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MicroRNA-mediated control in the skin

R Yi*,1 and E Fuchs*,2

Skin, the biggest organ in mammals, protects the body from environmental hazards and prevents dehydration. Embryonic skin
morphogenesis and homeostasis of adult skin require an accurately controlled gene expression in a spatiotemporally specific
manner. Recently, the identification of microRNAs (miRNAs) in skin has added a new dimension in the regulatory network and
attracted significant interest in this novel layer of gene regulation. Mammalian skin with its easy accessibility, well-defined
lineages and established genetic tools offers an ideal system to unravel the functions of miRNAs in mammalian development and
stem cells. In the past few years, significant progress has been made in determining the expression patterns of miRNAs,
exploring their functions in skin morphogenesis and differentiation, as well as probing their functions in human skin diseases,
for example, skin cancer. In this review, we summarized current progress in the study of miRNA in mammalian skin, provided
insights gained from recent studies and offered our views for remaining challenges.
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Mammalian skin and its appendages function as the outer-
most barrier of the body to protect inner organs from
environmental hazards and keep essential fluid within. During
embryonic development, a single layer of epidermal progeni-
tors gives rise to the epidermis, hair follicle (HF) and
sebaceous gland, a process orchestrated by an array of
regulatory pathways1,2 (Figure 1). In adult, homeostasis of
each of the three skin lineages is maintained for a long term
through self-renewal and differentiation of distinct skin stem
cells. Through extensive investigation, much has been
learned about the regulatory networks that control skin
morphogenesis during embryonic development and self-
renewal and differentiation of adult skin stem/progenitor
cells.1–4 Recently, however, a novel layer of regulation
mediated by microRNAs (miRNAs) has been implicated in
animal development.5–8

MicroRNAs are a family of non-coding, small RNAs
(B19–24nt), expressed in a wide range of animals and
plants.6,9,10 This newly discovered RNA species accounts
for 1–3% of genes in mammalian genome. It is estimated
that more than one-third of protein-encoding mRNAs are
regulated by miRNAs.11,12 In turn, miRNA-mediated regula-
tion is believed to have a widespread impact on both protein
output of transcriptome13,14 and evolution of gene regulatory
networks.15,16 MiRNAs’ potentials in globally regulating gene
expression and developmental transitions during mammalian
skin development have helped to accelerate interest in the
function of these novel regulators in stem cell biology and
developmental biology.

Profiling microRNA Expression in the Skin

To understand the functions of this novel class of regulators, it
is important to define their expression patterns. Similar to
protein-encoding mRNAs, the primary transcripts of most
mammalian miRNAs are transcribed by RNA Polyme-
rase II.17,18Given the tissue specificity conferred by the transcrip-
tional control of Pol II genes, this immediately suggests that
miRNA expression can be spatiotemporally regulated. Unlike
protein-encoding mRNAs, however, mature miRNAs are tiny,
B19–24 nt (nucleotides) in size, and do not have a 50 m7G
cap and a 30 Poly (A) tail.6 To accommodate these miRNA-
specific features, several methods have been developed for
the profiling of their expression patterns (Table 1).
Since the early days of miRNA research, small RNA cDNA

cloning and sequencing has been instrumental for the
discovery of novel miRNA species, because no previous
knowledge of miRNA sequences is required.19–21 The
process begins with size-fractioned RNA (19–30nt) to enrich
for miRNAs and then uses 30 and 50 ligation. The ligation is
specifically tailored for a single-strand RNA containing the
30 hydroxyl and 50monophosphate group, which is character-
istic of the cleavage product of Dicer, the RNase III enzyme
required inmiRNA generation.22 The cloned small RNA library
is then subjected to PCR amplification and sequencing to
determine the sequences and relative abundance (by
sequencing frequency) of cloned small RNAs.23,24

This methodwas used to clone and sequencemiRNAs from
epidermal and HF samples prepared at embryonic day 17.5
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(E17.5).25 At this stage, epidermal development is near
completion, whereas hair morphogenesis is still at a rudimen-
tary stage (Figure 1). MiRNAs cloned from these two libraries
provided the first glance of the global expression of miRNAs
and their differential localization in skin lineages. For example,
the miR-199 family is highly expressed in the HF, whereas it is
absent from the epidermis; members of the miR-200 family
tend to express together while deriving from two genomic
loci.25 The results also revealedmanymiRNAs that are widely
expressed in other tissues, for example, let-7 family, miR-21
and miR-17 family, and so on, as well as a subset of miRNAs
that are enriched in epithelial tissues, for example, miR-203.

