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CircPVT1 (hsa_circ_0001821) is a cancer-related circular RNA (circRNA) that originated from a genomic locus on chromosome 8q24. This locus has been previously found to encode the oncogenic long non-coding RNA PVT1. Expression of this circRNA has been found to be upregulated in diverse neoplastic conditions. CircPVT1 acts as a sponge for miR-125a, miR-125b, miR-124-3p, miR-30a-5p, miR-205-5p, miR‐423‐5p, miR‐526b, miR-137, miR-145-5p, miR-497, miR-30d/e, miR-455-5p, miR-29a-3p, miR-204-5p, miR-149, miR-106a-5p, miR-377, miR-3666, miR-203, and miR-199a-5p. Moreover, it can regulate the activities of PI3K/AKT, Wnt5a/Ror2, E2F2, and HIF-1α. Upregulation of circPVT1 has been correlated with decreased survival of patients with different cancer types. In the current review, we explain the oncogenic impact of circPVT1 in different tissues based on evidence from in vitro, in vivo, and clinical investigations.
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Introduction

Circular RNAs (circRNAs) are single-stranded covalently enclosed uninterrupted loops with no free end or polyadenylated tail (1). These transcripts are prevalent in human transcriptome since approximately 20% of active genes have the potential to produce circRNAs (1, 2). In fact, circRNAs are a group of long non-coding RNAs (lncRNAs). Compared with linear ncRNA, circRNAs have more stability, since their circular structure protects them from degradation by the majority of RNA decay mechanisms (3, 4).

Being mainly produced by back-splicing, circRNAs consist of exonic and/or intronic regions. Back-splicing is a non-canonical alternative RNA splicing process that is facilitated by the spliceosomes and contribution of a number of cis- or trans-acting factors (5). Biogenesis of circRNA is under control of numerous cis- and trans-acting factors (6). The splice sites, enhancers, and silencers, particularly element adjacent to the junction sites, including the inverted Alu repeat segments are examples of the cis-regulatory factors (7). Spliceosome elements, RNA helicases, and RNA-binding proteins are among trans-regulatory factors in regulation of circRNA biogenesis (8).

CircRNAs have functional roles in the regulation of gene expression through competitively binding and sponging miRNAs. This action of circRNAs leads to the stabilization of miRNA targets (5). This mode of action of circRNAs is well assessed. In fact, a number of circRNAs have numerous binding sites for single or numerous miRNAs (5). In addition, a number of circRNAs can sponge proteins and block their activity (9). Some circRNAs can bind to numerous proteins and keep them together. These circRNAs serve as a scaffold to enable interactions of these proteins (5). Thus, in addition to sponging miRNAs, they regulate gene expression via interacting with several proteins. There is also evidence that certain circRNAs can produce proteins (10).

Three major categories of circRNA have been identified: exonic circRNAs, circular intronic RNAs, and exon–intron circRNAs (11). Exonic circRNAs mostly serve as miRNA sponges. Thus, they increase expression of miRNA targets through adsorption of miRNAs. However, intron-containing circRNAs (including both circular intronic RNAs and exon–intron circRNAs) are mainly located in the nucleus where they modulate transcription of certain genes (12, 13).

CircRNAs partake in the regulation of all principal hallmarks of malignancy and are considered as promising markers for diagnosis and prediction of course of cancer (5).

CircPVT1 (hsa_circ_0001821) is an example of a cancer-related circRNA that originated from a genomic locus on chromosome 8q24 (14). This locus has been previously found to encode the oncogenic lncRNA PVT1. The CircInteractome Database (https://circinteractome.nia.nih.gov/index.html) has listed 26 isoforms for circPVT1 (15). The spliced length of these isoforms ranges from 113 to more than 11,000 nucleotides, with the most frequent isoform being 410 nucleotide long. CircPVT1 is produced by back-splicing and encompasses the entire length of exon 2 of PVT1 (16). On the other hand, some of the identified 26 isoforms of lncRNA PVT1 do not have exon 2 (17). These alternatively spliced variants have 5′ cap and polyadenylated tail at 3′ end (18).

