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microRNAs play a critically important role in a wide array of
biological processes including those implicated in cancer, neuro-
degenerative and metabolic disorders, and viral infection.
Althoughwe have begun to understandmicroRNAbiogenesis and
function, experimental demonstration of their functional effects
and the molecular mechanisms by which they function remains a
challenge.Membersof the let-7/miR-98 familyplayacritical role in
cell cycle controlwith respect todifferentiationand tumorigenesis.
In this study, we show that exogenous addition of pre-let-7 in pri-
maryhuman fibroblasts results in a decrease in cell number and an
increased fraction of cells in theG2/M cell cycle phase. Combining
microarray techniques with DNA sequence analysis to identify
potential let-7 targets,wediscovered838geneswitha let-7binding
site in their 3�-untranslated region thatweredown-regulatedupon
overexpression of let-7b. Among these genes is cdc34, the ubiq-
uitin-conjugatingenzymeof theSkp1/cullin/F-box(SCF)complex.
Cdc34 protein levels are strongly down-regulated by let-7 overex-
pression. Reporter assays demonstrated direct regulation of the
cdc34 3�-untranslated region by let-7. We hypothesized that low
Cdc34 levelswould result indecreasedSCFactivity, stabilizationof
theSCFtargetWee1,andG2/Maccumulation.Consistentwiththis
hypothesis, small interfering RNA-mediated down-regulation of
Wee1 reversed the G2/M phenotype induced by let-7 overexpres-
sion.Weconclude thatCdc34 is a functional targetof let-7andthat
let-7 induces down-regulation of Cdc34, stabilization of theWee1
kinase, and an increased fraction of cells in G2/M in primary
fibroblasts.

miRNAs2 are non-coding, single-stranded, conserved
RNAs of �22 nucleotides that function as gene regulators
(1). miRNAs have emerged as central post-transcriptional
negative regulators and have been implicated in a wide array of
biological processes including cell cycle control. In metazoans,
individual miRNAs can down-regulate hundreds of mRNA tar-
gets by interacting with partially complementary sequences
within their 3�-untranslated region (3�-UTR) (2, 3).
The let-7miRNA was originally discovered in Caenorhabdi-

tis elegans as a switch gene induced as cells exit the cell cycle
when C. elegans reach their adult stage (4). In humans and
mouse, like C. elegans, the expression of let-7 is barely detecta-
ble in embryonic developmental stages but increases after dif-
ferentiation and inmature tissue (5). let-7 familymembers have
been implicated as tumor suppressors. Some of the 12members
of the let-7 family map onto genomic regions altered or deleted
in human tumors (6, 7). Further, members of the let-7 family of
miRNAs are consistently down-regulated in lung and colon
cancer (8–10). In lung cancers, low levels of let-7 correlated
with shorter survival after resection (9). Decreased let-7 levels in
tumors are associated with elevated levels of Ras, which contains
several let-7 binding sites within its 3�-UTR (8). let-7 expression is
reduced in mammary progenitor cells (11) and breast cancer
tumor-initiating cells (12), and enforced let-7 expression induces
loss of self-renewing cells (11). During mammary epithelial cell
differentiation, Ras affects self-renewal, whereas a different let-7
target, HMGA2, contributes to differentiation, thereby emphasiz-
ing the importance of identifying multiple miRNA targets to
understand their functions (12). In this report, we draw attention
to a novel let-7 target gene, Cdc34, and demonstrate a context in
which it may play a functional role.

EXPERIMENTAL PROCEDURES

Cell Culture, Antibodies, and Reagents—Human primary fibro-
blastsweremaintained inFGM-2 (Hyclone,ThermoFisher Scien-
tific) or Dulbecco’s modified Eagle’s medium (Invitrogen) supple-
mented with 10% fetal bovine serum (Hyclone, Thermo Fisher
Scientific) and 100 �g/ml penicillin and streptomycin (Invitro-
gen). HEK293 cells were grown in Dulbecco’s modified Eagle’s
medium with 10% fetal bovine serum. Anti-Glyceraldehyde-3-
phosphate dehydrogenase (AbCam), anti-Cdc34 (H-81) (Santa
Cruz Biotechnology), anti-Wee1 (B11) (Santa Cruz Biotechnol-
ogy), anti-Cdc2-Tyr15-p (Cell Signaling Technology), and horse-
radish peroxidase-conjugated anti-rabbit and anti-mouse IgG
antibodies (GEHealthcare) were purchased.
Transfection and RNA Interference—Reverse transfection of

