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A growing number of studies are reporting important roles played by long non-coding RNAs (lncRNAs) in various pathological and physiological processes. LncRNAs are implicated in numerous genomic regulatory functions at different levels, including regulation of transcription, post-transcriptional processes, genomic stability, and epigenetic genome modifications. Double homeobox A pseudogene 8 (DUXAP8), a novel lncRNA, has been reported to be involved in many cancers, including gastric, colorectal, esophageal, bladder, oral, ovarian, lung, and pancreatic cancers as well as hepatocellular carcinoma (HCC). DUXAP8 plays specific oncogenic roles via numerous malignancies promoting pathways. DUXAP8 is frequently dysregulated in multiple cancers, acting as a sponge to downregulate various tumor-suppressing microRNA activities. In this review, we comprehensively explore DUXAP8 expression and prognosis across cancer types, and systematically summarize current evidence concerning the functions and molecular mechanisms of DUXAP8 in tumorigenesis and progression. We conclude that DUXAP8 is a potential biomarker and therapeutic target for multiple cancers.
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INTRODUCTION

Cancers collectively represent a life-threatening disease with major impact on public health (the second leading cause of death worldwide). An estimated 18.1 million new cancer cases and 9.6 million deaths occurred in 2018 (Bray et al., 2018). The predicted number of new cancer patients is projected to be 14 million in 2035 (Pilleron et al., 2019).

The human genome project has revealed that there are approximately 20,000–25,000 protein-coding genes in the human genome that account for 2% of the total human genome sequence (Ponting et al., 2009). Genetic mutations associated with diseases are commonly located in non-coding regions of the human genome (Elkon and Agami, 2017; Darbellay and Necsulea, 2020). The majority of the human genome is not protein-coding, and other transcriptionally active regions were originally considered to be transcriptional noise. As such, they attracted little attention (Ponting et al., 2009; Evans et al., 2016; Yang et al., 2020). Recent studies have demonstrated that expression of the non-coding RNAs produced by these regions is systematically altered in cancers, and displays potential correlations with protein coding gene expression, demonstrating the importance of long non-coding RNAs (lncRNAs) in tumor formation, development, and progression (Goodall and Wickramasinghe, 2021; Statello et al., 2021). As lncRNAs are highly enriched in the genome, they are dynamically regulated in cell-, tissue-, and development-specific manners (Sun et al., 2018).

Double homeobox A pseudogene 8 (DUXAP8), according to the HUGO Gene Nomenclature Committee, is a newly identified lncRNA located on 22q11.1. DUXAP8 is approximately 2,307 bp long. Recent studies have reported that DUXAP8 mRNA is substantially upregulated in many cancer tissues, including pancreatic, bladder, colon, lung, ovarian, and breast cancers (Jiang et al., 2018; Lin et al., 2018; Chen et al., 2020a; He et al., 2020; Meng et al., 2020; Wang et al., 2020; Yang et al., 2021), as well as thyroid, hepatocellular and renal cell carcinomas (RCCs) (Hu et al., 2020; Wang et al., 2020; Pang and Yang, 2021), and glioma, compared to corresponding non-tumor tissues. Emerging literature supports that overexpressed lncRNA DUXAP8 might function as a sponge in cancer tissues, targeting tumor suppressive microRNAs, thereby facilitating target oncogene signaling pathway activity and promoting tumor development and progression.

In this review, we comprehensively summarize tissue and developmental stage-specific lncRNA DUXAP8 mRNA expression and systematically describe DUXAP8-associated regulatory mechanisms based on current literature.


The Transcriptional Level of Double Homeobox A Pseudogene 8 Across Pancancer

To characterize mRNA expression levels of DUXAP8 in 33 different cancers, we developed gene expression profiling interactive analysis 2 (GEPIA2) and determined that DUXAP8 displays markedly different expression levels among cancers.

We observed that DUXAP8 produces relatively high transcripts per million (TPM) in bladder urothelial carcinoma (BLCA), cholangiocarcinoma (CHOL), esophageal carcinoma (ESCA), head and neck squamous cell carcinoma (HNSC), kidney renal clear cell carcinoma (KIRC), liver hepatocellular carcinoma (LIHC), lung adenocarcinoma (LUAD), lung squamous cell carcinoma (LUSC), ovarian serous cystadenocarcinoma (OV), skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD), thymoma (THYM), uterine corpus endometrial carcinoma (UCEC), and uterine carcinosarcoma (UCS) tissues compared to corresponding normal tissues. We also observed low DUXAP8 TPM in acute myeloid leukemia (LAML) and testicular germ cell tumors (TGCT) compared to normal tissues (Figure 1).
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FIGURE 1. The expression of double homeobox A pseudogene (DUXAP) pattern across pancancer. DUXAP8 expression was dysregulated in several cancer types, and elevated in the bladder urothelial carcinoma (BLCA), cholangiocarcinoma (CHOL), esophageal carcinoma (ESCA), head and neck squamous cell carcinoma (HNSC), kidney renal clear cell carcinoma (KIRC), liver hepatocellular carcinoma (LIHC), lung squamous cell carcinoma (LUSC), ovarian serous cystadenocarcinoma (OV), skin cutaneous melanoma (SKCM), stomach adenocarcinoma (STAD), thymoma (THYM), uterine corpus endometrial carcinoma (UCEC), and uterine carcinosarcoma (UCS). However, the downregulated DUXAP8 expression was observed in the low DUXAP8 TPM in acute myeloid leukemia (LAML) and testicular germ cell tumor (TGCT).


