
Recently, Pandolfi and colleagues 
postulated that RNAs can commu-
nicate with each other by competing 
for binding to microRNAs (miRNAs), 
thereby regulating each other’s expres-
sion. Four papers now provide sup-
port for this competing endogenous 
RNA (ceRNA) hypothesis and reveal 
roles for this type of regulation in 
development and cancer.

Three of the studies focused on 
the tumour suppressor phosphatase 
and tensin homologue (PTEN), the 
expression of which is altered in many 
human cancers, and examined how 
it might be regulated by ceRNAs. 
Using a range of approaches, the 
authors identified RNAs that may be 
interacting with PTEN RNA, some of 
which were co-expressed with PTEN 
in cells from patients with prostate 
cancer (Tay et al.), glioblastoma 

(Sumazin et al.) or melanoma 
(Karreth et al.). Interestingly, in 
all three studies, a subset of these 
transcripts positively modulated the 
expression of PTEN RNA, as their 
knockdown was accompanied by a 
significant reduction in PTEN RNA 
levels. This regulation was reciprocal, 
with depletion of PTEN RNA lead-
ing to a decrease in the levels of the 
studied transcripts.

The ceRNA hypothesis postulates 
that interactions between RNAs are 
mediated by competitive binding of 
these RNAs to miRNAs — this was 
in fact one of the principles used by 
Sumazin et al. to identify candidate 
miRNA-mediated interactions, 
including more than 500 PTEN-
regulating RNAs. Consistently, 
Tay et al. and Karreth et al. showed 
that, in the absence of miRNAs, deple-
tion of ceRNAs does not affect the 
expression of PTEN RNA, indicating 
that the RNA–RNA interaction is 
miRNA dependent.

So what is the physiological role of 
the PTEN RNA–ceRNA interaction? 
All three studies show that, by binding 
miRNAs that normally inhibit PTEN, 
ceRNAs enhance PTEN expression 
and thereby have tumour-suppressive 
properties. This may be caused, 
at least in part, by the increased 
availability of PTEN to inhibit the 
oncogenic phosphoinositide 3‑kinase 
pathway, its canonical target, as shown 
by Tay et al. and Karreth et al.

But it is not just coding transcripts 
that can act as ceRNAs — Cesana et al. 
describe a similar interaction between 
a long non-coding RNA (lncRNA) 
and coding transcripts in the context 
of muscle development. The authors 
identified a lncRNA within the 
genomic region encoding miRNAs 
that are known to regulate myoblast 
differentiation. This lncRNA, which 

they termed linc‑MD1, was muscle 
specific and was induced upon myo-
blast differentiation. Furthermore, 
Cesana et al. found that linc‑MD1 
interacted with miR‑133 and miR‑135, 
two miRNAs with roles in muscle 
physiology. Interestingly, miR‑133 and 
miR‑135 were also found to bind to, 
and regulate the expression of, two 
proteins involved in myoblast differ-
entiation, myocyte-specific enhancer 
factor 2C (MEF2C) and Mastermind-
like 1 (MAML1). Importantly, the 
levels of MEF2C and MAML1 
increased in the presence of linc‑MD1 
and decreased following its depletion. 
Together, these findings indicate 
that linc‑MD1 acts as a ceRNA by 
binding miR‑133 and miR‑135 and 
preventing them from binding to, and 
blocking the expression of, MAML1 
and MEF2C.

These four studies show that RNAs 
compete for binding to miRNAs and 
can thereby regulate each other’s 
expression. This reveals a whole new 
level of regulation in gene expression, 
controlled by an extensive interacting 
network of both coding and non-
coding RNAs, which will have 
implications beyond the examples 
discussed above. Further work is 
now required to start unravelling this 
complex network and understanding 
its involvement in both normal and 
pathological conditions.
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