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AbsTRACT
The importance of circular RNAs (circRNAs) in 
pathological processes like cancer is evident. Among the 
circRNAs, recent studies have brought circPVT1 under 
focus as the most potent oncogenic non-coding RNA. 
Recent studies on various aspects of circPVT1, including 
its biogenesis, molecular alteration and its probable 
role in oncogenesis, have been conducted for research 
and clinical interest. In this review, a first attempt has 
been made to summarise the available data on circPVT1 
from PubMed and other relevant databases with special 
emphasis on its role in development, progression and 
prognosis of various malignant conditions. CircPVT1 is 
derived from the same genetic locus encoding for long 
non-coding RNA lncPVT1; however, existing literature 
suggested circPVT1 and lncPVT1 are transcripted 
independently by different promoters. The interaction 
between circRNA and microRNA has been highlighted 
in majority of the few malignancies in which circPVT1 
was studied. Besides its importance in diagnostic 
and prognostic procedures, circPVT1 seemed to have 
huge therapeutic potential as evident from differential 
drug response of cancer cell line as well as primary 
tumors depending on expression level of the candidate. 
circPVT1 in cancer therapeutics might be promising as a 
biomarker to make the existing treatment protocol more 
effective and also as potential target for designing novel 
therapeutic intervention.

InTRoduCTIon
Non-coding RNAs (ncRNAs) comprise a major 
portion of the human genome1 and are considered 
under two broad heads: housekeeper ncRNAs, that 
is, ribosomal RNA (rRNA), transfer RNA (tRNA), 
small nuclear RNA (snRNA) etc. and regulatory 
ncRNAs.2 Regulatory ncRNAs of <200 base pairs 
(bp) are small ncRNAs like microRNA (miRNA), 
Piwi-interacting RNA (piRNA) etc. and those of 
>200 bp in length are long ncRNAs (lncRNAs).3 
LncRNA may be sense, antisense, bidirectional, 
intronic or intergenic depending on their transcrip-
tional origin and direction with respect to that of 
adjacent or host protein coding genes.2 Recently, 
circular RNAs (circRNAs) have emerged as another 
important class of lncRNAs. CircRNAs are cova-
lently closed loop–like structure with no 5′ and 3′ 
polarity, and their biogenesis seemed to occur in a 
process different from canonical splicing of linear 
RNA; moreover, endogenous circRNA did not seem 
to be involved in ribosome-assisted translation indi-
cating its different mode of function as a new class 
of ncRNA.4 HUMAN PVT1 gene (homologous to 

mouse plasmacytoma variant translocation-1) that 
encodes long non-coding RNA, lncPVT1, is located 
on chromosome 8q24.21 adjacent to c-Myc.5 PVT1 
gene showed frequent amplification at genome 
level and concordant transcriptional upregulation 
in different malignancies.6 7 Moreover, molecular 
alteration of lncPVT1 was significantly associ-
ated with poor patient outcome indicating it as an 
important oncogenic lncRNA with prognostic and 
therapeutic potentials.8–12 Recently, one circRNA 
derived from PVT1 gene was detected and named 
circPVT1 accordingly.13 Like lncPVT1, overexpres-
sion of circPVT1 and its prognostic importance 
in few malignancies was also reported.14 15 Inter-
estingly, circPVT1 seemed to be expressed inde-
pendently of lncPVT115 16 and might affect a wide 
variety of molecular pathways that remained mostly 
uncharacterised. Considering the importance of 
circPVT1 in the emerging field of non-coding RNA 
and its potential association in disease pathogenesis 
that remained mostly unexplored, a review work 
summarising the published data would be helpful 
for any further research in this respect. Although 
few reviews on circRNA have been published 
recently,17–19 to our best knowledge, no one has 
discussed circPVT1 in detail.

Under aforesaid backdrop, this review attempts 
to summarise available data on circPVT1 including 
its biogenesis, reported alterations with associated 
molecular pathways in different malignancies and 
its potency as diagnostic and prognostic biomarkers, 
as well as target for novel therapeutic strategies.

