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The epithelial-mesenchymal transition (EMT) is a process 
in which epithelial cells reversibly transdifferentiate and 
adopt a mesenchymal morphology (1-3). EMT is driven 
by suppression of epithelial associated genes such as 
E-cadherin and upregulation of mesenchymal associated 
genes such as fibroblast-specific protein 1 and Vimentin 
(1-3). These genetic changes lead epithelial cells to 
become more spindle-like in appearance due to loss of 
epithelial cell apical-basal polarity, cell-cell interactions, 
and cell-extracellular matrix interactions (1). In addition 
to a mesenchymal morphology, EMT confers cells with 
increased motility and invasiveness (1-3). EMT is an 
essential process for development, specifically gastrulation 
and neural crest migration, wound healing, and tissue 
regeneration (1). This developmental process is hijacked 
by tumor cells to mediate invasion-metastasis, cancer 
cell stemness, and therapeutic resistance (1-3). EMT-
transcription factors (EMT-TFs), such as TWIST1, are 
the main mediators of EMT as they induce transcriptional 
programs that leads to repression of numerous epithelial-
associated genes and induction of mesenchymal-associated 
genes as well as regulating genes that promote survival and 
proliferation (1). For example, the EMT-TF, ZEB1 directly 
represses E-cadherin expression and induces expression of 
N-cadherin and Vimentin (1,4). Similarly, TWIST1 can 
directly suppress E-cadherin expression by binding to E-box 
binding sites within the CDH1 (E-cadherin gene) promoter 
and recruiting repression complexes (5). TWIST1 can also 
indirectly suppress E-cadherin expression by upregulating 

other EMT-TFs such as SNAI2 which then directly binds 
the CDH1 promoter and represses CDH1 transcription (6).  
Given the pleotropic transcriptional program induced by 
EMT-TFs, EMT-TF expression has been implicated in 
tumorigenesis due to their ability to induce EMT, suppress 
apoptosis, suppress oncogene-induced senescence (OIS), 
and induce therapeutic resistance (7). It is currently unclear 
if the ability of EMT-TFs to inhibit failsafe programs like 
apoptosis and mediate therapeutic resistance is dependent 
on their ability to induce EMT. Additionally, while EMT-
TFs have been shown to directly regulate EMT-related 
genes like CDH1 and VIM directly, it remains unclear 
if EMT-TFs regulate the EMT program through other 
indirect mechanisms. 

Circular RNA (circRNA) is a recently identified form 
of non-coding RNA that results from alternative splicing 
of pre-mRNA (8,9). In order to form circRNA, a 3' or 
downstream splice donor site is “back spliced” to a 5' splice 
site resulting in a 3'-5' covalently linked circularized form of 
RNA (8,9). Interestingly, expression of numerous circRNAs 
has been implicated in tumorigenesis and have been shown 
to promote tumor proliferation, growth, invasion and 
migration in a variety of solid tumor types (9). Additionally, 
expression of circRNA is typically associated with later 
stage tumors and poor patient prognosis (9). circRNA can 
promote tumorigenesis through multiple mechanisms. 
circRNA often have multiple miRNA binding sites and the 
main mechanism by which circRNA promote tumorigenesis 
is by functioning as a miRNA “sponge” (9). For example, 
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in lung cancer, expression of Hsa_circ_0012673 promotes 
growth of lung cancer cells by binding a miRNA that 
inhibits Erb-b2 receptor tyrosine kinase 3 expression 
(10,11). Alternatively, circRNA can directly bind proteins 
and subsequently promote protein-protein interaction, alter 
localization of proteins, and alter transcription of numerous 
genes (11). For example, circ-Amotl1 can directly bind 
to c-Myc and induce its nuclear localization and promote 
expression of c-Myc target genes (9,11). Additionally, 
circRNA have been found to stimulate transcription of 
the genes from which they are derived by binding to RNA 
polymerase II and through poorly characterized mechanisms 
induce transcription (12). Interestingly, some circRNA have 
the necessary elements needed for translation, however, it is 
unclear if circRNA encoded peptides play a significant role 
in circRNA-mediated tumorigenesis (9). 