fibroblasts was performed in 6-well plates. To prepare complexes,
50 nM pre- or anti-miR or negative control RNAs (Ambion) or
siRNAs (see supplemental data) were combined with 4 �l of Oli-
gofectamine transfection reagent (Invitrogen) and incubated in a
total volumeof 200�l ofOpti-MEM(Invitrogen) at roomtemper-
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ature for 20min.A trypsinized cell suspensionwasmixedwith the
Oligofectamine/RNA complex and plated (120,000 cells/well).
After 24 h, themediumwas changed to appropriatemedium, and
the samples were assayed at the indicated time points. Transfec-
tion was performed in duplicate, and the average and standard
error of three independent experiments were calculated.
Alamar Blue Assay for Cell Viability/Proliferation—In

96-well plates, 5,000 cells/well were transfectedwith 50 nM pre-
or anti-miR or negative control RNAs combined with 0.5 �l of
Oligofectamine. After 4 h of incubation at 37 °C, growth
medium plus serum for a final concentration of 10% was
added. At the indicated time points, the percentage of Alamar
blue (Invitrogen) reduced by the cells was determined accord-
ing to the manufacturer’s protocols. Transfection was per-
formed in quadruplicate, and the average and standard error were
calculated. Similar results were found by counting live cells by
hemacytometry.
Flow Cytometry—Cells were trypsinized and fixed with 70%

ethanol overnight at 4 °C. Cells were treated with 100 �g/ml
RNase A (Roche Diagnostics) and 50 �g/ml propidium iodide
(Sigma). Propidium iodide fluorescence was monitored with
FACSCalibur flow cytometry (BD Biosciences). At least 20,000
cells were collected and analyzed with CellQuest software (BD
Biosciences). Cell cycle distributions were calculated with
ModFit LT software using the Watson Pragmatics algorithm.
Immunoblot Analysis—Total cellular protein was loaded onto

SDS-polyacrylamide gels, electrophoresed, and electrotransferred
to polyvinylidene fluoride membranes (PerkinElmer Life Sci-
ences). Following electrotransfer, the membrane was blocked for
1 h and then incubated with primary antibody overnight at 4 °C.
Visualization of the protein signal was achieved with horseradish
peroxidase-conjugated secondary antibody and enhanced chemi-
luminescence (GEHealthcare).
Luciferase Reporter Assay—For let-7 target validation, HEK293

cells were grown to a cell density of 60–70% in 24-well dishes and
then transiently transfected with 0.5 �g of either experimental or
control firefly luciferase plasmids, 0.5 �g of pRL-CMV (Renilla
luciferase plasmid, Promega), and 50nMpre-let-7or a control pre-
miR using Lipofectamine 2000 (Invitrogen). Forty-eight hours
after transfection, cells were harvested, and luciferase activity was
measured with a GloMaxTM 96 microplate luminometer (Pro-
mega). Transfection was performed in duplicate, and luciferase
activity was measured in triplicate.

RESULTS

Pre-let-7b Transfection Results in a Decrease in Cell Prolifera-
tion and an Increased Fraction of Cells in G2/M Phase—let-7 is
reduced in lung tumors as compared with adjacent normal tissue
(9, 10, 13, 14). In primary fibroblasts, we observed an approxi-
mately two-thirds reduction in let-7b expression levels in dividing
cells as compared with quiescent cells.3 To better understand the
role of let-7 in the cell cycle of primary cells, we transfected asyn-
chronously growing fibroblasts withmiRNA precursormolecules
for let-7b, let-7c, or a negative control. Fibroblasts transfectedwith
pre-let-7b or pre-let-7c exhibited an inhibition of cell growth as
compared with those transfected with the negative control at 72

and 96 h after transfection (Fig. 1A). Flow cytometry-based cell
cycle analysis revealed a trend toward an accumulation of cells in
G2/M in pre-let-7b-transfected primary fibroblasts (Fig. 1C).
These results suggest that let-7may play a central role in cell pro-
liferation in normal primary fibroblasts.
To further investigate the roleof let-7 in cell cycle regulation,we