These results indicate that upregulated DUXAP8 expression in tumor tissues compared with adjacent normal tissues might be a useful indicator in cancer diagnosis.



Long Non-coding RNA Double Homeobox A Pseudogene 8 Displays Potential as a Novel and Broadly Useful Biomarker for Cancer Prognosis

To further explore the prognostic role of DUXAP8 expression levels in cancers, we used the GEPIA2 survival analysis module and found that high DUXAP8 mRNA expression correlated with poor overall survival in seven cancers. Specifically, patients with high DUXAP8 expression levels had a shorter survival time than patients with low DUXAP8 expression levels in breast invasive carcinoma (BRCA) (p = 0.041), colon adenocarcinoma (COAD) (p = 0.0094), HNSC (p = 0.047), KIRC (p = 7.6e−6), kidney renal papillary cell carcinoma (KIRP) (p = 0.0057), LIHC (P = 0.0038), and UCEC (p = 0.03) (Figure 2). In summary, high DUXAP8 expression was positively associated with shorter survival times and worse prognosis. These results indicate that in most tumor tissues, high DUXAP8 expression has potential as a novel prognostic indicator of cancer progression.
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FIGURE 2. The prognostic prediction of DUXAP pattern in different cancer types. (A) DUXAP8 expression correlated with poor overall survival in seven cancers. (B–H), patients with overexpressed DUXAP8 had a shorter survival time than patients with downregulated DUXAP8 expression in breast invasive carcinoma (BRCA) (p = 0.041), COAD (p = 0.0094), HNSC (p = 0.047), KIRC (p = 7.6e–6), KIRP (p = 0.0057), LIHC (P = 0.0038), and UCEC (p = 0.03).




Associations Between Long Non-coding RNA Double Homeobox A Pseudogene 8 and Clinical Characteristics Based on Current Literature

Double homeobox A pseudogene 8 expression was upregulated in various cancers, such as bladder cancer, hepatocellular carcinoma (HCC), colorectal cancer (CRC), lung cancers, oral cancers, gastric cancer, ovarian cancer, pancreatic cancer, neuroblastoma, and pancreatic cancer. The association between the clinical characteristics and DUXAP8 expression was listed in Table 1.


TABLE 1. The clinical information of double homeobox A pseudogene 8 (DUXAP8) in pan-cancers.
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Bladder Cancer

Bladder cancer has become one of the most common cancers worldwide. More than 2 million woman were diagnosed patients were diagnosed, and more than 0.6 million death in 2018 (Wigner et al., 2021). LncRNAs have been identified as novel essential regulators of various human cancers. DUXAP8 is reportedly upregulated in bladder cancer tissues (Jiang et al., 2018; Lin et al., 2018). Researchers have detected substantially elevated lncRNA DUXAP8 expression in bladder cancer tissues compared with adjacent normal tissues (Lin et al., 2018). High DUXAP8 expression is correlated with shorter overall survival time. Advanced stage bladder cancer patients frequently have higher DUXAP8 mRNA expression levels than stage I and stage II patients (Lin et al., 2018).



Hepatocellular Carcinoma

Hepatocellular carcinoma is among the most common malignant tumor types, and has a poor prognosis in part due to late diagnosis (Huang et al., 2020). The molecular mechanisms underlying HCC pathogenesis have not been comprehensively elucidated (Huang et al., 2020). Emerging evidence suggests that lncRNAs are widely expressed and might function as promising therapeutic targets and prognostic indicators of various diseases and cancers (Hu et al., 2019; Statello et al., 2021). DUXAP8 expression is markedly upregulated in HCC tumor tissues compared to that in corresponding normal tissues (Yue et al., 2019; Hu et al., 2020; Wang et al., 2020; Wei et al., 2020; Zhang et al., 2020). Jiang et al. (2019) and Wang et al. (2020) found that higher DUXAP8 expression is strongly associated with poor prognosis in HCC (Wang et al., 2020). They also showed that DUXAP8 RNA affects mitotic nuclear division, histone binding, regulation of cell cycle phase transitions, oxidative phosphorylation, cell division, and the tricarboxylic acid cycle, indicating that DUXAP8 can act as an oncogene in HCC progression (Wang et al., 2020). Hu et al. (2020) also showed that DUXAP8 is substantially upregulated in HCC tissues, and found that DUXAP8 was markedly elevated in advanced stage III/IV tumors compared with stage I/II tumors (Hu et al., 2020). Wei et al. (2020) applied GEPIA and found that DUXAP8 was upregulated in HCC tissues. They also correlated upregulated DUXAP8 expression with larger tumor size, more advanced tumor stage, and distant metastases. Patients with higher DUXAP8 expression were associated with shorter overall survival times (Wei et al., 2020). Yue et al. (2019) discovered that DUXAP8 was considerably upregulated in elderly patients (>60 years), tumors in advanced stages (stage III/IV), and during vascular invasion. Similarly, they found upregulated DUXAP8 expression in stage II/III HCC samples relative to stage I HCC samples, and saw an association with poor prognosis (Zhang et al., 2020).



Colorectal Cancer

Colorectal cancer is the third most common malignancy. Involvement of a variety of genetic and epigenetic changes has been reported in CRC initiation and progression (Okugawa et al., 2015; Siskova et al., 2020). LncRNAs have been reported to play important roles in epigenetic alterations, revealing their potential as novel targets for CRC prevention and treatment (Chen et al., 2021; Liao et al., 2021). Gong et al. (2019) found that CRC patients in stages I-II presented with lower levels of tumor DUXAP8 than those in stage III-IV, and patients with larger tumor sizes expressed higher levels of DUXAP8. Another study demonstrated increased DUXAP8 expression in CRC tissues compared with paracarcinoma tissues, and showed that high DUXAP8 expression was indicative of shorter overall survival time (He et al., 2020). These data suggest the carcinogenic potential of DUXAP8 in CRC.