Genomic locus of circPVT1
With respect to genomic locus, PVT1 is considered 
as the host gene of circPVT1 (figure 1). However, 
circPVT1 seems to be transcribed from its own 
promoter which is different from that of lncPVT1, 
indicating an independent mode of expression of 
the candidates.15 16 HUMAN PVT1 is located on the 
long arm of chromosome 8 (8q24) that harbours 
a preferred site of genetic aberrations like trans-
location,20 amplification5 and viral integration21 
reported in a wide variety of cancers. The region 
also harbours multiple risk loci for different 
diseases other than malignancies22 23 as well as a 1.8 
Mb region of gene desert24 that seems to exert some 
sort of control on transcription of distant genes 
and considered as risk site of different cancers.25 26 
Moreover, chromosomal 8q24 harbours oncogene 
c-Myc, about 60 Kb upstream of PVT1 gene (human 
genome GRch38/hg38). Functional interaction of 
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Figure 1 Schematic view of human genomic region harbouring 
c-Myc/PVT1 loci and probable mode of biogenesis of circPVT1 with 
respect to that of lncPVT1. 1–8, exons of PVT1 locus; circPVT1, circular 
PVT1; lncPVT1, long non-coding RNA PVT1; RBP, RNA binding protein.

c-Myc and lncPVT1 has been reported previously,27 and now 
such interaction with circPVT1 is also evident.28

bIoGenesIs
biogenesis of circRnA
CircRNAs may vary with respect to genomic constituent and are 
categorised accordingly into circular intronic RNAs (ciRNAs),29 
exonic circRNAs (ecircRNAs)30 and exonic–intronic circRNAs 
(ELciRNAs).31 CircRNAs were previously considered as 
mis-spliced product of linear RNA32 or an intermediate of intron-
lariat.33 But recent studies considered circRNA as a product of 
back splicing or as stabilised intron escaped from de-branching, 
and proposed models in this respect were exon skipping,34 35 
direct back splicing,34 35 alternative circularisation,36 competi-
tive RNA pairing37 and RNA binding protein (RBP)–mediated 
circularisation.38

In contrast to classical canonical splicing, back splicing joins 
a downstream splice donor site (3′) to an upstream splice 
acceptor site (5′) in reverse orientation to form a covalently 
closed circRNA.39 Available literature suggested back splicing as 
a phenomenon coupled with classical canonical splicing as in the 
former, both canonical splice signals and canonical spliceosomal 
machinery were used.37 40 As per available data, both linear and 
circular RNA were derived from a single pre-mRNA transcript 
that might undergo back splicing first followed by canonical 
splicing or vice versa; accordingly, circRNA might be formed 
directly from the pre-mRNA transcript (direct back splicing) 
or indirectly from a lariat intermediate derived from canonical 
splicing of the pre-mRNA.35 41

However, in back splicing, circularisation of exons or exon–
intron structures did not seem to be favoured by canonical 
spliceosome machinery. Some cis (Alu element, non-repetitive 
complementary sequences) and trans acting factors (RBP) were 
proposed to mediate pairing across the flanking introns and thus 
bringing downstream donor site close to upstream acceptor sites 
to promote back splicing.30 38

