapeutic approaches for cancers, especially prostate cancer. This narrative review summarizes the existing knowledge of EAF2 and outlines its potential significance. To our knowledge, this is the first review of the role of this novel tumor suppressor gene and its possible functions.
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1 INTRODUCTION
ELL-associated factor 2 (EAF2) is a binding partner of ELL family proteins (Simone et al., 2003) and an androgen-response tumor suppressor (Xiao et al., 2003; Pascal et al., 2018; Wang et al., 2017). Studies on EAF2 have been ongoing for over 26 years, gaining significant findings regarding the functions of this gene. We found that this gene is regulated by androgens (Xiao et al., 2003) and can interact with multiple genes by binding to protein products (Pascal et al., 2018). Besides, EAF2 is possibly associated with apoptosis, embryogenesis, and DNA repair through a network of pathways (Wang et al., 2017; Zhuang et al., 2008; Hahn et al., 2007). Most importantly, EAF2 is a tumor suppressor gene, and its downregulation and deficiency correlate with the occurrence and progression of multiple tumors. The role of EAF2 in leukemia, prostate cancer, colorectal cancer, glioblastoma, and gastric cancer has been identified (Zhuang et al., 2008; Xiao et al., 2008; Sun et al., 2020).
Several EAF2 studies have focused on prostate cancer. The androgen receptor (AR) and its signaling pathways play central roles in the proliferation, migration, invasion, and differentiation of prostate cancer cells (Bruchovsky et al., 1975; Aurilio et al., 2020). Therefore, understanding the close relationship between EAF2 and androgens would result in the exploration of the pathophysiology of prostate cancer and possible treatments. As the associated factors of EAF2, such as hypoxia-induced factor 1α (HIF-1α), PTEN, von Hippel–Lindau protein (pVHL), and p53, were identified in sequence, the network of the downstream pathways of EAF2 in prostate cancer would be gradually completed.
The function of EAF2 was also reported in other physiological processes and organs. For instance, amino acids 68–113 of EAF2 were capable of inducing apoptosis in human LNCaP cells and EAF2 could cooperate with ELL in the induction of apoptosis (Hahn et al., 2007). EAF2 with intact amino acids 163–262 could work with Ku70/Ku80 in repairing DNA damage (Ai et al., 2017). EAF2 was also observed to affect convergence and extension movements (Lumetti et al., 2014; Liu et al., 2009) and eye development in embryogenesis (Wan et al., 2010) through the non-canonical Wnt/β-catenin signaling pathway. The extension of the function of EAF2 not only leads to a better understanding of development but may also shed light on how the tumor suppressor contributes to tumor initiation and progression. In the present review, we detail, for the first time, what is known about the tumor suppressor gene, its relationships with different diseases, and possible functions in multiple physiological processes.
2 IDENTIFICATION OF EAF2
EAF2, previously called U19, was first identified as an androgen-responsive gene in the rat prostate in 1997 by Wang et al. (1997). In a study using castrated rats to explore androgen response gene expression, 26 genes were upregulated by androgens, and four were downregulated. U19 was the 19th gene isolated from the list of upregulated genes by Wang et al.; however, U19 was not specifically studied at that time.
In 2003, U19 was reported independently and simultaneously by two researchers from two perspectives. Xiao et al. extended the research by Wang et al. and explored the relationship between androgens and U19. The results of their experiments about U19 also suggested the possible function of tumor suppression and growth inhibition for the first time (Xiao et al., 2003). Simone et al. reported EAF2 after its homologue EAF1. Originally, Simone was trying to delve into novel proteins associated with the eleven-nineteen lysine-rich leukemia gene (ELL), an RNA polymerase II elongation factor. After EAF1 was first identified by his team, they soon isolated the second one, which was highly homologous to EAF1, and named it EAF2 (Simone et al., 2003). Xiao and Simone quickly realized that U19 and EAF2 were identical. Their subsequent cooperative study reported the important role of ELL in EAF2-induced growth suppression and apoptosis, highlighted the potential effect of transcription activating, and revealed an interesting interacting transactivation domain in the C-terminus of EAF2, which made EAF2 gradually become a research focus and vigorously promoted following researches (Hahn et al., 2007).
3 EAF2 PROTEIN
EAF2 was initially reported to contain 260 amino acids and an approximate isoelectric point of 4.84; similar to its homologue EAF1, EAF2 is rich in serine, aspartic, and glutamic acid residues (Simone et al., 2003). In 2007, after conducting serial truncations of EAF2, Zhuang et al. identified amino acid 262 as the last residue in the C-terminal domain (Zhuang et al., 2008). EAF2 with 260 and 262 amino acids could both exert biological functions fully and completely. The discrepancy of the last amino acid of C-terminal was due to the experimental design of various research groups. In order to give a more complete picture of EAF2 functionally and structurally, we summarized research findings in Figure 1 (no.262 as the last animo acid).
[image: Figure 1]FIGURE 1 | Different sequences in EAF2 are represented by dots of various colors. Dots 4 and 5 are shown in yellow color to indicate that the two sequences were identified by two separate groups as having the same function. The length ratio of segments did not represent actual ratio.
3.1 EAF2 is an unstable nuclear protein
Previous studies have observed that ELL co-localizes and interacts with EAF2 in nuclear speckles to increase RNA polymerase II elongation activity and serve as a transcription regulator (Xiao et al., 2006; Kong et al., 2005). In order to confirm the previous findings and clarify the intracellular trafficking of EAF2, Zhuang et al. transfected the GFP-EAF2 fusion protein into C2C12 myoblast cells and continuously recorded GFP fluorescence (Zhuang et al., 2008). Compared to the fluorescence signal of GFP in the control experiment, the signal of the GFP-EAF2 fusion protein became dimmer more quickly and finally disappeared after 48 h, suggesting that EAF2 is an unstable nuclear protein; however, a ring of GFP-EAF2 fluorescence was detected in the cytoplasm surrounding the nucleus when the signal was barely detectable, suggesting that a potential negative feedback mechanism may be activated after the nuclear accumulation of EAF2. Next, several truncations of EAF2 were transfected into C2C12 myoblast cells to determine the domain responsible for the nuclear import of EAF2. They found that amino acids 1–163 at the N-terminus of EAF2 showed clear nuclear localization, suggesting that this protein domain is required for nuclear import.