Renal Cell Carcinoma

Renal cell carcinoma remains one of the most lethal urological malignancies (Capitanio et al., 2019). Epigenetic modifications are common in RCC, suggesting that these modifications play an important role in RCC initiation and progression (Joosten et al., 2018). Researchers have discovered that many lncRNAs are upregulated and associated with poor prognosis in RCC (Zhai et al., 2017). Many researchers have investigated public RNA sequencing data and microarray gene profiling data from RCC patients, and found that DUXAP8 was markedly upregulated in RCC tumor tissues compared with adjacent para-tumor tissues (Xu et al., 2017; Huang et al., 2018; Chen et al., 2019). They have also shown that increased DUXAP8 expression correlates with poor prognosis in RCC (Xu et al., 2017; Huang et al., 2018; Chen et al., 2019).



Lung Cancer

Lung cancer is the leading cause of cancer-related deaths worldwide (Loewen et al., 2014). LncRNAs are a new class of cancer regulators that govern fundamental biochemical and cellular processes in lung cancer (Feng et al., 2019). DUXAP8 expression is substantially increased in LUAD tumor tissues. High DUXAP8 expression is closely associated with advanced tumor stages, larger tumor sizes, and metastasis (Yang et al., 2019; Yin et al., 2020; Liu et al., 2021). Ji et al. (2020) have also revealed that DUXAP8 is notably increased in non-small-cell lung cancer (NSCLC) tissues, and is associated with lymph node metastases and advanced tumor stages. Sun et al. (2017) analyzed tumor tissue and normal tissue from 78 pairs of patients, and found that DUXAP8 was notably increased in tumor tissues compared with normal tissues. Elevated DUXAP8 expression has been positively correlated with tumor size, lymph node metastasis, tumor stage, shorter survival time, and shorter progression-free survival time (Sun et al., 2017; Li L.M. et al., 2021).



Ovarian Cancer

Double homeobox A pseudogene 8 is markedly upregulated in ovarian cancer, where elevated expression is associated with shorter overall survival time (Lian et al., 2018; Li J.R. et al., 2021).



Oral, Esophageal, Gastric, and Colon Cancers

Digestive tract cancers are a group of malignant cancers that together represent the most common cause of cancer-related deaths worldwide (Lai et al., 2019; Stokłosa et al., 2020). DUXAP8 is substantially upregulated in oral cancer tissues compared to normal tissues (Chen et al., 2020b). Increased DUXAP8 expression is negatively associated with overall patient survival time (Chen et al., 2020b). In esophageal cancer, DUXAP8 expression level is closely related to clinical stage, lymph node metastasis, and overall survival (Liu et al., 2018; Xu et al., 2018). Increased DUXAP8 expression has also been detected in gastric cancer tissues compared to corresponding normal tissues (Ma et al., 2017). In colon cancer research, elevated DUXAP8 expression has been positively correlated with advanced stages, lymph node metastasis, and shorter overall survival time (Ma et al., 2017).



Double Homeobox A Pseudogene 8 in Ovarian and Pancreatic Cancers

Double homeobox A pseudogene 8 expression was markedly upregulated in tumor tissues compared to corresponding adjacent pancreatic tissue samples (Lian et al., 2018; Li J.R. et al., 2021). Increased DUXAP8 expression was also found to closely associate with larger tumor size, advanced stage, and shorter overall survival time (Lian et al., 2018).



Double Homeobox A Pseudogene 8 in Other Cancers

Studies have also revealed that DUXAP8 is substantially upregulated in neuroblastoma and papillary thyroid carcinoma tissues compared to corresponding adjacent normal tissues (Nie et al., 2020). Levels of DUXAP8 detected in neuroblastoma tumor tissues have been higher in T4 stage than in T1 stage, and elevated DUXAP8 expression is associated with worse prognosis (Nie et al., 2020).



Double Homeobox A Pseudogene 8 Regulatory Mechanism in Cancer Initiation and Tumor Progression

Double Homeobox A Pseudogene 8 is markedly upregulated in various cancer tissues, which plays an important role in cancer initiation and progression. In this review, we comprehensively summarize existing research on DUXAP8 functional roles in various cancers, such as bladder cancer, HCC, CRC, RCC, NSCLC, esophageal cancer, oral cancer, gastric cancer, neuroblastoma, thyroid carcinoma, and breast cancer.

