Novel functions of LncRNA-TUG1 in the Pathogenesis and Therapy of Women's Cancers






Abstract
Women's cancers represent a significant health challenge for women globally accounting for a considerable number of new cases and deaths each year. These cancers are influenced by various factors, including lifestyle, genetics, and environmental exposures. Despite advancements in understanding non-coding RNAs (ncRNAs) and their roles in disease procedures, their specific contributions to women's cancers remain underexplored. Recent research highlights the potential of ncRNAs, particularly long non-coding RNAs like Taurine upregulated 1 (TUG1), as a crucial regulator of gene expression involved in cancer progression. Dysregulation of TUG1 has been reported in a variety of cancers. In ovarian and breast cancers, TUG1 has been shown to impact cellular procedures such as proliferation, migration, and apoptosis. TUG1 by interacting with microRNAs and suppressing their functions can modulate gene networks. This review aims to consolidate current findings on TUG1’s regulatory mechanisms and its implications for women's cancers, emphasizing its potential as a therapeutic target to improve patient outcomes and quality of life.
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Introduction
Gynecologic tumors are an across-the-board soundness issue for females worldwide, which are known as the third considerable specific causality in women [1]. Unfortunately, cancer screening strategies stand even fairly bounded in considerably of the globe [2]. The incidence and commonness of women's cancers rely on individual lifestyles, genetics, vulnerability, and geographic conditions [3]. Despite non-coding RNAs (ncRNAs) being a growing area of ​​biomedical study, their function in human disorders is not finally completely comprehended [4]. Lately, it has been discovered that ncRN As also play essential parts in protein synthesis and are concerned with the physiological processes and pathophysiology of various diseases [5]. There exists an enormous numeral of well-characterized ncRNAs that play crucial functions in normal cell processes as well as in illnesses such as gynecological cancers. Several of the ncRNA molecules in the bloodstream might be considered predictive biomarkers for diagnosing and expectancy gynecological cancers [6]. In addition, ncRNAs might be goals for the therapy of gynecological cancers, by providing RNA interference (RNAi) or mRNA targeting oligonucleotides. Taurine upregulated 1 (TUG1) is located in 22q12, which was recognized in mouse retinal cells microarray screening during taurine treatment as a transcript [7]. TUG1's regulatory roles are interceded with DNA, RNA, and proteins, offering its key function in modulating gene expression networks [8]. Lnc-TUG1 was discovered to function indirectly through endogenous RNA, which in reality competes with miRNAs to regulation gene expression networks [9]. Additionally, dysregulation of miRNA can affect regulatory pathways associated with EMT [10]. Recently, TUG1 has enticed extended engagement and has been noted to be aberrantly represented in cancer-diverse categories [11]. This review outlines the fundamental conclusions of prior investigations and embellishes on the mechanisms of TUG1 regulation and the cellular procedures, as well as its role in female cancer, which might act as the objectives of a cure for numerous patients with gynecologic cancers especially palliative, and increased life quality as the direct consequence of determining the utility of therapy.
Biogenesis of lncRNA TUG1
The lncRNA-TUG1 can control a set of biological processes of genes, which it partakes in chromosome silencing, chromatin modification, transcriptional activation, interference, and other crucial regulatory functions [12, 13]. It is closely related to diverse human disorders [14]. TUG1 has been reported to be essential for cell cycle regulation at the G0/G1 point by PRC2, which mediated a fundamental regulation in repression of cyclin-dependent protein kinase inhibitors [15]. Histone modifications, such as methylation and acetylation, are key functions of TUG1 that alter chromatin structure and regulate transcription. These changes play a significant role in controlling various cellular activities, including those essential for cell life. Importantly, TUG1's involvement in these processes is closely linked to the development and progression of tumors [15, 16]. TUG1 regulates post-translational modifications of proteins in signaling pathways [17]. For example, the phosphorylation level of the STAT3 molecule may influence the JAK-STAT signaling pathway, which in turn affects tumorigenesis via the activation of the JAK2/STAT3 signaling in HCC through the TUG1 mechanism [18], as well as the Wnt/β catenin way in bladder cancer [19], oral squamous cell carcinoma [20] , and colorectal tumor cells [21]. In addition, TUG1 can control cell apoptosis by binding to apoptotic proteins and also suppress anti-apoptotic pathways [22]. Accumulating evidence has shown that dysregulation of lncRNA TUG1 can have undeniable effects on the processes of apoptosis and expansion in diverse human cancers [13]. Although TUG1 silencing accelerates cell apoptosis in osteosarcoma, TUG1 overexpression conducts stimulating outcomes on invasion in colorectal cancer and esophageal squamous cell carcinoma. TUG1 is an essential lncRNA recognized as an oncogene in diverse classifications of cancers [23]. On the other hand, dysregulation of TUG1 has been reported in a variety of cancers including prostate cancer, colorectal cancer [24], hepatocellular carcinoma [12], esophageal squamous cell carcinoma [25], laryngeal carcinoma [26], melanoma [27], bladder cancer, and osteosarcoma. Aberrant expression of TUG1 promotes tumor cell growth, metastasis, and cytoskeletal rearrangement, causes cell apoptosis, and its downregulation condones radiosensitivity and chemotherapy [28].