monitored the cell cycle distribution of pre-let-7-transfected cells
during synchronization by serum withdrawal and subsequent
stimulation to re-enter the cell cycle. Transfection with pre-let-7b
or another let-7 familymember (pre-let-7c) led to adecrease in cell
number as compared with cells transfected with control pre-miR
(Fig. 1B).Moreover, cellswith addedpre-let-7b tended to accumu-
late in the G2/M phase after serum restimulation (p� 0.0004 and
p � 0.015, at 24 and at 36 h, respectively) (Fig. 1D). Conversely,
anti-let-7b, an RNA that acts as a competitive inhibitor of let-7b,
caused a statistically significant increase in cell number as com-
pared with a control anti-miR (Fig. 1E). These results suggest that
let-7 causes a decrease in cell number and an increase in the frac-
tion of cells in the G2/M phase.
Microarray Analysis and Identification of Possible let-7

Targets—To gain greater insight into the specific genes tar-
geted by let-7 that may cause the observed phenotypic effects
on the cell cycle, we used microarrays to compare the global
gene expression profiles of fibroblasts transfected with pre-
let-7b with those transfected with a negative control as
described above. At each time point, beginning at 24 h after
transfection, cells transfected with a negative control pre-miR
were compared with cells transfected with pre-let-7b (see sup-
plemental data for details). Based on their expression profile,
genes were clustered into five groups using the k-means clus-
tering algorithm (Fig. 2A). The genes in clusters 2 and 4 were
consistently down-regulated by pre-let-7b and showed moder-
ate and strong down-regulation, respectively. Although the
let-7 seed match (UACCUC) is present in the 3�-UTR of �16%
of the clustered genes, it is present in 32% of genes in cluster 4
(p � 10�25) and in 18% of genes in cluster 2 (p � 0.002) (Fig.
2A). These findings validate our assumption that bona fide let-7
targets can be identified by microarray (15, 16).
To identify potential let-7 targets, we looked for genes con-

sistently down-regulated in the presence of let-7 (i.e. genes
within cluster 2 or 4) that also contain at least one let-7 recog-
nition site within their 3�-UTR, resulting in 838 genes (supple-
mental Table 1). The 838 genes within this list were enriched
for 19 terms within the Gene Ontology data base at p � 10�4,
including developmental process, protein localization, post-
translational protein modification, and ubiquitin modification.
let-7Negatively Regulates the E2Ubiquitin-conjugating Enzyme

Cdc34—We selected cdc34, a let-7 target that was strongly down-
regulated with pre-let-7b transfection in our microarray experi-
ments (Fig. 2A), for further analysis. Cdc34 is an E2 ubiquitin-
conjugating enzyme that targets multiple cell cycle regulators for
proteasome-mediated degradation as part of the Skp1/cullin/F-
box (SCF) complex (17). Thus, down-regulation of Cdc34 by let-7
is consistentwithour finding that let-7 targets are enriched ingene
products involved in the addition of ubiquitin to target proteins.
Down-regulation of Cdc34 could be an important contributor to
the cell cycle changes observed with pre-let-7b overexpression.3 A. Legesse-Miller and H. A. Coller, unpublished data.
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To assess the effects of pre-let-7b on Cdc34 protein levels, we
transfected fibroblasts with pre-let-7b and then synchronized
them by serum withdrawal followed by G1/S arrest by hydroxyu-
rea. The hydroxyurea was then washed out, and the cells were
stimulated to enter the cell cycle. Under these conditions, Cdc34
protein levels decreased with pre-let-7b transfection as compared
with samples transfected with a negative control (Fig. 2B). By 24 h
after transfection, Cdc34 protein levels had dropped significantly,
and the levels continued to decline through 24 h of restimulation

(Fig. 2B). In asynchronously growing
cells,Cdc34 levelsdecreasedwithpre-
let-7b transfection, and the levels con-
tinued to decline for 96 h after trans-
fection (datanot shown).Asacontrol,
we also monitored the levels of the
previously reported let-7 target, Ras,
using an antibody that recognizes
both N-Ras and K-Ras and an anti-
body to N-Ras (8). Under both the
asynchronous and the synchronous
protocols, pre-let-7b transfection led
to a larger andmore rapid decrease in
Cdc34 levels than in Ras protein lev-
els. Cdc34 was also down-regulated
by let-7b overexpression in A549
(lung) and HepG2 (liver) cancer cells
(supplemental Fig. S2). Moreover,
cdc34 is also down-regulated at the
transcript level in A549 and HepG2
cells when let-7 is overexpressed (18).
To determine whether let-7