A mechanism of regulation is illustrated in Figure 3. In bladder, Lin et al. (2018) have demonstrated that DUXAP8 downregulated phosphatase level and facilitated tumor cell progression. Jiang et al. (2018) have demonstrated that DUXAP8 knockdown in bladder cancer cells can inhibit tumor cell invasion and induce tumor cell apoptosis. In a study by Hu et al. (2020), DUXAP8 acted as an oncogene when expressed at elevated levels, promoting and maintaining multiple malignant phenotypes by sequestering miR-485-5p to regulate the DUXAP8/Forkhead box M1 axis. Wei et al. (2020) demonstrated that DUXAP8 could sequester miR-422a, thus enhancing pyruvate dehydrogenase kinase isozyme 2 (PDK2) expression in HCC cell lines and promoting HCC malignant phenotypes. Yue et al. (2019) also demonstrated that DUXAP8 knockdown substantially inhibited the proliferation, migration, and invasion abilities of HCC cell lines. DUXAP8 can also sequester miR-490-5p, activating budding uninhibited by benzimidazole-1 (BUB1) expression and facilitating tumor proliferation and invasion (Zhang et al., 2020). Increased DUXAP8 expression allows it to sequester miR-577, enhancing the levels of ras-related protein 14 and promoting tumor proliferation and invasion (Du et al., 2019). Gong et al. (2019) demonstrated that DUXAP8 knockdown may suppress the proliferative, migratory, and invasive abilities of CRC cells. Specifically, in an in vitro study, increased DUXAP8 apparently potentiated the expression of lysine-specific histone demethylase 1A (LSD1) and Enhancer of zeste homolog 2 (EZH2), thereby accelerating CRC cell malignant activities. He et al. (2020) reported that increased DUXAP8 expression activates CRC cell proliferation and inhibits apoptosis, and that DUXAP8 interacts with EZH2 and H3K27me3. These studies suggest that DUXAP8 displays potential as a novel therapeutic target for CRC. Reports indicate that in RCC, DUXAP8 pseudogenes promote tumor growth via suppression of the miR-29c-3p, collagen type I alpha 1 (COL1A1)/COL1A2 axis in RCC (Chen et al., 2019). Xu et al. (2017) have shown that DUXAP8 knockdown markedly inhibited RCC cell invasion abilities. Huang et al. (2018) have demonstrated that increased DUXAP8 lncRNA might promote RCC cell proliferation and invasion by regulating the miR-126/cell death abnormal-axis. In lung cancer, increased DUXAP8 promotes cancer proliferation and suppresses apoptosis by targeting miR-26b-5p (Liu et al., 2021). Yang et al. (2019) found that DUXAP8 knockout substantially inhibited cell invasion, whereas DUXAP8 overexpression promoted cell invasion. Another study demonstrated that increased DUXAP8 expression might promote lung cancer cell growth, metastasis, and glycolysis. Mechanistically, increased DUXAP8 expression inhibited miR-409-3p expression to upregulate HK2 and LDHA expression (Yin et al., 2020). In NSCLC, increased DUXAP8 could inhibit tumor growth and metastasis through reciprocal regulation of miR-498 and TRIM44 in vivo (Ji et al., 2020). DUXAP8 acts as an oncogene, facilitating tumor cell proliferation, migration, and invasion by interacting with EZH2 and LSD1 to suppress their activities (Sun et al., 2017). In oral cancer, increased DUXAP8 promotes tumor proliferation, migration, and invasion by activating the EZH2/Kruppel-like factor 2 (KLF2) axis (Chen et al., 2020b). In esophageal cancer, DUXAP8 knockdown may inhibit tumor proliferation, migration, and invasion (Liu et al., 2018; Xu et al., 2018). In gastric cancer regulatory mechanisms, increased DUXAP8 expression promotes tumor cell proliferation and tumorigenesis, partly through epigenetic silencing of pleckstrin homology domain-containing family O member 1 transcription by binding to polycomb-repressive complex 2 (Ma et al., 2017). Marked upregulation of DUXAP8 in colon cancer tissues compared with peritumor tissues has also been validated, and has been associated with tumor stage (III/IV) and larger tumor sizes (Chen et al., 2020a). In colon cancer cells, DUXAP8 accelerated malignant progression by targeting LSD1 and EZH2 (Chen et al., 2020a). Meng et al. (2020) demonstrated that DUXAP8 is involved in ovarian cancer proliferation, migration, and invasion. Increased DUXAP8 promotes yes-associated protein 1 (YAP1) expression by inhibiting miR-590-5p expression in ovarian cancer cells (Meng et al., 2020). In pancreatic cancer, DUXAP8 promotes the migration and invasion of pancreatic cancer cells by sequestering miR-448 and focal adhesion kinase (Li J.R. et al., 2021). Another study demonstrated that DUXAP8 regulates pancreatic cancer cell proliferation, migration, and invasion through epigenetic silencing of CDKN1A and KLF2 expression (Lian et al., 2018). Studies have also revealed that DUXAP8 exacerbates the malignancy of neuroblastoma cells via a miR-29/nucleolar protein 4 like axis in vivo (Nie et al., 2020). In papillary thyroid carcinoma, DUXAP8 binding of miR-223-3p upregulates CXC chemokine receptor 4 signaling (Pang and Yang, 2021). Specifically, increased DUXAP8 expression was positively associated with SOS1, c-Myc, and CCND1 expression. DUXAP8 is also markedly upregulated in breast cancer. Increased oncogenic DUXAP8 function in sequestering miR-29a-3b enhances oncogene suppressor APC domain containing 2 expression and its corresponding oncogenic signaling pathways (Yang et al., 2021). These studies may provide novel insights into the etiology of cancers, and valuable lncRNA candidates for further investigation of lncRNA roles in cancer progression.
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FIGURE 3. The specific long non-coding RNA (lncRNA)-miRNA oncogene regulation mechanism of DUXAP8 in various cancers. The DUXAP8 was significantly overexpressed in tumor tissues. The increased DUXAP8 function as an oncogene and a sponge which targeting mi-RNAs and activated downstream oncogene pathways.




