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Circular (circ)RNAs are to transcriptomics what the

famous hidden musical theme is to Elgar’s Enigma

Variations: woven into the entire composition but not

unambiguously identified or understood by scholars to

this day. Now, two studies (Hansen et al, 2013; Memczak

et al, 2013) have made substantial progress in both,

identifying thousands of circRNAs and beginning to crack

the enigma of their cellular function, by demonstrating that

the circRNAs CiRS-7/CDR1as and SRY function as natural

and highly stable sponges for specific microRNAs.

Much work over decades has documented the complex ways

in which genetic information is transcribed and processed

into functional RNAs to ultimately shape phenotypes.

Well-appreciated phenomena include alternative promoter

choice, splicing, editing and 30 end formation to generate

surprisingly diverse mRNA populations, as well as the wide-

spread, regulated and complex production of non-coding

RNAs from genic as well as intergenic regions of the

genome, reviewed in Mercer et al (2012). Occasional

evidence for the formation of circular RNAs (circRNAs)

had also been presented over the years and examples

such as the circular testis-determining RNA SRY have

achieved some prominence (Capel et al, 1993).

Nevertheless, circRNAs have mostly been disregarded as
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Figure 1 Biogenesis and functions of circular RNAs. (A) A gene can be transcribed and spliced into linear and circular RNAs. Note the unique
‘head-to-tail’ splice junctions formed by an acceptor splice site at the 50 end of an exon and a donor site at the 30 end of a downstream exon.
A demonstrated role for circRNAs is to act as a microRNA sponge. (B) Pictograms of additional plausible options for circRNA function. See
main text for details.
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rare, some form of transcriptional noise or RT–PCR artefacts.

Thus, demonstrations of their widespread and substantial

presence within transcriptomes have only recently

come to the fore (Salzman et al, 2012; Wu et al, 2012; Jeck

et al, 2013), although evidence as to their mechanism(s) of

function has still been lacking.

Memczak et al (2013) devised a novel computational

approach to detect evidence for circRNAs in RNA-seq data

from ribosomal RNA-depleted samples. A hallmark of

circRNAs is their unique ‘head-to tail’ splice junction that

mediates circularization (Figure 1A). The authors found

B2500 human, mouse and C. elegans circRNA candidates

in a variety of RNA-seq libraries. circRNA sequences dis-

played some conservation suggesting biological function, and

numerous examples showed cell type or developmental

stage-specific expression suggestive of regulation. Eighty-

five percent of human circRNAs aligned in sense orientation

to known protein coding genes, typically overlapping with

coding sequences and spanning across 1–5 exons.

Importantly, around 50 circRNAs were validated in one or

both of the following tests: verification of a head-to-tail

junction by qPCR and northern blot demonstrating resistance

to digestion with RNase R exonuclease to rule out linear

variants formed by trans-splicing or genomic rearrangements.

circRNAs were shown to be long-lived in vivo compared to

their linear counterparts, as expected given that most RNA

turnover involves exonucleases.

What could be a function of circRNAs? A smoking gun led

the investigations by both teams: a previously reported

human circRNA running antisense to the Cerebellar

Degeneration-Related protein 1 (CDR1) locus (Hansen et al,

2011) harbours B70 conserved matches to the miR-7 seed

and was termed as CDR1as (antisense) (Memczak et al, 2013)

or CiRS-7 (Circular RNA Sponge for miR-7) (Hansen et al,

2013), respectively. This striking feature suggested a possible

function as microRNA sponge (Figure 1A), a term that was

first used for linear transcripts with concatenated microRNA

target sites which were artificially expressed in cells to

‘sponge up’ or inhibit an endogenous microRNA. Native

linear non-coding RNAs with a limited number of

microRNA seed matches carrying out the same function

were subsequently discovered in plants and mammals, as

reviewed in Ebert and Sharp (2010). CiRS-7 (or CDR1as) is an

abundant, largely cytoplasmic RNA, suggesting that it could

sponge up much of the available miR-7 population in cells

(Memczak et al, 2013). Dense Argonaute (Ago) protein

footprints across CiRS-7 were revealed by PAR-CLIP

(Memczak et al, 2013) and HITS-CLIP experiments (Hansen

et al, 2013). Together with direct evidence of an association

between Ago, miR-7 and CiRS-7 (Hansen et al, 2013), this

demonstrated occupancy of the miR-7 target sites.

Importantly, no linear form of CiRS-7 was detectable in

human HEK293 cells, and limited central and 30 base

pairing between miR-7 and CiRS-7 excluded miR-7 directed

slicing of the circRNA.

CiRS-7 knockdown or overexpression in HEK293 cells led to

marked changes in transcriptome composition, prominently

including changes to the levels of known miR-7 targets

(Memczak et al, 2013). A multifaceted transfection approach

in HeLa and HEK293 cells demonstrated that the presence of

CiRS-7 reduced the effect of miR-7 on both reporter constructs

and endogenous miR-7 targets (Hansen et al, 2013).

Analogous experiments with SRY uncovered its function as a

miR-138 sponge (Hansen et al, 2013). Since miR-7 and CiRS-7

share expression domains in the mouse brain Memczak et al

(2013) reasoned that miR-7 depletion and CiRS-7

overexpression could elicit a similar phenotype. They chose

zebrafish as their model as it has lost the CDR1 locus but miR-

7 is conserved and highly expressed in the brain. Indeed,

zebrafish embryo injection studies showed that both,

morpholino knockdown of miR-7 and introduction of linear

or circular versions of CiRS-7 caused specific reduction in

midbrain size, suggesting that CiRS-7 acts as a miR-7 sponge

in this setting.

Taken together, the two studies show that two examples,

CiRS-7 and SRY, have all the attributes of potent naturally

occurring microRNA sponges offering a strong paradigm for

circRNA function. Thinking about additional plausible roles

of circRNAs, additional attractive possibilities come to mind

(Figure 1B). Instead of acting as repository for microRNAs,

circRNAs could be involved in their intracellular transport,

and the ability of another microRNA, miR-671, to trigger

slicing of CiRS-7 (Hansen et al, 2011) suggests a possible

mechanism for the timed release of the circRNA cargo.

Obviously, circRNAs could also function more broadly to

store, sort or localize RNA-binding proteins (RBPs). Would

it not be fascinating if circRNAs served in the organized

assembly or regulation of ‘RBP factories’, such as the

recently recognized enzymes of metabolic pathways with

RBP activity (Castelló et al, 2012), or served as their

allosteric regulators? circRNAs could also directly target

(m)RNA by partial base pairing. Finally, the ability of

circRNAs to function as templates for protein synthesis

should also not be dismissed since internal ribosome entry

site (IRES)-mediated translation can in principle occur on

circRNAs (Chen and Sarnow, 1995).
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