biogenesis of circPVT1
Biogenesis of circPVT1 remained poorly understood until the 
present. CircPVT1 was first detected in gastric cancer and found 
to contain exon 3 with flanking introns of lncPVT1 in circu-
larised form.13 14 Although lncPVT1 expressed as many as 25 
transcript variants in humans of which exon 3 is skipped in some 
variants, there was no direct evidence for a common precursor of 
both circPVT1 and lncPVT1. According to available data in the 
published literature, circPVT1 seemed to express independently 
from a separate promoter upstream of exon 2 of its host gene.15 
Therefore, circPVT1 and lncPVT1 might be generated from 
separate primary transcripts derived from their own promoters 
(figure 1). Similarly, Ghosh et al42 and Mitra et al43 suggested 
independent mode of transcription of two lncRNAs (BC017743 
and BC043430) from separate promoters with respect to that 
of the host gene ROBO1/DUTT1 in head and neck squamous 
cell carcinoma and cervical carcinoma, respectively. Further-
more, circPVT1 seemed to control its own expression in a 
positive feedback manner in association with mutant p53 and 
some candidate proteins of Hippo pathway like YAP, TEAD and 
so on.15 Actually, circPVT1 was reported to interact with YAP, 
mutant p53 and TEAD in a complex and then was recruited 
to its own promoter for transcriptional upregulation. Further-
more, mutant p53-mediated enhanced transcription of circPVT1 
was found to coincide with reduced expression of lncPVT1 at 
primary transcript level; therefore, in presence of mutant p53, 
transcriptional machinery seemed to be recruited preferentially 
to the promoter of circPVT1 than that of lncPVT1. The exact 
mechanism of generation of circPVT1 from its primary RNA 
transcript has not been studied yet and the role of associated cis 
and/or trans acting factors has not been characterised. However, 
lncPVT1 was reported to bind with a number of RBPs44 and 
some of the binding sites reside within the flanking introns of 
exon 3, the genomic region reported to encode circPVT1. More-
over, lncPVT1 was enriched in repetitive Alu-like elements that 
seemed to play a crucial role in its nuclear retention.45 These 
findings raised the possibility of both repetitive elements and 
RBPs to play an important role as cis and trans acting factors, 
respectively, in back splicing of circPVT1 from its precursor 
(figure 1).

deTeCTIon
detection of circRnA
Though the first circRNA was identified way back in the 
1980s,46 knowledge in this respect remained limited for a long 
time. circRNAs do not have any free 3′ or 5′ end and hence 
not suitable to be analysed by traditional methods like size or 
electrophoretic mobility shift assay, rapid amplification of cDNA 
ends (RACE) and so on. However, very recently, few modern 
approaches have been devised for detection and characterisation 
of circRNA.

Sequence-based approaches are used recently for genome-
wide studies of circRNA. In this method, reads from RNA-seq 
data are used and aligned to all possible candidate exon junctions 
for detection of circRNA.41 Alternatively, RNA-seq data may be 
matched to genomic sequences first and then unmapped reads 
subjected to further analysis by different algorithms to identify 
back-spliced junction.14 However, circRNAs have overlapping 
sequences with their linear counterparts and the former category 
seems to be less abundant than the latter. Enrichment of circular 
template in total RNA content by different methodologies has 
been recommended to overcome these limitations. circRNAs, 
as lacking any linear ends, are resistant to exonuclease activity 
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Table 1 Summarised information on role of circPVT1 in malignancy of different organs

Circular RnA disease (cancer) Molecular alteration Functional role Target miRnA
downstream 
oncogenic effector

Clinical 
importance Reference

Circular PVT1 Gastric cancer Genomic amplification 
Overexpression

Proliferation (↑) miR-125b E2F2 Prognostic Chen et al14

HNSCC Overexpression Proliferation (↑)
Migration (−)

miR-497-5p AURKA, MKI67 and 
BUB1

Prognostic 
Therapeutic

Verduci et al15

Acute lymphoblastic 
leukaemia

Overexpression Proliferation (↑)
Apoptosis (↓)

miR-125, miR-let7 c-Myc, Bcl-2 Therapeutic Hu et al28

Osteosarcoma Overexpression Proliferation (↑)
Chemoresistance (↑)

Unknown ABCB1 Diagnostic
Prognostic 
Therapeutic

Kun-Peng et al53

NSCLC Overexpression Proliferation (↑) 
Apoptosis (↓)

miR-497 Bcl-2 Prognostic 
Therapeutic

Qin et al54

↑, positive impact; ↓, negative impact; −, no effect.
HNSCC, head and neck squamous cell carcinoma; NSCLC, non-small cell lung carcinoma.