CONCLUSION AND FURTHER PERSPECTIVES

Expression of the novel lncRNA DUXAP8 has been described in various cancers. DUXAP8 levels are substantially upregulated in tumor tissues compared with adjacent normal tissues. High DUXAP8 expression correlates with shorter overall survival time and worse prognosis. Higher DUXAP8 levels indicate larger tumor sizes and advanced tumor stages. Aberrant DUXAP8 expression is closely related to many clinicopathological parameters. Therefore, in clinical applications, DUXAP8 displays potential as a novel indicator for the early diagnosis and prediction of tumor progression and outcome. However, DUXAP8 mRNA expression has not been fully characterized in blood and other biological samples. With the development of advanced technologies, the expression landscape of DUXAP8 in patient body fluids will soon be described. DUXAP8 is also involved in multiple mechanisms regulating cancer initiation and progression, indicating strong potential for DUXAP8 as a therapeutic target. In conclusion, DUXAP8 is a promising cancer indicator and therapeutic target for cancer.



AUTHOR CONTRIBUTIONS

CX and JJ designed the study. CX drafted the manuscript. XC and JJ revised the manuscript. All authors read and approved the final manuscript.



FUNDING

This work was supported by the Zhejiang Provincial Natural Science Foundation (LQ20H030005 and LQ18H160012), the Zhejiang Health Technology Project (2020KY126), the Zhejiang Health Technology Project (2019RC153), and Teaching Reform Project of First Affiliated Hospital, School of Medicine, the Zhejiang University (zyjg202011).



REFERENCES

Bray, F., Ferlay, J., Soerjomataram, I., Siegel, R. L., Torre, L. A., and Jemal, A. (2018). Global cancer statistics 2018: globocan estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 68, 394–424. doi: 10.3322/caac.21492

Capitanio, U., Bensalah, K., Bex, A., Boorjian, S. A., Bray, F., Coleman, J., et al. (2019). Epidemiology of renal cell carcinoma. Eur. Urol. 75, 74–84. doi: 10.1016/j.eururo.2018.08.036

Chen, J., Lou, W., Ding, B., and Wang, X. (2019). Overexpressed pseudogenes, duxap8 and duxap9, promote growth of renal cell carcinoma and serve as unfavorable prognostic biomarkers. Aging (Albany NY) 11, 5666–5688. doi: 10.18632/aging.102152

Chen, L., He, M., Zhang, M., Sun, Q., Zeng, S., Zhao, H., et al. (2021). The role of non-coding rnas in colorectal cancer, with a focus on its autophagy. Pharmacol. Ther. 226, 107868. doi: 10.1016/j.pharmthera.2021.107868

Chen, M., Fan, M., Yang, J., and Lang, J. (2020a). Identification of potential oncogenic long non-coding rna set as a biomarker associated with colon cancer prognosis. J. Environ. Pathol. Toxicol. Oncol. 39, 39–49. doi: 10.1615/JEnvironPatholToxicolOncol.2020032351

Chen, M., Zheng, Y., Xie, J., Zhen, E., and Zhou, X. (2020b). Integrative profiling analysis identifies the oncogenic long noncoding rna duxap8 in oral cancer. Anticancer Drugs 31, 792–798. doi: 10.1097/cad.0000000000000936

Darbellay, F., and Necsulea, A. (2020). Comparative transcriptomics analyses across species, organs, and developmental stages reveal functionally constrained lncrnas. Mol. Biol. Evol. 37, 240–259. doi: 10.1093/molbev/msz212

Du, C., Wang, H. X., Chen, P., and Chen, C. H. (2019). Stat3-induced upregulation of lncrna duxap8 functions as cerna for mir-577 to promote the migration and invasion in colorectal cancer through the regulation of rab14. Eur. Rev. Med. Pharmacol. Sci. 23, 6105–6118. doi: 10.26355/eurrev_201907_18424

Elkon, R., and Agami, R. (2017). Characterization of noncoding regulatory DNA in the human genome. Nat. Biotechnol. 35, 732–746. doi: 10.1038/nbt.3863

Evans, J. R., Feng, F. Y., and Chinnaiyan, A. M. (2016). The bright side of dark matter: Lncrnas in cancer. J. Clin. Invest. 126, 2775–2782. doi: 10.1172/jci84421

Feng, C., Zhao, Y., Li, Y., Zhang, T., Ma, Y., and Liu, Y. (2019). Lncrna malat1 promotes lung cancer proliferation and gefitinib resistance by acting as a mir-200a sponge. Arch. Bronconeumol. 55, 627–633. doi: 10.1016/j.arbres.2019.03.026

Gong, A., Huang, Z., Ge, H., Cai, Y., and Yang, C. (2019). The carcinogenic complex lncrna duxap8/ezh2/lsd1 accelerates the proliferation, migration and invasion of colorectal cancer. J. Buon 24, 1830–1836.

Goodall, G. J., and Wickramasinghe, V. O. (2021). Rna in cancer. Nat. Rev. Cancer 21, 22–36. doi: 10.1038/s41568-020-00306-0

He, W., Yu, Y., Huang, W., Feng, G., and Li, J. (2020). The pseudogene duxap8 promotes colorectal cancer cell proliferation, invasion, and migration by inducing epithelial-mesenchymal transition through interacting with ezh2 and h3k27me3. Onco Targets Ther. 13, 11059–11070. doi: 10.2147/ott.S235643

Hu, Q., Ye, Y., Chan, L. C., Li, Y., Liang, K., Lin, A., et al. (2019). Oncogenic lncrna downregulates cancer cell antigen presentation and intrinsic tumor suppression. Nat. Immunol. 20, 835–851. doi: 10.1038/s41590-019-0400-7