3.2 EAF2 protein undergoes polyubiquitination
The ubiquitin-proteasome system regulates ubiquitination, which involves the attachment of ubiquitin to substrate proteins for degradation. EAF2 undergoes ubiquitination, with lysine residue K81 identified as the most critical site for polyubiquitination (Yu et al., 2016). This polyubiquitination is catalyzed by SIAH2, an E3 ligase, and inhibited by ELL1. SIAH2 has been reported to be upregulated in castration-resistant prostate cancer (Hahn et al., 2007), suggesting that its role in facilitating EAF2 degradation may be one of the underlying mechanisms. In contrast, ELL1 can bind to EAF2 and block EAF2 polyubiquitination, indicating that ELL significantly enhances EAF2 stability. This is consistent with the interaction between ELL and EAF2.
3.3 The distribution of EAF2 protein is spatially regulated
Murine EAF2 contains remarkable amino acid conservation with human EAF2; therefore, Li et al. isolated EAF2 from adult mice and found that EAF2 expression is higher in organs that possess reproductive functions, such as the testis, ovary, uterus, mammary glands, and organs whose development requires reciprocal induction between the epithelium and mesenchyme, such as the teeth, vibrissae follicles, mammary placodes, kidneys, lungs, and pancreas (Li et al., 2003). In humans, the role of EAF2 in most of the abovementioned organs has not yet been explored; EAF2 in the prostate has been the main focus.
4 EAF2 FUNCTIONS AS A TRANSCRIPTION FACTOR AND MEDIATES TRANSCRIPTIONAL ACTIVITY
According to the definition, transcription factor (TF) has been used to describe any protein involved in transcription and/or capable of altering gene expression by (1) binding DNA in a sequence-specific manner and (2) mediating transcriptional activity (Lambert et al., 2018). EAF2 functions as a TF in both ways. First, the EAF2 protein could bind to DNA (a hexamer nucleotide sequence: ACTTTA) in a sequence-specific manner (Xiao et al., 2006). Second, multiple segments modulating transactivation have been reported. The amino acid sequence 177–262 in the C-terminus domain of EAF2 was originally reported by Simone et al. (2003). Subsequently, Xiao et al. reported four domains (amino acid sequences 36–67, 68–113, 162–245, and 246–262) that could enhance transactivation and one (amino acid sequence 1–35) that could repress transactivation (Xiao et al., 2006). In addition, EAF2 also binds to or interacts with other proteins to indirectly mediate transcriptional activity.
4.1 Interaction with ELL
Since EAF2 was identified, ELL has emerged as its most well-known binding partner (Simone et al., 2003). ELL is a fusion gene of MLL resulting from the t (11; 19) (q23; p13.1) chromosomal translocation in acute myeloid leukemia, and it was named for its highly basic lysine-rich motif (Thirman et al., 1994). The ELL protein functions as an elongation factor that can enhance the catalytic rate of RNA polymerase II (Shilatifard et al., 1996) by suppressing the transient pausing of transcription elongation (Gerber et al., 2001). Simone et al. observed that EAF2 co-localizes with ELL into nuclear speckles, which facilitates EAF2 to control transcriptional activity more effectively (Simone et al., 2003). A subsequent study further investigated the association between EAF2 and ELL, finding that a type of binding between ELL and EAF2 was required to form nuclear speckles, and this binding could enhance the transactivation activity of EAF2 (Xiao et al., 2006). In addition, the presence of ELL may further enhance EAF2 stability, likely due to the fact that ELL1 can inhibit ubiquitination-dependent degradation of EAF2 (Yu et al., 2016).
Amino acids 36–133 of EAF2 were shown to be necessary to form nuclear speckles (Xiao et al., 2006). However, the results of the relocalization experiment by Zhuang et al. showed two differences from those of a previous study (Zhuang et al., 2008). First, amino acids 163–262, but not 36–133, were responsible for targeting EAF2 to nuclear speckles. They proposed that this discrepancy could be attributed to the difference between human and mouse EAF2 sequences. Second, EAF2 formation from nuclear speckles did not require the physical binding of ELL, indicating that ELL is an inducer in the process.
4.2 Wnt/β-catenin signaling
Another study proposed that EAF2 and EAF1 are components of the β-catenin transcriptional complex (Wise et al., 2017). Observations of zebrafish embryos suggested that EAF2/1 bind to β-catenin and other β-catenin transcriptional complexes to suppress Wnt/β-catenin signaling. The N-terminal region of EAF2 (amino acids 1–112) is responsible for the binding to β-catenin. In the patterning of the embryonic anterior neuroectoderm and mesoderm, EAF2 and EAF1 function as transcriptional suppressors to ensure normal development, and both the N- and C-termini of EAF2/1 must be intact to function as a suppressor, indicating the suppressive activity of EAF2 plays a key role in embryogenesis through Wnt/β-catenin signaling.
4.3 EAF2 suppresses the transcriptional activity of HIF-1α
HIF-1α is an important microenvironmental factor implicated in tumor initiation, progression, angiogenesis, metabolism, and invasion (Tsai and Wu, 2012). Chen et al. first found that EAF2 binds to HIF-1α through amino acids 36–49 and later successfully found that EAF2 is capable of inhibiting the transactivity of HIF-1α (Chen et al., 2014). The effect of EAF2 on the transcriptional activity of HIF-1α is a part of a negative feedback loop. EAF2 expression is stimulated by HIF-1α in hypoxic conditions; afterwards, overexpressed EAF2 binds to HIF-1α and inhibits its transitional activity by blocking the recruitment of the transcriptional coactivator CBP/p300. This may explain part of the function of EAF2 as a tumor suppressor.
5 FUNCTION OF EAF2 IN EMBRYONIC DEVELOPMENT
Shortly after the initial report on EAF2 in 2003, Li et al. determined the expression pattern of EAF2 during embryonic development by treating cryosections of mouse embryos with in situ hybridization. They found that EAF2 was preferentially expressed in the brain, spinal cord, cranial ganglia, spinal ganglia, developing otocysts, retina, and pituitary gland, suggesting that EAF2 may play a pivotal role in regulating the growth and differentiation of the nervous system. Furthermore, EAF2 transcription has been detected in organs and tissues, and its formation and development require active epithelium–mesenchymal interactions, including tooth buds, mammary glands, submandibular glands, pancreas, kidney, and lungs (Li et al., 2003).