Recent studies  have suggested that  one of  the 
mechanisms by which circRNA expression may promote 
tumorigenesis is by inducing EMT. For example, in bladder 
carcinoma cells, expression of circRNA-MYLK induces 
EMT by inhibiting mir-29a and subsequently activating 
VEGFA/VEGFR2 (13). Additionally, expression of hsa_
circ_0007534 in non-small cell lung cancer (NSCLC) 
has oncogenic properties in part by inducing EMT (14). 
Despite recent studies demonstrating circRNA expression 
leads to EMT, the mechanisms by which circRNA promotes 
EMT remain largely unknown. 

Interestingly, a recent report by Meng et al. provided 
the first evidence demonstrating a role for circRNA in 
mediating EMT and tumorigenesis promoted by EMT-
TFs. In this study, the authors demonstrated that in 
hepatocellular carcinoma (HCC) cells, TWIST1 increases 
Cullin2 (CUL2) promoter activity by directly binding to 
the CUL2 promoter (15). TWIST1 binding at the CUL2 
promoter actually resulted in downregulation of CUL2 
mRNA and protein, while specifically inducing expression 
of the CUL2 circRNA, circ-10720 (Figure 1) (15).  
The authors demonstrate that expression of circ-10720 
phenocopies TWIST1 expression in HCC cells by 
downregulating E-cadherin, upregulating of Vimentin, and 
increasing migration and invasion (15). The authors identify 
a mechanism through which TWIST1 induces Vimentin 
by demonstrating that circ-10720 can lead to Vimentin 
upregulation by binding and inhibiting miRs (miRs-
1246, -578, and -490-5p) that inhibit Vimentin expression 
(Figure 1) (15). Additionally, in mouse models of TWIST1-
mediated HCC, the authors found that silencing circ-10720 
expression inhibited TWIST1-mediated metastasis, tumor 

growth, and Vimentin expression (15). Overall, Meng et al. 
provide clear evidence that one of the key mechanisms by 
which the EMT-TF TWIST1 promotes EMT and HCC 
tumorigenesis is through regulating circRNA. Additionally, 
the authors provide the first mechanistic insight into how 
TWIST1 expression leads to upregulation of Vimentin. 

Meng et al. identified a novel mechanism by which 
TWIST1 can indirectly regulate gene expression, via direct 
upregulation of circRNA. While the authors demonstrated 
that circ-10720 is a critical target for TWIST1-mediated 
HCC tumorigenesis, it remains unclear if TWIST1 regulates 
other circRNAs in HCC and if these potential targets also 
play a role in TWIST1-mediated tumorigenesis (Figure 1).  
As EMT-TFs often display tissue specific phenotypes (16), 
future investigations should be aimed at determining if this 
phenotype is relevant for TWIST1-mediated tumorigenesis 
in other solid tumors. Furthermore, it is unknown whether 
TWIST1 regulation of circRNA is a TWIST1-specific 
phenomenon or will be observed with other EMT-TFs. 
Given that EMT-TFs share a response element (E-box 
binding site), numerous target genes, and often have 
similar functions, it is likely that circ-10720 and other 
circRNAs are regulated by other EMT-TFs (Figure 1).  
Of note, previous studies have demonstrated that EMT-
TFs can regulate Vimentin expression, for example, ZEB1 
has been previously shown to induce Vimentin expression by 
binding the chromatin remodeling protein BRG1 and likely 
directly upregulating Vimentin transcription (4). However, 
EMT-TFs often have multiple mechanisms of regulating a 
single gene, thus it is still plausible that ZEB1 upregulation 
of circ-10720 may play a role in ZEB1 upregulation of 
Vimentin. TWIST1 has also been shown to indirectly 
regulate genes involved in EMT, such as E-cadherin, by 
upregulating other EMT-TFs, specifically SNAI2 (6). 
Future studies should be aimed at determining if TWIST1 
upregulation of other EMT-TFs, specifically SNAI2, 
contributes to TWIST1 upregulation of circ-10720 (Figure 1). 

