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MicroRNAs (miRNAs) are tiny noncoding RNAs whose function as
modulators of gene expression is crucial for the proper control of
cell growth and differentiation. Although the profile of miRNA
expression has been defined for many different cellular systems,
the elucidation of the regulatory networks in which they are
involved is only just emerging. In this work, we identify a crucial
role for three neuronal miRNAs (9, 125a, and 125b) in controlling
human neuroblastoma cell proliferation. We show that these
molecules act in an additive manner by repressing a common
target, the truncated isoform of the neurotrophin receptor
tropomyosin-related kinase C, and we demonstrate that the
down-regulation of this isoform is critical for regulating neuro-
blastoma cell growth. Consistently with their function, these
miRNAs were found to be down-modulated in primary neuroblas-
toma tumors.

miR-9 � miR-125a � miR125b � tyrosine kinase receptor

Over the past few years microRNAs (miRNAs) have emerged
as a class of regulatory trans-acting factors that function as

crucial determinants of cell fate specification. In animals, their
role as negative regulators is exerted mainly at the translational
level and is mediated by miRNA binding to cis-regulatory
elements present in the 3� UTR of mRNAs. The mode of action
of miRNAs has a vast regulatory potential, because a single
mRNA can be controlled by multiple miRNAs, and each miRNA
may have hundreds of different targets (1).

Many mammalian miRNAs are expressed in a tissue- or cell
type-specific manner, implying crucial roles in differentiation. In-
terestingly, the brain was identified as the organ expressing the
highest variety of such molecules, suggesting an important role in
nervous system development (2, 3).

In non-mammalian models, the functions of certain miRNAs
during development of the nervous system have been identified. In
Caenorhabditis elegans miR-273 and lys-6 participate in a complex
regulatory network that ensures the stability and irreversibility of
the terminal differentiated state of taste receptor neurons (4); in
zebrafish a single family of miRNA, miR-430, is able to rescue
normal brain formation in a Dicer-deficient organism (5).

In mammals, although several datasets are available on miRNA
expression profiling, circuits in which they function are just begin-
ning to be elucidated. For example, it has been reported that
miR-132 regulates neuronal morphogenesis by decreasing levels of
the GTPase-activating protein, p250GAP (6), and a role has been
proposed for multiple brain-related miRNAs in regulating the
transcription factor REST that mediates neuronal identity (7). In
humans, which of the 66 brain-expressed miRNAs are associated
with neuronal differentiation has been established by analyzing
their expression in the totipotent embryonic NT2/D1 carcinoma cell
line induced to differentiate upon retinoic acid (RA) treatment (8).

Neuroblastoma (NB) is a highly malignant pediatric tumor
arising from an aberrant development of neural crest embryonic
cells (9): it retains several features of neural crest progenitors as, for

instance, the ability to respond to retinoids. The retinoid derivative
trans-RA exerts potent antitumoral effects by inhibiting cell pro-
liferation and inducing differentiation and apoptosis (10, 11).
RA-induced growth arrest of N-Myc-amplified SK-N-BE NB cells
is well documented, and 13-cis-RA is being used clinically to treat
NB (12).

In this study, we identified specific subsets of miRNAs that are
up-regulated during the response of the SK-N-BE cells to RA
treatment. For three of them, miR-9, miR-125a, and miR-125b,
we described an interesting correlation with cell proliferation:
they were able to decrease cell growth when ectopically ex-
pressed in SK-N-BE cells, and, in agreement with this finding,
they were down-regulated in freshly dissected human primary
NBs. The truncated isoform of the signal-transducing neurotro-
phin receptor tropomyosin-related kinase C (trkC) was identi-
fied as one of the targets of such miRNAs, and RNAi against this
factor proved an important role for this protein in the control of
NB cell proliferation.