Liu et al. explored the mechanisms of EAF2 in embryogenesis using animal models and provided two pieces of evidence to prove that EAF2 affects embryogenesis through non-canonical Wnt/β-catenin signaling: (1) EAF2/1 govern convergence and extension movements by modulating the expression of two non-canonical Wnt ligands, Wnt5 and Wnt11, which converge on a downstream gene, RhoA, to complete signal transduction (Lumetti et al., 2014; Liu et al., 2009) and (2) EAF2 and Wnt4, another non-canonical Wnt signaling ligand, form an autoregulatory negative feedback loop and modulate eye development in Xenopus laevis (Wan et al., 2010). Then, their focus turned to canonical Wnt/β-catenin signaling. In zebrafish embryos, EAF2/1 antagonize canonical Wnt/β-catenin signaling to modulate mesodermal and neural patterning processes (Liu et al., 2013). The suppressive effect of EAF2 on Wnt/β-catenin signaling was successfully confirmed in humans.
6 EAF2 IN PROSTATE CANCER AND OTHER MALIGNANT DISEASES
6.1 EAF2 synergizes with PTEN and activates Akt and p44/42 pathways
EAF2 is an androgen-responsive tumor suppressor in the prostate, and it interacts with multiple genes via different pathways to influence prostate cancer (Xiao et al., 2003). One representative gene is PTEN, which encodes a major lipid phosphatase. Lipid phosphatase signals downstream through the Akt pathway to control proliferation, apoptosis, cell cycle, polarity, metabolism, migration, and angiogenesis. Mutation and deficiency of the PTEN gene are associated with multiple human tumors, including prostate cancer (Wise et al., 2017; Bedolla et al., 2007). Ai et al. observed that EAF2 and Pten double-deficient (EAF2−/−Pten+/−) mice exhibited a higher rate of prostate cancer compared with animals with EAF2 or PTEN deletion alone, and concurrent EAF2 and PTEN deficiency activates Akt and p44/42 signaling pathways (Ai et al., 2014). After castration of EAF2/Pten+/mice, an intense pAkt staining pattern was still sustained in wide prostatic tissues, suggesting that EAF2 and PTEN double deficiency may lead to castration resistance. The findings in mice have yet to be validated in human studies. According to their patient data, EAF2 and PTEN are downregulated concurrently in >50% of advanced human prostate cancer (Gleason scores of 8–9) specimens, indicating that EAF2 and PTEN co-downregulation represents poor prognosis (Ai et al., 2014). However, that their analysis was limited to prostate cancer specimens from only 20 patients. A large-scale clinical study is still needed to determine the effect of EAF2-PTEN interactions on castration resistance and prostate cancer prognosis.
6.2 EAF2 is associated with VHL and modulates the pVHL pathway
VHL is an important tumor suppressor and plays a key role in cellular oxygen sensing by targeting HIF (Chittiboina and Lonser, 2015). Xiao et al. reported that both EAF2- and VHL-knockout mice display abnormalities in angiogenesis and spermatogenesis, suggesting an association between these two genes (Xiao et al., 2009). Structurally, pVHL with intact alpha and beta domains is capable of binding directly to the N-terminus (amino acids 1–113) of EAF2. This binding could enhance pVHL stability and prolong its half-life (Xiao et al., 2009). Functionally, the associations between VHL and EAF2 are two-fold. EAF2 deficiency reduces the level of pVHL, which is caused by the stabilizing function of direct binding between EAF2 and pVHL rather than the effect of EAF2 on pVHL transcription. Reduction of pVHL induced by EAF2 knockdown leads to enhanced angiogenesis (Xiao et al., 2009). In addition, VHL and EAF2 cooperate to regulate angiogenesis in the prostate. EAF2 and VHL double deficiency (EAF2−/−VHL+/−) mice exhibited increased vascular density compared to the control groups (wild-type, EAF2−/− and VHL+/−mice), thus resulting in a higher incidence of prostatic intraepithelial neoplasia and stromal inflammation. The mechanism of elevated angiogenesis, irrespective of whether it is induced by EAF2 and VHL double deficiency or EAF2 deletion alone, lies in the VHL-HIF-vascular endothelial growth factor (VEGF) pathway. Reduction of pVHL enhances HIF-1α level, and the transcriptional activity of VEGF, a HIF target, will be subsequently stimulated. In expression profile of human prostate cancer tissue, the concurrent downregulation of EAF2 and upregulation of VEGF were in accord with the results observed in mice.
The relationship between EAF2 and VHL may help complete the HIF-1α suppressive function of EAF2. Under normoxia or atmospheric O2, EAF2 binds to and stabilizes pVHL, thus enhancing proteasomal degradation of HIF-1α, blocking HIF-driven angiogenesis. Under hypoxia, EAF2 expression is stimulated by HIF-1α, and according to the negative feedback loop, transactivity of HIF-1α will be next suppressed, protecting prostate cells against tumorigenesis (Chen et al., 2014).
6.3 EAF2 is associated with the ERK signaling pathway
Activation of the RAS-BRAF-MEK-ERK signaling pathway is related to the proliferation and growth of a broad range of human tumors (Maurer et al., 2011). The expression of molecules belonging to the ERK signaling pathway is elevated in patients with prostate cancer (Gioeli et al., 1999). Combined with the above two facts, Su et al. used bioinformatic analysis and cDNA microarrays and found that members of the RAS-ERK cascade, such as Grb2, PI3K, and BRAF, are upregulated in EAF2-deficiency murine models and that phosphorylated ERK (p-ERK) increases significantly (Su et al., 2013). The study of Su et al. validated the involvement of p-ERK in prostate tumorigenesis and demonstrated that the RAS-BRAF-MEK-ERK pathway is a downstream target of EAF2.
6.4 The function of EAF2 is related to the p53 gene in prostate cancer
As a pivotal tumor suppressor, p53 is the most commonly mutated gene in human cancers (Olivier et al., 2004). Because ELL and VHL were both reported to be associated with p53 and EAF2 (Shinobu et al., 1999; Roe et al., 2006), there is a possibility of a link between EAF2 and p53.
Su et al. originally proved this link structurally by observing that EAF2 and p53 co-immunoprecipitated and co-localized in transfected cells (Su et al., 2010). Pascal and Wang subsequently determined that amino acids 245–262 of the C-terminal domain of EAF2 are essential for interaction with p53 by performing deletion mutagenesis on the EAF2 fragment (Wang et al., 2017). Functionally, EAF2 and p53 are associated in two aspects. First, they are involved in modulating the expression of thrombospondin-1 (TSP-1), a tumor suppressor and an antiangiogenic regulator. p53 suppresses the activity of the TSP-1 promoter and downregulates the expression of TSP-1 in prostate cancer cells (Kwak et al., 2002); however, this suppression would be significantly alleviated by co-transfection of EAF2 with p53 in PC-3 cells. In LNCaP and H1299 cell lines, except for lifting the suppression of TSP-1, EAF2 and p53 co-transfection could further increase TSP-1 promoter activity. Second, EAF2 and p53 are related through the STAT3 pathway. In LNCaP and C4-2, two human prostate cancer cell lines, the expression of STAT3 protein is not affected in response to individual knockdown of EAF2 or p53 but significantly increases after EAF2 and p53 double-knockdown; conversely, although double deficiency of EAF2 and p53 elevates proliferation in C4-2 cells, it is suspended by knockdown of STAT3. Besides, an increase in the expression of the STAT3 target genes, CCL5, CXCL10, and GBP2, in response to the combined knockdown was also detected. These findings indicate that EAF2 and p53 cooperate in suppressing STAT3 signaling and protecting the prostate from tumorigenesis (Wang et al., 2017). Therefore, therapeutic agents targeting STAT3 may be promising for prostate cancer patients exhibiting EAF2 deficiency.