Figure 2 Summarised view on mode of oncogenesis of circPVT1 and 
associated malignancies of different organs. ALL, acute lymphoblastic 
leukaemia; GC, gastric carcinoma; HNSCC, head and neck squamous cell 
carcinoma; NSCLC, non-small cell lung carcinoma; OS, osteosarcoma.

of RNase R. Therefore, total RNA content may be subjected to 
RNase R treatment to enrich circular template.47 However, after 
RNase R treatment, a considerable fraction of linear RNA might 
remain undigested or partially digested, and to remove this for 
maximising the circular template, Panda et al48 introduced a new 
device, RPAD (RNase R treatment followed by Polyadenylation 
and poly(A)+RNA Depletion). In RPAD, RNase R–resistant 
linear RNAs are subjected to poly(A) tailing enzymatically and 
then removed by using oligo(dt) beads to get samples with highly 
concentrated circular template; moreover, in this technique 
apart from mRNA, small RNAs like snRNAs, miRNAs and so 
on can also be removed effectively from the sample mixture. 
Recently, analysis of rRNA-depleted (ribo minus) or rRNA-de-
pleted and non-poly(A) RNAs sequence data is recommended in 
sequence-based approaches. This method is devised to eliminate 
majority of reads of linear RNA to enrich back-spliced reads and 
therefore seemed to be more suitable for detection of poorly 
expressed circRNA.49

Divergent reverse transcriptase (RT)-PCR followed by Sanger 
sequencing and northern blot are frequently used for experi-
mental validation of circRNAs.14 50 Before PCR or northern blot, 
sample mixture may be treated with RNase R for enrichment 
of circular template. Primers are designed to flank the back-
spliced junction and are away from each other (divergent), so 
linear transcripts have no amplification; but the same primer 
set becomes convergent when the transcript gets circularised, so 
amplification occurs. This ensures specific PCR product from 
the circular template only.

CircInteractome (http:// circinteractome. nia. nih. gov/), a data-
base providing information of interacting miRNAs and RNA 
binding proteins of circRNAs, can be used to design diver-
gent primers.51 In northern blot, probes encompassing exonic 
sequence of circRNA will detect both circRNA and its linear 
counterpart; however, if denatured gel is used instead of a native 
one, circRNA and linear RNA with the same nucleotide length 
can be distinguished by circRNA’s slower migration rate.52

detection of circPVT1
CircPVT1 was first detected in gastric cancer tissue by Chen  
et al.14 Briefly, ribo minus RNA seq data were generated from 
total RNA extract of target tissue and unmapped reads were 
subjected to computational algorithm (anchor alignment) to 
identify circRNAs. Divergent RT-PCR followed by Sanger 
sequencing was done for validation of circPVT1, and further-
more the candidate was found to be more stable and preferen-
tially more cytoplasmic in localisation compared with its linear 

counterpart lncPVT1. In head and neck squamous cell carcinoma 
(HNSCC), Verduci et al15 identified circPVT1 by quantitative 
RT-PCR followed by Sanger sequencing. However, in HNSCC 
cell line, circPVT1 was also detected in nucleus in addition to 
cytoplasm. In acute lymphoblastic leukaemia, osteosarcoma and 
non–small cell lung cancer, Hu et al,28 Kun-Peng et al53 and Qin 
et al54 also used quantitative RT-PCR for detection of circPVT1.