directly regulates cdc34 via recogni-
tion sites in its 3�-UTR, we estab-
lished a luciferase reporter system.
As positive controls, a firefly lucifer-
ase reporter vector containing the
let-7b miRNA complementary
sequence (LCS) and a vector with
the let-7 complementary sequence
containing let-7 seed mutations
(Fig. 2C, LCSm) were generated
from the pMIR-REPORT plasmid.
As expected, firefly luciferase activ-
ity was reduced for LCS as com-
paredwith the pMIR-REPORT con-
trol empty vector, whereas the
mutated version was less strongly
regulated. Co-transfection of LCS
with pre-let-7b resulted in further
reduction of luciferase activity to
background levels (Fig. 2C).
Having confirmed that the lucifer-

ase assay responds to let-7, we then
tested reporters in which the 3�-UTR
of cdc34 was inserted downstream of
firefly luciferase. The 3�-UTR of
cdc34 contains conserved let-7 seed
matches at positions 27–33 (site 1)

and68–77 (site 2) (CDC34-WT). Reporters containingmutations
in the let-7 seed at site 1 (CDC34-m1), site 2 (CDC34-m2), and
both sites (CDC34-m1&m2) were also tested for luciferase
reporter activity (Fig. 2C). Endogenous let-7 reduced luciferase
activity in plasmids containing the CDC34 3�-UTR by about 40%.
Transfection of a CDC34-m1&m2 vector resulted in luciferase
activity at levels similar to the control plasmid in the presence or
absence of exogenous let-7, demonstrating specific down-regula-
tion of reporter activity by let-7 through the cdc34 3�-UTR. Lucif-

FIGURE 1. High levels of let-7 results in reduced cell proliferation and G2/M arrest in asynchronously and
synchronously dividing fibroblasts, whereas anti-let-7 results in increased proliferation. A and B, primary
fibroblasts transfected with a negative control (NC) pre-miR, pre-let-7b, or pre-let-7c were monitored using
Alamar blue at the indicated time points after transfection. The asterisks indicate statistical significance as
compared with the negative control pre-miR. (*, � p � 0.05; **, � p � 0.01; ***, � p � 0.001). A, the addition of
pre-let-7b or pre-let-7c resulted in fewer cells in asynchronously dividing primary fibroblasts at 72 and 96 h after
transfection. B, cells were monitored at 24 h after transfection, at 36 h after serum withdrawal, then at 12, 24,
and 36 h after serum stimulation. Transfection of let-7b or let-7c as compared with a negative control pre-miR
resulted in fewer cells at 24 and 36 h after stimulation. C and D, cell cycle analysis of asynchronous (C) or
synchronized (D) cells. An increase in the number of cells in the G2/M phase of the cell cycle was observed,
which reached statistical significance in cells 24 and 36 h after serum stimulation. E, primary fibroblasts trans-
fected with an anti-miR control or anti-let-7b were monitored with Alamar blue. Asterisks are as indicated in A
and B. In synchronized cells, increased cell number was observed at 24 and 36 h after serum stimulation.
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erase activity fromvectorswithmuta-
tions in a single site revealed that both
sites contribute to down-regulation
of Cdc34 by let-7b and that site 1
results in stronger down-regulation
than site 2.
Wee1 Partially Rescues let-7-medi-

ated G2/M Arrest—Cdc34 controls
progression into mitosis partially by
degrading the Wee1 kinase, which
adds inhibitory phosphates to cyclin-
dependent kinases (Cdc2) (19). We
hypothesized that let-7 overexpres-
sionmay result in reducedCdc34 lev-
els and Wee1 stabilization. This
would be expected to result in the
increased number of cells in G2/M
phase observed upon let-7b overex-
pression (Fig. 1, C and D) because
Wee1 degradation in G2 is required
for progression into mitosis (20).
Anti-let-7b would result in reduced
levelsofWee1and is thuspredicted to
hasten the cell cycle and result in an
increased proliferation rate (Fig. 1E).
To test this hypothesis, wemonitored
Wee1 levels in let-7b-overexpressing
cells. Primary fibroblasts were trans-
fected with pre-let-7b or control pre-
miRNA. Western blot analysis
revealed higher Wee1 levels in cells
transfected with pre-let-7b (Fig. 2B).
Introduction of pre-let-7b into A549,
but not HepG2 cancer cells, also
resulted in Wee1 stabilization (sup-
plemental Fig. S2). We then deter-
mined whether stabilization of Wee1
in pre-let-7b-transfected primary
fibroblasts leads to elevated levels of
the Wee1 substrate Cdc2-Tyr15-p.
Western blot analysis using the phos-
phospecific Cdc2-Tyr15-p antibody
detected a higher level of Cdc2-
Tyr15-p inpre-let-7b-transfected cells
(�) as compared with control pre-
miR-transfected cells (�) (Fig. 2B).