Previous studies have demonstrated that TWIST1 
has the ability form TWIST1-TWIST1 homodimers or 
heterodimers with the E2A proteins (17). The TWIST1 
homodimer and heterodimer often regulate distinct 
sets of TWIST1 target genes and have been shown to 
have divergent, often antagonist, functions (17). Our 
group recently demonstrated that known target genes 
of TWIST1, YBX1 and SNAI2, were only induced 
with the TWIST1-E2A heterodimer (18). Additionally, 
the TWIST1-E2A heterodimer seems to be critical for 
TWIST1-mediated NSCLC tumorigenesis (18). Others 
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have demonstrated in breast and prostate cancer that the 
TWIST1-E2A heterodimer is required for TWIST1 
suppression of OIS and TWIST1-mediated metastasis 
(19,20). Conversely, other studies have demonstrated that 
the TWIST1 homodimer is critical for TWIST1-mediated 
EMT and chemoresistance in pancreatic cancer (21). Meng 
et al. demonstrate that TWIST1 selectively induces circ-
10720 while repressing CUL2 mRNA expression in HCC 
cells. Future studies should be aimed at determining if this 
TWIST1 function is dependent on a specific TWIST1 
binding partner (Figure 1) and how binding at the upstream 
promoter leads to specific induction of circ-10720. Of 
note, a recent study demonstrated that the small molecule, 
harmine, can inhibit TWIST1 function both in vitro and 
in vivo by selectively degrading the TWIST1-E2A binding 
partner (18). If TWIST1 upregulation of circ-10720 
requires the TWIST1-E2A heterodimer, harmine may be 
a potential therapeutic option to treat TWIST1-driven 

HCC. Targeting TWIST1 may prove to be a more viable 
therapeutic option than targeting circ-10720 as efficacious 
studies using therapies targeting circRNA are currently 
lacking (9). 

An important aspect of EMT-TFs is their ability to 
promote tumorigenesis through EMT-independent 
mechanisms (7). For example, in both breast cancer and 
NSCLC, TWIST1 is required for tumorigenesis by 
inhibiting OIS and/or apoptosis (18,20,22-24). While Meng 
et al. clearly demonstrate that circ-10720 expression induces 
Vimentin expression and subsequently EMT, it remains 
unclear if additional targets of circ-10720 play a role in 
promoting these EMT-independent functions of TWIST1 
and/or other EMT-TFs (Figure 1). Given that Meng et al. 
demonstrate that inhibition of circ-10720 inhibits both 
metastasis and tumor proliferation, it is likely that Vimentin 
is not the only important target of circ-10720. Of note, 
EMT-TFs, such as ZEB1 and TWIST1 have been shown 

Figure 1 TWIST1 promotes EMT in hepatocellular carcinoma by upregulating Cullin2 circular RNA, circ-10720. In the discussed report, 
the authors demonstrate that TWIST1 binds to the Cullin2 (CUL2) promoter and specifically induces CUL2 circRNA, circ-10720. Given 
that TWIST1 functions as either a homodimer or a heterodimer with the E2A proteins, future studies are required to determine if the 
TWIST1 homodimer and/or heterodimer is required for TWIST1 upregulation of circ-10720. By acting as a miRNA sponge and inhibiting 
miRNAs (miR-1246, -576, -490-5p), circ-10720 promotes EMT by inhibiting miRNAs that inhibit Vimentin expression. However, it is 
likely that circ-10720 has additional miRNA targets that may be important for other TWIST1 functions such as suppression of apoptosis or 
senescence. Additionally, future studies are required to determine if TWIST1 upregulates other circRNA that are important for TWIST1 
function and if other EMT-transcription factors (EMT-TFs) such as ZEB1 also upregulate circ-10720. TWIST1 also can regulate genes 
indirectly through upregulation of other EMT-TFs, such as SNAIL2. Future investigation is needed to determine if TWIST1 also indirectly 
regulates circ-10720 by upregulating other EMT-TFs. EMT, epithelial-mesenchymal transition.
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to suppress apoptosis and mediate therapeutic resistance 
by suppressing transcription of the pro-apoptotic protein, 
BIM (24,25). Future studies should be aimed at determining 
if circ-10720 negatively regulates pro-apoptotic genes or 
upregulates anti-apoptotic proteins. circ-10720 suppression 
of apoptosis is potentially targetable with recently developed 
small molecule inhibitors of BCL-2, BCL-2/BCL-xL, and 
MCL-1.

In summary, Meng et al. provide the first evidence that 
an EMT-TF can indirectly regulate genes by upregulating 
circRNA. Additionally, they provide the first mechanistic 
insight into how circRNA promotes EMT and how 
TWIST1 upregulates Vimentin expression. They also 
demonstrate that circ-10720 expression can partially 
phenocopy TWIST1 expression in HCC and is required for 
both tumorigenesis and metastasis in TWIST1-mediated 
models of HCC. This study suggests that both TWIST1 
and/or circ-10720 may be viable targets in HCC and lay the 
groundwork for a new area of study: EMT-TF regulation of 
circRNAs. 
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