6.5 EAF2 interacts with FOXA1
FOXA1 drives prostate cancer initiation and progression. It is also a key member of the AR signaling pathway by regulating the transcription of downstream AR genes (Teng et al., 2021). Guo et al. first proved that EAF2 and FOXA1 could interact with each other in coimmunoprecipitation through amino acid sequences 1–113 of EAF2. Then, based on the results observed in LNCaP cells, they found that (1) EAF2 knockdown elevated FOXA1 level, stimulated expression of AR-targeted genes, and promoted tumor proliferation and invasion, (2) FOXA1 knockdown inhibited the expression of AR-targeted genes and tumor proliferation, and (3) the joint knockdown of EAF2 and FOXA1 slightly increased AR-targeted gene expression and tumor proliferation. Moreover, they claimed that the tumor-suppressive function of EAF2 is partly mediated through interaction with FOXA1 (Guo et al., 2015).
6.6 EAF2 in other malignant tumors
In addition to prostate cancer, EAF2 is associated with other tumors and malignancies. EAF2-null and -heterozygous mice developed a higher frequency of hepatocellular carcinoma, lung adenocarcinoma, and B-cell lymphoma compared to wild-type mice (Xiao et al., 2008). The association between EAF2 and hepatocellular carcinoma can be explained by the fact that EAF2 deficiency increases the risk of hepatic vascular lesions, which subsequently leads to hepatocyte loss, hepatic fibrosis, and eventually hepatocellular carcinoma via the pVHL pathway in mice (Pascal et al., 2011). However, the mechanism underlying the relationship between EAF2, lung adenocarcinoma, and B-cell lymphoma remains to be explored.
In 2019, a single-strand conformation polymorphism assay identified intratumor heterogeneity of EAF2 frameshift mutations in colorectal cancer (CRC) and the inactivation of EAF2 in microsatellite instability-high CRC (Jo et al., 2019). This finding prompted further research into the role and mechanism of EAF2 in CRC (Feng et al., 2022). Clinically, decreased expression of EAF2 was observed in CRC tissue, especially in advanced tumors, which was consistent with follow-up results showing that patients with low expression of EAF2 tend to have poorer survival rates. Biologically, research on human CRC cells in vitro has yielded three key findings: (1) overexpression of EAF2 suppresses the invasion and migration of CRC cells, (2) reduces the activity of STAT3/TGF-β1 crosstalk pathway, and (3) inhibits CRC angiogenesis. Based on these findings, Feng et al. confirmed that EAF2 mediates CRC angiogenesis via the STAT3/TGF-β1 pathway (Feng et al., 2022).
Sun et al. revealed an association between EAF2 and non-small cell lung cancer (NSCLC). First, they observed that the expression level of LINC00301, a nuclear long non-coding RNA (lncRNA) related to multiple human cancers (Lin et al., 2017), increases in both NSCLC cell lines and tumorous tissues (Sun et al., 2020). Subsequently, they found that LINC00301 overexpression could repress EAF2 expression, which would facilitate NSCLC cell growth and invasion via the pVHL pathway. Specifically, the upstream transcription factor, FOXC1, upregulates the expression of LINC00301 by interacting with the protein “enhancer of zeste homolog 2”. LINC00301, in turn, silences the expression of EAF2, leading to abnormal angiogenesis via the downstream pVHL/HIF-1α/VEGF pathway.
A recent study found that EAF2 is overexpressed in skin cutaneous melanoma (SKCM) (Han and Shen, 2020). Interestingly, elevated levels of EAF2 are correlated with advanced stages and better prognosis. Furthermore, Han et al. suggested that this seemingly contradictory finding could be attributed to the presence of infiltrated immune cells rather than cancer cells in SKCM tissues, as EAF2 was highly expressed in B cells (Li et al., 2016).
7 ROLE OF EAF2 IN BENIGN DISEASES
7.1 EAF2 in benign prostate hyperplasia (BPH)
Although BPH differs from prostate cancer in terms of its clinical characteristics, localization, and pathological processes, both are strongly associated with androgens (Madersbacher et al., 2019). To explore the effect of androgens on the development of BPH, a study was designed to measure and calculate the expression of androgen-responsive genes in BPH compared to adjacent normal tissue (O’Malley et al., 2009). Notably, EAF2 and its binding partner, ELL2, were included in the genes investigated in their study. The results showed that the expression levels of EAF2 and ELL2 in BPH epithelial cell specimens increased by 2.2 and 6.0 folds, respectively, compared with those in adjacent normal epithelial cells.
Given that EAF2 inactivation and deficiency may lead to prostate cancer (Wang et al., 2017), the upregulated expression of EAF2 may be partly responsible for protecting hyperplastic prostate tissues from malignancy. EAF2 and ELL2, along with other androgen-responsive genes, likely have functional impacts on BPH pathogenesis.
7.2 EAF2 in kidney stone disease
The incidence of nephrolithiasis in males appears to be three times higher than that in females, indicating that androgens and AR might play an important role in the formation of kidney stones (Fang et al., 2017). In 2019, a research team found that among patients with nephrolithiasis, individuals with the GG allele at the rs7627468 variant of the calcium-sensing receptor (CASR) gene have lower pH levels in urine (Chen et al., 2019), which may explain the involvement of CASR in stone formation (Vezzoli et al., 2011). Using the GTEx portal, a project for building a gene expression bank, they found that rs7627468 influences the expression of EAF2 (Chen et al., 2019), indicating that EAF2 may indirectly affect stone formation, but the specific mechanism remains unclear.
8 EAF2-MEDIATED APOPTOSIS
8.1 EAF2 mediates apoptosis in prostate cancer cells