Expression of circPVT1 has been assessed by different methods. Current methods usually use simple statistical methods or differential expression analysis strategies developed for linear RNAs. As the majority of circRNAs have very low levels of expression, RNase R treatment is typically used for enrichment of circRNAs. When RiboMinus/RNase R-treated RNA-seq libraries are used, alterations in enrichment coefficient in the RNase R treatment phase might lead to bias in estimation of circRNA expression (19).

A high-throughput RNA sequencing experiment for comparison of circRNA signature in proliferating versus senescent human fibroblasts has identified circPVT1 as a downregulated transcript in senescent fibroblasts. Further experiments have indicated that downregulation of circPVT1 expression in proliferating fibroblasts induces their senescence, as being evident by upregulation of senescence-related β-galactosidase level, upregulation of CDKN1A/P21 and TP53, and decrease in proliferation rate. These effects are most probably mediated through modulation of let-7 levels and consequent alteration in levels of let-7-regulated transcripts, including IGF2BP1, KRAS, and HMGA2 (16).

Among different cancer types, circPVT1 has been primarily identified as an upregulated circRNA in gastric cancer specimens compared with corresponding normal tissues (14). Subsequently, overexpression of this circRNA has been verified in other types of malignancies. In this review, we explain the oncogenic roles of circPVT1 in different tissues based on evidence from in vitro, in vivo, and clinical investigation.



In Vitro Studies

CircPVT1 has been found to increase proliferation of gastric cancer cell through serving as a molecular sponge for miR-125 family members (14). Moreover, expression of circPVT1 has been higher in paclitaxel-resistant gastric cancer cells. CircPVT1 silencing has improved sensitivity of gastric cancer cells through modulating miR-124-3p levels. Since ZEB1 is a direct target of miR-124-3p, circPVT1 enhances expression of ZEB1 through sequestering this miRNA (20). Exosomal levels of circPVT1 have also been higher in cisplatin-resistant gastric cancer cells parallel with downregulation of miR-30a-5p. CircPVT1 silencing has suppressed cisplatin resistance of gastric cancer cells through inducing apoptosis and reducing invasion or autophagy. Functionally, circPVT1 modulates expression of YAP1 through influencing expression of miR-30a-5p (21).

In breast cancer cells, upregulation of circPVT1 has been accompanied with underexpression of miR-29a-3p. Suppression of circPVT1 or upregulation of miR-29a-3p could block proliferation, invasiveness, and migratory potential of breast cancer cells while promoting their apoptosis. Mechanistically, circPVT1 binds with miR-29a-3p to release AGR2 from its inhibitory effect. AGR2 has been found to increase expression of HIF-1α and then accelerated malignant features of breast cancer cells (22). CircPVT1 has also been shown to promote invasiveness and epithelial–mesenchymal transition (EMT) of neoplastic breast cells through sequestering miR-204-5p (23).

Expression of circPVT1 has also been upregulated in human epithelial ovarian cancer cells. In both SKOV3 and CAOV3 cells, suppression of circPVT1 has decreased cell proliferation and enhanced cell apoptosis. CircPVT1 has been found to negatively regulate miR-149 (24).

CircPVT1 has been demonstrated to be upregulated in osteosarcoma cells parallel with upregulation of c-FLIP and downregulation of miR-205-5p. CircPVT1 silencing has suppressed proliferation, migration, and invasiveness of osteosarcoma cells through inhibiting EMT. This circRNA sponges miR-205-5p and increases expression of c-FLIP (25). Another study in osteosarcoma has revealed downregulation of miR-423-5p while upregulation of Wnt5a/Ror2 and circPVT1. MiR-423-5p has a role in inhibition of glycolysis and suppression of cell proliferation, migration, and invasiveness through influencing expressions of Wnt5a and Ror2. CircPVT1-mediated silencing of miR-423-5p leads to activation of Wnt5a/Ror2 signaling (26). CircPVT1 also enhances metastasis of osteosarcoma through modulation of miR‐526b/FOXC2 axis (27).

In addition, circPVT1 affects response of osteosarcoma cells to chemotherapeutic medications since its silencing has decreased chemoresistance of osteosarcoma cells to doxorubicin and cisplatin through reducing levels of ABCB1 (28). CircPVT1 also participates in doxorubicin resistance of these cells through miR-137–TRIAP1 axis (29).