When the sequence information of most, if not all, miRNAs
became available by extensive small-RNA cloning efforts,
microarraymethodswere developed to rapidly profilemiRNAs
in epithelial tissues.26,27 With a knowledge of the most
abundantly expressed mammalian miRNAs in normal skin,
researchers have turned toward addressing the manner in
which this pattern changes in situations in which signal-
ing pathways and/or lineages are genetically altered.26,27

Millar and colleagues adapted this strategy to identify HF-
specific miRNAs when they utilized a previously established
Dkk1 overexpression-transgenic mouse model in which hair
development is largely abolished with the potent inhibition of
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Figure 1 Schematic illustration of embryonic epidermal development and hair follicle morphogenesis. Skin development starts with a single layer of multipotent embryonic
skin stem cells in which basal layer (BL) markers such as keratin-5 and keratin-14 are highly expressed. Soon after embryonic day 13 (E13), these multipotent cells residing in
the basal layer of the epidermis begin to stratify and give rise to a differentiated suprabasal layer (SB), in which terminal differentiation markers such as keratin-1 and keratin-10
are induced and the formation of the protective barrier begins. At the same time, some of these multipotent embryonic skin stem cells receive molecular instructions from
underlying dermal condensates to adapt hair follicle fate. Hair placode is initiated under the regulation of signaling pathways such as Wnt and Shh pathways and transcription
factors such as Lhx2. Through embryonic development, the epidermis and hair follicle continue to develop into a multiple lineage, fully protective barrier to protect the body.
Note: ORS, outer-root sheath; IRS, inner-root sheath; SG, sebaceous gland; DP, dermal papilla. In the figure, stem/progenitor cells are marked in green; hair follicle stem cells
are marked in green with a red border; differentiated cells in the epidermis, sebaceous gland and hair follicles are marked in red and orange; differentiated IRS cells are in gray;
matrix cells are in light green

Table 1 Summary of current profiling methods for miRNAs

Methods for profiling miRNA expression

Small RNA cloning and
sequencing

The original small RNA discovery approach. Require 30 and 50 ligation and PCR amplification. With the application of
next-generation sequencing and genome-wide bioinformatic annotation, this method becomes one of the most
powerful tools to profile small RNA expression, including miRNAs. Suitable for large-scale high-throughput profiling.
Absolute abundance of miRNAs can be referred by the cloning frequency.

MiRNA microarray Similar to microarray for mRNAs, the expression of individual miRNAs can be compared across many different
samples. Many commercial platforms are available with the requirement ofo1 mg total RNA. Suitable for large-scale
high-throughput profiling of miRNAs in many different samples such as clinical samples.

Real-time PCR-based
profiling

Highly sensitive for the detection of changes in individual miRNA expression. Suitable for quantitative study of the
expression of a small number of miRNAs. Multiplex approaches are also developed to profile all known miRNAs
(similar to the microarray approach but with higher sensitivity).

In situ hybridization Require LNA-modified probes for enhanced affinity and specificity to miRNAs. Accurately monitor individual miRNA
expression in a spatiotemporally specific manner. Provide the most accurate profiling of a single miRNA in cell
lineages or clinical samples.

Northern blotting Classic method to measure the expression of individual miRNA. Often detect both maturemiRNA and pre-miRNA at
the same time. But require relatively large amount of total RNA input. Still a method of choice to validate the
existence of novel miRNAs (small RNA cloning and sequencing can also be applied).

Technical features and potential applications are listed in each column
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the Wnt signaling pathway.26 Several miRNAs, for example,
miR-200b and miR-196a, emerged as candidates that may be
important for HF development as their expression was
reduced in the Dkk1 transgenic skin.26 With recent develop-
ment in the purification and isolation of distinct skin lineages,
including the epidermis, hair germs, HF stem cells, outer root
sheath, matrix and dermal papilla (DP),28–31 it is now possible
to directly profile miRNA expression in these well-defined skin
populations with miRNA microarrays. Insights gained from
these expression studies will greatly facilitate future investiga-
tion for their functions.
Although large-scale profiling experiments provided a