Results and Discussion
Expression Profiles of miRNAs in SK-N-BE Cells. RA is known to
induce growth arrest of NB cells, resulting in terminal neuronal
differentiation. The expression pattern of 70 miRNAs, described as
being expressed in neuronal cells (ref. 8 and C. Presutti, personal
communication), was analyzed at specific time points during the
RA-induced growth arrest of human SK-N-BE cells. Results of
Northern blot analysis are summarized in Table 1: 23 miRNAs were
undetectable, 33 species did not change upon RA treatment, and
14 miRNAs were up-regulated. Fig. 1A shows the Northern blot
analysis of the up-regulated miRNAs: they include two brain-
specific (miR-9 and miR-124a), two brain-enriched (miR-125a and
miR-125b), and 10 brain nonenriched (let-7a, let-7b, miR-7, miR-
22, miR-23a, miR-24, miR-26a, miR-30a-5p, miR-100, and miR-
103) miRNAs. Most of them were induced 3 days after RA
treatment and progressively accumulated at higher levels after
terminal differentiation (10 days). Some of them, instead, displayed
a different timing of expression with a peak at 3 or 6 days followed
by a decrease in accumulation at later times (see the histogram in
Fig. 1A). These profiles indicate that the miRNAs up-regulated
during the response to RA treatment can be grouped into subfam-
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ilies based on their expression at specific time points of neuronal
differentiation.

Ectopic Expression and Knockdown of miR-9, miR-125a, and miR-125b.
Among RA-induced miRNAs, we focused on miR-9, miR-125a,
and miR-125b because their up-regulation, validated in SK-N-BE
cells by RT-PCR (Fig. 1B), was observed also in other neuronal cell
lines, the NB KCNR (Fig. 1C) and the medulloblastoma D283
(P.L., L.D.M., U.G., E.F., A.G., I.B., and E.C., unpublished work).
To produce constitutive expression of the miRNAs in the absence
of RA, the coding regions of the three miRNAs were cloned
between the polII promoter and termination regions of the U1
snRNA gene (see schematic representation in Fig. 2A) (13). Fig. 2A
shows that, upon transfection of the resulting constructs into
SK-N-BE cells, the expression levels of miR-9, miR-125b, and
miR-125a increased 1.7-, 2.2-, and 2.6-fold, respectively, compared
with control cells. These expression values are comparable to the
endogenous levels observed at 3 days after RA induction (see
histogram of Fig. 1A).

The effect of ectopic expression of such miRNAs on cell prolif-
eration, in the absence of RA, was evaluated through the incor-
poration of the thymidine analogue 5-bromo-2�-deoxyuridine
(BrdU). Fig. 2B shows that, compared with control cells, 25, 13, and
17% reductions in BrdU incorporation were detected after trans-
fection of miR-9 (9), miR-125a (125a), and miR-125b (125b),
respectively. When miR-125a and miR-125b were cotransfected
(125), a reduction of 18% was observed, a value very close to that
obtained by the corresponding single transfections. This result,

together with the fact that the two miRNAs share the same seed
(they differ only at positions 13, 14, 19, and 24), induced us to use
a mixture of both constructs (reported as 125) in the following
experiments. Notably, when the three miRNAs were cotransfected
(9/125), a decrease of �40% was observed. Altogether, these results
indicate that the ectopic expression of miR-9, miR-125a, and
miR-125b produces a strong decrease of cell proliferation in vitro
and suggest that these miRNAs function in an additive manner.

SK-N-BE cells display N-Myc amplification; because this gene is
relevant for neuronal tumorigenesis, promoting cell growth (14),
and its down-regulation correlates with reduced cell proliferation
(15), we used N-Myc as a marker for assessing the effect of miRNA
ectopic expression on cell proliferation. Fig. 2C shows that RA-
treated cells exhibited lower levels of N-Myc relative to untreated
cells. Notably, the N-Myc levels followed a 60% reduction when the
three miRNAs were ectopically expressed in the absence of RA;
this reduction is supposed to be an indirect effect because the
N-Myc mRNA does not contain target sites for any of the three
miRNAs overexpressed.