Functional roles of TUG1 in women cancer
TUG1 has been revealed to play crucial functions in breast, endometrial, cervical, and ovarian cancers. In these cancers, TUG1 influences tumorigenesis processes and promotion of cancer stage, and also resistance to treatments, often by interacting with specific microRNAs. By summarizing its functions across various cancer types, we can better comprehend the possibility of TUG1 as a target for therapeutic strategies in gynecologic oncology (Table 1).
· Breast cancer
Several investigations explored the functions of TUG1 in breast cancer. According to research by Shulin Fana et al. They discovered that there is a substantial correlation between the expression of mutant p53 and lymph node metastases and low TUG1 expression. Furthermore, from their in vitro studies it seems that overexpression of TUG1 dramatically impedes the development of breast cancer cells by causing cell cycle arrest and apoptosis. According to a different study, TUG1 expression in triple-negative breast cancer (TNBC) is much lower than in healthy tissues. Furthermore, TNBC cell lines have demonstrated a markedly lower expression of TUG1 compared to normal breast epithelial cell lines and other breast cancer subtypes. In additional examination, cisplatin-induced cell development arrest was markedly raised by TUG1 overexpression, whereas TUG1 knockdown greatly attenuated this impact. This study demonstrated that TUG1 inhibits the miR-197 in TNBC cell lines. Moreover, by controlling miR-197/NLK, TUG1 inhibits the WNT signaling pathway, making TNBC cells more responsive to chemotherapy. Additionally, a study of the TCGA database revealed that individuals with breast cancer who express more TUG1 have a better prognosis [29]. In another study, a scientist showed the specifically TUG1 expression had higher level compared to the control group. However, patients with early-stage tumors showed higher TUG1 expression levels than those with advanced-stage tumors [30]. TUG1 expression was examined by Teng Li and colleagues, which showed high level in invasive breast cancer associated with worse outcome clinical. Furthermore, treatment with siTUG1 increased the cell apoptosis rate, as demonstrated by increased caspase-3 and caspase-9 activity [31]. Shuqian Wang and colleagues revealed that TUG1/miRNA axis can regulate doxorubicin (Dox) resistance in breast cancer. Mechanistically, when TUG1 was knocked down with siRNA, Dox resistance was reversed. TUG1 was downregulated by miR-9 through its silencing. TUG1 also suppressed Dox-induced apoptosis by targeting eIF5A2 with miR-9 [32]. Breast cancer is a complicated medical condition that can be categorized into several subgroups with varied prognostic consequences based on molecular characteristics. The variations in the research findings can be related to the various forms of breast cancer. Daniela F. Gradia et al. examined TUG1 expression in 105 normal and 796 invasive breast cancer RNA sequencing datasets. In comparison to luminal A, it was discovered that expression of TUG1 is more elevated in HER2-enriched and basal-like subtypes. Furthermore, TUG1 expression and HER2-enriched patient survival are related [33]. These conclusions indicate a conceivable function of TUG1 and the development of different phenotypes in distinct subtypes of breast cancer. Additional investigations are required to confirm and expand our results.