Apoptosis is a series of genetically pre-programmed events that result in the destruction of cell membranes and chromosome condensation. A previous study supported the role of ELL in the induction of programmed cell death (Johnstone et al., 2001). EAF2 and ELL co-localize into distinct nuclear speckles, and the two can bind via specific domains. These results indicate that EAF2 is associated with apoptosis via ELL. Following this, Xiao et al. transfected an EAF2 expression vector into human prostate cancer cells and found that the EAF2 protein induces efficient apoptosis in transfected cells (Xiao et al., 2003). However, in androgen-sensitive human prostate cancer cells, although EAF2 activated the apoptosis process, androgens protected the cells from death. In contrast, in androgen-insensitive prostate cancer cells, androgens did not inhibit apoptosis. These results led to the speculation that androgens protect against EAF2-induced apoptosis when ARs are present. They also observed that EAF2-induced apoptosis is sensitive to caspase inhibitors, suggesting that EAF2-induced apoptosis is a caspase-dependent process (Xiao et al., 2003). Structurally, amino acids 68–113 of EAF2 are sufficient to induce apoptosis (Hahn et al., 2007). Notably, amino acids 68–113 were among the multiple domains that modulated transactivation in their previous study (Xiao et al., 2009). Although Xiao et al. observed apoptosis in transfected cells, it should be noted that in the process of transfection, EAF2 beyond a physiological dose was applied to prostate cancer cells. Therefore, it is still uncertain whether EAF2 at a physiological dose could induce apoptosis.
8.2 EAF2 mediates apoptosis in other cells
Germinal center (GC) B cells represent a unique cell type that can produce high-affinity antibodies required for protective immunity (Young and Brink, 2021) and differentiate into plasma or memory B cells population (Victora et al., 2010; Finkin et al., 2019). Compared to other types of immune cells, EAF2 is much more expressed in GC B cells and plays the role of apoptosis inducer. GC B cells from EAF2 deficiency mice (EAF2−/−) exhibited significantly reduced cell death compared to wild-type mice, resulting in the accumulation of non-proliferating B cells, enlarged GCs, and a temporarily enhanced primary immune response at the early stage. However, over the long term, impaired apoptosis of GC B cells in aged EAF2−/− mice leads to an abnormal accumulation of various autoantibodies in the absence of external stimuli, making EAF2−/− mice more susceptible to collagen-induced arthritis (Li et al., 2016). This study illustrates that EAF2 plays an important role in maintaining immunological balance and self-tolerance by inducing apoptosis in GC B cells.
Feng et al. reported a different role of EAF2 as apoptosis suppressors in ocular tissues (Feng and Guo, 2018). They observed that the induced EAF2 expression alleviated apoptosis caused by hydrogen peroxide in human lens epithelial cells. In addition, the knockdown of Wnt3a significantly increased the overall percentage of EAF2-expressing lens epithelial cells undergoing apoptosis, demonstrating that EAF2 protects these cells from apoptosis by activating the Wnt3a signaling pathway (Feng and Guo, 2018).
9 EAF2 REGULATES DNA REPAIR
As reported previously, EAF2 functions as a transcription factor, and ELL facilitates the relocalization of EAF2 into nuclear speckles. Similarly, several proteins that function in DNA repair can change their intracellular localization and form DNA repair foci in the nucleus to cope with DNA damage (Tembe and Henderson, 2007). The similarity between EAF2 and these DNA repair-related proteins motivated Zhuang et al. to investigate whether EAF2 plays a role in DNA repair. They confirmed their hypothesis when they observed that UV irradiation-induced DNA damage was fixed by EAF2 transfection, and amino acids 163–262 were subsequently identified as sufficient to induce EAF2 translocation to the nucleoli (Zhuang et al., 2008).
Subsequently, to explore the mechanism underlying the association between EAF2 and DNA damage response, Ai et al. treated human prostate cancer cells with irradiation to induce double-stranded breaks (DSBs). EAF2 and EAF1 co-accumulated rapidly at DSB regions with Ku70/Ku80, two non-homologous end-joining (NHEJ) pathway proteins. They further observed that the knockdown of EAF family proteins inhibits the accumulation of Ku70/Ku80 at DSBs. Both results demonstrated that the EAF family proteins work with Ku70/Ku80 to protect cells from DNA damage via the NHEJ pathway (Ai et al., 2017).
10 DISCUSSION
Since EAF2 was identified, an increasing number of its functions and corresponding mechanisms have been explored. EAF2 affects the prostate and other organs. We have summarized the functions of EAF2 in transcription, embryonic development, malignant diseases, benign diseases, apoptosis, and DNA repair. In the prostate, the properties of EAF2 protein, its associations with multiple molecules, and its functions illustrate a high level of consistency. For instance, EAF2 is a nuclear protein, which aligns with its role in mediating transcriptional activity, inducing apoptosis, and repairing DNA damage. These functions are crucial in protecting prostate cells from tumorigenesis and uncontrolled cell growth. In Figure 1, Green blocks represent pathways or physiological processes enhanced by downregulation of EAF2, while red blocks represent processed activated by upregulation of EAF2. Multiple physiological functions of EAF2 coordinate to suppress tumorigenesis. Figures 2, 3 summarize the structural and functional characteristics of EAF2. As shown in Figure 2, different researches proved that different domains of EAF2 cross and cover each other structurally, which also confirmed that as a nuclear protein, the functions of apoptosis, DNA repair, and tumor suppression interrelate and contribute to cellular health jointly. Besides, it is reasonable that the region interacting with pVHL (amino acids 1–113) includes the region interacting with HIF-1α (amino acids 36–49), considering that both of them belong to the same signal channel to regulate angiogenesis. Figure 3 shows all the signaling pathways and their respective effects that are discussed in this review. We divided the pathways mentioned in the review into two groups: (A) group indicates pathways activated with EAF2 downregulation and (B) represents pathways activated when EAF2 is expressed.
[image: Figure 2]FIGURE 2 | In prostate, EAF2 protects overall cellular health and suppresses tumorigenesis through coordination of interaction with proteins via various pathways. Green and Red blocks represent pathways and processes suppressed or activated by the expression of EAF2 respectively.
[image: Figure 3]FIGURE 3 | This diagram summarizes all the signal pathways discussed in the review, categorizing them into groups (A, B). Groups A and B show pathways activated with EAF2 deficiency and presence, respectively. Pink, orange, green, blue, and purple bubbles indicate the state of EAF2, concurrent deficiency of another gene, pathways (highlighted with red border), downstream proteins, and biological effect of pathways, respectively.
The primary role of EAF2 is an androgen-upregulated tumor suppressor in the prostate. However, the detailed upstream pathways that regulate the expression of EAF2 remain unclear and require further exploration. Research in above mentioned directions will provide insights into the roles of androgens and EAF2 in prostate carcinogenesis, as well as opportunities to optimize chemical castration therapy for prostate cancer.