CircPVT1 contributes in the malignant behaviors of lung cancer via different routes. It induces chemoresistance via modulation of the miR-145-5p/ABCC1 signals (30). In addition, it enhances proliferation and invasion of lung cancer cells via sequestering miR-125b and enhancing E2F2 signals (31). CircPVT1 also serves as a sponge for miR-497 to increase levels of Bcl-2 lung cancer cells (32).

In oral squamous cell carcinoma, circPVT1 has been found to sponge miR-125b and miR-106a-5p to release STAT3 and HK2 from their inhibitory effects (33, 34). In acute lymphoblastic leukemia, the oncogenic role of circPVT1 is mediated through upregulation of Bcl-2 and c-Myc (35).

In hepatocellular carcinoma, circPVT1 regulates proliferation as well as apoptotic and glycolytic processes through modulation of miR-377/TRIM23 axis (36). Moreover, it regulates cell growth via modulation of expression of miR-3666 and Sirtuin 7 (37). MiR-203/HOXD3 is another molecular axis being regulated by circPVT1 in hepatocellular carcinoma (38).

Finally, miR-199a-5p and miR‐145‐5p have been identified as targets of circPVT1 in glioblastoma (39) and clear cell renal cell carcinoma (40), respectively.

Figure 1 shows the oncogenic roles of circPVT1 in different cancer types.




Figure 1 | Oncogenic roles of circPVT1 in different cancer types are mainly exerted through sponging miRNAs.



Table 1 shows the impact of circPVT1 in carcinogenesis based on in vitro studies.


Table 1 | Impact of circPVT1 carcinogenesis based on cell line studies.





Animal Studies

Animal studies have shown the role of circPVT1 suppression on enhancement of cisplatin sensitivity of gastric cancer through miR-30a-5p/YAP1 axis (21). Moreover, circPVT1 silencing could increase drug sensitivity in osteosarcoma models (29). Other studies have consistently pointed to the fact that circPVT1 silencing decreases the ability of malignant cells in induction of palpable tumors in animal models. Almost all of these studies have used BALB/c mice as the recipient of cancer cells (Table 2).


Table 2 | Impact of circPVT1 carcinogenesis based on animal studies.





Human Studies

CircPVT1 levels have been found to be upregulated in gastric cancer tissues as a result of amplification of its genomic locus. Expression of circPVT1 could be regarded as an independent prognostic marker for prediction of overall and disease-free survival of patients with this type of cancer (14). Serum exosomal levels of circPVT1 have been higher in cisplatin-resistant gastric cancer patients, indicating a role for this circRNA in predicting response to cisplatin (21). CircPVT1 has also been found to be upregulated in both osteosarcoma tissues and serum samples of these patients in correlation with poor prognosis of osteosarcoma patients. Moreover, circPVT1 performance as a diagnostic marker for osteosarcoma has been superior to alkaline phosphatase (28). Another study in osteosarcoma patients has shown upregulation of circPVT1 in osteosarcoma tissues compared with normal tissues. Moreover, expression of circPVT1 has been considerably elevated in the chemoresistant patients compared with the chemosensitive ones (29). While the association between overexpression of circPVT1 and lymph node metastasis has been verified in gastric cancer (14) and colorectal cancer (48), Kong et al. reported no correlation between expression levels of circPVT1 and lymph node metastasis in gastric cancer (49). Moreover, they reported downregulation of circPVT1 in gastric cancer (49). Other studies in diverse types of cancers have verified overexpression of circPVT1 in neoplastic tissues versus non-neoplastic tissues adjacent to the tumors (Table 3). Upregulation of circPVT1 has been correlated with tumor size in non-small cell lung cancer (32) and hepatocellular carcinoma (38). However, this correlation has not been verified in osteosarcoma (27).


Table 3 | Impact of circPVT1 carcinogenesis based on human studies.