· Endometrial cancer
Based on previous studies, TUG1 exert an oncogenic function on endometrial cancer progression through targeting several miRNA/transcription factors. Recent study indicated that the lncRNA-TUG1/miRNA/VEGFA pathways may become a candidate target for endometrial cancer diagnosis and therapy. LncRNA-TUG1 exerts up-regulation of VEGFA level by contesting for miR-299 and miR-34a-5p, thereby moderating cell expansion [7]. Moreover, TUG1 directly targets Fragile X-related protein 1 (FXR1) and entirely regulates its level, which facilitates proliferative and migratory prospects in endometrial cancer cells [34]. In another investigation, Chen et al. [35] proved that lymphatic vascular space invasion (LVSI) and lymph node metastasis (LNM) was connected with the considerable boost in TUG1 levels. Furthermore, in Hec-1-A and Ishikawa cells, the levels of E-cadherin and N-cadherin proteins were significantly increased and decreased, respectively, while β-catenin and Vimentin were not specifically altered by TUG1 silencing. Taken together, these studies indicated that TUG1 may serve as a predictive indication and a desirable objective for endometrial cancer therapeutic.
· Cervical cancer
In cervical cancer, TUG1 can exert its oncogenic function by modifying the expression of various genes/miRNAs, thereby act as an essential regulator in tumor metastasis [36, 37]. Zhu et al. [38] revealed that high expression of TUG1 that miR-138-5p-SIRT1-Wnt/β-catenin signaling has vital function in cervical cancer development. Moreover, the TUG1 expression and SIRT1 have positive correlation together and activation of Wnt/β-catenin signaling, which have been inversely related to miR-138-5p expression level in HeLa and CaSki cells. According to a different study, high expression of TUG1 was associated with worse progression, consequently positively regulating PUM2 expression [39]. 
Via bioinformatics projection [40], RFX7 was strained out to be one of TUG1 target gene. The RFX7 expression, in both level of mRNA and protein, were directly correlated with TUG1 knockdown. RFX7 silencing could impede the proliferative speed and colony construction proficiency of cervical cancer through MAPK signaling. Also, DDP treatment resulted in an increment of phosphorylated levels of p38 and JNK, whereas it downregulated ERK1/2 expression in cervical cancer cells. Further assay [41] indicated the unfavorable cohesion between TUG1 and miR-29-b, which TUG1 silencing by sh-TUG1 resulted in inhabitation of proliferation and invasion cells, while increased apoptosis rate. Additionally, co-transfection of TUG1-inhibitor+miR-29b-inhibitor can exert similarly function, which 1 accelerates cervical cancer progression. Furthermore, Lei et al. [42] revealed that exosomal TUG1 contributed to HUVEC expansion by suppressing apoptosis-related proteins. TUG1 was transferred via exosomes to recipient HUVECs, thus facilitating angiogenesis and supplying an advantageous target for cervical cancer diagnosis.
· Ovarian cancer
Recent studies have proved that up-regulation of TUG1 exerts a fundamental function in ovarian cancer (OV) progressive and FIGO stages. Also, the TUG1 knockdown through siRNA significantly hindered cell proliferation, colony construction, cell invasion in ovarian cancer cells, and causing cell apoptosis [43]. Gu et al. have shown that TUG1 is upregulated in the chemotherapy-resistant group. In a xenograft model, silencing TUG1 reduced the PTX resistance of ovarian cancer cells, which also declined autophagosome formation and improved apoptosis in A2780/R and SK-OV-3 cells. In more investigation, they proved that TUG1 acts as a molecular sponge for miR-29b-3p. Besides, the miR-29b-3p inhibitor reverses the PTX resistance effect of TUG1 deletion in ovarian cancer cells [44]. Sonobe et al. reported that aberrant expression of TUG1 was remarkably associated with cisplatin resistance in ovarian cancer cell lines. Mechanistically, TUG1 contributed to cisplatin resistance and ovarian cancer development through hsa-miR-4687-3p/hsa-miR-6088 networks in SKOV3 and KURAMOCHI cell lines. Also, they did further examination, which showed that these miRNAs binding regions in the 3'-UTR of POLH mRNA. Notably, TUG1 depletion has directly correlation with suppressed POLH protein expression. These findings indicate that the substantial decline of POLH compelled by TUG1 depletion occurs mainly at the level of translation, with little or no effect on mRNA decay mediated by miRNAs. Consistently, inhibition of miRNAs upregulates POLH protein expression under TUG1 depletion conditions, whereas miRNA overexpression downregulates POLH protein expression in SKOV3 and KURAMOCHI cells. In clinical