RePoRTed AlTeRATIon oF CIRCPVT1 In CAnCeR
Importance of circRNA in pathogenesis of malignant condi-
tion has been reported recently. With advancement of circRNA 
research, expression of different circRNAs was detected in 
normal and diseased tissue of which circPVT1 seemed to be a 
potential candidate of oncogenic interest. As per available litera-
ture, so far circPVT1 has been studied in gastric cancer, HNSCC, 
acute lymphoblastic leukaemia, osteosarcoma and non–small cell 
lung carcinoma (table 1; figure 2).
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Gastric cancer
CircPVT1 was first identified as the most differentially expressed 
circRNA in gastric cancer (GC) by Chen et al.14 Overexpression 
of circPVT1 was found in majority of the GC tissues compared 
with matched non-cancerous part, and amplification of genomic 
region encoding for the candidate was suggested as the under-
lying mechanism. The authors also found significant transcrip-
tional upregulation of lncPVT1 in GC, but interestingly this 
phenomenon was not coincided with expression of circPVT1; 
it indicated independent transcriptional or post-transcriptional 
regulation of the candidates in GC tissue. SiRNA (small inter-
fering RNA)–mediated knockdown of circPVT1 was found to 
suppress proliferation of GC cells even in the presence of normal 
level of lncPVT1. This finding was further validated in colony 
formation and 5-ethynyl-2′-deoxyuridine (Edu) incorporation 
assay and it seemed to impose more importance on circPVT1 
over its linear counterpart in tumorigenesis of gastric tissue. On 
the contrary, Huang et al,55 Xu et al16 and Zhao et al56 reported 
significant positive influence of lncPVT1 on proliferation, inva-
sion, growth and angiogenesis of GC in vitro and in vivo. Like 
other circRNAs, circPVT1 also served as a miRNA sponge and 
in GC, experimental evidence showed mir-125b as its most 
potential target. Actually, circPVT1 was proposed to bind and 
attenuate the tumor suppressive activity of miR-125b, and this 
seemed to facilitate overexpression of its target E2F2 transcrip-
tion factor leading to uncontrolled cell proliferation and tumor-
igenesis. Like circPVT1, lncPVT1 might serve as miRNA sponge 
and miR15257 and miR18655 were reported as its downstream 
targets in GC leading to upregulation of oncogenic effectors like 
CD151, FGF2, HIFα and so on and tumor growth. Therefore, 
interpretation of Chen et al14 of imposing more importance 
on circPVT1 over its linear counterpart in pathogenesis of GC 
needs further experimental support for validation.

Head and neck squamous cell carcinoma
In HNSCC, Verduci et al15 found overexpression of circPVT1 
and also its significant association with mutant Tp53 in the 
dataset of Cancer Genome Atlas. Later, this finding was vali-
dated in independent sets of HNSCC samples expressing mutant 
and wild-type TP53 proteins. In HNSCC cell line, siRNA-medi-
ated knockdown of circPVT1 resulted in a significant decrease 
of cell proliferation; however, cell migration potential remained 
unaffected. Surprisingly, neither cell proliferation nor cell migra-
tion was affected significantly when only lncPVT1 was knocked 
down. However, in a recent study, Yu et al58 reported signifi-
cant inhibition of cell proliferation, migration and invasion of 
HNSCC cell line after shRNA (short hairpin RNA)-mediated 
knockdown of lncPVT1. Although the investigators did not 
analyse expression of circPVT1 and mutant p53, two shRNAs 
(sh1: 5′-CCC AAC AGG AGG ACA GCT T-3′ and sh2: 5′-GCU 
UGG AGG CUG AGG AGT T-3′) used in the study were specific 
for exons 6 and 8 of PVT1 gene and hence did not seem to 
affect the expression of circPVT1; therefore, this might be a 
contrasting one with respect to findings reported by Verduci  
et al.15 From a panel of miRNAs showing significant downreg-
ulation in the presence of mutant p53, miR-497-5p was identi-
fied as the binding target of circPVT1 in HNSCC.15 miR-497-5p 
was known to have tumor-suppressive function and in HNSCC 
experimental evidence suggested three candidate genes, that is, 
AURKA, MKI67 and BUB1, as its potential target. AURKA encodes 
a serine-threonine kinase (Aurora A kinase) and MKI67 encodes 
the antigen KI67 that is associated with cellular proliferation and 
overexpression of the candidates has been found in HNSCC.59 60 

BUB1 encodes a protein kinase associated with spindle check-
point and loss of function mutation or reduced expression of 
the candidate has been reported frequently in malignancy of 
different organs.61 62 Therefore, in HNSCC, the role of AURKA 
and MKI67 as downstream oncogenic effectors of circPVT1 as 
proposed by Verduci et al15 was in accordance to existing liter-
ature; however, the candidature of BUB1 in this respect seemed 
to be a matter of scientific debate.