panoramic view of miRNA expression, an in situ hybridization
technique was adapted to determine the expression patterns
of individual miRNAs.32,33 In zebrafish, whole-mount in situ
hybridization can detect most, if not all, miRNAs during
embryonic development.32 The elucidation of the spatiotem-
poral pattern of individual miRNAs unveiled tissue-specific
expression of many miRNAs. In mammalian skin, miR-203
expression was examined in great detail by in situ hybridiza-
tion.34 In embryonic skin development, miR-203 is induced in
the suprabasal layer during epidermal differentiation, whereas
it was mostly absent in basal progenitor cells. In mature skin,
miR-203 is highly expressed only in differentiated cells that
mostly exit cell cycle, for example, suprabasal epidermis,
precortex and inner-root sheath of HFs, but not in the stem/
progenitor cell compartments in which cells either possess
proliferative potential or are actively dividing, for example,
basal epidermis, bulge stem cells, outer-root sheath and
matrix cells34 (Figure 2). Strikingly, the specific expression of
miR-203 in the outermost layer of the skin is also conserved in
zebrafish and humans, strongly suggesting conserved func-
tions of this miRNA in vertebrate skin.32,34

Most recently, a next-generation deep sequencing techni-
que was used to profile epidermal miRNAs. These results

revealed a pool of B70 miRNAs that are highly expressed in
the skin (the relative expression level is more than 0.1%).35

The combination of deep coverage (more than 1 million small
RNA reads from each library) and comparative study withWT,
Dicer and DGCR8 knockout skin (see below) unequivocally
showed that miRNAs are the major Dicer products
(B19–24 nt small RNAs with the 50 monophosphate and
30 hydroxyl group) in the skin. With the relatively small number
of highly expressed miRNAs in the skin (B70), it will soon
be possible to delineate the lineage-specific expression
patterns of these miRNAs by in situ hybridization. Together,
the comprehensive survey of the miRNA expression firmly
validated that miRNAs are differentially expressed in the skin
and set the stage to further explore their biological functions.

Functional Study of microRNAs in the Skin by Targeting
Critical Components in the microRNA Biogenesis
Pathway. MicroRNA-mediated regulation is a novel layer
of gene regulatory networks to control protein output. What is
the significance of this layer of regulation in mammalian skin
development? Although different miRNAs have completely
different sequences, they share common biogenesis
pathways wherein their precursor transcripts can fold back
into a stem-loop, hairpin structure.6,36 This hairpin is first
released from the long primary transcript by a Drosha-
DGCR8 microprocessor complex in the nucleus37–41 and
then exported to the cytoplasm by Exportin-5 in a RanGTP-
dependent manner.42,43 On being transported to the
cytoplasm, the hairpin is further processed by another
RNase III enzyme, Dicer, to generate a dsRNA duplex, and
one strand of the duplex is incorporated into an RNA-induced
silencing complex to form functional miRNP.36,44 Mature
miRNAs act by specifically coupling with target mRNAs at
the 30 untranslated region to impair the translation and/or
mRNA stability.6,45 It is, therefore, possible to study miRNA

Figure 2 Spatiotemporally specific expression of miR-203 in the skin. (a) At E13.5, miR-203 is absent from the single layer of multipotent skin stem cells. (b) When the
epidermis begins to stratify and gives rise to differentiated suprabasal layers at E15.5, miR-203 is specifically induced in the differentiated layers. (c) At E17.5, miR-203 starts
to express in differentiated cells located in the hair germ (hg), whereas it continues to expand in the suprabasal epidermis. (d) With the progressive maturation of the hair
follicle, the expression of miR-203 in differentiated lineages of the hair follicle becomes clearly visible at P0.5. (e) At P6.5, miR-203 is highly expressed in all differentiated skin
lineages that exit the cell cycle and stop dividing while absent from all stem/progenitor skin lineages that either have proliferative potential, for example, stem cells, or actively
divide, for example, matrix cells
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functions by targeting critical components of the miRNA
biogenesis pathways, for example, Drosha-DGCR8 or Dicer.
In turn, the ablation of these components leads to the
depletion of mature miRNAs and affords investigators an
opportunity to examine how miRNAs may collectively
function in the skin.
Constitutive Dicer knockout is embryonic lethal and the