AUTHOR CONTRIBUTIONS
W-TJ: Writing–original draft. C-GC: Writing–review and editing. YW: Writing–review and editing.
FUNDING
The author(s) declare that financial support was received for the research, authorship, and/or publication of this article. This research was funded by Wu Jieping Medical Foundation, grant number 3200.6750.2023-11-18, and Natural Science Foundation of Jilin Province Science and Technology Institution, grant number 20190201060JC.
ACKNOWLEDGMENTS
We thank Zhou Wang, Laura E Pascal, and Yi-Feng Jing for their support.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
REFERENCES
 Ai, J., Pascal, L. E., O'Malley, K. J., Dar, J. A., Isharwal, S., Qiao, Z., et al. (2014). Concomitant loss of EAF2/U19 and Pten synergistically promotes prostate carcinogenesis in the mouse model. Oncogene 33 (18), 2286–2294. doi:10.1038/onc.2013.190
 Ai, J., Pascal, L. E., Wei, L., Zang, Y., Zhou, Y., Yu, X., et al. (2017). EAF2 regulates DNA repair through Ku70/Ku80 in the prostate. Oncogene 36 (15), 2054–2065. doi:10.1038/onc.2016.373
 Aurilio, G., Cimadamore, A., Mazzucchelli, R., Lopez-Beltran, A., Verri, E., Scarpelli, M., et al. (2020). Androgen receptor signaling pathway in prostate cancer: from genetics to clinical applications. Cells 9 (12), 2653. doi:10.3390/cells9122653
 Bedolla, R., Prihoda, T. J., Kreisberg, J. I., Malik, S. N., Krishnegowda, N. K., Troyer, D. A., et al. (2007). Determining risk of biochemical recurrence in prostate cancer by immunohistochemical detection of PTEN expression and Akt activation. Clin. Cancer Res. 13 (13), 3860–3867. doi:10.1158/1078-0432.CCR-07-0091
 Bruchovsky, N., Lesser, B., Van Doorn, E., and Craven, S. (1975). Hormonal effects on cell proliferation in rat prostate. Vitam. Horm. 33, 61–102. doi:10.1016/s0083-6729(08)60951-6
 Chen, W. C., Chou, W. H., Chu, H. W., Huang, C. C., Liu, X., Chang, W. P., et al. (2019). The rs1256328 (ALPL) and rs12654812 (RGS14) polymorphisms are associated with susceptibility to calcium nephrolithiasis in a Taiwanese population. Sci. Rep. 9 (1), 17296. doi:10.1038/s41598-019-53261-8
 Chen, Z., Liu, X., Mei, Z., Wang, Z., and Xiao, W. (2014). EAF2 suppresses hypoxia-induced factor 1α transcriptional activity by disrupting its interaction with coactivator CBP/p300. Mol. Cell Biol. 34 (6), 1085–1099. doi:10.1128/MCB.00718-13
 Chittiboina, P., and Lonser, R. R. (2015). Von hippel-lindau disease. Handb. Clin. Neurol. 132, 139–156. doi:10.1016/B978-0-444-62702-5.00010-X
 Fang, Z., Peng, Y., Li, L., Liu, M., Wang, Z., Ming, S., et al. (2017). The molecular mechanisms of androgen receptor in nephrolithiasis. Gene 616, 16–21. doi:10.1016/j.gene.2017.03.026
 Feng, K., and Guo, H. K. (2018). Eaf2 protects human lens epithelial cells against oxidative stress-induced apoptosis by Wnt signaling. Mol. Med. Rep. 17 (2), 2795–2802. doi:10.3892/mmr.2017.8246
 Feng, M. L., Wu, C., Zhang, H. J., Zhou, H., Jiao, T. W., Liu, M. Y., et al. (2022). Overexpression of ELL-associated factor 2 suppresses invasion, migration, and angiogenesis in colorectal cancer. World J. Gastrointest. Oncol. 14 (10), 1949–1967. doi:10.4251/wjgo.v14.i10.1949
 Finkin, S., Hartweger, H., Oliveira, T. Y., Kara, E. E., and Nussenzweig, M. C. (2019). Protein amounts of the MYC transcription factor determine germinal center B cell division capacity. Immunity 51 (2), 324–336. doi:10.1016/j.immuni.2019.06.013
 Gerber, M., Ma, J., Dean, K., Eissenberg, J. C., and Shilatifard, A. (2001). Drosophila ELL is associated with actively elongating RNA polymerase II on transcriptionally active sites in vivo. Embo J. 20 (21), 6104–6114. doi:10.1093/emboj/20.21.6104
 Gioeli, D., Mandell, J. W., Petroni, G. R., Frierson, H. F., and Weber, M. J. (1999). Activation of mitogen-activated protein kinase associated with prostate cancer progression. Cancer Res. 59 (2), 279–284.
 Guo, W., Keener, A. L., Jing, Y., Cai, L., Ai, J., Zhang, J., et al. (2015). FOXA1 modulates EAF2 regulation of AR transcriptional activity, cell proliferation, and migration in prostate cancer cells. Prostate 75 (9), 976–987. doi:10.1002/pros.22982
 Hahn, J., Xiao, W., Jiang, F., Simone, F., Thirman, M. J., and Wang, Z. (2007). Apoptosis induction and growth suppression by U19/Eaf2 is mediated through its ELL-binding domain. Prostate 67 (2), 146–153. doi:10.1002/pros.20481
 Han, W., and Shen, G. L. (2020). Systematic expression analysis of EAF family reveals the importance of EAF2 in melanoma. Int. Immunopharmacol. 88, 106958. doi:10.1016/j.intimp.2020.106958
 Jo, Y. S., Kim, S. S., Kim, M. S., Yoo, N. J., and Lee, S. H. (2019). Candidate tumor suppressor gene EAF2 is mutated in colorectal and gastric cancers. Pathol. Oncol. Res. 25 (2), 823–824. doi:10.1007/s12253-018-0461-1
 Johnstone, R. W., Gerber, M., Landewe, T., Tollefson, A., Wold, W. S., and Shilatifard, A. (2001). Functional analysis of the leukemia protein ELL: evidence for a role in the regulation of cell growth and survival. Mol. Cell Biol. 21 (5), 1672–1681. doi:10.1128/MCB.21.5.1672-1681.2001
 Kong, S. E., Banks, C. A., Shilatifard, A., Conaway, J. W., and Conaway, R. C. (2005). ELL-associated factors 1 and 2 are positive regulators of RNA polymerase II elongation factor ELL. Proc. Natl. Acad. Sci. U. S. A. 102 (29), 10094–10098. doi:10.1073/pnas.0503017102
 Kwak, C., Jin, R. J., Lee, C., Park, M. S., and Lee, S. E. (2002). Thrombospondin-1, vascular endothelial growth factor expression and their relationship with p53 status in prostate cancer and benign prostatic hyperplasia. BJU Int. 89 (3), 303–309. doi:10.1046/j.1464-4096.2001.01417.x
 Lambert, S. A., Jolma, A., Campitelli, L. F., Das, P. K., Yin, Y., Albu, M., et al. (2018). The human transcription factors. Cell 172 (4), 650–665. doi:10.1016/j.cell.2018.01.029
 Li, M., Wu, X., Zhuang, F., Jiang, S., Jiang, M., and Liu, Y. H. (2003). Expression of murine ELL-associated factor 2 (Eaf2) is developmentally regulated. Dev. Dyn. 228 (2), 273–280. doi:10.1002/dvdy.10367
 Li, Y., Takahashi, Y., Fujii, S., Zhou, Y., Hong, R., Suzuki, A., et al. (2016). EAF2 mediates germinal centre B-cell apoptosis to suppress excessive immune responses and prevent autoimmunity. Nat. Commun. 7, 10836. doi:10.1038/ncomms10836
 Lin, A., Hu, Q., Li, C., Xing, Z., Ma, G., Wang, C., et al. (2017). The LINK-A lncRNA interacts with PtdIns(3,4,5)P(3) to hyperactivate AKT and confer resistance to AKT inhibitors. Nat. Cell Biol. 19 (3), 238–251. doi:10.1038/ncb3473
 Liu, J. X., Hu, B., Wang, Y., Gui, J. F., and Xiao, W. (2009). Zebrafish eaf1 and eaf2/u19 mediate effective convergence and extension movements through the maintenance of wnt11 and wnt5 expression. J. Biol. Chem. 284 (24), 16679–16692. doi:10.1074/jbc.M109.009654
