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p53 spreads out further: suppression of EMT and 
stemness by activating miR-200c expression
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There is no need to emphasize the 
overwhelming importance of p53 for 
crucial cellular processes and of genetic 
alterations resulting from its loss of 
function or a dominant oncogenic mu-
tant in many human cancer types. These 
functions are well described and include 
control of cell cycle progression, apop-
tosis, senescence, DNA-repair mecha-
nisms and autophagy [1]. 

A new page in the huge book of 
p53 was opened in a recent publication 
by Chang et al. by linking p53 to the 
control of an epithelial-mesenchymal 
transition (EMT) and its associated 
effects [2]. EMT is a key program in 
embryonic development and is con-
ferred by so-called EMT activators, 
transcriptional repressors, such as Snail 
and ZEB family members, which sup-
press expression of epithelial genes. 
Its aberrant activation in cancer cells 
induces malignant tumor progression, 
invasion, dissemination and finally 
metastasis, due to acquisition of an ab-
normal cellular motility [3]. Recently, 
EMT was also linked to an activation 
of stemness properties, thereby confer-
ring a combined stemness and motility 
phenotype to cancer cells [4]. Thus aber-
rant EMT might induce a subpopulation 
of “Migrating Cancer Stem Cells” as 
potential source of metastasis [5]. At 

molecular level EMT activators were 
shown to suppress transcription of all 
five members of the miR-200 family of 
microRNAs, located in two clusters on 
Chr. 1 (miR-200a, b and 429) and Chr. 
12 (miR-141 and 200c) [6, 7]. In turn, 
miR-200 members inhibit translation 
of EMT-activators, particularly ZEB 
factors, thereby inducing the reverse 
process of a mesenchymal-epithelial 
transition (MET) [7-10]. Thus, miR-200 
and ZEB1 factors are linked in a recip-
rocal feed-back loop, which controls 
an immense phenotypic flexibility and 
plasticity [11]. The range of this plastic-
ity became clear, when it was shown that 
miR-200 not only counteracts classical 
EMT properties like cell motility, but 
also suppresses translation of stem cells 
factors, such as BMI1 [12, 13]. Accord-
ingly, miR-200 family members were 
shown to be down-regulated in breast 
cancer stem cells and normal breast 
epithelial stem cells [12].

Due to the strong potency of miR-
200 family members, in particular miR-
200c, to control crucial cellular proc-
esses, such as motility and stemness, its 
own regulators play an important role. 
Although EMT activators, particularly 
ZEB factors, were already identified as 
transcriptional repressors of miR-200 
genes, their activating pathways were 
still undefined. This gap was closed 
in the publication by Chang et al. [2], 
showing that p53 is a transcriptional ac-
tivator of the miR-200c gene (Figure 1). 

Knowing that miR-200 family mem-
bers are down-regulated in the stem cell 
fraction of primary human mammary 
epithelial cells (HMECs), the authors 
looked for regulatory elements in the 
respective promoters. They detected 
p53 response elements in the common 
promoter of miR-141 and miR-200c 
(but not in the second cluster encoding 
miR-200a, b and 429) and validated 
a direct transcriptional activation by 
p53. Overexpression of p53 increased 
expression of miR-200c and reduced 
expression of its known targets BMI1, 
KLF4 and ZEB1. Importantly, along 
with a p53-dependent activation of miR-
200c, stemness and EMT properties 
were suppressed. In contrast, shRNA-
mediated depletion of p53 or inhibition 
of WT p53 expression by TGFβ treat-
ment in MCF12A breast epithelial cells 
had the opposite effect. Is miR-200c an 
important effector of p53 functions? 
This was verified by showing that the 
consequences of p53 depletion on 
EMT and stemness could be rescued by 
overexpressing miR-200c. In contrast, 
the suppression of EMT and stemness 
by overexpressing WT p53 could be 
reversed by inhibition of endogenous 
miR-200c function by using specific 
antagomirs.