To assess the functional effect of
Wee1 stabilization, we transfected
asynchronous fibroblasts with pre-
let-7b or a negative control in the
presence or absence of an siRNA to
Wee1 or luciferase as a control.
Twenty-four hours after transfec-
tion, the Wee1 siRNA resulted in
reduced Wee1 levels (Fig. 2D, left)
and an increased fraction of cells in
S phase (Fig. 2D, right). Cells trans-
fected with pre-let-7b exhibited a sig-

FIGURE 2. Functional effects of let-7b overexpression. A, microarray analysis of gene transcript level changes
associated with let-7b. Cells transfected with let-7 pre-miR or a negative control pre-miR were compared at 24 h
after transfection, 36 h of serum withdrawal, and 12, 24, and 36 h of restimulation by hybridization to whole
genome microarrays. The log2 of the ratio of expression in let-7b to negative control samples was used to
cluster the genes using k-means clustering, and this ratio is shown with yellow indicating high expression in
let-7b-transfected cells and blue indicating high expression in negative control cells. Genes in clusters 2 and 4
are consistently down-regulated upon pre-let-7b transfection, and some of these genes may be direct let-7
targets. B, pre-let-7 induction leads to down-regulation of Cdc34 protein levels in primary fibroblasts. Fibro-
blasts were transfected with pre-let-7b (�) or negative control pre-miR (�). Cells were synchronized by serum
withdrawal (24 h) followed by hydroxyurea (HU) treatment (18 h), and then hydroxyurea was washed out to
stimulate the cells to re-enter the cell cycle. Samples were taken at the indicated time points after serum
stimulation. High levels of let-7b resulted in down-regulation of Cdc34 protein levels. Glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH) was used as a loading control. C, let-7 directly regulates the cdc34 3�-UTR
through two let-7 recognition sites. Luciferase reporter constructs containing a mature LCS, a mutated let-7b
(LCSm), the 3�-UTR of wild type cdc34 (CDC34-WT), or the cdc34 3�-UTR with mutations in the let-7 binding sites
(CDC34-m1&m2, CDC34-m1, and CDC34-m2) were cloned downstream of a firefly luciferase reporter gene and
transfected with pre-let-7b or negative control (NC) into HEK-293 cells. A second vector with a Renilla luciferase
reporter was used for normalization of transfection efficiency. A mature LCS was used as a positive control. A
portion of the cdc34 3�-UTR was sufficient to direct down-regulation of luciferase by endogenous and exoge-
nous let-7. Mutating both of the let-7 recognition sites within the cdc34 3�-UTR was sufficient to abrogate the
effect, demonstrating that these two sites are the functionally important sequences within the cdc34 3�-UTR.
D, let-7b-mediated G2/M arrest is partially rescued by an siRNA to Wee1. Primary fibroblasts were transfected
with an siRNA to Wee1 or left untreated (cont.) and analyzed by Western blot. Introduction of an siRNA to Wee1
resulted in reduced Wee1 levels 24 h after transfection (left). Asynchronously growing cells were transfected
with negative control pre-miR or pre-let-7b and either an siRNA to luciferase (siLuc) or an siRNA to Wee1
(siWee1). Cells were collected 24 h after transfection and analyzed by flow cytometry for cell cycle (right). At 24 h
after transfection, the siRNA to Wee1 resulted in an increase in the number of cells in S phase. Pre-let-7b-
transfected cells contained a higher fraction of cells in the G2/M phase of the cell cycle. In cells transfected
with both pre-let-7b and an siRNA to Wee1, the S and G2/M fractions resembled those in control cells (NC �
siLuc) (*** indicates G2/M fraction in let-7b � siLuc versus let-7b � siWee1, p � 0.001).
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nificant increase in the fraction of cells in the G2/M phase of the
cell cycle as compared with cells transfected with a negative con-
trol (Fig. 2D). When cells were co-transfected with pre-let-7b and
an siRNA to Wee1, the fractions of cells in S phase and in G2/M
phase of the cell cycle were similar to the levels in cells transfected
with the negative control (Fig. 2D). Thus, we bypass the let-7-me-
diated block by decreasingWeel levels. These results are consist-
ent with a model in which let-7 induces G2/M arrest via down-
regulation of Cdc34 and subsequent inhibition of Cdc2 viaWee1
stabilization.