The effect of miRNAs on cell growth was further analyzed by
their knockdown through locked nucleic acid (LNA) oligonucleo-
tides (16, 17). LNAs complementary to miR-9, miR-125a, and
miR-125b were cotransfected into SK-N-BE cells treated with RA.
Depletion of miRNAs was assessed by Northern blot (Fig. 2D);
compared with RA-treated cells transfected with a control LNA
(lane C), miR-9 levels decreased �75%, whereas miR-125a and
-125b almost disappeared. The effects of such depletions, assessed
by BrdU assay, are shown in Fig. 2E: BrdU incorporation was 20%
higher for cells transfected with LNAs, arguing that the depletion
of the three miRNAs counteracted the effect of RA on cell growth.
These data confirm that the expression levels of the three miRNAs
influence cell growth and that they have an antiproliferative
function.

The ability of miR-9, miR-125a, and miR-125b to inhibit both the
proliferation of SK-N-BE cells and the expression of N-Myc, a
master oncogene in NB (18–20), suggests that a specific deregula-
tion of these miRNAs might occur in this malignancy. Therefore,
the levels of miR-9, miR-125a, and miR-125b were monitored in a
series of freshly dissected human primary NB samples. Although
miR-125a and -125b were consistently down-regulated in all of the
cases tested, miR-9 expression was significantly down-regulated in
50% of the tumors (Fig. 2F). These findings demonstrate a re-
markable correlation between decreased expression of these miR-
NAs and neuronal tumorigenesis. It will be interesting to analyze
the molecular basis for the miR-9 variability and whether this
reflects any heterogeneity in the genetic background of the differ-
ent NB tumors.

Identification of miRNA Target. To analyze the molecular mecha-
nisms in which the miRNAs are involved we looked for their target
gene(s). An online search of miR-9, miR-125a, and miR-125b
targets by miRanda (http://cbio.mskcc.org/cgi-bin/mirnaviewer/
mirnaviewer.pl) and TargetScan databases (http://genes.mit.edu/
targetscan.test/ucsc.html) provided a large number of putative
mRNA targets. Among them, we focused on trkC for the following
reasons: (i) it is a potential common target for the three miRNAs,
displaying a binding site for miR-9 and another one for both
miR-125a and -125b, that, as already stated, share the same seed;
(ii) it was reported to be involved in neuronal differentiation (21,
22), and (iii) its expression levels are associated with a favorable
outcome in NB (23, 24). trkC is the membrane-bound tyrosine
kinase receptor with high-affinity binding for the neurotrophin-3;
trkC and neurotrophin-3 contribute to the regulation of prolifera-
tion, survival, and differentiation of several cell population in the
mammalian nervous system (25, 26).

As is the case for the other members of the trk receptor family
(trkA and trkB), the trkC gene undergoes alternative splicing to
produce isoforms that differ in functional capacity. These include

Table 1. Three subfamilies of the 70 miRNAs in which expression
was tested by Northern blot analysis in RA-treated SK-N-BE cells

Not detectable Expressed Up-regulated

miR-1 miR-9* let-7a
miR-29a miR-15a let-7b
miR-30a-3p miR-15b miR-7
miR-30c miR-16 miR-9
miR-30c-3p miR-17-5p miR-22
miR-95 miR-19b miR-23a
miR-96 miR-20 miR-24
miR-99a miR-26 miR-26a
miR-126 miR-26b miR-30a-5p
miR-128a miR-27a miR-100
miR-134 miR-28 miR-103�107
miR-135a miR-29b miR-124a
miR-142-3p miR-29c miR-125a
miR-142-5p miR-30b miR-125b
miR-140a miR-30d
miR-196 miR-30e-5p
miR-197 miR-92
miR-211 miR-93
miR-221 miR-98
miR-223 miR-99b
miR-296 miR-101
miR-342 miR-130a
miR-424 miR-130b

miR-132
miR-137
miR-139
miR-145
miR-148b
miR-151
miR-153
miR-181a
miR-195
miR-218
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a full-length, enzymatically active isoform (fl-trkC) and a truncated
isoform (t-trkC), lacking the kinase domain. Interestingly, only the
mRNA for the t-trkC isoform possesses the target sequences for
miR-9, miR-125a, and miR-125b (Fig. 3A).