Acute lymphoblastic leukaemia
Consistent to the recent findings in gastric cancer and HNSCC, 
Hu et al28 reported significant overexpression of circPVT1 in 
acute lymphoblastic leukaemia (ALL) compared with normal 
bone marrow cells. Surprisingly, the authors did not find any 
change in expression of lncPVT1 and furthermore no signif-
icant correlation of this phenomenon was found with that of 
circPVT1 in their studied samples. shRNA-mediated knock-
down of circPVT1 was found to reduce cell proliferation and 
induce apoptosis in B-ALL and T-ALL cell lines; furthermore, 
marked decrease of c-Myc and Bcl-2 at protein level as evident 
in knockdown experiment was suggested as the underlying 
mechanism. circPVT1 served as miRNA sponge and miR-12514 
and miR-let713 were considered as its potential binding target. 
miR-let7-mediated downregulation of c-Myc in nasopharyngeal 
carcinoma and mir-125b-mediated suppression of Bcl-2 expres-
sion in breast cancer were reported by Wong et al63 and Zhou 
et al,64 respectively. Overexpression of c-Myc and Bcl-2 was 
reported frequently in ALL and circPVT1-mediated downreg-
ulation of miR-125, and miR-let7 was proposed as the under-
lying molecular mechanism for this by Hu et al.28 However, in 
ALL, expression status of miR-125 and miR-let7 was explored in 
very few studies of which Mi et al65 reported reduced expression 
of miR-let7b in one, although Tassano et al66 found significant 
upregulation of miR-125b-1. Therefore, a substantial number of 
studies including different categories of ALL are warranted in 
this respect for better understanding of the issue in more details.

non–small cell lung carcinoma
Qin et al54 found significant upregulation of circPVT1 in 
primary tumor and cell lines of non–small cell lung carci-
noma (NSCLC). Significant suppression of cell prolif-
eration and increase of apoptosis were also found in 
NSCLC cell line following shRNA-mediated knockdown 
of circPVT1. Furthermore, in circPVT1 knockdown cell, 
significant increase of Bax and decrease of Bcl-2 proteins 
were evident and suggested as the underlying mechanism 
for suppression of oncogenic phenotypes. Like circPVT1, 
overexpression of lncPVT1 was reported frequently in 
NSCLC and suppression of proliferation, migration and 
invasion of NSCLC cell line was found after siRNA-medi-
ated knockdown of the RNA.12 67 However, in NSCLC, Qin  
et al54 did not analyse the expression of lncPVT1 or knock 
down the RNA for validation of oncogenic insult exclusive 
to circPVT1. In NSCLC, circPVT1 was reported to act as 
competing endogenous RNA of miR497 that was found to 
bind and attenuate Bcl-2 mRNA. However, miR497 was 
frequently downregulated in NSCLC68 and lncPVT1 was 
considered as the most potential regulator of such phenom-
enon.69 Thus, as per available literature, both lncPVT1 and 
circPVT1 was shown to undergo similar type of molecular 
alterations in NSCLC and both the candidates seemed to 
exert an oncogenic effect through common downstream 
effector by a similar mechanism. Therefore, detailed 
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molecular analysis including both lncPVT1 and circPVT1 in 
the same set of sample is warranted to understand the onco-
genic effect exclusive to each candidate in tumorigenesis of 
lung.

osteosarcoma
Kun-Peng et al53 reported significant overexpression of 
circPVT1 in osteosarcoma (OS) compared with adjacent 
normal tissue. Oncogenic potential of circPVT1 was evident 
from reduced proliferation and increased drug sensitivity 
after siRNA-mediated knockdown of the RNA in OS cell 
line. In OS, lncPVT1 was also seen to enhance cellular 
proliferation, invasion as well as resistance to chemo-
therapeutic drugs, and miR-195, miR-497 and miR-152 
were found to be immediate downstream targets of the 
lncRNA.8 70 71 ATP-binding cassette subfamily B member 1 
(ABCB1) is a multidrug-resistant (MDR) protein involved 
in effluxing xenobiotics like drugs, toxins and so on, and 
its overexpression confers multidrug resistance in malig-
nant tumors including osteosarcoma.72 In MDR cancer cell, 
miR-497-mediated attenuation of ABCB173 and miR-152 
mediated downregulation of c-MET/PI3K/AKT pathway that 
seemed to upregulate ABCB1 expression71 74 might serve as 
a possible molecular link of lncPVT1 with the drug trans-
porter (ABCB1) and associated drug resistance phenom-
enon. ABCB1 was also considered as downstream oncogenic 
effector of circPVT1 in OS53; however, the underlying 
molecular mechanism was not explored.