In lung cancer, expression levels of circPVT1 could differentiate tumor samples from neighboring non-cancerous tissues with diagnostic power of 0.803. More importantly, serum levels of circPVT1 could diagnose patients from healthy subjects with diagnostic value of 0.794 (31). The diagnostic value of circPVT1 has also been assessed in oral squamous cell carcinoma tissue specimens through depicting receiver operating characteristic (ROC) curves. The area under this curve has been measured as 0.787 with sensitivity and specificity values of 68.6% and 86.0%, respectively (33) (Table 4).


Table 4 | Diagnostic value of circPVT1 in cancers.





Discussion

CircPVT1 is transcribed from a locus that is closely associated with cancer. The lncRNA transcribed from this region has been regarded as a cancer-related transcript (51). Most recently, this circRNA has been acknowledged as an oncogenic transcript. CircPVT1 acts as a sponge for miR-125a, miR-125b, miR-124-3p, miR-30a-5p, miR-205-5p, miR‐423‐5p, miR‐526b, miR-137, miR-145-5p, miR-497, miR-30d/e, miR-455-5p, miR-29a-3p, miR-204-5p, miR-149, miR-106a-5p, miR-377, miR-3666, miR-203, and miR-199a-5p. Moreover, it can regulate activity of PI3K/AKT, Wnt5a/Ror2, E2F2, and HIF-1α. Thus, the sponging role of circPVT1 is the most appreciated function of this circRNA.

The therapeutic potential of circPVT1 has been deduced from altered response of cancer cell lines as well as primary neoplasms to different drugs depending on the expression levels of this circRNA (52). Moreover, independent studies in animal models of gastric cancer, osteosarcoma, lung cancer, medullary thyroid cancer, breast cancer, oral squamous cell carcinoma, hepatocellular carcinoma, and renal cell carcinoma have verified the oncogenic roles of circPVT1. These studies have also shown the effectiveness of circPVT1 silencing in reduction of tumor burden, suggesting novel treatment modalities for further examinations in clinical settings.

Upregulation of circPVT1 has been associated with decreased survival of patients with diverse cancer types, demonstrating the role of this circRNA as a prognostic marker. Two recent meta-analyses have indicated the importance of circPVT1 levels in prediction of malignant behavior of different types of neoplasms (53, 54). Further proofs for participation of circPVT1 in the carcinogenesis have come from the observed association between its levels in tumors and clinical data including TNM stage, tumor size, and lymph node positivity. CircPVT1 has also been suggested as a diagnostic marker in lung cancer as well as oral squamous cell carcinoma. The discovery of presence of circPVT1 in the cancer-derived exosomes not only highlights the biomarker role of this circRNA but also unravels a less-studied route of promotion of malignant behavior in tumor tissues by this circRNA.

Although expression of circPVT1 has been assessed by different methods, based on the poor reproducibility of assessment of circRNA expression levels (55), precise identification and quantification of circPVT1 expression are crucial.

Cumulatively, circPVT1 is implicated in response of cancer patients to chemotherapeutic agents such as cisplatin, doxorubicin, and paclitaxel. Thus, circPVT1 silencing is a putative modality for improvement of chemotherapy response in patients.
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OEBPS/Images/table2.jpg
Tumor type Animal models Results Reference
Breast cancer Male BALB/c nude mice 1 ¢ircPVT1: 1 tumor growth (22)
Male athymic BALB/c nude mice A circPVT1: | tumor weight, | tumor growth (23)
Gastric cancer Male BALB/c nude mice A circPVT1: | tumor size, | tumor weight, 1 PTX sensitivity (20)
BALB/c nude mice A circPVT1: | tumor volume, | tumor weight (21)
Hepatocellular carcinoma BALB/c nude mice A circPVT1: | tumor volume, | tumor weight (36)
Male athymic BALB/c mice 1 circPVT1: 1 tumor volume, 1 tumor growth (38)
Lung cancer Male BALB/c nude mice 1 ¢ircPVT1: 1 tumor growth 31)
Male athymic BALB/c nude mice A circPVT1: | tumor weight, | tumor growth (43)
Nude mice A circPVT1: | tumor volume (44)
Medullary thyroid cancer Nude mice A circPVT1: | tumor volume, | tumor growth (45)
Oral squamous cell carcinoma BALB/c nude mice A circPVT1: | tumor volume, | tumor weight (34)
Osteosarcoma Nude mice A circPVT1: | tumor volume, | tumor weight, | metastasis (46)
Male BALB/c nude mice A circPVT1: | tumor volume, | tumor weight, 1 drug sensitivity (29)
Renal cancer Male BALB/c nude mice 1 circPVT1: 1 tumor volume, 1 tumor weight, 1 metastasis (40)