So far, the role for the kinase-deficient isoforms remains elusive;
they could act as inhibitors by sequestering the full-length receptor
or the neurotrophic factor. In this regard, it has already been shown
that the t-trkB receptors, which are activated by the neurotrophin
brain-derived neurotrophic factor and neurotrophin-4/5, indeed
have dominant inhibitory effects on brain-derived neurotrophic
factor signaling, by forming nonfunctional heterodimers with the
full-length receptors (27). In this scenario, different truncated/full-
length protein ratios would affect the neurotrophin signaling.

We analyzed trkC expression in RA-treated SK-N-BE cells;
whereas the levels of the full-length protein (fl-trkC) increased
during RA treatment, those of the truncated isoform (t-trkC)

decreased, with the lowest value at 3 days (Fig. 3B). Interestingly,
these values are inverted in proliferating SK-N-BE cells (see table
in Fig. 3B). The fact that only the truncated form can be targeted
by miR-9, miR-125a, and miR-125b together with the decreased
levels of this isoform observed in cells treated with RA strongly
suggested that its expression might be modulated by miRNAs.

trkC Is the Target of miR-9 and miR-125a and -125b. To validate trkC
as the target of miR-9 and miR-125a and -125b, we set up a
luciferase reporter assay. A portion of the 3� UTR of the truncated
trkC isoform, including the two miRNA target sites, was cloned
downstream of the r-luc ORF (see schematic representation in Fig.
4A). As a control, a construct derivative mutated in the miRNA
binding sites, thus preventing miRNA-3� UTR interactions, was
also produced. The histogram in Fig. 4A shows reduction in
luciferase activities of 30% and 17%, after transfection of 3� WT
trkC along with the single plasmids expressing miR-9 (9) or
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Fig. 1. Expression profiles of miRNAs up-regulated in RA-treated SK-N-BE cells. (A) (Upper) Northern blots of the 14 miRNAs up-regulated in SK-N-BE cells upon
RA treatment for 3 (lane 3d), 6 (lane 6d), or 10 (lane 10d) days. The probes are indicated on the left side of each panel; data were normalized to U2 snRNA
hybridization signals. (Lower) The histogram depicts the distribution of the subsets of the 14 up-regulated miRNAs, clustered on the basis of their maximum
induction times. Fold changes in miRNA expression are shown as the mean of the ratio of the RNA levels in RA-treated vs. untreated cells from three independent
experiments. (B) RT-PCR quantification of miR-9, miR-125a, and miR-125b expression in SK-N-BE cells upon RA treatment for 3 (3d), 6 (6d), or 10 (10d) days. (C)
Northern blots and histograms illustrating miRNA induction in KCNR NB cells, treated with RA for the same time points described in A and B. In B and C fold
changes in miRNA expression are reported as the ratio of the RNA levels in RA-treated vs. untreated cells.
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miR-125a and -125b (125). Interestingly, luciferase activity de-
creased by 50% when the three miRNAs were coexpressed (9/125,
white bar). These results prove the additive effect of the three
miRNAs and are in agreement with the cell proliferation data (Fig.
2B). In the presence of mutated target sites (9/125, black bar) no
reduction of luciferase activity was observed, demonstrating the
specificity of miRNA interaction.

Further evidence of trkC repression through the miRNA path-
way came from overexpression and knockdown experiments.
Whereas the ectopic expression of miRNAs caused a decrease by
70% of the t-trkC isoform (Fig. 4B), LNA-directed miRNA deple-

tion in RA-treated SK-N-BE cells (Fig. 4C) showed a partial
recovery of the truncated isoform (�3-fold).