DISCUSSION

Members of the let-7 miRNA family are induced under a
variety of conditions in which cells exit the cell cycle and are
down-regulated in the context of inappropriate proliferation.
The let-7 miRNA was originally discovered in C. elegans as a
switch gene induced as cells exit the cell cycle when C. elegans
reach their adult stage (4). In humans and mouse, like C. el-
egans, the expression of let-7 is barely detectable in embryonic
stages but increases after differentiation and in mature tissue
(5). In contrast, let-7 is frequently underexpressed in lung
tumors (9, 10, 13) and in colon cancer cell lines (7).
Overexpressionof the let-7miRNAcontributes to exit from the

proliferative cell cyclewith the specific effects dependentuponcell
type. In the A549 lung cancer cell line, let-7 overexpression sup-
presses proliferation (18) and reduces colony-forming capability
(9), whereas inhibiting let-7 results in more cells (18). Similarly,
transfection of let-7 into colorectal cancer cells causes a dose-de-
pendent decrease in cell number and decreased plating efficiency
(7). In HepG2 cells, introduction of let-7 results in an accumula-
tionof cells inG0/G1 (18). In amousemammaryepithelial cell line,
let-7 overexpression induces loss of self-renewing cells from the
population (11). We show here that introduction of pre-let-7 into
normal fibroblasts leads to reduced cell number and to G2/M cell
cycle arrest. Previous studies on the functional effects of let-7have
focused on the targets Ras, HMGA2, and c-Myc (8, 21–23). We
show here that Cdc34, the ubiquitin-conjugating enzyme of the
SCF complex, is a direct let-7 target throughWestern blotting and
reporter assays. The results demonstrate a mechanistic link
between let-7 and proteasome-mediated protein degradation.
Because many cell cycle proteins are targeted for ubiquitination
and degradation by the SCF complex, cell type differences in
the role of different direct or indirect let-7 cell cycle targets or in
the targets of the SCF could result in the cell type specificity
observed in thephenotypic consequencesof regulating let-7 levels.
In primary fibroblasts, we show that an increase in let-7 levels
results in an increased fraction of cells in G2/M, and this pheno-
typecorrelateswith stabilizationof theSCFtarget,Wee1kinase, as
Cdc34 levels decline. In A549 and HepG2 cells, let-7 overexpres-
sion also leads to down-regulation of Cdc34, but in these cells,
there is anaccumulationof cells inG0/G1phase (supplementalFig.
S2), similar to findings reported by Jonson et al. (18) for HepG2
cells.Different let-7 targets, or the same targets indifferent cellular
environments, may contribute to the cell cycle phenotype in can-
cer cells. In A549 cells, Cdc34 down-regulation by let-7 overex-
pression resulted in Wee1 protein stabilization, suggesting that a
similar regulatory mechanismmay exist in some cancer cells. We
hypothesize that, in some types of cancer cells, low let-7 levelsmay

result in higher levels ofCdc34. This could cause faster proteolysis
of cell cycle proteins, thus hastening cell cycle transitions and
potentially contributing to the increased genomic instability of
cancer cells. Indeed, future studies could test whether this repre-
sents part of the basis for the association between low let-7 levels
and poor prognosis (9, 10).
Our findings suggest amechanistic linkbetween the let-7 family

of miRNAs, G2/M arrest in primary fibroblasts, and the Cdc34-
mediated proteolytic degradation of Wee1 kinase. We anticipate
that unraveling the molecular mechanisms by which miRNAs
mediate their effects will allow us to decipher the central regula-
tory role of miRNAs inmany fundamental biological processes.
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