As p53 is a crucial tumor suppres-
sor and EMT/stemness is implicated as 
an important aspect in tumor initiation 
and malignant progression, the authors 
further analyzed the impact of miR-
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200c activation by p53 in cancer cells. 
Overexpression of four different onco-
genic mutants of p53 (R175H, R249S, 
R273H, R280K) in MCF12A, express-
ing only WT p53, induced a down-reg-
ulation of miR-200c and a subsequent 
up-regulation of ZEB1, BMI1 as well 
as an increase in the CD24–CD44+ stem 
cell fraction. Importantly, overexpres-
sion of WT p53 in BT549 breast cancer 
cells (harbouring the p53R249S mutant) 
could compete with the oncogenic mu-
tant, resulting in increased miR-200c 
expression and a reduced CD24–CD44+ 
stem cell fraction. Finally the clinical 
relevance was validated in 106 cases of 
human breast cancers by demonstrating 
a correlation of mutant p53 expression 
with high tumor grading, high levels 
of ZEB1 and BMI1, as well as reduced 
levels of miR-200c expression.

The study of Chang et al. is exciting 
because the impact of this discovery 
for cancer biology is far beyond a 
p53-dependent regulation of miR-200 
genes. It links the most important 
genetic alteration in human cancer to 
the emerging fields of EMT and cancer 
stem cells and their importance for me-
tastasis. Thereby it fosters the role of 
p53 in controlling stemness properties. 
Recently, Cicalese et al. demonstrated 
a link between loss of p53 function and 
increased symmetric divisions of po-
tential cancer stem cells in a transgenic 
mouse model of breast cancer [14]. 
Moreover it was already shown that 
microRNAs are involved in the control 
of other p53-dependant functions. Sev-
eral groups demonstrated that cell cycle 
arrest, apoptosis and senescence can be 
triggered by p53-induced transcriptional 

activation of the microRNAs, miR-34a 
and miR-34b/c [15]. Besides its obvious 
role in tumor progression the results 
also indicate a physiological role of the 
p53/miR-200c link. Is p53-mediated 
activation of miR-200c essential for 
the control of stemness vs. differentia-
tion during embryonic development of 
epithelial tissues and for their adult 
homeostasis? Further work should ad-
dress these issues.

One result of the publication, show-
ing that both overexpression of domi-
nant active mutant p53, as well as 
depletion of normal WT p53, leading to 
its complete loss of function, can inhibit 
miR-200c expression and its associated 
functions, raises additional questions. 
This stands in contrast to many publi-
cations describing specific oncogenic 
effects of mutant p53 in human cancers, 
which can not be achieved by a com-
plete p53 loss. For instance, only mutant 
p53, not a complete loss, promotes inva-
sion and metastasis in a genetic mouse 
model of pancreatic cancer, whereas 
the complete loss of p53 also induces 
an escape of senescence and growth 
arrest [16]. This indicates that other, 
additional mechanisms of dominant p53 
mutations in driving EMT, tumor inva-
sion and metastasis must exist. Again 
the control of microRNA function might 
be involved: WT p53 activates only one 
of the two miR-200 clusters. How is 
the second cluster activated, and more 
importantly how it is inactivated in tu-
mors with mutated p53? Is it only due 
to aberrant activation of EMT inducers, 
such as ZEB1? Or are additional effects 
of mutant p53 involved? Cancers often 
show a general decline in microRNA 
maturation and expression, which might 
be due to a functional suppression of 
microRNA maturation factors. Recently 
p53 was shown to enhance microRNA 
maturation by associating with Drosha 
[17]. Has mutant p53 a dominant func-
tion in inhibiting microRNA maturation, 
which cannot be exerted by a simple 
complete loss of p53 function? Further 
work should address, if this is another 

Figure 1 p53 activates transcription of miR-200c. ZEB1 and miR-200 family 
members repress expression of each other and are linked in a reciprocal feed-
back loop. In addition miR-200 inhibits translation of stem cell factors, such as 
BMI1. p53 stimulates expression of miR-200c, thereby driving epithelial differ-
entiation and counteracting EMT and stemness. miR-200c expression can be 
inhibited in cancer cells by aberrant expression of EMT-factors, such as ZEB1 
or p53 mutations, triggering an EMT and stemness phenotype.
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oncogenic aspect of mutant p53.
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