Alteration of the t-trkC Protein Expression Affects Cell Proliferation.
To verify whether the amount of the t-trkC isoform correlates with
cell proliferation, we altered its cellular levels and analyzed the
effect on cell growth. The down-regulation of the protein was
performed by RNAi. SK-N-BE cells were transfected with a
plasmid expressing siRNAs against exon 14b, which specifically
marks the truncated isoform. In these conditions, a 60% reduction
of the t-trkC levels was observed (Fig. 4D). The effect of the
knockdown experiment on cell proliferation was then assessed by
the BrdU assay; compared with control cells, a 30% reduction in
BrdU incorporation was detected (Fig. 4E), indicating that the
down-regulation of t-trkC functionally mimicked the miRNA over-
expression.

At variance with the previous experiment, t-trkC overexpression
(Fig. 4F) produced, in RA-treated cells, a 20% increase of cell
proliferation with respect to control cells (Fig. 4G). Altogether
these results strongly suggest a role for this protein in the control of
neuronal cell proliferation.

In conclusion, a new regulatory circuitry involving miR-9, miR-
125a, miR-125b, and trkC was shown to play an important role in
controlling cell proliferation of the SK-N-BE NB cell line. We
demonstrated that these miRNAs modulate the expression of the
truncated neurotrophin receptor trkC whose down-regulation cor-
relates with cell growth repression (Fig. 5). This is in agreement
with the observed underexpression of such miRNAs in human
primary NB tumors and with their up-regulation during in vitro
neuronal differentiation.

Finally, our data not only support the involvement of these
miRNAs in the control of cell growth and, therefore, their potential
role as oncosuppressors but also suggest their possible use as
diagnostic markers for tumorigenesis.

Materials and Methods
Cell Cultures and Treatments. SK-N-BE cells were cultured in RPMI
medium 1640 (Gibco, Carlsbad, CA), supplemented with 10% fetal
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Fig. 2. Overexpression and knockdown of miR-9, miR-125a, and miR-125b.
(A) Northern blot of the ectopically expressed miRNAs (lanes miR); in lane C,
RNA from cells transfected with the control plasmid was analyzed. In the
upper part, a schematic representation of the construct expressing the miR-
NAs is reported. The histogram on the right shows the increased levels of
miRNA expression: Fold induction was reported as the ratio of the RNA levels
in cells transfected with the miRNAs relative to control cells. (B) The effect of
miRNA overexpression on cell proliferation was evaluated by BrdU assay;
values, reported as the percentage of BrdU incorporation in cells transfected
with the miRNAs relative to control cells, are the means � SD of three separate
experiments. (C) Western blot analysis of N-Myc protein levels after RA treat-
ment for 0 (lane 0), 3 (lane 3), and 6 (lane 6) days or after miRNA ectopic
expression (lane 9/125) in SK-N-BE cells. In lane C, protein extracts from cells
transfected with the control plasmid were analyzed. GAPDH protein levels
were used as a loading control. The histogram below reports the N-Myc
protein levels as the ratio between N-Myc values in RA-treated for 3 (3 d) or 6
(6 d) days vs. untreated cells or between cells overexpressing the miRNAs vs.
control cells (9/125). (D) Northern blot of RNA from cells untreated (lane �) or
treated with RA (lanes �) and transfected with a control LNA (lane C) or with
anti-miR LNAs (lane 9/125). (E) The effect of miRNA knockdown on cell
proliferation was assessed by evaluating the percentage of BrdU incorpora-
tion in RA-treated cells transfected with specific LNAs (9/125) or control LNA
(C) relative to untreated cells. (F) Quantitative PCR of miR-9, miR-125a, and
miR-125b levels in 10 primary human NBs. Expression levels are reported as
fold changes relative to control tissue (dashed line). *, P � 0.01 vs. control RNA.
In A and D, the probes are indicated on the left side of each panel; data were
normalized to U2 snRNA hybridization signals.
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bovine serum, 1� L-glutamine, and penicillin/streptomycin, and
induced to differentiation by 10 �M all-trans-RA (Sigma, St. Louis,
MO).