embryo is aborted around embryonic day 7.5 (E7.5),46 when
the skin development is yet to start. To circumvent this
problem, several groups have generated the skin conditional
knockout (cKO) of Dicer.25,26 Using a floxed Dicer allele and a
Cre recombinase transgene driven by a keratin-14 promo-
ter,47 it became possible to specifically ablate Dicer from
embryonic skin stem/progenitor cells starting around E13.5.
As the loss of mature miRNAs is secondary to the ablation of
Dicer and the relatively long half-life of miRNAs, mature
miRNAs are not grossly depleted until E17.5 (R.Y. and E.F.,
unpublished data). The consequent depletion of miRNAs
happened after the formation of the first suprabasal layer in
the epidermis between E13 and E15, as well as the first wave
of hair morphogenesis around E15 (see Figure 1). However,
HF morphogenesis has multiple waves, with the last wave
taking place between E17 and birth.1 Therefore, the con-
sequences of a complete loss of miRNAs can be examined at
this stage with the Dicer/K14-Cre cKO model.
Instead of invaginating into the dermis, Dicer cKO HFs

evaginate upward.25,26 Strikingly, the evaginating HFs attract
DP, which migrate with them. Thus, a continuous interaction
between HF and DP is maintained, unlike b4 integrin or Shh
skin cKO48,49 in which the arresting HFs are caused, at least in
part, by the loss of physical interaction and communication
between HF and DP. These results have suggested that the
defects are likely caused by a dysregulation of gene
expression on the epithelial side of the epithelial–mesench-
ymal communication as a consequence of ablating Dicer
(miRNAs) in the skin. Furthermore, when other stratified
epithelial tissues, tongue and foot pad (wherein floxed Dicer is
also ablated by K14-Cre), were examined, aborted morpho-
genesis was also observed, suggesting that Dicer (miRNAs)
is commonly required formorphogenesis of stratified epithelial
tissues.25 Although it was not clear which signaling path-
way(s) were specifically dysregulated in the Dicer cKO skin,
we surmise that Dicer (miRNAs) is critically required for
maintaining an appropriate output of the signaling pathway(s)
and, in turn, the finely tuned pathway(s) are essential for the
epithelial–mesenchymal communication and the morphogen-
esis of HFs. It is clearly of interest for future studies to
determine which individual miRNA or miRNA family is
responsible for these striking defects.
Although most Dicer cKO animals die neonatally, Millar and

colleagues fortuitously obtained a few Dicer cKO animals that
survived up to 2.5 months probably because of the mosaic
deletion of Dicer.26 When examining these Dicer cKO HFs for
a longer term, they found that HF stem cells in the bulge
cannot be maintained and HFs are consequently degener-
ated.26 These results provide compelling evidence for a
function of miRNAs in the maintenance of HF stem cells.
Interestingly, the ablation of Dicer in the epidermis did not
seem to cause the loss of epidermal stem/progenitor cells
(see below). This raises the possibility that at least some

miRNAs or their targets that function in this process may be
specific for HF but not for epidermal stem cells. Future
elucidation of which miRNAs and their targets may be
involved in the regulation will enhance our understanding
of the molecular basis governing the maintenance of HF
stem cells.
In contrast to hypoproliferation of HFs and depletion of HF

stem cells, hyperproliferation was observed in the Dicer cKO
epidermis.26 In adults, the Dicer cKO epidermis is composed
of multiple layers of basal and suprabasal cells, consistent
with the neonatal hyperproliferative phenotype in the epider-
mis.26,34 These epidermal defects suggested that epidermal
miRNAs control proliferation and cell cycle exit during
epidermal differentiation.
Ablation of Dicer in the skin also led to mild apoptosis.25,26

Interestingly, a careful investigation revealed that apoptotic
cells were enriched in the hair bulb, in which matrix cells are
highly proliferative. The specific localization of apoptotic cells
was suggestive of either a general requirement of Dicer
(miRNAs) in rapidly dividing cells, consistent with apoptotic
phenotypes observed in the Dicer cKO limb and T cells,50,51 or
a specific requirement for Dicer (miRNAs) in the hair bulb.
Although studies with Dicer cKO skin provided a glimpse of

howmiRNAsmay be functioning in the skin, two key questions
arose: (i) Are the phenotypes observed in the Dicer cKO truly
caused by depletion of mature miRNAs? (ii) Are miRNAs the
only Dicer products in the skin? To address these questions, a
recent study was conducted involving a parallel generation
and examination of the skin cKO of Dicer with the equivalent
cKOof DGCR8, an essential cofactor formiRNA processing in
the nucleus.38–41 Although Dicer has been reported to be
required for the processing of several classes of small RNAs
including miRNAs and mRNA-derived siRNAs,52–54 DGCR8
has been shown to be specific for stereotypical miRNAs.35,52