 Liu, J. X., Zhang, D., Xie, X., Ouyang, G., Liu, X., Sun, Y., et al. (2013). Eaf1 and Eaf2 negatively regulate canonical Wnt/β-catenin signaling. Development 140 (5), 1067–1078. doi:10.1242/dev.086157
 Lumetti, S., Mazzotta, S., Ferrillo, S., Piergianni, M., Piemontese, M., Passeri, G., et al. (2014). RhoA controls Wnt upregulation on microstructured titanium surfaces. Biomed. Res. Int. 2014, 401859. doi:10.1155/2014/401859
 Madersbacher, S., Sampson, N., and Culig, Z. (2019). Pathophysiology of benign prostatic hyperplasia and benign prostatic enlargement: a mini-review. Gerontology 65 (5), 458–464. doi:10.1159/000496289
 Maurer, G., Tarkowski, B., and Baccarini, M. (2011). Raf kinases in cancer-roles and therapeutic opportunities. Oncogene 30 (32), 3477–3488. doi:10.1038/onc.2011.160
 Olivier, M., Hussain, S. P., Caron de Fromentel, C., Hainaut, P., and Harris, C. C. (2004). TP53 mutation spectra and load: a tool for generating hypotheses on the etiology of cancer. IARC Sci. Publ. (157), 247–270.
 O’Malley, K. J., Dhir, R., Nelson, J. B., Bost, J., Lin, Y., and Wang, Z. (2009). The expression of androgen-responsive genes is up-regulated in the epithelia of benign prostatic hyperplasia. Prostate 69 (16), 1716–1723. doi:10.1002/pros.21034
 Pascal, L. E., Ai, J., Rigatti, L. H., Lipton, A. K., Xiao, W., Gnarra, J. R., et al. (2011). EAF2 loss enhances angiogenic effects of Von Hippel-Lindau heterozygosity on the murine liver and prostate. Angiogenesis 14 (3), 331–343. doi:10.1007/s10456-011-9217-1
 Pascal, L. E., Wang, Y., Zhong, M., Wang, D., Chakka, A. B., Yang, Z., et al. (2018). EAF2 and p53 Co-regulate STAT3 activation in prostate cancer. Neoplasia 20 (4), 351–363. doi:10.1016/j.neo.2018.01.011
 Roe, J. S., Kim, H., Lee, S. M., Kim, S. T., Cho, E. J., and Youn, H. D. (2006). p53 stabilization and transactivation by a von Hippel-Lindau protein. Mol. Cell 22 (3), 395–405. doi:10.1016/j.molcel.2006.04.006
 Shilatifard, A., Lane, W. S., Jackson, K. W., Conaway, R. C., and Conaway, J. W. (1996). An RNA polymerase II elongation factor encoded by the human ELL gene. Science 271 (5257), 1873–1876. doi:10.1126/science.271.5257.1873
 Shinobu, N., Maeda, T., Aso, T., Ito, T., Kondo, T., Koike, K., et al. (1999). Physical interaction and functional antagonism between the RNA polymerase II elongation factor ELL and p53. J. Biol. Chem. 274 (24), 17003–17010. doi:10.1074/jbc.274.24.17003
 Simone, F., Luo, R. T., Polak, P. E., Kaberlein, J. J., and Thirman, M. J. (2003). ELL-associated factor 2 (EAF2), a functional homolog of EAF1 with alternative ELL binding properties. Blood 101 (6), 2355–2362. doi:10.1182/blood-2002-06-1664
 Su, F., Correa, B. R. S., Luo, J., Vencio, R. Z. N., Pascal, L. E., and Wang, Z. (2013). Gene expression profiling reveals regulation of ERK phosphorylation by androgen-induced tumor suppressor U19/EAF2 in the mouse prostate. Cancer Microenviron. 6 (3), 247–261. doi:10.1007/s12307-013-0132-4
 Su, F., Pascal, L. E., Xiao, W., and Wang, Z. (2010). Tumor suppressor U19/EAF2 regulates thrombospondin-1 expression via p53. Oncogene 29 (3), 421–431. doi:10.1038/onc.2009.326
 Sun, C. C., Zhu, W., Li, S. J., Zhang, J., Zhuo, Y., et al. (2020). FOXC1-mediated LINC00301 facilitates tumor progression and triggers an immune-suppressing microenvironment in non-small cell lung cancer by regulating the HIF1α pathway. Genome Med. 12 (1), 77. doi:10.1186/s13073-020-00773-y
 Tembe, V., and Henderson, B. R. (2007). Protein trafficking in response to DNA damage. Cell Signal 19 (6), 1113–1120. doi:10.1016/j.cellsig.2007.03.001
 Teng, M., Zhou, S., Cai, C., Lupien, M., and He, H. H. (2021). Pioneer of prostate cancer: past, present and the future of FOXA1. Protein Cell 12 (1), 29–38. doi:10.1007/s13238-020-00786-8
 Thirman, M. J., Levitan, D. A., Kobayashi, H., Simon, M. C., and Rowley, J. D. (1994). Cloning of ELL, a gene that fuses to MLL in a t(11;19)(q23;p13.1) in acute myeloid leukemia. Proc. Natl. Acad. Sci. U. S. A. 91 (25), 12110–12114. doi:10.1073/pnas.91.25.12110
 Tsai, Y. P., and Wu, K. J. (2012). Hypoxia-regulated target genes implicated in tumor metastasis. J. Biomed. Sci. 19 (1), 102. doi:10.1186/1423-0127-19-102
 Vezzoli, G., Terranegra, A., Arcidiacono, T., and Soldati, L. (2011). Genetics and calcium nephrolithiasis. Kidney Int. 80 (6), 587–593. doi:10.1038/ki.2010.430
 Victora, G. D., Schwickert, T. A., Fooksman, D. R., Kamphorst, A. O., Meyer-Hermann, M., Dustin, M. L., et al. (2010). Germinal center dynamics revealed by multiphoton microscopy with a photoactivatable fluorescent reporter. Cell 143 (4), 592–605. doi:10.1016/j.cell.2010.10.032
 Wan, X., Ji, W., Mei, X., Zhou, J., Liu, J. x., Fang, C., et al. (2010). Negative feedback regulation of Wnt4 signaling by EAF1 and EAF2/U19. PLoS One 5 (2), e9118. doi:10.1371/journal.pone.0009118
 Wang, Y., Pascal, L. E., Zhong, M., Ai, J., Wang, D., Jing, Y., et al. (2017). Combined loss of EAF2 and p53 induces prostate carcinogenesis in male mice. Endocrinology 158 (12), 4189–4205. doi:10.1210/en.2017-00409
 Wang, Z., Tufts, R., Haleem, R., and Cai, X. (1997). Genes regulated by androgen in the rat ventral prostate. Proc. Natl. Acad. Sci. U. S. A. 94 (24), 12999–13004. doi:10.1073/pnas.94.24.12999
 Wise, H. M., Hermida, M. A., and Leslie, N. R. (2017). Prostate cancer, PI3K, PTEN and prognosis. Clin. Sci. (Lond). 131 (3), 197–210. doi:10.1042/CS20160026
 Xiao, W., Ai, J., Habermacher, G., Volpert, O., Yang, X., Zhang, A. Y., et al. (2009). U19/Eaf2 binds to and stabilizes von hippel-lindau protein. Cancer Res. 69 (6), 2599–2606. doi:10.1158/0008-5472.CAN-08-2595
 Xiao, W., Jiang, F., and Wang, Z. (2006). ELL binding regulates U19/Eaf2 intracellular localization, stability, and transactivation. Prostate 66 (1), 1–12. doi:10.1002/pros.20309
 Xiao, W., Zhang, Q., Habermacher, G., Yang, X., Cai, X., et al. (2008). U19/Eaf2 knockout causes lung adenocarcinoma, B-cell lymphoma, hepatocellular carcinoma and prostatic intraepithelial neoplasia. Oncogene 27 (11), 1536–1544. doi:10.1038/sj.onc.1210786
 Xiao, W., Zhang, Q., Jiang, F., Pins, M., Kozlowski, J. M., and Wang, Z. (2003). Suppression of prostate tumor growth by U19, a novel testosterone-regulated apoptosis inducer. Cancer Res. 63 (15), 4698–4704.
 Young, C., and Brink, R. (2021). The unique biology of germinal center B cells. Immunity 54 (8), 1652–1664. doi:10.1016/j.immuni.2021.07.015
 Yu, X., Ai, J., Cai, L., Jing, Y., Wang, D., Dong, J., et al. (2016). Regulation of tumor suppressor EAF2 polyubiquitination by ELL1 and SIAH2 in prostate cancer cells. Oncotarget 7 (20), 29245–29254. doi:10.18632/oncotarget.8588
 Zhuang, F., Yen, P., Zhao, J., Nguyen, M., Jiang, M., and Liu, Y. H. (2008). Dynamic intracellular distribution of Eaf2 and its potential involvement in UV-Induced DNA damage response. DNA Cell Biol. 27 (12), 649–656. doi:10.1089/dna.2008.0733
Conflict of interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2024 Ji, Cui and Wang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
OPS/images/fphar-15-1440511-g003.gif