CIRCPVT1 As PoTenTIAl ClInICAl bIoMARkeR
Although studies on circPVT1 in malignancy remained scanty, 
significant association of the candidate with disease onset and 
outcome indicated it as a promising biomarker of diagnostic and 
prognostic importance. Some studies also suggested potential 
of circPVT1 to be explored for therapeutic purposes including 
improvement of existing treatment plan as well as designing 
novel intervention (table 1).

Gastric cancer
In GC, surprisingly significant inverse association of circPVT1 
level was found with cases of advanced clinical stages and posi-
tive neural invasion; consistently poor overall and disease-free 
survival was evident in patients showing low level of circPVT1 
in tumor.14 The authors failed to establish circPVT1 as an inde-
pendent prognostic biomarker due to its low sensitivity and 
specificity in ROC (receiver operating characteristic) curve anal-
ysis. However, expression of lncPVT1 remained positively and 
significantly associated with poor patient outcome.14 Therefore, 
in this study, a combined score of cirPVT1 along with lncPVT1 
was suggested as a better alternative for prediction of disease 
prognosis.

Head and neck squamous cell carcinoma
In HNSCC, significant poor survival of the patients showing 
overexpression of circPVT1 was reported and interestingly 
this phenomenon was found to be dependent on mutation of 
TP53.15 Cisplatin is a chemotherapeutic agent frequently used 
to treat HNSCC. siRNA mediated knockdown of circPVT1 was 
shown to increase sensitivity of HNSCC cell line to cisplatin 
with significant decrease of half maximum effective concentra-
tion (EC50) and half lethal concentration (LC50).15 Therefore, 
in HNSCC, optimum dose of cisplatin seemed to vary from one 
individual patient to another and circPVT1 level in tumor might 

be important in dose prediction for maximising the efficacy of 
treatment protocol.

Acute lymphoblastic leukaemia
CircPVT1 was significantly upregulated in ALL than that of 
healthy controls; however, the candidate did not seem to have 
enough sensitivity and specificity for diagnostic purpose as 
evident in ROC curve analysis.28 Overexpression of c-Myc and 
Bcl-2 accelerates cell division and prevents apoptosis during 
tumorigenesis. Experimental evidence suggested circPVT1 as the 
most potential target of novel therapeutics that might downregu-
late c-Myc and Bcl-2 selectively in ALL cells to induce apoptotic 
death.28

non–small cell lung carcinoma
In NSCLC, significant association of circPVT1 was found with 
adverse clinicopathological features like tumor size, TNM 
stage (tumor node metastasis) and so on; overall survival of the 
patients showing high level of circPVT1 in tumor was signifi-
cantly shorter than those with low level of circPVT1.54 Thus, 
in NSCLC, circPVT1 seemed to be a novel and promising 
biomarker associated with disease progression and prognosis. 
NSCLC is an aggressive type of cancer showing poor sensitivity 
to chemotherapy or radiotherapy and with shorter overall life 
expectancy.75 CircPVT1 knockdown was shown to inhibit prolif-
eration and induce apoptosis in NSCLC cell line; the finding 
was validated in primary tumor derived from the cell line on 
nude mice.54 Thus, evidences of in vitro and in vivo experiments 
raised the possibility of novel therapeutics targeting circPVT1 in 
tumor with an aim to improve overall survival of patients with 
NSCLC significantly.

osteosarcoma
In OS, serum circPVT1 level was established as a suitable diag-
nostic marker and moreover it was found to be more sensitive 
than conventional biomarker like alkaline phosphatase (ALP).53 
Significant association of circPVT1 with tumors of advanced clin-
ical stage and with poor patient outcome indicated prognostic 
importance of the candidate. In OS cell lines showing resistance 
to cisplatin and doxorubicin, circPVT1 level was significantly 
higher than those sensitive to the drugs; siRNA-mediated knock-
down of circPVT1 was shown to reverse chemoresistance prop-
erty of OS cell lines, and this might be through downregulation 
of multidrug transporter, ABCB1.53 Thus, in OS, circPVT1 level 
may be used to assess drug responsiveness of tumor; moreover, 
in overexpressing circPVT1 OS, circPVT1 may be targeted by 
novel therapeutics to modulate such response in favour of better 
patient outcome.