When comparing the number of deep sequencing reads that
can be mapped to different classes of small RNAs, stereo-
typical miRNAs emerged as the most abundant species in the
skin. In comparing the reads in the two cKO skins, the
production of stereotypical miRNAs was shown to be
dependent on both Dicer and DGCR8, and the production of
a few hairpin miRNAs and mRNA-derived siRNAs is
dependent only on Dicer but not on DGCR8.35 More
importantly, both Dicer and DGCR8 skin cKO animals showed
indistinguishable phenotypes including evaginating HFs,
enriched apoptosis in hair bulbs, rough and dehydrated skin
and neonatal lethality.25,26,35 These results confirmed that the
previously reported Dicer cKO phenotypes were indeed bona
fide consequences of the loss of miRNAs in the skin and firmly
established that stereotypical miRNAs are the most important
Dicer products in the skin.

Exploring the Functions of Individual microRNAs in the
Skin and Human Diseases

By investigating Dicer and DGCR8 skin cKOs, the global
importance of miRNAs in skin development was revealed and
miRNA functions were implicated in skin morphogenesis,
maintenance of HF stem cells, epidermal proliferation and
apoptosis. With this information at hand, the next step was to
begin to dissect the functions of individual miRNAs in the skin.
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Owing to its highly spatiotemporally specific expression
pattern, miR-203 was the first miRNA investigated in the
skin.34,55–57 Given miR-203’s abundance and its location at
the transition between the dividing and differentiating layers of
the epidermis,35 it was tempting to speculate that the main
epidermal phenotype observed in the Dicer cKO skin,25,26,34

namely, hyperproliferation, might be attributable specifically to
loss of miR-203. Indeed, a functional analysis showed a
potent inhibition of the proliferative potential to skin stem/
progenitor cells by miR-203 both in vivo and in vitro. Gain-of-
function of the miR-203 expression in epidermal stem/
progenitor cells in vivo and in cultured keratinocytes in vitro
led to cell cycle exit and significantly reduced colony formation
capacity, characteristic of differentiated daughter cells of
these stem/progenitor cells.34,56 Loss-of-function of miR-203
expression in differentiated epidermal cells by the treatment of
antagomir-203, a specific inhibitor to miR-203, increased the
number of actively dividing cells in the suprabasal epidermis
in vivo.34 Consistent with its function in inhibiting cell
proliferation in mammalian skin, miR-203 was also shown to
control fin regeneration in zebrafish, where it potently inhibits
the growth of repairing fin by targeting Lef1 expression when
overexpressed.58

To probe the mechanism of the miR-203 function, it is
critical to identify its physiological targets. Although systema-
tic and unbiased target identification approaches are yet to be
established, a few targets for miR-203 during skin develop-
ment have now been documented.34,56The best character-
ized is the transcription factor p63 (also known as p73-like in
humans). Over the last decade, p63 has been extensively
investigated for its essential function in the maintenance
of ‘stemness’ in the skin and other stratified epithelial
tissues.59–61 Intriguingly, p63 and miR-203 have mutually
exclusive expression patterns, opposite functions and evolu-
tionarily conserved regulatory relationships34 (see Figure 3).
These observations provide a compelling case for the
evolutionary conservation of the critical functions of miR-203
throughout the vertebrate kingdom.
Owing to the potent inhibition of miR-203 to cell prolifera-

tion, miR-203 might be expected to function as a tumor
suppressor. Indeed, for example, miR-203 was induced in a
head and neck squamous-cell carcinoma cell line exposed to
UVC irradiation, a treatment that results in cell death and cell
cycle exit.56 Consistent with this notion, an elegant study in

human hematopoietic tumors showed that frequent silencing
of miR-203 is either genetically or epigenetically correlated
with T-cell lymphomas.62 The forced expression of miR-203
directly downregulated an oncogene, BCR-ABL1, and inhib-
ited cancer cell proliferation.62 Oddly, however, and in
contrast to the epidermis, miR-203 is not detected in normal
T-cell lineages.63–65 Even more paradoxical are the findings
that miR-203 is upregulated in psoriasis, a common human
hyperproliferative skin disease involving a proinflammatory
response, and in a few epithelial tumors.55,66–69 Although
further studies will be necessary to reconcile these differ-
ences, one possibility is that the expression of miR-203 can be
independently induced under stress conditions, for example,
cancer, psoriasis or other diseases, perhaps as a negative
and, in some cases, futile feedback mechanism to suppress
the proliferative state.
Clues for the functions of other skin-expressed miRNAs