Hu, Y., Zhang, X., Zai, H. Y., Jiang, W., Xiao, L., and Zhu, Q. (2020). Lncrna duxap8 facilitates multiple malignant phenotypes and resistance to parp inhibitor in hcc via upregulating foxm1. Mol. Ther. Oncolytic. 19, 308–322. doi: 10.1016/j.omto.2020.10.010

Huang, T., Wang, X., Yang, X., Ji, J., Wang, Q., Yue, X., et al. (2018). Long non-coding rna duxap8 enhances renal cell carcinoma progression via downregulating mir-126. Med. Sci. Monit. 24, 7340–7347. doi: 10.12659/msm.910054

Huang, Z., Zhou, J. K., Peng, Y., He, W., and Huang, C. (2020). The role of long noncoding rnas in hepatocellular carcinoma. Mol. Cancer 19:77. doi: 10.1186/s12943-020-01188-4

Ji, X., Tao, R., Sun, L. Y., Xu, X. L., and Ling, W. (2020). Down-regulation of long non-coding rna duxap8 suppresses proliferation, metastasis and emt by modulating mir-498 through trim44-mediated akt/mtor pathway in non-small-cell lung cancer. Eur. Rev. Med. Pharmacol. Sci. 24, 3152–3165. doi: 10.26355/eurrev_202003_20682

Jiang, B., Hailong, S., Yuan, J., Zhao, H., Xia, W., Zha, Z., et al. (2018). Identification of oncogenic long noncoding rna snhg12 and duxap8 in human bladder cancer through a comprehensive profiling analysis. Biomed. Pharmacother. 108, 500–507. doi: 10.1016/j.biopha.2018.09.025

Jiang, H., Shi, X., Ye, G., Xu, Y., Xu, J., Lu, J., et al. (2019). Up-regulated long non-coding rna duxap8 promotes cell growth through repressing krüppel-like factor 2 expression in human hepatocellular carcinoma. Onco Targets Ther. 12, 7429–7436. doi: 10.2147/ott.S214336

Joosten, S. C., Smits, K. M., Aarts, M. J., Melotte, V., Koch, A., Tjan-Heijnen, V. C., et al. (2018). Epigenetics in renal cell cancer: mechanisms and clinical applications. Nat. Rev. Urol. 15, 430–451. doi: 10.1038/s41585-018-0023-z

Lai, C. H., Liang, X. Z., Liang, X. Y., Ma, S. J., Li, J. G., Shi, M. F., et al. (2019). Study on mirnas in pan-cancer of the digestive tract based on the illumina hiseq system data sequencing. Biomed. Res. Int. 2019:8016120. doi: 10.1155/2019/8016120

Li, J. R., Liu, L., Luo, H., Chen, Z. G., Wang, J. H., and Li, N. F. (2021). Long noncoding rna duxap8 promotes pancreatic carcinoma cell migration and invasion via pathway by mir-448/wtap/fak signaling axis. Pancreas 50, 317–326. doi: 10.1097/mpa.0000000000001751

Li, L. M., Hao, S. J., Ni, M., Jin, S., and Tian, Y. Q. (2021). Duxap8 promotes the proliferation and migration of ovarian cancer cells via down-regulating microrna-29a-3p expression. Eur. Rev. Med. Pharmacol. Sci. 25, 1837–1844. doi: 10.26355/eurrev_202102_25078

Lian, Y., Yang, J., Lian, Y., Xiao, C., Hu, X., and Xu, H. (2018). Duxap8, a pseudogene derived lncrna, promotes growth of pancreatic carcinoma cells by epigenetically silencing cdkn1a and klf2. Cancer Commun. (Lond.) 38:64. doi: 10.1186/s40880-018-0333-9

Liao, Z., Nie, H., Wang, Y., Luo, J., Zhou, J., and Ou, C. (2021). The emerging landscape of long non-coding rnas in colorectal cancer metastasis. Front. Oncol. 11:641343. doi: 10.3389/fonc.2021.641343

Lin, M. G., Hong, Y. K., Zhang, Y., Lin, B. B., and He, X. J. (2018). Mechanism of lncrna duxap8 in promoting proliferation of bladder cancer cells by regulating pten. Eur. Rev. Med. Pharmacol. Sci. 22, 3370–3377. doi: 10.26355/eurrev_201806_15158

Liu, W., Zhang, Y., Chen, M., Shi, L., Xu, L., and Zou, X. (2018). A genome-wide analysis of long noncoding rna profile identifies differentially expressed lncrnas associated with esophageal cancer. Cancer Med. 7, 4181–4189. doi: 10.1002/cam4.1536

Liu, Y., Zhang, G., Chen, H., and Wang, H. (2021). Silencing lncrna duxap8 inhibits lung adenocarcinoma progression by targeting mir-26b-5p. Biosci. Rep. 41:BSR20200884. doi: 10.1042/bsr20200884

Loewen, G., Jayawickramarajah, J., Zhuo, Y., and Shan, B. (2014). Functions of lncrna hotair in lung cancer. J. Hematol. Oncol. 7:90. doi: 10.1186/s13045-014-0090-4

Ma, H. W., Xie, M., Sun, M., Chen, T. Y., Jin, R. R., Ma, T. S., et al. (2017). The pseudogene derived long noncoding rna duxap8 promotes gastric cancer cell proliferation and migration via epigenetically silencing plekho1 expression. Oncotarget 8, 52211–52224. doi: 10.18632/oncotarget.11075

Meng, Q., Li, Z., Pan, J., and Sun, X. (2020). Long noncoding rna duxap8 regulates proliferation and apoptosis of ovarian cancer cells via targeting mir-590-5p. Hum. Cell 33, 1240–1251. doi: 10.1007/s13577-020-00398-8