onCoGenIC non-CodInG RnA: CIRCPVT1 VeRsus 
lnCPVT1
Although circPVT1 and lncPVT1 are derived from the same 
genetic locus, circPVT1 seemed to be more important as an 
oncogenic non-coding RNA over its linear counterpart.
1. CircPVT1 was found to upregulate its own transcription in 

cooperation with mutant p53, a protein frequently overex-
pressed during tumorigenesis15; therefore, overexpression of 
circPVT1 seemed to be more frequent in tumor than that of 
lncPVT1 in which such transcriptional regulation was not 
reported.

2. CircPVT1 is resistant to exonuclease digestion and therefore 
more stable with higher half-life than lncPVT114; so in blood 
and other body fluids of diseased (malignancy) individuals, 
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circPVT1 level might serve as a more sensitive biomarker 
for diagnostic and prognostic purposes than that of its linear 
counterpart.

3. CircPVT1 and lncPVT1 served as competitive endogenous 
RNA to tumor-suppressive miRNAs and thereby causing 
upregulation of downstream oncogenic target. CircPVT1 is 
localised primarily in cytoplasm and hence seemed to reg-
ulate cytoplasm-centric miRNA–mRNA interaction more 
efficiently than that of lncPVT1 which is primarily nuclear 
localised.14

4. Due to its circular shape, circPVT1 did not seem to be de-
graded following binding with miRNA14; therefore, it might 
serve as more potent miRNA sponge than that of lncPVT1 
which was linear and hence more prone to degradation fol-
lowing interaction with miRNA.

ConClusIon
CircPVT1 remained largely unexplored in comparison with 
its linear counterpart lncPVT1. Although circPVT1 has been 
studied in few malignancies, more detailed studies in different 
malignant conditions as well as in other abnormalities remain 
unexplored.

Functionally, circPVT1 was reported to act as miRNA 
sponge, that is, circPVT1 binds to different miRNAs compet-
itively, majority of which belong to tumor suppressive cate-
gory and hence can suppress translation of oncogenic proteins 
like MKI67,15 c-Myc,28 Bcl-2,54 ABCB153 and so on. Thus, 
circPVT1, by its competitive interaction with target miRNA 
and thereby attenuating their action, induces the production 
of oncogenic proteins as downstream effectors that seemed to 
promote tumor-associated phenotypes like proliferation, inva-
sion, angiogenesis, drug resistance and so on. However, except 
serving as miRNA sponge, no other functional mechanism of 
the RNA has been known until the present. Recently, Tashiro 
et al76 reported potency of circPVT1 to encode a protein of 
140 amino acids annotated as pvt1 encoded protein; however, 
validation of such protein in a wet laboratory experiment with 
structural and functional details is still awaited. Therefore, 
considering huge oncogenic potency of circPVT1, an emerging 
star in cancer biology, further research work in all possible 
aspects is warranted for better understanding of the candidate 
as well as its contribution in associated disease pathogenesis.

Take home message

 ► CircPVT1 is an oncogenic circular RNA derived from exon 3 of 
lncPVT1 by back splicing.

 ► CircPVT1 serves as miRNA sponge to upregulate downstream 
oncogenic effectors and induces tumorigenesis.

 ► Overexpression of circPVT1 was shown to have diagnostic 
and prognostic importance in different malignancies.

 ► CircPVT1 level showed significant impact on drug response of 
tumors highlighting its therapeutic potential.

 ► CircPVT1 may be a promising target of novel therapeutics 
especially for drug-resistant tumors in the near future.

Correction notice This article has been corrected since it was published Online 
First. Figure 2 has been replaced to avoid duplication of the figure legend in the 
image.
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