have also come from studies of their function in human
diseases, especially cancer. MiR-200 miRNAs and miR-205
are both highly expressed in normal skin, and have been
shown to specifically target the mRNA of the transcriptional
repressor of E-Cadherin, ZEB1 and ZEB2.70–73 By doing so,
they promote the expression of E-Cadherin. Consequently,
downregulation of the miR-200 family and miR-205 leads to
the inhibition of E-Cadherin, promoting an epithelial–me-
senchymal transition.70–72 Consistent with these studies,
miR-205 is often significantly downregulated in human
epithelial tumors when compared with normal tissues.74,75

However, in other profiling studies in human epithelial cancer,
the miR-200 family and/or miR-205 were found upregu-
lated.68,76,77 These apparently contrasting results suggest
that miRNAs may have different functions in different
cells in which the local mRNA content may be an important
determinant for their functions. Future studies are
required to dissect the molecular circuit that underlies these
observations.
Derived from the neural crest, melanocyte is an integral

component of the skin. Moreover, melanoma is the deadliest
form of skin cancer. Recent studies have begun to show
miRNA expression and functions in the development and
progression of melanoma.78–81 Interestingly, members of the
Let-7 family were implicated in the suppression melanoma
development,78,79 reminiscent of their functions in other
human cancers.

Figure 3 MiR-203 is specifically induced in suprabasal layers to sharpen the basal–suprabasal transition by repressing the expression of p63. In the proliferative basal
layer (green), p63 is highly expressed to promote proliferation. Once the basal cells become suprabasal, miR-203 is induced to repress the residual expression of p63 mRNAs
and, as a result, promote cell cycle exit (red). When miR-203 is lost, p63 is continuously expressed in otherwise differentiated suprabasal cells and stimulates their division
(cells with black dot)
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Closing Remarks and Future Challenges

Although still in infancy, studies of miRNAs in mammalian skin
have already provided significant insights into this novel layer
of regulation. The similar and yet severe defects observed in
Dicer and DGCR8 skin cKOs have firmly established the
critical functions of miRNA in mammalian skin development.
Unraveling the functions of individual miRNAs and their
targets will be exciting and should offer important insights
into this fascinating level of complex regulation of develop-
mental biology. MiRNA-mediated regulation is particularly
intriguing in that, rather than completely blocking the expres-
sion of its targets, a single miRNA can simultaneously target
hundreds of mRNAs at modest levels (ptwo fold) to finely
tune the protein output of the transcriptome.13,14 In turn, a
modestly increased expression of a thousand genes, when
miRNAs are lost, leads to dramatic changes in tissue
morphogenesis. An emerging scheme from our studies on
miR-203 is that miRNAs may not be required to specify cell
fate but rather to make an accurate transition between
developmental stages. During the transition, miRNAs are
upregulated to repress the expression of mRNAs inherited
from the previous stage and, in turn, sharpen the boundary
between two neighboring developmental lineages (Figure 3).
Given their critical functions in cancers and other human

diseases, it is conceivable that miRNAs possess great
potential as therapeutical targets. Owing to their small size
(B19–24nt), short oligonucleotides complementary to miR-
NA sequences, for example, antagomir, can effectively block
their functions in animals,34,82,83 whereas miRNA mimics can
enhance miRNA functions.84 In addition, in vivo delivery
strategies that have been developed for siRNAs85 can be
conveniently adapted for antagomirs and for miRNA mimics.
These advances have paved the way for the development of
miRNA-based drugs for human diseases in the near future. In
particular, because of the easy accessibility of the skin, we
anticipate that skin-related diseases will be among the first to
be treated with miRNA-based therapies.
Although just recently discovered, miRNAs are an integral

component of gene regulatory networks throughout animal
evolution.10 With the initial characterization of miRNA func-
tions in mammalian skin, we start to appreciate the
significance of an accurately regulated protein output not only
in normal skin development, but also in human skin diseases.
Now the stage is set to understand individual miRNA function
and how critical biological events are controlled by this class of
small RNA molecules.
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