Human Tissue Samples. Surgical specimens of primary NBs were
collected from 10 patients with institutional review board approval.
RNAs of normal human dorsal ganglia were from Clontech (Moun-
tain View, CA).

RNA Extraction and Northern Blot Analysis. Total RNA, extracted
from untreated and RA-treated SK-N-BE cells, was fractionated on
a 10% polyacrylamide-urea gel and transferred to a nylon mem-
brane. DNA oligonucleotides complementary to the sequences of
mature miRNAs and to U2 snRNA (U2R: 5�-GGGTGCACCGT-
TCCTGGAGGTAC-3�) were 32P-labeled and used as probes.

Densitometric Analysis. The expression levels of miRNAs in treated
vs. untreated cells were quantified by the InstantImager software
package (Packard, Palo Alto, CA) as follows. miRNAs with hy-
bridization ratios �2 were reported as up-regulated. The value of
the background (measured adjacent to each band) was subtracted
from the signal of the mature miRNA. The values obtained were
normalized against the U2 snRNA in the same lane.

Cloning and Overexpression of miR-9, miR-125a, and miR-125b. The
genomic fragments containing the premiR-9-3 (from �21 to � 93
relative to the 5� end of miR-9), the premiR-125a (from �14 to �
72), and the premiR-125b-2 (from �16 to � 89) were PCR
amplified and cloned into a vector carrying the constitutive-
expression cassette of the snRNA U1 gene (13), to generate the
constructs overexpressing miRNAs. A plasmid producing an un-
related 21-nt-long RNA, bearing no homology to any known
miRNA or mRNA sequence in human, was used as a control in the
transfection experiments. The plasmids were transfected in SK-
N-BE cells by Lipofectamine and Plus Reagent (Invitrogen, Carls-
bad, CA).

miRNA Knockdown. FITC-labeled LNA oligonucleotides (Exiqon,
Vedbaek, Denmark), with a ratio miR-9 to miR-125a/b of 1:1, were
transfected into SK-N-BE cells at a final concentration of 40 nM by
Hyperfect reagent (Qiagen, Hilden, Germany). After 6 h, RA was
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Fig. 4. Validation of trkC as a miRNA target (A) Schematic representation of
the construct generated for the luciferase assay; binding sites for miR-9 and
miR-125b on t-trkC 3� UTR are indicated. The histogram reports the levels of
luciferase activity in cells overexpressing the miRNAs indicated below and
transfected with the wild-type 3� UTR (3� wt) or with its mutant derivative
lacking the miRNA binding sites (3� mut). (B) Western blot analysis of fl-trkC
and t-trkC in cells overexpressing miR-9, miR-125a, and miR-125b (lane 9/125)
or in control cells (lane C). The histogram depicts the fl-trkC and t-trkC levels
in cells overexpressing the three miRNAs relative to control cells. (C) Western
blot analysis of t-trkC protein after knockdown of miRNAs. Cells were un-
treated (lane �) or treated with RA (lanes �) and transfected with a control
LNA (lane C) or with anti-miR LNAs (lane 9/125). The histogram reports the
relative changes in t-trkC protein levels evaluated as the ratio of the protein
in cells transfected with the anti-miRNA LNAs (9/125) or with the control LNA

(C) relative to the untreated cells (�). (D) Western blot analysis of fl-trkC and
t-trkC after specific silencing of the truncated isoform (lane �t-trkC). (E) The
effect of t-trkC silencing on cell proliferation was evaluated by BrdU assay;
values, reported as the percentage of BrdU incorporation in cells expressing
the siRNAs relative to control cells, are the means � SD of three separate
experiments. (F) Western blot analysis of t-trkC overexpression (lane t-trkC)
compared with control cells (lane C). (G) The effect of t-trkC overexpression on
cell proliferation was evaluated by BrdU assay on RA-treated cells; values,
reported as the percentage of BrdU incorporation in cells overexpressing the
protein relative to control cells, are the means � SD of three separate experi-
ments. In B–D and F, GAPDH protein levels were evaluated as a loading control.