Nie, L., Li, C., Zhao, T., Wang, Y., and Liu, J. (2020). Lncrna double homeobox a pseudogene 8 (duxap8) facilitates the progression of neuroblastoma and activates wnt/β-catenin pathway via microrna-29/nucleolar protein 4 like (nol4l) axis. Brain Res. 1746:146947. doi: 10.1016/j.brainres.2020.146947

Okugawa, Y., Grady, W. M., and Goel, A. (2015). Epigenetic alterations in colorectal cancer: emerging biomarkers. Gastroenterology 149, 1204–1225.e12. doi: 10.1053/j.gastro.2015.07.011

Pang, R., and Yang, S. (2021). Lncrna duxap8 inhibits papillary thyroid carcinoma cell apoptosis via sponging the mir-20b-5p/sos1 axis. Oncol. Rep. 45:64. doi: 10.3892/or.2021.8015

Pilleron, S., Sarfati, D., Janssen-Heijnen, M., Vignat, J., Ferlay, J., Bray, F., et al. (2019). Global cancer incidence in older adults, 2012 and 2035: a population-based study. Int. J. Cancer 144, 49–58. doi: 10.1002/ijc.31664

Ponting, C. P., Oliver, P. L., and Reik, W. (2009). Evolution and functions of long noncoding rnas. Cell 136, 629–641. doi: 10.1016/j.cell.2009.02.006

Siskova, A., Cervena, K., Kral, J., Hucl, T., Vodicka, P., and Vymetalkova, V. (2020). Colorectal adenomas-genetics and searching for new molecular screening biomarkers. Int. J. Mol. Sci. 21:3260. doi: 10.3390/ijms21093260

Statello, L., Guo, C. J., Chen, L. L., and Huarte, M. (2021). Gene regulation by long non-coding rnas and its biological functions. Nat. Rev. Mol. Cell Biol. 22, 96–118. doi: 10.1038/s41580-020-00315-9

Stokłosa, P., Borgström, A., Kappel, S., and Peinelt, C. (2020). Trp channels in digestive tract cancers. Int. J. Mol. Sci. 21:1877. doi: 10.3390/ijms21051877

Sun, M., Nie, F. Q., Zang, C., Wang, Y., Hou, J., Wei, C., et al. (2017). The pseudogene duxap8 promotes non-small-cell lung cancer cell proliferation and invasion by epigenetically silencing egr1 and rhob. Mol. Ther. 25, 739–751. doi: 10.1016/j.ymthe.2016.12.018

Sun, Q., Tripathi, V., Yoon, J. H., Singh, D. K., Hao, Q., Min, K. W., et al. (2018). Mir100 host gene-encoded lncrnas regulate cell cycle by modulating the interaction between hur and its target mrnas. Nucleic Acids Res. 46, 10405–10416. doi: 10.1093/nar/gky696

Wang, X. K., Liao, X. W., Huang, R., Huang, J. L., Chen, Z. J., Zhou, X., et al. (2020). Clinical significance of long non-coding rna duxap8 and its protein coding genes in hepatocellular carcinoma. J. Cancer 11, 6140–6156. doi: 10.7150/jca.47902

Wei, F., Yang, L., Jiang, D., Pan, M., Tang, G., Huang, M., et al. (2020). Long noncoding rna duxap8 contributes to the progression of hepatocellular carcinoma via regulating mir-422a/pdk2 axis. Cancer Med. 9, 2480–2490. doi: 10.1002/cam4.2861

Wigner, P., Grębowski, R., Bijak, M., Saluk-Bijak, J., and Szemraj, J. (2021). The interplay between oxidative stress, inflammation and angiogenesis in bladder cancer development. Int. J. Mol. Sci. 22:4483. doi: 10.3390/ijms22094483

Xu, L. J., Yu, X. J., Wei, B., Hui, H. X., Sun, Y., Dai, J., et al. (2018). Long non-coding rna duxap8 regulates proliferation and invasion of esophageal squamous cell cancer. Eur. Rev. Med. Pharmacol. Sci. 22, 2646–2652. doi: 10.26355/eurrev_201805_14959

Xu, X., Xu, Y., Shi, C., Wang, B., Yu, X., Zou, Y., et al. (2017). A genome-wide comprehensively analyses of long noncoding rna profiling and metastasis associated lncrnas in renal cell carcinoma. Oncotarget 8, 87773–87781. doi: 10.18632/oncotarget.21206

Yang, S. J., Weng, J. L., Wei, B., and Du, X. K. (2019). Long non-coding rna duxap8 regulates the cell proliferation and invasion of non-small-cell lung cancer. Open Life Sci. 14, 201–207. doi: 10.1515/biol-2019-0022

Yang, X., Liu, M., Li, M., Zhang, S., Hiju, H., Sun, J., et al. (2020). Epigenetic modulations of noncoding rna: a novel dimension of cancer biology. Mol. Cancer 19:64. doi: 10.1186/s12943-020-01159-9

Yang, Z., Ding, H., Pan, Z., Li, H., Ding, J., and Chen, Q. (2021). Yy1-inudced activation of lncrna duxap8 promotes proliferation and suppresses apoptosis of triple negative breast cancer cells through upregulating sapcd2. Cancer Biol. Ther. 22, 216–224. doi: 10.1080/15384047.2021.1881201