A, knock-down or deletion; PTX, paclitaxel.
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Tumor type Samples Distinguish between Area under the  Sensitivity Specificity References

curve (%) (%)
Lung cancer 68 pairs of NSCLC tissues and ANCTs NSCLC tissues vs. ANCTs 0.803 82.5 67.5 31)
serum of 45 NSCLC patients and 45 NSCLC patients vs. healthy 0.794 711 80.0
healthy controls controls
104 pairs of LUSC tissues LUSC tissues vs. normal 0.774 97.1 51 (44)
tissues
110 pairs of LUSC serum LUSC serum vs. normal 0.789 91.3 60.6
tissues
Oral squamous cell carcinoma 50 OSCC tissues and ANCTs OSCC tissues vs. ANCTs 0.787 68.6 86.0 (33)

(OsCQ)

ANCTs, adjacent non-cancerous tissues; NSCLC, non-small cell lung cancer; LUSC, lung squamous cell carcinoma.
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Breast cancer
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Cutaneous
squamous cell
carcinoma
(CSCO)
Esophageal
cancer

Gastric cancer
(GC)

Glioblastoma
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carcinoma
(HCC)
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Medullary
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(MTC)

Oral squamous
cell carcinoma
(0SCC)

Osteosarcoma

Renal cell
carcinoma
(RCC)
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20 BM samples from AML
patients, and 48 BM samples
from ALL patients, and 40
controls

40 BC tissues and ANCTs

99 BC tissues and ANCTs
30 pairs of CSCC tumor
tissues and ANCTs

20 esophageal cancer patients
and 20 healthy volunteers

20 tumor tissues and ANCTs
20 pairs of GC tissues and
normal tissues

187 pairs of GC tissues and
ANCTs

30 PTX-sensitive patients and
30 PTX-resistant patients

30 GC tissues

25 GBM tissues and ANCTs
26 pairs of HCC tissues and
ANCTs
45 pairs of HCC tissues and
ANCTs
70 pairs of HCC tissues and
ANCTs

104 LAD tissues and

corresponding ANCTs
96 NSCLC patients and 96

healthy controls

68 pairs of NSCLC tissues and
ANCTs

Serum of 45 NSCLC patients
and 45 healthy controls

90 pairs of NSCLC tissues and
ANCTs

8 LUSC tissues and 9 healthy
lung samples

104 pairs of LUSC tissues and
110 pairs of serum samples
28 MTC tissues and ANCTs

50 OSCC tissues and ANCTs

30 pairs of OSCC tissues and
ANCTs

80 pairs of malignant tissues
and ANCTs

25 pairs of malignant tissues
and corresponding ANCTs
36 pairs of malignant tissues
and ANCTs

48 pairs of malignant tissues
and ANCTs

52 tumor patients and 45
normal samples

7 ccRCC tissues and ANCTs
(GSE108735)

90 ccRCC tissues and ANCTs

Expression

(tumor vs. normal) analysis (impact of

Higher in ALL but
not AML

High
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No significant
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Kaplan-Meier
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Poor survival and
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PTX, paciitaxel; DDP, cisplatin; ANCTSs, adjacent non-cancerous tissues; OS, overall survival; MVI, microvascular invasion; DFS, disease-free survival; TNM, tumor-node-metastasis; LAD,
lung adenocarcinoma; NSCLC, non-small cell lung cancer; BM, bone marrow; AML, acute myelogenous leukemia; NR, not reported; GBM, glioblastoma; LUSC, lung squamous cell
carcinoma: ccRCC, clear cell renal cell carcinoma.
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Function
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process
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A circPVT1: 1 DXR Sensitivity
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A, knock-down or deletion; PTX, paclitaxel: DXR, doxorubicin; DDP, cisplatin.