OPS/xhtml/nav.xhtml
Contents

		Cover

		EAF2: a tumor suppressor gene with multi-aspect functions		1 Introduction

		2 Identification of EAF2

		3 EAF2 protein		3.1 EAF2 is an unstable nuclear protein

		3.2 EAF2 protein undergoes polyubiquitination

		3.3 The distribution of EAF2 protein is spatially regulated





		4 EAF2 functions as a transcription factor and mediates transcriptional activity		4.1 Interaction with ELL

		4.2 Wnt/β-catenin signaling

		4.3 EAF2 suppresses the transcriptional activity of HIF-1α





		5 Function of EAF2 in embryonic development

		6 EAF2 in prostate cancer and other malignant diseases		6.1 EAF2 synergizes with PTEN and activates Akt and p44/42 pathways

		6.2 EAF2 is associated with VHL and modulates the pVHL pathway

		6.3 EAF2 is associated with the ERK signaling pathway

		6.4 The function of EAF2 is related to the p53 gene in prostate cancer

		6.5 EAF2 interacts with FOXA1

		6.6 EAF2 in other malignant tumors





		7 Role of EAF2 in benign diseases		7.1 EAF2 in benign prostate hyperplasia (BPH)

		7.2 EAF2 in kidney stone disease





		8 EAF2-mediated apoptosis		8.1 EAF2 mediates apoptosis in prostate cancer cells

		8.2 EAF2 mediates apoptosis in other cells





		9 EAF2 regulates DNA repair

		10 Discussion

		Author contributions

		Funding

		Acknowledgments

		Publisher’s note

		References









OPS/images/cover.jpg
’ frontiers | Frontiersin Pharmacology

EAF2: a tumor suppressor gene
with multi-aspect functions





OPS/images/fphar-15-1440511-g001.gif
2

[
[y T ——
PSR ——

1 s s 3130 b o of s st o
8 st i s
[ ———
[ ——
PR ————
-

@ e s 1 o e s
L
@ At 0 s 1113 5 ety o e g o S





OPS/images/fphar-15-1440511-g002.gif









OPS/images/crossmark.jpg
©

|





OPS/images/logo.jpg
& frontiers | Frontiers in Pharmacology