Yin, D., Hua, L., Wang, J., Liu, Y., and Li, X. (2020). Long non-coding rna duxap8 facilitates cell viability, migration, and glycolysis in non-small-cell lung cancer via regulating hk2 and ldha by inhibition of mir-409-3p. Onco Targets Ther. 13, 7111–7123. doi: 10.2147/ott.S243542

Yue, C., Liang, C., Li, P., Yan, L., Zhang, D., Xu, Y., et al. (2019). Duxap8 a pan-cancer prognostic marker involved in the molecular regulatory mechanism in hepatocellular carcinoma: a comprehensive study based on data mining, bioinformatics, and in vitro validation. Onco Targets Ther. 12, 11637–11650. doi: 10.2147/ott.S231750

Zhai, W., Sun, Y., Guo, C., Hu, G., Wang, M., Zheng, J., et al. (2017). Lncrna-sarcc suppresses renal cell carcinoma (rcc) progression via altering the androgen receptor(ar)/mirna-143-3p signals. Cell Death Differ. 24, 1502–1517. doi: 10.1038/cdd.2017.74

Zhang, H., Chu, K., Zheng, C., Ren, L., and Tian, R. (2020). Pseudogene duxap8 promotes cell proliferation and migration of hepatocellular carcinoma by sponging mir-490-5p to induce bub1 expression. Front. Genet. 11:666. doi: 10.3389/fgene.2020.00666


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.

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.

Copyright © 2021 Xue, Cai and Jia. 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/cross.jpg
3,

i





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Long Non-coding RNA Double Homeobox A Pseudogene 8: A Novel Oncogenic Propellant in Human Cancer



		INTRODUCTION



		The Transcriptional Level of Double Homeobox A Pseudogene 8 Across Pancancer



		Long Non-coding RNA Double Homeobox A Pseudogene 8 Displays Potential as a Novel and Broadly Useful Biomarker for Cancer Prognosis



		Associations Between Long Non-coding RNA Double Homeobox A Pseudogene 8 and Clinical Characteristics Based on Current Literature



		Bladder Cancer



		Hepatocellular Carcinoma



		Colorectal Cancer



		Renal Cell Carcinoma



		Lung Cancer



		Ovarian Cancer



		Oral, Esophageal, Gastric, and Colon Cancers



		Double Homeobox A Pseudogene 8 in Ovarian and Pancreatic Cancers



		Double Homeobox A Pseudogene 8 in Other Cancers







		Double Homeobox A Pseudogene 8 Regulatory Mechanism in Cancer Initiation and Tumor Progression







		CONCLUSION AND FURTHER PERSPECTIVES



		AUTHOR CONTRIBUTIONS



		FUNDING



		REFERENCES

















OPS/images/fcell-09-709069-g001.jpg
LAML TGCT

UCS

THYM UCEC

SKCM STAD

LIHC LUAD LUSC oV

KIRC

ESCA HNSC

BLCA CHOL

© © < &N O

=
&
&
&\ Q

>

)
&
A8






OPS/images/fcell-09-709069-g003.jpg
; Lung cancer
g & ‘é
z & @
£ :5\’

2
<

m'\R"\ 26

1iR-490-3b (HK2) LDHA

Rennal carcinoma

EZH2 _
UZ12

astric cancer

Oval cancer Neuroblastoma

Ovarian cancer Bladder cancer





OPS/images/fcell-09-709069-g002.jpg
Percent survival

-

Percent survival

B o
©
log10(HR) c_go'
0 On mm O §. £
O vl AL TN OROR N0 OO - 20
07 O .97 OV Q70 OO LT OOLSY %
PO FFPIFE IS EEEF VI 0.0 Sy
O 05 &
-0. o
OO O OO O AL OO Q - o
© % O < Y& AL ONN O ©
¥ TFLEEEF o SLRXL IS °
o
COAD D HNSC
Q ] O |
-~ Logrank p=0.0082 — Logrank p=0.046
@ | — @ _
o .go'
© 2 ©
o | B |
< | G <
o o
)
N O
S = "
a | Low DUXAP8 Group — Low DUXAP8 Group =
=] — High DUXAP8 Group g— — High DUXAP8 Group -
I T I I I I I
0 50 100 150 0 50 100 150 200
Months Months
KIRP G LIHC
=% =
— — [§ Logrank p=0.0035
@ | — R
o _go .....
> .......
© | S| MM .
o a0 e
< A A e
o Co| T e
s e
o g W S
o =
o — Low DUXAP8 Group - — Low DUXAP8 Group @
e e HighI DUXAP|8 GroupI | e s High D|UXAP8 Gr(IJup |
0 50 100 150 200 0 40 80 120
Months Months

BRCA

— Low DUXAPS Group
— High DUXAP8 Group

Logrank p=0.041

0

Percent survival
00 02 04 06 0.8

Percent survival
0.0 0.2 04 06 0.8

50 100 150 200 250

Months
KIRC

Logrank p=5e-06

— Low DUXAPS8 Group
— High DUXAP8 Group
I I

0

50 100
Months

UCEC

Logrank p=0.025

o





OPS/images/cover.jpg
, frontiers

in Cell and Developmental Biology

Long Non-coding RNA Double

Homeobox A Pseudogene 8: A

Novel Oncogenic Propellant in
Human Cancer









OPS/images/fcell-09-709069-t001.jpg
Cancer types Clinical tumor tissues Expression Clinical characteristics References
level
Bladder cancer 31 pairs upregulated High DUXAP8 expression indicating poor prognosis and Linetal., 2018
advanced tumor stages
HCC TCGA database upregulated High DUXAP8 expression indicating poor prognosis Wang et al., 2020
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