specimens, POLH expression was increased in cisplatin-resistant cells. Overexpression of POLH inverted the effects of TUG1 lack. Taken together, these findings suggest that the TUG1-POLH axis recreates a pivotal function in cisplatin resistance. Moreover, cisplatin treatment merged with TUG1 depletion hindered tumor maturation in xenograft mouse samples, highlighting the effectiveness of TUG1 depletion in vivo [45]. In another study, elevated expression of TUG1 exert oncogenic function on ovarian cancer by sequestering miR‑186‑5p, which modulated ZEB1 expression [46]. Likewise, miR-582-3p increased phosphorylation of AKT and mTOR, which exert an oncogenic function by enhancing the PI3K-AKT signaling in ovarian cancer through TUG1 targeting [47]. Pei et al. showed that high expression of TUG1 can induce aggressive phenotypes such as migratory and invasive abilities through the miR-1299/NOTCH3 feedback loop in OC progression [48]. In addition, high TUG1-induced OV advancement impedes cell apoptosis through controlled AURKA expression in epithelial of OC [49]. In a clinical study after AIB1 intervention, that was shown that the expression level of TUG1 was remarkably boosted. In addition, bioinformatics analyses showed that TUG1 specifically controls the cell cycle. After the TUG1 intervention, it was discovered that the cell multiplication capability was extremely reduced and in the G1 phase arrested cell cycle. Furthermore, the level of TUG1 was likened to tumor residual, staging, grade, and lymph node metastasis [50]. Overall, these reports revealed that TUG1 has a new function in the therapy of ovarian cancer.
The Therapeutic Potential of TUG1
Based on evidence, TUG1 has aberrant regulation in gynecologic cancers, which connected to malignancy aggressiveness. Mechanistically, several researches reveled that TUG1 exerts its oncogenic activity as a fundamental controller of drug resistance to Tamoxifen, Dox, and Cisplatin by restricted miRNAs and affecting the up-regulation of some cancer-related genes in breast cancer. Indeed, Li et al. were shown to transfect siRNAs against TUG1 (siTUG1) treatment, evidenced by increased apoptotic rate activities through boosts of caspase 3 and caspase 9 activity and also repressed cell proliferation in MDA-MB-231 and MDA-MB-436 cell lines [51]. Therefore, TUG1 blockade might conceivable therapeutic route to overcome its tumorigenic function in BC through increased sensitivity to chemotherapy as well as apoptosis [32, 52]. Another investigation demonstrated that cell expansion of ES-2 and SKOV3 cell lines was remarkably retarded and contributes high rates apoptosis after TUG1 siRNAs transfection, which means TUG1 silencing  beneficial approach for the therapy of ovarian cancer [43]. Additionally, transfecting TUG1 shRNA can inhibit proliferation rate, accelerates apoptosis through activating the MAPK pathway in cervical cancer cell lines. Also, Western blot results shown that the Bcl-2 and Bax-relative genes expression in the MAPK pathway was significantly increased. Subsequently, by TUG1 knockdown, RFX7 level was downregulated, which can impede the development rate and colony-forming ability of cervical cancer cells [40]. In addition, E-cadherin protein levels were increased and N-cadherin was significantly decreased. After TUG1 knockdown, the levels of p-AKT/t-AKT tended to reduce [35]. To sum up, TUG1 inhibition by si-TUG1 can affect this cancer proliferation, apoptosis, and sensitive to chemotherapy. Furthermore, it is unknown whether other downstream target genes of TUG1 are involved in this regulatory mechanism. So, researchers should focus on comprehending the molecular approaches underlying TUG1 targeting in gynecologic cancer.
Future perspectives and conclusion
TUG1 is abnormally expressed in miscellaneous types of cancer, and its dysregulation is associated with carcinogenesis and tumor advancement. Molecularly, unusual expression and function of tumor suppressor genes and oncogenes lead to cancer expansion [53, 54].  Thus, silencing of oncogenes prevents the expansion, migration, and aggression and facilitates cell apoptosis. The present review discusses the mechanisms of TUG1 regulation in women's cancers and its biological procedures. However, these processes appear to be mediated by binding to downstream target genes and by silencing miRNAs to facilitate the expression of target genes [55]. 
Analyzing the signaling of TUG1 might discover meaningful novel therapeutic strategies in female cancer cells in the future. Therefore, the prospective investigation ought to concentrate on comprehending the underlying molecular mechanisms of TUG1.
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