Fig. 5. A model depicting the interplay between miRNAs and the t-trkC
isoform in RA-induced neuronal differentiation. In undifferentiated SK-N-BE
cells, the t-trkC protein level is 2-fold higher than that of the full-length
isoform (Left). Upon RA treatment the overexpression of miRNAs causes a
reduction of the truncated form, which correlates with a decrease in cell
proliferation (Right).
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added to the culture medium to induce cell differentiation, and 72 h
later, cell proliferation was evaluated and miRNA or protein levels
were analyzed.

Cell Proliferation Assay. Cells were cultured for 72 h and incubated
with 10 �M 5-BrdU (Labeling and Detection Kit I, Roche, Basel,
Switzerland) for 3 h before they were fixed in 4% paraformalde-
hyde. For immunocytochemistry, cells were permeabilized with
0.2% Triton X-100, treated with 2 M HCl, and blocked in PBS-
buffered 3% BSA. Texas red dye-conjugated goat anti-mouse IgG
(Jackson ImmunoResearch, West Grove, PA) was used as a sec-
ondary antibody. Nuclei were counterstained with Hoechst reagent.
Two hundred nuclei were counted in triplicate, and the number of
BrdU-positive nuclei was recorded.

Luciferase Activity Assays. A 1011-nt-long region of the 3� UTR of
the human t-trkC isoform was PCR-amplified and cloned down-
stream of the stop codon in pRL-TK vector. From this construct a
mutant derivative, lacking the miRNA target sites, was generated
by inverse PCR. Such constructs were cotransfected in SK-N-BE
cells together with the control plasmid or with plasmids overex-
pressing miR-9, miR-125a, and miR-125b and with firefly luciferase
expression vector pGL3. Cells were harvested 24 h posttransfection
and assayed with the Dual-Luciferase Assay (Promega, Madison,
WI). All of the assays were performed in triplicate in three
independent experiments.

Protein Extraction and Western Blot Assay. Protein extracts were
prepared from SK-N-BE cells lysed in radioimmunoprecipitation
assay buffer, fractionated onto NuPAGE 4–12% polyacrylamide
gels (Invitrogen), blotted onto nitrocellulose membranes, and re-
acted overnight with rabbit anti-trkC or anti-N-Myc antibodies
(Santa Cruz Biotechnology, Santa Cruz, CA). The GAPDH signal
was used as a loading control.

RNAi Assay. A 98-nt-long DNA sequence encoding for siRNAs
designed to target the 3� UTR of the t-trkC isoform [nucleotides
3210–3230 of sequence NM_001007156 (GenBank)] was cloned in
the psiUx plasmid (28). Seventy-two hours after transfection, cells
were treated for BrdU incorporation and immunofluorescence, or
protein extracts were prepared.

Ectopic Expression of t-trkC. Total RNA, extracted from SK-N-BE
cells, was used to synthesize first-strand cDNA by the SuperScript
System (Invitrogen) using dT oligonucleotides. t-trkC ORF was
amplified by nested PCRs on the cDNA template (oligonucleotides:
5� UTR t-trkC, 5�-gattttgcatctgatcgctcg-3�; 3� UTR t-trkC, 5�-
aaggagcacagtgatgattgg-3�; ATG t-trkC, 5�-atggatgtctctctttgcccagc-
3�; and STOP t-trkC, 5�-ttaaaagccatgacgtcctttgc-3�), cloned in the
pCDNA3.1 vector, and transfected in RA-treated NB cells as
described above.

RNA Isolation and miR Quantification by RT-PCR Analysis. RNA
isolation from tissue samples was performed as described (29).
Quantitative analysis of miR-9, miR-125a, and miR-125b was
carried out on RNA samples using the specific stem-loop primers
for reverse transcription followed by real-time TaqMan reagents
(Applied Biosystems, Foster City, CA). All values were normalized
to endogenous control U6. miRNA quantification was expressed in
arbitrary units.
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